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Abstract  
 

The condensation of 1,2,4-triazole and a pyrimidine ring gives rise to the formation of 

bicyclic heterocycles known as 1,2,4- triazolopyrimidines. Four different possibilities 

exist for the relative orientation of both rings, so four different isomeric families of 

compounds are defined. Among these, 1,2,4-triazolo[1,5-a]pyrimidine derivatives are 

the thermodynamically more stable and, thus, the most studied ones. Revisions 

surveying the synthesis, reactivity, spectroscopic characterization and crystallographic 

studies of 1,2,4-triazolo[1,5-c]pyrimidines, 1,2,4-triazolo[4,3-a]pyrimidine and 1,2,4-

triazolo[4,3-c] pyrimidines have also been published. 

 

The studies about the coordination chemistry of triazolopyrimidines have exclusively 

focused till now in the 1,5-a series. These compounds, which are structurally similar 

and may be regarded as mimic of isomeric purines, have displayed a rich coordination 

chemistry, a considerable number of new compounds with interesting structural 

features having been characterized, including simple mononuclear compounds with 

monodentately coordinated ligands and di or polynuclear compounds in which either 

the triazolopyrimidine ligand, or other auxiliary ligands bridge the metal atoms. 

 

On the other hand, we have not found in the bibliography any reference for a 

coordination compound of any of the other arrangements (1,5-c, 4,3-a or 4,3- c), 

despite the fact that the different relative orientation of the nitrogen atoms inside the 

heterocycles could generate a wide number of new structure, specially if dimeric or 

polynuclear species are formed with bridging heterocycles. A difficulty that has to be 

taken into account in a study of this type is the lowest stability of these compounds if 

compared with the 1,5-a derivatives, isomerization processes (Dimroth 

rearrangement) may take place on heating, possibly catalyzed by acidic or basic pH. 

 

This research and investigation of the coordination chemistry of triazolopyrimidine 

were the center of our thesis. Following this line of investigation a new derivative 7,8 

dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine was synthesized and characterized, In 

this thesis we chose the best method through the synthesis and modification to obtain 

maximum yield. The compound was characterized by usual methods and the results 
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indicated that the most stable tautomer form is this when the acidic hydrogen was on 

N8 position, this result was supported by the theoretical study, 
1
H-NMR and 

13
C-

NMR spectra. pka value was  determined and it was more acidic than analogues 

purine bases, also from MO calculation there was no preference site of coordination. 

 

This thesis is the first exploration in the coordination chemistry of 1,2,4-triazolo[4,3-

a]pyrimidines. This compound comparing with the corresponding 1,5-a isomers, has 

the change in the position of one of the nitrogen atoms in the triazole ring which is 

now placed as separated as possible from the pyrimidine ring, with less steric 

hindrance and contiguous to the other external imidazole nitrogen. Synthesis of metal 

complexes of the first and second raw transition metals (Cu, Ni, and Ag) was carried 

out, some of these complexes were isolated in pure crystal form, others need further 

investigation, the complexes were characterize by X-ray crystallography showing that 

the ligand retain 4,3-a isomer which is less favored thermodynamically. With Cu the 

ligand form two complexes CuL2Cl2(H2O)3, and CuL2Cl2(H2O)5 these complexes 

were not isolated in crystal form. 

 

 Also two nickel complexes were obtained NiL2(H2O)5 and 

Ni9L8(NO3)4(NH3)4(OH)6(H2O)16 cluster, for this complex cluster the ligand 

coordinated in its anionic form through N1, N2 and O without preference of one site 

over another, this cluster had showed ferromagnetic and antiferromagnetic interaction 

at lower temperature and also need further investigation since this type of compounds 

be could used in the field of electronics as data storage materials. Silver crystal 

complex AgL2(NO3)2(H2O)2 were isolated and characterize by X-ray. The 

coordination mode in N1 and N2 atoms, the acidic hydrogen was situated on N8 the 

same as in the free ligand. 

 

The most stable thermodynamic 1,5-a compound was also obtained during one of the 

reaction to prepare cobalt complex with the desired ligand an organic compound had 

precipitate and the isolated in the form of single crystal, product is in agreement with 

Dimroth  rearrangement 
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:  ملخص الرسالة

 

ٟ٘ ِشوجبد ػطش٠خ غ١ش ِزجبٔسخ ٚرزىْٛ ِٓ حٍمز١ٓ  ((Triazolopyrimidineِشوجبد اٌزش٠بصٌٚٛث١ش١ِذ٠ٓ 

٠ٕزج ػٓ , (triazoles)ٚالاخشٜ حٍمخ خّبس١خ رش٠بصٚي  (pyrimidine)الاٌٚٝ ٟ٘ حٍمخ سذاس١خ اٌجش١ِذ٠ٓ 

اسرجبط اٌحٍمز١ٓ اسثغ ِجّٛػبد ِٓ اٌّزشىلاد رخزٍف ثزشر١ت رساد ا١ٌٕزشٚج١ٓ داخً اٌحٍمخ اٌسذاس١خ 

 4,3-a & 4,3-cٟٚ٘  (Kinetically favor)ٚاٌخّبس١خ اص١ٕٓ ِٓ ٘زٖ اٌّزشىلاد ٟ٘ ِشوجبد رزىْٛ ثسشػخ 

 ّ٘ب ِسزمشربْ  a & 1,5-c-1,5اٌّجّٛػزبْ الاخش٠بْ, ِغ اٌؼٍُ أٙب غ١ش ِسزمشح ِٓ ٔبح١خ اٌذ٠ٕب١ِىب اٌحشو١خ

.  ( thermodynamically stable)حشاس٠ب   

 

رُ دساسزٙب ثشىً ِسزف١ض ِٓ ٔبح١خ اٌزحض١ش اٌؼضٛٞ ٌٍّشوجبد ٚدساسخ   (a-1,5)احذ ٘زٖ اٌّزشىلاد 

رأص١شارٙب اٌج١ٌٛٛج١خ ٚرحض١ش ِؼمذاد ِٓ اٌّشوجبد ٚلذ ٚجذد و١ّ١بء اٌزشبسو١خ صش٠خ ثبٌزشى١لاد اٌّخزٍفخ اٌزٟ 

رُ رحض١ش٘ب ثسجت أْ اٌّشوت ٠ّىٓ أْ ٠زشبسن اٌّؼذْ ثطشق ٚأِبوٓ اسرجبط ِخزٍفخ رُ رحض١ش٘ب ثسجت أْ 

, صٕبئ١خ, اٌّشوت ٠ّىٓ أْ ٠ىْٛ سٚاثظ ثطشق ٚأِبوٓ اسرجبط ِخزٍفخ ِّب أدٜ إٌٝ رحض١ش ِشوجبد أحبد٠خ

ثؼض ٘زٖ اٌّشوجبد وحبْ ٌٗ رأص١شاد ث١ٌٛٛج١خ ٚاضحخ ٚثؼضٙب وبْ ٌٗ أ١ّ٘خ ِٓ ٔبح١خ . ِٚشوجبد ِزسٍسٍخ

. ف١ض٠بئ١خ

-dihydro-7-oxo-1,2,4-triazolo[4,3-7,8فٟ ٘زٖ اٌشسبٌخ لّٕب ثزحض١ش ٚدساسخ اٌّشوت 

a]pyrimidine ,ِٕٗ لا ٠ٛجذ دساسبد . رحض١شٖ ٚرشخ١صٗ ثٛاسطخ اٌزم١ٕبد اٌّخزٍفخ ٚرحض١ش ِشوجبد ِؼمذح

 اسبثمخ فٟ ٘زا اٌّٛضٛع ٚ٘زٖ رؼزجش ثذا٠خ ِسبس ثحضٟ جذ٠ذ فٟ اٌى١ّ١بء اٌزشبسو١خ ٌٙزا اٌّزشىً س١ّب أْ ٘ز

خلاي ٘زا اٌجحش لّٕب ثذساسخ ثذا٠خ ٘زا اٌّشوت ِٓ , اٌّشوت ٠ؼزجش غ١ش ِسزمش ِٓ ٔبح١خ اٌذ٠ٕب١ِىب اٌحشو١خ

 ٚاٌزٟ ٟ٘ جضء ِٓ ِٛضٛع اٌى١ّ١بء اٌحسبث١خ semiempiricalٔبح١خ ٔظش٠خ ثبسزخذاَ طش٠مخ 

((Computational chemistry ٍٝٚلذ رُ اٌزؼشف ػ (tautomer)  الأوضش اسزمشاسا ٚرُ احزسبة رٛص٠غ

 ٚ ٚحسبثبد الأفلان اٌجض٠ئ١خ ٌٙزا اٌّشوت ِٚٓ ٘زٖ اٌذساسخ رج١ٓ أٗ لا ٠ٛجذ ِىبْ حاٌىضبفخ الإٌىزشٟٚٔ, اٌشحٕبد

. اسرجبط ِفضً ٌؼًّ سٚاثظ رشبسو١خ فٟ اٌّؼمذاد

 

ثؼذ رحض١ش اٌّشوت اسزخذَ فٟ رحض١ش ػذد ِٓ اٌّؼمذاد ٌجؼض ٌّؼبدْ ِٓ اٌذٚسح اٌشاثؼخ ٚاٌخبِسخ ٌٍؼٕبصش 

 Xالأزمب١ٌخ ٚ وٕز١جخ ٌزٌه حصٍٕب ػٍٝ ػذد ِٓ اٌّشوجبد ثشىً ثٍٛسٞ ِّب سّح ٌٕب رشخ١صٙب ثٛاسطخ أشؼخ 
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  , CuL2Cl2.(H2O)3 ,,CuL2Cl2.(H2O) NiL2(H2O)5ِٚٓ ٘زٖ اٌّشوجبد اٌزٟ رُ رحض١ش٘ب 

Ni9L8(NO3)4(NH4)3. (H2O)16 ,  ٚAg2L2(NO3)2. (H2O)2 ٍٝفصً ِٕٙب ِشوجٟ اٌفضخ ٚا١ٌٕىً ػ 

.  شىً ثٍٛسٞ

 

 ٠زىْٛ ِٓ رسغ رساد (cluster) رىْٛ ِشوت ِجؼضشNi9L8(NO3)4(NH4)3. (H2O)16ثبٌٕسجخ ٌّشوت ا١ٌٕىً 

 ثذْٚ رفض١ً احذ٘ب ػٍٝ ا٢خش ٚ٘زا N1,N2 & O اسرجظ ِؼٗ ثضلاس أِبوٓ ِخزٍفخ ١ٔligandىً  ٚجذ أْ  

 & ferromagneticٚثؼذ اٌذساسبد اٌّغٕبط١س١خ ٚجذ أْ ٌٗ صفبد , ٠زفك ِغ اٌذساسخ إٌظش٠خ

antiferromagnetic ٚ٘زٖ اٌّشوجبد ٌٙب رطج١مبد فٟ الاٌىزش١ٔٚبد فٟ ِجبي رخض٠ٓ اٌّؼٍِٛبد فٟ اٌحبسٛة  .

 ٚرج١ٓ أٗ X فصٍذ ِبدح ػٍٝ شىً ثٍٛسٞ شخصذ ثبسزخذاَ أشؼخ دٚخلاي ِحبٌٚزٕب رحض١ش ِؼمذ ٌٍىٛثبي

 رحٛي خلاي ػ١ٍّخ اٌزحض١ش ٚرٌه حست اٌطش٠مخ اٌزٟ روشد ٘زٖ اٌؼ١ٍّخ  a-1,5اٌّشوت اٌّزشىً ا٢خش ٚ٘ٛ 

Dimroth rearrangement)) . 
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The chemistry of 1, 2, 4-triazolopyrimidines derivatives started in 1909 when Bulow and 

Hass (1) reported the synthesis of 5-methyl-1,2,4-triazolo[1, 5-a]pyrimidine-7-one 

(Scheme 1). 

                                            

 

 

 

Scheme 1: Structure of 5-methyl-1, 2, 4-triazolo [1, 5-a] pyrimidine-7-one 

 
Many efforts have been directed toward the synthesis of triazolopyrimidines, because of 

their chemistry which showed many biological activities as well as medicinal, 

agrochemical applications and photographic stabilizer emulsions. 

 
Over the next 50 years, only a few papers and patents on triazolopyrimidine were 

published, which were included in Mosby`s comprehensive monograph on "Heterocyclic 

systems with Bridgehead Nitrogen Atoms" (2). 

  
The systematic studies reported since 1958 include those of the groups of Sirakawa 

(1958-1960) (3), Makisumi (1958-1964) (4), Allen and Williams (1959-1962) (5), Levin 

(1963-1964) (6), Kreutzberger (1966-1979) (7), Reimlinger (1970-1971) (8), Reiter (1987-

1993) (9), and the most complete recent revision are those by G. Fischer (10). 

 
Special aspects of syntheses and reactivity have been covered in reviews by Babichev 

and  Kovtunenko (11), Tisler (12), Ivashchenko and Gaaricheva (13), Shaben et al. (14) , 

G.Fischer (10) , Maury (15) and in a valuble comparative study of certain azaindolzines by 

Al ashry (16). 

Fusion of 1,2,4-triazolo ring onto a pyrimidine nucleus to form 1,2,4-triazolopyrimidine 

systems may take place in four different modes that lead  
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to the following isomeric structures, all of which possess a nitrogen bridgehead atom as 

seen in (Scheme2). 

 

 

 

i 1,2,4-triazolo[4, 3-a] pyrimidine              ii. 1,2,4-triazolo[1,5-a] pyrimidine 

 

    

 

 

iii. 1,2,4-triazolo[4,3-c]pyrimidine             iv. 1,2,4-triazolo[1,5-c]pyrimidine   

 
Scheme 2: Four possible isomer of triazolopyrimidine 

  

II..22  SSyynntthheessiiss    

  
Most synthesis of triazolopyrimidines start either from a 1,2,4-triazolo derivatives or 

from a pyrimidine residue and need annulations of a second heterocyclic ring. Preferably 

5-amino-1,2,4-triazololes and 2-hydrazinopyrimidines. According to the reaction type, 

these synthesizes may be classified as cyclocondensation, cycloadditions, or oxidative 

cyclizations (12). To some extent triazolopyrimidines are prepared by other 

transformations of the five-and/or six membered rings.   

 
In some cases, the kinetically favored [4,3-a] and [4,3-c] product is formed initially, this 

being transformed into the thermodynamically more stable [1,5-a] and [1,5-c] 

pyrimidines, respectively by the means of Dimroth rearrangement (18). 
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N

N

NHNH2

R1

R2

R3
N

N

R1

R2

R3 N

N

R4

a,b,c,d,e or f

a=R4C(OEt)3;b=R4CO2H; c=R4CHO/DEAD;

d=MeCS2Ft/    ; e = R4COEt; f= BrCN/Na2CO3/EtOH

NH.HCl

I.2.1 Synthesis of 1,2,4-triazolo[4,3-a]pyrimidine  

 
I.2.1.1 Synthesis from Pyrimidines 

 
The synthesis of this ring system may be achieved by building the diazole onto a 

preformed pyrimidine ring. Cyclization of a 2-hydrazinopyrimidine with one-carbon-

inserting reagents serves as a general route to this ring. Thus, cyclization of 2-

hydrazinopyrimidines 1 with formic acid (17), carbon disulfide in boiling pyridine, carbon 

disulfide in acetonitrile at room temperature (18) ,ethyl dithioacetate (19),or cyanogen 

bromide afforded the triazolo[4,3-a]pyrimidines 2. Reaction of 1 with aldehydes followed 

by cyclization with diethyl azodicarboxylate (DEAD) gave 2. Cyclization of 2-

hydrazinopyriinidines 1 with ethyl imidate hydrochlorides afforded the 3-substituted 

l,2,4-triazolo[4,3-a]pyrimidines 2. However, when the 2-hydrazinopyrimidine 

(1,R1=R2=R3=H) and 4,6-dimethyl-2-hydrazinopyrimidine (1, R1=R3=Me,R2 =H) were 

cyclized with the imidate hydrochlorides, the isomeric triazolo[l,5-a]pyrimidines were 

formed (20) (Scheme 3).  

 

 

 

         1                                                           2   R4=H ,Me, SH, SBn, NH2        

  

 

 
Scheme 3 

 
Reaction of 3 with ethyl dithioaectate 4 gave a mixture of 3,7(3,5)-dimethyltriazolo[4,3-

a]pyrimidinones 5 and 7 (21), whereas the reaction with formic acid gave 6(22) (Scheme 4). 
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                                                                                                         + 

 

            3                                                                      5   R= Me                 7                                                                  
                                                                                    6   R=H                                                                                              

Scheme 4 

 
Cyclization of 2-hydrazino-6-methylpyrimidin-4-one 8 with formic acid represents an 

interesting case, mixtures of products were obtained which varied in number, structures, 

and relative amounts depending upon the reaction conditions (time, temperature, and pH) 
(23). The reaction of 8 was carried out with formic acid at 50-60°C for 1 hour and obtained 

a mixture of the formylhydrazine 9, (43.5%), 7-methyl-5-oxo-1,2,4-triazolo[4,3-

a]pyrimidine (10, 42%), and 5-methyl-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine (11, 14.5%). 

Compounds 10 and 11 were formed as a result of dehydrocyclization of hydrazide 9 

through nucleophilic attack of the pyrimidine N1 or N3, respectively, onto the 

formylhydrazino carbonyl carbon (Scheme 5). When this reaction was performed at 

100°C for 2 hours, the isolated products were 10 (29%), 11 (34%), and 7-methyl-5-oxo-

1,2,4-triazolo[1,5-a] pyrimidine (12, 37%) (23). The last was formed as a result of acid-

induced Dimroth-like rearrangement of 10 (Scheme 6). 

 

                                                                           +                                 + 
                                                                                          
                                                                                                                                                                  

       8                                                    9 (43.5%)                10(42%)            11 (14.5%) 

 
Scheme 5 

 

 

                                                                   
                                                          10 (29%)    +     11 (34%)          + 
 

            
           8                                                                                                               12 (37%) 

Scheme 6 

HO H

O

50°-60°C, 1hr

N

N
H

O

Me

NHNH2

HO H

O

100°C, 2 hrs

N

N
H
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O

N

N

Dimroth rearrangement

        H+(HCOOH)
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Longer reaction time (12 hours) in the presence of excessive amounts of formic acid gave 

11 (24%) and 12 (76%). Under such reaction conditions, 10 completely isomerized to 12 

while 11 did not (23) (Scheme 7).  

 

                                                                                         + 

  

               8                                                        11 (24%)                         12 (76%) 

 
Scheme 7 

 
The 4-aminopyrimidines 13 and 14 were prepared by the reaction of the benzylidene 

malononitriles with thiourea or S-methylisothiourea, respectively. Nucleophilic 

substitution at the 2-position of 14 with hydrazine gave the 2-hydrazino derivative 15, 

whose treatment with carbon disulfide yielded the triazolopyrimidine 19 rather  than its 

isomeric compound (24). Heating 15 with benzoyl chloride anhydrous dioxane, afforded 

the N-benzoyl derivative 16, whose ring closure took place upon heating in DMF to give 

5-amino-6-cyano-3,7-diphenyl-1,2,4-triazolo[4,3-a]pyrimidine 18. The latter can also be 

obtained by direct reaction of 14 with benzoylhydrazine in DMF (25). The isomeric 1,2,4-

triazolo-[4,3-a]pyrimidin-3-one 21 was obtained from 14 by reaction with semicarbazide 
(26). Reaction of 15 with isocyanates gave thiosemicabazides 17 whose cyclode-

sulfurization with DCC gave 20 (27). Similarly, cyclocondesulfurization of 22 gave 23. 

Cyclization of the dihydropyrimidinethione 24 with acetylhydrazine or p-

chlorobenzoylhydrazine gave the triazolopyrimidine 25 (28) (Scheme 8).  

 

 

         
          18                                                                                                                          19                          
                                   

                                                                   13 R = SH 
                                                                   14 R = SMe                                           
                                                                   15 R=NHNH2                                       
                                                                   16 R=NHNHCOPh                                        
     20                                                          17 R = NHNHCSNHAr                                 21 
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             22                                                                23 

 

 

                      

           24                                                        25  R= Me, C6H4Cl-p                                            

 
Scheme 8 

 
I.2.1.2 Synthesis from triazoles   

 
Cyclocondensation of symmetrically substituted 1,3-diketones with 3-amino-5-

substituted-1,2,4-triazoles 26 produced the expected 3,5,7-trisubstituted-1,2,4-

triazolo[4,3-a]pyrimidines 27 (29). This reaction has been successfully applied to 3-amino-

1-benzyl-1,2,4-triazolium perchlorates 28; the products were the 2-benzyl-1,2,4-

triazolo[4,3-a]pyrimidinium perchlorates 30 (30) (Scheme  9). 

 

  

         
       26                                                                                                                         27 

                      
                      R=OH,SH,SCH2Ph,4-ClC6H3CH2S,4-NO2C6H3CH2S;             R1=Me;R2=H 

                                                                                                                                                         

                                                             

                                                                                                       

               

    
           28                                                    29                                                     30 

 
Scheme 9 

 

-H2O
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Theoretically, the reaction of 3-amino-1,2,4-triazoles 26 with 1,3-keto-esters may afford 

the four possible isomeric 1,2,4-triazolopyrimidines 32, 33, 35, and 36. Formation of 

these isomers may be explained on the basis of whether the amino group of 26 initially 

condenses with the keto or ester function of the ketoester to produce the enamine 31 or 

amide 34 intermediates, respectively (5). Heterocyclization of the enamine intermediates 

31a and 31b by nucleophilic attack of the triazole N4 or N1 onto the ester carbonyl 

would afford 32 and/or 33, respectively. Comparable cyclization of the amide 

intermediates 34a and 34b would lead to the formation of 35 and 36. However, in 

practice cyclocondensations of 26 with ethyl acetoacetate (31), ethyl 2-haloacetoacetate 
(32), or ethyl benzoylacetate (31) were found to afford only the corresponding 5-oxo-1,2,4-

triazolo[4,3-a]pyrimidine 32 (Scheme 10).  

   

 

                                                         

                                                      31a                                             31b    

                                                              

              

  
       26                                      
                                                            
                                                          
                                                         32                                                    33         

                                                             

 

                                                 

                                                             34a                                                     34b                                                               

                                            

                                                                

 

 

                                                 35                                                   36 

Scheme 10 
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Reaction of diethyl malonate with 3-amino-1,2,4-triazole 37 give the 1,2,4-triazolo[4,3-

a]pyrimidine-5,7-diones 38 (31) (Scheme 11). 

 

 

             
                  37                                                                  38 

Scheme 11 

 
Similarly, cyclization of 3-amino-1,2,4-triazoles 37 with methyl propiolate or methyl 

phenylpropiolate gave a mixture of the 1,2,4-triazolo[4,3-a]pyrimidin-7-ones 40 and the 

1,2,4-triazolo[1,5-a]pyrimidin-7-ones 41. In addition, methyl trans-3-(3-amino-1,2,4-

triazol-1-yl)acrylates 42 were also obtained. Production of the 1,2,4-triazolopyrimidines 

40 and 41 started by condensation of the ester function with the amino group of 37, 

followed by cycloaddition of the triazole N4 or N1 of the two tautomeric intermediates 

39a and 39b, respectively, onto the carbon-carbon triple bond of the side chain. In 

contrast, formation of the triazolyl acrylates 42 took place through addition only of the 

triazole N1 onto the propiolate carbon-carbon triple bond. The relative amounts of the 

products were found to depend on the reaction conditions (temperature, solvent, and 

time) (8) (Scheme 12). 
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        37 

                                                                              R= H, Ph 

 

                                                           42 

 
Scheme 12 

 
II..22..22  SSyynntthheessiiss  ooff  11,,22,,44--TTrriiaazzoolloo[[11,,55--aa]]ppyyrriimmiiddiinneess  

  
Synthesis of these compounds is achieved by building of one of the heterocycles 

followed by using it as a basis to built the other ring onto it or by Dimroth rearrangement 

of 1,2,4-triazolo[4,3-a] pyrimidines. 1,2-Diaminopyrimidines are generated from 1-amino 

or 2-aminopyrimidines. The 3-and 5-amino-1,2,4-triazoles are alternative precursors that 

can act as a source of three carbons to complete the pyrimidine ring.  

 
I.2.2.1 Synthesis from 1-Aminopyrimidines  

  
Cyclization  of l-(acylamino)pyrimidine hydroiodides 43 with alkyl ammonium acetates 

gave 3H,5H-1,2,4-triazolo[1,5-a]pyrimidines 44 (33). Condensation of the 1-

(acylamino)pyrimidinium salt 45 with hydrazine hydrate gave 46, which upon cyclization 
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with acetic acid in the presence  of perchloric acid afforded the 3-amino-1,2,4-

triazolo[1,5-a]pyrimidinium salt 47 (34) (Scheme 13). 

 

    

             

      
            43 R=H, Me                                                                                44 

 

                                                                    

          

             45                                                  46                                                 47                                                            

 
Scheme 13 

 
The 1-amino-2-hydrazinopyrimidine 48 can be cyclized with triethyl orthoformate to 49 
(35) (Scheme 14). 

 
 

 

      
           48                                                                       49                   

Scheme 14 

 
I.2.2.2 Synthesis from 2-Aminopyrimidines 

 
Amination of 2-aminopyrimidine 50 with O-mesitylenesulfonylhydroxyamine 

(NH2OMes) gave the N-aminopyrimidinium salt 51, which can be transformed into 1,2,4-

triazolo[1,5-a]pyrimidines 52 by heating with formic acid, acetic anhydride, and  benzoyl 

chloride (36) (Scheme 15). 

 

 

 

 

Et2O/
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           50                                                51                                          52  R=H,Me, Ph                                   

Scheme 15 

 
The synthesis of triazolopyrimidines may be achieved by the cyclization of 2-

aminopyrimidines by fusion of a C�N fragment. Thus, the triazolopyrimidines 56 have 

been prepared by the sequential condensation of 2-aminopyrimidines 53 with 

(MeO)2CR2NMe2 followed by reaction of the resulting derivative 54 with NH2OH to give 

the hydoxyiminomethyleneaminopyrimidine 55, which was cyclized by the action of 

polyphosphoric acid (PPA) (37). In the case of 2-amino-4-methylpyrimidine as a starting 

compound, cyclization involved either an N-1 or N-3 atom of the pyrimidine, whereby 

both isomers were formed in a ratio of 1:5; the major one has R1 = Me (38) (Scheme 16). 

 

                                                                                                                                                  

              

             53  R=R1=H,Me                                                            54 

 

 

 

                          

                   
                       56                                                                 55     

Scheme 16 

 
I.2.2.3 Syntheses from 5(3)-Amino-1,2,4-triazoles 

  
5-Amino-1H-1,2,4-triazole and its derivatives are frequently used as precursors for this 

ring via their reaction with suitable carbonyl compounds. The 5-amino-1,2,4-triazoles 57 

prepared from calcium cyanide by hydrolysis to cyanamide followed by condensation 

with hydrazine (39), reacted with the appropriate acetophenone in the presence of ZnCl2 to 

NH2OMes    
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give the dihydrotriazolopyrimidines 58 and 59 (40). Cyclocondensation of 57 with 

acetophenone in DMF gave the triazolopyrimidines 58 (Ar=Ph) and 61 via the 

intermediate 60 by participation of either a second acetophenone molecule or a DMF 

molecule, respectively. The reaction of 57 with PhCMe=CHCOPh in the absence of a 

catalyst afforded the dihydrotriazolopyrimidines 59 (Ar=Ph) (41) (Scheme 17). 

 

                                                                                  

                                                                                       +                                                                                                                                 

                                                                                                 
          57                                                    58                                    59 

                                                                     

                                                
                                                                    (59 Ar =Ph) 

 
                                                                     (58 Ar =Ph)      +     
   
 

60 61                                                  
 

Scheme 17 

 
I.2.2.4 Dimroth Rearrangement of 1,2,4-Triazolo[4,3-a]pyrimidines 

 
Dimroth rearrangement of 1,2,4-triazolo[4,3-a]pyrimidines (A) gave the 1,2,4-triazolo[1,5-

a]pyrimidines (B) the triazolopyrimidines with various substituents on the ring, as in 62, 

64, or 66, underwent rearrangement to give 63, 65. and 67 respectively, upon treatment 

with acid, alkali, or triethyamine, or upon fusion (18) (Scheme 18). 
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           62                                 63                            64                                            65 

 

              

                                         

                                     

 
                                           
                                              66                                                   67 

Scheme 18 

 
Dimroth rearrangement may be considered to be a disadvantage during the synthesis of 

the [4,3-a] ring, because this ring system cannot he isolated. However, it is advantageous 

in cases in which the [1,5-a] ring system is required. Thus, reaction of the hydrazine 68 

with formic acid gave 70 via 69 (5) (Scheme 19). 

 

  
 

                                                             
      
       68                                        69                                                       70                 

Scheme 19 
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Cyclization of the diamidine 72 with acetyl- or benzoyl-acetone 71 gave l,2,4-

triazolo[1,5-a]pyrimidine 74 via the formation of  73 (7). Alternatively, 74 can be prepared 

by the reaction 71 with the diaminotriazole 75 (7) (Scheme 20). 

 

                      +                                                                                                    

         

       71                               72 

                                                     

 

                                                                                                         
                                                                                                                         73                             
                                                                          
                                                                           71        + 
                                                                                                                                                                                         

                       
                    74 R= Me,Ph                                                                      75 
 

Scheme 20 

 
Reaction of the trifluoromethyl substituted â-diketone 76 with 72 nitrates gave a mixture 

of the triazolopyrimidine 78 and the pyrimidine 80; whereas reaction with the aromatic â-

diketones 77 gave a mixture of triazolopyrimidines 79 and pyrimidines 81 (42) (Scheme 

21) 

                                                                                                          

           +  72. 2HNO3                                                           + 

                                                                             

76    R= CMe3                                          78 R= CMe3                                 80 
77    R= Ph, 2-thienyl                               79 R= Ph, 2-thienyl 

                                                                                

                                 

                                                                                                               

                                                                                                                             81 
Scheme 21 
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II..22..33  11,,22,,44--TTrriiaazzoolloo[[44,,33--cc]]ppyyrriimmiiddiinneess  

 
1.2.3.1 Synthesis from pyrimidine 

 
Condensation of 4(6)-hydrazinopyrimidines 82 with aryl or heterocyclic aldehydes gave 

the corresponding 4(6)-arylidenehydrazinopyrimidines 83. Oxidative cyclization of 83 

with lead tetraacetate (17), or with ethanolic iron (III) chloride (43) afforded the respective 

3-substituted 1,2,4-triazolo[4,3-c]pyrimidines 84 (Scheme 22). 

 

 

                                                              

      

       82                                                  83                                                                 84 

R= 4-C6H4Y,                    ;                    R1=H,Me, SMe, NHPh,; R2=Me, NH2; R3= H, Me 

 
Scheme 22 

 
Nitrozation of 6-benzylidenehydrazino-3-methyluracil 85 took place with concurrent 

cyclization to 86. The latter was also obtained from the nitroso and the nitro derivatives 

87 and 88 upon treatment with a mixture of sodium or potassium nitrate and acetic and 

sulfuric acids (44) (Scheme 23). 

 

 
              
                   85                                                                           86 
 
 

 

 

 

 

 
87                                                                     88 

Scheme 23 
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Aldehyde acetals have also been utilized to accomplish cyclization of 4(6)-

hydrazinopyrimidines such as 89 to 90 (45) (Scheme 24). 

 

 

            
               
             Ar = 4-ClC6H4 
                        
                  89                                                          90                                     

 
Scheme 24 

 
1,2,4-trizolo[4,3-c]pyrimidines 93 were prepared by cyclization of 4-

hydrazinopyrimidines carrying various substituents 91 with carboxylic acids. Whereas 

cyclization with formic acid afforded the 3-unsubstituted 93 (R=H) (46), cyclization with 

other carboxylic acids gave the 3-substituted 93 (R=alkyl or aryl)  (47). This cyclization 

was also performed with acid chlorides as well as acid anhydrides (47). Occasionally, it 

was possible to isolate the acylhydrazinopyrimidine intermediates 92 (47), which were 

dehydrocyclized in a separate step to 93 by further heating with the same carboxylic acid 
(46), a mineral acid, by fusion (47), or by heating with phosphoryl chloride (8) (Scheme 25). 

 

 

 

          

            91                                                  92                                                     93 

R= H, alkyl, or Ph ; R1 = OH, SH, or Me ; R2 or R3 = H or alkyl 

 
Scheme 25 

 
Reaction of 91 with acid orthoesters gave 93 through cyclocondensation of the 

occasionally isolable 1-ethoxyalkylidene-2-(pyrimidin-4-yl)-hydrazine intermediates 94 

(49). In one case, however, the formation of the 3-alkyl-3-ethoxy-2,3-dihydro-l,2,4-

triazolo[4,3-c]pyrimidine 95 as a result of intramolecular additive cyclization of the 

corresponding 94 was reported (49). The 2-unsubstituted 1,2,4-triazolo[1,5-c]pyrimidines 
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96 (R=II) were sometimes formed as a result of Dimroth rearrangement of the transient 

93 (R=H) (50) (Scheme 26). 

 

 

  

                     
               91                                                           94                                
 

 

 

 

 
93                                                                       95 

                                             R=Me,or Et;R1=OMe;R2=H;R3= NO2                                   

                      

 

                           

                        

                              96, R= H                   
           

Scheme 26 

 
3-Oxo-1,2,4-triazolo[4,3-c]pyrimidines 99 were prepared by cyclization of the 4-(2-

ethoxycarbony(hydrazino)pyrimidines 97 by heating with an aqueous solution of sodium 

hydrogen carbonate (51) or phosphoryl chloride or by heating in dichlorobenzene (52). 

Compounds 97 were synthesized from 4-hydrazinopyrimidines 91 and ethyl 

chloroformate (52), or from 2-chloropyrimidines 98 and ethoxycarbonylhydrazine (52) 

(Scheme 27).  
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                   91                                                                     97 

 

 

 

 
 
 

98                                      99 
 

Scheme 27 

 
Cyclocondensation of the 2-amino-5-alkyl-4-chloro-5-phenylpyrimidines 100 with 

formylhydrazine gave the corresponding 1,2,4-triazolo[4,3-c]pyrimidines 102 (53) or a 

mixture of 102 and their [1,5-c] regioisomers 103 (54) (Scheme 28). 

 

 

 

            
            
              100                                                                     101 
 

                                                        

 

 

102 103 
 

Scheme 28 

 
1.2.3.2 Synthesis from Triazole 

 
Treatment of the 8-chloro-3-methyl-1,2,4-triazolo[4,3-c]pyrimidine 104 with aqueous 

H 2
NNHCOOEt / E

tOH

heat, 16 hr
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acids caused pyrimidine ring opening to give the 2-chloro-1-formamido-2-(5-methyl-

1,2,4-triazolo-3-yl)ethene 105. The latter underwent thermal dehydrative recyclization to 

the starting 104 (55). The corresponding1 ,2,4-triazolo[l ,5-c]pyrimidine regloisomer 106 

has not been formed during this reaction probably due to the electron-releasing effect of 

the C5 methyl group in 105, which renders the adjacent N4 of the triazole ring more 

nucleophilic as compared to N2 (Scheme 29).  

 

 

                               

                                                                                                     
           104                                                    105                                         106 

Scheme 29 

 
1.2.3.3 Synthesis by concurrent formation of both of the 1,2,4-triazole and 

pyrimidine rings 

 
Cyclization of the 2,2-dichloromalonic acid dipyrrolidine diimidoyl dichloride 107 with 

hydrazine hydrate caused concurrent double ring closure to afford the 8,8-dichloro-3,5-

dipyrrolidino-1,2,4-triazolo[4,3-c]pyrimidin-7(8H)-one 109 as explained in (56) (Scheme 

30).  

 

 

 

       

       107                                                     108                                                  109 
 

NR=  
Scheme 30 

 
 
Reaction of N-[bis(methylthio)methylene]cyanamide 110 with the N1-acylamidrazones 

111 at elevated temperature gave directly the corresponding 1,2,4-triazolo[4.3-

c]pyrimidines 112. Carrying out the reaction between 110 and 111 at ambient 

temperature in the presence of potassium carbonate afforded the 4-acylhydrazino-
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pyrimidines 113, which were dehydratively cyclized to 112 by heating in 

dimethylsulfoxide (57) (Scheme 31). 

 

                    + 

                                                                                                     

       
         110               111                                                                             112 

 

 

 

 

                                                     

                                                                   
                                                                     113 

R = Me, Me2CH, PhCH2, 4-ClC6H4CH2, Ph, 4-O2NC6H4, 4-pyridyl 

 
Scheme 31 

  
II..22..44  11,,22,,44--ttrriiaazzoolloo  [[11,,55--cc]]ppyyrriimmiiddiinnee  

 
I.2.4.1 Open Chain Precursors for Synthesis  

 
This ring can be prepared by the Cyclization of 4-[2-cyano-2-(ethoxycarbonyl)vinyl]-3-

methylisothiosemicarbazones of aromatic aldehydes (118; R2=H), obtained from the 

reaction of 115 with 116 by heating in BuOH/DMF/dioxane or in pyridine to give 

triazolopyrimidines 125 in moderate yields. Competitive formation of ethyl 4-amino-2-

(methylthio)-pyrimidine-5-carboxylate takes place. Treatment of the respective aromatic 

ketones with hot acetic acid or pyridine gave 2,2,5-trisubstituted 2,3 

dihydrotriazolopyrimidine-8-carboxylates 121 by intermolecular cycloaddition of 118 via 

the intermediate 119. The ring closure of 118 may involve a 10-electron cyclic transition 

state (58). Condensation of ethoxymethylenemalonontrile 114 with isothiosemicarbazones 

116 gave the dihydrocyano analogs 120, which were readily oxidized in DMSO to the 

triazolopyrimidines 124 (59). Similarly Condensation of diaminomethylenehydrazones 117 
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with 115 and 116 in the presence of MeCN/Et3N gave directly the 2,3-dihydro-1,2,4-

triazolo[1,5-c]pyrimidines 122 and 123, respectively. The reaction was initiated by the 

attack of the amino group of 117 on the ethoxymethine carbon of 114 or 115 followed by 

an electrocyclic reaction. Compounds 122 and 123 were oxidized with FeCl3/AcOH or 

I2/EtOH to give the triazolopyrimidines 126 and 127 respectively (60) (Scheme 32). 

 

                 + 

 

 
 114 R =CN      116 R3=SMe                         118                                             119               

115 R = CO2Et 117 R3 = NR4R5 

 

 

 

     

                       
 124 R = CN; R3= SMe                                  120 R = CN; R3= SMe 

                           125  R = CO2Et; R3= SMe                            121 R = CO2Et; R3= SMe 
                           126 R = CN; R3= NR4R5                                          122 R = CN; R3= NR4R5   
                           127 R = CO2Et; R3= NR4R5                          123 R = CO2Et; R3= NR4R5  
 

Scheme 32 

 
 Condensation of the imidates 124 with hydrazides gave 1,2,4-triazolo[1,5-c]pyrimidines 

125 (61) (Scheme 33). 

                                                              

                              

                           + 

              

 

         124                                                                                   125 

Scheme 33 
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I.2.4.2 Synthesis from pyrimidines 

 
Reaction of amine 126 with DMF/DMA, followed by hydroxylamine and then 

acetylation gave the acetoxyiminomethyleneaminopyrimidine 127, which subsequently 

cyclized to 128 by heating in water (45) (Scheme 34). 

 
 
                                                                                                      
 
 
  126                                                    127                                             128 

 
Scheme 34 

 
Amination of the 4-aminopyrimidine 129 with O-mesitylenesulfonylhydroxylamine gave 

the N-aminopyrimidinium salt 130. which was transformed into 1,2,4-triazolo[1,5-

c]pyrimidines 131 by heating with formic acid, acetic anhydride, or benzoyl chloride (36). 

Similarly the reactions of 1,6-diaminopyrimidine 132 with benzoyl chloride (62), triamine 

134 with formic acid (63), and aminoiminopyrimidine 136 with orthoesters (64) gave the 

triazole[1,5-c]pyrimidines 133,135, and 137, respectively (Schemes 35-37). 

 

                    

 

                       
 
           129                                     130                                            131 

 
Scheme 35 
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                      134                                                             135          

Scheme 36 
 
 

 
      
       
                     

                        136                                                       137 

Scheme 37 

 
I.2.4.3 Synthesis from triazoles  

 
Cyclization of the 3-(2-aminoethyl)-1,2,4-triazoles 138 with aromatic aldehydes gave a 

mixture of the corresponding Schiff bases 139 and the 5,6,7,8-tetrahydro-1,2,4-

triazolo[1,5-c]pyrimidines 140. Cyclization of 138 with carbonyl-1,1�-diimidazole (CDI) 

afforded the 5-oxo analogs 141 (65) (Scheme 38). 

                                                                                                       + 
                                                                                                                                                       

  
              138                                                              139                                      140 
      R = H, NHPh                                            R= H; Ar = 4-MeOC6H4, 4-O2NC6H4 
      R1 = H, Me, PhCHMe                                
 

 

                                                 
                                                   

                                                         141 R = NHPh, R1= Me; R = Ph, R1 = PhCHMe 
Scheme 38 

N N

NH2MeO
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Attempted dehydrocyclization of the 6-acylhydrazinopyrimidine 143 by heating with 

polyphosphoric acid led, instead, to pyrimidine ring rupture, yielding the 1,1-diamino-2-

nitro-2-(3-phenyl-1,2,4-triazol-5-yl)ethene 144. Cyclocondensation of the latter with 

triethyl orthoformate gave the fully aromatic triazolopyrimidine 145 (66) (Scheme 39). 

  

 

 

                 
                142                                                             143 

  

    

                             
                                 144                                                          145 

                                              Ar = Ph, 2-FC6H4 
 

Scheme 39 

 
Assignment of the 1,2,4-triazolo[1,5-c]pyrimidine structures to the products obtained 

from the previously described cyclizations and not the alternative [4,3-c] structures has 

been rationalized and corroborated on the basis of (a) preference of cyclization at the 

more nucleophilic triazole ring N2 rather than at its less nucleophilic N4 (67), (b) inability 

of the obtained products to undergo acid- or base-catalyzed Dimroth rearrangement, a 

property characteristic of the thermodynamically less stable [4,3-c] isomers (68) (c) 

comparison with unequivocally prepared authentics (67), and (d) X-ray crystallographic 

analysis of the products (69). 

 
I.2.4.4 Synthesis by concurrent formation of both of the 1,2,4-triazole and 

pyrimidine rings  

  
4-Isothiocyanato-3,3,-dimethylbutane-2-one 146 provided the C4N3 fragment that gave, 

upon reaction with 2-ethylthiosemicarbazide (CN3 fragment) 147, the 3-ethyl-1,6,7,8a-

tetrahydro-2,5-dithioxo-8,8,8a-trimethyl-1,2,4-triazolo[1,5-c]pyrimidine 148 (70) (Scheme 

40). 
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                   146                            147                                            148 

 
Scheme 40 

 
Reaction of ethoxymethylenemalononitriles 149 or ethyl ethoxymethylenecyanoacetates 

150 (C3N fragments) with hydrazones 151, derived from aldehydes or ketones and 

isothiosemicarbazides or aminoguanidines (C2N3 fragment), gave the 2,3-dihydro-1,2,4-

triazolo[1,5-c]pyrimidines 153 through the occasionally isolable intermediates 152. 

Elimination of a hydrogen or the lower alkane molecule from 153 gave the final products 

154 (60). Achieving aromaticity and/or alleviating steric crowding at C2 is the mobilizing 

force for the latter elimination (58) (Scheme 41). 

 

                            +                                                                                                                                                         

 
149, R= CN;                                     151                                                      152 
150,R =COOEt 
 

  

 

     
                                        153                                                         154 

R=H,alkyl,aryl;R1=alkyl,aryl; R2= SMe,SCH2Ph,NHR5,NR2
5; R3 =H,Et; R4 =CN,COOEt 

 
Scheme 41 

 
I.2.4.5 Dimroth Rearrangement of 1,2,4-Triazolo[4,3-c]pyrimidines 

 
A characteristic feature observed during the cyclization of some  hydrazino derivatives of 

pyrimidines is the rearrangement of the triazolo[4,3-a]pyrimidine intermediate to the 

triazolo[1,5-c]pyrimidine product. 

    

pdfMachine  
Is a pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, if you can print from a windows application you can use pdfMachine.  

Get yours now! 

www.pdfmachine.com?cl


  27

N N

NHNH2

R

R1

N N

R

R1

N

N

N N

R

R1

N

NHC(OEt)3



N N

Me

Ph

N

N

CO2Et

NMe2

N N

Me

Ph

N

N

CO2EtNMe2

N N

H
N

Me

Ph

NMe2

N

CO2EtCl
N N

NHNH2

Me

Ph

NMe2

N N

H
N

Me

Ph

NMe2

NH

CO2EtO

(CO2Et)2
I. POCl3

II. K2CO3

Cyclization of 5-methoxy(nitro)-4-hydrazinopyrimidines 155 with triethyl orthoformate 

gave the l,2,4-triazolo[4,3-c]pyrimidine intermediate 156, which cannot be isolated due to 

its conversion to its [l,5-c]isomer 157 by a Dimroth rearrangement. However, the 5-

benzyloxypyrimidine derivative, under the same conditions, afforded a mixture of the 8-

benzyloxy derivatives of both [4,3-c] and [1,5-c]isomers 156 and 157, respectively 
(50)(Scheme 42).  

 

 

 

 

           155 R= OMe, OBn, NO2                         156                                                     157 

 
Scheme 42 

 
Heating hydrazinopyrimidine 158 in diethyl oxalate gave 159, which upon chlorination 

with phosphorus oxychloride yielded (2-ethoxycarbonyl) triazolo[l,5-c]pyrimidine 161. 

The intermediate hydrazidoyl chloride 160 can he isolated under mild conditions (71) 

(Scheme 43).  

                                                

 

 

         
                158                                                       159                                           160 

 

 

 

 

         

                                                 161 

Scheme 43 

 
 

    

pdfMachine  
Is a pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, if you can print from a windows application you can use pdfMachine.  

Get yours now! 

www.pdfmachine.com?cl


  28


140°N N

H
N

N

NMe2

DMFDMA

N N
N

N

HC(OEt)3

N N

NHNH2

N N

N

N

Although the reaction of hydrazinoazines and triethyl orthoformate unusually gives the 

unrearranged products, the 4-hydrazinopyrimidine 162 afforded with the same reagent 

the rearranged product 1,2,4-triazolo[1,5-c]pyrimidine 128 (45). The same heterocycle 128 

was obtained from the reaction of 162 with DMF/DMA to give the N,N-

dimethylaminomethylenehydrazono derivative 163, which thermally cyclized to the 

1,2,4-triazolo[4,3-e]pyrimidine 164, which immediately rearranged into 128 (72) (Scheme 

44). 

 

 

 
                       162                                                                       128  

 

 

 

 
                  
                        163                                                               164 

Scheme 44 

 
II..33  TThhee  CCoooorrddiinnaattiioonn��ss  CChheemmiissttrryy  ooff  tthhee  11,,22,,44--ttrriiaazzoolloo[[11,,55--aa]]  

ppyyrriimmiiddiinneess  ddeerriivvaattiivveess    
 
1,2,4-triazolopyrimidine derivatives are ligands that display a great versatility in their 

interactions with metal ions, not only because they can bind the metal atom through 

different positions, but also because their presence influence the behavior of other 

auxiliary ligands, either by electronic or steric reasons, giving rise in some cases to 

compounds with interesting metal-metal interactions through these auxiliary ligands.  

 
The studies about the coordination chemistry of triazolopyrimidine derivatives have been 

focused till now in the 1,5-a series which are examples of purine mimics. This type of 

compound has been used to elucidate the role of metal ions with nucleic acids 

biochemistry, on the other hand , we have not found in the bibliography any reference for 

coordination compound of any of the other arrangements (1,5-c, 4,3-a, or 4,3-c). This 
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thesis regard as the first exploration in the coordination chemistry of 1,2,4-triazolo[4,3-

a]pyrimidine isomer. 

 

II..33..11  CCoommppoouunnddss  wwiitthhoouutt  aa  ddiirreecctt  mmeettaall--ttrriiaazzoollooppyyrriimmiiddiinnee  bboonndd      

  
A few compounds have been described in which there is no direct bond between the 

metal atom and the triazolopyrimidine derivative. Among these, there are examples with 

the organic molecule in neutral, cationic (protonated) and anionic form. Thus, three 

structures have been solved in which tetrakis(thiourea) palladium(II) chloride or 

tetrakis(thiourea) -platinum(II) chloride cocrystallize with dmtp (73) or HmtpO (74). In the 

cases of [Ni(dmtp)4(H2O)2](I3)2.(dmtp)2 
(75), and [HgCl2(HmtpO)]2.(HmtpO).H2O

 (76), 

both coordinated and non-coordinated triazolopyrimidine molecules coexist in the 

compound, interacting via stacking or hydrogen bonding.   

 
The protonated form of dmtp has been found as the counterion of complex anions such as 

[CdBr4]
-2 (77), and [SnC16]

-2 (78). The protonation of dmtp takes place at N3. On the other 

hand, a compound has also been described in which the anionic form of HmtpO balances 

the charge of the [Cu(H2O)2 ( cis-1,2-diaminocyclohexane)2]
+2 cation (79). 

 

II..33..22  CCooppppeerr  ((IIII))  ccoommpplleexxeess  

 
As it happens with other ligands, copper(II) is the metal ion of which more complexes 

have been characterized. Many of these compounds are mononuclear, An example of this 

type of compounds is the [Cu(dmtp)4(H2O)](PF6)2 
(80) which is displayed in (Fig. 1.1). 
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Fig.1.1. View of the [Cu(dmtp)4(H2O)2]
2+ cation Adapted from Favre et al..  

 
Some of the molecular coordinate complex were characterized to coordinated with the 

ligand in a bidentate coordination mode [Cu(mtpO)2(tn)].2H2O (81) is an example for this 

type (Fig. 1.2). 

 

 

 

 

 

 

 

 

 

 

 
Fig.1.2. View of Molecular structure of [Cu(mtpo)2(tn)] .2H2O Adapted from 

Navarro et al.  
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On the other hand, bidentate N3-N4 behavior, has been observed for Cu(II) in the dimeric 

compound as an example [Cu2 (5tpO)4(H2O)2]. 2H2O (Fig. 1.3). (82), in which a strong 

antiferromagnetic coupling (2J = -104.9 cm -1) takes place through the triazolopyrimidine 

moieties, Dimeric compounds have also been characterized in which the auxiliary anions 

bridge the metallic atoms this is observed for [Cu2Br4(dmtp)2]. 2H2O (83), in which the 

copper atoms are antiferromagnetically coupled with 2J = - 21.1cm -1: in this work, the 

value of 2J is correlated with the structure for a number of bromine bridged copper 

dimers. 

 

  

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

Fig.1.3: View of the molecular structure of [Cu(5tpO)4(H2O)2].2H2O; atoms are 
represented as 50% probability thermal ellipsoide Adapted from M. Abul 
Haj. 
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In some cases, Cu(II) complexes have coordinated through N3 and NI to generate two-

dimensional polymers as an example for this case [CuCl2 (tp)2] 
(84)  (Fig. 1.4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1.4. View of Polymeric structure of [CuCl2(tp)2]. Adapted from Biagini-Cingi 
et al. 

 

II..33..33  MMaannggaanneessee,,  iirroonn,,  ccoobbaalltt,,  nniicckkeell,,  zziinncc  ccoommpplleexxeess    

 
A number of Mn(II), Fe(II), Co(II), Ni(II), and Zn(II), complexes with triazolo-[1,5-

a]pyrimidine derivatives have been prepared and the crystal structures of some of them 

have been determined by single crystal X-ray diffraction.  

 

The most frequent geometry found in the structural analysis is octahedral with two (or 

four) triazolo-[1,5-a]pyrimidine ligands monodentate1y coordinated via the nitrogen 

atom in position 3. The coordination sphere is completed by water molecules, auxiliary 

amine ligands or NCS - anions, other anions balancing the charge of cationic complexes. 

The following compounds are examples obey thos schemes: 

[Fe(NCS)2(5HtpO)2(H2O)2]
(85), [Co(NCS)2(5HtpO)2(H2O)2]

 (86), and 

[Ni(NCS)2(5HtpO)2(H2O)2] 
(87) (Fig. 1.5).  
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Fig.1.5: View of molecular structure of [Ni(NCS)2(5HtpO)2(H2O)2] complex.  
Adapted from Biagini-Cingi et al. 

 

II..33..44  MMeerrccuurryy((IIII))  aanndd  CCaaddmmiiuumm((IIII))  ccoommpplleexxeess  

 
A special case is [HgCl2(HmtpO)]2 

. H2O (76), the structure of which is builttrigonal 

geometry comprising two chlorine atoms and a nitrogen atom NI from a monodentate 

HmtpO moiety, this coordination mode being unique for this ligand Fig. 1.6. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.1.6. View of Double (left) and single (right) chains present in the crystal 

structure of [HgCl2(HmtpO)]2.H2O. both chains are linked via 
hydrogen bonds with the non coordinated HmtpO molecules and the 
water molecule.Adapted from Salas et al.  
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Some Heterometallic Hg(II) complex characterized with the ligand dmtp have been 

described; examples for these complexes are: [FeHg(NCS)4(dmtp)2(H2O)] (88), 

[CoHg(NCS)4(dmtp)3(H2O)]2 
(89) and [CuHg(NCS)3(dmtp)2] 

(90). 

 
In all cases, Hg-SCN-M bridges are present which generate either dimeric (cobalt 

compound) or polymeric structures (the rest, see for example (Fig. 1.7) and the dmtp 

ligands coordinate monodentately via N3. 

 

 

 

 

 

 

 

 

 

 

 

Fig.1.7.View of Bidimensional polymeric structure of [FeHg(SCN)4(dmtp)2(H2O)].  
Adapted from Biagini-Cingi et al.  

  
II..33..55  SSiillvveerr((ll))  aanndd  ccooppppeerr((ll))  ccoommpplleexxeess  

 
 The basic structural unit in most of these silver complexes is an eight-member ring -Ag-

N-C-N-Ag-N-C-N- generated by the coordination of two triazolopyrimidine moieties to 

two silver atoms through the nitrogen atoms in positions 3 and 4. as an example the 

crystal structure of silver complex [Ag2(5HtpO)2](ClO4)2].2H2O
 (91) are binuclear 

compound with two ligands bridging two silver atoms (Fig. 1.8). 
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Fig.1.8: View of the molecular structure of [Ag2(5HtpO)2](ClO4)2].2H2O 

compound. Adapted from M. Abul Haj et al.  
 

Also polymer silver complexes are isolated as an example [Ag3(HSO4)(mtpO)2(H2O)2] 
. 

H2O
 (92), the dimeric units are linked by weak bonds of silver atoms with the NI and O7 

atoms of neighboring units, whereas a third silver atom is present in coordinated to the NI 

and O7 atoms of two different dimeric units, generating a linear polymer in this way (Fig. 

1. 9).  

 

 

 

 

 

 

 

 

 

Fig.1.9. View of polymeric chains in [Ag3(mtpO)2(HSO4)(H2O)2] . H2O. 
Bisulphate anions and water molecules are omitted for clarity. Adapted 
from Navarro et al.  
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A heterometallic tetranuclear compound [Pt2Ag2(7tpO)4(bpm)2(H2O)2]. (NO3)2.H2O (93)  

is described where the four metal ions are bridge the bpm-bipyrimidine and 7tpO- (Fig. 

1.10). 

 

 

 

 

 

 

 

 

 
 
 

Fig.1.10: View of the [Pt2Ag2(7tpO)4(bpm)2(H2O)2]
+2 cation, as deduced from the 

X-ray data. Only a few selected atom are labeled for clarity. Adapted 
from M. Abul. Haj et al.  

 
Finally, there is only one copper(I) compound, the structure of which has been solved, 

[Cu4Cl2(dmtp)4][Cu2Cl4] 
(94). It is built by two dimeric units, analogous to the silver(I) 

previously described with a Cu-Cu distance of 2.909 °A, linked by two bridging chlorine 

atoms (Fig. 1.11). 

 

 

 

 

 

 

 

 

 

 

Fig.1.11. View of the [Cu4Cl2(dmtp)4]2
2+ cation. Adapted from Hassnoot et al. 
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II..33..66  PPllaattiinnuumm  ggrroouupp  mmeettaall  ccoommpplleexxeess  

The study of the interaction of platinum group metals with 1,2,4-triazolo-[1,5-

a]pyrimidine ligands is dominated by the formation of Pt(II) and Pd(II) complexes, with 

only one example for a Ru(III) compound. 

For the ligand dmtp, that has not any ionizable hydrogen atom, the structures of only 

three mononuclear complexes have been reported: mer-[RuCl3(dmtp)2(H2O)] (95) , and 

[Pt(dmtp)4][Pt(SCN)6] 
(96)  (Fig. 1.12).  

 

 

 

 

 

 

 

 

 

 
Fig.1.12. View of molecular structure of mer-[RuCl3(dmtp)2(H2O)]. Adapted from 

velders et al. 
 
On the other hand, because of the presence of an ionizable hydrogen at N4, HmtpO is a 

well suited ligand for the preparation of multinuclear metal complexes, since it provides 

up to four potential binding sites, N3 and N4 being adequate to coordinate soft atoms 

such as Pt(II) and Pd(II). In a first stage in acidic media, the mononuclear species 

monodentately coordinated via N3 are formed, cis-[PtCl2(HmtpO)2]
.2H2O (97), and cis-

[Pt(NH3)(HmtpO)2](NO3)2
.2H2O (98) having been characterized crystallographically.  

 
If the pH is raised up to 7, deprotonation of HmtpO at N4 occurs and the monomeric 

compound cis-[PtC12(HmtpO)2] condensate with itself yielding the dinuclear product 

[Pt2(mtpO)4]
  (99) (Fig. 1.13). 
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Fig.1.13. View of molecular structure of the dimmer [Pt2(mtpO)4].Adapted from 
Navarro et al.  

 
The reaction of cis-[Pt(NH3)2(HmtpO)2](NO3)2 

. 2H2O with palladium electrophiles of the 

type [Pt(H2O)2(L-L)]2+ (where L-L is a bidentate diamine) affords heterobinuclear 

complexes of formula [(NH3)2Pt(mtpO)2Pd(L-L)](NO3)2 
(98) (Fig. 1.14). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1.14. View of the dinuclear cation [(NH3)2Pt(mtpO)2Pd(bpy)]2+. Adapted from 
Navarro et al.   
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II..44  AApppplliiccaattiioonnss  ooff  TTrriiaazzoollooppyyrriimmiiddiinneess  

  
II..44..11  PPhhaarrmmaacceeuuttiiccaall  uusseess      

  
Many triazolopyrimidines have been tested to know their possible biological activity as 

potential growth inhibitors of microorganisms ranging from antiviral activities (7-

pyrrolyl(indolyl)triazolopyrimidinum salts) (100), antifungal and antibacterial (6,7-

dihydrotetrazolo-[1,5-a]pyrimidine) (16). Some compounds of this system were found to 

amplify the action of the antibiotic (7-Amino-3-[2-(3,4-dihydroxy-

benzenesulfonylmethyl)-5-methyl-1,2,4-triazolo[1,5-a]pyrimidin-7-ylsulfanylmethyl]-8-

oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid) (101), Nucleosides carrying a 

1,2,4-triazolo[1,5-c]pyrimidin-5(6H)-one nucleosides base showed antiprotozoal activity 

against amastigotes of Leishmania donovani(102).   

 
In connection with their medicinal applications and activities to the respiratory system 

they  showed antiallergic (2,5,6-trialkyl-1,2,4-triazolo[1,5-a]pyrimidin-7-ylamine) (16), 

antihistaminic 5,7,8-Trimethyl-[1,2,4]triazolo[1,5-c]pyrimidin-2-one (103), 

bronchodilatory (8-(4-Chloro-phenyl)- 1,2,4-triazolo[4,3-c]pyrimidine) (104). 

 
Toward the cardiovascular and urinary tract, these compounds offer applications as 

antiangenal (Diethyl-(5-methyl-1,2,4-triazolo[1,5-a]pyrimidin-7-yl)-amine)  (1053), 

anticholestermics (2-Methyl-1,2,4-triazolo[1,5-a]pyrimidine) (106), hypotensive (Diethyl-

(5-methyl-2-[(phenyl-propyl-amino)-methyl]-1,2,4-triazolo[1,5-a]pyrimidin-7-yl)-amine) 

(107), calcium blockers (3-Oxo-2,3,5,8-tetraalkyl-1,2,4-triazolo[4,3-a]pyrimidine-6-

carboxylic acid) (108),  oral antihypertensive (8-aryl-1,2,4-triazolo[1,5-c]pyrimidine-2-

thiol)  (109), angiotensine II receptor antagonist (1,8a-Dihydro-2H-1,2,4-triazolo[4,3-

c]pyrimidin-3-one) (109), inhibits aortic smooth muscle proliferation {2-[4-(4-Chloro-

phenyl)-piperazin-1-ylmethyl]-5-methyl-1,2,4-triazolo[1,5-a]pyrimidin-7-yl}-diethyl-

amine) (107), treatment of circulatory disease such as stroke and arteriosclerosis (5-Butyl-

4-(2`-triazolylbiphenylmethyl-1,2,4-triazolo[1,5-a]pyrimidine-7one) (110),  and  used as 

cardiac insufficiency and disease of the arterial wall (5-butyl-4(2`-triazolylbiphynyl-

methyl)-1,2,4-triazolo[1,5-a]pyrimidine-7-one) (111), increased renal blood flow and urine 

    

pdfMachine  
Is a pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, if you can print from a windows application you can use pdfMachine.  

Get yours now! 

www.pdfmachine.com?cl


  40

NR1R2

N

N
N

N4R3RN

output (5-Azido-8-(2-ethoxy-ethyl)-7-phenyl-1,2,4-triazolo[1,5-c]pyrimidine) (112), 

diuretics (8-Methyl-7-phenyl-1,2,4-triazolo[1,5-c]pyrimidin-5-ylamine), and also as 

antiarrythmic disorders (1-(2-hydroxyethyl)triazolo[4,3-c]pyrimidine) (113).  

 
Antiulcer agents (2,5,6-trialkyl-1,2,4-triazolo[1,5-a]pyrimidin-7-ylamine, the amine 

derivatives of  1,2,4-triazolo[1,5-a]pyrimidine-5,7-diamine have antineoplastic activity. 

Thus, effects are found for (NR1R2 = NHBn; NR3R4 = NHNH2) against AK755, while 

(NR1R2 = NHBn; NR3R4 = morpholino) against sarcoma 37, and (NR1R2 =NR1R2 = 

phthalmidoethylthio) against Lewis Lung Cancer (114).  

 
In addition 7-phynoxyalkyl-1,2,4-triazolo[1,5-a]pyrimidines were prepared for possible 

treatment of seizures and neurological disorder (115). 

 

 
Many of the isolated metal complexes of triazolo[1,5-a]pyrimidines complexes were 

shown to possess very interesting biological activities. In this way, several divalent metal 

complexes of 5,7-dimethyl-1,2,4-triazolo[1,5-a]pyrimidine have been tested as inhibitors 

of the growth of different Gram(+) and Gram(-) bacteria and the fungus Candida 

albicans. Some cobalt(II) complexes show an appreciable activity against Micrococcus, 

Staphylococcus and  Proteus (116), and some copper(II) compounds present MIC 

(minimum inhibitory concentration) values lower than 50 ìg cm-3 towards the Gram (-) 

bacteria E. coli and Salmonella Sp (83). Likewise, MIC values of 20 ìg cm-3 have been 

found for [Ni(5,7-dimethyl-1,2,4-triazolo[1,5-a]pyrimidine)(SO4)(H2O)].4H2O against 

Streptococcus Faecslis and [Cd(5,7-dimethyl-1,2,4-triazolo[1,5-a]pyrimidine)X2(H2O)], 

(where X=Cl, Br) against Streptococcus faecalis and Bacillus megaterium (77). 

 
The effect of several metal complexes of  4,7-dihydro-5-methyl-7-oxo-1,2,4-triazolo[1,5-

a]pyrimidine isomer against Phytomonas staheli (promastigote form) (117) has also been 

studied showing that some of them inhibit parasite growth by nearly 90%; these 

complexes have also displayed good results against analogous parasites like 

Trypanosoma cruzi and Leishmania donovani. Transmission electron microscopy studies 

have been carried out to elevate the morphological changes that these complexes cause in 
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different cell or ganelles, comparing the cell structure of treated and nontreated P. staheli 
(118). 

 
The effect of (cis-[Pt(4,7-dihydro-7-oxo-1,2,4-triazolo[1,5-a]pyrimidine)2Cl2]) addition at 

different concentrations to cultured human cell lines MCF-7 breast carcinoma and A121 

ovarian carcinoma has been tested (93). The results indicates a high antitumour activity 

against the latter, this complex being less active than cisplatin but more than carboplatin. 

Some 5,7-dimethyl-1,2,4-triazolo[1,5-a]pyrimidinecomplexes with Ru(II) are also being 

tested for antitumour activity (119).  

  
II..44..22  AAggrroocchheemmiiccaall  UUsseess  

 
Triazolopyrimidines are used as pesticide, fungicides, nitrification inhibitors, growth 

regulators, and especially herbicides. 1,2,4-triazolo[1,5-a] pyrimidinesulfonamides are 

used as herbicides, and plant growth inhibitors (120), and they show activity against 

acetolactate syntheses (121).  

 
Compound (7-Methoxymethyl-5-methyl-1,2,4-triazolo[1,5-a]pyrimidine-2-sulfonic acid 

arylamide)  acts as a selective herbicide against dicotyledonous weeds, such as Galium, 

Matricaria, Galinsoga, and Mercurialis Spp (122) in beets (its herbicidal activities vary 

with the position of the substituent on the phenyl ring). The (2-(Arylthio)-1,2,4-

triazolo[1,5-a]pyrimidines 2-(Arylthio)-1,2,4-triazolo[1,5-a]pyrimidines) and (5,7-

Dichloro-[1,2,4]triazolo[1,5-a]pyrimidine)  are also useful as herbicides (123).  

 
Compounds (2,5,6-trialkyl-1,2,4-triazolo[1,5-a]pyrimidin-7-ylamine)  and (5,7-dihalo-

1,2,4-triazolo[1,5-a]pyrimidines) act as agrochemical fungicides and cause protection 

against Plasmopara viticola (124). (7-Amino-2-methyl-[1,2,4]triazolo[1,5-a]pyrimidine-6-

carbonitrile) compound are superior fungicides(125). (5-Fluoromethyl-7-methoxy-1,2,4-

triazolo-[1,5-a]pyrimidine-2-sulfonamides) are useful for the control of pigweed (126). 

Where (5,7-Dialkyl-[1,2,4]triazolo[1,5-a]pyrimidine-2-sulfonic acid phenylamide)  are 

useful as herbicides and inhibitors of nitrification of amino nitrogen in soil, and they are 

used for the control of Echinochioa crusgalli without damage to rice (126).  
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11..44..33  PPhhoottooggrraapphhiicc  uusseess  

 
5-methyl-1,2,4-triazolo[1,5-a]pyrimidine-7-one (MOT) discovered by Birr in 1935(1), and 

used as "stabilizing" activity, this discovery made it possible for the first time to stabilize 

the sensitometric properties of photographic materials during storage. Even today MOT is 

an inherent constituent of nearly every photographic product. numerous derivatives have 

been synthesized: none is substantially more effective than MOT. 5-or-7-one-1,2,4-

triazolo[1,5-a]pyrimidines derivatives adding to silver halide photographic materials to 

provide high contrast, which is suitable for graphic arts use (101), and good shelf life under 

high temperature and high humidity (127). Compound 2,5,6-Trialkyl-[1,2,4]triazolo[1,5-

a]pyrimidin-7-one were prepared as a photosensitive photographic element (128). Silver 

halide emulsion layers containing the substituted 5(7)-one-1,2,4-triazolo[4,3-

a]pyrimidine derivatives are used as a photosensitive photographic materials (127). 

Comprehensive theory of stabilization does not exist.   

 

II..55  CCoommppuuttaattiioonnaall  CChheemmiissttrryy  

  
Computational chemistry is a new discipline. Its advent and popularity have paralleled 

improvements in computing power during the last several decades. As with other 

disciplines in chemistry, computational chemistry uses tools to understand chemical 

reactions and processes. Scientists use computer software to gain insight into chemical 

processes. Although computational chemists frequently develop and refine software 

tools, their primary interest is in applying software tools to enhance chemical knowledge.  

 
In general software program uses two types of methods in calculations: molecular 

mechanics and quantum mechanics. The quantum mechanics methods include semi-

empirical and ab initio. The molecular mechanics and semi-empirical quantum 

mechanics methods have several advantages over ab initio methods. Most importantly, 

these methods are fast. While this may not be important for small molecules, it is 

certainly important for biomolecules. Another advantage is that for specific and well-

parameterized molecular systems, these methods can calculate values that are closer to 

experiment than lower level ab initio techniques.  
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The accuracy of a molecular mechanics or semi-empirical quantum mechanics method 

depends on the database used to parameterize the method. This is true for the type of 

molecules and the physical and chemical data in the database. Frequently, these methods 

give the best results for a limited class of molecules or phenomena. A disadvantage of 

these methods is that you must have parameters available before running a calculation. 

Developing parameters is time-consuming. The ab initio method may overcome this 

problem.  

  
II..55..11  QQuuaannttuumm  MMeecchhaanniiccss  

 
Ab initio quantum mechanics methods have evolved for many decades. The speed and 

accuracy of ab initio calculations have been greatly improved by developing new 

algorithms and introducing better basis functions. 

 
In quantum mechanics, the Schrödinger equation (1) gives the wave functions and 

energies of a molecule. 

                                                                                                                 (1) 

 

Where H is the molecular Hamiltonian, is the wave function, and E is the energy. The 

molecular Hamiltonian is composed of the following operators: the kinetic energy of the 

nuclei (N) and electrons (E), nuclear-nuclear (NN) and electron-electron repulsions (EE), 

and the attraction between nuclei and electrons (NE) (equation 2).  

 
H = (Kinetic energy)N +  (Kinetic energy)E  +  (repulsion)NN + (repulsion)EE + 

(attraction)NE                                                                                                    (2) 

 
Nuclei have many times more mass than electrons. During a very small period of time 

when the movement of heavy nuclei is negligible, electrons are moving so fast that their 

distribution is smooth. This leads to the approximation that the electron distribution is 

dependent only on the fixed positions of nuclei and not on their velocities. This 

approximation allows two simplifications of the molecular Hamiltonian. The nuclear 

kinetic energy term drops out (equation 3). 
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H = (Kinetic energy)E  +  (repulsion)NN + (repulsion)EE + (attraction)NE                                (3) 

 
Since the nuclear-nuclear repulsion is constant for a fixed configuration of atoms, this 

term also drops out. The Hamiltonian is now purely electronic. 

 
H = (Kinetic energy)E  +  (repulsion)EE + (attraction)NE                                                 (4) 

 
After solving the electronic Schrödinger equation (equation 4), to calculate a potential 

energy surface, you must add back nuclear nuclear repulsions (equation 5). 

 
H electronic Øelectroni = E electronic Øelectroni   

 
VPES = E electronic + (repulsion)NN                                                                                   (5) 

 
Generating the potential energy surface (PES) using this equation requires solutions for 

many configurations of nuclei. In molecular mechanics, the electronic energy is not 

evaluated explicitly. Instead, these methods solve the potential energy surface by using a 

force field equation. The force field equation represents electronic energy  

  
II..55..22  MMoolleeccuullaarr  MMeecchhaanniiccss  

 
Molecular mechanical force fields use the equations of classical mechanics to describe 

the potential energy surfaces and physical properties of molecules. A molecule is 

described as a collection of atoms that interact with each other by simple analytical 

functions. This description is called a force field. One component of a force field is the 

energy arising from compression and stretching a bond. 

 
This component is often approximated as a harmonic oscillator and can be calculated 

using Hooke�s law. 

 
                                                                                                                                                                       (6) 
 

 

The bonding between two atoms is analogous to a spring connecting two masses. Using 

this analogy, equation 7 gives the potential energy of the system of masses, Vspring, and 
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the force constant of the spring, Kr. The equilibrium and displaced distances of the atoms 

in a bond are r0 and r. Both Kr and r0 are constants for a specific pair of atoms connected 

by a certain spring. Kr and r0 are force field parameters.  

 
The potential energy of a molecular system in a force field is the sum of individual 

components of the potential, such as bond, angle, and van der Waals potentials (equation 

8). The energies of the individual bonding components (bonds, angles, and dihedrals) are 

functions of the deviation of a molecule from a hypothetical compound that has bonded 

interactions at minimum values. 

                                                                                                                                           (7) 

 

The absolute energy of a molecule in molecular mechanics has no intrinsic physical 

meaning; ETotal values are useful only for comparisons between molecules. Energies from 

single point calculations are related to the enthalpies of the molecules. However, they are 

not enthalpies because thermal motion and temperature dependent contributions are 

absent from the energy terms (equation 7). 

 
Unlike quantum mechanics, molecular mechanics does not treat electrons explicitly. 

Molecular mechanics calculations cannot describe bond formation, bond breaking, or 

systems in which electronic delocalization or molecular orbital interactions play a major 

role in determining geometry or properties. 

 
II..55..22..11  Bonding energies  
 
II..55..22..1.1 Bonds and Angles 

 
This term is associated with deformation of a bond from its standard equilibrium length. 

For small displacements from equilibrium, a harmonic function is often used: 

                                                                                                                                           (8) 

 

A larger value for the stretch force constant Kr leads to a greater tendency for the bond to 

remain at its equilibrium distance r0. Higher powers of r - r0, giving cubic, quadric, or 

higher terms are also common.  
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II..55..22..1.2 Bond Angle Bending 
 

This term is associated with the deformation of an angle from its normal value. For small 

displacements from equilibrium, a harmonic function is often used: 

                                                                                                                                           (9) 

 

A larger value for the bending forces constant Kleads to a greater tendency for the angle 

to remain at its equilibrium value 0. There may be cubic, quartic, etc. terms as with the 

corresponding bond stretch term in addition to the quadratic term shown here. 

 
II..55..22..1.3 Dihedrals (torsion) energy 

 
This term is associated with the tendency of dihedral angles to have a certain n-fold 

symmetry and to have minimum energy for the cis-, gauche-, or trans-conformation, etc. 

                                                                                                                                   

                                                                                                                                         (10) 

 
 
The period of the interaction is 360/n. The phase angle 0 shifts the curve to the left or 

right. For n=1 and =0, the curve represents the situation where the energy is a minimum 

for the trans-conformation with a barrier of Vn to the highest energy cis-conformation. A 

phase angle of =180 represents the opposite situation with a minimum at the cis-

conformation and a maximum at the trans-conformation.  

  
II..55..22..22  Non-bonding energies  

 
II..55..22..22..11  Van der Waals energy  

 
This term describes the repulsive forces keeping two nonbonded atoms apart at close 

range and the attractive force drawing them together at long range. 
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                                                                                                                                         (11) 

 

i and j represent two different atoms 

Aij and Bij are derived from atomic constants Aii and Bii 

Rij is the distance betwwn the two atoms I and j  

 
The first positive term is the short range repulsion energy between two atoms which 

depends inversely on the distance (r -12) while the second negative term is the long range 

attraction energy between the two atom and is a less sensitive function of the distance     

(r -6).  

  
II..55..22..22..22  Electrostatic energy  

 

This term describes the classical nonbonded electrostatic interactions of charge 

distributions. 

 

                                                                                                                                         (12) 

 
 
The above potential describes the monopole-monopole interactions of atomic charges qi 

and qj a distance Rij apart. Normally these charge interactions are computed only for 

nonbonded atoms. The dielectric constant used in the calculation is sometimes scaled or 

made distance-dependent, as described in the next section. Electrostatic terms other than 

the simple charge interactions above are commonly included in molecular mechanics 

calculations, particularly dipole-dipole interactions. More recently, second- order 

electrostatic interactions like those describing polarizability have been added to some 

force fields. 

 
So equation (7) can be represented as the sum of these bonding and nonbonding energies 

as (equation 14): 

Etotal = Ebond + Ebond angle + Edihedral + Evanderwaals + Eelectrostatic                                                 (13) 
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I.6 Objectives  

 
(1) Synthesis of the new derivatives triazolopyrimidine 7,8 dihydro-7 oxo-[1,2,4]-triazolo 

[4,3-a] pyrimidine,�and characterization of this ligands by means of suitable 

techniques. 

 
(2) Determine the crystal structure by x-ray diffraction of the isolated ligand in the 

crystal form. 

 
3) Carry out theoretical study of the ligand 7,8-dihydro-7-oxo-[1,2,4]-triazolo[4,3-a] 

pyrimidine in its molecular form as well in the anionic form, taking in consideration 

all the tautomeric forms by quantum mechanics calculations of the type RHF/AM1 

through the program HyperChem (Hypercube, Inc.). The standard mode geometry to 

be modelized by the use of the same program, auto consistently with the molecular 

orbital calculations. The charges over the atoms will be calculated using mulliken 

method.  

 

(4) Preparation of metal complexes and metal clusters with the previously studied ligand 

(7,8 dihydro-7-oxo-[1,2,4]-triazolo[4,3-a]pyrimidine) 

 

(5) Characterize this complex by suitable techniques (Infrared spectroscopy, elemental 

analysis, thermogravametric studies(TG), differential scanning calorimetric(DSC), 1H 

and 13C nuclear magnetic resonance ) 

 
 (6) Solve X-ray structure of the isolated complex in the crystal form    
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IIII..11  IInnttrroodduuccttiioonn    

 
Untill the present the study of the coordination compounds of the triazolopyrimidines had 

focused on the 1,5-a isomer, many derivatives of the 1,5-a isomer where extensively 

studied. None of the other triazolopyrimidines arrangements [(1,5-c), (4,3-a), 4,3-c)] 

where studied for its coordination behavior.  

 
This thesis is the first attent to study the coordination compounds of the 1,2,4-

triazolo[4,3-a]pyrimidine derivative. Prior to this study we have to prepare and 

characterize this derivative by the usual technique; in addition a theoretical study was 

done to complete the experimental work.  

 
This heterocyclic isomer has a structure similar to that pyrazolo[4,3-d]pyrimidine, their 

fused ring system differing in having the pyrimidine nitrogen atom in a bridgehead 

position with disappearance of the acidic H-proton of the five-member ring. Whereas 7,8-

dihydro -7-oxo-1,2,4-triazolo[4,3-a]pyrimidine isomer may be considered an analogue of 

the natural occurring nucleobase pyrazolo[4,3-d]pyrimidines, the most outstanding of 

which is allopurinol. The following (Scheme 45) below compares these two systems, 

depiciting the IUPAC numbering scheme used for the 7,8-dihydro-7-oxo-1,2,4-

triazolo[4,3-a]pyrimidine ligand and the biochemical numbering schemes used for 

pyrazolo[4,3-d]pyrimidines and allopurinol. Because of the similarity of both systems, 

coordination compounds of triazolopyrimidin isomers can be considered as model 

systems for various naturally occurring metal coordination compounds. 
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1,2,4-triazolo-[4,3-a]pyrimidine      7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine        

 

 

 

    

pyrazolo[4,3-d]pyrimidine                                                allopurinol 

Scheme 45 

 
Tautomerism plays an important role in the chemical properties of heterocyclic bases 

which contain exocyclic oxygen atom. The 7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-

a]pyrimidine isomer may exist in a one lactim or two lactam forms (Scheme 46) 

depending on the position to which the acidic protons are attached. Nevertheless, one of 

these forms usually is much more stable than the others. The relative stabilities of this 

tautomer in the gaseous state may be estimated by mean of semiemperical calculation. At 

the end of this chapter a complete study will describe the most stable tatomer. 

 
 

 

 

 
Scheme 46 

 
The synthesis of 1,2,4-triazolo[4,3-a]pyrimidine (I) and of 1,2,4-triazolo[1,5-

a]pyrimidine (II) can be accomplished by two different routs, either starting with 3-

amino-1,2,4-triazolo (III) or with 2-hydrazinopyrimidine (IV) (2).   The former of these 

reactions can, in theory, produce either I or II, or both of these compounds, depending 

upon whether N2 or N4 of the 3-amino-1,2,4-triazolo is involved in the cyclization 

reaction (3,5). In some cases, the kinetically favored [4,3-a] product is formed initially, this 
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being transformed into the thermodynamically more stable [1,5-a] isomer by mean of the 

Dimroth rearrangement [7], which can also be obtained directly from IV with formic acid 
(129).  

                                                                              +/or                                                            

 

 
      III                                               I                              II                            IV 

Scheme 47 

 
The major argument in favor of structures of [1,5-a] appears to be based upon the 

statement that ethyl orthoformate and 2-hydazinopyrimidine yield only the non-

rearranged compound 1,2,4-triazolo[4,3-a]pyrimidines which can be rearranged under 

different conditions to the 1,2,4-triazolo[1,5-a]pyrimidines (3,5). 

 

IIII..22  EExxppeerriimmeennttaall    

  
IIII..22..11  MMaatteerriiaallss  

 
3-amino-1,2,4-triazole, hydroquinone, methyl propiolate and absolute ethanol were 

purchased from Aldrich and used as received. All preparative manipulations were carried 

out in open atmosphere. 

 

IIII..22..22  SSyynntthheessiiss  ooff  77,,88--ddiihhyyddrroo--77--ooxxoo--11,,22,,44--ttrriiaazzoolloo[[44,,33--aa]]ppyyrriimmiiddiinnee    

 
The synthesis was done as described by Reimlinger et al. (8).  4.2 g of 3-amino-triazole 

were dissolved in 40 ml absolute ethanol at 78ºC, 0.1 g of hydroquinone (as catalyst) and 

5g of methyl propiolate were then added and the resulting solution was refluxed on oil 

bath with vigorous stirring (colorless crystals were appeared after 30 min)  for 24 hr. 

After cooling down the resulting yellow precipitate was filtered and recrystalized from 

water. The overall yield 50.8%.  
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                                                     7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine 

 

The mechanism of the reaction is: 

  
1- Nucleophilic attachment of the amino group to the ester group of the methyl 

propiolate to form the amid intermediate 

2- Intramolecular conjugate addition of the triazole N4 onto the carbon-carbon triple 

bond of the side chain  

  
IIII..33  CChhaarraacctteerriizzaattiioonn  

 
The compound was characterized by: 

 
1. Elemental analysis  

2. Infrared spectroscopy (IR) 

3. 1H-NMR and 13C-NMR  

4. Thermal analysis study (Thermogravametry (TG) and Differential Scanning 

Calorimetry (DSC)) 

5. pKa  

6. Crystal study determining by X-ray diffraction) 

 
Also the theoretical study semiemperical study was done to determine molecular orbitals, 

electron and charge distribution, as well as to predict characteristic bands in the IR, 1H 

and 13C NMR spectra. 
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IIII..33..11  EElleemmeennttaall  aannaallyyssiiss    

 
Microanalyses of C, H, and N were performed in a Fisons Instruments EA-1008 analyser. 

Elemental analysis percentage of the C5H4N4O.1/2H2O: Found C, 41.7; H, 3.6; N, 39.0, 

Calculated: C, 41.38; H, 3.45; N, 38.62. 

  
IIII..33..22  IInnffrraarreedd  SSppeeccttrroossccooppyy  

 
From the previous study the infrared spectra of 1,2,4-triazolo[4,3-a]pyrimidines bearing a 

potential hydroxyl group adjacent rather than OH absorptions. This indicated the 

predomenance of the amide over the imidic acid tautomers of these compounds in the 

solid state (5). Wherease an amide-carbonyl group attached to the 1,2,4-triazolo[4,3-

a]pyrimidin-3-ones was reported to absorb at 1680-1733 cm-1 (130), the amide-carbonyl 

groups attached to the pyrimidine subunit in 1,2,4-triazolo[4,3-a]pyrimidine-5- or 7-ones 

usually absorb in the region 1640-1755 cm-1 (27). Saturation of the pyrimidine ring of 

1,2,4-triazolo[4,3-a]pyrimidin-5-ones produces shifts to lower amide absorptions due to 

lack of conjugation. 1,2,4-triazolo[4,3-a]pyrimidin-5-ones have been differentiated from 

1,2,4-triazolo[4,3-a]pyrimidin-7-ones by their amide-carbonyl absorption; the latter 

absorb at a lower frequency by ~10-15 cm-1 than the former (5). Williams proposed that 

the infrared spectra of 1,2,4-triazolo[4,3-a]pyrimidin-5-ones contain an extra strong 

absorption band at 1563-1575 cm-1 (131).  

 
In our experiment IR spectra were recorded in the 4000-500 cm-1 range on a Perkin 

Elmer 983 spectrophotometer using KBr and polyethylene pellets. 

 

As in (Fig. 2.1) the IR spectrum of the free 7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-

a]pyrimidine ligand in neutral form displaying an intense band in the region of around 

3457 cm-1 assignable to í(OH) from water and NH of the ligand, a single band at 1314 

cm-1 are assignable for the C-O stretching,  The presence of the hydrogen bond associated 

acidic hydrogen atom in the free ligand is reflected in its IR spectrum as a number of 

bands in the 3100-2300 cm-1 regions are assignable for carbon-carbon bonds. 
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The vibrational activity of the carbonyl group (C=O) appeared at 1712 cm-1 (ca.1800 cm-1 

), whereas the pyrimidine and triazole ring showed at 1577 and 1507 cm-1 (ca. 2571 and 

1523 cm-1) respectively. Other bands appeared at 755 and 520 cm-1 assignable to rocking 

and wagging water modes (132).   
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Fig.2.1 IR Diagram for 7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine 

 ligand 
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II.3.3 Nuclear Magnetic Resonance spectroscopy  

 
From the previous study as a rule, the order of chemical shift of the methine protons of 

1,2,4-triazolo[4,3-a]pyrimidine was found to be ä (ppm) H3 > H5 > H7 > H6  (132).  

 
In harmony with this order is also the order of chemical shifts of the methane protons of 

3- (133), 5- (133), 6- (134), and 7 (133)-substituted-1,2,4-triazolo[4,3-a]pyrimidines 

 
3-Substituted 1,2,4-triazolo[4,3-a]pyrimidines ä H5 > H7 > H6 

5-Substituted 1,2,4-triazolo[4,3-a]pyrimidines ä  H3 > H7 > H6 

6-Substituted 1,2,4-triazolo[4,3-a]pyrimidines ä  H3 > H5 > H7  

7-Substituted 1,2,4-triazolo[4,3-a]pyrimidines ä H3 > H5 > H6 

 
The 1H and 13C NMR spectra of the 7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine 

ligand  were recorded on a Bruker AM300 equipment using DMSO-d6 as solvent. 

 
Theoretically the calculation of 1H NMR spectra were recorded by using chem. draw 

ultra 7 program(135) (Fig.  2.2) in this figure the spectra show four sets of signals at ä 8, 

8.3, 6.5, and 5.7  associated to H8, H3, H6 and  H5 respectively.  

 
The spectrum of 1H-NMR (Fig.  2.3) display the expected 4 sets of signals, integrated for 

4 protons, one singlet at ä8.65 associated to H3,  and the two pyrimidine protons H6 and 

H5 split one another into two doublets signals one centered at ä6.15 other at ä8.35 ppm 

with a coupling constant equal 7.7 Hz . The most downfield broadening singlet is that at ä 

12.7 for acidic N8 proton.  

 
The order of chemical shifts for the carbons of 1,2,4-triazolo[4,3-a]pyrimidines was 

found to vary according to the type and positions of substituents attached to their 

skeleton. 

 
From the theoretical study 13C-NMR spectra which recorded by using chem. Draw ultra 7 

(Fig. 2.4) show four  set  of  signal at 108, 135, 148, 148, 164 ppm associated for four 

different carbon atom C6, C5, C3, C8a and C7 respectively. 
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13C-NMR spectrum of the 7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine ligand (Fig. 

2.5), displayed five signals corresponding to different carbon atom. The pyrimidine ring 

carbons C5 is found at 136.9 ppm whereas the other carbon C6 found upfield at 109.7 

ppm because it is attached to carbonyl group, while the triazole ring carbon C3 is found 

at 134.1 ppm. The bridgehead carbon C8a shown at more downfield position (148.8 ppm) 

due to dieshielding by the nearly pyrimidine ring. The most downfield signal is that at ä 

161.4 ppm is assigned to the carbonyl group carbon. Assignments are straightforward 

with the aid of the DEPT spectrum, the signals associated to H6, H5, and H3 integrates 

clearly for just one proton and that assigned to C6, C5, and C3 appears positive at the 

DEPT spectrum (as expected for CH). 
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Fig.2.2: Theoretical Chem 3D 1H-NMR for 7,8-dihydro-7-oxo-1,2,4-triazolo[4,3- 

a] pyrimidine ligand 
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Fig.2.3: 1H-NMR for 7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine ligand 
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Fig.2.4: Theoretical Chem3D 13C-NMR diagram for 7,8-dihydro-7-oxo-1,2,4-

triazolo[4,3-a]pyrimidine ligand 
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Fig.2.5: 13C-NMR diagram for 7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine 

ligand. 
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II.3.4 Potentiometer titration  

 
For the determination of the Ka value of the compound, 1×10-3 mol (0.145 g) of it were  

dissolved in the stoichiometric amount of 0.25 M NaOH, distilled water was added to get 

10 ml to of 0.1 M solution of the sodium salt. This was titrated at 25 ºC with 0.1 M HCl. 

The acidity constant of the compound have been determined by titrating the volume of 

HCl  and calculated the pka by best square fit method values 5.6 (Ka = 2.5 × 10-6) this 

value being appreciably lower than those found for analogous pyrazolo[4,3-d]pyrimidine 
(136), for example, the pka value for allopurinol is 8.9. This enhanced acidity of 

triazolopyrimidine if compared with pyrazolo[4,3-d]pyrimidine can be attributed to better 

delocalization of the negative charge in their conjugated anion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2.6. Potentiometric titration curve for 7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-a] 
pyrimidine ligand  
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II.3.5 Thermal Analysis  

 
The thermal behavior of the ligand has been studied from the TG and DSC curves (Fig. 

2.7 and 2.8), which show that the dehydration process take place in three steps in the 42-

700 °C temperature range, in the first step ½ mole H2O were lost (experimental weight 

loss 5.61% and theoretical weight 6.21%, loss), this process appears in the DSC diagram 

as a sharp endothermic peak centered at 64.48 °C, with an associated enthalpy change of 

5.034 kJ/mol of water. Avery weight loss effect appearing in the range 320-710 °C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.2.7. TG diagrams for 7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine ligand 
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Fig.2.8: DSC diagrams for 7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine 

ligand 
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II.3.6 X-Ray  

 
The 7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine ligand was not isolated in crystal 

form. In metal complexes of nickel and silver which were isolated in the crystal form and 

the structure was dissolved by diffraction method, the structure was obtained, complete 

description of the expected structure, will be shown in chapter 3.  

 
II.3.7 Molecular Orbital Calculation  

 
The general approach in theoretical study is as follows: we first construct the molecule by 

using HyperChem, an interactive molecular graphics program for building and 

manipulating Molecular mechanical calculations. These are applied in order to improve 

the molecular geometry (optimization), quantum mechanical calculations are then 

employed for the improved structures in order to study their electronic properties and to 

verify the preferences of low energy conformers. 

 
Also a theoretical study "semiemperical"  study was done to determine molecular orbitals 

(MO), electron distribution, charge distribution as well as to predict characteristic bands 

in the IR, NMR (1H and 13C), and UV spectra. Semiempirical molecular orbital 

calculation types RHF/AM1 have been performed for different tautomeric forms of 7,8-

dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine and their conjugated anions. Full geometry 

optimization was performed with the MO calculation. Net charges on the atoms were 

calculated according to fits to the molecular electrostatic potential as implemented in the 

Hyperchem 5.1 program (137), and Chem Draw Ultra 7 (135), in order to make proper 

assignments of the IR bands, both AM1 and PM3 Semiempirical methods, were used to 

calculate the corresponding theoretical vibrational spectrum of the free ligand 

 
7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine have in their molecules an acidic 

proton there exists the possibility that hydrogen migrates to the basic position of the 

molecules, either to nitrogen atom or to an oxygen atom, leading to three different 

tautomeric forms namely N1-H, N8-H, and O-H (Scheme 48). Calculations have been 
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performed for all these forms as indicated in the experimental section, leading to the 

values for their heat of formation that have been indicated in (Table 2.1). 

 

 

 

 

 

Scheme 48 

Table 2.1: Theoretical heat of formation energy.  

   
 N1-H N8-H O-H Anion 

Energy  378.91 Kj/mol 306.13 KJ/mol 334.81 KJ/mol 164.10 KJ/mol 

 

According to these results the most stable tatomeric forms is the N8-H nevertheless the 

ÄHf value for N1-H tautomer of 7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine is 

quite close to that of N8-H tautomer, so we may expect that this could play role in the 

chemistry of 7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine.  

 
Theoretically 7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine is a ligand which has 

different possible binding site through N1, N2, N8 and O7. Metal coordination may show 

mono dentate actuation, bidentate bridging mode in homo and heteronuclear complex. 

The scheme below (Scheme 49) represents the sequence of the different possible site of 

coordination in the anionic and neutral form of the ligand. 
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Scheme 49 

 
(Fig. 2.9) displays the calculated net charges on the atoms of the 7,8-dihydro-7-oxo-

1,2,4-triazolo[4,3-a]pyrimidine ligand, theoretically most stable tautomers of  the isomer 

in their neutral and anion forms. According to these data, the negative charge density for 

neutral form follows the sequence O7>N8>N4>N1, while for anionic forms it follows 

O7>N8>N1>N4 sequence. From this result, it would have been expected for the metal 

binding to follow a similar trend. However, metal binding to oxygen, O7, is less 

common, as known soft and intermediate metal prefer nitrogen or oxygen as coordination 

site. 
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Fig. 2.9: Calculated charges of electrostatic potential for 7,8-dihydro-7-oxo-1,2,4-
triazolo[4,3-a]pyrimidine ligand in neutral (top) and anion (bottom) forms                                                    

 

The total charge density is the electron density in the space surrounding the nuclei of a 

molecule, or the probability of finding electrons in the space around a molecule, which is 

the best visible representation of a molecule's shape, as determined by its electronic 

distribution. The Total charge density surface is calculated from scratch for each 

molecule. 

Electron densities show the locations of electrons. Large values of the density will first 

reveal atomic positions and then chemical bonds, while smaller values will indicate 

overall molecular sizeMap Property maps a color-coded visualization of a selected 

property onto the charge density surface. The available properties are Molecular Orbital, 

Spin Density, Electrostatic Potential, and Partial charges. The color scale uses red for the 
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highest magnitude and green for the lowest magnitude of the property. Neutral is white 

(Fig.2.10 and 2.11).  

The electrostatic potential describes the interaction energy of the molecular system with a 

positive point charge. Electrostatic potential is useful for finding sites of reaction in a 

molecule: positively charged species tend to attack where the electrostatic potential is 

strongly negative (electrophilic attack). 

 
Atomic charges indicate where large negative values (sites for electrophilic attack) are 

likely to occur. However, the largest negative value of the electrostatic potential is not 

necessarily adjacent to the atom with the largest negative charge. So in our ligand, the 

largest negative atomic charge occurs on the nitrogen, but the most negative values of the 

electrostatic potential occur at the oxygen lone pair sites. Protonation most favorably 

occurs at these sites. This illustrates the value of electrostatic potential compared to 

simple atomic charges in predicting reactivity. 
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Fig. 2.10: Electrostatic potential diagram of 7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-

a] pyrimidine ligand in the neutral form using HyperChem Pro 5.1.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2.11: Total charge density diagram for7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-a] 

pyrimidine ligand in the neutral form using HyperChem Pro 5.1.   
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Charge densities don�t enough to predict the behavior of this compound as  a ligand, so 

we must consider the molecular orbitals more likely to form bonds with atomic orbitals of 

metal ions. Molecular orbitals, solutions of the approximate quantum mechanical 

equations of electron motion, are made up of sums and differences of atomic solutions 

(atomic orbitals), just like molecules are made up of combinations of atoms. Molecular 

orbitals for very simple molecules may often be interpreted in terms of familiar chemical 

bonds; unoccupied molecular orbital may also provide useful information.  

 
The MO`s more likely to combine with metal atomic orbitals are those occupied with 

high energy and ó symmetry and we can see in table 2.2 the contribution of atomic 

orbitals of N and O atoms to the highest occupied molecular orbitals (including also the 

LUMO) in neutral and anionic forms are indicated that the N1, N2 and O in neutral form 

have main contributions to the metal, by mono or bidentate coordination. As we see in 

the table C atom also has high molecular orbital contributions, which give apossibility to 

form carbon-carbon, or organometallic compound especially with soft and intermediate 

metals under certain conditions.  
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Table 1: Atomic orbital contributions to the highest energy occupied MOa and 

LUMO,from AM1 calculation for 7HtpO ligand   

 

aCalculation as the quadratic sum of the coefficients of the atomic orbitals 2s, 2px, 2py, 
2pz of the atom in the linear combination which defines the MO. 
bó = Molecular plane is asymmetry plane for the MO. Ð = Molecular plane is a nodal  
plane for MO 
 

 

 

 

Orbital N1 N2 C3 N4 C5 C6 C7 N8 C1A O7 bsym 

Neutral form  

Ø20 0.4046 0.4262 0.0069 0.0741 0.0365 0.0097 0.0033 0.0004 0.0037 0.0059 Ð 

Ø21 0.0161 0.1871 0.2475 0.0065 0.0014 0.0003 0.0202 0.278 0.1033 0.2278 ó 

Ø22 0.2085 0.2475 0.1056 0.0303 0.0011 0.0314� 0.0098 0.0259 0.0982 0.2287 Ð 

Ø23 0.1024 0.0836 0.0361 0.0194 0.0179 0.0746 0.0128 0.0784 0.0547 0.4934 Ð 

Ø24 0.1094 0.038 0.039 0.2079 0.1622 0.3733 0 0.0013 0.0009 0.0679 ó 

Ø25(HO
MO) 0.1886 0.0919 0.2449 0.0186 0.0004 0.0106 0.0052 0.2116 0.1567 0.0714 ó 

Ø26(LU
MO) 

0.0049 0.0536 0.0792 0.0001 0.3579 0.2738 0.0458 0.0606 0.0872 0.0369 ó 

Ionic form  

Ø20 0.0499 0.0107 0.0123 0.0672 0.009 0.0045 0.0293 0.2866 0.0656 0.562 ó 

Ø21 0.3599 0.2181 0.1208 0 0.0007 0.0107 0.0024 0.083 0.1672 0.0107 ó 

Ø22 0.0074 0.1255 0.1484 0 0.0073 0 0 0 0 0 Ð 

Ø23 0.1206 0.0356 0.0631 0.1895 0.1618 0.3507 0.0004 0.0025 0.0023 0.0737 Ð 

Ø24 0.0199 0.0052 0.0078 0.0429 0.0117 0.1411 0.0421 0.3168 0.0125 0.365 ó 

Ø25(HO
MO) 

0.2232 0.0327 0.2252 0.0482 0.0064 0.0331 0.0172 0.2572 0.0266 0.1302 Ð 

Ø26(LU
MO) 

0.0086 0.0861 0.0503 0.009 0.3676 0.3204 0.0103 0.092 0.0459 0.0097 Ð 
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Fig.2.12 High molecular orbital (HOMO) (green) and low molecular orbital 
(LUMO) (violet) in neutral (top) and anion (bottom) forms for 7,8-
dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine ligand in the neutral 
form using HyperChem Pro 5.1.           
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IIIIII..11  IInnttrroodduuccttiioonn    

 
The studies about the coordination chemistry of triazolopyrimidine derivatives have been 

focused till now in the 1,5-a series, which are examples of purine mimics. This type of 

compound has been used to elucidate the role of metal ions with nucleic acids 

biochemistry. On the other hand, we have not found in the bibliography any reference for 

coordination compound of any of the other arrangements (1,5-c, 4,3-a, or 4,3-c). This 

study is regarded as the first exploration in the coordination chemistry of 1,2,4-

triazolo[4,3-a]pyrimidines. These compounds present, comparing with the corresponding 

1,5-a isomers, the change in the position of one of the nitrogen atoms in the triazole ring 

which is now placed as separated as possible from the pyrimidine ring, with less steric 

hindrance and contiguous to the other external imidazole nitrogen. They are analogous 

and may be regarded as mimics of pyrazolo[4,3-d]pyrimidines, a family of biologically 

relevant compounds related to purines, the most outstanding of which is allopurinol. In 

the continuing studies on metal complexes of pyrimidines derivatives, we have tried to 

synthesis and characterize of some transition metal complexes of the less stable  7,8-

dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine isomer, including the crystal structure of 

come metal complexes. 

 

III.2 Experimental 

 

III.2.1 Material 

 
7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine ligand (L) was synthesised as 

described in chapter 2 according to the procedure described by Reimlinger et al. (1), metal 

salts (CuCl2, NiCl2, Ni(NO3)2 AgNO3) and NH4OH and HNO3 solvents were purchased 

from Aldrich Chemie. And used as received.   

 
III.2.2 Instrumentation  

 
Microanalyses of C, H, and N were performed in a Fisons Instruments EA-1008 analyzer. 
1H and 13C NMR spectra were recorded on a Bruker AM300 equipment using dmso-d6 as 
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solvent. IR spectra were recorded in the 4000-500cm-1 range on a Perkin Elmer 983, 

Shimadzue DSC-50, and Nicolet spectrophotometers, using KBr pellets. TG and DSC 

diagrams were studied under air flow in Shimadzu TGA-50 and Shimadzu DSC-50 

equipment coupled with an IR instrument. All these equipments are sited at the Center of 

Scientific Instrumentation of the University of Granada in Spain. 

 
III.2.3 Crystallography  

 
Data for single crystal of the nickel complex (dimensions, 0.28 x 0.15 x 0.06 mm) and 

silver complex ( dimensions, 0.49 x 0.19 x 0.18 mm) were collected at room temperature 

in a Bruker SMART APEX CCD system with MoKá radiation (ë = 0.7107 °A). Data 

were corrected for absorption (multi-scan, transmission range, 0.6667-0.8775 (Ni), and 

0.4965-0.6930 (Ag)). Structure solved by the heavy atom method and anisotropically 

refined in F2 using SHELXL-97 2
.
 Atom with partial occupancy has been refined 

isotropically and remaining non-H atoms anisotropically. Hydrogen atoms of the 

heterocycle were placed in ideal positions and those of the water molecule were refined 

with fixed O-H distance. Isotropic thermal parameters of all H atoms fixed to 1.2 times 

the equivalent isotropic thermal parameter of their parent atoms.  

 

IIIIII..33  RReessuullttss  aanndd  DDiissccuuuussiioonn    

 
III.3.1 Copper(II) complexes 

 
III.3.1.1 CuL2Cl2(H2O)3  complex  

 
III.3.1.1.1 Synthesis  

 
The copper CuL2Cl2.(H2O)3  complex was prepared by adding a clear solution of 7,8-

dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine (2mmol) in 30ml water, to a solution of 

CuCl2 (1mmol) in a minimum amount of water at room temperature. A Blue precipitates 

of the complexe were appeared after two days. The solid was filtered off and air dried.  
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III.3.1.1.2 Elemental analysis  

 
Elemental analysis % of CuL2Cl2.(H2O)3: Found: C, 26.89; H, 3.82; N, 24.47 %. 

Calculated: C, 26.07; H,3.00; N, 24.32 %.  

 
III.3.1.1.3 Infrared Spectroscopy   

 
Absorption bands in the IR spectra of CuL2Cl2(H2O)3 complex Fig. 3.1 show small 

variation with respect to the spectrum of free ligand. The spectra of the complex show 

very broad band centered at 3392 cm-1 characteristic of í(OH) from H2O absorption, and 

a single band at 1642 cm-1 associated to the vibrational activity  of carbonyl group, both 

bands are shifted to lower wavenumber with respect to their position in the IR spectra of 

the free ligand, this shift is due to coordination both of the ligand and the water molecule. 

 
The characteristic bands of pyrimidine ring skeletal vibration appeared at 1529 cm-1, 

whereas of imidazole ring skeletal vibrations at 1477cm-1, (the spectra of free ligand the 

former band was found at 1577 and 1507 cm-1 respectively), so the two bands are shifted 

to the lower wavenumber. This shift is due to the new electric and charge distribution 

over the ligand due to coordination of the triazole and pyrimidine ring  
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Fig 3.1 Infrared spectrum of CuL2Cl2.(H2O)3 complex  
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III.3.1.1.4 Thermal analysis  

 
Dehydration the CuL2Cl2(H2O)3 complex has been studied from their TG and DSC 

curves Fig. 3.2 and 3.3. Which show that the dehydration process occurs in several 

overlapping steps in the 62-600°C temperature range, The first step of the dehydration 

process appear between 62-650°C temperature range, suggesting that the three water 

molecules were lost in the first step (experimental weight loss percentage 13.7%, and 

calculated weight loss percentage 11.7 %) with an associated dehydration enthalpy of 13 

kJ/mol. This process appears in the DSC curves as a broad endothermic effect, the three 

remaining steps are centered at 94, 171, 390 and 503 °C. From the TG diagram the 

pyrolytic decomposition is completed around 660 °C, leaving CuCO3 as final product 

(experimental percentage value of the residue 27.08% is in good agreement with the 

theoretical value 26.8%).   
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Fig. 3.2: TG diagram of CuL2Cl2(H2O)3 complex  
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Fig 3.3: DSC diagram of CuL2Cl2(H2O)3 complex  
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III.3.1.2 CuL2Cl2(H2O)5 complex  

 
III.3.1.2.1 Synthesis   

  
Copper CuL2Cl2(H2O)5 complex was prepared by adding a clear solution of  7,8-dihydro-

7-oxo-1,2,4-triazolo[4,3-a]pyrimidine (2mmol) in 30 ml water, to a solution of CuCl2 

(1mmol) in a minimum amount of water at room temperature. Blue precipitates of the 

two complexes were appeared after two days which was filtered off and air dried 

 
III.3.1.2.2 Elemental analysis  

 
Elemental analysis percentage for CuL2Cl2(H2O)5 complex: Found C, 24.75; H, 3.40; N, 

22.59 %. Calculated: C, 24.17; H,3.62; N, 22.58 %.  

 
III.3.1.2.3 Infrared Spectroscopy  

 
Fig. 3.4 show IR spectra of CuL2Cl2.(H2O)5 complex which show a broad band at 3414 

cm-1  characteristic of  õ(O-H) absorption from H2O. The vibrational activity of the 

carbonyl group showed at 1697 cm-1, pyrimidine ring absorption appeared at 1533  cm-1, 

whereas the band of triazolo ring bands occurring at 1475 cm-1.  

 

In addition the presence of aqua-metal bond is demonstrated by the identification of the 

absorptions associated with the vibrations of CuOH2. In the 800-400 cm-1 region the 

Cu(II) complex shows two bands around 763 and 519 cm-1, assignable to rocking and 

wagging water (138).  
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Fig 3.4 Infrared spectrum of CuL2Cl2(H2O)5 complex 

 

    

pdfMachine  
Is a pdf writer that produces quality PDF files with ease! 

Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across 
nearly all Windows platforms, if you can print from a windows application you can use pdfMachine.  

Get yours now! 

www.pdfmachine.com?cl


  85

III.3.1.2.4 Thermal Analysis  

 
The thermogravimetric TG and DSC curves (Fig. 3.5 and 3.6) of CuL2Cl2.(H2O)5 

complex show the water molecules are lost in two steps, the first weight loss in the 53-

150ºC temperature range, clearly corresponding to the dehydration of the sample (the 

experimental weight loss 14.3%, are in good agreement with the theoretical one 14.5%), 

corresponding to the loss of four molecules of water, this process appeared in DSC 

diagram as a sharp endothermic effect centered at 58.8 ºC with an associated dehydration 

enthalpy of 18.5 kJ/mole of water, the other endothermic step occur in the 215-250 ºC 

temperature range with experimentally weight loss 63.5% . The pyrolysis of the 

compound finished at 680 ºC with an experimental percentage value of the residue 19.5 

% which is mixture of CuO and CuCO3 as final residue. 

 
Both copper complexes compounds were sent to complete the characterization by 

magnetic methods (magnetic Susceptibility as a function of temperature and Electron 

Paramagnetic Resonance (EPR)), till the present day we didn�t receive any data about 

magnetic methods, also we didn�t obtain single crystal of the compound to solve it by X-

ray methods. 
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Fig. 3.5:  TG diagram of CuL2Cl2(H2O)5complex 
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Fig. 3.6:  DSC diagram of CuL2Cl2(H2O)5 complex 
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III.3.2 Nickel Complexes   

 
III.3.2.1 NiL2(H2O)5  complex  

 
III.3.2.1.1 Synthesis  

 
2mmole of 7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine was dissolved in 30 ml 

distilled water to obtain a clear solution and then mixed with 1mmole of NiCl2, dissolved 

in 5ml distilled water. The solution was stirred at room temperature and left for a week, 

the blue precipitate was filtered off and air dried.  

 
III.3.2.1.2 Elemental Analysis  

 
Elemental analysis % for NiL2(H2O)5: Found C, 28.42; H, 3.43; N, 26.49. Calculated:    

C, 28.67; H, 3.85; N, 26.74.  

 
III.3.2.1.3 Infrared Spectroscopy  

 
IR spectra of NiL2(H2O)5  complex  Fig. 3.7 show broad band at around 3394 cm-1 

assignable to í(O-H) of water. The vibrational activity of the carbonyl group appears at 

1642cm-1 shifted 70 cm-1 to lower frequency with respect to the free ligand (the two 

characteristic bands of pyrimidine and triazole ring were assigned at 1595 and 1533 cm-1 

respectively).  

 
In addition the presence of aqua-metal bond is demonstrated by the identification of the 

absorptions associated with the vibrations of Ni(OH)2. New band at 519 cm-1 are assigned 

to the í(Ni-Ow) (coordinated water) stretching vibrations coupled with chelated ring 

deformation and water deformation vibration (138). 

 
Bands which shown in the 3100-2300 cm-1 IR spectra region, do not display in the IR 

spectra of this complex.  
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Fig 3.4 Infrared Spectroscopy of NiL2(H2O)5 complex 

3.7 

 

 

 

 

Fig.3.7 IR Spectrum of NiL2(H2O)5  complex 
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III.3.2.1.4 Thermal Analysis  

 
Dehydration of the NiL2(H2O)5 complex is reflected by the corresponding weight losses 

and endothermal effects in the TG and DSC curves Fig. 3.8 and 3.9, these indicate the 

water molecules are lost in several overlapping steps, water elimination started at 72 °C 

with experimental weight loss percentage 11.6 % and the theoretically value of 12.8%, 

corresponding to the lost of three molecules of water. This step is associated with 

dehydration enthalpy 20 kJ/mole. This endothermic step is immediately followed by an 

exothermic step. The pyrolysis of the complex finishes around 680°C leaving 24.3 

percentage of residue which is mixture of NiO, and NiCO3. 
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Fig. 3.8: TG diagrame of NiL2(H2O)5  complex 
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Fig. 3.9: DSC diagrame of NiL2(H2O)5  complex 
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III.3.2.2 Ni9(C5H3N4O)8(NO3)4(NH3)4(OH)6(H2O)16 Complex  

 
III.3.2.2.1 Synthesis  

 
The nickel complex was obtained by reaction of a solution of Ni(NO3)2 (1mmol) in a 

minimum amount of 1M NH4OH with 7,8-dihydro-7-oxo-1,2,4-triazolo[4,3-a]pyrimidine 

(2 mmol) in 30 ml 1 M NH4OH. The resulting solution was filtered and left to evaporate 

at room temperature. Blue crystals of the complex were obtained after 3 days, which were 

filtered off and air dried. Crystals were suitable for X-ray diffraction.   

 
III.3.2.2.2 Elemental Analysis  

 
Elemental analysis % for complex: Found C, 20.66; H, 3.51; N, 24.16. Calculated: C, 

20.74; H, 3.28; N, 23.60,  

 
III.3.2.2.3 Infrared Spectroscopy  

 
The infrared spectra of  the complex Fig. 3.10, show broad band at 3368 cm 

characteristic of õ(O-H) absorption , shifted 30cm-1 to lower frequency with respect to 

NiL2(H2O)5 complex.  

 
The characteristic strong absorption bands in the IR spectra centered on 1649, 1598, and 

1536 cm-1 have been assigned respectively to õ(C=O), pyrimidine ring and triazole ring 

stretching vibrations respectively.  

 
In addition the presence of aqua-metal bond is demonstrated by the identification of the 

absorptions associated with the vibrations of Ni(OH)2. New band at 519 cm-1 are assigned 

to the í(Ni-Ow) (coordinated water) stretching vibrations coupled with chelated ring 

deformation and water deformation vibration (138). 

 
New bands at 1325 cm-1 and 825 cm-1 corresponding respectively to í1 and í2 vibration 

modes of a D3h NO3
- group. Bands which shown in the 3100-2300 cm-1 IR spectra 

region, do not display in the IR spectra of this complex.  
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Fig. 3.10 Infrared Spectroscopy of Ni9(C5H3N4O)8(NO3)4(NH3)4 (OH)6(H2O)16 
complex 
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III.3.2.2.3 Thermal analysis  

 
The thermal behavior of the isolated Ni9(C5H3N4O)8(NO3)4(NH3)4(OH)6(H2O)16 complex 

has been studied from the TG and DSC curves (Fig. 3.11 and 3.12). The latter study  

showed that the dehydration process is rather complicated, involving four steps, the first 

overlapping with the second and the third overlapping with the fourth. The elimination 

started at 75 °C suggesting that 15.5 water molecules are lost , accumulated weight lose 

are 12.2% after the third step and with the theoretical value 12.1%. The DSC curve show 

two endothermic effect appeared at 60.17 °C and 199.6 °C followed by an exothermic 

one centered at 365.4 °C . The pyrolysis is finished around 500 °C leaving 27.7 % of the 

residue.  
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Fig. 3.11: TG diagrame of a Ni9(C5H3N4O)8(NO3)4(NH3)4(OH)6(H2O)16 complex 
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Fig. 3.12: DSC diagrame of  Ni9(C5H3N4O)8(NO3)4(NH3)4(OH)6(H2O)16 complex 
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III.3.2.2.4 Crystal structure for Ni9(C5H3N4O)8(NO3)4(NH3)4(OH)6(H2O)16 complex  

 
Empirical formula                                                 C40H72N40Ni9O42 

Formula weight                                                     2313.77 

Wavelength                                                           0.71073 °A 

Crystal system                                                      Triclinic 

Space group                                                          P -1 

Unit cell dimensions               

a                                                                  11.0481(5) °A 

b                                                                  18.2700(8) °A 

c                                                                   21.3860(9)  °A                               

á                                                                   65.9660(10)° 

â                                                                   83.2870(10)° 

ã                                                                   86.0430(10)° 

Volume                                                                 3914.4(3) A°3 

Z                                                                            2 

Calculated density                                                1.963 Mg/m3 

Absorption coefficient                                          2.237 mm-1 

F(000)                                                                   2360 

Crystal size                                                           0.28 x 0.15 x 0.06 mm 

Reflections collected / unique                              45862 / 17819 [R(int)= 0.0461] 

Final R indices [I>2sigma(I)]                               R1 = 0.0808, wR2 = 0.2202 

R indices (all data)                                                R1 = 0.1142, wR2 = 0.2454 

 
The nickel cluster is composed of nine atoms of nickel, the central nickel (Ni1) is situated 

in inversion center and is united to 6 atoms N2 from six ligands anion. Three of these six 

ligands are coordinated through N1 with a second nickel atom Ni2 and the other three are 

related through the symmetry center. In addition every one of these ligands is coordinated 

through N8 with other different atoms (Ni3, Ni4 and Ni5 and the symmetry related ones). 

With this we have the nine atoms. Also Ni2 forms OH bridging with Ni3, Ni4 and Ni5. In 

addition to the six ligands exists another two ligand in the cluster that are united with Ni4 

and Ni5 through N1 and N2. 
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Fig. 3.13: Ionic structure of Ni9(C5H3N4O)8(NO3)4(NH3)4(OH)6(H2O)16 clusture 
according to X-ray analysis, Non H2O, NO3 and NH3 molecules are present 
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Table 3.1: bond lengths [°A] of Ni9(C5H3N4O)8(NO3)4(NH3)4(OH)6(H2O)16  
                 complex 

 

Ni(1A)-N(2B) 2.084(5)  Ni(2B)-O(4) 2.041(5) 

Ni(1A)-N(2A) 2.090(5)  Ni(2B)-O(6) 2.046(5) 

Ni(1A)-N(2C) 2.092(5)  Ni(2B)-O(5) 2.068(4) 

Ni(2A)-N(1C) 2.019(5)  Ni(3B)-O(4) 1.993(5) 

Ni(2A)-N(1B) 2.023(5)  Ni(3B)-O(5) 2.040(5) 

Ni(2A)-N(1A) 2.036(5)  Ni(3B)-N(4M) 2.044(6) 

Ni(2A)-O(1) 2.039(4)  Ni(3B)-N(3M) 2.067(6) 

Ni(2A)-O(2) 2.055(5)  Ni(3B)-N(8E) 2.087(6) 

Ni(2A)-O(3) 2.081(4)  Ni(4B)-O(4) 2.016(5) 

Ni(3A)-O(1) 2.008(5)  Ni(4B)-O(6) 2.042(5) 

Ni(3A)-O(2) 2.025(5)  Ni(4B)-O(6M) 2.086(6) 

Ni(3A)-N(1M) 2.047(7)  Ni(4B)-N(8F) 2.111(6) 

Ni(3A)-N(2M) 2.064(7)  Ni(4B)-O(5M) 2.112(6) 

Ni(3A)-N(8A) 2.087(5)  Ni(4B)-N(1H) 2.139(8) 

Ni(4A)-O(1) 2.005(4)  Ni(5B)-O(6) 2.033(5) 

Ni(4A)-O(3) 2.057(5)  Ni(5B)-O(5) 2.054(4) 

Ni(4A)-O(2M) 2.071(6)  Ni(5B)-O(8M) 2.067(6) 

Ni(4A)-O(1M) 2.091(6)  Ni(5B)-N(2H) 2.069(8) 

Ni(4A)-N(8B) 2.108(6)  Ni(5B)-O(7M) 2.118(5) 

Ni(4A)-N(1D) 2.162(8)  Ni(5B)-N(8G) 2.165(6) 

Ni(5A)-O(3) 2.015(5)  N(1E)-C(8AE) 1.308(8) 

Ni(5A)-O(2) 2.038(5)  N(1E)-N(2E) 1.371(7) 

Ni(5A)-O(3M) 2.064(7)  N(2E)-C(3E) 1.292(8) 

Ni(5A)-O(4M) 2.084(6)  C(3E)-N(4E) 1.365(8) 

Ni(5A)-N(2D) 2.096(6)  N(4E)-C(8AE) 1.367(8) 

Ni(5A)-N(8C) 2.187(6)  N(4E)-C(5E) 1.393(8) 

N(1A)-C(8AA) 1.317(8)  C(5E)-C(6E) 1.308(10) 

N(1A)-N(2A) 1.374(7)  C(6E)-C(7E) 1.470(10) 

N(2A)-C(3A) 1.299(8)  C(7E)-O(7E) 1.251(8) 

C(3A)-N(4A) 1.360(8)  C(7E)-N(8E) 1.372(8) 

N(4A)-C(8AA) 1.370(8)  N(8E)-C(8AE) 1.354(8) 

N(4A)-C(5A) 1.398(8)  N(1F)-C(8AF) 1.318(8) 

C(5A)-C(6A) 1.331(10)  N(1F)-N(2F) 1.372(7) 

C(6A)-C(7A) 1.438(10)  N(2F)-C(3F) 1.286(8) 
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C(7A)-O(7A) 1.259(8)  C(3F)-N(4F) 1.369(8) 

C(7A)-N(8A) 1.381(9)  N(4F)-C(8AF) 1.363(8) 

N(8A)-C(8AA) 1.340(8)  N(4F)-C(5F) 1.380(8) 

N(1B)-C(8AB) 1.324(8)  C(5F)-C(6F) 1.322(11) 

N(1B)-N(2B) 1.379(7)  C(6F)-C(7F) 1.451(12) 

N(2B)-C(3B) 1.287(9)  C(7F)-O(7F) 1.261(10) 

C(3B)-N(4B) 1.367(9)  C(7F)-N(8F) 1.375(10) 

N(4B)-C(8AB) 1.365(9)  N(8F)-C(8AF) 1.339(8) 

N(4B)-C(5B) 1.390(9)  N(1G)-C(8AG) 1.326(8) 

C(5B)-C(6B) 1.313(12)  N(1G)-N(2G) 1.384(7) 

C(6B)-C(7B) 1.464(12)  N(2G)-C(3G) 1.295(8) 

C(7B)-O(7B) 1.259(9)  C(3G)-N(4G) 1.363(8) 

C(7B)-N(8B) 1.361(9)  N(4G)-C(8AG) 1.375(8) 

N(8B)-C(8AB) 1.346(8)  N(4G)-C(5G) 1.384(8) 

N(1C)-C(8AC) 1.319(8)  C(5G)-C(6G) 1.320(10) 

N(1C)-N(2C) 1.385(7)  C(6G)-C(7G) 1.458(11) 

N(2C)-C(3C) 1.299(8)  C(7G)-O(7G) 1.237(8) 

C(3C)-N(4C) 1.365(8)  C(7G)-N(8G) 1.370(9) 

N(4C)-C(8AC) 1.368(8)  N(8G)-C(8AG) 1.349(8) 

N(4C)-C(5C) 1.391(8)  N(1H)-C(8AH) 1.316(11) 

C(5C)-C(6C) 1.325(10)  N(1H)-N(2H) 1.382(12) 

C(6C)-C(7C) 1.457(10)  N(2H)-C(3H) 1.294(11) 

C(7C)-O(7C) 1.240(8)  C(3H)-N(4H) 1.327(15) 

C(7C)-N(8C) 1.362(9)  N(4H)-C(8AH) 1.326(15) 

N(8C)-C(8AC) 1.344(8)  N(4H)-C(5H) 1.460(14) 

N(1D)-C(8AD) 1.329(10)  C(5H)-C(6H) 1.243(17) 

N(1D)-N(2D) 1.385(10)  C(6H)-C(7H) 1.431(17) 

N(2D)-C(3D) 1.293(9)  C(7H)-O(7H) 1.305(14) 

C(3D)-N(4D) 1.373(10)  C(7H)-N(8H) 1.399(14) 

N(4D)-C(8AD) 1.347(10)  N(8H)-C(8AH) 1.255(14) 

N(4D)-C(5D) 1.371(9)  N(1N)-O(1N) 1.228(9) 

C(5D)-C(6D) 1.327(13)  N(1N)-O(2N) 1.231(9) 

C(6D)-C(7D) 1.450(14)  N(1N)-O(3N) 1.253(11) 

C(7D)-O(7D) 1.253(12)  N(2N)-O(4N) 1.136(14) 

C(7D)-N(8D) 1.364(11)  N(2N)-O(5N) 1.260(18) 

N(8D)-C(8AD) 1.355(12)  N(2N)-O(6N) 1.348(18) 

Ni(1B)-N(2F) 2.072(5)  N(3N)-O(8N) 1.269(9) 
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Ni(1B)-N(2E) 2.090(5)  N(3N)-O(7N) 1.273(9) 

Ni(1B)-N(2G) 2.106(5)  N(3N)-O(9N) 1.276(9) 

Ni(2B)-N(1G) 2.017(5)  N(4N)-O(10N) 1.260(9) 

Ni(2B)-N(1E) 2.022(5)  N(4N)-O(11N) 1.265(9) 

Ni(2B)-N(1F) 2.032(5)  N(4N)-O(12N) 1.288(9) 

 

Table 3.2 bond angle [°] of Ni9(C5H3N4O)8(NO3)4(NH3)4(OH)6(H2O)16 complex 

 

N(2B)-Ni(1A)-N(2A) 92.0(2)  N(1M)-Ni(3A)-N(8A) 95.3(2) 

N(2B)-Ni(1A)-N(2C) 91.3(2)  N(2M)-Ni(3A)-N(8A) 91.8(3) 

N(2A)-Ni(1A)-N(2C) 90.6(2)  O(1)-Ni(4A)-O(3) 84.97(18) 

N(1C)-Ni(2A)-N(1B) 92.7(2)  O(1)-Ni(4A)-O(2M) 94.4(2) 

N(1C)-Ni(2A)-N(1A) 93.0(2)  O(3)-Ni(4A)-O(2M) 178.9(2) 

N(1B)-Ni(2A)-N(1A) 93.6(2)  O(1)-Ni(4A)-O(1M) 173.6(2) 

N(1C)-Ni(2A)-O(1) 176.0(2)  O(3)-Ni(4A)-O(1M) 94.5(2) 

N(1B)-Ni(2A)-O(1) 90.1(2)  O(2M)-Ni(4A)-O(1M) 86.1(2) 

N(1A)-Ni(2A)-O(1) 89.59(19)  O(1)-Ni(4A)-N(8B) 94.4(2) 

N(1C)-Ni(2A)-O(2) 94.5(2)  O(3)-Ni(4A)-N(8B) 90.8(2) 

N(1B)-Ni(2A)-O(2) 169.46(19)  O(2M)-Ni(4A)-N(8B) 90.1(2) 

N(1A)-Ni(2A)-O(2) 93.7(2)  O(1M)-Ni(4A)-N(8B) 92.0(2) 

O(1)-Ni(2A)-O(2) 82.34(18)  O(1)-Ni(4A)-N(1D) 85.3(3) 

N(1C)-Ni(2A)-O(3) 93.56(19)  O(3)-Ni(4A)-N(1D) 87.6(2) 

N(1B)-Ni(2A)-O(3) 92.88(19)  O(2M)-Ni(4A)-N(1D) 91.5(3) 

N(1A)-Ni(2A)-O(3) 170.5(2)  O(1M)-Ni(4A)-N(1D) 88.3(3) 

O(1)-Ni(2A)-O(3) 83.51(18)  N(8B)-Ni(4A)-N(1D) 178.4(2) 

O(2)-Ni(2A)-O(3) 79.03(19)  O(3)-Ni(5A)-O(2) 80.95(19) 

O(1)-Ni(3A)-O(2) 83.86(19)  O(3)-Ni(5A)-O(3M) 173.8(2) 

O(1)-Ni(3A)-N(1M) 94.3(3)  O(2)-Ni(5A)-O(3M) 97.0(3) 

O(2)-Ni(3A)-N(1M) 169.4(2)  O(3)-Ni(5A)-O(4M) 93.0(3) 

O(1)-Ni(3A)-N(2M) 171.8(3)  O(2)-Ni(5A)-O(4M) 174.0(3) 

O(2)-Ni(3A)-N(2M) 89.7(3)  O(3M)-Ni(5A)-O(4M) 89.1(4) 

N(1M)-Ni(3A)-N(2M) 91.1(3)  O(3)-Ni(5A)-N(2D) 87.6(2) 

O(1)-Ni(3A)-N(8A) 93.8(2)  O(2)-Ni(5A)-N(2D) 89.0(2) 

O(2)-Ni(3A)-N(8A) 95.25(19)  O(3M)-Ni(5A)-N(2D) 86.6(3) 

O(4M)-Ni(5A)-N(2D) 91.0(3)  O(7B)-C(7B)-N(8B) 120.5(8) 

O(3)-Ni(5A)-N(8C) 95.72(19)  O(7B)-C(7B)-C(6B) 120.1(7) 
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O(2)-Ni(5A)-N(8C) 92.37(18)  N(8B)-C(7B)-C(6B) 119.4(7) 

O(3M)-Ni(5A)-N(8C) 90.2(2)  C(8AB)-N(8B)-C(7B)          115.9(6) 

O(4M)-Ni(5A)-N(8C) 87.9(2)  C(8AB)-N(8B)-Ni(4A)         121.4(4) 

N(2D)-Ni(5A)-N(8C) 176.6(2)  C(7B)-N(8B)-Ni(4A)          122.6(5) 

Ni(4A)-O(1)-Ni(3A) 113.9(2)  N(1B)-C(8AB)-N(8B)          126.8(6) 

Ni(4A)-O(1)-Ni(2A) 94.79(18)  N(1B)-C(8AB)-N(4B)          108.4(5) 

Ni(3A)-O(1)-Ni(2A) 94.42(19)  N(8B)-C(8AB)-N(4B)          124.7(6) 

Ni(3A)-O(2)-Ni(5A) 123.7(2)  C(8AC)-N(1C)-N(2C)          106.9(5) 

Ni(3A)-O(2)-Ni(2A) 93.43(19)  C(8AC)-N(1C)-Ni(2A)         129.5(4) 

Ni(5A)-O(2)-Ni(2A) 95.88(19)  N(2C)-N(1C)-Ni(2A) 123.4(4) 

Ni(5A)-O(3)-Ni(4A) 120.6(2)  C(3C)-N(2C)-N(1C) 108.8(5) 

Ni(5A)-O(3)-Ni(2A) 95.8(2)  C(3C)-N(2C)-Ni(1A) 127.4(4) 

Ni(4A)-O(3)-Ni(2A) 92.05(18)  N(1C)-N(2C)-Ni(1A) 123.8(4) 

C(8AA)-N(1A)-N(2A) 107.5(5)  N(2C)-C(3C)-N(4C) 109.0(6) 

C(8AA)-N(1A)-Ni(2A) 128.3(4)  C(3C)-N(4C)-C(8AC) 106.3(5) 

N(2A)-N(1A)-Ni(2A) 124.1(4)  C(3C)-N(4C)-C(5C) 132.9(6) 

C(3A)-N(2A)-N(1A) 108.8(5)  C(8AC)-N(4C)-C(5C) 120.8(5) 

C(3A)-N(2A)-Ni(1A) 127.9(4)  C(6C)-C(5C)-N(4C) 116.5(6) 

N(1A)-N(2A)-Ni(1A) 123.2(4)  C(5C)-C(6C)-C(7C) 122.5(6) 

N(2A)-C(3A)-N(4A) 108.7(5)  O(7C)-C(7C)-N(8C) 121.6(7) 

C(3A)-N(4A)-C(8AA) 106.7(5)  O(7C)-C(7C)-C(6C) 119.1(6) 

C(3A)-N(4A)-C(5A) 133.0(6)  N(8C)-C(7C)-C(6C) 119.3(6) 

C(8AA)-N(4A)-C(5A) 120.3(6)  C(8AC)-N(8C)-C(7C) 116.8(6) 

C(6A)-C(5A)-N(4A) 116.7(6)  C(8AC)-N(8C)-Ni(5A) 121.6(4) 

C(5A)-C(6A)-C(7A) 122.4(6)  C(7C)-N(8C)-Ni(5A) 121.6(5) 

O(7A)-C(7A)-N(8A) 119.5(7)  N(1C)-C(8AC)-N(8C) 126.8(6) 

O(7A)-C(7A)-C(6A) 120.8(6)  N(1C)-C(8AC)-N(4C) 109.1(5) 

N(8A)-C(7A)-C(6A) 119.7(6)  N(8C)-C(8AC)-N(4C) 124.1(6) 

C(8AA)-N(8A)-C(7A) 116.3(6)  C(8AD)-N(1D)-N(2D) 106.9(7) 

C(8AA)-N(8A)-Ni(3A) 120.8(4)  C(8AD)-N(1D)-Ni(4A) 124.3(7) 

C(7A)-N(8A)-Ni(3A) 122.8(5)  N(2D)-N(1D)-Ni(4A) 116.0(6) 

N(1A)-C(8AA)-N(8A) 127.2(6)  C(3D)-N(2D)-N(1D) 108.2(7) 

N(1A)-C(8AA)-N(4A) 108.2(5)  C(3D)-N(2D)-Ni(5A) 132.1(6) 

N(8A)-C(8AA)-N(4A) 124.5(6)  N(1D)-N(2D)-Ni(5A) 119.4(5) 

C(8AB)-N(1B)-N(2B) 107.4(5)  N(2D)-C(3D)-N(4D) 109.3(7) 

C(8AB)-N(1B)-Ni(2A) 127.8(4)  C(8AD)-N(4D)-C(5D) 119.8(7) 

N(2B)-N(1B)-Ni(2A) 124.9(4)  C(8AD)-N(4D)-C(3D) 106.3(6) 
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C(3B)-N(2B)-N(1B) 108.6(5)  C(5D)-N(4D)-C(3D) 133.7(7) 

C(3B)-N(2B)-Ni(1A) 128.7(4)  C(6D)-C(5D)-N(4D) 118.6(8) 

N(1B)-N(2B)-Ni(1A) 122.7(4)  C(5D)-C(6D)-C(7D) 121.4(7) 

N(2B)-C(3B)-N(4B) 109.4(6)  O(7D)-C(7D)-N(8D) 119.2(10) 

C(8AB)-N(4B)-C(3B) 106.2(5)  O(7D)-C(7D)-C(6D) 122.1(8) 

C(8AB)-N(4B)-C(5B) 120.5(6)  N(8D)-C(7D)-C(6D) 118.7(8) 

C(3B)-N(4B)-C(5B) 133.3(7)  C(8AD)-N(8D)-C(7D) 117.0(8) 

C(6B)-C(5B)-N(4B) 116.7(8)  N(1D)-C(8AD)-N(4D) 109.2(7) 

C(5B)-C(6B)-C(7B) 122.3(7)  N(1D)-C(8AD)-N(8D) 126.2(8) 

N(4D)-C(8AD)-N(8D) 124.5(7)  O(8M)-Ni(5B)-N(2H) 86.8(3) 

N(2F)-Ni(1B)-N(2E) 92.5(2)  O(6)-Ni(5B)-O(7M) 91.8(2) 

N(2F)-Ni(1B)-N(2G) 90.87(19)  O(5)-Ni(5B)-O(7M) 171.4(2) 

N(2E)-Ni(1B)-N(2G) 91.14(19)  O(8M)-Ni(5B)-O(7M) 88.8(3) 

N(1G)-Ni(2B)-N(1E) 92.1(2)  N(2H)-Ni(5B)-O(7M) 88.7(2) 

N(1G)-Ni(2B)-N(1F) 94.0(2)  O(6)-Ni(5B)-N(8G) 96.11(19) 

N(1E)-Ni(2B)-N(1F) 93.6(2)  O(5)-Ni(5B)-N(8G) 94.24(19) 

N(1E)-Ni(2B)-O(4) 90.3(2)  O(8M)-Ni(5B)-N(8G) 88.7(3) 

N(1F)-Ni(2B)-O(4) 88.9(2)  N(2H)-Ni(5B)-N(8G) 175.4(3) 

N(1G)-Ni(2B)-O(6) 93.88(19)  O(7M)-Ni(5B)-N(8G) 90.2(2) 

N(1E)-Ni(2B)-O(6) 171.62(19)  Ni(3B)-O(4)-Ni(4B) 114.9(2) 

N(1F)-Ni(2B)-O(6) 91.8(2)  Ni(3B)-O(4)-Ni(2B) 94.8(2) 

O(4)-Ni(2B)-O(6) 83.39(19)  Ni(4B)-O(4)-Ni(2B) 94.58(19) 

N(1G)-Ni(2B)-O(5) 94.71(19)  Ni(3B)-O(5)-Ni(5B) 125.5(2) 

N(1E)-Ni(2B)-O(5) 93.95(19)  Ni(3B)-O(5)-Ni(2B) 92.62(19) 

N(1F)-Ni(2B)-O(5) 168.2(2)  Ni(5B)-O(5)-Ni(2B) 94.73(18) 

O(4)-Ni(2B)-O(5) 82.05(19)  Ni(5B)-O(6)-Ni(4B) 120.6(2) 

O(6)-Ni(2B)-O(5) 79.73(18)  Ni(5B)-O(6)-Ni(2B) 96.0(2) 

O(4)-Ni(3B)-O(5) 83.96(19)  Ni(4B)-O(6)-Ni(2B) 93.64(19) 

O(4)-Ni(3B)-N(4M) 165.7(2)  C(8AE)-N(1E)-N(2E) 107.2(5) 

O(5)-Ni(3B)-N(4M) 92.2(2)  C(8AE)-N(1E)-Ni(2B) 128.4(4) 

O(4)-Ni(3B)-N(3M) 91.5(2)  N(2E)-N(1E)-Ni(2B) 124.2(4) 

O(5)-Ni(3B)-N(3M) 171.0(2)  C(3E)-N(2E)-N(1E) 108.9(5) 

N(4M)-Ni(3B)-N(3M) 90.3(3)  C(3E)-N(2E)-Ni(1B) 128.1(4) 

O(4)-Ni(3B)-N(8E) 96.5(2)  N(1E)-N(2E)-Ni(1B) 122.9(4) 

O(5)-Ni(3B)-N(8E) 93.3(2)  N(2E)-C(3E)-N(4E) 109.0(5) 

N(4M)-Ni(3B)-N(8E) 97.5(3)  C(3E)-N(4E)-C(8AE) 105.6(5) 

N(3M)-Ni(3B)-N(8E) 95.0(2)  C(3E)-N(4E)-C(5E) 132.7(6) 
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O(4)-Ni(4B)-O(6) 84.11(19)  C(8AE)-N(4E)-C(5E) 121.7(6) 

O(4)-Ni(4B)-O(6M) 178.6(2)  C(6E)-C(5E)-N(4E) 116.3(7) 

O(6)-Ni(4B)-O(6M) 96.1(2)  C(5E)-C(6E)-C(7E) 123.1(6) 

O(4)-Ni(4B)-N(8F) 94.6(2)  O(7E)-C(7E)-N(8E) 120.9(7) 

O(6)-Ni(4B)-N(8F) 90.8(2)  O(7E)-C(7E)-C(6E) 120.6(6) 

O(6M)-Ni(4B)-N(8F) 86.8(3)  N(8E)-C(7E)-C(6E) 118.5(6) 

O(4)-Ni(4B)-O(5M) 89.7(2)  C(8AE)-N(8E)-C(7E) 116.9(6) 

O(6)-Ni(4B)-O(5M) 173.2(2)  C(8AE)-N(8E)-Ni(3B) 119.8(4) 

O(6M)-Ni(4B)-O(5M) 90.1(3)  C(7E)-N(8E)-Ni(3B) 122.9(5) 

N(8F)-Ni(4B)-O(5M) 92.5(2)  N(1E)-C(8AE)-N(8E) 127.5(6) 

O(4)-Ni(4B)-N(1H) 86.9(3)  N(1E)-C(8AE)-N(4E) 109.2(5) 

O(6)-Ni(4B)-N(1H) 87.2(3)  N(8E)-C(8AE)-N(4E) 123.3(5) 

O(6M)-Ni(4B)-N(1H) 91.7(3)  C(8AF)-N(1F)-N(2F) 106.5(5) 

N(8F)-Ni(4B)-N(1H) 177.3(3)  C(8AF)-N(1F)-Ni(2B) 128.7(4) 

O(5M)-Ni(4B)-N(1H) 89.7(3)  N(2F)-N(1F)-Ni(2B) 124.4(4) 

O(6)-Ni(5B)-O(5) 80.37(19)  C(3F)-N(2F)-N(1F) 109.8(5) 

O(6)-Ni(5B)-O(8M) 175.2(3)  C(3F)-N(2F)-Ni(1B) 127.4(4) 

O(5)-Ni(5B)-O(8M) 98.6(3)  N(1F)-N(2F)-Ni(1B) 122.9(4) 

O(6)-Ni(5B)-N(2H) 88.4(3)  N(2F)-C(3F)-N(4F) 108.5(5) 

O(5)-Ni(5B)-N(2H) 87.5(2)  C(8AF)-N(4F)-C(3F) 106.1(5) 

C(8AF)-N(4F)-C(5F) 121.9(6)  N(8G)-C(8AG)-N(4G) 124.2(6) 

C(3F)-N(4F)-C(5F) 132.1(6)  C(8AH)-N(1H)-N(2H) 103.2(8) 

C(6F)-C(5F)-N(4F) 116.1(7)  C(8AH)-N(1H)-Ni(4B) 132.2(9) 

C(5F)-C(6F)-C(7F) 122.4(7)  N(2H)-N(1H)-Ni(4B) 119.1(5) 

O(7F)-C(7F)-N(8F) 120.4(8)  C(3H)-N(2H)-N(1H) 110.6(9) 

O(7F)-C(7F)-C(6F) 120.2(7)  C(3H)-N(2H)-Ni(5B) 130.0(8) 

N(8F)-C(7F)-C(6F) 119.4(7)  N(1H)-N(2H)-Ni(5B) 119.3(5) 

C(8AF)-N(8F)-C(7F) 116.2(6)  N(2H)-C(3H)-N(4H) 107.6(11) 

C(8AF)-N(8F)-Ni(4B) 120.8(5)  C(8AH)-N(4H)-C(3H) 107.4(8) 

C(7F)-N(8F)-Ni(4B) 123.0(5)  C(8AH)-N(4H)-C(5H) 126.1(12) 

N(1F)-C(8AF)-N(8F) 127.1(6)  C(3H)-N(4H)-C(5H) 126.5(11) 

N(1F)-C(8AF)-N(4F) 109.1(6)  C(6H)-C(5H)-N(4H) 107.3(14) 

N(8F)-C(8AF)-N(4F) 123.8(6)  C(5H)-C(6H)-C(7H) 129.8(13) 

C(8AG)-N(1G)-N(2G) 106.7(5)  O(7H)-C(7H)-N(8H) 118.8(12) 

C(8AG)-N(1G)-Ni(2B) 129.6(4)  O(7H)-C(7H)-C(6H) 124.1(11) 

N(2G)-N(1G)-Ni(2B) 123.7(4)  N(8H)-C(7H)-C(6H) 117.0(11) 

C(3G)-N(2G)-N(1G) 109.4(5)  C(8AH)-N(8H)-C(7H) 116.5(11) 
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C(3G)-N(2G)-Ni(1B) 127.7(4)  N(8H)-C(8AH)-N(1H) 125.5(12) 

N(1G)-N(2G)-Ni(1B) 122.9(4)  N(8H)-C(8AH)-N(4H) 123.3(10) 

N(2G)-C(3G)-N(4G) 08.8(5)  N(1H)-C(8AH)-N(4H) 111.2(10) 

C(3G)-N(4G)-C(8AG) 106.6(5)  O(1N)-N(1N)-O(2N) 120.4(8) 

C(3G)-N(4G)-C(5G) 132.8(6)  O(1N)-N(1N)-O(3N) 121.1(8) 

C(8AG)-N(4G)-C(5G) 120.6(6)  O(2N)-N(1N)-O(3N) 118.2(9) 

C(6G)-C(5G)-N(4G) 116.9(7)  O(4N)-N(2N)-O(5N) 128.1(19) 

C(5G)-C(6G)-C(7G) 122.6(6)  O(4N)-N(2N)-O(6N) 121.7(18) 

O(7G)-C(7G)-N(8G) 121.2(7)  O(5N)-N(2N)-O(6N) 110.2(13) 

O(7G)-C(7G)-C(6G) 19.6(7)  O(8N)-N(3N)-O(7N) 124.7(14) 

N(8G)-C(7G)-C(6G) 119.2(6)  O(8N)-N(3N)-O(9N) 116.4(13) 

C(8AG)-N(8G)-C(7G) 116.4(6)  O(7N)-N(3N)-O(9N) 114.3(13) 

C(8AG)-N(8G)-Ni(5B) 120.7(4)  O(10N)-N(4N)-O(11N) 122.0(12) 

C(7G)-N(8G)-Ni(5B) 122.9(5)  O(10N)-N(4N)-O(12N) 112.2(12) 

N(1G)-C(8AG)-N(8G) 127.2(6)  O(11N)-N(4N)-O(12N) 111.7(12) 

N(1G)-C(8AG)-N(4G) 108.6(5)  N(1E)-Ni(2B)-O(4) 90.3(2) 
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III.3.2.2.5 Preliminary results of Magnetic Studies.  

 
The magnetic study of the clusters show interesting ferromagnetic and antiferomagnetic 

interaction at lower temperature, the graph of ÷ vs. T (Fig. 3.15) indicate this behavior, 

the compound is still under farther magnetic studies to enable to calculate coupling 

constant and give the accurate information about the ferromagnetic and antiferomagnetic 

behavior.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Fig.3.15: Magnetic susceptibility of Ni9(C5H3N4O)8(NO3)4(NH3)4(OH)6(H2O)16 

cluster as a function of temperature 
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III.3.3 Silver complex 

 
III.3.3.1 Synthesis of Ag2L2(NO3)2(H2O)2complex   

 
1 mmol of AgNO3 was dissolved in a solution of 10 ml 5M HNO3 and added to a clear 

solution of 1 mmol ligand solid dissolved in 30 ml 5M HNO3, the solution was filtered 

off and allow to stranded at room temperature for 3 days, large colorless crystals suitable 

for X-ray work, were obtained..  

 
III.3.3.2 Elemental analysis  

 
Elemental analysis % for Ag2L2(NO3)2(H2O)2 complex: Found C,18.49; H,1.82; N,21.55. 

Calculated. C, 18.53; H, 1.85; N, 21.61 

 
III.3.3.3 Infrared spectroscopy  

 
The IR spectrum of Ag2L2(NO3)2(H2O)2 complex (Fig 3.16) is almost identical to that of 

free ligand í(O-H) of water and N-H of pyrimidine ring showed at 3449 cm-1, the 

presence of the acidic hydrogen atom is shown in the characteristic set in the 2700-3100 

cm-1 region. Comparing with free ligand, the only appreciable difference is a 35 cm-1 

shifted to lower frequency of the C=O vibration mode and ( at 1678 cm-1) and the 

appearance of new bands at 1384 cm-1 (v. strong) and 857 (weak), corresponding 

respectively to í3 and í2 vibration modes of D3h NO3
- group. 
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Fig 3.16 IR Spectrum of Ag2L2(NO3)2(H2O)2  complex 
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III.3.3.4 thermal analysis  

 
Dehydration of [Ag2L2(NO3)2].2H2O complex is reflected by the corresponding weight 

losses and endothermal effect in the TG and DSC curves (Fig 3.17 and 3.18), which 

shows that the dehydration process takes place at high temperature (DSC endothermic 

peak at 161 °C) due to the strong interaction of the water molecule with the rest of the 

structure, this dehydration overlapping with another process since the weight loss is much 

higher than expected and the endothermic effect is immediately followed by and 

exothermically one. Pyrolytic decomposition of the compound end at 500°C leaving 

silver metals final residue with the experimental weight percentage 35.52 % and 

calculated percentage 35.49%. 
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Fig 3.17: TG curve of Ag2L2(NO3)2(H2O)2  complex 
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Fig 3.18: DSC curve of Ag2L2(NO3)2(H2O)2  complex 
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III.3.3.5 Crystalography  

 
Empirical formula                                                 C10H12Ag2N10O10 

Formula weight                                                     648.04 

Wavelength                                                           0.71073 A° 

Crystal system                                                      Monoclinic 

Space group                                                          P  21/c 

Unit cell dimensions               

a                                                                  10.5297(6) A° 

b                                                                  12.6897(8) A° 

c                                                                   6.9432(4)  A°                               

â                                                                   94.782(1)° 

Volume                                                                 924.51(9) A°3 

Z                                                                            2 

Calculated density                                                2.328 Mg/m3 

Absorption coefficient                                          2.199 mm-1 

F(000)                                                                   632 

Crystal size                                                           0.49 x 0.19 x 0.18 mm 

Reflections collected / unique                              5595 / 2080 [R(int)= 0.0155] 

Final R indices [I>2sigma(I)]                               R1 = 0.0507, wR2 = 0.1396 

R indices (all data)                                                R1 = 0.0607, wR2 = 0.1498 

Largest diff. peak and hole                                   0.599 and -0.405 e. A-3 

 

The crystal structure is built by dinuclear centrosymmetric units (Figure 3.19) in which 

both silver atoms are bridged by two heterocycles, which are linked to the metal atoms 

through both external nitrogen atoms (N1 and N2) of the triazole ring. This defines a 

hexagonal Ag2N4 core for which there are a number of other examples In the 

bibliography, involving pyrazole (139), 1,2,4-triazolo and tetrazole (140) derivatives as well 

as piridazines (141), but we have not found any for a 5+6 byciclic ligand. This behaviour is 

very different to that of 1,2,4-triazolo[1,5-a]pyrimidines, which also form with Ag(I) 

dinuclear compounds but with a N3-N4 (NI-N8 translated to the [4,3-a] numbering 
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scheme) bridging mode that leads to a eight member Ag2C2N4 core (142) . As a 

consequence, the intermetallic distance (Table 3.2) is much higher in the compound 

described here� 

 

The geometry of the cluster makes it impossible for the silver atom to adopt its usual 

linear coordination; instead, a flat trigonal geometry is observed, the third coordination 

position being�occupied by a nitrate anion and the distortion of the triangle not being too 

severe (see bond distances and angles atoms in (Table 3.3 and 3.4). A weak interaction 

with second oxygen of nitrate is also indicated in Table 3.3. The Ag2L2 moiety is planar 

within 0.025 A° with O1-N clearly displaced from this plane (0.983(3) A°) and the water 

oxygen dose to it (0.223(4) Aº); the nitrate plane is rotated 60.25(8)° respect to the Ag2L2 

plane� 

 

The strongly acidic media prevents deprotonation of�N8, probably avoiding the formation 

of species with higher nuclearity (likely to be polymeric). The ligand is clearly in its 

amido tautomeric form and N8-H forms a rather strong hydrogen bond towards the water 

molecule which, in turn, forms another hydrogen bond with the nitrate anion defining in 

this wave an eight member pseudochelate ring. Again, the behaviour is different from 

that observed for the most similar member of the [1,5-a] series, for which the stability of 

the N4-Ag bond is able to displace the acidic proton to the exocyclic oxygen atom, giving 

rise to the formation of the unusual iminophenolic tautomer (143).  
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Fig. 3.19: Molecular structure of the dinuclear compound Ag2L2(NO3)2(H2O)2  
according to X-ray analysis 
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Table 3.3: bond lengths [°A] of [Ag2L2(NO3)2].2H2O  complex 

 

Table 3.4: bond angles [°] of  [Ag2L2(NO3)2].2H2O  complex 

 

  

  

  

  

  

  

Ag-N(1) 2.2423(18)  C(4)-C(5) 1.336(3) 

Ag-N(2) # 1 2.2680(19)  C(5)-C(6) 1.451(3) 

Ag-O(1N) 2.492(2)  C(6)-O(6) 1.221(3) 

N(1)-C(7A) 1.304(3)  C(6)-N(7) 1.384(3) 

N(1)-N(2) 1.405(3)  N(7)-C(7A) 1.360(3) 

N(2)-C(3) 1.295(3)  N(1N)-O(2N) 1.235(3) 

C(3)-N(3A) 1.371(3)  N(1N)-O(3N) 1.240(3) 

N(3A)-C(7A) 1.363(3)  N(1N)-O(1N) 1.266(3) 

N(3A)-C(4) 1.390(3)    

N(1)-Ag-N(2) #1 125.20(6)  C(6)-C(5)-N(4) 118.0(2) 

N(1)-Ag-O (1N) 121.04(6)  C(5)-C(6)-C(7) 122.3(2) 

N(2) #1-Ag-O(1N) 109.94(7)  O(7)-C(7)-N(7) 120.3(2) 

C(8A)�N(1) �N(2) 105.80(17)  O(7)-C(7)-C(6) 123.7(2) 

C(8A)�N(1)-Ag 139.76(15)  N(8)-C(7)-C(6) 115.91(19) 

N(2)-N(1)-Ag 114.42(13)  C(8A)-N(8)-C(7) 122.00(18) 

C(3)-N(2)-N(1) 108.38(18)  N(1)-C(8A)-N(8) 129.4(2) 

C(3)-N(2)-Ag #1 131.29(15)  N(1)-C(8A)-N(4) 111.12(18) 

N(1)-N(2)-Ag #1 120.28(14)  N(7)-C(8A)-N(4) 119.50(19) 

N(2)-C(3)-N(3A) 109.65(19)  O(2N)-N(1N)-O(3N) 120.6(2) 

C(8A)-N(4)-C(3) 105.04(17)  O(2N)-N(1N)-O(1N) 119.2(2) 

C(8A)-N(4)-C(5) 122.17(18)  O(3N)-N(1N)-O(1N) 120.2(2) 

C(3)-N(4)-C(5) 132.78(19)  N(1N)-O(1N)-Ag 103.45(15) 
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IIVV..11  IInnttrroodduuccttiioonn    

 
The Dimroth rearrangement (144) including 1,2,4-triazolo[4,3-a]pyrimidine generally 

proceeds rather easily; therefore these compounds, when prepared, are often not isolable 

(or only by very carefully handling).  

 

This type of Dimroth rearrangement is strongly influenced primarily by inductive to a 

lesser extent by steric effects; Dimroth reactions, usually reversible, almost always 

proceed, in the case of triazolopyrimidines, from the kinetically favored [4,3-a] 1 product 

to the thermodynamically more stable [1,5-a] isomer 2 (8, 12) (Scheme 50).  This 

isomerization may be induced by acids(5, 7, 18, 20, 131, 145, 146), bases ( 7, 18, 20, 145), or by heating 

(145).  

 

                                                                               

 

1                2 

 
Scheme 50 

 
The mechanism of this isomerization in acid media involves protonation of 1 followed by 

pyrimidine-ring opening of 3 to form the carbocation 4a. Nucleophilic attack of the 

triazole N1 onto the positively charged carbon of the tautomeric structure 4b gives the 

protonated cyclic isomer 5, which deprotonates to the 1,2,4-triazolo[1,5-a]pyrimidine 2 
(146) (Scheme 51).  
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        1                                                3                                                    4a 

 

 

                                                                        

           4b                                              5                                          2 

 

Scheme 51 

 
In basic media, the rearrangement of 1 most probably occurs by the nucleophilic attack of 

the base onto C5 causing pyrimidine-ring rupture to form 6a and 6b. Recyclization of the 

side-chain carbonyl carbon with the triazole N1of the tautomeric structure 6c and 

elimination of the base gave 2 (Scheme 52). 
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Scheme 52 
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Whereas there is no experimental proof for thermally induced isomerization of 1, good 

arguments suggested to take place through the formation of the zwitterionic intermediate 

9 (145). Recyclization of the latter gives the isomer 1,2,4-triazolo[1,5-a]pyrimidine 2 (18, 20) 

(Scheme 53).  

 

 

 

 
                             1                                                       8 
 

 

 

 

 
                           9                                                                      2  

Scheme 53 

 
Brown and Nagamatsu(132) reported kinetic studies on Dimroth rearrangements to 

triazolopyrimidine in two pH ranges. Isomerization rates in alkali increase steeply in the 

range pH 10-12.5. In acid, they obtain maxima at pH values corresponding approximately 

to the pKa of each substance (in the range pH 1.5-2.5).  

 

IV.2 Results and Discussion  

 
During one of the reactions to prepare cobalt complex with the desired ligand, an organic 

compound had precipitated in the form of mono crystal. This compound was resolved by 

X-ray diffraction. And came out to be a derivative thermodynamically stable [1,5-a].  

 

Empirical formula                                                 C9H9N4O3 

Formula weight                                                     231.45 

Wavelength                                                           0.71073A° 

Crystal system                                                      triclinic 

Space group                                                          P1   
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Unit cell dimensions               

a                                                                  3.8164(2)A° 

b                                                                  9.9868(6)A° 

c                                                                   25.9722(15)A°                               

á                                                                   80.5010(10) ° 

â                                                                   88.6440(10)° 

ã                                                                   86.8900(10)° 

Volume                                                                 974.78(10)A°3 

Z                                                                            4 

Calculated density                                                1.577Mg/m3 

Absorption coefficient                                          0.125 mm-1 

F(000)                                                                   481 

Crystal size                                                           0.41 x 0.28 x 0.25 mm 

Reflections collected / unique                              8327/ 2080 [R(int)=0.0161] 

 
The structure contains residues on one of the nitrogen of the pentagon. Carbon in position 

2 bonded to hydrogen. The residue is bonded to nitrogen in position 3, this implies that 

when N4 lost the hydrogen site of the double bond had changed. El residue -CH=CH-

CO-O-CH3 came from a second atom of the ligand that was destroyed; these atoms are 

C7-C6-C5-O5. N4 had been hydrolyzed and in its place a methoxide group had situated 

(methanol was in the reaction medium). There are four equal and independent in the unit 

cell.  
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Fig. 4.1 The crystal structure of the rearranged compound   
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Table 4.1: bond length [°A] of the rearranged compound  

 

N1A-C2A   1.307(3)   N1C-C2C  1.295(3)  

N1A-N8A   1.385(3)   N1C-N8C  1.393(3) 

C2A-N3A   1.383(3)   C2C-N3C  1.392(3)  

N3A-C3AA   1.376(3)  N3C-C3AC   1.377(3)  

N3A-C11A   1.408(3)   N3C-C11C   1.412(3)  

C3AA-N4A   1.297(3)   C3AC-N4C  1.304(3)  

C3AA-N8A   1.353(3)  C3AC-N8C   1.346(3)  

N4A-C5A   1.387(3)  N4C-C5C   1.385(3)  

C5A-O5A   1.235(3)   C5C-O5C   1.239(3)  

C5A-C6A  1.465(3)   C5C-C6C  1.461(3)  

C6A-C7A   1.345(4)   C6C-C7C   1.350(4)  

C7A-N8A   1.382(3)   C7C-N8C   1.377(3)  

C11A-C12A   1.322(3)  C11C-C12C   1.325(3)  

C12A-C13A   1.476(3)  C12C-C13C   1.473(3)  

C13A-O13A  1.207(3)  C13C-O13C   1.215(3)  

C13A-O14A   1.341(3)  C13C-O14C  1.331(3)  

O14A-C14A   1.451(3)   O14C-C14C   1.455(3)  

N1B-C2B   1.306(3)  N1D-C2D   1.296(3)  

N1B-N8B   1.393(3)  N1D-N8D  1.396(3)  

C2B-N3B   1.392(3)   C2D-N3D   1.392(3)  

N3B-C3AB   1.375(3)   N3D-C3AD   1.381(3)  

N3B-C11B   1.407(3)   N3D-C11D  1.399(3)  

C3AB-N4B   1.296(3)   C3AD-N4D   1.305(3)  

C3AB-N8B   1.359(3)   C3AD-N8D   1.354(3)  

N4B-C5B   1.387(3)   N4D-C5D   1.394(3)  

C5B-O5B  1.235(3)   C5D-O5D  1.236(3)  

C5B-C6B   1.472(3)   C5D-C6D   1.457(3)  

C6B-C7B   1.343(4)   C6D-C7D   1.350(4)  

C7B-N8B   1.373(3)   C7D-N8D   1.371(3)  

C11B-C12B   1.332(4)   C11D-C12D   1.336(4)  

C12B-C13B   1.490(3)   C12D-C13D   1.475(4)  

C13B-O13B   1.213(3)   C13D-O13D  1.214(3)  

C13B-O14B   1.326(3)   C13D-O14D   1.338(3) 

O14B-C14B   1.451(3)   O14D-C14D   1.450(3) 
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Table 4.2: Bond angle [°] of the rearranged compound  

 

C2A-N1A-N8A  103.1(2)   C13D-O14D-C14D 116.0(2) 

N1A-C2A-N3A  112.5(2)  C2C-N1C-N8C   103.3(2)  

C3AA-N3A-C2A  106.9(2)   N1C-C2C-N3C   112.5(2) 

C3AA-N3A-C11A  124.2(2)   C3AC-N3C-C2C   106.7(2) 

C2A-N3A-C11A  128.7(2)   C3AC-N3C-C11C   125.1(2)  

N4A-C3AA-N8A 127.4(2)  C2C-N3C-C11C   128.0(2)  

N4A-C3AA-N3A  128.5(2)  N4C-C3AC-N8C  127.4(2)  

N8A-C3AA-N3A  104.1(2)  N4C-C3AC-N3C  128.3(2)  

C3AA-N4A-C5A  116.2(2)  N8C-C3AC-N3C   104.3(2) 

O5A-C5A-N4A 119.6(2)  C3AC-N4C-C5C   115.7(2) 

O5A-C5A-C6A  122.5(2)  O5C-C5C-N4C   119.8(2)  

N4A-C5A-C6A  117.9(2)   O5C-C5C-C6C   121.7(2)  

C7A-C6A-C5A  122.5(2)   N4C-C5C-C6C  118.5(2) 

C6A-C7A-N8A  116.0(2)  C7C-C6C-C5C   121.9(2)  

C3AA-N8A-C7A  120.0(2)  C6C-C7C-N8C   116.1(2)  

C3AA-N8A-N1A  113.3(2)   C3AC-N8C-C7C   120.3(2) 

C7A-N8A-N1A  126.7(2)   C3AC-N8C-N1C   113.2(2)  

C12A-C11A-N3A  122.9(2)   C7C-N8C-N1C   126.5(2) 

C11A-C12A-C13A  118.3(2)  C12C-C11C-N3C   122.5(2) 

O13A-C13A-O14A  123.6(2)   C11C-C12C-C13C  119.4(2)  

O13A-C13A-C12A  125.7(2)   O13C-C13C-O14C   123.4(2)  

O14A-C13A-C12A  110.6(2)   O13C-C13C-C12C   125.9(2)  

C13A-O14A-C14A  114.5(2)   O14C-C13C-C12C   110.6(2)  

C2B-N1B-N8B  103.5(2)   C13C-O14C-C14C  115.84(19) 

N1B-C2B-N3B  112.1(2)   C2D-N1D-N8D   103.8(2)  

C3AB-N3B-C2B  107.3(2)  N1D-C2D-N3D   112.5(2)  

C3AB-N3B-C11B  125.1(2)   C3AD-N3D-C2D  106.6(2)  

C2B-N3B-C11B 127.5(2)  C3AD-N3D-C11D  124.9(2) 

N4B-C3AB-N8B  127.1(2)  C2D-N3D-C11D   128.4(2)  

N4B-C3AB-N3B  128.8(2)  N4D-C3AD-N8D   126.6(2)  

N8B-C3AB-N3B  104.2(2)   N4D-C3AD-N3D   128.8(2)  

C3AB-N4B-C5B  116.3(2)  N8D-C3AD-N3D   104.6(2) 

O5B-C5B-N4B 119.8(2)  C3AD-N4D-C5D  116.0(2) 
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O5B-C5B-C6B  121.8(2)   O5D-C5D-N4D   119.3(2) 

N4B-C5B-C6B  118.4(2)  O5D-C5D-C6D   122.0(2)  

C7B-C6B-C5B  121.1(2)  N4D-C5D-C6D  118.7(2)  

C6B-C7B-N8B  117.3(2)   C7D-C6D-C5D   121.4(2)  

C3AB-N8B-C7B 119.8(2)   C6D-C7D-N8D   116.9(2)  

C3AB-N8B-N1B  112.9(2)  C3AD-N8D-C7D   120.4(2)  

C7B-N8B-N1B  127.3(2)   C3AD-N8D-N1D   112.5(2)  

C12B-C11B-N3B  122.2(2)   C7D-N8D-N1D   127.1(2) 

C11B-C12B-C13B  120.7(2)  C12D-C11D-N3D   122.3(2)  

O13B-C13B-O14B  124.7(2)  C11D-C12D-C13D  119.7(2)  

O13D-C13D-C12D 126.2(2)   O13D-C13D-O14D   124.0(2)  

O14D-C13D-C12D  109.8(2)  C2C-N1C-N8C   103.3(2)  

    N1C-C2C-N3C   112.5(2) 
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1. This research and investigation of the coordination chemistry of 

triazolopyrimidine were the center of our thesis; a complete bibliography revision 

was done including all previous work of all investigation group in this field 

ofstudy mainly the work of the group in Granada University (Spain) and Leiden 

University (Holand). All previous work about the coordination chemistry had 

focused on 1,5-a derivative, we have not found any reference for the coordination 

compound of any of any of the other arrangements (1,5-c, 4,3-a, or 4,3-c). 

  

2. Following this line of investigation a new a new derivative 7,8-dihydro-7-oxo-

1,2,4-triazolo[4,3-a]pyrimidine was synthesized and characterized, the only 

references were about the synthesis of this ligand. In this thesis we chose the best 

method through the synthesis and modification to obtain maximum yield.  

 

The compound was characterize by usual methods and the results indicated that 

the most stable tautomer form is when the acidic hydrogen was on N8 position, 

pka value was determined and it was more acidic than analogues purine bases. On 

the other hand, theoretical study of the ligand was done in molecular and ionic 

form. This study indicates that the most stable tautomer is that when the acidic 

hydrogen is on N8.this was supported by 1H-NMR and 13C-NMR and from MO 

calculation there was no preference site of coordination. Characterization was 

completed by IR, elemental analysis, and theoretical studies. 

 

3. Synthesis of metal complexes of the first and second raw transition metals was 

carried out, some of these complexes were isolated in pure crystal form, others 

need further investigation, the complexes were characterize by X-ray 

crystallography showing that the retain 4,3-a isomer which is less favored 

thermodynamically.  

 

4. For Ni cluster the ligand coordination in its anionic form through N1, N2 and O7 

without preference of one site over another as was concluded from theoretical 
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calculation at lower temperature and also need further investigation since this type 

of compound could be used in the field of electronics as data storage materials. 

 

5. the cation Ag+ show dimeric complex with the ligand in its molecular form and 

coordination mode N1 and N2 atoms, the acidic hydrogen was situated on N8 the 

same as in the free ligand. 

 

6. The most stable thermodynamic 1,5-a compound was also obtained during the 

experiment and the isolated product is in agreement with Dimroth rearrangement  
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