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, \bstract-Tlıe coordination polyım:rıc coıııpounds. M(2APM)c i(CN).ı (whcrc M = Mn. Co. Ni or Cd: 2APM " 2-aınino­
pyrııııidinc) have been prepared for thc first time and ıheir FT-IR ,pcctra arc rcported in thc ..J00 ..J000 cııı I rcgioıı. Tlıc ,17cctral 
features suggest that the coıııpouncls are siıııilar in structure ıo thc H ofıııanıı typc t\,o diıııcnsioııal coordınaıion pulyıııcric coııı­
pounds. forıııecl with Ni(CN).:; 2 ions bridged by M(2A PM )2- 2 catioııs. 2APM is coordiııaıcd to M(I I) through oııc of ıhc pyriıııidinc 
ring ııitrogeıı atoıııs: the aıııino group is not involved in the coıııplcx forıııatioıı. Tlıc coordiııatioıı cffcct oıı ılıc 2A PM vibratioııal 
wavenuıııbers is analysed. 
c: 2003 Elsevier Ltd. Ali riglıts reserved. 

I ııtroduction 

Pyrimidine is thc rarcnt heterocycle ofa very important 
group of compounds ıhat have beeıı extensively studied 
due to their occurrence in living systems. 1 Pyrimidine 
moieties are reported to have antibacterial, antifuııgal 
and anti-HIY activities. 2 Many pyrimidines, or their 
derivaıives, possess rcmarkable biological activity and 
have been widely used in fields ranging from mediciııal 
to industrial applicatioııs. The complexing ability of 
2-aıninopyrimidine with transitioıı metal ions is of grcat 
iııtcrcsı. since 2-amiııopyrimicline has endo- and exo­
cyclic ııitrogen doııors for coordination. The amino 
nitrogcıı atom is known to be more basic in comparisoıı 
ıo the pyrimidine ring nitrogens. 3 Howevcr, in somc 
2-aminopyrimidine complexcs the coordination of the 
2-aminopyrinıidine with the metal occurs through thc 
endocyclic ring nitrogen:u as shown by X-ray sıudics, 
whereas in others the 2-aminopyrimidine coordinatcs ıo 
ıhc metal through the amino nitrogen 3·6 Theref'orc thc 
invcstigation of the coordination mode of 2-amino­
pyrirnidine is of interesı. This has stimulated us ıo study 
the two dinıensional coordination polymeric compounds: 
thc Hofmann type complexes of 2-anıinopyrirnidine. 

Kenl'urıls : fnfrared spectra: f--lofınann type conıplexes: Teıra­
cıanonıckelate: Transicion metal: Aıııiııopyriınidiııe. 
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Thc Hofıııann typc host complc.,cs. M(NH ,bNi(CNJ.1 

arc built by stacking thc two dırncnsioıı,ıl nctıvorks, in 
which M(II) takcs an ocıahcdral coordiııation, satislicd 
by four N-Lerrninals of ıhc cyano groups and ıwo N 
atoms of ammonia molecules protruding abovc and 
below Lhe network , ancl thc squarc planar Ni(CN).ı 

sharcs verticcs with f'our M( ll ) ocıahedra ıo build up 
thc 20-network. 7 x Bascd on this struct urc several ıııcta 1 
(i l ) tetracyanonickclatc complcxcs rclatecl ıo thc Hof­
nıann-type hosı s havc bccn dcvclopcd by rcplacing thc 
anııııonia rnoleculcs by otlıer N- or 0-doııor ligands (LJ. 
ML2Ni(CN)c1_ 7-9 in tlıis papcr ıvc report tlıc IR spcctra 
(400-4000 cııı I rcgion) of four ncw tctracyanonickclatc 
conıplcxc, ol' 2-aıııinopyriıııidinc, M(2APMbNi(CNJJ 
(whcrc M = Mn , Co. Ni or Cd; 2APM ~ 2-anıinopyri­
midine. abbrcviatcd hcrcaftcr as M- Ni--2APM). Thc airn 
of this study is to iııvcstigatc tlıc coordirnıtion ability ol' 
2APM and to cxaıııinc cooı-dination scıısiti\c lıt.1,ıııd 
ıııodes, by stud)ing isostructural coıııplc.xcs of2A PNI. 

Experimental 

Ali ıhe chcnıicals uscd wcrc rcagcnt graclc (Merek) and 
used wi thout furı her purifica tion. Thc coııı plcxes wcrc 
prcpared using thc mcthod givcn in thc liıcraturc. ıo Tlıc C. 
H , N analyses werc rnrricd out J'oı· ali thc ,aıııplc~. Thc I R 
spectra of Nujol ıııulls or K.Br discs wcrc ı-çcordccl on a 
Jasco 300E FT-l R s pectroıııcter (2 cm I rcsolution). 
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Results and discussion 

The FT-IR spectra of the Cd- Ni-2APM and Mn- Ni-
2APM complexes are given in Fig. 1 a ancl b, respec­
tively. The I R spectra of the M-Ni- 2APM complexes 
are very similar indicating that they have analogous 
structures. The vibrational wavenumbers of 2APM are 
tabulated in Table I together with the relevant 
clata. <,.11.12 

2APM can exist in two tautomeric forms: one is the 
imine form , produced by a proton transfer from the 
NH 2 group to a ring nitrogen and the second is the 
unchanged amino form 6 (see Fig. 2). Based on a vibra­
tional spectroscopic investigation , Contreras and 
Seguel6 proposed that 2APM is in its amino form in the 
solid state. The I R spectroscopic investigation of 
M- Ni- 2APM complexes also indicates that the nıole­
cule is in the amino form. 

2 ~---~-----,---------, 

Abs 

-O 
4000 

a 

3000 2000 

Wavenumber [cm·11 

1000 400 

2 ..-------,------.--------, 

Abs 

-O 
4000 

b 

3000 2000 

Wavenumber [cm·11 

1000 400 

Figure ı. The FT-IR spectra of (a) Cd(2APMhNi(CN).ı and 
(b) :v!n(2APMh i(CN).ı. 

2APM has endo and cxocyclic nitrogen donors avail­
able for coordination. in ordcr to dctcrmine thc co­
ordination nıodc oı 2A PM , thc vibrational 
wavenurnbers are carcf\ıllv invcstigatcd for cfTccts aris­
ing from coordination thr~ugh a ryrinıidinc ring nitro­
gcn or through tlıc ,ıınino grour. 

1 n thc I R spectra of tlıc 2A PM conıplexcs stucliecl, tlıe 
v,,N H2 and vsN H2 nıocles arc found to lıavc lıiglıcr fre­
qucncies than tlıosc of nıicrocrystallinc 2APM (sec 
Tablc 1). Since İL is wcll known tlıat a coordinated 
amino group shows a ncgativc shift, t:, = 150- 220 cnı 1. 
in thc NH 2 strctching vibrational modes. in comparison 
to the f'ree ligancl, 13 11' we can connrm that the amino 
group of 2APM does not lake part in coordination. 
Similarly, the v(C-NH 2) mode of aniline and aniline 
derivatives shows a negative shift, 6=50-60 cm 1, 
upon coordination, 13 16 but wc do not obscrve such a 
drastic reel shifı of tlıis rnode in the M- Ni-2APM conı­
plexes, [tlıe reci slı if't of thc v(C-N H2) mode for M- Ni-
2APM complexes is at 1110s1 4 cm 1) which is furtlıer 
evidence of non-coorclination through the amino nitro­
gen. in solicl 2APM, amino group hydrogens arc 
involved in H-boncling interactions. 17 Altlıough thc 
vaNH 2 and v,N H2 modes of M- Ni- 2APM complexes 
arc founcl to be lıigher in frequency than thosc of 
microcrystalline 2APM, thcy arc slightly lowcr in valuc 
than those of2A PM in a Ne nıatrix 1 2 and NH 2 scissor­
ing nıocle frequcncy is loıver than in solid 2APM and 
closer to tlıat in Ne matrix, 12 indicating tlıat thc anıino 
group lıydrogcns may be involvcd in a weak hydrogcn 
bonding interaction, probably witlı gucst watcr ıııole­
cules, but H- bonding interaction must be weakcr than 
in solicl. it musl be notcd tlıat samplcs are found to 
conta in sımı ll anıOLınt of watcr as guest srecies [v(H 20) 
is observecl arouııd 3610 cm I asa wcak iııtcnsc bancl]. 

lt is well kııowıı that whcn thc ring nitrogcn or pyridine 
is iııvolved in eomplcx forrnation, ccrtain vibrational 
modes, particularly the ring brcathing nıocle aııd thc 
two ring stretchi ng mocles arouncl the 1500- 1600 cm 1, 
increase in value clue to both coupliııg with M- N (pyri­
dine) bone! vibrations and alterations of the ring force 
neld. 18 21 A glaııce at Table I clearly slıows tlıc rrcsence 
of upwarcl slıifts relative to tlıose of polycrystalliııe 
2APM. for ccrta in vibratioııal ıııodcs of 2APM in tlıc 
1 R spcctra of' M- Ni-2APM conıpounds, whiclı arc 
markccl in bole!. Sinıilar shıfts lı,ıvc also bceıı prcdictcd 
upon formation of H-bonding througlı one of tlıe pyri­
miclinc ring nitrogens 22 ancl werc observccl in tlıe 

a b 
Figure 2. Aınino (a) and iıııiııo (b) tauıoıııeric forıns of 2APM. 
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Table 1. The \\avenumbers (cm 1) of 2-anıinopyrinııdine in M i 2AP:vt conıplexes 

Tentatıve 2APM :vı Ni 2APM 
assıgnment ·' 

Solıd6 Solid 11 Ne Matrix 1~ This stucl> Mn Cn l\'i Cd 

\'( l\' il ,) 3350 3350 3585 3:ı4X\ s 351 x, J ,14, Vi36s J.ı91\S 
3335 3330\S 

v(NH 2) 3240 3247 3469 32-+4111 3414,s .1418\s .1419.s 1373\S 
3170 3169 3 l 6X.s 3200,\ 1207111 3201 ııı 

\·(Cll) 3050\ ıı 30XX\\ 30X0,\ :ıox:-ıı _1083\1 
v(Cl l) 3030 302)\\ :ı06(n\\ 106 7ı \\ 
v(CIIJ 2960 2960\\ 3050\\ .10501" 305 1111 
ii ( · ıu 1640 16-+2 1612 16-lXıs 1623ıs 1624\ s 1 (ı26ı, )60(ns 

1606 
\'rı11~ 15 75 1576 1571 1577, 1590111 1590111 1594s 1590s sh 
\'r111ç l-i65 1559 1560 15591, 1566', 15671'> 1568ıs 1567,, 
\'rın:: 1-175 1479 1470 1479ıs 1480ıs 1-lX0s 1-180, l-1 7X\s 
v,m, (*) 1449 1445 145-1 1444s 14581'> 1459s 1461h 1459,, 
\'rıng 1358 1356 1357111 1356111 1"158s ı ıo ı ın 11:i4111 
v(C l\'11 2) 1225 1224 1219 1224111 1220111 1224111 1226111 1227111 
\'rını- 11 80 1179 l l 84sh 1179111 11 91' 11 90111 11 9211 11 93m 

1177 
iilCf l) 1128 1123 1130111 113 1 ıı 11 .10" 1 131 ıı 112711 
Rıng breath. 1075 107811 108611 109 111 109211 109011 
r-, H1 tıı isı 1038 1039111 1035\\ ı 0_1 '" 1035\\ 1050111 
ii Rıng 997 991 999111 982111 97Xıı 97Xıı 9X3ııı 

·ını 870 866 872 86911 87311 873,ıı X74\\\ X71ıı 

Ye. H 803 805 803vs 798s 795111 795111 794111 
786 788m 771111 780111 780111 7X0sh 

·ırmı 720 732 726111 721vw 720111 721\ıı 7221 ıı 
J\:1-12\htg.(*) 648 642 645m 652s 653111 658111 653111 
Ôrıı\• 608 593 602111 585\ı 6021 \\ 

52X 521sh 525s 521111 520111 521111 :i20111 
517 4,:ı111 

407 405s 408\ı -I0Xıı 410\\ -10/ı\" 

"Assignnıcnt ıs taken frn111 ref 11. except ııhere indicated ı\lth (*J. Coordiııaıioıı seıısıtııc baııds are ıııarked ııı boill 

M(pyrirnidinehM'(C )4 cornplexes-2' Therefore, bascd 
on the spectral results, it is concluded that the ring 
nitrogen and not the arnino nitrogen is involved in 
conıplcx formation. 

Thc vıbrational wa\cnumbcrs of thc Ni(C ).ı group for 
thc complcxcs studicd arc given in Tablc 2 togcther \\İth 
those of Na 2 i(C )4 (rcf 24) Hofnıann type pyridine 
complexes 18 for comparison. The vibrational wave­
numbers of i(C )4 groups in the complexes are found 
to be higher than those in a 2Ni(CN)4 salt. Such 
upward wavenumber shifts have been observed for 
Hofmann type clathrates25 and pyridine complexes 

Table 2. Tlıe IR speı.:tral \\aveııumhers oftlıe J\ı(Cl\'JJ ,ıbrations of 
\1 '\.ı 2:\1'\I ı.:omple,ö together ıııtlı J\:a 2 1\ı(C's)J and \l(p}r­

ıdıne)2'\ı(C'\JJ 

Assignıneııı r-..a P} rıdıne \1n Co - ı Cd Rel lııt. 

'j Cd 

E., v (C'\) 2132 2170 215-1 2157 2158 2168 2136 \S 

2128 \S 

v (' 'CJ\) 2087 2129 2111 2110 2128 \ \\ 

E., ,. ( 1\iC) 5-11 )50 543 547sh 560 562 543 \ \\ 

A,., rtll\ıCJ\) -188 -153 -156 455 456 4-12 ,h 

E., 6 (r-..ıCN) 433 441 425 436 440 4-15 423 ıs 

421 

r-..a,'sılC'-)-ı ı.:omple, taken from rer 24. 
" \ıl(p}rıdıne)2l\'i(Cl\'l-ı complexes (:vt J\:i or Cd) takeıı from rer I X. 

[M(pyhNi(CN)4 ], 18 in whiclı botlı cnds of tlıc CN group 
arc coordinated, and explaincd as tlıc ıııcclıanical cou­
pling of tlıc internal modes of Ni(CN).ı witlı thc M NC 
vibrations. ıx Tlıc v(CN) wavcnuıııbcr of thc Cd Ni 
2APM complcx is found to be ıııuclı loııcr tlıan tlıc 

other M- Ni 2APM coıııplc,cs. Tlıis i, probably duc to 
a rnuch longer M NC bom! in Cd i 2AP\ıl than thc 
others. which is an cxpectcd rcsult : since from X-ray 
crystallographic studics 21' it is known that thc M NC 
bond distance increases with incrcasing ionic radius of 
thc metal (M). Such a low wavcnumber was also 
obscrved in one of the split pairs of thc v(CN) ınodc of 
thc Hofmann typc copper complcxcs. 27 in which non­
cquivalcnt trans pairs of Cu NC bonds with diffcrent 
lcngths wcrc proposcd [c .g.. ı n Cu( 4-methy lpyri­
di nc)2Ni(CN ).ı the I R activc v(C ) waıcnuınhers arc 
2164 and 2136 cnı 1). 

Thc v(C ) Eu and ö(NiC ) Eu nıodcs arc both 
obscrvcd as strong and sharp bands in thc I R spcctra of 
thc complcxes showing that the cyanidc groups around 
thc nickel atom have a loca! D.ı 11 synımetry. Thc wavc­
nuıııbers of both v(CNJ and li(NiCN) modes arc found 
to be metal dcpendenı. The general iııcrca,c ın thcsc 
l\a\enuıııbers -ı ith thc dilTcrcııt meta Is in 2APM conı­
plcxes is in thc order Cd<vln < Co<Ni. A siıııilar 
trend in Hofmann typc coıııplcxcs has been found in 
othcr studics 1x· 20-21 ·2' and this spcctral scqucncc reflccts 
the increasing strcngth of thc M- NC bond. 
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Conclusion 

The IR spectroscopic study of four new complexes has 
shown that they have similar structures constructed by 
the linkage between the square planar Ni(CN)ı- and the 
octahedral M(I [) through cyano bridges . The six coor­
dination of M(ll) is satisfied by four N terminals of the 
cyano groups and two 2APM molecules. lR spectro­
scopy is found to be very useful for shedding light on 
the coordination mode of 2APM. lt is concludcd that the 
2APM molecule is involved in coord ination through one 
ofthe pyrimidine ring nitrogens asa monodentate ligand. 
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