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Vibrational Spectroscopic Study of
6-Aminouracil Tetracyanonickelate
Complexes
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ABSTRACT

he FT-IR, FT-Raman and far-IR spectra of two dimensional coordination polymer compounds, M(6AU)_Ni(CN),

(where M = Mn, Co, Ni and Cd; 6AU = 6-aminouracil = 4-amino-2,6-dihydroxypyrimidine) were reported for
the first time. 6-aminouracil molecules are found to involve coordination through one of the pyrimidine ring
nitrogen atoms. The spectral features suggest that the compounds are similar in structure to the Hofmann
type two dimensional coordination polymer compounds, formed with Ni(CN),* ions bridged by M(6AU),*
cations. Vibrational bands originated from both 6AU and Ni(CN), group were assigned.

Key Words
6-aminouracil, far-IR, FT-IR, FT-Raman spectra, Hofmann type complexes

6ZET

1 kiboyutlukordinasyon polimer kompleksleri M(6AU),Ni(CN), (buradaM =Mn, Co, Nive Cd; 6AU = 6-aminouracil

= 4-amino-2,6-dihydroxypyrimidine) ilk kez elde edilmis ve FT-IR, FT-Raman ve far-IR ile incelenmistir.
6-aminouracil molekdlleri pirimidin halkasinin azot atomlarinin biri ile kordinasyon yaptigi bulunmustur.
Ni(CN),# iyonlari ile M(6AU),?* katyonlarinin kordinasyonu sonucu, Hofmann tipi iki boyutlu kordinasyon
polimer bilesikleri olusturdugu spektral 6zellikler ile desteklenmistir. 6AU ve Ni(CN), grubunun her ikisinden
kaynaklanan titresim bandlari tanimlanmistir.
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INTRODUCTION

he derivatives of uracil deserve particular

attention among all series of derivatives
of nucleic pyrimidine bases. Some of the
derivatives of uracil exhibit  significant
pharmacological activity and have been used as
as antitumor, antibacterial, and antiviral drugs.
The 6-aminouracil and 6-amino substituted
derivatives of thymine have been found to be
the competitive inhibitors of human thymidine
phosphorylase [1,2]. The derivatives of uracils
have very important applications in organic
synthesis [3]. The 6-aminouracils find wide
application as starting materials for the synthesis
of many fused uracils of biological significance,
for example, phenylazo-[3], pyrano-, pyrido-,
pyrazolo-, pyrimido- and pyridazino-pyrimidines
[4]. Some derivatives of 6-aminouracil were
synthesized and their possible diuretic, smooth
muscle relaxant, and cardiovascular effects were
studied [5]. The 6-aminouracil is used extensively
as an intermediate in the synthesis of a number
of compounds containing the pyrimidine ring,
including the manufacture of the important
sulphanilamide drug sulfadimethoxin [6]. It has
been found to inhibit the uracil-DNA glycosylase
[7]1 and the dihydropyrimidine dehydrogenase
enzymes [8].

The well known Hofmann-type two dimensional
complexes, {M(L),Ni(CN),}, are built by stacking
the twodimensional nickel cyanide sheets in layers
[9,10]. The two-dimensional sheet is constructed by
the alternate linkage between square-planar Ni(ll)
and octahedral M(Il) (M = Mn, Fe, Co, Ni, Cu, Zn or
Cd) through the cyanide bridges. The octahedral
coordination of M(ll) is satisfied by four N-terminals
of the cyano groups and two nitrogen atoms of the
two N-donor ligands (L) in a trans configuration,
protruding above and below the sheet [9,10]. In
this study, 6-aminouracil tetracyanonickelate,
M(6AU),NI(CN), {where M = Mn, Co, Ni or Cd;
6AU = 6-aminouracil, abbreviated hereafter as M-
Ni-6AU}, coordination polymer compounds have
been prepared for the first time, and their FT-IR
(400-4000 cm?), FT-Raman (50-4000 c¢cm™) and
Far-IR (20-400 cm?) spectra are reported. These
complexes are an example of two dimensional
coordination polymers in tetracyanometallate-

bridged systems. The aims of this study are to
examine the coordination sensitive ligand modes
and to determine vibrational wavenumbers of
modes arising from metal-ligand bonds {(M-N),,
3(N-M-N),, } by studying isostructural complexes
{M(6AU),Ni(CN),}.

EXPERIMENTAL

All chemicals used were reagent grade (Aldrich)
and they were used without further purification.
The complexes M-Ni-6AU (M= Mn, Co, Ni or Cd)
were prepared as following: at first 1 mmol of MCI,
was dissolved in the distilled water, then to this
solution 1 mmol of K,Ni(CN), dissolved in distilled
water was added under stirring. After a short time
slightly more than 2 mmol of the 6-aminouracil
solution in alcohol were added to the mixture
prepared drop wise, again under stirring. The
final mixture was left for stirring around a week
at room temperature. The obtained product was
filtered and washed with water, ethanol and ether
successively and dried in a desiccator which
included P,0..

The freshly prepared compounds were analyzed
for C, H and N by a LECO CHNS-932 analyzer with
the following results (found % / calculated %).
The analytical results were agreement with the
proposed formula.

Mn(C,HN,0,),Ni(CN),: C= 30.28/30.54, H=
2.35/2.13, N= 29.06/29.68

Co(C,H,N,0,),Ni(CN),:  C= 31.02/30.28, H=
2.33/2.11, N= 29.12/29.43

Ni(C,H,N,0,),Ni(CN),; ~ C= 30.15/30.30, H=
2.09/2.11, N= 29.21/29.44

CA(C,HN,0,),NI(CN),:  C= 27.09/27.22, H=

1.44/1.90, N= 26.23/26.45

The FT-IR (4000-400 cm™) spectra between KBr
windows as Nujol or hexachloro-1,3-butadiene mulls
and far-infrared (400-20 cm?) spectra between
polyethylene plates as Nujol mulls of the compounds
were recorded via a Bruker Optics IFS66v/s FT-IR
spectrometer with 2 cm™ resolution in vacuum. FT-
Raman spectra (4000-70 cm™) of the compounds
were recorded using a Bruker Senterra Dispersive
Raman microscope spectrometer with 532 or 633
nm excitations from a 3B diode laser having 3 cm?



resolution in the region of 3700 and 60 cm™. Far-
IR spectra of the nujol mulls between polyethylene
windows of the samples were recorded on a
Perkin-Elmer System 2000 FT-IR Interferometer
resolutions (4 cm™ resolution).

RESULTS AND DISCUSSION

The structural formula of 6AU is given Figure
1. The FT-IR, FT-Raman and far-IR spectra of
M(6AU),Ni(CN), (where M= Mn, Co, Niand Cd) are
found to be very similar, suggesting that they have
isomorphous crystal structures. The FT-IR, FT-
Raman and far-IR spectra of the M(6AU),Ni(CN),
(where M= Mn, Co, Ni and Cd) complexes are given
inFigure 2, 3 and 4, respectively. The assignments
were divided into two groups arising from the
6-aminouracil and the Ni(CN), ions.

6-aminouracil vibrations

The first detailed vibrational assignments
for 6-aminouracil was made by S. Aruna and
G. Shanmugam [11], where they reported the
calculated and experimental frequencies of
6-aminouracil. The 36 fundamental modes of 6AU
may be classified according to the molecular point
group C_into 25 A" symmetry species (in-plane)
and 11 A" species (out-of-plane). Since all the
vibrations are IR and Raman active, the absence
of Raman spectra present no serious difficulty.

6-aminouracil has different sites, therefore, has
different binding modes. It can coordinate through
one of the pyrimidine ring nitrogen, the C=0 and /
or-NH, groups. Therefore, vibrational wavenumbers
of 6AU in M-Ni-6AU complexes studied are carefully
investigated.

|
H\N/C\C/H

| |
o C\N/ C\N/ !
| |

H H

Figure 1. Structural formula of 6-aminouracil
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If the coordination occurs through the amino
nitrogen atom, it is expected that a great reduction
would take place in the NH, stretching NH, bending
and C-NH, stretching wavenumbers (e.g., [12]), and
when coordination occurs through the oxgen of
carbonly group, negative shift at v(C=0) mode
of coordinated molecule with respect to the free
ligand is expected [13]. On the other hand when the
aromaticringnitrogeninvolvesincomplex formation,
certain ring modes are affected [13]. In order to
determine the coordination site of 6-aminouracil in
M(6AU),Ni(CN), (M= Mn, Co, Ni and Cd) complexes,
the wavenumbers of 6-aminouracil in complexes
are compared with those of free 6-aminouracil.
Some selected fundamental modes of complexes
are reported in Table 1. The spectroscopic results
indicated that tha amino group hydrogen bonding
interaction in comparison with those of other M-Ni-
6AU complexes.

We observed four broad bands corresponding
to stretching vibrations v(NH,) and their wave
numbers are found to be higher in value than
those of free 6-aminouracil. A positive shift of these
absorptions is usually regarded as signifying that
the ligand is not NH_-bonded. This band indicates
the presence of 6-aminouracil in M(6AU),Ni(CN),
(M= Mn, Co, Ni and Cd) complexes in its amine form
and the rather broad character of the NH, vibration
bands is suggestive of H bond participation [14]. In
addition, NH, scissoring mode of 6-aminouracil is
observed at 1659 cm™ for 6-aminouracil and around
1657 cm™ for complexes. These results suggested
that the NH, groups of 6-aminouracil are not
involved in the coordination with the metal ions and
are in good agreement with those reported in the
literature [3,15].

The v(C=0) mode is observed at 1735 cm? for
solid 6AU and around 1741cm™in the FT-IR spectra of
complexes, indicating that the ligand not coordinate
to the metal ions through (C=0) group. The bands
at 1596, 1388, 1289, 1048 and 979 cm™ in the FT-IR
spectra (at 1606, 1404, 1304, 1074 and 990 cm™ in
the FT-Raman spectra) with ring contribution exhibit
intensity changes and shift to higher wavenumbers
in complexes. All of these data suggest binding
between the metal (ll) and the ring N atom of the
6-aminouracil. Analogous shifts on coordination
were observed in creatinine [16], pyrazinamide [17],

421



422 ‘ C. Bayrak / Hacettepe J. Biol. & Chem., 2012, 40 (4), 419-426

“JBPINOYS :YS ‘YeaM AJBA IMA ‘YBIM IM ‘WNIPaW W ‘BU04S S ‘DU0I}S AJBA :SA ‘UOISI0] ‘2 (buiyd0l ‘d !bulpuaq aue|d-jo-1no ‘x ‘buipuaq ‘Q !buibbem ‘® buiysialis ‘A :qqy
'Apn3s SIYLq "[11] "}oy Wodj usyel.

(1) “HN2 "(61) NO2 '(12) D=0 '('(L2) NDO* MALZ MAL9Z SAL9Z MAZ9Z Moz €2 M9z 092 WV
(91) N2 (1) 222 '('(82) 2=02 mogz MALLZ megz MA9EZ mgLz Mmsgz 6.2 Mmegz 582 WV
(81) 0= '(85) NO¢ MELE MAGLE MLLE MZLE MELE 0.€ MZLE s8¢ A
(1) HOX '(91) 0= '('(¥2) 22* '(92)ND* MALEE MAGLY MO6E MAEGE M88E MAZ6E Moge G8e M9ge S8€ WV
(21)2=01 '(£9) 0=D1 MAGLY Gey M9l fol34 WV
(1) NONQ ‘(€1 NDJQ “(€2) INIQ '(1E) DONQ Hela4 H5944 N34 SLEY S8y Myt S6v v
(62) 0=24 (8%) 0=0d S0S 805 A
(L) HN2 ‘(NI (6€) “HN2 MALEG Mmozs MIES mzsg Us'mglg MALGt us'mzig 80S wglg 005 WV
(91) 222¢ “(61) INDIQ (12) N2DQ (0€) NONQ MySS wsys wyss wyss weps wsys 8IS S9YS 52s v
(ODND2 ‘(1S) “HN® mgz9 Myz9 MG9G ML29 wess mgz9 795 wez9 095 WV
(r2) 0=29 '(L£) 0=24 M619 Mor9 MAZEY MLy MLy9 529 W9 0€9 A
(1) 0=29 (L) NDJQ (12) DINQ SAZ69 MESY SAZ69 Mmzg9 SAE69 Mmig9 SAZ69 MESY 159 wegy 5.9 A
(O1)ND2 '(21) HNX (2) NDX MIEL MEEL MIEL MyEL 2€L Mez.L Syl WV
(81) HOY '(12) 221 '(L2) ND* MAZLL wegL MAZLL wygl MAGS L wzgL wegL 28. SN8L SLL WV
(92)ND* “(9%) HNx wso8 M8 MAgZ8 wso8 MA9I8 w/08 128 Us'weos si8 WV
(21)2=0% "(LG) HNY MgL8 wess MG.8 MoY6 Mg.8 8.8 wg/8 G88 WV
(G1) DNDQ “(Z1) DONE (02) 229 '(12) NOO MG86 Mmzge MG86 Mmog6 wse6 Mo86 Mo66 Mmzge 1001 M6.6 066 v
(1) ND2Q “(S1) °HNJ '(02) 229 '(12) N2 MAGZOL MAGLOL MAZZOL MAGZOL 1101 ¥20L 020! A
(21) ONDQ (¥71) D=2 (02) HOY '(02) NDA MESOL M610L M670L MAYLOL M60L MLyOL 2601 870l 5901 A
MOl MEBOL MOl MAGOLL MOl
(€1) 2222 '(91) D=4 '(02) NOQ MG2ZIL MAZ8IL mzzi M2l MAGILL MpZIL Sl M2l ozl Y
(02) *HNJ 1521 woezl Mgzl wyezl MA9HZL wezL MAEGZL w/ezl 95zl wyezl sezl A
(1) N2 '(81) N2IQ '(02) NOO MAY62L woezl MAY62L wzezl wegzl MAYOEL woezl 80¢€l SAYZEL wegzl olel Y
(L) NONQ ‘(22) HOd '(€2) NDO MAZOYL sl6El MAZOPL S6LEL MEL| S68€EL MOyl SI6EL L6€L SAZOYL s88el S6€l A
(29) HOY wesyl wgop| wosy| wosy| Sl S9GPl 09vL Y
(1) HO9 (1) NDQ “(8) HNY MmozsL woEsk MIZSL  ys'wozsl MALZSL wozsh MozsL w/2st 21s1 wzssh Nrds) [e74=1} A
(91) NDO (#72) HNY "(92)NDQ M909L Us's66S1 w909l Us'szesl SALESL w909l SAGEGL 0.51 SA96GL 065! A
SALZOL SA9Z9L SAYZ9L SAEZ9L w09l SAYZ9L
(PDHNDA (95) “HN Us'wesol $859l wiegl SLS9L s8g9l 0591 SA6S9L 6191 v
(02)2=00"(12)NJA (87)NDQ w2l we69l w0/l wzoLl 12u us'wol/L 1221 Y
(ZDNDA (02)2=20 "(29)0=00 Us'mEY L ys'wee Ll us'wiy /L us'weg /L vy Ll us'w/y /1 SeLl A
(#1220 '(¥2)2=00'(09)0=00 0981 5981 v
(66) HOQ M8062 M8062 M8062 M8062 2062 MG062 5062 v
(66) “HN'a wg/le S96lE szsle SELIE Sple SAELLE 0Ll A
(66) HNG 152€ ovee A
(001) “HN""a Us'wzeee ys'wggze WOBEE Us'wzeee OlEE wzeee oree Y
(66) HNO W/lpe welye WSlye wolye £9€€ SGIvE 00v€ Y
uewey ol ueuey b1 uewey ol uewey ol Juewey sl
«(%)A3d e Q ‘WAg
IN-NV9-pPD IN-NV9-IN IN-NV9-0D IN-NV9-UN |ldelnoujuie-9

"saxa|dwod NY9-IN-IN 8y} ul

JBJINOUIWE-9 JO (L.WD) SI9GWNUIMBA [RUOIIRI]IA BY] °| djqeL



C. Bayrak / Hacettepe J. Biol. & Chem., 2012, 40 (4), 419-426 | 423

0
=
“© [=3
3 g
@ El
75
n R
.8
& 2
. 3
e g5
e 8
g e
% £
So
45 xs |
M g
(@
=
» % ]
=
=
15- < T T T T T T T
o 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm-l)
105
o d
5 gl 1
@ B
o ]
@ s 8
P 81 &
3m I =
H /& 2
£ AN £
1) [ 58
* foa EN
B R 5
e e / 4
00 -
5 M 8
] S 7 ®)
. E
= s |
® a
@
% i T 7 T T T
00 3500 3000 2500 2000 1500 1000 500
‘Wavenumbers (cm-l)
i~
3
*: 4
® o
& 7
“ g
7. -
H 2
Ew 23
[ §
Eo
o se
“® =3
ES
o
= © 5
»
= °
w0 aw T Tm R ain 3500 3000 2500 2000 1500 1000 500
‘Warenumbers (cm-1) ‘Wavenumbers (cm-1)
3
g |
&
3
8 |
IS
A 2z 3
5o ] &
H i,
i < €
e £
5
- &
£y s | (@)
3
s
o
»
° T T T T
b 3500 3000 2000
p ‘Wavenumbers (cml)
3
8 |
3
3
3
8
g |
B
z
M z IS
g o &
H 28
£ =
& §
% E
* ag |
& i
3 8 [C]
g |
o E
- ©
» et ° T T y u T T T
w0 R o e mo ww we 3500 3000 2500 2000 1500 1000 500
Wasnunbers ) Wavemmbers (cm-l)

Figure 2. The FT-IR spectra of Hofmann-6AU Figure 3. The FT-Raman spectra of Hofmann-6AU
compounds in KBr: (a) 6AU (ligand), (b) Mn- compounds in KBr: (a) 6AU (ligand), (b) Mn-6AU-Ni, (c)
6AU-Ni, (c) Co-6AU-Ni, (d) Ni-6AU-Ni and (e) Co-6AU-Ni, (d) Ni-6AU-Ni and (e) Cd-6AU-Ni.

Cd-6AU-Ni.
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2-aminopyrimidine [18], 4-aminopyrimidine [19,20]
complexes and are explained as the coupling of the
internal modes of the aromatic molecule with the
M-N vibrations [16-20].

Ni(CN), group vibrations

The vibrational wavenumbers of the Ni(CN),
group for the complexes studied are given
in Table 2 together with those Hofmann type
clathrates [21-23] and K,Ni(CN), [13, 22] for
comparison. As seen in Table 2, the vibrational
wavenumbers of Ni(CN), groups are found to be
much higher than those of Ni(CN), in K,Ni(CN),
salt. The higher wavenumbers in M-Ni-6AU,
compared to the free Ni(CN), are caused by
coordination of tetracyanonickelate ion, through
the nitrogen atoms to metal (M). Such upward
wavenumber shift have been observed for
Hofmannn type clathrates [23] and pyrazinamide
complexes M(PZA),Ni(CN), (M= Mn, Ni, Zn or Cd;
PZA= pyrazinamide) [17], in which both ends of
the CN group are coordinated, and explained as
the mechanical coupling of the internal modes
of Ni(CN), with the M-NC vibrations [17]. The
presence of just two v(CN) Raman active bands
and one IR active bands confirms that nickel
atoms have a square planer environment. Far-
IR and Raman bands below 300 cm™ region is
assigned based on the comparison with the
Raman spectra of Hofmann type clathrates and
tetracyanonickelate complexes [21,22] where
available. Far-IR and Raman spectral investigation
of M-Ni-6AU complexes enable us the determine
coordination mode of 6AU. As seen in Table 2, the
vibrational modes of v(M-L),, , and 3(NMN),,  are
found to close where expected for v(M-L) and
3(NMN) (L= NH,) for Hofmann type clathrates,
which confirms coordination of 6AU through ring
nitrogen.

CONCLUSIONS

FT-IR and far-IR and FT-Raman spectroscopy
provides a powerful means to assess the
coordination mode on 6-aminouracil. From
these spectroscopic studies it is concluded that
6-aminouracil complexes have similar structures
constructed by linkage between the square
planer Ni(CN),# and the octahedral M(ll) through
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cyano bridges, and the six coordination of M) is
satisfied by four N terminals of the cyano groups
and pyrimidine ring nitrogen of two 6-aminouracil
molecules. Comparison of the vibrational
wavenumbers of tetracyananickelate sheet of
isostructural compounds lead us to express a
tentative assignment for metal ligand vibrational
modes.
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