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Abstract:

This paper presents the preparation and study of some mixed ligand complexes
of caffeine, y-picoline and thiocyanete ions with some metal ions. The reaction was
carried out in {1:1) ethanol: water mixture using the appropriate molar ratio of metal:
higand (1:1:1:2) as required. The resulting products were found to be solid crystalline
complexes which have been characterized by using LR, U.V-Visible spectra,
elemental analysis, thermal stability, molar conductivity and magnetic properties. The
general formula of the prepared complexes given [M{CA)( y-pico)X;] was suggested
das.

Where M** = VO**, Co®", Ni**, Cu**, Zn**, Cd**

CH3

]
CA= Caffeine (CsHigO2Ns) Hacm/“>
y-pico= y-picoline (CsH7N) o P
X= Thiocyanate ion (SCN ). [x?/
Introduction: Materials and instrumentation:

Caffeine (1,3.7-trimethyl The chemical used in this work
xanthine} is found in coffee, tea, cola were all pure prade (VOS0,4.H-0,
nuts, Coca Cola, and Cocoa. Caffeine CoCl,. 6H,0O, NiCl;. 6H.0, CuCls.
1s stimulant of central nervous system, 2H;0, ZnCl;, Cd(No3).. 4H,0, KSCN,
cardiac muscle and respiratory system. KBr) from Riedeldehaenag,
Diuretic delays, fatigue. New study [v.picoline, caffeine] from May and
finds that caffeine may prevent skin Baker Ltd., and Dimethyl Sulfoxide
cancer at least in mice'", and ethanol from Fluka.

Some caffeine complexes were The LR spectra in the region
found bioloyically active. The complex (4000-400)cm™  were recorded by
[P{CeHs):(CHa)][PtCl;  (Caffeine)] is using Shimadzu. I'TIR. 84008 Fourier
anticancer®agent.  Zinc carboxylate transform infrared spectrophotometer,
complexes with caffeine the U.V-Visible spectra were recorded
(CH;CH,COQ), Zn (Caffeine). H,O by Shimadzu U.V-Visible recorder
have potential antifungal effect'”. The spectrophotometer U.V-160. in DMSO
other  caffeine  complexes  like solution (10‘3)1\4 and the conductivity
[Mg(SCN)y(caffeine),. 7H,0], measurement were carried out at
[Cu(Cloﬁbriate)z.caffeine](s), capacitor analyzer and resistance
[Cu(Pyridine-2,6-dicarboxylate) bridge type CRB3 in DMSO solution
caffeine]'® have antimicrobial effect, (107IM at room temperature. all this

measurements recorded in College of
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Science /Baghdad University.

The elemental analysis of the
complexes were recorded by Perkin
Elemer B. 240 elemental analyzer in

College of  Science/  Al-Mousel
University.
The Balance magnetic

susceptibility model MSB-MKI was
used to0 measure the magnetic
susceptibility in College of Science/
Al-Nahrayian University. Finaily the
melting points were recorded by Stuart
melting point apparatus.

General procedure for the synthesis of
the complexes using the appropriate
amounts of the chemicals according to
the decided wmolar ratio (1:1:1:2)
(M:CA: y-Pico: X), an ethanolic
solution of caffeine was added to an
aqueous solution of metal salts
followed by the addition of y-picoline
and the aqueous solution of potassium
thiocyanate.

Successively, the  mixture  was
continuously stirred at roQm
temputure, immediate precipitates were
obtained, the products were filtered
off, washed with ethanol,
recrystallization from ethanol and dried
at 60°C.

Results and Discussion:-
Solubility:-

All the complexes prepared in
this work were insoluble in water,
methanol, and acetone but soluble in
dimethytformamide,and
dimethylsulfoxide.

Thermal stability:-

All the complexes are thermally
stable as they decompose above 300°C
(cadmium complexes decomposed at
298°C).

Molar conductance:-

Molar conductance values were
found in the range (4.470-15.2)ohm’
'em®mol”. which indicates that the
complexes are  non-electrolytes' ™",
These were determined in (DMSO)
solution (107 M).

Physical properties and elemental
analysis are listed in table (1).
Magnetic Propertics:-

The magnetic moment (pery) for
the complexes of (VO** and Cu’") d'
were found to be (1.540)B.M,
(1.872)B.M respectively., within the
expected value for one electrone.

~ The (pegr) value for the
following high spin  tetrahedral
complexes were found as follows: for
Co®* (d") complexes is (3.761) B.M
within  the  expected  spin-only
values™'?.

The higher value of (uer) for
Ni** (4% complexes (3.366) B.M may
be due to orbital contribution’™',

The complexes of Zn*", Cd*'
are diamagnetic as expected from their
electron configuration. All data and
remarks are found in table (2).

The Electronic Spectra:-

Electronic Spectra of free
ligands:-

The electronic spectra data
(table 3) in DMSO show strong

absorption band of caffeine at Amax
(275) n.m (36363.636)cm™ attributed
to m->1*, another bands at Amax (316,
365)n.m (31645.569, 27397.26) cm’
respectively assigned to n—>n*.

The gamma picoline spectra
show absorption bands at Ama (232,
289) n.m (43103.448, 34602.076) cm”
respectively due to (n—n*), and the
another bands are due to (n—w*)
potassium thiocyanate spectra
exhibited absorption band at Amax (235)
nm (42553.191)cm” and Amex (266)
nm (37593.985) cm’ are due to
(n—7*) and (n—>7*) respectively.
The Electronic spectra of
complexes:-
L. [VO(CA){y.pico)X:]
The spectrum of the green vanadyi
complex exhibited absorption band at
Jomas (280)0m (25714.285)cm”™
attributed to charge transfer, and the
band at A (907)um (11025.358)cm’™

the
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attributed to the electronic transition
(d-d). Selbin and Jorgensen suggested
the square pyramid for the [ive
coordination [VO(acac);] and for
[VO(oxalato),]"*" accordingly the
probable structure to
[VO{CA)(y.pico)X,] is square
pyramid.

2. [Co{CA)( y.pico)X,]

The spectrum of the pink complex
showed an absorption band at Amax
(265)nm (37735.849)cm™ attributed to
shift of ligand band to higher wave
charge transfer, band at another band
appeared at (426,532)nm (23474.178,
18796.992)cm”  was  attributed  to
Ay = Ty transition. A third band
appeared at  Ama (805, 983)nm
(1242236,  10172.94)em™  was
assigned 1o 4A2U:)—>4Tg(|.~) electronic
transition,

These values are accepted for cobalt
(11) tetrahedral complexes'' .

3. [Ni{CA)(y-pico)X,]

The spectrum of the green-blue
complex of Ni(Il) showed absorption
bands at Anax (269)nm (37174.721)ecm’
' indicate a shift of legand band to
higher frequencies. Bands appeared at
hmax  (405)nm  (24691.358)cm™  and
Amax (990)nm (10101.0D)em™’ were
attributed to the electronic transitions

3 3 3 3

Tie—=" Az, Tigy>"Tir) and
3T1 (]:)—)BTQ(}:) respectively  these
transition are characteristic  for

tetrahedral complexes of Ni(ID!™.

4. [Ca(CA)(y-pico)Xy]

The gray complex of Cu(ll) exhibited
bands in the visible region at Apay (536,
781)nm  (18656.716, 12804.097)cm’
belong to  electronic  transition
3Tg([})——>2E(0) .

The complexes [Zn(CA)(y-pico)X;]
and [CA(CA)(y-pico)Xs]: The
electronic configuration of Zn(Il) and
CoID) is (d'®) which confirm absence
of any (d-d) transitions'’ "% but the
absorption bands in their specira
suffered blue shift with Hypo or Hyper
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chronic effect. All the data and
remarks are included in table (3).
Infrared spectra:

Infrared spectra of free ligands:
The spectrum of caffeine showed weak
and sharp band at (311 em™ belong to
stretching vibration v(C-H) aromatic!'”
") Another weak band belong to str.
vibr v(C-}H) aliphatic was found at
(2952.8)cm™ "7, the strong broad band
at (1720)cm™ attributed to str.vibr of
v(C=0), strong and broad band at
(1658.7)cm’™” attributed to the str.vibr.
v(-NIC: Y¢®. Finally the str.vibr.
Vw(C=C) was noticed at (1546.8)cm™
with shoulder at (1 600.8)cm™ 1,

In the spectrum of y-picoline two
bands were noticed at (3050)cm” and
(2950)em™ attributed to str.vibr. of
v(C-H) aromatic and aliphatic
respectively, and the band at (1645)em’
' was assigned as str.vib.
v(-N=CZ ) wheres the
found at (1550)em™ .
The potassium thiocyanate spectrum
appeared  very strong band at
(2048.3)em™ caused by the str.vib.
v(-C=N)* the band at (740.6)cm™
asstgned as str.vib. vel=gyiey
Infrared spectra of complexes:

The infrared spectra of the
prepared complexes as KBr disc
exhibited str.vib. v(C-I) aromatic in
the region (3031.89-3049.25)cm’™,
bands in the range (1614.31-1635)em’™
belong to the v(-N=C i) show shift to
fower {requencies by (44.39-23.7)em™
in comparison with calteine and by
(30.69-10)em™ in  comparison with
gamma  picoline  spectra  which
indicated the coordination of the
ligands with the metal ions through the
nitrogen atoms in their structures.

The (SCN) group may
coordinate to metal through the
nitrogen or the sulfur atoms™®. The
complexes prepared in this paper show
linkage isomerism as the S-bonded

v{C=C) was
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Table (1) The physical properties of the metal complexes [M(CA)(y-pico)X;]

Elemental analysis: Cale Molar
{(Found)% a1 cm:\dugti\iit}-
No. Compound Colour | M.P.C" | Dec®, Cale ' Cl:)z :llol'l
%C %H %N (found} 1073 in
DMSO
Calfcine (CA) . B :
| (CoHigOaNy) White 234 =300 - - - [2.3 ;
y-Picoling ¢y-pico) 145 } ; ; )
2 (CoHaN) Yellow BPC - 7307
3 KSCN White 73 > 300 - - - - 27.27
4 | IVOCAY-picoiXs| | Dark | w300 | 40851 13639 | 20841 10.828 _—
(Cral bO:N-8 VO green (40.63) 1 (2.81) | (2070} | (11.228) ;
z [CO{CANy-picoIXz] - ¢ 41.559 1 3.702 | 21.202 12.744 -
i (1l 10NS Pink 12 > 300 (4133 | (3.50) | 21.10) | (11.585) 243
[Ni(CA)y-pico)Xa) | Green- . 41579 | 3703 | 21212 | 12702
8 1 (CllliOmNaSNE | blue 73001 w046y | 3.63) | @115 | azisn 3629
[CuC AN -pico)Xe] ;.. 41.149 | 3.665 | 20993 | 13.605
! (€1 N-821C Ly 7300 iy | Gsay | aosn | a2 4470
TZ0(C A y-pico)X;] . 5 40987 | 3651 | 20910 | 13.927 .
UL oSz | White |42 2300 | oo o4y | ey | (2.672) Al
[CdEC AN y-pico)X,] e 5 37251 1 3318 | 19.004 21.787
P CaOnnsyca | Whie 2041298 | o 5o | 19.50) | (21548 e
Table (2) The magnetic properties of the complexes at (25)C°
Term Mear
. symbol in .
. . s No. of Electron Term By HE Orbital
NG Complexes clectroms | configuration symbol E;otl::g contribution Found Cale.
Td
1| VO AN y-pico) X d' e - < . 1.540 | 1732
2 | [ColCANy-pico)X| o’ e'ty’ *F Ay No 3.761 3472
3 [NI(C A)(y-pico}X-] d® e'ty! p T Yes 3366 | 2.828
4 | [CulCANy-picoyXy] d o't D T, Yes 1.872 | 1.732
5 [Z{C AN y-pico)Xs] d" &'ty 'S - - Zero Zero
O [CACARy-pico)X;] d" e’ 'S - - Zero ZEro

Table (3) U.V-visible spectra of free ligands and their complexes (10)°M in

3

DMSO
~ ; . Amas N Wave number [ .
Ng Compounds s ABS (Cm™) (L.mor]“'l’l.cm") Transitions Remarks
273 1.774 36363.636 1774 ¥ -
{ CA 316 0.006 31645.569 6 n—n* -
365 0.014 27367.26 14 n-»n¥ -
232 0.145 43103.448 145 n—n*
2 ¥-pico 289 2.182 34602.076 2182 T
350 0.500 28571.428 500 n—n* 4
5 g -
3 KSCN 233 G.108 42553.191 108 rw*
266 0,529 37593.985 529 n—n¥ -
Charge
, 280 2 714. -
4 [YOICANy-pieoyXs} - JALIA2HS i transfere (C.T) \
907 0.025 11025.358 25 d-d New band ﬂ
-
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Table (1) The physical properties of the metal complexes [M(CA)(y-pico)X,|

Elemenial analysis: Cale Molar |
(Found)% & conducrivity t
YoM e ]
M, Compaounid Colonr | MLPCT | Dec®, Cale ,{"_:::1, r::“_, |
el all S {Found) 107N in i
. DMSO
Calfeine (CA} : < .. ’
I LCHON) White 234 300 125 .
¥-Picoline (y-pico) 145 . ) z . £
# (CHaN) Yellow | 1 pce 1307
3 RSCN White 173 >300 - . - - 2727
4 IVENC AR y-pacoiX,] Dhark ‘ > 100 40,851 | 3.639 | 20841 10.828 152
{0l ol 3 N}.—"i-: W Brecn Hﬂﬁ.ﬂ- (2.81) / (20.70) {11 .223}"_' i
b | ICelCANy-picoXs] ovy 41559 [ 3702 | 21202 ) 12744 ,
" | CallNste | R 2| 2300 ) Gisy | asn | @i | aisss ey ]
5 [Ni{CANy-picolXs] | Green- S w300 | 41579 1 3703 | 21212 | 12702 5629 i
- {C 1l 705NN blue (40.46) | (3.65) | (21.15) | 12191 S
LW AR y-picolX;] i i 410149 | 3o65 | 200993 13.605
T | (CalyONisacy | SRy P30 @i | gsay | aosn | a2azyy | 4470
[ZnC AN y-pica)X;] . 40987 | 3.651 | 20910 | 13.927
U] CullpinNsgzn | White |42 ) 2300 | S0 5 0 (19.83) | (12.672) 473
| UL A y-pico) Xz i 37251 [ 3318 | 19004 | 21.787
’ Cylt0nesacd | YR | 204 e (36.19) | (2.26) | (19.50) | (21.548) 5.066
Table (2) The magnetic properties of the complexes at (25)C°
M— ! 'I'-erm. et
i . - | No.of Electron Term symbot in Orbital
e Complexes | electrons | configuration | symbal EIT:':‘: contribution Found Calg,
Td |
|1 | [VOECARy-pico)X.] d' e - - - | 1540 | 1732
2 | |ColCAy-piea)X.| &’ e ' ‘A No 3761 | 38n
3| NHCAN-pico i) d* el 'F T Yes 3366 | 28
4 | [CulCANy-pico)Xs] | o ¢ty D T2 Yes 1872 | 1.732
5 | [ZaiCAMypico)Xs} | d™ ety ] - - Zero | Zero
| 6 | [CHCANy-picolXs] | d" e’ s - - Zewo | zero

Table (3) U.V-visible spectra of free ligands and their complexes (10)*M in

DMSO
- ;i % ; w "
N Compoumnds i'l;l ABS “{E :};Ihﬂ I_L.m:l-".cm"} Transitions Remarks
275 1.774 3363636 1774 n-am* =
L CA 36 0.006 31645569 6 n—n*
365 0.014 27397.26 14 n-sx* -
232 0.143 43103 448 145 r—en* L
1 y-picu 289 2082 34602.076 2182 a—a* -
350 0.500 28571428 SO0 n—n* =
3 KSCN 235 0108 42553.19] 108 X—n* -
266 0.529 37393.985 529 n—sn* -
Charge
! 2 :
O T O T v —a transfere (C.T) .
| 9607 0.025 11025358 25 d-d | hew band
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I AT DCICITCE JOUTHAT

RN AL

Y- r Wave number Emry . Remark
Mo Compounds s ARS ©m'y (Lmol em'y Transitions 5
1 I
265 1078 37735.849 1075 ‘“‘*"":‘1 Fum (.1
426 0.005 13474.178 5 | 4w T _
oL ColCANy-pieolXs]l T2 nolw 18796,992 14 (v f
§05 | 0001 12422.36 | T |
983 0,009 10172 94 9 (v
F %0 | 1583 7421 1583 "'r“FE;’J‘"‘"F" (CT)
| H
147 0.001 JER18.443 I £
6 NiCANy-pico)X o
| | ': HTF' ]’ II ¢0$ UM"”' 24591.353 24 ||.:£t}]||m
| 990 | 0.017 10101 0} 17 """'{':’] Fam
291 1011 34364.261 1011 0
7 | (Cu(CANy-pico)X;] | 536 0.003 18656.716 3 _
741 0016 12804 097 T3 T i S
8 | [ZoCANypicoiXs] | 276 | 1962 1623 1.884 1962 (C 1 (ML) |
) _ 270 | 1.053 37037037 1053 IC.THM—L)
ol T S B 0,002 29154 519 2

Table (4) The characteristic bands of infrared spectra of the ligands and their

complexes
AT v ]TH] TICE)
: L | wcm - i - ! :
L™ £ nempaaad ln:ul: Prairtrd P Pl w=0¥ Nagq) wf =[] P RN = RiM-NCE) LRLE Tl
N rysla L T
[ Caffewme (A s n gan 1T sh s ko
. il w b ke 1%
=Picel - i leds
1 m':" 2% ok s o 1541 e
a Ty, &%
VoG Al Wils T4 LT f:::: 1::: Tal il [TRE] 12412 il K3 T vu BT 1:_1 I
k| i v i 4ih il m ih mdi Alnm w3 alfu s w
wis ulk b
ICHTANT ETIED TR THETT | wids T TR A T T priE F
* poaiX:| e v anal whe L & wah deh =il i itk Hiw
PR A TR 1 dn ni= 1% 10 AN BT [TRE ™ (i3
2 p-wl!n!_-lr L) ¥ Lk - vn 3k L) xsh L) L] WL iy
ICiCA K T FRE i b 1K nad T, 1300, 1 Inlx 07 N | LT Teh Ahh
k P.mx;r v s s vs ¥ ush IMvE | wth im o ol e
1 |ECA N ol FEREETH TR HHIA 1700, 10 1™ 74 _-I!“H 7§ g Tam [T M5 4% 5 vk M
o] vw v wa e " mh n wth n sl ATH AL e il
ML RO .. I SR ! o [ - i SoA RS, S B O i Ty e
% [CHCARY- MRS HETM ma i | owezar | oomaw | e | psiw s3h s | st v 4k i
PNy (X3 L (R Al im nsh = ih @ n oW - ik Bidh e
u Wb I o il
5= strong, m=medium, w=weak, b=broad. sh= sharp, Sho=shoulder, V= very, Sy= symmeiry, asy= asymmulry,
" ‘ -1 -1 ;
v(-SCN) was shifted to higher 500)em™ and (426.24-450)cm™ were
; -1 g >
frequencies by (42.39-111.83)cm assigned to 3(M-NCS) and 8(M-SCN)

whereas  v(CN) in N-bonded (-NCS)
was moved by (5.82-44.32)em™ 1o
higher frequency. Similar absorption
have been found in the LR spectra of

[Pd(4,4"-dimethyl bipyridine)
(NCS)(SCN)J?7, [Pd{PhyP(CHy)s
NMe, {(NCS)}(SCN))2¥,

[Pb(AsPhs)o(NCS)(SCN)*4*21,
M-ligand bonds:

The coordination of ligands to
metal ions was further confirmed by
the weak bands between (513.03-
55[]]{:1‘1‘1" indicating the v(M-N) bond.
The bands in the region (460.96-
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respectively. All data are in table (4).
Suggested Geometries:

From all above characteristic
studies the following geometrical
shapes could be suggested:-

a. Squar pyramid for [VO(CA)(y-
pico)(SCN)(NCS)].

b. Tetrahedral for [M(CA)(y-
pico)(SCN)(NCS)] where
M=Co™, Ni*’, Cu™", Zn*", Cd*".

CA= Caffeine
y-pico= gamma- picoline.
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Cd*, Zn™, Ca™ Ni™, Co™, vOP =

Caffeine = CA

y-picoline=y-pico

i o5 il =X
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