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SYNTII. REACT. INORG. MEr.-ORG. CHEM., 29(10), 1685-1697 (1999) 

T H E  SYNTHESIS A N D  Co(lI), Ni(II), Cu(l1) A N D  U 0 2 ( V I )  
COMPLEXES OF 1,2-0-BENZAL-4-AZA-7-AMINOHEPTANE 

Mcmct Sclicrci and Cihan Alkan 

Firat University, Faculty of Arts and Sciences, Chemistry Dcpartmcnt 
23 119Elrui~, Turkcy 

ABSTRACT 

1,3,-O-Ben~~I-4-~~~-7-aminohcptanc (L) has bccn synthesizcd starting from 
l-chlortr?,,3-O-bcnzalpropane, u h i c h  has bccn prepared from thc reaction 01' 
cpichlorohydrin and benzaldchydc. The complcxcs of  this ligand with Co( 11), 
Ni(ll), Cu(I1) and UO2(VI) salts wcrc prcparcd. Thc structures of thc ligand and its 
complexes are proposcd bascd on clcmental analyses, lR, UV-VIS, IH and 13C 
NMR spcctra, magnetic susceptibility rncasurcmcnts, thermogrwimctric anal yscs 
(TGA) and differential thermal analyses (DTA). 

INTRODUCTION 

Compounds containing pendant 1,3-dioxolane groups have rcccivcd much 
attention bccause of their usc as sol\,cnts, additiw compounds and corrosion 
rctardants while polymcrs containing 1,3-dioxolane groups exhibit scmiconducting 
behaviour 192. 

It is impxIi.int to use amincs, containing at least two nitrogcns, sincc they 
produce quite stable complexes with transition mctals. Thc purposc of this study is 
to prepare a new aminc ligand and its mctal complexes and to investigate thcir 
structures. 
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1686 SEKERCI AND ALKAN 

Amincs and their derivatives (monodcntatc, bidentate ...) have been known to 
produce stablc complexes with transition mctal~3.~*53~. A lo t  of amine complex 
compounds have been synthesized and thcir properties (carcinogcnic, optical and 
biological activity) havc k c n  ~s tab l i shed~.~ .  

Vaughn et al.8-10 have reported thc synthesis and characterization of 
[CrF(H20)(diamincs)2jX2 o r  [.CrF(X)(diamines)2jX (X = CI, Br, I or SCN). The 
preparation and structures of the complexes of  benimediamincs recently have been 
reportedll-15. Mostly, these complcxes havc bcen prepared by direct mixing of 
solutions containing appropriate amounts of the metal salt and the ligand. Threc 
types of complexes have been cstablished in which the ligand is bidentate, MLX2, 
ML2X2andML3X2 (M = Zn(II), Cu(II), Ni(I1) and Co(I1); X = C1, Br, I ,  ClO4, 

N03, H S R ,  HSO4) 
In the present paper, as a part of our study to determine the coordination and 

semiconductor properties of various diamines which are attachcd to oxolane groups 
towards transition metal ions, we have synthesized four new complexes of 1,2-0- 
benzal-4-aza-7-aminoheptane (L) (Fig. 1.) with Co(II), Ni(II), Cu(II), and 
U02(VI). As far as we know, this is the first report on this ligand. 

RESULTS AND DISCUSSION 

1,2-O-Bcn;lal-4-ara-7-aminoheptane (L) was prepared in a two-stagc process 
as shown in Fig. 2.  Thc first step is the synthcsis of l-chloro-2,3-0-benzalpropane 
( 1 )  from of benialdehyde and cpichlorohldrin. In this reaction BF3. oEt2 was used 
as catalyst. I n  the second step, l-chloro-2,3-O-benzalpropane and 1,3- 
diaminopropane were reacted to obtain 1,2-O-benzal-4-aza-7-arninoheptanc (L). 
The structure of L was determined by a combination of elemental analyses, IR, 
UV-VIS, lH and 13C NMR spectroscopy. The structural chanteriiation data of ( 1) 

and (L) are given in the experimental scction. 
In the IR spectrum of (1) the characteristic peaks are at 1 1  14 cm-l w(C-0-C) 

and 745 cm-1 ~ ( C - c l ) ~ ~ " .  Characterisuc 'H and I3C NMR peaks are given in the 

experimental section. 
In the 1R spectrum of L, the characteristic peaks are at 3361-3285 cm-1 

which are assigned to w(NH) and w(NH2) and at 11 14 cm-1 which is assigned to 
the w(C-0-C) group. There is no C-CI band in thc IR spectrum of L. In  the 1H 
NMR spectra of L, peaks appear at 2.4-3.2 ppm for (-N-CH2) and at 1.75 ppm for 
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COMPLEXES OF 1,2-0-BENZAL-4-AZA-7-AMlNOl1EPTANE 

Fig. 1. 1,2-0-Benzal-3-~/~-7-aminohcp~lme (L) 

H2C -CH-CHz-Cl + H~N-CH~-CH~-CHZ-NH~+ 
I I  

1687 

Fig. 2.  Syntheses Schcmc for the Prcparation o f  thc Lipand 

-NH-, and -NH2 as broad peak. Thcsc peaks for -NH-, and -NI 12 disappcarcd on 
addition of D20-34. On thc other hand, in the lH Nh4R spectra of L, pcaks appcar at 
5.60 and 5.75 ppm for 1H and Ph-CH< as two singlct pcaks and in the I3C NMR 

spectrum of L each carbon atom, namely c b ,  c,, c d ,  cc, c I and C2 (Fig. 1) has 
double resonances, (131.78 and 132.00), (139.44 and 129.73), (134.70and 135.30), 
(107.18 and 108.06), (75.09 and 74.97), and (82.50 and 82.08) ppm, rcspectivcly, 
which indicates that the compound L exists as a mixture of cis-trans isomcrs3536. 
The isomcr ratios wcrc found to bc 56 % &-isomer and 44 % m - i s o m e r  from 
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1688 SEKERCl AND ALKAN 

the 1H NMR and 13C NMR data. This is consistent ivith cis-trans isomers of the 
oxolane ring of the molecule L. According to the elemental analyses IR, lH NMR 
and 13C NMR rcsults, the structure of the ligand was determined to be as shown 
Fig. 1. 

The ligand L, on interactions with Co(lI), Ni(l1) and Cu(1I) salts yiclds 
complexes corresponding to the general formula ML2C12, in  the case of Co(II), 
[ML2C12].2H20. For the uranyl complex the composition [(U02)2L(OH)2- 
CH3C00)21.H20 was found. The analytical data for all of thc complexes are 
prcsentcd in Tables I-V. 

The complexes were prcpared by the gcncral reactions shown below. 

7,L + MC12.nH20 + (m-n)H20 [ML2C12].mH20 

M = Ni(II), Co(II), Cu(I1) 
n =  5 0 0  

m =  0 2 0  

L = C12H18N202 

L + 3U02(CH3C00)2 + 3H20 AhrC%H5)20, 

[(UO2)2(L)(OH)2(CH3COO)2].H20 + 2CH3COOH 

The metal to ligand ratio of the Co(II), Ni(I1) and Cu(I1) complexes was 
found to be 12 ,  in addition there were present two chloride ligands. But the Co(11) 
complex has  two additional molecules of  water of crystallizationl6. The infrared 
band observed near 3361-3285 cm-1 which is assigned to the -NH-, and -NH2 
frequency is shifted to lower frequency after complexation with respect to the frec 
ligand. The strong absorption at 3361-3385 cm-1 in the ligand can be assigned to 
u( NH2) of the intramolecularly hydrogen bonded17 1,3-diaminopropane moiety. 

The shift of the N-H vibration to lower frequencies (3234-3106 cm-l) is due to 
N,N-metal coordination18919. At  the same time, the band observed at 1641 an-1 in  
the free ligand assigned to w(NH2) is shifted to lower frequencies after forming the 

complexes20. This indicates that the primary and secondary amino groups take part 
in complexation 

The Co(II), Ni(I1) and Cu(1I) complexes are paramagnetic, and their 
magnetic susceptibility values are 4.97, 2.79, 1.80 B.M. respectively. Analytical 
data for the complexes are given in the Tables I-V. According to the above results, 
a distorted octahedral high-spin geometry for the Co(II), Ni(I1) and Cu(I1) 
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COMPLEXES OF 1,2-0-BENZAL-4-AZA-7-AMINOHEPTANE 1689 

Compounds F.W Yicld M.p. 
g/mole (96) 0 c 

Elcmental analyses 
Calculatcd (found), 96 

C I H N 1 0  

C 2 6 H a i 0 4 N  i (Bottle-Green) 105 (51.83) (6.63) (9.35) (10.69) 
CU(L)2C12 606.65 85.75 51.44 5.59 9.23 10.55 

[Co(L)2C12],2H20 

Ni( L)2C12 

C ~ ~ H ; I O N ~ O & U  (viokt) 150 (51.45) (5.60) (9.20) (10.53) 
[(UO2)2(L)(OH)2- 946.06 80.37 250 19.03 3.17 2.96 21.99 
( C H ~ C ~ ~ ) Z I . H ~ O  (dcc) (19.00) (3.07) (2.89) (21.93) 
C13H3d2013U2 (Orange) 

159.6, 405.0, 491.1, 557.7 590.7 

110.0, 209.2, 449.0, 525.0, 593.0 

324.0, 445.0 

160.2, 502.0 

Tablc 11. Characteristic IR Bands (cm-1) of the Complexes in KBr Pellets. 

CU(L)2C12 

(CH3C00)21.H20 
[(U@)2(L)(OH)2- 

Compounds I O H  I N-H I Arom.C-Hbliph. C-H K-O-Cl Others 
[CdL)7CI71- I 3412-3227 I 3122 S, I 3080-30551 2953-2m61 1089 I 

162.5,328.2, 426.8, 599.9, 630.0 164.3, 520.0 

302.0, 339.3, 472.0, 456.1, 510.0 

782-706 s 
NI (L) 7C12 3233 s, 3055 rn; 2953-2876 1089 

3 157 S; 782-706 s S S 
1615 m 
3208 S, 3080-3055 2953-2876 1089 
3106 s; rn; m S 
1625 m 782-706 s 

[(U02)2(L)- 3464-3225 3200 S; 3100 S; 2978 s 11 14 O=U=O . 

I I f'1% 9 I 
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1690 SEKERCI AND ALKAN 

Compounds 

[Co(L)2C12]. 2H20 

Ni(L)2Cl2 

CU(L12C12 
[(UO2)2(L)(OH)2- 
(CH3CCO21.H20 

Weight Loss 
Found, % First Step, O C Second Step, C 

105.3-497.3 497.3-631.5 89.87 

121.0-472.2 472.2-606.8 87.61 

152.0-470.0 470.0-654.5 86.61 

100.0-425.7 4'5.7-495.7 40.21 

Table V. Characteristic UV-Vis Bands of the Ligand and the Complexes in C2HsOH 

[(UO2)2L(OH)2- 
(CH3CW21.H20 

Compound Wave Length in nrn (E) 
Li gand 290 (24Ooo) 

480 (5300) 287 (22500) 
n + d  

25+2T2r n + d  
Charge transfer Charge transfer 300 (25OOO) 
L+U@ UO2-L n+u* 
425-450 (3500) 330-345 (7300) 

complexes is proposed21.22. The suggested structures of the complexes are shown 
in Fig. 3. Since all the metal complexes arc paramagnetic, their 'H NMR spcctra 
could not be obtained. 

The electronic spectra of the complexes contain intense n+u* bands around 
287-300 nm, absorptions due to the ligand, and weak d-d transitions for the Co(II), 
Ni(II), and Cu(I1) complexes at 640,480; 605,475; and 610 nm, respectively. 

The uranyl complex exhibits a different structure. In the IR spectra22.23, the 
U@(VI) complex shows a band at 910 cm-l which is assigned to v(O=U=O) and 

there is a N-H (3200; 1600 cm-l) band. The band observed at 910 cm-1 is 
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COMPLEXES OF 1,2-O-BENZAL-4-AZA-7-AMlNOHEPTANE 1691 

NH-CH2- CH-CH2 
I I  

n H 2 0  

Fig. 3. Suggested Structure of the Octahedral Complexes of the Ligand L 

characteristic for u(O=U=O) stretches and the N-H stretching vibration of the 

amino group still appcar as a broad band because of hydrogen bonding. Two 
osygens i n  the uranyl ion are axial and two phydroso  bridges are cquatorial18. 

The acetate carbonyl o f  the uranyl complex shifted to the lower energy side 
(1548 cm-l) because the C=O bond electrons are strongly attracted by the uranyl 
group20. Whereas u(C=O) o f  acetic acid is seen at 1720 cm-1. The IH N M R  

spectrum of the uranyl complex shows three resonances for the deuterium- 
exchangeable N-H protons (6.95 ppm) and p-hydroxo bridge protons (7.50 and 
7.70 ppm)24,2s. The p-hydroxo bridge protons of the uranyl complex last shifted 

to the low-field side (7.50 and 7.70 ppm) because the 0 - H  bond electrons are 
strongly attracted by the uranyl group. I n  the 1H NMR spectra of the U02(VI) 
complex, the bands at 7.50 and 7.70 ppm are assigned t o  a p-hydrouo bridge in a 

non-planar structure. At the same time, this complex is diamagnetic. The UO2(VI) 
complex has a broad charge transfer band bctwcen 330-345 ( E  = 7300) and 
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1692 SEKERCI AND ALKAN 

Fig. 4. Suggested Structure of the Uranyl Complex of thc Ligand L 

425-450 nm (E = 3500)243. There are not any processes 51-3 or 5f-a 
because U02(VI) has a 510 6do 7s0 electronic configuration(*. A suggested 
structure of the complex is shown in  Fig. 4. 

The complexes arc non-clectrolytcs as shown by their molar conductivity 
(AM) measurements in  absolute ethanol, which are i n  thc range27 4-6 
Q-1 cm2 mol-1. 

EXPERIMENTAL 

Reagent gradc chcmicals wcrc used. Bcnzaldehyde and cpichlorohydrin wcrc 
purchased from Merck (Pure) and used without further purification. 1 ,ZO-Benzal- 
4-aza-7-aminohcptane was synthesized as dcscribcd in the literaturS3. 

The elemental analyscs were determined in the TUBITAK Laboratory 
(Scientific and Technical Research Council o l  Turkey). IR spectra were recorded 
on  a Mattson loo0 FT-IR spcctromctcr as KBr pellets, I3C and 'H NMR spectra 
were recorded on  a Bruker GmbH Dpx-400 MHz high performance digital FT- 
NMR spectromctcr or a JEOL FX 90Q IT-NMR spectromctcr. Magnetic 
susceptibilities wcrc determined on a Shenvood Scientific magnetic susceptibility 
balance (Model MK1) at room tcmperature (200 C) using Hg[Co(SCN),] as a 
calibrant; diamagnetic corrections were calculated from Pascal's constants.28 Thc 
refractive indices of the substances were determined on a Bellingam + Stanlcy Lid. 
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COMPLEXES OF 1,2-0-BENZAL-4-AZA-7-AMlNOHEPTANE 1693 

60/70 Abbe (calibration oil RI = 1.47577 a t  20" C) rcfractometer. 
Thermogravimetric (TGA) and differential thermal analyses (DTA) cunes were 
recorded on a Shmadzu TG-50 thermobalance. Electronic spectra were rccorded on 
a Secomam S 1000 spectrometer. Molar conductances were measured on a CMD 
750 WPA conductometcr ( I .  10-3 M in absolute ethanol). 

Synthesis of l-Chloro-2,3-O-benzalpropane ( 1  ) 

In a three-necked flask with a thermometer, a CaC12 drying tube and a 
dropping funnel, 106.0 g (1.0 mole) benzaldchyde and 15-30 drops o f  boron 
trilluoride ethyl ether complex were mixed. This mixture was cooled to 10 t o  1.5" 
C. While maintaining the mixture at this temperature, 28.0 g (0.30 mole) of 
epichlorohydrin was added dropwise i n  a 1 h period with continuous stirring. The 
reaction mixture was then further stirred l o r  3 h at  20" C under nitrogen 
atmosphere. Theprtxiuc~obtaincddistillcd at 130-133" C at 4 mm Hg. Yield: 40 g 
(66 %,), 420 = 1.2169 and nilzf) = 1.52.58. Characteristic IR bands: 305.5-3080 
cm-l u(Ph-C-H), 1700-2000, and 706-783 cn1-l u(arom. mono substitution), 
2978-3876 cm-I u(aliph. C-H), 1 1  14 cm-1 u(C-0-C) ,  745 em-1 u(C-CI). 
Characteristic 'H NMR signals (CCI4, TMS, b ppm): 7.27 (5H, m, aromatic), 5.70 
and 5.87 ( l H ,  s, Ph-Clk) ,  4.20 (1I1, m, -0-CH-), 4.10 (2H, m, -0-CH2-), 3.50 
(2H, t, J = 6.24 Hz, -CHz-CI) Characteristic 13C NMR resonances (CCl4, TMS, 6 
ppm): C, (128.66), c b  (126.20 and 136.50), Cc (129.27 and 129..58), c d  (138.20 

and 138..51), C, (104.6.5 and 10.5.87), Cl  (69.56 and 70.18), C2 (76.64 and 
76.9.5), CJ (45.24 and 45.5.5). The product was found to be soluble in common 
solvents such as chloroform, bcnzenc, dieth1.l ether or ethanol. 

Synthesis of 1,2-0-Benzal-4-aza-7-aminoheptane (2) 

In a reaction flask containing a thermometer, a CaC12 drying tube and a 
dropping funnel, 29.6 m L  (350 mmole) o f  1,3-dIaminopropane, 10.0 mL (72 
mmole) o f  triethylamine and 60 mL absolule xylenc ivere mixed and heated at 90" C 
for 15 min. To this solution, a solution of 14.3 g (72 mmole) of l-chloro-2,3-0- 
bcnxalpropane in 50 mL aylenc was added dropwise in a 30 min period with 
continuous strirring. After this, the mixture was further rcfluxed for 38 h and 
ccwlcd down to room temperature under nitrogen atmosphere, The precipitated 
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1694 SEKERCI AND ALKAN 

triethylammonium salt was filtered and the filtrate was evaporated to remove the 
excess 1,3-diaminopropane. The compound was distilled at 140-145' C at 2 mm 
Hg. Yield: 13.0 g (76 %), (420 = 1.0837, nD20 = 1.5398. Characteristic IR bands 
(NaCI cell, cm-1): 3285-3361; 1 6 4 1  cm-1 u(-NH, and -NH2), 3055-3080 cm-1 
w(arom. C-H), 1700-2000 and 706-782 cm-1 w(arom. mono substituted), 2953- 
2876 cm-1 u(a1iph. C-H), 1114 cm-1 w(C-0-C). Characteristic IH NMR peaks 
(CDC13, TMS, 6 ppm): 7.42 (5H, m, aromatic), 5.60 (56 % &-isomer) and 5.75 
(44 % m - i s o m e r )  ( lH ,  as two singlet peaks, Ph-CH-=), 4.00-4.50 ( lH ,  m, 

-0-CH-), 3.7-4.1 (2H, m, -O-CHz-), 2.4-3.2 (6H, m, -N-CH2-), 2.08 (2H, m, 
-CH2-), 1.75 (3H, s, exchangeable, -NH and -NH2). Charactcristic 13C NMR 
bands (CDC13, TMS, b ppm): C, (131.20 ), Cb (131.78 and 132.0), Cc (129.44 

and 129.73), Cd (134.7 and 135.3), C, (107.18 and 108.06), C1 (75.09 and 

74.97), C2 (82.50 and 83.08), C3 (54.17), C5 (59.15). Q (40.01), C7 (58.57). 
The product is soluble in common solvents such as chloroform, benzene, water 
xylene or ethanol. 

Synthesis of the Co(ll), Cu(ll) ,  Ni(l1) and U 0 2 ( V l )  Complexes 

The ligand (0.236 g, 1.0 mmolc) was dissolvcd in 10 mL absolute ethanol in 
a 50 mL round bottom flask. A solution of 0.5 mmole of metal salt [CoC12 (0.0648 
g), NiC12.5H20 (0.1098 g) and CuC12 (0.0672 g)] in 5 mL absolute ethanol was 
added dropwise in a 15 min period with continuous strining at room temperaturc. 
The reaction mixturcs were then furthcr stirred for 24 h at room tcmperature. Thc 
resulting precipitates were filtercd and washed with absolute ether. The products 
were dissolved in chloroform and precipitated with c-hcxanc (115). The resulting 
crystals were filtered and were dried at room tcmperature. Yields o f  thc complcxes 
were found to be 0.23 g (72.83 %) for Co(II), 0.12 g (39.88 %) for Ni(l1) and 
0.26 g (85.75 %) for Cu(l1). 

For the U02 complc~ a quantity of 0.236 g ( 1  .O mmole) o f  the ligand was 
dissolvcd in 15 mL absolutc cther in a 50 mL round bottom flask. A solution of 0.5 
mmole (0.1940 g) of U02(CH3C00)2 in  10 mL absolute ether was added 
dropwise in a 15 min period with continuous stirring at room temperature. The 
reaction mixture was then further stirred for 24 h at room tcmperature. The yellow 
precipitate was filtered and washed with absolute ether. The product was dissolved 
in chloroform and precipitated with n-hexane (115). The resulting crystals were 
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filtered and dricd at room tempcraturc. Yield of the complex 0.19 g (80.37 % ). 
Characteristic 'H NMR resonmccs (CDCI3, TMS, 6 ppm): 7.50 and 7.70 (ZH, s, 
cschangeablc with D20, p-hydroso bridgc), 7.45 (5H, m,  aromatic), 6.95 (3H, s, 
exchangeable with D20, -NH- and -NH2), 5.86 ( lH ,  s, Ph-CH<), 4.22 ( IH ,  m, 

-0-CH-), 4.10 (2H, m, -O-CH2-), 3.30 (6H, rn, -NCH2), 3.20 (2H, br, 
eschangeablc wilh D20, H20), 1.60 (2H, m,  -CH2-), 1.20 (6H, s, CH3COO-). 
This complexes is soluble in chloroform, dimcthylsulphoxide, dichloromethanc, 
ethanol, and water. 

Thermal Studies 

The thcrmal stability of  thc complcxcs was invcstigatcd by a combination of 
TGA and DTA. Thc TGA and DTA curves wcrc obtaincd at a heating rille o f  
10" C h i n .  in nitrogen atmosphere ovcr the temperature rangc of 20-949.9" C. Thc 
copper and nickcl cornplcscs are thcrmally stable up to 152.0" C and 
131 .0" C,  rcspccti\dy, whcreas thc [(U02)2(L)(OH)2 (CH3C00)2l.H20 and 
[Co(L)2Cl2].H20 complcscs are thcrmally stable up to 100.0" C and 105.3" C, 

respectively. Thc DTA data show that all of thc complex have five cxothermic 
pcaks. In addition, the complexes, cscept [(U02)2(L)(OH)2( CH3C00)2]. H 2 0 ,  

havc also hvc endothermic pcaks (Tablc I l l ) .  In  thc TGA curve of thc 
[Co(L)2C12].H20 complex, 5.70 % wcight loss was observed at 105.3" C. In the 

TGA curve o f  thc [(U02)2(L)(OH)2 (CH3C00)2].H20 complex, 1.90 % weight 
loss was obsencd at 100.0" C. This shows that thc complexes contain one or two 

mole o f  water of cryshlliiration per complex molccule, respcctivcly. Thc IR spectra 
of the complcxcs arc characterized by thc appearancc o f  a broad band in the region 
3225-3464 cm-1 duc to the v(0-13) frequency o l  water of crystallimtion29. This 

water contcnt was also idcntilicd by the elemental analyscs. As can be sccn in Table 
IV, the most stable complcx is Cu(L)2C12. Thc wcight losscs haw bcen Pound to be 
approximately the same, whcn cxpresscd ils the perccntages calculatcd from thcir 
chemical formulas given in Tablc I. The dccomposition temperature and thc weight 

losses of the complexes werc calculated from thc TGA data. The wcight losses 
have bccn found to bc approximately the same as the pcrccntages estimated 
stoichiomctrically from their chemical formulas given in  Tablc I and 1V. All these 
complexes undergo complctc dccomposition to the corrcsponding metal oxides, 
CuO, NiO, COO or  U30$0.31,32. 
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