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ABSTRCf 

A series of new ht! teroleptic and homoleptic 
complexes of the type [M(5-butbipy)CI2], [M(5-butbipy)L2]

2
+ 

and [M(5-butbipy)2]
2

+ (M = Pt (l l) or Pd (I I). 5-butbipy = 5-
butyl-2.2'-bipyridine. L = Pyridine or 3-methyl pyridine (3-
picoline) were synthesized and ch;uacterized by 1HNMR and 
elemental analysis. 

The crystal structure of bis(3-methyJ pyridine)-5-
butyl-2.2' -bipyridine palladium( II ) perchlorate [Pd( 5-
butbipy)(3-pich] (CIO.~h was nlso determined by single 
crystal X-ray diffraction. The complex crystallized in the 
monoclinic crystal system and space group P2 lie with a = 
10.746 (2). b = 17.569 (6). c = 15.82 I (3) A o : a= 90. P= 
97.38 (2). y = 90" and z = ~. 

The Pd( II) is in square planar environment and is 
coordinated by two cis-3-methyl pyridine ligands and a 
bidentate 5-butyl-2.2' -bipyridine ligand. 

Keywords : 5-butyl-2,2'-bipyridine complexes. X-ray crystal structure. 

1- INTRODUCTION 

The growing number of studies on platinum(II) complexes is 
stimulated by their importance as antitumour chemotherapeutics. 
therefore since the discovery of the antitumour activity of cis­
dichlorodiammineplatinum(II) [Rosenber et al., (1969)1 efforts have 
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concentrated on the synthesis of new platinum (II) complexes, as well as 
those of palladium (II) which show antitumour activity [Hacker et al., 
(1984) and NicoJini et al., (1988)). 

The coordination chemistry of platinum (II) and pa!Jadium (II) 
covers a huge filed as shown by [Holloway & Melnik (2002, 2003, 2004 
and 2005)] covering the crystallographic and structural data. However, 
the similarity of platinum (II) and palladium (II) is remarkable: for 
instance. they are both regarded as class b. or soft metals and this is 
reflected in their rich chemistry not only with soft bases such as sulfur 
and phosphorous but even with some hard ligands such as oxygen and 
nitrogen. The similarity extends even to sizes and bond lengths, thus the 
M-Cl bond in K2[MC14] is 2.318A 0 for M = pd and 2.3l6A 0 for M= pt 
(Belluco (1973)]. 

The kinetic inertness of platinum (II) and palladium (II) 
complexes [Milink & Holloway (2006)] has allowed their extensive use 
in the characterization of geometrical isomerism and reaction 
mechanistic. 

ln view of the above. we have focused on the synthesis and 
characterization of a new series of Pt(JJ) and Pd(II) complexes with 5-
butyl-2, 2'- bipyridine[I] moiety along with the crystal structure analysis 
of [Pd( 5- butbipy)(3 -Pic )2](CI 04)2[7] 

Ill 
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181 M=Ptlll) 
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2. EXPERIMENTAL 

2.1: General 
Proton nuclear magnetic resonance spectra were recorded on a 

Bruker WM 360(360MHZ) Pulsed Fourier transform spectrometer. 
Chemical shifts are quoted relative to tetramethylsilane ( 8 ). Electronic 
spectra were recorded on a Kontron-Unikon 930 UV /vis 
Spectrophotometer provided with thermostuted cell chambers 
whereas,the microanalyt ical data were collected with a perkin-Elmer 
240C0 elemental analyzer. 

2.2: Syntheses 
2.2.1 5-Butyl-2,2'- bipyridine [II 

This compound [1] was prepared by dissolving the salt l (2-
acetylpyridi:-~e) pyridinium iodide (!OJ (8.0 g. 24.5 mmol) in methanol 
(50 ml) under nitrogen and treating it with a stoichiometric amount of 2-
n-butylacrolein (2-methylenehexanal) (2.75 g.24.5 mmol) and an excess 
(20 g. 260 mmol) of ammonium acetate. The solution was heated at 40-
500 for 24 hours. after which the methanol was removed. The residue was 
dissolved in water (25 ml) and extracted with diethyl ether (4xl 0 ml) 
followed by hexane (4xl0 ml). 

The combined organic extracts were washed with water until the 
water layer was colourless. The organic layer was then dried over 
magnesium sulfate. filtered and evaporated under nitrogen. The product 
(1] was then purified on a basic alumina column (22x 1.5 em) eluting with 
hexane/acetone (I: I). and eventually isolated as a thick yellowish liquid 
(2.2 g. 43% yield). 
1HNMR(CDC1)) (8ppm) 8.46(1 H.d,J=4.7Hz,H 6'); 8.32(1H,s,H6);8.24(1 
H,d.J=7.9Hz.H3');8. 17(1H,d.J=8. 1 Hz.H3);7.53(1 H,dd,J=7.7,7.7Hz,H4' ); 
7.36(1 H,d,8.1 Hz,H4);7.00(1 H,dd,J==5.8.6.4Hz.H 5');2.39 (2H,t,J=7.6,7.7 

Hz, a -CH2 ): 1.38 (2H.~-CH2); l.I4(2H.m. y- CH2);0.71 (3H,t,J=7.3, 
7.3 Hz,CH3). 

• 2.2.2 Dichloro-5-butyl-2,2'- bipyridineplatinum(II) [Pt(S-butbipy) 
ClzJ121 , . 

A solution of 5-butyl-2.2'- bipyridine [1] (0.52 g, 2.4 mmol) in 
dilute hydrochloric acid (5ml. IM) was added dropwise to a stirred 

---~-
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solution of potassium tetrachloroplatinate(Il) (1.0 g, 2.4 mmol). This 

reaction mixture was heated ( ~ 80 co) for 20 minutes to give [Pt(5-

butbipy)Clz] [2] as an orange precipitate in 95% yield (1.1 g). The 
precipitate was recrystallized from acetone as a yellow solid. 
1HNMR(DMSO-d6) (oppm) 9.45( 1H,d,J=5.8Hz.H 6'); 9.30(1 H,s,H6);8.52 

(1 H,d,J=8.1 Hz,H 3'); 8.46(1 H, d, J=8.4Hz,H3); 8.39(1H,dd,J=7.7, 7.9Hz, 

H 4' );8.30(1 H ,d.8.3Hz,H4);7.81(1H,dd,J=6.0,6.1 Hz,Hz,H5')2.80(2H,t,J= 
7.7,7.6Hz,a-CH2);J .62(2H,m,J=7.5,7.0Hz,f3- CH2 ); 1.35 (2H,m,J=7.8, 

7.4 H y -CH2);0.93 (3H. t. J=7.2, 7.4Hz.CH3). 

Calc . for C 14H t6N2C12Pt 

Found 

C=35.15 

C=35.0 

H=3.35 

H=3.4 

N=5.86 

N=6.0 

2.2.3 Bis(pyridine)(S-butyl-2,2'- bipyridine) platinum (II) perchlorate 
[Pt(5-butbipy)(py)2] (CIO"*)z [4] 

A solution of [Pt(5-butbipy)CI2] [2] (0.1 0 g. 0.21 mmol) in water 
(1 0 ml) was set to reflux in the presence of pyridine (2 ml) for about 20 
minutes . The resulting yellow solution was filtered and then treated with 
aqueous sodium perchlorate. The colourless precipitate which 
immediately formed was collt!cted by filtration. washed with water, 
ethanol and dried in a vacuum to give [Pt(5-butbipy)(py)2] (Cl04) 2] [4] in 
4 1% yield (0.06 g) 
1
HNMR (OMSO-d6)(8ppm) 9.19 (4H,d. J=6.3Hz. Ho-py); 8.77, J = 9. I. 

8.7Hz. H3, H3' ): 8.55 (I H,ddd.J=5.4. 3.9. 4.5 Hz.H 4'); 8.47(1H,2H,dd, 

J=8 .3Hz,H4); 8.25(2H,dd,J=8.6, 8.9Hz, Hp-py); 7.83 (4H,dd, J=6.8, 
7.1 Hz.Hm-py);7.75(2H,d,J=4.2,H 6' ,H5'); 7.47(1H,s,H6);2.67(2H,t,7.4, 

7.6 Hz,a -CH2);1.48(2H,m f3-CH2);1.2~. (2H, m, y-CH2);0.85 
(3H, t, J:;::;;7.2, 7.4Hz,CH3). 

Calc. for C24H26N4ChOsPt 
Found 

c = 37.71 
c = 37.6 

H = 3.34 N::;: 7.33 
H:;::;;3.4 N=7.5% 

2.2.4 Bis(S-buty 2,2'- bipyridine) platinum(II) perchlorate 
(Pt(5-butbipy)2J(C104)2 [8J 

A solution of 5-butyl-2,2'-bipyridine [1] (0.20 g, 0.94 mmol) in 
ethanol (S ml) was added dropwise to a stirred hot solution of [Pt(5-

• 
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butbipy)Cb] [2] (0.20 g, 0.42 mmol) in water (1 00 ml) . The mixture was 
set to reflux fohhree hours, until most of the complex [8) dissolved . The 
solution was allowed to cool then treated with a saturated solution of 
sodium perchlorate. The resulting yellow solution was filtered then 
ev;aporated ( R: 20 ml). The precipitate was collected by filtration, washed 
with water, ethanol and acetone to give (Pt(5-bU'tbity)2] (CI04)2 [8) (0.22 
g, 66% yield). 
1HNMR (OMSO-d6)(8ppm) 9.09 (2H,dd, H6'(1), H6'(2)] 8.91, (2H,s, 

H6(1), H6(2)); 8.8l(2H, dd, J=8.0Hz,H 3'(1). H3'(2)]; 8.76(2H,d,J= 

8.3Hz. H3(1). H3(2)]: 8.63 [2H, dd, J, 7.8. 8.3. l-14'(1), H4'(2)]; 8.54(2H, 
d, J::::8.3 Hz, H4( I), H4(2)]; 8.03 (2H,dd. 1=5.3, 5.3Hz, 
H5'(l).H5'(2)];2.90 (4H, t, 1=6.7 .7.5 Hz. a-CH2):1.72(4Hd, 6.8Hz. 

P-CH2);1.41 (4H. dd, J= 7.0, 6.8Hz. y - CH2);0.95 (6H, t, 1=7.2, 

7.4Hz.CH3). 

Calc . for C 2sH32N~CI20sPt 
Found. 

c = 41.08 
c::;; 41.0 

H = 3.94 N = 6.83 
H=4.2 N=7.1% 

2.2.5 Dichloro- 5- butyl-2,2'-bipyrillincpallm.lium (II) [Pll (5-
butbipy) C12] [3] 

A solution of 5- butyl-2,2'- bipyridine [ J] (0.65 g, 3.1 mmol) in 
dilute hydrochloric acid (5ml, 1M). was added dropwise to a stirred 
solution of potassium tetrachloropalladate ( 1.0 g, 3.1 mmol). The mixture 
was heated for about 20 minutes to give [Pd(5-butbipy) Ch] [3] as a 
yellow precipitate in 79% yield (0.95g). 
Calc. for c,~H 16N2Cl2Pd C = 43. I l H = 4.11 N = 7.18 
Found C = 43.4 H = 4.2 N = 7.3% 

2.2.6 Bis(pyridine) (5-butyl- 2,2'-bipyridine) palladium(II) 
perchJorate IPd (5-butbipy )(py)2](CJ0~)2 161 

A solution of [Pd(5-butbipy )CI2) [3] (0.1 0 g, 0.26 mmol) in water 
( 10 ml) was heated in the presence of pyridine (2 ml) for about l 0 
minutes . The resulting yellow solution was fi !tered, cooled and then 

• treated with aqueous sodium perchlorate (0.1 g). The white precipitate 
which immediately formed was collected by filtration and recrystallized 
from hot water to give [Pd(5-butbipy )(py)2] (Cl04)2 [6] in 57% yield 
(0.1 0 g). 
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1HNMR (DMSO-d6) (oppm) 9.24(4H,d,J = 5.1,4Ho-py); 8.74 (2H, 

dd, J = 8.3, 8.5Hz , overlapped, H3' and H3); 8.49(1H, dd, J = 7.8, 
7.8Hz, H4'); 8.41 (lH, d, J = 8.3Hz, H4); 8.23(2H, dd, br. S, 2Hp-py); 

7.84 (4H, dd, J = 6.1, 5.9Hz. 4xHm-py); 7.70 (IH, dd, J = 6.1, 6.6Hz, 
H5'):7.42(1H. d, J = 5.5Hz. H6'); 7.15 (lH, s, H6); 2.63(2H, t, J = 7.4, 

7.2Hz. a-CH2]; !.43[2H. m. J = 7.1. 7.3, 7.5Hz, ,B- CH2]; 1.19 [2H, 

m, J = 7.5. 7.1. 7.2Hz, y- CH2 ] ; 0.82[ 3H, t, J = 7.3 , 7.1Hz. CH3). 

Calc. for C2<~H26N4Cl20sPd C = 42.65 H = 3.88 N = 8.29 

Found C = 42.4 H = 4.0 N = 8.5% 

2.2.7 Bis (3-methylpyridine) (5-butyl-2,2'-bipyridine) palladium (II) 
Perchlorate [Pd(S-butbipy )(3-pic)z](CIO,.)z {7] 

This compound [7] was prepared by a method similar to that used 
for (Pd(5-butbipy) (py)2f+ [6] except that 3-methylpyridine was used in 
place of pyridine. This product was recrystallized from a mixture of hot 
water (I 0 ml ) and ethanol (5 ml), on standing · for a few days at room 
temperature . the solution gave yellow crystals of [Pd(5-butbipy )(3-
pic )2] (Cl04h (7] in 51% yield (0.09 g). 
1HNMR (DMSO-D6) (oppm) 9.10(2H.s.Ho(l)3-pic]; 9.04 (2H. d. J = 

4.5, 2Hz ,Hu(2)-pic]; 8.68[2H. dd. J = 9.5. 9.1 Hz, overlapped H3' and 
H3); 8.45(1H, dd, J = 7.8, 7.9Hz, H4'); 8.36 (lH. d, J = 8.3Hz, H4); 

8.05(2H. dd. J = 6.7, 6.8Hz. 2Hp(3-pic); 7.69 (3H. m, overlapping of 
Hm-(3-pic) and H5' (5-butbipy )]; 7.36 (IH, d. J = 5.5Hz. H6'); 7.03(1H. 

d, H6); 2.62 (2H. t, J = 7.2, 7.3Hz, a -CH2]; 2.40[6H, s, 2x CH3-J-pic); 

1.42[2H. m. J = 7.1, 7 .4, 7.3Hz, ,B - CH2);1.17 [2H, m, J = 7.3, 7.3 , 

7.2Hz. y- CH 2]; 0.82[ 3H, t, J = 7.1, 7.3Hz, CH3-5-butbipy. 

Calc. for C26H3oN<~ChOsPd C = 44.37 H = 4.30 N = 7.96 

Found c = 44.5 H=4.5 N = 8.1% 

2.2.8 Bis(5-butyl-2,2'-bipyridine}palladium(Il) perchlorate [Pd(S­
butbipyh} (CJO;)z [9] 

A solution of 5-butyl-2,2'-bipyridine [1) (0.28g, 1.32mmol) in 
ethanol (5ml) was added dropwise to a stirred solution of [Pd(5-butbipy) 
Ch) [3] (0.2g, 0.5lmmol) in water (!OOml). The mixture was set to reflux 

• 
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until dissoluti~n (1 hour). The resulting yellow solution was filtered, 
cooled and then treated with aqueous solution of sodium perchlorate. The 
precipitate which immediately formed was collected by filtration, washed 
thoroughly with water and ethanol and then dried in vacuum. This was 
recrystallized twice from a mixture of warm water ( lO ml) and ethanol (5 
ml) and a few drops of dilute nitric acid. Th~ mixture was left for a few 
days to give hair-like crystals of [Pd(5-butbipy )2] (Cl04h (9). 

l HNMR (DMSO)- d6)(8ppm)8.80 {2H,d,5.3Hz,H 6' (l ),H 6' ( 1 )];8.70[2 

H,d.J=7.7Hz. H3'(1). H3'(2)};8.66[2H,d, J= 8.2Hz, H3(1), H3(2)]; 

8.6{2H.s.H6(1 ).H6(2)} ;8.53[2H,ddJ=7.5,7.6Hz,H 4'(1). H4'(2)]; 8.43 

[2H. d. j=7.8Hz. 2H4( I). H4(2)]: 7.96 [2H.dd. J=6.2 . 6.3Hz, H 5' (1 ). 

H 5' (2)]: 2.87[4H. t. J = 7.4. 7.7 Hz. 2x a- CH 2 ]; 1.68 [4H, m. J = 7.3. 

7.5,7.3,7.9Hz,2x ~- CH 2 ); l.38[4H.m.J==7.3,7.3.7.4Hz,2x 

y-CH2]:0.94 (6H. t.J= 7.3. 7.4, Hz, 2xCHJ]. 

Calc. for C2xH32N4ChOsPd C = 46.08 H = 4.38 N = 7.68 

Found c == 46.3 H =4.4 N = 8.0% 

3. RESULTS AND DISCUSSION 

The ligand 5-butyl-2. 2'- bipyridine[l] was deliberately designed 
and prepared in order to study the role played by the butyl group on the 
coordination geometry of both Pt(Il) and Pd(II) complexes and also to 
investigate the possible existence of geometrical isomers (cis and trans) 
in case ofbis (5-butbipyhMf+ (M=Pt(!I) and Pd(II)). 

Thus, the unsymmetrical ligandl1] was synthesized by cyclization 
technique. The synthesis was based on the following two steps. First, the 
fonnation of pyridinium s~lt [10], which was achieved according to the 
orteleva-king reaction [krohnke (1963)} , when one equivalent of 2-
acetylpyridine reacts with a stoichiometric amount of iodine to give 
iodoacety!pyridine which then reacts with pyridine (also used as solvent) 
to give pyridinium salt [10] in reasonable yield(64%). 

• The l-(2-acetylpyridinepyridinum iodide) salt (10] reacts with 2-
n-butylacroline (2-methylenehexanal) with excess of ammonium acetate 
in methanol as solvent (Weiss (1952) and Krobnke (1976)). 
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The reaction takes place rapidly under a nitrogen atmosphere to 
fonn, first the· 1 ,5-diketone which then undergo ring closure in the 
presence of an excess of ammonium acetate to give the desired ligand 5-
butyl-2, 2'-bipyridine [1] 

The complexes [Pt(5-butbipy)Ch] [2] and [Pd (5-butbipy)CI2] [3] 
were prepared when one equivalent of ligand[l] in dilute hydrochloric 

' 

acid(lM) was heated with a stoichiometric amount of K2[PtCI4] and • 
K2[PdCl4] respectively. However, the complexes [2] and [3) were 
obtained in a good yield and used as starting material for preparing the 
other complexes [4], [5], [6], [7], [8] and [9]. The perchlorate salt of 
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these complexe~ were recrystallized and isolated as shiny pale yellow 
crystals. These are described fully in the experimental section. 

The 1HNMR spectrum (figure!) of the complex [Pt(5-butbipy) 
Cl2) [2] showed clearly seven signals in the aromatic region due to 
resonance of unsymmetrical protons H6, H6', H3, H3' ..... . etc, and four 
signals in the aliphatic region due to resonance of butyl group . 

The 1 HNMR spectra of the complexes [ 4), [5), (6], and [7] in 
DMSO-d6 were assigned and the chemical shifts are summarized in table 
(I). Two sets of singles were observed for the inequivalent two haves of 
2,2'-bipyridines due to the lack of symmetry : their H6. H6' protons are 
the most affected and shifted far towards H5,H5' compared with the 
dichloro - complexes and the free ligand . Their spectra showed also the 
split of unidentate ortho protons to two separate doublets of equal 
intensity. 

This could be explained as one of the unidntate is trans to the 
substituted half of bidentate nitrogen and the other is trans to un 
substituted half. 

The bis complexes of 5-butyl-2,2'-bipyridine with platinum (II) 
!8] and palladium (II) [9) were prepared by refluxing the dichloro 
complexes 121 and [3] respectively in aqueous solutions with an excess 
of the ligand [I] . The complexes [8] and [9] were isolated from the 
solutions as hairy pale yellow crystals and then characterized by 
1 HNMR spectroscopy in order to investigate the possible existence of 
both geomt:trical isomers as a mixture . The low solubility of the above 
complexes (particularly as perchlorate salts) in D20 and CDCh prevented 

measurement of 1 HNMR spectra in these solvents. Therefore, these 
complexes [8] and [9] were measured in DMS0-<4. and clearly showed 
the same number of signals as their free ligand[l] but the chemical shifts 
of the complexes[8] and [9 appeared at lower field . This is presumably 
as a result of shielding of these protons by metal-nitrogen interaction 
(coordination effect) . 

The 1HNMR spectrum of the complex [9], (figure 2) showed no 
sign of the presence of both isomers as a mixture of cis and trans. 
However. as one isomer may have been isolated through crystallization, 
the second crop resulting from the filtrate of the first was also 
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characterized, and as a result showed no difference in chemical shifts 
from the original product. 

The electronic spectra of the complexes [8] and [9] were 
measured at different pH values (figure 3) and found to be strongly 
dependent on pH. The changes in wavelengths were relatively small, but 
internal transitions of the ligand showed changes in intensity from 
2.5xl04 in neutral solutions to 1.5xl0,. in alkaline solutions. The former 
extinction coefficients are of roughly the magnitude expected for a 
complex containing two substituted 5-butyl-2,2-bipyrudine ligands per 
molecule, whereas the later value corresponds to one ligand per 
molecule .. The :-.bserved spectral changes are analogous to those reported 
earlier for [Pt(bipy)2]

2
+ and [Pt(5,5-dmbipyhf'. [Gillard & Lyons 

(1973)] and [Gillard (: 974)] interpreted the changes in the electronic 
spectra in terms of attack of the nucleophile adjacent to t .. e nitrogen 
donor atom of the ligand. 

In contrast. other workers !Nord (1975) and Wernberg (1986)] 
interpreted these changes in terms of a tive or six coordinated 
intermediate. 

The single crystal X-ray structure determination of [Pd(5-
butbipy)(3-pic)2] (Cl04)2 [7] revealed that the palladium is coordinated to 
one unsymmetrical 5-but)rl-2,2-bipyridine[1] and to two molecules of 3-
m'ethyl pyridine (3-Picoline) through their nitrogens roughly in a regular 
square planer geometry . A View of the complex [7] (figure 4)shows the 
disposition of the ligands and the chain of the n-butyl group attached to 
C(S). The average Pd-N distance is 2.02A 0 • and The planes of the two 
unidentate ligands lie perpendicular to the plane defined by the palladium 
and substituted bidentate. 

One of the most interesting features of this structure is that one of 
the methyl groups in the unidentate ligands is above while the other is 
below the coordination plane (PdN4) 

Crystal data, bond lengths, bond angles and the hydrogen 
coordinated (x 1 04

) in addition to equivalent isotropic displacement 
parameters (A0 xl0 3) are given in tables 2, 3, 4, and 5 respectively. • 
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T:~blc ( I) Chemical shifts (ppm) or some 5-butyl-2,2' bipyridinc compounds in DMS0-1h 
..... 
Compound H6' H6 H3' 1-13 H4' 114 HS' 1-lo 1-lm lip a - CII3 p- Cll 3 

5 - butyl - 2,2 ' bipyridine Ill • 8.46 8.32 8.24 8.17 7.53 7.36 7.00 - - - 2.39 1.38 

{Pt(5-butbipy)Cl2] (21 9.45 9.30 8.52 8.46 8.39 8.30 7.81 - - - 2.80 1.62 

{Pt(5- butbipyh ]2+ [81 9.09 8.91 8.81 8.76 8.63 8.54 8.03 - - - 2.90 1.72 

~Pd(5- butbipyh )2+ [91 8.80 8.62 8.70 8.66 8.53 8..43 7.96 - - - 2.87 1.68 

I(.Pt(5 - butbipy)(Pyh ]2+ 141 7.75 7.47 8.77 b 8.77 b 8.55 8.47 7.75 9.19 7.83 8.25 2.67 1.48 

. fPd (5- butbipy)(Pyh ]2+ [61 7.42 7.15 8.74 I> 8.74 b 8.49 8.41 7.70 9.24 7.84 8.23 2.63 1.43 

[Pd(5- butbipy)(3- Pic)] )2+ (7j 7.36 7.03 8.68 b 8.68 b 8.45 !U6 7.69 
9.10 d 

7.69 8.05 2.62 1.42 9.04 d 

• in CDCb 

b Overlapped (H3, H3') 

c The methyl group of (3-Picoline) 

d Two pairofortho protons (magnetically and environmentally ctirrcrent) 

y - C:II 3 

1.14 

1.35 

1.41 

1.38 

1.23 

1.19 

1.19 

Clh 
0 .71 

0.93 

0.95 

0.94 

0 .85 

0 .82 

2.40 c 

0.82 

• 
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Table (2): Crystal data and structure refinement for Cz4H t6N606Pd. 

Empirical formula 
Formula weight 
Temperature 
WavelenQth 
Crystal system 
Space group 
Unit cell dimensions 

Volume 
z 
Density (calculated) 
Absorption coefficient 
F(OOO) 
Crystal size 

590.85 
293(2) K 
0.71069 A 
Monoclinic 
P211C 
a= 7.046(2) A 0 alpha= 90 deg. 
b = 20.188(4) A0 beta= l 04.237(8) 
c = 14.977(2) A0 gamma= 90deg 
2064.8(8) A 1\ 2 
4 

0.896 mm 1\-1 
1184 
0.15 x 0.08 x 0.04 mm 

Theta range for date 2.46 to 25.08 deg 
collection 

42 

Index ranges 
Reflections collected 

-8 <= h <= 6,-22 <= k <= 23,-15 <= 1 =<= 16 
8413 

Independent reflections 3114 {R(int) = 0.0475] 
Refinement method Full-matrix Least-squares on F 1\ 2 
I>ata I restraints I 3114101398 
parameters 
Goodness - of - fit - 1.017 
on F 1\2 
Final R indices 
[I>2sigma (I)] 
R indices (all data) 
Largest diff. Peak and 
hole 

Rl =0.0349. WR2 = 0.0836 

Rl::;:0.0428, WR2 = 0.0853 
1.653 and -0.565 e. A 1\ -3 

• 

• 
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5-butyl-2,2 '-bipyridine complexes, X-ray crystal structure. 43 

Table (3): Bonq lengths [A 0 ] . 

Pd(l)-N(I) 
Pd( I )-N(4) 
Pd( I )-N (J) 
Pd( I )-N(2) 
N(l)-C(lt) 
N( I )-C( I 5) 
N(2)-C(21) 
N(2)-C(25) 
N (3) -C (3 I) 
N(3)-C(35) 
N(4)-C(4l) 
N(4)-C(45) 
C(li)-C( 12) 
C(li)-H(II) 

' C(\2)-C(\3) 
C( 12)-H( 12) 

· C(I3)-C(I4) 
C( I 3 )-H( 1 J) 

C(I4)-C(I5) 
C( 14)-H( 14) 
C( 15)-C(:!5) 
C(21 )-C(22) 
C(21 )-H(21) 
C(22)-C(23) 
C(21 )-C(26) 
C(23)-C(24) 
C(23 )-H(23) 
C(24 )-C(25) 
C(24)-H(24) 
C(26)-C(27) 
C(26)-H(26A) 
C(26)-H(268) 
C(27)-C(28) 
C(27)-H(27 A) 
C(27)-H(278) 
C(28)-C(29) 
C(28)-H(28A) 
C(28) -H(28B) 
.C(29)-H(29A) 
C 29 -H 298 

2.0 I I (5) 
2.029(5) 
2.029(5) 
2.028(5) 
1.344(9) 
1.370(8) 
1.305(8) 
1.359(8) 
1.321 (8) 
1.349(8) 
1.323(8) 
I .337(7) 
I .386(9) 
0.93 
J .3 89( I l) 
0.93 
I .379( 11) 
0.93 
! .396(9) 
0.93 
1.441 (I 0) 
I .375(9) 
0.93 
1.381(10) 
I .488( l t) 
1.357(11) 
0.93 
1.424( 1 0) 
0.93 
1.525(11) 
0.97 
0.97 
1.657(14) 
0.97 
0 .97 
1.51 (2) 
0.97 
0.97 
0.96 
0.96 

- =-==-~ ~-=-.~---

- - -
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Cont. Table (3). 

C(29)-H(29C) 
C(31) -C(32) 
C(31) -H(31) 
C(32)-C(33) 
C (32) -C (36) 
C (33) -C (34 ) 
C(33)-H(33) 
C(34)-C(35) 
C(34)-H(34) 
C(35)-H(35) 
C (36) -H (3 6A) 
C(36)-H(36B) 
C(36)-H(36C) 
C(41 )-C(42) 

.C(4l)-H(41) 
C(42)-C(43) 
C(42)-C(46) 
C( 43)-C( 44) 
C(43)-H(43) 
C(44)-C(45) 
C( 44)-H( 44) 
C(45)-H(45) 
C(46)-H(46A) 
C( 46)-H( 468) 
C( 46)-H( 46C) 
Cl (1) -0 (3') 
Cl(1)-0(2) 
C1 (I) -0 (I) 
Cl( I )-0( 4') 
Cl ( I) -0 (3) 
Cl(l)-0(2') 
Cl(l)-0(4) 
Cl(2)-0(6) 
Cl(2)-0(5) 
Cl(2)-0(8) 
Cl(2)-0(6') 
Cl(2)-0(8') 
Cl(2)-0(7) 
Cl(2)-0( 7') 

• 

0.96 
1.393(8) 
0.93 
1.380(9) 
1.5 17( 1 0) 
1.368( I 0) 
0.93 
1.379(9) 
0.93 
0.93 
0.96 
0.96 
0.96 
1.390(9) 
0.93 
1.389(9) 
1.474( 10) 
1.366(9) 
0.93 
I .364(9) 
0.93 
0.93 
0.96 
0.96 
0.96 
1.28(2) 
1.380(1 0) 
1.422(5) 
1.441(10) 
1.481(7) 
1.437(11) 
1.418(9) 
1.394(7) 
I .405(4) 
1.421(7) 
1.40(2) 
1.30(2) 
IA63(7) 
1.51 (2) 
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S·butyl-2,2 '-bipyridilte complexes, X-ray crystal structure. 

Table (4): BonQ angles (deg). 

N( l )- Pd(I)-N(4) 
N(I)-Pd(I)-N(3) 
N(4)-Pd(I)-N(J) 
N( 1)-Pd( I)-N(2) 
N(4)-Pd(I)-N(2) 
N(J )-Pd( I)-N(2) 
C( II )-N(I)-C( 15) 
C( It )-N( 1)-Pd( I) 
C( 15)-N( 1)-Pd( I) 
C(21 )-N(2)-C(25) 
C(21 )-N(2)-Pd( l) 
C(25)-N(2)-Pd(l) 
C(31 )-N( 3 )-C(3 5) 
C(31 )-N(3)-Pd( I) 
C(3 5)-N(3 )-Pd( I) 
C(4l )-N(4)-C(45) 
C( 41 )-N( 4 )-Pd( I) 
C{4 5)-N(4 )-Pd(l) 
N(I)-C(ll)-C( 12) 
N(I)-C( 11 )-H( II) 
C( 12)-C( l!)-H( II) 
C( 13 )-C( 12)-C( II) 
C( 13)-C( 12)- H( 12) 
C( 11)-C( 12)-l·lt 12) 
C(I2)-C(I3)-C(!4) 
C( 12)-C( I J )-H( 13) 
C(\4)-C( 13)-H( 13) 
C( 15)-C( 14)-C( 13) 
C(l 5)-C( 14)-H( 14) 
C(13)-C( 14)-H( 14) 
N(I)-C( I5)-C( I4) 
N( I) -C( 15)-((25) 
C(l4)-C(I5)-C(25) 
N(2)-C(2 1 )-C(22) 
N(2)-C(21 )-1-1(21) 
C(22)-C{2l )-1-1(21) 
C(23 )-C(22 )-C(2 1) 
C{23 )-C(22)-C(26) 
C(21 )-C(22)-C(26) 
C(24)-C{23 )-C(22) 
C(24)-C(23)-H(23) 
C(22)-C(23)-H(2J) 
C(23 )-C(24 )-C(25) 
C(2J)-C(24)-H(24) 

175.0(2) 
96.3(2) 
88 .6(2) 
82.0(2) 
93 .2(2) 
176.7(2) 
120.3(6) 
126.8(4) 
112.9(4) 
120.0(6) 
127.7(4) 
112.0(4) 
119.9(5) 
121.6(4) 
118.4(4) 
120.0(6) 
11 8 .2(4) 
12 1.7(4) 
122.5(7) 
118.7(4) 

I 18.8(5) 
117.0(7) 

11 21.5(5) 
I 121.5{5) 
12 1.6(7) 
11 9.2(5) 
119.2(4) 
I 18.9(7) 
120.6(5) 
120.6(4) 
119.7(7) 
115.7(5) 
124.6(7) 
125.9(7) 
11 7.0(4) 
I 17.0(4) 
114.1 (7) 
122.6(7) 
123 .3(7) 
123.3(7) 
118.3(4) 
118.4(4) 
118.3(6) 
120.9(4) 
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Cont. Table (4). 

C(25)-C(24 )-H(24) 
N(2)-C(25)-C(24) 
N{2)-C(25)-C( 15) 
C(24)-C(25)-C( 15) 
((22 )-C(26)-C(2 7) 
C(22)-C(26)-H(26A) 
C(27)-C(26)-H(26A) 
C(22)-C(26)-H(268) 
C(2 7)-C(26)-H(268) 
H(26A)-C(26)-H(26 8) 
C(26)-C(27)-C(28) 
C(26)-C(27)-H(27 A) 
C(28)-C(27)-H(27 A) 
C(26 )-C(27)-H(278) 
C(28)-C(2 7)-H(278) 
H(27 A)-C(27}-H(278) 
C(29)-C(28)-C(27) 
C(29)-C(2 8)-H(28A) 
C(27)-C(28 )-H(28A) 
C(29)-C(28)-H(28 8) 
C(27)-C(2S)-H(288) 
H(28A)-C(28)-H(288) 
C(28 )-C(29)-H(29 A) 

C(28)-C(29)-H(29 8) 
H(29 A)-C(29)-H(298) 
C(2 8)-C(29)-H(29C) 
H(29A)-C(29)-H(29C) 
H(298)-C(29)-H(29C} 
N (3) -C (3 1) -C (32) 
N (3) -C (31) -H (31) 
C(32)-C(31 )-H(31) 
C(33 )-C(32)-C(31) 
C(33}-C(32)-C(36) 
C(31 )-C(32)-C(36) 
C(34)-C(33 )-C(32) 
C(34 )-C(33)-H(33) 
C(32)-C(33)-H(33) 
C(33)-C(34)-C(35) 
C(33)-C(34 )- H(34) 
C(35)-C(34 )-H(34) 
N(J) -C(35) -((34) 
N(3)-C(35)-H(3S) 
C(J4)-C(35)-H(35) 
C(32)-C(36 )-H(36A) 

120.8(4) 
118.4(6) 
116.8(6) 
124.8(6) 
111 .0(7) 
I 09.6(4) 
I 09.5(5) 
109.3(4) 
I 09.4(5) 
108.0 
II 0.4(7) 
109.6(5) 
109.7(5) 
I 09.5(5) 
I 09.4(5) 
108.1 
107. 1(9) 
110.3(6) 
110.4(5) 
110.2(6) 
110.3(5) 
108.5 
109.5(6) 
109.4(6) 
109.5 
109.5(6) 
109.5 
109.5 
122.7(6) 
118. 7(3) 
118.6(4) 
117.3(6) 
122 .6(6) 
120.2(6) 
119.9(6) 
120.0(4) 
120.0(4) 
120.0(6) 
120.0(4) 
120.0(4) 
120.2(6) 
119.9(3) 
119.9(4) 
109.4(4) 
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5-butyl-2,2 '-bipy ridiJte complexes, X-ray crystal structure. 

C(32)-C(36)-H(36B) 
H(36A)-C(36)-H(J6B) 
C(32)-C(36)-H(36C) 
H(36A)-C(36)-H(36C) 
H(J6 B)-C(3 6)-H(36C) 
N(4)-C(41 )-C(42) 
N(4) -C(41) -H(4 1) 
C(42)-C(41 )-H(41) 
C(43)-C(42)-C(4 1) 
C( 43)-C( 42)-C( 46) 
C(41 )-C(42)-C(46) 
C(44 )-C( 43 )-C(42) 
C( 44 )-C(43 l-H( 43) 
C( 42)-C( 43 )-H( 43) 
C(43)-C(44 )-C(45) 
C{4J)-C( 44 )-H( 44) 
C( 45)-C(44 )-H( 44) 

N( 4)-C( 45)-C( 44) 

N(4)-C(45)-H(45 ) 

C( 44 )-C( 45)-H( -15) 

109.5(4) 
109.5 
109.6(4) 
109.5 
109.5 
122.7(6)) 
11 8.7(4) 
118.7(4) 
116.2(6) 
125.5(7) 
8 . J (6) 
120.9(6) 
I 19.6(4) 
119.5(4) 
11 9. 1(6) 
120.5(4) 
120.4(4) 
121.1(6) 
119.4(4) 
119.5(4) 
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Table (5): Hydrogen coordinates (x I 0" 4) and isotropic displacement 

parameters (A" 2 X 10" 3) for C24H t6N606Pd. 

X y z U_(iso) 
H(l) 2737(45) 763(16) 4285(22) 0_(8) 
H(2l 1791(55) 215(22) 2925(27) 27(12) 
H_(3) 280(50) 703( 19) 1594(25) 15(1 0) 
H(S) -1122(46) 1761 ( 17) 853(23) 5(9) 
H(6) - 1782(50) 2863 (17) 973(25) 2(9) 
HJ8) -1602(47) 3910(18) 1962(24) 5(9) 
H(9) -848(54) 4334(21) 3427(25) 21(11) 

H(1 0) . 867(51) 3712 (19) 4575(25) 13(10) 
H ( 13) 1811 (51) 755( 18) 5502(24) 5(10) 
H( 14) 2551 (56) 87(23) 6683(27) 32(12) 
H \ 15) 4222(48) 564( 18) 8067(24) 8(9) 
H( l7) 5538{51) 1579( 19) 8933(26) 20 (ll) 
HLI8) 6295(53) 2720( 17) 8858(26) 5(9) 
H(20) 6432_(56) 3756(20) 7979(27) 23 _{11) 
HQ1) 5617(59) 4263(22) 6554(28) 32(12) 
H(22) 3932(60) 3692(22) 5294(28) 36( 13) 
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5-butyl-2,2 '-bipyridine comple.xes, X-ray crystal structure. 
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