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Copper(I1) and copper(1) coordination compounds have been prepared and characterized with N,N,N’,N”-tetrakis[ ( 2 -  
benzimidazolyl)methyl]-l,2-ethanediamine (EDTB), a chelating ligand containing four benzimidazole groups and two amine 
nitrogens. The compounds have as formulas c ~ ( E D T B ) ( a n i o n ) ~ ,  Cu2(EDTB)(anion),, and C U ’ ~ ( E D T B ) ( ~ ~ ~ O ~ ) ~ .  The 
electronic spectra of Cu*’(EDTB)X2 compounds suggest either a cis-distorted octahedral or a square-pyramidal coordination 
geometry. ESR spectra are consistent with a square-pyramidal geometry. The crystal structure of Cu(EDTB)(BF,)- 
(BF30C2H5).H20 has been solved. The compound crystallizes in the space group C2/c,  with a = 14.402 ( 2 )  A, b = 14.955 
(2) A, c = 18,.846 (2) A, @ = 101.17 (l)’, V =  3982.3 A’, Z = 4, d,  = 1.42 (1) g ~ m - ~ ,  and d, = 1.44 g cm-’. The intensities 
of 3645 independent reflections were measured on an automatic diffractometer. The structure was solved by heavy-atom 
methods and refined by using least-squares techniques to a residual R value of 0.065 for 1727 reflections with I > 240. 
The geometry of the coordination polyhedron around the copper atom in this compound can be described as derived from 
a cis-distorted octahedron having C2 symmetry with four short Cu-N (imidazole) bonds (1.986 (7) and 2.039 (8) A) and 
two very long Cu-N (amine) bonds (2.499 (8) A). The presence of the BF3(OC2H5)- anion in this compound is ascribed 
to partial decomposition of the BF, ion during the preparation of the crystals. This compound is the first example in which 
the boron-containing decomposition product of BF, is found to be present in the crystalline solid. The Cu’ EDTB compounds 
contain two copper ions coordinated to the same EDTB ligand. ESR and electronic spectra of the compounds Cu112 
(EDTB)(anion), indicate different coordination geometries in the presence of different anions. Within one compound the 
two copper ions most probably have different coordination numbers and geometries, as deduced from ESR. 

Introduction 
Copper-containing proteins occur widely in nature, dis- 

playing different properties’ and functioning as an electron 
carrier,2 ~ x i d a s e , ~  oxygen carrier4 or superoxide d i s m u t a ~ e . ~  

Although the crystal structure is known for only a few of 
these proteins,6 imidazole is believed to play an important role 
in the coordination chemistry or̂  the copper ion in most of 
them.3bq4c,7 An irregular metal environment has been sug- 
gested* as being responsible for the unusual redox properties’ 
of some copper enzymes. The study of low molecular weight 
copper(1) and copper(V1) complexes mimicking the chemical 
and physical properties of these proteins will lead to a better 
understanding of the active site structures and the reaction 
mechanisms of these copper-containing enzymes’c,10 (some of 
which may never be crystallized”). 

In order to simulate a strained low-symmetry metal envi- 
ronment, as can be imposed by the protein backbone struc- 
ture,I2 we are investigating the coordination chemistry of 
copper with synthetic chelating ligands, containing rigidly 
incorporated imidazole groups.I3 

In this paper we report the synthesis and properties of 
copper(1) and copper(I1) complexes of N,N,N’,N’-tetrakis- 
[ (2-benzimidazolyl)methyl] - 1,2-ethanediamine (abbreviated 
EDTB) as well as the crystal structure of one of the copper(I1) 
compounds. Some preliminary results have been communi- 
cated earlier.I4 
Experimental Section 

Preparations. The free ligand N,N,N’,N’-tetrakis[(2-benz- 
imidazolyl)methyl]-l,2-ethanediamine (EDTB) was synthesized as 
described before.’& All other chemicals were commerically available 
and used without further purification. 

Cu(EDTB)X, (X = Br, NO3, BF4, C104) and Cu(EDTB)CI2. 
C2H50H.H20. EDTB (1 mmol) was dissolved in 25 mL of warm 
absolute ethanol and filtered into a solution of 1 mmol of the ap- 

t Dedicated to the memory of Dr. W. L. Groeneveld, who died on No- 
vember 6, 1980. 

propriate copper salt in 10 mL of absolute ethanol containing 5 mL 
of triethyl orthoformate (for dehydration). The complexes crystallized 
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Coordination Compounds Containing Imidazole Groups 

Table I. Colors and Analytical Data for the Copper Coordination Compounds with the Ligand EDTB 
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compd color cu 
Cu(EDTB)C:1,.EtOW.Hl 0 
Cu(EL)TB)Br, 
Cu(ED?'Bj(NO,), 
Cu(EDTB)(CIO,), 
Cu(EDTR)(BI:,), 
Cu(EDTB)(BF,)(BF,OC, H,).H,Ob 
Cu,(I.:I)'1B)C14*3H, 0 
Cu, (EDTB)Ur4.2H,O 
Cu, (ED?'B)(NO,), 
Cu,(EDTB)(C10,),~4H1 0 
Cu, (EDl'B)(BF,), 
Cu, (ED?'B)(ClO,), 

light green 
light green 
light green 
light blue 
light blue 
light blue 
yellow 
dark green 
green 
dark green 
white 
white 

7.9 (8.15) 
7.5 (7.90) 
8.1 (8.27) 
7.5 (7.53) 
7.6 (7.77) 

13.7 (13.49) 
11.9 (11.95) 
12.5 (13.30) 
10.6 (10.79) 
14.3 (14.41) 
13.9 (14.02) 

C 

(I Calculated values are in  parentheses. %B, 2.55 (2.51); %F, 15.7 (15.42). 

when the mixture was allowed to stand overnight; they were filtered 
off, washed with cold absolute ethanol and diethyl ether, and dried 
in vacuo at  60 OC. 

Cu2(EDTB)X4.nH20 (X = CI, n = 3; X = Br, n = 2; X = NO3, 
n = 0; X = C104, n = 4). EDTB ( I  mmol) was dissolved in 25 mL 
of warm absolute ethanol and filtered into a solution of 2 mmol of 
the appropriate copper salt in 10 mL of absolute ethanol containing 
5 mL of triethyl orthoformate. The complexes crystallized when the 
mixture was allowed to stand overnight; they were filtered off, washed 
with cold absolute ethanol and diethyl ether, and dried in vacuo at 
60 OC. Caution: Cu2(EDTB)(C104)4-4H20 is both shock and heat 
sensitive. 

Cu2(EDTB)X2 (X = C104, BF4). Cu(H20),X2 ( I .  1 mmol) was 
dissolved in I O  mL of acetonitrile under nitrogen; 2 mmol of copper 
powder was added to the solution, which was stirred and slightly 
warmed for about 10 min until the blue color had completely dis- 
appeared. The resulting Cu(1) solution was filtered into a solution 
of EDTB in hot absolute ethanol ( I  mmol in 100 mL), which was 
kept under nitrogen. This yielded a white precipitate immediately. 
The mixture was slowly cooled to room temperature, and the product 
was filtered off under nitrogen and washed with cold absolute ethanol 
and diethyl ether. Drying in vacuo at 60 OC resulted in white powders 
which were not air sensitive. 

was dissolved in 20 mL of absolute ethanol and filtered; 0.25 mmol 
of C U ( I $ ~ O ) ~ ( B F ~ ) ~  was dissolved in 3 mL of absolute ethanol and 
filtered. The two filtrates were mixed, and after the mixture was 
allowed to stand for 2 weeks, blue, single crystals were isolated. Part 
of the BF4- ions appear to have decomposed (see Discussion). 

Physical Measurements. Infrared spectra in the range 600-4000 
cm-l were recorded on a Perkin-Elmer 297 spectrophotometer; samples 
were either mulled in Nujol (between KBr pellets) or pelleted in KBr. 
Electron spin resonance spectra at X-band and Q-band frequencies 
were obtained with Varian E-9 and E- 112 spectrometers, either as 
powered solids at room temperature or as frozen methanol to dimethyl 
sulfoxide solutions at -196 OC. Electronic spectra (30000-4000 cm-I) 
were recorded in methanol or dimethyl sulfoxide on a Beckman DK-2A 
ratio recording spectrophotometer and as solids on a similar instrument 
fitted with a reflectance attachment. Low-temperature magnetic 
susceptibility measurements were performed on a PAR vibrating- 
sample magnetometer in the 4.2-15.0 K range. Copper analyses were 
carried out by using standard EDTA titrations;" all other elemental 
analyses were performed by the Organisch Chemisch Instituut T N O  
Utrecht, The Netherlands, or by Dr. Pascher, Bonn, Germany. 
Analytical data of the compounds are summarized in Table I. 

X-ray Methods. A crystal of Cu(EDTB)(BF4)(BF30C2Hs)-Hz0 
of approximate dimensions 0.30 X 0.15 X 0.12 mm was sealed in a 
0.3-mm, thin-walled, glass capillary. Preliminary Weissenberg 
photographs indicated the Laue symmetry 2/m, and the systematic 

Crystals Of CU(EDTB)(BF~)(BF~W~HS).H~~. EDTB (0.25 m o l )  
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Gorter, S.: Hendriks, H. M. J.; Reedijk, J. Inorg. Chim. Acta 1980,45, 
L63. 
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1959. 

(16) Churchill, M. R. Inorg. Chem. 1973, 12, 1213 

C H N 

54.80 (55.49) 5.13 (5.12) 17.91 (17.98) 
50.39 (50.79) 4.07 (3.98) 17.39 (17.42) 
52.30 (53.15) 3.90 (4.17) 22.10 (21.88) 
48.43 (48.43) 3.81 (3.83) 16.61 (16.61) 
50.00 (49.93) 3.80 (3.94) 16.80 (17.13) 
49.73 (50.16) 4.40 (4.56) 15.88 (16.25) 
45.85 (45.19) 4.31 (4.24) 15.21 (15.50) 
38.10 (38.40) 3.40 (3.41) 13.10(13.17) 
42.93 (42.72) 3.41 (3.35) 20.25 (20.52) 
34.11 (34.63) 3.58 (3.42) 11.60 (11.90) 
46.45 (46.33) 3.75 (3.66) 15.93 (15.89) 
45.25 (45.04) 3.71 (3.56) 15.73 (15.45) 

No copper analysis was carried out for these crystals. 

absences h + k = 2n + 1 for hkl and I = 2n + 1 for hOl are consistent 
with Cc or C 2 / c  as a possible space group. The calculated density 
of 1.44 g cm-' for C36H39B2CuF,Nlo02 agrees with the experimental 
value of 1.42 (1) g cm-3 (flotation in CHC13 and hexane) for Z = 
4. Precise lattice constants were determined by least-squares re- 
finement of the angular settings of 24 reflections with IO" < 0 < 13". 
The resulting constants are a = 14.402 (2) A. 6 = 14.955 (2) A, c 
= 18.846 (2) A, p = 101.17 (I)O, and V =  3982.3 A'. Intensity data 
were collected on a Nonius CAD-4 diffractometer (w-0 scans) for 
all reflections with 2O < 0 C 25" and with k > 0 and Z 2 0 by using 
graphite-monochromated Mo Kcu radiation. The scanning rate was 
adjusted to the required precision of I/u(T)  > 50, with a maximum 
scan time of 150 s/reflection. Each reflection was measured in 96 
steps. Sixteen steps a t  each end of the scan were considered as 
background. Intensities, I, and their estimated standard deviations, 
u(Q, were calculated from I = SIP - 2 ( B ,  + B2)]  and o(I ) = s[P + 4(8, + B2)]' /2 ,  where s is a factor to account for the variable scan 
speed, P i s  the scan count, and B, and B, are the low- and high-angle 
background counts. Three standard reflections were measured after 
every 5400 s of radiation time to check for instrumental instability 
and crystal decomposition; there was no significant change in their 
intensities. Measurement of the intensity of a suitable reflection at 
different azimuthal positions suggested that no absorption correction 
was necessary (maximal variation was 6%; p = 6.6 cm-I). The 
intensities of 3763 reflections were measured, 3645 of which were 
symmetry independent, and 1727 were considered as observed (I > 
20(Z)). The measured intensities were corrected for Lorentz and 
polarization effects. 

Structure Determination. The positions of many Harker peaks in 
the three-dimensional Patterson synthesis suggested that the cen- 
trosymmetric space group C2/c was the correct choice. From the 
Patterson map the position of the unique copper atom was determined 
to be 0.0,0.03,0.25. This position was refined together with a scale 
factor in a least-square procedure to give a residual R value of 0.39 
where R = CllFcl - IFoll/CIFol. A subsequent Fourier synthesis 
showed the positions of the nitrogen atoms coordinated to the copper. 
Two more cycles of full-matrix least-squares refinement and difference 
Fourier maps gave the positions of all other nonhydrogen atoms of 
the cation and of the tetrafluoroborate anion. No separate ethanol 
molecule, the presence of which was expected from initial C ,  H, and 
N analyses (see Table I), could be found; however, the difference 
Fourier map did show two significant peaks (not three) near the 
tetrafluoroborate anion. Inspection of angles and distances suggested 
that C,HSOBF< and BF, were superimposed in the maps. Additional 
analyses for boron and fluorine did indeed indicate that decomposition 
of BFL had occurred (boron/fluorine ratio of 2:7) and suggested the 
molecular composition Cu(EDTB)(BF4)(BF30C2HS).H20 (see Table 
I). Subsequent block-diagonal least-squares refinement was carried 
out with use of unit weights; all the atoms were refined with anisotropic 
thermal motion parameters. The C2HS0  part of C 2 H 5 0 B F c  and the 
F atom of BF4, which is at nearly the same position as the oxygen 
atom in C2HSOBF<, were given an occupancy of 0.5. Hydrogen atoms 
were placed at calculated positions (C-H = 0.95 A and N-H = 0.87 
AI6) and were given isotropic thermal parameters of 4.0 A'; no 
hydrogen atoms were included for the ethoxy part of the anion. This 
resulted in a final R value of 0.065 (276 parameters). In the final 
difference Fourier map some electron density was found near the anion 
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Table 11. Positional Parameters (X l o 4 )  and Anisotropic Thermal Parametersa (X lo3) of Nonhydrogen Atomsb of 
Cu(EDTB)(BF,)(BF ,OC,H,).H,O with their Estimated Standard Deviations in Parentheses 

Birker et al. 

259 (4) 
209 (5) 

-933 (5) 

898 (6) 
91 8 (5) 

1508 (7) 
2093 (7) 
2092 (7) 
1486 (7) 

- 142 (5) 

-909 (6) 

-532 (7) 
-1868 (6) 
-1338 (4) 
-2854 (4) 
-2092 (5) 
-2673 (6) 
-1727 (6) 
-3232 (7) 
-2795 (8) 
-1854 (8) 
-1307 (7) 

4255 (10) 
3342 (5) 
4827 (7) 
4482 (8) 
4453 (19) 
5403 (20) 
5354 (15) 
4415 (9) 

1266 (5) 
1700 (5) 
1165 (5) 
622 (6) 
126 (6) 

1740 (6) 
-591 (6) 
-775 (7) 
-251 (8) 

452 (7) 
2485 (6) 
1441 (7) 
-102 (4) 

132 (5) 
482 (6) 

-740 (6) 
-896 (6) 

-1406 (8) 
-2210 (8) 
-2362 (7) 
-1716 (7) 

1740 (1 1) 
1930 (6) 
2434 (6) 
1596 (9) 
1119(20) 

57 (25) 
588 (21) 
947 (8) 

1511 (4) 42 (4) 
506 (4) 57 (5) 

2062 (4) 44 (4) 
1108 (5) 45 (5) 

502 (5) 47 (5) 
1135 (4) 36 (5) 
1288 (5) 53 ( 6 )  
1278 (1) 66 (6) 
796 (5) 70 (7 )  
191 (5) 69 (7) 
34 (4) 70 (6) 

2455 (5) 69 (6) 
2188 (5) 49 (6) 
2092 (3) 37 (4) 
1630 (4) 28 (4) 
1978 (4) 35 (4) 
1491 (4) 38 (5) 
1785 (4) 43 (5) 
1097 (5) 53 (6) 
1031 (6) 91 (9) 
1337 (6) 95 (9) 
1719 (5) 59 (6) 
4427 (9) 55 (9) 
4357 (5) 88 (6) 
4426 ( 5 )  169 (9) 
5207 (6) 175 (1 1) 
4086 (16) 232 (27) 
3384 (17) 97 (21) 
4078 (19) 26 (11) 
4073 (8) 30 (6) 

0 
1(7)  

-1 (8) 
2 (8) 

-9 (9) 
-14 (8) 
-11 (8) 

6 (10) 
24 (10) 
29 (11) 
-7 (13) 

-14 (12) 
9 (10) 

31 (10) 
1 (7) 

13 (8) 
15 (9) 

-21 (9) 
-15 (9) 
- 5 2  (13) 
-96 (15) 
-28 (13) 
-26 (11) 
-43 (18) 

-151 (14) 

-329 (5 1) 
-152 (47) 

23 (11) 

50 (19) 

22 (29) 
6 (11) 

0 
4 (7) 

18 (7) 
-11 (8) 

4 (8) 
-5 (8) 
-8  (8) 
17 (10) 

-3 (9) 
-13 (11) 
-27 (12) 
-1 (11) 

2 (10) 
-2 (10) 
-7 (7) 

9 (9) 
11 (9) 

-2 (9) 
3 (8) 

15 (13) 
-12 (14) 
-26 (13) 

2 (11) 
-59 (21) 
-71 (14) 

-197 (15) 
-76 (19) 

-613 (64) 
- 152 (53) 

22 (49) 
-41 (15) 

7 (1) 

a The thermal parameters (A') are of the form e ~ p [ - 2 n ' ( l i , , h ~ a * ~  + UZ2k2b*' + U3,1'c*2 + 2UI2hka*b* + 2Ul3hl4*C* t 2UZ3klb*c*)] 
The atom numbering scheme is given in Figure 1. These atoms have a population of 0.5. 

(peaks <0.98 eA-3). This is probably caused by disordered water 
molecules which occupy the holes near BFc when no ethoxy group 
is present. In the final stage of the refinement all parameter shifts 
of the cation were less than 20% of their standard deviations; shifts 
in the parameters of the anions were less than their standard deviations. 
Examination of the values of IF,I and lFcl suggested that no secondary 
extinction correction was necessary, and none was applied. Atomic 
scattering factors for neutral atoms were taken for all nonhydrogen 
atoms from ref 17 and used with correction for the real part of the 
anomalous dispersion, A/; those for hydrogen were taken from Stewart 
et a1.'* Final atomic parameters for the non-hydrogen atoms are 
given in Table 11; those for the hydrogen atoms are listed in Table 
III.19 A list of observed and calculated structure factors is given in 
Table IV.I9 
Results and Discussion 

General Methods. Three classes of compounds were pre- 
pared with the ligand EDTB and with the general formulas 
Cu"(EDTB)X2, Cu112(EDTB)X4, and Cut2(EDTB)X2. These 
compounds are listed in Table I together with their colors and 
analytical data. Despite several attempts ( e g ,  with excess 
copper), no compound with formula Cu",(EDTB)(BF,), could 
be synthesized. With Cu(1) only the two compounds men- 
tioned in the table were prepared. With Cl-, Br-, or NO3; as 
anions, gelationous air-sensitive white precipitates were iso- 
lated; no reproducible analyses were obtained. Reaction of 
Cu(1) with EDTB in a ratio of 1:l resulted in the precipitation 
of the free ligand. C U ~ , ( E D T B ) ( C ~ O ~ ) ~  and Cu*,(EDTB)- 
(BF4)2 can only be prepared by reaction of the ligand with the 
copper(1) salt in solution and not by chemical reduction of 
CU",(EDTB)~'; this might indicate different structures for 

(17) "International Tables for X-ray Crystallography"; Kynoch Press: 
Birmingham, England, 1968; Vol. 4. 

(18) Stewart, R. F.; Davidson, E. R.; Simpson, W. J. J.  Chem. Phys. 1965, 
42, 3175. 

(19) Supplementary material. 

t 
c" 

Cil7) 

Figure 1. ORTEP drawing of the CU(EDTB)~+  cation in Cu- 
(EoTB)(BF4):(BF30C2H5)-H20 showing the anisotropic vibration 
ellipsoids (probability 11%). Hydrogen atoms have been omitted for 
clarity, except the two H atoms in close contact, H(281) and H(281'). 
Bond distances and angles are given in Table V. 

CU"~(EDTB)~+ and CU',(EDTB)~+. The IR spectra of the 
Cu(1) compounds are practically identical (except for the anion 
frequencies). The spectra resemble the spectrum of the free 
ligand, but many bands are shifted or split. The crystal 
structure determination of one of these Cu(1) compounds is 
in progress.20 In the following section the structure of one 

(20) Birker, P. J .  M. W. L.; Hendriks, H. M. J.; Reedijk, J. Inorg. Chim. 
Acfa 1981, 55, L17. 
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Table V. Interatomic Distances (A) and Angles (Deg) for Cu(EDTB)(BF,)(BF,OC,H,)H,O with their Estimated Standard Deviations 
in Parenthesesa 

Cu-N( 10) 
CU-N( 20) 
CU-N( 30) 
N( 3 0)-C( 3 1) 
C(31)-C(31’) 
B-F( 1) 
B-F(2) 
B-F(3) 
B-F(4) 
B-0 
0-C(41)b 
C(4 l)-C(40) 
H(28 1)-H(28 1’) 

N( 20)-Cu-N( 20’) 
N( 20)-Cu-N( 30’) 
N(30)-Cu-N( 30’) 
Cu-h-(lO)-C( 11) 
Cu-N(lO)-C( 13) 
c(l l)-Aylo)-c(l3) 
Cu-N( 3 0)-C( 14) 
Cu-N( 30)-C( 3 1) 
C( 14)-N(30)-C( 3 1) 
N( lO)-C( 1 1)-N( 11) 
N( 10)-C( 11)-C( 14) 
N( 11)-C( 11)-C( 14) 
C(ll)-N(ll)-C(l2) 
N(ll)-C(l2)-C(l3) 
N(ll)-C( 12)-C( 18) 
C( 13)-C( 12)-C( 18) 
N(lO)-C(13)-C(12) 

F( 1)-B-F(2) 
F( 1)-B-F(3) 
F( 1)-B-F(4) 
F( 2)-B-F(3) 

1.986 (7) 
2.039 (8) 
2.499 (8) 
1.447 (13) 
1.508 (23) 
1.33 (2) 
1.33 (2) 
1.46 (2) 
1.19 (3) 
1.40 (4) 
1.45 (5) 
1.54 (5) 
2.59 

142.9 (5) 
142.6 ( 3 )  
70.1 (4) 

119.5 (7) 
134.0 (7) 
105.8 (8) 
104.3 (6) 
111.0 (6) 
113.1 (9) 
112.2 (9) 
124.6 (9) 
123.1 (9) 
108.4 (8) 
105.1 (8) 
132.1 (10) 
122.7 (10) 
108.5 (9) 

115.9 (20) 
99.0 (19) 

116.6 (22) 
95.7 (15) 

Distances 
N( 1 0)-C( 1 1) 
N( lO)-C( 16) 

C( 1 1)-N( 11) 
N(ll)-C(12) 
C( 12)-C( 13) 
C( 13)-C(15) 
C(15)-C( 16) 
C( 16)-C(17) 
C( 17)-C( 18) 
C( 18)-C( 12) 
N(30)-C( 14) 
Cu*H(281)  

C(ll)-C(14) 

Angles 
N (  1 O)-Cu-N( 10’) 
N( 10)-C~-N(30’) 
N( lO)-Cu-N( 30) 
N( 1 O).-C( 13)-C( 15) 
C(12)-C( 13)-C(15) 
C(ll)-C(14)-N(30) 
C(13)-C( 15)-C(16) 
C( 15)-C( 16)-C( 17) 
C( 16)-C( 17)-C( 18) 
C( 17)-C( 18)-C( 12) 
N(30)4(3l)-C(31’) 
Cu-N( 20)-C(2 1) 
Cu-N( 20)-C(23) 
C(21)-N( 20)-C(23) 
Cu-N(30)-C( 24) 
C( 14)-N(30)-C(24) 
C(24)-N(30)-C(3 1) 

F( 2)-B-F(4) 
F( 3)-B-F(4) 
F( 1)-B-0 
F(2)-B-0 

1.320 (12) 
1.402 (12) 
1.490 (14) 
1.337 (12) 
1.383 (12) 
1.400 ( 1  3) 
1.363 (14) 
1.381 (14) 
1.384 (16) 
1.363 (17) 
1.361 (14) 
1.466 (12) 
3.45 

165.9 (5) 
91.3 (3) 
77.1 (3) 

131.9 (9) 
119.7 (9) 
111.4 (9) 
117.6 (10) 
121.8 (11) 
120.9 (10) 
117.1 (10) 
110.7 (8) 
118.9 (7) 
134.7 (7) 
105.7 (8) 
100.5 (6) 
11 1.8 (8) 
114.8 (9) 

113.3 (26) 
113.4 (29) 
112.6 (19) 
120.2 (22) 

N( 20)-C( 21) 
N(20)-C(23) 
C( 21)-C(24) 
C(21)-N( 21) 
N(21)-C( 22) 
C(22)-C(23) 
C(23)-C( 28) 

C( 26)-C( 27) 
C( 25)-C( 26) 
C( 22)-C(25) 
N( 30)-C( 24) 

C( 27)-C( 28) 

N(IO)-Cu-N(20’) 
N(20)-Cu-N( 10) 
N(20)-C~-N(30) 
N(20)-C(2 1)-N(2 1) 
N( 20)-C(2 1)-C( 24) 
N(2 1)-C( 21)-C(24) 
C(21)-N(21)-C(22) 
N (  21)-C(22)-C( 23) 
N(2 1)-C(22)-C(25) 
C(23)-C(22)-C(25) 
N( 20)-C(23)-C(22) 
N(20)-C( 23)-C(28) 
C( 22)-C( 2 3)-C( 28) 
C (2 1 )-C (2 4) -N ( 3 0) 
C(22)-C(25)-C(26) 
C( 25)-C( 26)-C( 27) 

C(27)-C( 28)-C( 23) 
F( 3)-B-0 
B-O-C(41) 
0 4 4  1)-C(40) 

C(26)-C(27)-C(28) 

1.309 (12) 
1.390 (13) 
1.495 (16) 
1.347 (13) 
1.365 1.388 (14) (14) 

1.384 (16) 
1.361 (17) 
1.384 (20) 
1.374 (21) 
1.401 (17) 
1.465 (13) 

93.3 (3) 
91.2 (3) 
74.2 (3) 

113.0 (10) 
121.5 (9) 
125.4 (10) 
106.3 (9) 
107.1 (10) 
132.0(11) 
120.7 (13) 
107.8 (10) 
130.4 (10) 
121.7 (11) 
108.1 (8) 
116.4 (12) 
122.3 (13) 
121.6 (14) 
117.3 (12) 
109.1 (21) 
123.2 (29) 
112.4 (28) 

a The atom numbering scheme is given in Figure 1; the superscript in the atom labels indicate the symmetry operation -x, y ,  ’/, - z. 
C(40) and C(41) are the carbon atoms of the ethoxytrifluoroborate ion. 

of the CU“(EDTB)~+ compounds will be described in detail. 
Subsequently, the spectral properties of the Cu“ compounds 
will be discussed in view of the crystal structure. 

Description of the Structure of Cu(EDTB) ( BF4)- 
(BF30C2H5).H20. The CU(EDTB)~+ cation is a monomeric 
Cu(I1) complex in which the copper ion is bonded to four 
imidazole nitrogen atoms and two amine nitrogen atoms, 
forming five five-membered chelate rings. The copper atom 
lies on a crystallographic twofold axis. The structure of the 
cation is shown in Figure 1, together with the atom numbering 
scheme used. Figure 2 shows the detailed coordination ge- 
ometry around Cu(I1). Bond distances and angles are listed 
in Table V. The coordination geometry is very unusual: if 
the structure is described as being derived from a distorted 
octahedral configuration, the most surprising features are (i) 
the cis distortion with two very long Cu-N distances (Cu-N- 
(30) = 2.50 A) which is unusual for Cu-N6 chromophores and 
(ii) the very large N(20)-Cu-N(20’) angle of 142.9’ and the 
small N(30)-Cu-N(30’) angle of 70.1’; the usual value in 
copper ethylenediamine compounds is 80-85’.*’ This highly 
distorted geometry is probably forced by the steric interference 
between the hydrogen atoms on C(28) and C(28’) (Figure 1). 
The close contact between these hydrogen atoms (2.59 A) does 
not allow a smaller N(20)-Cu-N(20’) angle than the presently 
found 142.9’. This steric hindrance is further illustrated by 

(21) (a) Marongui, G.; Lingafelter, E. C.; Paoletti, P. Inorg. Chem. 1969, 
8,2763. (b) Di Vaira, M.; Orioli, P. L. Actu Crysrullogr., Sect. E 1968, 
B24, 595. (c) Duggan, M.; Hathaway, B. J.; Mullane, J. J. Chern. Soc., 
Dalton Trans. 1980, 690. 

h30 

Figure 2. Coordination geometry of the copper atom in Cu- 
(EDTB)(BF4)(BF30C2H5)-H20. The atom numbering scheme is the 
same as in Figure 1. 

the dihedral angles in the benzimidazole groups of the ligand: 
whereas the angle between the planes of the phenyl ring C- 
(12)-C( 13)-C( 15)-C(16)-C(17)-C( 18) and the imidazole 
ring N(l0)-C(l1)-N(1 l)-C(l3)-C(12) in the unhindered 
benzimidazole is 1.9’, the corresponding angle in the other 
benzimidazole amounts to 3.9’. Apparently, the phenyl rings 
carrying H(281) and H(281‘) tend to twist away from each 
other: the dihedral angle between the imidazole ring N- 
(20)-C( 2 1)-N(2 1 )-C( 23)-C(22) and the symmetry-related 
imidazole group N(20’)-C(2 l1)-N(2l’)-C(23’)-C(22’) is 
30.1 ’, whereas the angle between the corresponding phenyl 
rings is 37.1’. Apart from this steric effect all angles and 
distances in the benzimidazole groups of the ligand are nor- 

The phenyl and imidazole rings are planar, the de- 
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Figure 3. Stereodrawing of the unit cell of Cu(EDTB)(BF4)(BF30C2H5).H20. Only BFBOC2HS ions are shown. Dashed lines represent hydrogen 
bonds. 

Table VI. Electronic Absorption and ESR Parameters of Copper EDTB Compounds 

- ESR 

electronic absorptionn poly crystalling MeOH sohh 

g, A , b  A , b 3 f  compd powder-reflectance MeOH s o h  g, g, g3 g1 

Cu(EDTB)CJ.EtOH*H,O 14.1 (8.9) 14.3 (10.0) 
Cu(EDTB)Br, 14.5 (10.2) 14.5 (-10) 
Cu(EDTB)(NO,), 14.3 (10.0) 14.3 (-10) 
Cu(EDTB)(ClO,), 14.5 (10.5) 14.3 (10.0) 
Cu(EDTB)(BF,), 14.5 (10.3) 14.5 (-10) 
CU, (EDTB)CI; 3H,O 9.1 (11.8) 14.2(-10) 
Cu,(EDTB)Br,. 2H, 0 11.8 (13.4) 14.0 (11.4p 
Cu,(EDTB)(NO,), 15.0 14.2 (-9) 
CU, (EDTB)(C10,),.4H ,O 14.5 14.2 (-10) 

a Frequencies are in l o 3  cm-’ ; shoulders are given in parentheses. 
compounds are observed; see text. e Dimethyl sulfoxide solution. 
g Q band, room temperature. X band, 77 K. 

viations from the least-squares planes being C0.02 A. An 
alternative description of the geometry is as a distorted, bi- 
capped square pyramid: N(IO), N(20), N(10’), and N(20’) 
constitute the basal plane, while N(30) and N(30’) occupy the 
axial coordination sites. The basal plane, however, shows a 
marked tetrahedral twist, which suggests a distorted tetra- 
hedron as still another way to describe the geometry; in that 
case N(30) and N(30’) have to be considered as noncoordi- 
nating. The tetrahedral distortion is illustrated by the dihedral 
angles between the N(  10)-Cu-N(20’) and the N (  10’)-Cu- 
N(20) planes and between the N(lO)-Cu-N(20) and the 
N( 10’)-Cu-N(20’) planes, 39.2’ and 39.7’, respectively (90’ 
for tetrahedral and 0’ for square planar), and by the average 
of the six N-Cu-N angles: 112.9’ (109.5’ for tetrahedral 
and 120’ for square-planar coordination). Recently the crystal 
structure was publishedz3 of a copper compound with a ge- 
ometry resembling the present one, Le., [C~(NO, ) (bpy)~ l -  
N03 .H20 ,  in which bpy stands for bipyridine. Its geometry 
was also described as distorted square pyramidal; the axial 
position is occupied by two oxygen atoms, one at 2.30 A and 
one at 2.82 A (average Cu-0 distance = 2,51 A). The basal 
plane in this compound shows a similar tetrahedral distortion 
(dihedral angle = 42.8’ compared to 39.3’ in our case); this 
distortion was ascribed to interligand repulsion between the 
two bipyridine ligands. In our case, molecular model building 
shows that when N(10), N(20), N(lO‘), and N(20’) are forced 
into a plane, the hydrogen atoms on C(15), C(28), C(15’), and 

(22) (a) Hamilton, G. J.; Ferraro, J. R.; Sinn, E. J .  Chem. SOC., Dalton 
Tram. 1979, 515. (b) Dik-Edixhoven, C. J.; Schenk, H.; van der Meer, 
H. Cryst. Srrucf. Commun. 1973,2, 23. ( c )  Udapa, M. R.; Krebs, B. 
Inorg. Chim. Acta 1979, 32, 1. (d) Battaglia, L. P.; Ferrari, M. B.; 
Corradi, A. B.; Fava, G. G.; Pelizzi, C.; Tani, M. E. V. J .  Chem. SOC., 
Dalfon Trans. 1976, 2197. 

(23) Nakai, H. Bull. Chem SOC. Jpn. 1980, 53, 1321. 

2.03 2.14 2.28 2.03 2.28 70 135 
2.03 2.12 2.28 2.03 2.27 75 135 
2.03 2.12 2.26 133 2.03 2.28 70 135 
2.03 2.12 2.28 133 2.03 2.28 65 135 
2.03 2.12 2.28 138 2.03 2.28 65 135 
C d 

2.12 d 
2.06 2.10 2.28 d 
C d 

A is given in cm-’. See text. Signals due to a mixture of 
f The values of g, and A ,  could not be determined accurately;g, 2.11. 

C(28’) come into close contact (C2.0 A). Apparently the 
tetrahedral distortion is caused by the repulsion between these 
atoms.24 

When the electronic properties are taken into account (vide 
infra), the most appropriate description for the geometry of 
this compound seems to be the square-pyramidal model. 

Figure 1 might suggest that a small ligand such as F can 
be accomodated in the space below Cu; the distance between 
Cu and H(281), 3.45 A, however, is too small for such a ligand. 

During the synthesis of the crystals, part of the tetra- 
fluoroborate ions have been solvolyzed, yielding C2H50BF<. 
Because of the resulting disorder, the angles and distances in 
the anions are not accurate. Decomposition of BF4- during 
the synthesis of transition-metal complexes in ethanol with 
imidazole- and pyrazole-containing ligands has been observed 
before.25 In those cases the decomposition product F is 
invariably found in the resulting complexes, yielding 
chains,25b or cluster C O ~ ~ O U ~ ~ S , ~ ~ ~  while BF3 or its reaction 
products are assumed to remain in the solution, solvated by 
ethanol molecules. The present complex is the first example 
where the boron-containing decomposition product of BF4- is 
found in the solid product. The ethoxytrifluoroborate ion has 
been described before.26 

A stereodrawing of the unit cell showing the packing of the 
molecules is presented in Figure 3. Both anions (BF4- and 
CzH50BF3-) are involved in hydrogen bonding with the hy- 

(24) Recently one more structure was published of a copper compound with 
a square-pyramidal geometry with a tetrahedrally distorted basal plane: 
Harrison, W. D.; Hathaway, B. J. Acta Crysrallogr., Sect. E.  1980,836, 
1069. 

(25) (a) Reedijk, J.; Jansen, J. C.;  van Koningsveld, H.; van Kralingen, C. 
G. Inorg. Chem. 1978, 17, 1990. (b) Guichelaar, M. A.; van Hest, J .  
A. M.; Reedijk, J. Inorg. Nucl. Chem. Lerr. 1974, 10,999. (c) Jansen, 
J. C.; van Koningsveld, H.; Reedijk, J.; Nafure (London) 1977,260,318. 

(26) Greenwood, H. N.; Martin, R. L. Q. Rev. Chem. SOC. 1954, 8, I .  
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drogen atoms of the imidazole groups of the complex cation. 
This hydrogen bonding involves two fluorine atoms of BF4- 
N-F distances 2.79 (1) and 2.84 (3) A) or the corresponding 
fluorine and oxygen of C2H50BF3- (N-F and N-0 distances 
are 2.79 (1) and 2.67 (4) A, respectively). By means of these 
hydrogen bonds the cations and anions are joined in infinite 
chains along the [ l o l l  direction. 

The presence of water is indicated by the elemental analyses 
(Table I); the final difference Fourier map did show some 
electron density in the region of the anions despite anisotropic 
refinement of the anion atoms. The water moelcules, however, 
could not be located and are assumed to be disordered in holes 
near BF4-. 

Spectroscopic Results. The electronic absorption and ESR 
spectra of the compounds are listed in Table VI. The com- 
pounds with general formula Cu2(EDTB)X4 show different 
absorption maxima in the solid state, depending on the nature 
of the anion. Apparently the anion or water molecules of 
crystallization participate in the coordination of the copper. 
The low frequency of the absorption maximum of Cuz- 
(EDTB)C14.3H20 and to a lesser extent of Cu2(EDTB)Br4. 
2 H 2 0  indicates that the geometry is not square planar, tet- 
ragonal, or square ~yramidal .~ '  The IR spectrum of CuI1,- 
(EDTB)(N03), indicates the presence of two different kinds 
of NO3-; two symmetric bending vibrations a t  805 and 820 
cm-l are observed (only one vibration is found for Cu"- 
(EDTB)(N03), at 820 cm-I, and EDTB compounds with other 
anions have no absorptions in this region). One of the nitrates 
is assumed to be coordinated to copper. The frequency of the 
d-d absorption maximum of this compound (see Table VI) 
is too low for square-planar coordination; distorted tetrahedral 
or square-pyramidal geometries are possible.27 The latter 
would implicate bidentate coordination by the nitrate. A 
similar kind of coordination geometry is proposed for Cu1IZ- 
(EDTB)(C104)4.4H,0; one or two water molecules are 
probably bonded to each copper atom, since apparently the 
C104- ions are not coordinating: only a single asymmetric 
stretching vibration a t  1100 cm-I is found.28 However, the 
chemical environments of the two copper ions in a single bi- 
nuclear compound are not necessarily identical. The ESR 
spectra of the chloride and the perchlorate compound suggest 
the presence of two copper species in each case. For Cu112- 
(EDTB)C14*3H20 four signals between g = 2.03 and 2.13 are 
observed in the g, region (no hyperfine splitting). The relative 
intensities of these signals depend on the particular sample. 
For one sample a three g value spectrum is observed with g, 
= 2.03, g2 = 2.13, and g3 = 2.28. Although these parameters 
very much resemble that of Cu(EDTB)Cl,, the geometries 
must be different according to the different electronic ab- 
sorption spectra. For Cur12(EDTB)(C104)4.4H20 the gll ab- 
sorption is split in a t  least five components, also suggesting 
more than one species. The three g values for Cu112- 
(EDTB)(N03), are compatible with the square-pyramidal 
geometry suggested above. Apparently due to exchange 
narrowing, no hyperfine structure in the 811 region is observed. 
Only the bromide compound shows a very broad absorption 
without fine structure, as often found in copper bromide 
compounds.29 No isolated dimers occur, as in none of the ESR 
spectra is a triplet signal observed. Susceptibility measure- 
ments down to 4.2 K indicate only very small magnetic cop- 
per-copper interactions. The effective b h r  magneton number, 
peff, a t  4.2 K varies between 1.53 and 1.66 pB for this class 
of compounds with the exception of Cu",(EDTB)Br4.2H2O 

(27) (a) Hathaway, B. J.; Billing, D. E. Coord. Chem. Rev. 1970,5, 143. (b) 
Hathaway, B. J. J.  Chem. Soc., Dalton Tram. 1972, 1196. 

(28) Hathaway, B. J.; Underhill, A. E. J .  Chem. SOC. 1961, 3091. 
(29) (a) van Ooyen, J. A. C.; Reedijk, J. Inorg. Chim. Acta 1977, 25, 131. 

(b) Megnamisi-BBlombt, M.; Novotny, M. A. Inorg. Chem. 1980, 19, 
2470. 
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which shows a somewhat larger interaction: peff = 1.23 kg 
a t  4.2 K. Frozen-solution ESR spectra of CU"~(EDTB)X, 
either in methanol or in dimethyl sulfoxide show the same 
signals as the spectra of the corresponding Cu"(EDTB)X, 
solutions (vide infra). Apart from these, an ESR signal with 
811 = 2.43 and All = 1 12.104 cm-' is observed; such signals are 
also found for free CuCl, in methanol. Moreover, the elec- 
tronic absorption spectra of these binuclear compounds in 
solution are identical with those of the mononuclear com- 
pounds. Apparently decomposition occurs with loss of one of 
the copper ions. So far no single-crystal studies of these 
compounds were possible. 

As can be seen in Table VI, the electronic absorption spectra 
of all compounds of compositions Cu"(EDTB)X, in the solid 
state and in methanolic solution are the same. These spectra 
are similar to those of the compounds with general formula 
[CU(L),(OXO)]Y;~~ herein L stands for the bidentate ligands 
bipyridine or phenanthroline, OXO stands for nitrite or acetate, 
and Y is another anion. The stereochemistries of these com- 
pounds range from cis-distorted octahedra130a to five-coordi- 
nated square pyramida130b (depending on the distance of the 
second oxygen atom to the copper atom). For the cis-distorted 
octahedral coordination geometry usually a dz2 ground state 
is observed,30a while for square-pyramidal coordination a d A  
ground state is suggested.30b The EPR spectra of C u r t  
(EDTB)X2 compounds in frozen solutions are all very similar 
and show more resolution than the solid-state powder spectra. 
The solution spectra can be interpreted as three g value spectra, 
with parameters similar to those obtained from single-crystal 
 measurement^^^ on Cu( EDTB) ( BF4) (BF30C2H5).H20; i.e.: 
g, = 2.03, g2 = 2.11, and g3 = 2.28, A ,  = 80 X lo4, A2 = 
80 X cm-'. Similar values were 
obtained from the powder spectra. This suggests that in so- 
lution the compounds have the same geometry as in the solid 
state. In our compounds, the low value of gl in the ESR 
spectrum (see Table VI) seems to suggest a d,2 ground 
~ t a t e ; ~ ' ~ J l  the value of g,, however, is much closer to gl than 
to g3; this is a strong indication for a ds-y-based ground state3* 
(which is usually connected with a distorted square pyramidal 
geometry). This dX2-y2 ground state excludes a trigonal- bi- 
pyramidal geometry for our compounds. The electronic ab- 
sorption spectrum is not compatible with a trigonal-bipyram- 
idal geometry27a~30b~33 either. 

When only the nitrogen donor atoms are considered, the 
symmetry of the CuN, chromophore in Cu(EDTB)(BF4)- 
(BF30C2H&H20 is C2". Polarized single-crystal electronic 
spectra of distorted square-pyramidal co per compounds with 
C,, symmetry have been as~igned. '~ '* '~  The one electron 
orbital sequence is dX2-,,2 > d,2 = d, > d,, = dyz. The high- 
frequency transition is assigned to d,,, d,,? - dg-9, and d t  - 
dX2-9 is the low-energy band. In unpolarized spectra of com- 
pounds with weak axial interactions these transitions are not 
resolved. The d, - dX2-y2 transition is usually observed as 
a weak absorption. The fact that both strong bands can be 
observed separately in the unpolarized powder reflectance 

and A3 = 135 X 

(a) Procter, I. M.; Hathaway, B. J.; Billing, D. E.; Dudley, R.; Nicholls, 
P. J.  Chem. Soc. A 1969, 1192. (b) Hathaway, B. J.; Ray, N.; Kennedy, 
D.; OBrein, N.; Murphy, B. Acta Crystallogr., Secr. B 1980, B36, 1371. 
(c) Hathaway, B. J., private communication. (d) Hathaway, B. J.;  
Walsh, B.; Walsh, A. J.  Chem. SOC., Dalton Trans., in press; cited in 
ref 30b. 
Slade, R. C.; Tomlinson, A. A. G.; Hathaway, B. J.; Billing, D. E. J .  
Chem. SOC. A 1968,61. 
(a) Bew, M. J.; Dudley, R. J.; Fereday, R. J.; Hathaway, B. J.; Slade, 
R. C. J .  Chem. SOC. A 1971, 1437. (b) Billing, D. E.; Dudley, R. J.; 
Hathaway, B. J.; Tomlinson, A. A. G. J.  Chem. SOC. A 1971, 691. (c) 
Hitchman, M. A. J .  Chem. SOC. A 1970, 4. 
Harrison, W. D.; Hathaway, B. J. Acta Crystallogr., Secr. B 1979,835, 
29 10. 
Dudley, R. J.; Fereday, R. J.; Hathaway, B. J.; Hodgson, P. G.; Power, 
P. C. J .  Chem. SOC., Dalton Trans. 1973, 1044. 
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spectra of our compounds suggests that the two amine nitrogen 
atoms at 2.50 %, from Cu have a much larger effect on the 
energy of the d l  - d+? transition than a single nitrogen atom 
on the axial position of a square pyramid In fact, the 
spectrum of our compound is comparable to that of square- 
pyramidal structures with one axial ligand at about 2.15 %, 
from the copper a t ~ m . * ’ ~ , ~ ~  

Concluding Remarks. The ligand EDTB is capable of 
forming copper coordination compounds with unusual geom- 
etries. When two Cu(I1) ions per ligand are present, different 
coordination geometries are assumed, depending on the anion. 
In view of the crystal structure and of the electronic and ESR 
spectra, the copper coordination in the Cu(EDTB)’+ cation 
has to be described as highly distorted square pyramidal. 

Copper derivatives of EDTB ligands with methyl substitu- 
ents on benzimidazole carbon or nitrogen atoms are under 
investigation, and related ligand systems in which sulfur donor 

(35) (a) Ray, N.; Hulett, L.; Sheahan, R.; Hathaway, B. J. Inorg. Nucl. 
Chem. Lett. 1978,14,305. (b) Bew, M. J.; Fereday, R. J.; Davey, G.; 
Hathaway, B. J.; Stephens, F. S. J .  Chem. Soc., Chem. Commun. 1970, 
887. 

atoms are present have been synthe~ized.)~ 
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Coordination Chemistry of Methylmercury(I1). Synthesis, ‘H NMR, and 
Crystallographic Studies of Cationic Complexes of MeHg” with Ambidentate and 
Polydentate Ligands Containing Pyridyl and N-Substituted Imidazolyl Donors and 
Involving Unusual Coordination Geometries’ 
ALLAN J. CANTY,*’ NARONGSAK CHAICHIT,3 BRYAN M.  GATEHOUSE,’ EDWIN E. GEORGE,, 
and G L E N  HAYHURST2 

Received December 2, 1980 
Complexes [MeHgL]N03 (L = 4,4’,4’’-triethyL2,2‘:6’,2”-terpyridyl (Et’terpy), terpy, bis(2-pyridy1)methanes ((~Y)~CHZ)S),  
(py),CMe2, (py)$Et2, tris(2-pyridyl)methane, several N-alkylimidazoles, N-(2-pyridyl)imidazole, and N-methyl-2-(2- 
pyridy1)imidazoles) are obtained from addition reactions in acetone. Proton magnetic resonance spectroscopy is used to 
deduce coordination behavior of potential uni- or polydentate ligands in methanol, indicating that Et3terpy, terpy, (PY)~CHZ)S, 
and N-methyl-2-(2-pyridyl)imidazoles act as bidentates to give three-coordinate mercury, but ( P ~ ) ~ C R ,  (R = Me, Et) are 
present as unidentates. A linear relation is obtained between zJ(’H-199Hg) for [MeHgL]’ and protonation constants for 
L, where L = N-alkylimidazoles, and the relation is similar to that obtained previously for L = pyridines. The ambidentate 
ligand N-(2-pyridyl)imidazole binds to mercury via the imidazole ring. Crystalline [MeHg((py)2CH2)]N03 has (py)&H2 
present as a bidentate ligand with “T-shape” coordination geometry based on a dominant C-Hg-N moiety [Hg-N = 2.16 
(1) A, C-Hg-N = 172 (1)”) and a weaker Hg-N’ bond [2.75 (2) A]. [Crystal data: space group P2,/n, 2 = 4, a = 
16.875 (2) A, b = 8.540 (1) A, c = 9.353 (1) A, 0 = 96.544 (8)’, R = 0.054 for 1142 reflections having ZI 3u(T).] Crystalline 
[MeHg(Et3terpy)]N03 has Et3terpy present as a tridentate ligand with MeHg” bonded strongly to the central nitrogen 
[2.26 (2) A, C-Hg-N = 171 (1)” and weakly to the terminal nitrogens [2.51 (2), 2.61 (2) A]. [Crystal data: space 

intensities having I I 3u(l).] Syntheses of new ligands containing pyridyl and N-methylimidazolyl donor groups are described. 
group E 1 / n ,  2 = 4, a = 9.1 15 (2) h , b = 15.725 (3) A, c = 15.566 (3) A, 0 = 94.465 (14)’, R = 0.063 for 1286 observed 

The MeHg” cation is the fundamental organomercury 
species, and with a coordination geometry restricted almost 
entirely to linear geometry$$ e.g., MeHgX (X = halide) and 
[MeHg(py)]+, may be regarded as one of the simplest Lewis 
acids, and as such it has been studied extensively as a prototype 
soft acid: as a model spectroscopic probe for binding of metal 

ions to complex molecules,’ and finds application as a probe 
for the study of  polynucleotide^^^^ and  protein^.^ However, 
2,2’-bipyridyls act as bidentates toward MeHg” in 
[MeHgL]N02q10 to give irregular three-coordination for 
mercury based on a dominant C-Hg-N moiety [ 164 (l)”, 
Hg-N = 2.24 (3) A] and a weaker Hg-N’ bond [2.43 (3) A]” 
with both bonds longer than the value for linear [MeHg(py)]+ 
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