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the  IR bands a t  1650-1700 cm-’ observed in the spectra of 
the oxidation products are  probably indicative of the formation 
of carbonyl groups. Products containing these functions have 
been shown to result from oxidation of the  ligand by reaction 
of metal  complexes with d i ~ x y g e n . ~ ~  I t  is important to note 
that  the products that  result from the irreversible oxygenation 
of [ C u ( ~ - b i s p ) ] +  a r e  different, a s  the  ester and imino groups 
of the ligand a r e  unaffected. I t  is possible that  in the C u  
reaction the ligand undergoes simple hydroxylation, apparently 
a common route for the evolution of many Cu(1) + O2 systems. 
The  L-bisp ligand appears  to provide some stabilization for 
simple copper-dioxygen and  cobalt-dioxygen species formed 
a t  the early stages of the oxygenation. W e  are  currently trying 
to characterize these species. 
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The compounds of formula [Cu(Tsgly)(bpy)L] and anhydrous [Cu(Tsgly)(bpy)] (Tsgly = N-tosylglycinate dianion; bpy 
= 2,2’-bipyridine; L = EtOH, H20) were synthesized and characterized by means of thermogravimetric, electronic, infrared, 
and EPR spectra. For one of them, the [Cu(Tsgly)(bpy)(EtOH)] complex, the crystal structure was also determined. The 
compound crystallizes in the monoclinic space group P2,/n with 4 formula units in a cell of dimensions a = 9.677 (1) A, 
b = 10.460 (1) A, c = 21.488 (2) A, and p = 98.27 (1)’. The structure was solved by the heavy-atom method and refined 
by least-squares calculations to R = 0.039 for 1705 observed reflections. The structure consists of discrete molecular units 
of [Cu(Tsgly)(bpy)(EtOH)]. The Cu atom shows tetrahedrally distorted square-pyramidal N3O2 coordination. The Tsgly 
dianion and the bpy molecule act as bidentate ligands in the equatorial plane, and the ethanol is bonded to the metal atom 
in the apical position. The thermogravimetric, EPR, and electronic results for the aquo and ethanol derivatives suggest 
that the stability of the in-plane ligands permits successive substitution reactions at the apical position. The infrared spectra 
for the aquo and ethanol adducts are consistent with the presence of a coordinated water or ethanol molecule. 

Introduction 
Investigation of the Cu(I1)-N-tosylglycinate system in the 

solid state and in solution (aqueous and ethanolic)2 has pointed 
out ,  on the  one hand, the  differences in the  coordination be- 
havior of this N-tosyl derivative with respect to  that of N-acetyl 
and N-benzoyl ones3 and, on the other hand, some meaningful 

( I )  To whom correspondence should be addressed. 
(2) (a) Antolini, L.; Battaglia, L. P.; Battistuzzi Gavioli, G.; Bonamartini 

Corradi, A.; Grandi, G.; Marcotrigiano, G.; Menabue, L.; Pellacani, G. 
C. J. Am. Chem. SOC. 1983,105,4327 (Part I ) .  (b) Ibid. 1983, 105, 
4333 (Part 2 ) .  (c) Inorg. Chim. Acta 1983, 79(B7), 262. (d) Battaglia, 
L. P.; Bonamartini Corradi, A,; Marcotrigiano, G.; Menabue, L.; Pel- 
lacani, G. C. Inorg. Chem. 1983, 22, 1902 (Part 3). (e) Battaglia, L. 
P.; Bonamartini Corradi, A.; Menabue, L. Ibid. 1983, 22, 3251. (0 
Fenyo, J. C.; Beaumais, J.; Selegny, E.; Petit-Ramel, M.; Martin, R. 
P. J. Chem. Phys. 1973, 299. 

(3) See for example: (a) Marcotrigiano, G.; Pellacani, G. C.; Battaglia, L. 
P.; Bonamartini Corradi, A. Cryst. Sfruct. Commun. 1976, 5, 923. (b) 
Udupa, M. R.; Krebs, B. Inorg. Chim. Acta 1978, 31, 258. (c) Ibid. 
1979, 37, 1. (d) Brown, J. N.; Eichelberger, H. R.; Schaeffer, E.; Good, 
M. L.; Trefonas, L. M. J. Am. Chem. SOC. 1971, 93, 6390. (e) Bat- 
taglia, L. P.; Bonamartini Corradi, A.; Marcotrigiano, G.; Menabue, 
L.; Pellacani, G. C. J. Am. Chem. SOC. 1980, 102, 2663. ( f )  Inorg. 
Chem. 1981, 20, 1075. (g) Antolini, L.; Battaglia, L. P.; Bonamartini 
Corradi, A.; Marcotrigiano, G.; Menabue, L.; Pellacani, G. C.; Saladini, 
M. Ibid. 1982, 21, 1391. (h) Battaglia, L. P.; Bonamartini Corradi, A,; 
Menabue, L.; Pellacani, G. C.; Prampolini, P.; Saladini, M. J. Chem. 
SOC., Dalton Trans. 1982, 781. 

similarities with t h e  pH-dependent coordination behavior of 
o l ig~g lyc ines .~  In  fact  in these peptides and  in N-tosyl- 
glycine,*v4 contrary to N-acetyl and N-benzoyl de r i~a t ives ,~  the 
presence of the  Cu(I1)  ion enables the  deprotonation of the  
peptide or  sulfonamide nitrogen atom. As a consequence, the 
N-tosylglycine may act a s  a bidentate ligand through a car-  
boxylic oxygen a t o m  and  the  deprotonated sulfonamide ni- 
trogen atom, forming a very stable five-membered chelate ring. 
In fact at pH 2 5 it  separates the  complex [C~(Tsgly) (H,O)~l  
where the  copper(I1) ion is in a square-pyramidal arrange- 
ment.& As this aquo complex contains three coordinated water 

i t  must easily react with nitrogen donor ligands. 
Therefore, in this paper we report the structural, spectroscopic, 
and thermogravimetric results on t h e  ternary complexes ob- 
tained by reaction of [Cu(Tsgly)(H20),]  with bpy (2,2’-bi- 
pyridine) in ethanolic and aqueous solution with the  a i m  of 

(4) (a) Freeman, H. C. Adv. Protein Chem. 1967,22,257. (b) Bell, J. D.; 
Freeman, H. C.; Wood, A. M.; Driver, R.; Walker, W. R. J.  Chem. 
SOC., Chem. Commun. 1969, 1441. (c) Margerum, D. W.; Dukes, G. 
R. Met. Iom Biol. Syst. 1974, I, 157. (d) Freeman, H. C. Inorg. 
Biochem. 1974, 1, 121 and references cited therein. (e) Lim, M. C.; 
Sinn, E.; Martin, R. B. Inorg. Chem. 1976, 15, 807. (f) Dehand, J.; 
Jordanov, J.; Keck, F.; Mosset, A.; Bonnet, J. J.; Galy, J. Inorg. Chem. 
1979, 18, 1543. 
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Table I. Summary of Crystal Data Collection 
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Table 11. Atomic Coordinates with Esd’s in Parentheses 

diffractometer 
radiation 

temp, O C  

cryst system 
space group 
a, A 
b, A 
c, ‘4 

v, A 
mol formula 
mol wt 

03 def! 

7 
1, 

F(000) 
p(calcd), g cm-j 
p(obsd), g C I T I - ~  
reflcns measd 
scan type 
0 range, deg 
scan speed, dcg min-’ 
scan width, dcg 
bkgd time, s 
stds 
collcd reflcns 
obsd rcflcns 

cryst size, mm 
abs coeff, cm-’ 
abs cor 

Philips PW 1 100 
graphite-nionochroniated Cu KO 

20 +_ 2 
monoclinic 
P2, /n  (C:h, No. 14) 
9.677 ( 1 )  
10.460 ( 1 )  
21.488 (2) 
98.27 (1 ) 
21 52.5 

( h =  1.541 78 A)  

4 
1019.9 
1.52 
1 S O  (by flotation) 
th,k,l 
w-20 
2-60 
2.1 
1.1 
I O  at beginning and end of the scan 
1 every 50 reflcns (no changes) 
3496 
1705 with I >  2.0dI) [o(I)= (peak 

counts + total bkgd  count^)''^] 
-0.16 X 0.10 X0.07 
25.0 
not applied 

clarifying the mutual influence of the potentially active ligands 
present in these systems. 

Furthermore, as N-tosylglycine may be considered as a 
4-toluenesulfonamide derivative, our results may be helpful 
in understanding the coordination behavior, still as yet con- 
troversial, of this important class of compounds.2f,5 

Experimental Section 
All chemicals were reagent grade and used as received. 
Preparation of (Ethanol) (N-tosylglycinato) (2,2’-bipyridine)cop- 

per( 11) and Aqua( N-tosylglycinato) (2,2’-bipyridme)copper(II), [Cu- 
(Tsgly)(bpy)(EtOH)] and [Cu(Tsgly)(bpy)(H20)]. The solid bpy was 
added alternately to an ethanolic or aqueous solution of [Cu- 
(Tsgly)(H20),] complex until deep blue solutions were reached. When 
these solutions were evaporated at  room temperature (20 “C), after 
12 h, dark blue crystals separated. These compounds can be trans- 
formed from one into another by stirring for 1 h the solid [Cu- 
(Tsgly)(bpy)L] (L = EtOH, H20)  in a water-ethanol (5:l or 1 5 )  
solution. 

[Cu(Tsgly)(bpy)(EtOH)]: Anal. Calcd for C21H23C~N305S:  C, 
51.13; H, 4.70; N,  8.53; S, 6.51; EtOH, 9.34. Found: C, 51.16; H, 
4.73; N,  8.49; S, 6.33; EtOH, 9.60. 

[Cu(Tsgly)(bpy)(H20)]: Anal. Calcd for Ci9H19CuN30SS: C, 
49.05; H, 4.12; N,  9.04; S, 6.90; H 2 0 ,  3.88. Found: C, 48.81; H ,  

Preparation of (N-Tosylglycinato)(2,2’-bipyridine)copper(II), 
[Cu(Tsgly)(bpy)]. This blue-green compound was obtained by allowing 
the solid [Cu(Tsgly)(bpy)(EtOH)] to stand in air at  30 OC for several 
weeks or by complete evaporation at  50 OC of an ethanolic solution 
of [Cu(Tsgly)(H20),] and bpy in a molar ratio of 1:l .  

Anal. Calcd for CI9Hl7CuN3O4S: C, 51.03; H, 3.84; N, 9.41; S, 
7.18. Found: C, 50.93; H, 3.83; N,  9.53; S, 7.03. 

Only crystals of [Cu(Tsgly)(bpy)(EtOH)] were found suitable for 
X-ray structural analysis. 

Physical Measurements. The electronic, EPR, and infrared spectra 
were performed on the solid complexes as described in ref 2a. The 
thermogravimetric analysis was performed at a speed rate of 5 OC/min 
with a Mettler TA3000 instrument. 

X-ray Data Collection. The crystal, sealed on a glass fiber, was 
transferred in a random orientation to a Philips PW 1100 automated 

4.22; N, 8.91; S, 6.63; H20, 3.92. 

( 5 )  Sigel, H.; Martin, R. B. Chem. Rev. 1982,82, 385 and references cited 
therein. 

atom X Y Z 

0.5455 (1) 
0.7041 ( 5 )  
0.7601 (7) 
0.8691 (8) 
0.9229 (8) 
0.8692 (8) 
0.7578 (7) 
0.5838 ( 5 )  
0.5056 (7) 
0.5266 (7) 
0.6350 (8) 
0.7153 (7) 
0.6851 (6) 
0.5 157 (4) 
0.3567 ( 5 )  
0.4070 (6) 
0.3339 (7) 
0.42 15 ( 5 )  
0.4551 (2) 
0.4651 ( 5 )  
0.5756 (4) 
0.3120 (6) 
0.3075 (7) 
0.1963 (7) 
0.0900 (7) 
0.0967 (7) 
0.2080 (7) 

0.3602 ( 5 )  
0.3838 ( I O )  
0.2694 (13) 

-0.0316 (8) 

0.3824 (1) 
0.3802 ( 5 )  
0.2761 (6) 
0.281 8 (7) 
0.3993 (8) 
0.5074 (7) 
0.4963 (6) 
0.5703 (4) 
0.66 16 (6) 
0.7899 (6) 
0.8234 (6) 
0.7314 (6) 
0.6035 (6) 
0.1 996 (4) 
0.0528 (4) 
0.1602 ( 5 )  
0.2538 (6) 
0.3679 (5) 
0.4087 ( I )  
0.3014 (4) 
0.4917 (4) 
0.5004 ( 5 )  
0.5332 (7) 
0.6046 (8) 
0.6437 (6) 
0.6093 (7) 
0.5382 (6) 
0.7208 (8) 
0.4239 ( 5 )  
0.4643 (IO) 
0.4532 (14) 

0.2631 ( I )  
0.3336 (2) 
0.3636 (3) 
0.41 16 (3) 
0.4296 (3) 
0.3984 (3) 
0.3508 (3) 
0.2697 (2) 
0.2384 (3) 
0.25 16 (3) 
0.2975 (3) 
0.3305 (3) 
0.3 159 (3) 
0.2686 (2) 
0.2381 (2) 
0.2344 (3) 
0.1 862 (3) 
0.1836 (2) 
0.1 176 (1) 
0.0754 (2) 
0.1 266 (2) 
0.0816 (3) 
0.0185 (3) 

-0.0102 (3) 
0.0209 (3) 
0.0827 (3) 
0.1 132 (3) 

-0.0 11 4 (4) 
0.3222 (2) 
0.3853 (4) 
0.4222 (6) 

four-circle diffractometer. Accurate cell constants were derived from 
a least-squares refinement of the setting angles of 20 reflections. 
Intensity data were then collected under the conditions listed in Table 
I. 

A survey of the complete data set revealed systematic absences 
compatible only with space group P2,/n. The intensities were corrected 
for Lorentz and polarization effects but not for absorption in view 
of the small crystal dimensions. Only the observed reflections, placed 
on an (approximately) absolute scale by means of a Wilson plot, were 
used in the structure analysis. 

Solution and Refmement of the Structure. The structure was solved 
by conventional heavy-atom methods and refined by full-matrix 
least-squares techniques.6 All non-hydrogen atoms were treated 
anisotropically, and all hydrogen atoms were added to the model as 
fixed contributors at  their observed positions, except for those of the 
C(21) methyl group, which were placed in calculated positions 
staggered with respect to the adjacent methylene group. R and R, 
converged to their final values of 0.039 and 0.042, respectively, with 
changes in parameters in the last least-squares cycle being less than 
0.10 of their esd’s. A final difference map had no significant feature, 
with no peaks higher than 0.35 e A-3. Unit weights were used at  all 
stages; no trends of xw(lFoI - lFc1)2 vs. IF& sin 8, or Miller indices 
were observed, and the weighting scheme was better than that based 
on o(F) values previously tested. During refinement, zero weight was 
assigned to two strong low-order reflections, which may be affected 
by secondary extinction. 

Complex neutral-atom scattering factors7 were employed 
throughout; major calculations were carried out on a CDC Cyber 7600 
computer by using the SHELX-76 program package* and the ORTEP 
plotting programa9 

Final fractional coordinates for non-hydrogen atoms are listed in 
Table 11. Anisotropic temperature factors, hydrogen atom parameters, 

(6) The function minimized was xw(lFol - lF,1)2, where w is the weighting 
factor. The unweighted and weighted residuals are R = (xllFol - 

(7) “International Tables for X-ray Crystallography”; Kynoch Press: Bir- 
mingham, England, 1974; Vol. IV: (a) pp 99-101; (b) pp 149-150. 

l ~ c l l ~ / ~ l ~ o l  and R, = [Cw(lFoI - I~c1)2/CwI~0121”2. 

(8) Sheidrick, G. M. “SHELX-76 Program for Crystai- Structure 
Determination”; University Chemical Laboratory: Cambridge, England, 
1976. 

(9) Johnson, C. K. “ORTEP”, Report ORNL-3794; Oak Ridge National 
Laboratory: Oak Ridge, TN, 1965. 
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0.: 

Figure 1. ORTEP view of the [Cu(Tsgly)(bpy)(EtOH)] complex 
showing the labeling scheme and atomic vibrational ellipsoids (40%). 
The hydrogen atoms are shown as spheres of arbitrary radius. 

Table 111. Sclcctcd Bond Distances ( A )  and Bond Angles (deg) 
with € s d ' s  i n  Parentheses 

Distances 
Cu-N(I) 1.996 (5) O(I)-C(ll) 1.263 ( 7 )  
Cu-N(2) 2.001 (5) 0(2)-C(11) 1.232 (6) 
cu-O(1) 1.940 (4) C(12)-N(3) 1.470 (7) 
Cu-N(3) 1.946 (4) N(3)-S 1.559 (5) 

N(l)-C(I) 1.340 ( 7 )  S-0(4) 1.444 (4) 
Cu-0(5) 2.382 (4) S-O(3) 1.455 (4) 

N(I)-C(5) 1.352 (7) S-C(13) 1.768 (6) 
N(2)-C(6) 1.339 (7 )  0(5)-C(20) 1.408 (9) 
N(2)-C(10) 1.337 (7) 

Anglcs 
N(l)-Cu-N(2) 81 .O (2) C(S)-N(l)-C(I) 119.1 (5) 
N(I)-Cu-O(l) 92.7 (2) N(l)-C(S)-C(IO) 114.1 (5) 
N(l)-Cu-N(3) 167.1 (2) C(l O)-N(2)-C(6) 11 9.3 (5) 
N (  1 )-C~-0(5) 98.8 (2) C(9)-C(lO)-N(2) 121.6 (6) 
N(2)-Cu-O(1) 172.4 (2) O(I)-C(l 1)-0(2) 124.3 (5) 
N(2)-Cu-N(3) 102.9 (2) O(l)-C(ll)-C(l2) 117.0 (5) 
N(2)-Cu-0(5 ) 85.9 (2) 0(2)-C(1 1 )-C(I 2) 1 18.8 (5) 
O(l)-Cu-N(3) 84.2 (2) C(1 I)-C(12)-N(3) 109.5 (5) 
O(1 )-Cu-0(5) 91 .O (2) C(12)-N(3)-S 116.9 (4) 

Cu-N(l)-C(l) 126.0 (4) N(3)-S-0(4) 108.2 (2) 
Cu-N(I )-C(5) 114.9 (4) N(3)-S-C(13) 107.0 (3) 

Cu-N(2)-C(lO) 114.6 (4) 0(3)-S-C(13) 105.3 (3) 
CU-O(l)-C(lI) 113.8 (4) 0(4)-S-C(13) 107.4 (3) 
Cu-N(3)-C(12) 108.4 (3) S-C(13)-C(14) 1 18.2 (5) 

N(3)-Cu-0(5) 93.8 (2) N(3)-S-0(3) 113.5 (3) 

Cu-N(2)-C(6) 125.4 (4) 0(3)-S-0(4) 1 15,o (3) 

Cu-N(3)-S 126.4 (3) S-C(13)-C(18) 122.2 (5)  
C~-0(5)-C(20) 122.6 (5) 0(5)-C(20)-C(21) 118.0 (9) 

and tables of observed and calculated structure factors are available 
as supplementary material. 

Analysis. Nitrogen, carbon, hydrogen, and sulfur were analyzed 
with a C. Erba Elemental Analyzer Instrument Model 1106 by G. 
Pistoni. The ethanol and water contents were determined thermo- 
gravimetrically. 
Results and Discussion 

Description of the Structure. A drawing of the structure, 
showing the labeling scheme, is given in Figure 1 and a ste- 
reoview of the unit cell contents in Figure 2. Selected bond 
distances and bond angles are listed in Table 111. Complete 
bond distances and bond angles and selected least-squares 
planes are given as supplementary material. For the sake of 
comparison, a summary of some structural features of pre- 
viously investigated (N-tosylglycinato)copper(II) complexes 
are reported in Table IV. 

The crystal is composed of discrete molecular units of 
[Cu(Tsgly)(bpy)(EtOH)], linked into linear chains through 
hydrogen bonds. 

Environment of the Copper Atom. The Cu atom exhibits 
tetrahedrally distorted square-pyramidal N302 coordination 
arising from ligation by a Tsgly dianion and a bpy molecule, 

h c 

c 

e m  - or- 
o m  m [ZP' n m  cn m m  



[ Cu( Tsgly) (bpy)L] Complexes Inorganic Chemistry, Vol. 23, No. 10, 1984 1421 

Figure 2. Stereoview of the unit cell contents. 

both acting as bidentate ligands in the equatorial plane, and 
by an ethanolic oxygen in apical position. As a common 
feature of many Cu(I1) small peptide or amino acid com- 
ple~es,"'-'~ the four equatorial donor atoms shown deviations 
(from -0.142 to 0.141 A) from their least-squares mean plane 
in the pattern of a tetrahedral distortion of the approximately 
planar base; the Cu atom deviates 0.077 8, from the plane 
toward the apical 0 atom. The least-squares planes through 
the five-membered chelate rings make a dihedral angle of 
13.6O. A comparison with the structural features of the 
[C~(Tsgly) (H~O)~l  and K2[Cu(Tsgly),] complexes,2a in which 
the Tsgly dianion similarly acts as a bidentate ligand in the 
equatorial plane of the square-pyramidal metal atom, shows 
significant differences within the coordination polyhedra. The 
four equatorial donor atoms are coplanar in the [Cu- 
(Tsgly)(H,O),] salt; the substitution of the two water mole- 
cules by the chelating bpy ligand in the copper coordination 
sphere determines a relevant tetrahedral distortion of the 
equatorial plane of the [Cu(Tsgly)(bpy)(EtOH)] complex. 
More relevant deviations, up to 0.243 A, occur in the basal 
coordination plane of the K2[Cu(Tsgly),] salt, in which the 
two five-membered glycine-type chelate rings make a dihedral 
angle of 17.8O. Relevant differences occur also in the Cu- 
O(apica1) bond distances, suggesting a correlation with the 
tetrahedral distortions of the basal coordination plane, although 
major contributors could be the chemical nature of the oxygen 
atoms or crystal packing requirements such as hydrogen 
bonding. A Cu-O(water) apical distance of 2.259 (4) 8, was 
found for the [ C ~ ( T s g l y ) ( H ~ O ) ~ l  salt, while in the K2[Cu- 
(Tsgly),] complex a Cu-O(sulfonic) axial interaction of 2.7 17 
(5) A leads to [Cu,(Tsgly),lb dimeric units. It is interesting 
to note that the Cu-O(ethano1ic) apical distance (2.382 (4) 
A) of the present compound compares well with the Cu-0- 
(carboxylate) (2.37 (2) A) and Cu-O(water) (2.368 (5) 8) 
axial interactions found in the (L-aspartato) (imidazo1e)cop- 
per(I1) dihydrate13 and in the aqua(~-aspartato)(2,2'-bi- 
pyridine)copper(II) trihydrate,I4 respectively; both latter 
complexes show quite similar tetrahedral distortions of the 
square-pyramidal coordination polyhedron. 

It must also be noted that in the present and in the previ- 
ously reported copper(I1)-N-tosylglycinate complexes the 
mean value of 1.97 A for the Cu-N(sulfonamide)2* bond 
length is significantly longer that the average value of 1.90 

Freeman, H. C. 'The Biochemistry of Copper"; Peisach, J., Aisen, P., 
Blumberg, W. E., Eds.; Academic Press:. New York, 1966. 
Simmons, C. J.; Lundeen, M.; Seff, K. Inorg. Chem. 1978, 17, 1429. 

. ,  Nardin, G.; Randaccio, L.; Bonomo, R. P.; Rizzarelli, E. J.  Chem. Soc., 
Dalton Trans. 1980, 369. 

(13) Antolini, L.; Marcotrigiano, G.; Menabue, L.; Pellacani, G. C.; Saladini, 
M. Inorg. Chem. 1982, 21, 2263. 

(14) Antolini, L.; Marcotrigiano, G.; Menabue, L.; Pellacani, G. C. Inorg. 
Chem. 1983, 22, 141. 

Table V. Room-Temperature (298 K )  Electronic (lo-' cni-') and 
Infrared (cm-') and Low-Temperature (I  23 K) EPR Results. 
Weight-Loss Temperature Range (K), and Decomposition 
Temperature (K) for the Complexes 

[Cu(TsglY)- [Cu(Tsgly)- [Cu(Tsgly)- 
(bpy)(E t OH) I" (bpy )(H, 011 b (bPY)l 

406-428 wcight-loss 381-41 1 
temp range 

dec temp 443 44 3 453 
d-d band max 16.4 16.7 14.2 

gll 2.217 2.202 
g.l 2.069 2.065 
goc 2.1 18 2.1 1 1  gi = 2.144 
v(OCO),, 1609 vs 1625 vs 1615 vs 
v(OCO), 1375 vs 1365 vs 1380 vs 
v(SO,),,  1250 vs 1250 vs 1265 vs 
v(SO,) ,  1135~,1120vs 1130s,1105vs 1135vs,1105vs 
v(SN) 1020 s 1010 5 1018 s 

a The bands at 3200 m-s b @(OH)), 1300 s (v(OH)), and 1050 5 

( v ( C 0 ) )  are assigned to the coordinated ethanol molecule. b The 
bands at 3530 m-s (Y(OH),~) and 3450 sh  (v(OH),) are assigned to 
thc coordinated water molecule. 

A found for the Cu-N(peptide) bond.15 This indicates a 
coordination ability of N-(sulfonamide) lower than that of 
N-(peptide) as expected because of the electrophilic effect of 
the -SO2- group, which is greater than that of the -CO- 
group.5 

Furthermore, the replacement of the apical water molecule 
of the parent [Cu(Tsgly)(H,O),] complex from a poor coor- 
dinating species such as ethanol suggests both that bpy in- 
creases the stability of the equatorial ligands with respect to 
the parent complex (adding a further reasonable justification 
to the lengthening of the Cu-O(apica1) bond)I6 and that 
successive substitution at this fifth axial position may take 
place without affecting the equatorial atoms. 

The N-Tosylglycinate Dianion. As expected and previously 
reported,2a the sulfonamide deprotonation and the successive 
replacement of the hydrogen atom with a Cu atom influences 
some of the internal bond distances of the tosylglycinate di- 
anion, especially the S-N and S - 0  bonds, which become 
slightly shorter and longer, respectively, with respect to the 
complexes of undeprotonated N-tosylglycine. This fact, 
parallelling the behavior of peptides," may be associated with 
an increasing of the double-bond character of S-N bond and 
a slight diminishing of bond order of S-0 bonds. 
The 2,2'-Bipyridine Ligand. Bond distances and bond angles 

within the bpy molecule, whose individual pyridine rings are 

14.7 

go = [ @ll + 2gl)/3]. 

~~ 

(15) A comprehensive collection of references for structural studies on metal 
complexes of peptides and related ligands until 1981 is reported in ref 
5. 

(16) Sigel, H. Mer. Ions Biol. Spr. 1973, 2, 63 and references cited therein. 
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planar within f0.016 A and twisted by 4.5' about the C- 
(2)-C(2') bond, are consistent with those previously observed 
for this coordinated ligand.",'* 

Hydrogen Bonding. The crystal packing is mainly due to 
a hydrogen-bond interaction between the alcoholic group and 
the uncoordinated carboxylate O(2) atom of an adjacent 
molecular unit [0(5)-.0(2)' = 2.668 (6) A; O(5)-H = 0.88 
A; H-.0(2)' = 1.80 A; 0(5)-H-0(2)' = 167.9O (i = - 
x ,  + y,  ' / 2  - z ) ] .  The resulting linear chains are separated 
by normal van der Waals distances. 

Thermogravimetric and Spectroscopic Results. The ther- 
mogravimetric analysis shows a sharp maximum in the 
381-411 and 406-428 K temperature ranges, without de- 
composition (Table V), for the EtOH and HzO adducts, re- 
spectively, corresponding to the complete loss of an ethanol 
or water molecule. That the temperature for the loss of HzO 
is greater than that for the coordinated EtOH molecule 
strongly supports the hypothesis that the HzO molecule is also 
directly involved in copper coordination. 

The room-temperature solid-state electronic data and the 
EPR parameters at 123 K (Table V) of the aquo and the 
structurally known EtOH derivatives are similar, suggesting 
the same square-pyramidal geometry with a CuN302 chro- 
mophore for both the c ~ m p l e x e s . ' ~ ~ ' ~  

Therefore, the thermal, electronic, and EPR results confirm 
that the in-plane [Cu(Tsgly)(bpy)] moiety is almost unaffected 
by the easy replacement of ethanol with a coordinated water 

23, 1422-1425 

(17) Stephens, F. S.  J .  Chem. Soc A 1969, 2081. 
(18) Hathaway, B. J. Coord. Chem. Rev. 1982,41, 423 and references cited 

therein. 
(19) Hathaway, B. J.; Billing, D. E. Coord. Chem. Reu. 1970, 5 ,  143. 

molecule in the apical position. 
The loss of the apical ligand makes it necessary to rearrange 

the in-plane ligands by increasing the dihedral angle between 
the plane of Tsgly and bpy ligands, which gives rise to distorted 
tetrahedral geometry. This is supported by the shift to 14.2 
X lo3 cm-I (Table V) of the d-d band maximum and the 
increase of gi in the anhydrous complex with respect to those 
of alcoholic or aquo complexes.20J 

The more relevant infrared bands of our complexes are 
reported in Table V and are assigned by comparison with those 
of previously investigated copper complexes containing de- 
protonated N-tosylglycine.za Table V also reports the bands 
attributable to coordinated ethanol and water molecules and 
their tentative assignments. 
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The X-ray structure of the complex aquo[tris[(3,5-dimethyl-l-pyrazolyl)methyl]amine]cobalt(II) perchlorate, [Co- 
(H,0)(MeTPMA)](C104)2, has been solved and shown to consist of the five-coordinate [Co(H2O)(MeTPMA)lZ+ cation 

rchlorate anions. (Crystal data: orthorhombic, space group PcaZ,, a = 18.456 (8) A, b = 13.480 (6) A, c = 10.888 and'r (6) , Z = 4; R = 0.061, 1820 reflections.) The cation shows several similarities with cobalt-substituted carbonic anhydrase. 
The cation is essentially trigonal bipyramidal with the amino nitrogen and the water molecule in the apical positions. The 
electronic and EPR spectra have been measured and interpreted in terms of angular-overlap parameters. 

Introduction 
The complex aquo[tris[(3,5-dimethyl-l-pyrazolyl)- 

methyl]amine]cobalt(II)  perchlorate, [ Co( H 2 0 ) -  
(MeTPMA)](C104)z, has been recently reported' to be a 
spectroscopic model for cobalt-substituted carbonic anhydrase 
(CoCA). The metal ion is coordinated by three pyrazole 
nitrogens, one amine nitrogen, and a water oxygen. The co- 
ordinated water in the model complex has a pK, of 9.1, which 
matches with the value of CoCA in the range 6-7.5,2 de- 
pending on the particular isoenzyme. To achieve a better 
understanding of the system, we have determined the X-ray 
structure of the above complex and have recorded its single- 

( I )  Bertini, I . ;  Canti, G.; Luchinat, C.; Mani, F. Inorg. Chem. 1981, 20, 
1670. 

(2) Bertini, I.; Luchinat, C. Acc. Chem. Res. 1983, 16, 272. 

0020-166918411323-1422$01.50/0 

crystal polarized electronic and EPR spectra. In particular, 
it appeared interesting to us to understand the ligand field 
parameters of a single coordinated water molecule and in- 
vestigate the possible connections with its pK, value. 
Experimental Section 

Synthesis of the Complex. The complex [Co(H20)- 
(MeTPMA)](C104)2 was prepared as reported elsewhere.' Crystals 
suitable for X-ray diffraction and polarized electronic spectra were 
obtained by recrystallization of the complex from ethanoHiethy1 ether 
solutions. 

X-ray Data Collection and Reduction for 
[Co(HzO)(MeTPMA)](CIO,),. The compound crystallizes in the form 
of elongated plates. A crystal of dimensions 0.06 X 0.20 X 0.80 mm 
was used for crystal data and intensity data collection. A Philips PW 
1 100 automatic diffractometer and graphite-monochromated MoKa 
radiation (A = 0.71069 A) were used for all operations. The lattice 
constants, determined from the setting angles of 12 pairs of reflections 

0 1984 American Chemical Society 


