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The compound of formula [Cu(T~GlyH)~(bpy)] 2-H20 (TsGlyH = N-tosylglycinate monoanion; tosyl = 4-toluenesulfonyl; bpy 
= 2,2'-bipyridine) was synthesized and characterized by means of structural, spectroscopic, thermal, and magnetic measurements. 
The compound crystallizes in the triclinic space group PI with 1 formula unit in a cell of dimensions (I = 15.799 (2) A, b = 10.337 
(2) A, c = 9.574 (2) A, a = 87.88 (l)', @ = 102.01 (l)', and y = 80.41 (1)'. The structure was solved by Patterson and Fourier 
methods and refined by least-squares calculations to a conventional R factor of 3.22% for 3251 counter data. The structure consists 
of discrete dimeric units and uncoordinated water molecules. The coordination geometry at each copper center is distorted square 
pyramidal; the metal ions are bridged through monodentate carboxylate groups. The EPR and electronic data are consistent with 
the crystal structure. The EPK spectrum at 139 K shows the AM, = 2 transition characteristic of magnetically coupled binuclear 
copper(I1) complexes. But, the very good linearity of the reciprocal molar susceptibility vs. temperature in the range 84-295 K 
suggests that only very weak exchange interactions may be present, consistent with a Cu-O-Cu angle of 100.0 (1)'. In the infrared 
spectrum the splitting of v(OCO),, is in accord with the different bonding modes of the carboxyl group. 

Introduction 
We have been interested for many years now in copper(I1) 

N-protected amino acid complexes'-' as they could represent one 
of the  simplest synthetic models for natural metal lo enzyme^.^ 
Among these ligands, the most significant results have been ob- 
tained for N-tosylgly~ine~ and N-tosyl-a-alanine6 as their binding 
modes and active sites vary as a function of solvent and the pH 
of the media. Moreover, the ternary complexes of these latter 
ligands adopt coordination geometry dependent on the additional 
heterocyclic nitrogen organic base.4d-f*6 

Since this class of ligands possesses the duo character of amino 
acid and sulfonamide derivatives, a further aim of our  current 
investigation is a better understanding of the coordination behavior 
of sulfonamides. 

In the present work we have synthesized a compound of em- 
pirical formula [ C ~ ( T s G l y H ) ~ ( b p y ) l . H ~ O  (TsGlyH = N-tosyl- 
glycinate monoanion; tosyl = 4-toluenesulfonyl; bpy = 2,2'-bi- 
pyridine) that exhibits spectroscopic properties very different from 
those of structurally known simple and ternary copper(I1) com- 
plexes with the  N-tosylglycine monoanion- as well as from the 
bis(N-tosyl-~-alaninato)(2,2'-bipyridine)copper(II), [Cu(Ts-@- 
AlaH),(bpy)], complex.' These differences cannot be justified 
by the  trivial statement tha t  they are ascribed to a diffferent 
hydrogen-bonding network, and we thought it very probable that 
a new binding mode of N-tosylglycine may be present. In order 
to verify this, we report here the crystal and molecular structure 
and the  spectroscopic, magnetic, and thermogravimetric analyses 
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Table I. Summary of Crystal Data Collection 

(A) Crystal Parametersa at 18  "C - 
cryst syst: triclinic 
a = 15.799 (2) A 
b = 10.337 (2) A 
c = 9.574 (2) A 
V =  1503.8 A' z = l  
mol form: C,,H,,Cu,- mol wt:  1388.48 

N,O,S, p(obsd)= 1.51 g 
p(ca1cd) = 1.53 g cm-' 
F(OOO)= 718 

space group: P1 (C;, No. 2) 
oi = 87.88 (1)" 

y =  80.41 (1)" 
p = 102.01 (1)" 

(by flotation) 

(B) Measurement of Data 
radiation: graphite-monochromated Mo K a  ( h =  0.710 69 A)  
rflcns measd: +h,+k,+l  
scan type: w-20 
e range: 2-26' 
scan speed: 3.0" min-' 
scan width: 1.2" 
bkgd time: 10 s at beginning and end of the scan 
std: 2 every 100 rflcns (no changes) 
no. of collcd rflcns: 4693 
no. of obsd rflcns: 3251 with I > 3.0u(J) [.(I) = (peak counts t 

total bkgd counts)1'2] 
cryst size: -0.31 X0.25 X 0.21 mm 
abs coeff: 8.6 (abs cor not applied) 

least-squares fit to the setting angles of 24 automatically 
centered reflections (Mo Ka radiation). 

of this complex, and the  results are discussed in comparison with 
those of the  above cited complexes. 
Experimental Section 

Preparation of [C~(TsClyH),(bpy)]~.2H~O. Solid bpy was added to 
a water-methanol (2:l) solution of [ C ~ ( T s G l y H ) ~ - 4 H ~ 0 1 ~  until a light 
blue solution was observed. By evaporation of the solution at -20 OC, 
blue crystals separated. One of these crystals was selected for X-ray 
analysis. Anal. Calcd for C56H60C~2NBOIsS4: C, 48.42; H, 4.36; N, 
8.07; S, 9.24; H 2 0 ,  2.60. Found: C, 48.26; H, 4.43; N, 8.10; S, 9.11; 

Physical Measurements. The electronic spectrum of the solid com- 
pound was recorded as a mull transmission spectrum with a Shimadzu 
MPS 50L spectrophotometer. The infrared spectrum was recorded with 
a Perkin-Elmer 180 spectrophotometer as KBr pellets and as a Nujol 
mull on KBr as support in the 4000-250-~m-~ spectral range. The EPR 
spectra were recorded with a Varian E-9 spectrometer equipped with X 
band (9 GHz) and an Oxford ESR 9 continuous-flow cryostat and with 
a Bruker ER 200D-SRC spectrometer. 

Magnetic susceptibility measurements were obtained on a Newport 
Instruments magnetic (Gouy) balance employing a Newport Instruments 
cryostatic cooling system using [HgCo(SCN),] as calibrant and were 

Unit cell parameters and their esd's were derived from a 

H20, 2.69. 
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Table 11. Final Positional Parameters" 

Antolini, Menabue, and Saladini 

Table 111. Selected Interatomic Distances and Angles" 

atom Y Y Z 

0.4550 (1) 
0.4448 (2) 
0.3843 (3) 
0.3801 (3) 
0.4387 (3) 
0.5012 (3) 
0.5042 (2) 
0.5626 (2) 
0.6210 (2) 
0.6891 (3) 
0.6947 (3) 
0.6350 (3) 
0.5700 (2) 
0.5242 (2) 
0.5958 (2) 
0.5636 (2) 
0.5687 (3) 
0.6241 (2) 
0.6722 (1) 
0.7284 (2) 
0.6057 (2) 
0.7373 (2) 
0.8091 (3) 
0.8567 (3) 
0.8361 (3) 
0.7652 (3) 
0.7155 (3) 
0.8892 (4) 
0.3407 (2) 
0.2518 (2) 
0.2678 (2) 
0.1980 (3) 
0.1 112 (2) 
0.0333 (1) 
0.0345 (2) 

0.0580 (2) 
0.0339 (3) 
0.0548 (4) 
0.1009 (3) 
0.1248 (4) 
0.1044 (3) 
0.1 223 (6) 
0.7698 (2) 

-0.0443 (2) 

0.0353 (1) 
0.1858 (3) 
0.2970 (4) 
0.3937 (4) 
0.3749 (4) 
0.2637 (4) 
0.1701 (3) 

-0.0262 (3) 
-0.1 363 (4) 
-0.1779 (4) 
-0.1048 (5) 

0.0090 (4) 
0.0477 (3) 
0.1202 (2) 
0.2197 (3) 
0.2132 (3) 
0.3149 (4) 
0.4076 (3) 
0.4798 (1) 
0.5533 (3) 
0.5458 (3) 
0.3544 (4) 
0.2772 (5) 
0.1747 (5) 
0.1485 (4) 
0.2268 (5) 
0.3282 (4) 
0.0354 (6) 
0.0911 (3) 
0.0200 (3) 
0.0636 (4) 
0.0880 (6) 
0.0673 (4) 
0.1935 (1) 
0.2712 (4) 
0.1422 ( 3 )  
0.2830 (4) 
0.2485 (5) 
0.3144 (5) 
0.4164 (5) 
0.4492 (6) 
0.3848 (6) 
0.4892 (7) 
0.2750 (4) 

0.1389 (1) 
0.2619 (3) 
0.2302 (4) 
0.3242 (5) 
0.4549 (5) 
0.4873 (4) 
0.3880 (3) 
0.2937 (3) 
0.2965 (4) 
0.4152 (5) 
0.5324 (4) 
0.5298 (4) 
0.4070 (3) 

-0.0298 (2) 
-0.1647 ( 3 )  
-0.0597 (4) 

0.0486 (4) 
0.0182 (3) 
0.1518 (1) 
0.0965 (3) 
0.2178 (3) 
0.2768 (4) 
0.2424 (5) 
0.3378 (5) 
0.4680 (4) 
0.4991 (5) 
0.4052 (5) 
0.5688 (7) 
0.0133 (3) 
0.1412 (3) 
0.0319 (4) 

-0.1064 (5) 
-0.0915 (4) 
-0.1058 (1) 
-0.2309 (4) 
-0.0972 (4) 

0.0446 (5) 
0.1691 (6) 
0.2896 (6) 
0.2889 (8) 
0.1634 (10) 
0.0419 (8) 
0.4181 (10) 
0.8642 (4) 

" The refined coordinates for 30 hydrogen atoms are given in 
supplementary material. 

corrected for diamagnetism with the appropriate Pascal constants. 
Thermogravimetric analysis were performed at a speed rate of 5 OC/min 
with a Mettler TA3000 instrument. 
X-ray Crystallography. The crystal selected for the X-ray analysis was 

sealed into a glass capillary and was directly mounted, in a random 
orientation, on a Philips PW 1100 automated four-circle diffractometer. 
All measurements were made at  room temperature by using Mo Ka 
radiation, under the conditions listed in Table I. The intensities were 
corrected for Lorentz and polarization effects but not for absorption in 
view of the low absorption coefficient and small crystal size. Only the 
observed relfections, placed on an (approximately) absolute scale by 
means of a Wilson plot, were used in the structure analysis. 

The centrosymmetric space group PT was initially assumed and then 
confirmed by the successful refinement of the structure, which was solved 
by conventional Patterson and Fourier techniques. Full-matrix least- 
squares refinement8 of p i t i ona l  and anisotropic thermal parameters for 
all the non-hydrogen atoms and of positional parameters for hydrogen 
atoms (previously located in A F  maps) led to final convergence at R = 
3.22% and R, = 3.33%. A final difference map was featureless, with no 
peaks higher than 0.25 e A-3. Unit weights were used at all stages, and 
no trend of Cw(lF,,I - vs. IF,,I, sin 8, or Miller indices was observed. 
There was no evidence for secondary extinction. 

(8) The quantity minimized during refinement was xw(lFoI - IFC1)', where 
w is the weighting factor. The unweighted and weighted residuals are 
defined as follows: R = (ZIF,J - IFcl)/CIFol and R,  = [Zw(lFeI - 

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

lFc1)'/ZwlFo121"2. 

Cu-N(l) 
Cu-N(2) 
CU-0(1') 
Cu-O(5) 
c u a ( 1 )  
cu .  . 0' 
C(11)-0(1) 
C(11)-0(2) 
C(1 l)-C(12) 
C(12)-N(3) 
N(3)-S(1) 

N(l )-Cu-N(2) 
N(l )-Cu-O(l') 
N(l )-Cu-0(5) 
N( 1 ) - C U - ~  (1 ) 
N(2)Cu-0(1')  
N(2)-C~-0(5) 
N(2)-Cu-O(1) 
O(l')-CU-0(5) 
0(1')-CU-O(l) 
O(S)-Cu-O(l) 
Cu-o(l)-CU' 
Cu-N( 1 )-C(l) 
Cu-N( 1 )-C(5) 
Cu-N(2)-C(6) 
Cu-N(2)-C(lO) 
CU-O(l')-C(11') 
C ~ - 0 ( 5  )-C(20) 
cu-O(1 ) - a 1  1 ) 

(a) Distances (A) 
1.992 (3) S(1)-0(3) 1.426 (4) 
2.002 (2) S(1)-0(4) 1.428 (3) 

1.933 (2) C(20)-0(5) 1.277 (5) 
2.350 (3) C(20)-0(6) 1.214 (5) 
3.317 (1) C(20)-C(21) 1.519 (5) 

1.222 (5) N(4)-S(2) 1.617 (4) 
1.503 (5) S(2)-0(7) 1.422 (4) 
1.461 (6) S(2)-0(8) 1.431 (3) 
1.621 (3) S(2)-C(22) 1.751 (5) 

80.9 (1) O(l)-C(11)-0(2) 124.2 (3) 
174.6 (1) O(l)-C(11)-C(12) 113.9 (3) 

95.2 (1) 0(2)-C(l l ) -C(12)  121.9 (3) 

1.968 (2) S(l)-C(13) 1.760 (3) 

1.285 (5) C(21)-N(4) 1.457 (6) 

(b) Angles (de@ 

100.2 (1) C(ll)-C(l2)-N(3) 110.9 (3) 
93.7 (1) C(12)-N(3)-S(l) 117.4 (3) 

170.7 (1) N(3)-S(1)-0(3) 106.1 (2) 
97.8 (1) N(3)-S(1)-0(4) 107.7 (2) 

80.0 (1) 0(3)-S(1)-0(4) 119.7 (2) 
91.1 (1) 0(5)-C(20)-0(6) 127.8 (3) 

125.6 (2) 0(6)-C(20)-C(21) 120.9 (4) 

90.1 (1) N(3)-S(l)C(13) 106.6 (2) 

100.0 (1) 0(5)-C(20)-C(21) 111.3 (4) 

115.0 (2) C(20)-C(21)-N(4) 114.5 (4) 
125.5 (2) C(21)-N(4)-S(2) 118.9 (4) 
11 4.6 (2) N(4)-S(2)-0(7) 106.7 (2) 
113.8 (2) N(4)-S(2)-0(8) 106.0 (2) 

144.7 (2) 0(7)-S(2)-0(8) 11 9.2 (2) 
126.6 (2) N(4)-S(2)4(22) 107.9 (2) 

" The primed atoms are related to  unprimed by the symmetry 
transformation 1 -x ,  -y, -2 of the reference coordinates. 

Figure 1. ORTEP view of [C~(TsglyH)~(bpy)]~.2H~O showing the num- 
bering scheme and atomic vibrational ellipsoids (40%). The hydrogens 
are shown as spheres of arbitrary radius. Equivalent atoms are related 
by an inversion center. 

Complex neutral-atom scattering  factor^^*.^ were used throughout; 
major calculations were carried out on a CDC Cyber 7600 computer by 
using the SHELX 76 program package10 and the OMEP plotting program." 
Final positional parameters for non-hydrogen atoms are given in Table 
11. Lists of anisotropic temperature factors, of hydrogen atom param- 

~~~~~ 

(10) Sheldrick, G. M. 'SHELX-76, Program for Crystal Structure 
Determination"; University Chemical Laboratory: Cambridge, England, 
1976. 
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Table IV. Room-Temperature (298 K) Electronic (X cm-’), 
Infrared (cm-I), EPR and Magnetic Momenta (fig), and 
Low-Temperature EPR (4.2 and 139 K )  and Magnetic Moment 
(84 K) Results, Weight-Loss Temperature Range (K), and 
Decomposition Temperature (K) for [Cu(TsGlyH), (bpy)],.2H,O 

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

Analysis. Nitrogen, carbon, sulfur, and hydrogen were analyzed with 
a C. Erba elemental analyzer instrument, Model 1106, by G. Pistoni; the 
water content was determined gravimetrically by thermal analysis. 

Results and Discussion 
Description of the Structure. Selected interatomic distances 

and angles are reported in Table 111, with atoms labeled as in 
Figure 1. Complete bond distances and bond angles, selected 
least-squares planes, and hydrogen-bonding interactions are given 
as supplementary material. 

The structure consists of discrete dimeric [Cu(T~GlyH)~(bpy)]~ 
units and uncoordinated water molecules that provide crystalline 
stability through a network of hydrogen-bond interactions. The 
metal atoms of the complex binuclear molecule are bridged 
through two oxygens related by an inversion center (which requires 
the bridging Cu202 unit to be planar) in the middle of the dimer. 
Each copper ion shows distorted square-pyramidal geometry, the 
four basal ligands being two nitrogen atoms of the bpy ligand and 
two carboxyl oxygens from two unidentate TsGlyH ions, while 
the axial site is occupied by a carboxyl oxygen that is basal to 
the other copper center in the dimer. 

The equatorial Cu-O(l’) bond length, only slightly longer than 
Cu-0(5), suggests that both are not markedly affected by the 
different bonding mode between O( 1’) and O(5) N-tosylglycinate 
atoms. 

The basal coordination plane is tetrahedrally distorted, with 
atomic deviations from the best fit plane ranging from -0.075 to 
0.075 A; the copper ion lies 0.072 A above this plane in the 
direction of the apical atom. The closest approach to the sixth 
coordination site about the copper ion is due to the carboxylic O(2) 
atom, but the interatomic distance (2.897 (3) A) and some in- 
teratomic angles (O(l)-Cu-O(2) = 49.8 (1)O) are out of the range 
of even weak coordination to the metal.12 The coordinated 
distances are consistent with those previously reported for 
square-pyramidal copper(I1) c ~ m p l e x e s . ~ ~ J ~ - ~ ’  Only a few in- 
stances of metal bridging by monodentate carboxylate groups14J5 
have been observed: copper(I1) (glycyl-L-hystidylglycine) hydrate, 
whose structure consists of five binuclear units;I8 copper(I1) (4- 
toluidine)bis(propionato), with a linear chain structure determined 
by monoatomic and syn-syn carboxylate bridges;lg tetraaqua- 
bis(p-hippurato-O)bis(hippurato-O)dicopper(II) tetrahydrate 
[ Cu ( H i p p ~ ) ~ (  H20)4] 2;20J1 [ Cu( L)CH3COO] 2.H20.C2H50H (LH 
= N-( 1,l -dimethyl-2-hydroxyethyl)salicylaldimine),22 where the 
two copper atoms are connected by a single-atom bridge through 
the acetate oxygen. 

The dimensions of the coordination polyhedron of our complex 
closely parallel those of the hippurate derivative,20J with very 
similar values of bond distances, Cu-.Cu separation (3.317 (1) 
vs. 3.33 A), and Cu-0-Cu bridging angle (100.0 (1) vs. 10l.Oo). 
It is also interesting to note that in both complexes the anionic 
ligands (glycine derivatives in both cases) exhibit the same metal 
binding, acting either as simple monodentate or as monodentate 

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

(12) Fitzgerald, W.; Hathawaj, B. J. J.  Chem. SOC., Dalton Tram 1981,567. 
(13) Freeman, H. C. Adv. Prorein Chem. 1967, 22, 257 and references cited 

therein. 
(14) Catterick, J.; Thornton, P. Adv. Inorg. Chem. Radiochem. 1977, 20,291 

and references cited therein. 
(15) Melnik, M. Coord. Chem. Rev. 1982, 42, 259 and references cited 

therein. 
(16) Hathaway, B. J. Coord. Chem. Reu. 1982,41,423 and references cited 

therein. 
(17) Antolini, L.; Marcotrigiano, M.; Menabue, L.; Pellacani, G. C. Inorg. 

Chem. 1983, 22, 141. 
(18) Osterberg, R.; Sjoberg, B. J .  Chem. Soc., Chem. Commun. 1972, 983. 
(19) Yawney, D. B. W.; Moreland, J. A.; Doedens, R. J. J. Am. Chem. Soc. 

1973, 95, 1164. 
(20) Brown. J. N.: Eichelberaer. H. R.: Schaeffer. E.: Good. M. L.: Trefonas. 

L. M. J .  Am. Chem. S&. 1971, 93, 6290. 
(21) Brown, J. N.; Trefonas, L. M. Inorg. Chem. 1973, 12, 1730. 
(22) Greenaway, A. M.; Connor, C. J.; Overman, J. W.; Sinn, E. Inorg. 

Chem. 1981, 20, 1508. 

wt loss temp range 
dec temp 

gii(4.2 K) 
gli(139 and 298 K) 
g,;64.2, 139, and 298 K) 

d-d band max 
CT band 

fiefi(295 K) 
fiefi(84 K) 

353-413 
433 
1.938 
1.955 
2.27 
2.28 
2.08 
2.15 
16.3 
26.3 sh 

3580 s 
3490 ms 
3290 ms, 3250 m 
1650 vs, 1600 vs 
1370 vsb 
1320,1310 vs 
1160 vs 
900 ms 

139 K 

I I I I I I 

MAGNETIC FIELD ( G )  
680  (160 2040  2 7 2 0  1 4 0 0  4 0 8 0  

Figure 2. EPR spectrum of [C~(TsglyH)~(bpy)],.2H~O at 139 K. 

bridging, through carboxyl oxygens. Furthermore, the C-O bond 
distances for coordinated 0 atoms (average 1.281 (5) A) are 
significant1 longer than those for uncoordinated 0 atoms (average 

the hippurate derivative (1.29 and 1.21 A, respectively). We also 
observe that the four equatorial bond distances and angles of our 
complex are very close to those of the cited square-planar mo- 
nomeric [C~(Ts-j3-AlaH)~(bpy)] complex’ where the N-tosyl-8- 
alaninate anion acts only as unidentate carboxylate ligand. 

Bond distances and bond angles within the TsGlyH ligands are 
normal and consistent with those previously observed in other 
copper complexes of the same monoanion.& 

The dimensions of the bpy molecule, whose individual pyridine 
rings, planar within f0.016 A, are twisted by 5.0’ about the 2,2’ 
bond, compare well with those previously reported for this co- 
ordinated ligand.7-16s23 

The crystal packing is mainly determined by a tridimensional 
network of hydrogen-bonding interactions that involve amino or 
water H atoms and uncoordinated carboxyl or sulfonic 0 atoms. 
The N-0 or O.-O separations range from 2.860 to 3.140 A, and 
the angles a t  the involved H atoms, from 167 to 126O. 

Tbermogravimetric, Magnetic, and Spectroscopic Results. The 
thermogravimetric analysis shows that the loss of water begins 
at a relatively high temperature, the water molecule being involved 
in three hydrogen bondings. 

1.218 (5) 1 ); their values compare well with those reported for 

(23) Stephens, F. S. J. Chem. Soc. A 1969, 2081. 
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Magnetic susceptibility measurements of polycrystalline samples 
between 84 and 295 K strictly obey the Curie-Weiss law of the 
form ( l ) ,  where N 2 P Z / 4 k  = C, xM is the molar susceptibility 

+ Na (1) 
N2PZ 

xM = 4427 - e) 
corrected for diamagnetism (-716.6 X 10" cgsu), Na is the 
temperature-independent paramagnetism (TIP = 120 X 10-6 cgsu 
for the dimer molecule). 

A least-squares fit of the reciprocal of molar susceptibility, 
corrected for both the diamagnetism and temperature-independent 
paramagnetism, vs. temperature according to the equation (1) gives 
a C value of 2.271 cgsu, 0 = 7.2 K, and g = 2.16 in agreement 
with the average value of 2.15 obtained from EPR spectra (Table 
IV). The EPR spectra a t  different temperatures (4, 139, 298 
K) are very similar to one another, are of the axial type, and show 
a sharp maximum in the 3000-G spectral region, while a further 
low-field resonance corresponding to AM, = 2 is present in the 
spectrum at  139 K (Figure 2). This transition indicates the 
presence of magnetically coupled copper( 11) ions within each 
dimer,z4 but the very good agreement of magnetic data down to 
84 K with eq 1 suggests that exchange interactions allow only for 
a very small 124 value, in agreement with the reported value for 
the structurally analoguous [ C ~ ( H i p p u ) ~ ( H ~ 0 ) ~ ] ~  (124 = 4.3 
cm-' 2 5 ) ,  attributable to the quasi-orthogonality between the s and 
p orbitals on the bridging oxygen afid the orbital on one copper 
that contains the unpaired spin (Cu-0-Cu = 100.0 (1)' in the 
present complex and 101.Oo in the hippurato complex). 

The EPR and electronic parameters (Table IV) are similar to 
those of square-pyramidal copper(I1) complexes with the CuN2O3 
chromophore,26 and comparison with the spectroscopic data of 
[ C u ( H i p p ~ ) ~ ( H ~ 0 ) ~ ] ~  (d-d band maxima: 680 and 880 nm,20 
685 and 900 sh nm1,27 gl = 2.356 and g, = 2.O6flz8) reveals the 

expected displacement of d-d band maxima to greater energy and 
that of g parameters to lower values because of the chromophore 
change from CuOs in the hippurate derivative to CuNZ03 in 
tosylglycinate. 

In the infrared spectrum (Table IV), the absorption frequencies 
of the uncoordinated functional groups (NH, SOz) are in the range 
found for the other copper(I1)-N-tosylglycinate monoanion 
complexes4 and for [C~(Ts-P-AlaH),(bpy)]~ except for the 
polymeric [ C U ( T ~ G ~ ~ H ) ~ ] , ,  which shows one sulfonic oxygen 
coordinated to the copper atomk). The only significant difference 
among the infrared spectra of the present and of previously cited 
complexes concerns the splitting of the absorption frequencis of 
the carboxylate group as a consequence of the different bonding 
modes in which this group is involved in the present complex. The 
asymmetric stretching band at  1650 cm-I is assigned to the 
bridging carboxyl group and that at 1600 cm-' to the monodentate 
carboxyl group; a broad unresolved band assignable to the sym- 
metric stretching of both carboxyl groups is found at  1370 cm-'. 
In Table IV we also report the bands attributable to the water 
molecule. 
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A new synthetic route to pillared clays is described that is based on the intercalation and subsequent oxidation of metal cluster 
cations in montmorillonite. Niobium and tantalum clusters of the type M,CI,,"+ (n = 2, 3) are shown to bind to the clay by ion 
exchange for interlayer sodium. The maximum cluster loading is larger than expected on the basis of formal cation charge and 
clay ion-exchange capacity, indicating that reduction of cluster charge occurs through hydrolysis on the intracrystal surfaces. The 
intercalated products exhibit regular basal spacings of 18.4 f 0.2 A (M = Nb) and 18.9 f 0.5 A (M = Ta). Oxidation of the 
intercalated cluster cations by water at  240 OC results in the in situ formation of metal oxide aggregates that function as molecular 
size pillars. The niobium and tantalum oxide pillared clays exhibit basal spacings of 19.9 f 0.5 A and are thermally stable to 
400 "C.  

Introduction 
Pillared clays are smectite clay minerals that have been modified 

through the introduction of robust cations into their interlayer 
regions. The intercalated cations function as molecular props or 
pillars between the silicate layers, creating a highly porous 
structure with a large intracrystalline surface area suitable for 
molecular absorption and catalysis. Early pillaring experiments 
by Barrer and co-workers'xz dealt with the intercalation of al- 

(1) Barrer, R. M.;  MacLeod. D. M. Trans. Faraday SOC. 1955.51, 1290. 
( 2 )  Barrer, R. M.; Reay, J. S .  S .  Trans. Faraday SOC. 1957, 53, 1253. 

kylammonium ions in montmorillonite. These bulky cations 
propped the silicate sheets apart by 4.0-4.5 A and markedly 
improved the diffusive and sorbtive properties of the host silicate. 
Later work by Shabtai et ale3 and by Berkheiser and Mortland4 
utilized the sterically rigid protonated dication of 1,4-diazabicy- 
clo[2.2.2]octane to achieve an interlayer free spacing of approx- 
imately 5 A. The alkylammonium pillared clays, however, were 

(3) Shabtai, J.; Frydman, N.; Lazar, R. Proc. 6th Int .  Congr. Catal. 1976, 
135, 1. 
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