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only two metals.'® The ligand employed here, [Hy(DPE)](NH,),,
consists of two 8-alanyl appendages, positioned on one face of the
porphyrin plane, which serve as chelating sites for additional
metals. This is a flexible system designed to promote the formation
of trimetallic complexes. Thus, when a central metal is chelated
by a pair of these ligands, formation of linear trinuclear arrays
is possible. Synthetically, it is convenient to insert a metal into
the porphyrin core of [H4(DPE)](NH,), in the first step. Sub-
sequent introduction of an additional metal to link two porphyrin
complexes affords the desired trinuclear complexes.

Preparation of [{[Ni(DPE)](NH,),},Zn}(ClO,), was achieved
by following the above strategy. The solution 'H NMR spectrum
of this species clearly indicates that a new complex has formed.
The presence of one resonance at 2.19 ppm (s) for the four pyrrole
methyl substituents, one diastereotopic CH, multiplet at 3.62 ppm,
and one triplet at 1.55 ppm for the four pyrrole ethyl groups
indicates that the porphyrin ligand retains its C, symmetry in this
complex. This is consistent with the expected tetrahedral geometry
involving the central d'? zinc ion.

The trimetallic nature of all of the complexes described here
has been confirmed by molecular weight measurements. Un-
fortunately, the trinuclear complexes reported here have not yet
been amenable to mass spectral or X-ray diffraction analysis.
However, a particularly useful alternative was the use of Cu(II)
as the central, linking metal in this system and as an EPR probe
for structure and composition. Thus {[Zn(DPE)](NH,),},CuCl,
exhibits an EPR spectrum with ac, = 197.5 G, g; = 2.21, and
g, =2.07. This is consistent with an axially symmetric complex.'!
In addition, the nine-line !N superhyperfine splitting requires
that four nitrogens bind to Cu in equivalent positions. These EPR
data unambiguously indicate that the structure of the Cu core
must be tetragonal, with chlorides occupying the axial positions
and the four terminal amines of the two [Ni(DPE)](NH,),
chelates residing in the equatorial plane.

Conclusions

Preparation of trinuclear species generally leads to the formation
of triangular complexes.'? Few rational methods for preparing
linear trinuclear complexes are known, and these are not readily
extendable to more than one type of metal system.!> With the
use of specially designed ligands, we have devised a general method
for the synthesis of linear arrays of transition-metal complexes.
The versatility of our multichelating ligands demonstrates that
controlled syntheses of complex multinuclear molecules are readily
achievable. For example, by judicious choice of metals, a series
of homo- and heteronuclear trimetallic complexes can be prepared.
Furthermore, additional modification can be achieved by altering
the axial ligands bound to the central metal of these complexes.
The compounds prepared here can be viewed as truncated portions
of one-dimensional chains. Thus, in principle, it should be possible
to prepare increasingly sophisticated materials with deliberately
tailored properties. Further investigation of the physical and
chemical properties of these novel complexes as well as extension
of this work to polymeric systems is underway.
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Introduction

As part of a program aimed at understanding the synthesis and
properties of organocobalt complexes relevant to B,, coenzymes,
we have been investigating the synthesis of complexes based on
quadridentate bis(salicylidene) Schiff base ligands.!? Metal
complexes of such quadridentate Schiff base ligands have been
studied extensively, both as B;, models'~> and also because of the
rich coordination chemistry generated by the well-known ability
of the two coordinated phenolate oxygen atoms to bridge metal
centers.* Further interest in these complexes has focused on their
usefulness in studying magnetic exchange interactions between
bridged paramagnetic metal ions>S and on their application in
catalytic processes.’

During the course of the investigation, we planned to prepare
complexes based on SALPN?" (the dianion of N,N’-bis(salicyl-
idene)propylenediamine) and 2,2-Me,SALPN?- (the dianion of
N,N'-bis(salicylidene)-2,2-dimethylpropylenediamine). The
preparation of SALPN?" complexes from M(O,CCHj), has been
reported to yield analytically impure products for Co(I1)® and
Fe(I11)°. This type of preparation for Fe(II) has been reported
to give a polymeric product on the basis of Mossbauer data,'® but
the reported analytical results cannot be considered acceptable.

In initial studies, we successfully prepared Co(II) complexes
of the SALPN?" class of ligands from Co(O,CCHj),. Considering
previous uncertainty concerning the nuclearity of the Fe(II)
species,'? we extended our synthetic methods to Fe(IT) compounds.

Two complexes, formulated as Co,(SALPN),(O,CCH,;),
2DMF (1) and Fe;(SALPN),(0O,CCH,),-2DMF (2), were iso-
lated as well-formed crystals. We undertook the structure de-
termination of the complexes in order to establish the coordination
geometry about the metal ions. Compounds 1 and 2 proved to
have the same trimeric structure, with the metal ions in the +2
oxidation state. The only trimeric structures so far reported with
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Table I. Crystallographic Data for Co;(SALPN),(0,CCH,),-2DMF
(1) and Fe;(SALPN),(0,CCH,),2DMF (2)

1 2
CsHs5;NG0,6C0; CsHs;NgO oFe;
992.5

chem formula

fw 1001.7

space group Fdd? Fdd2

a, A 11.478 (2) 11.558 (3)
b A 26.993 (5) 26.89 (1)
e 30.07 (6) 30.13 (1)
v, A? 9316 (3) 9365 (5)
V4 8 8

T, °C 24 24

A(Mo Ka), A 0.71073 0.71073
abs coeff, mm™" 1.113 0.975
Peater 8 €M™ 1.428 1.408
final R (R,) 0.031 (0.043) 0.037 (0.048)

a SALPN?Z-type ligand are for a mixed-oxidation-state cobalt
trinuclear complex, [Col"CoM,(80;),(L),(Pr"OH),)-Pr"OH
(where L is a SALPN? derivative in which the two imine protons
in SALPN? are replaced by two methyl groups),'! and for two
heteronuclear complexes, [ZnCu,(SALPN),(0,CCH,),]'? and
[C;H0,][NaMn,(2-OH-SALPN),(0,CCH,),]-2H,0¢ (where
2-OH-SALPNZ? js the dianion of the Schiff base ligand N,N’-
bis(salicylidene)-2-hydroxypropylenediamine).

Experimental Section

Magnetic moments were measured with a Johnson Matthey magnetic
susceptibility balance. SALPN and 2,2-Me,SALPN were prepared by
condensation of 1,3-diaminopropane and 2,2-dimethyl-1,3-diamino-
propane, respectively, with salicylaldehyde in methanol.!> Fe(O,CC-
H,),+4H,0 was synthesized under dinitrogen from the metal and acetic
acid." Co(O,CCH,),4H,0 was obtained from Baker. The following
preparations were carried out under a pure dinitrogen atmosphere. Dry
DMF was degassed prior to use.

M;(SALPN),(0,CCH,),:2DMF (M = Co(II) (1), Fe(II) (2)). Pure
DMF solvent (7 mL) was layered on a solution of M(O,CCH,)-4H,0
(0.17 g, 0.708 mmol) in DMF (7 mL). Then a solution of SALPN (0.2
g, 0.708 mmol) in DMF (7 mL) was added as a top layer. After 24 h,
X-ray-quality crystals were collected. Total yields: 0.2 g (85%) for M
= Co(ll); 0.15 g (65%) for M = Fe(Il). Anal. Calcd for
C33H3sN,03Coy2DMF: C, 52.78; H, 5.23; N, 8.39. Found: C, 52.70;
H, 5.25; N, 8.35. Calcd for Cy3HygN,OgFey’/;DMF: C, 53.58: H, 4.88;
N, 7.50. Found: C, 53.59; H, 4.65; N, 7.13.

Fe;(2,2-Me,SALPN),(0,CCH;),-2DMF (3). This compound was
prepared as above using 2,2-Me,SALPN (0.2 g, 0.644 mmol). The dark
red microcrystals that formed after 1 day were collected, rinsed with
diethyl ethcr, and vacuum-dried. Yield: 0.12 g (48%). Anal. Calcd for
CyaHyNOgFe;:2DMF: C, 54.88; H, 5.95; N, 8.00. Found: C, 54.63;
H, 5.79; N, 7.75.

Collection and Reduction of X-ray Data. Single efflorescent crystals
of 1and 2 obtained as described above were mounted in glass capillaries
under a dinitrogen atmosphere together with some DMF in order to
prevent disintegration of the crystals. Data collection was carried out
at ambient temperature on a Nicolet P3F automated four-circle dif-
fractometer equipped with a graphite monochromator. Unit cell param-
cters were determined on the basis of 25 accurately centered reflections
(15° < 26 < 30°). The crystal data of interest are given in Table I.
Intensities of 2 check reflections measured after every 124 reflections
during the data collection did not show any systematic decay throughout
data monitoring. The data were corrected for absorption, by the semi-
empirical mecthod using ¢ scans, as well as for Lorentz and polarization
effects.

Structure Solution and Refinement. Both structures 1 and 2 were
solved by conventional heavy-atom techniques. The metal atoms were
located by Patierson syntheses using the program SHELXS-86.!*  Full-
matrix least-squares refinement and difference Fourier methods using
SHELX-76'® and Siemens SHELXTL PLUS (VMS) were used to locate all
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Table II. Atom Coordinates (X10%) and Equivalent Isotropic
Displacement Coefficients (A? X 10%) for
Co,(SALPN),(0,CCH,;),2DMF

atom x y z Uequiv”
Co(1) 0 0 0 39 (1)
Co(2) -1677 (1) 887 (1) -34 (1) 39 (1)
o(1) -1123 (4) 353 (N -457 (1) 47 (1)
0(2) -1103 (3) 393 (1) 438 (2) 46 (1)
0(3) 1082 (3) 624 (1) -5(2) 53 (1)
0(4) -111 (3) 1273 (1) -46 (2) 52.(1)
0(5) -3436 (3) 531 (1) -56 (2) 71 (1)
N(1) -2297 (4) 1301 (2) -562 (2) 45 (1)
N(2) -2408 (4) 1310 (2) 462 (2) 44 (1)
C(1) -2352 (5) 1132 (2) -964 (2) 52 (2)
C(2) ~2663 (6) 1810 (2) -482 (2) 58 (2)
C(3) -3428 (5) 1852 (2) =76 (3) 53(2)
C(4) -2780 (6) 1819 (2) 368 (2) 56 (2)
C(5) -2693 (5) 1119 (2) 843 (2) 49 (2)
C(6) 870 (4) 1070 (2) =36 (2) 51 (2)
C(7) 1911 (6) 1424 (2) -84 (5) 99 (4)
C(12) -2432 (5) 638 (2) 1010 (2) 44 (2)
C(22) -1689 (4) 288 (2) 805 (2) 43 (2)
C(32) -1574 (5) -180 (2) 1010 (2) 53 (2)
C(42) -2167 (6) -298 (2) 1390 (2) 60 (2)
C(52) ~2897 (6) 41 (3) 1596 (2) 62 (2)
C(62) -3003 (6) 508 (2) 1407 (2) 57 (2)
C(11) -2035 (5) 650 (2) ~1124(2) 50 (2)
C(21) -1482 (5) 271 (2) -868 (2) 47 (2)
Cc@31 ~1324 (6) -195(2) -1064 (2) 58 (2)
C(41) -1619 (6) -274 (3) -1507 (3) 69 (2)
C(51) ~2100 (7) 85(3) 1757 (2) 73 (3)
C(61) -2309 (6) 550 (3) -1573(2) 65 (2)

C(8A) -3526 (10) 72 (4) 155 (4) 52(3)
C(8B) -3492 (9) 116 (4) =275 (4) 44 (2)

C(%A) -4388 (14)  —609 (6) 575 (6) 78 (4)
C(9B) -5161 (16) 379 (6) =775 (6) 79 (4)
C(10A)  -5197 (15) 254 (6) 623 (6) 80 (4)
C(10B)  -4358 (20)  ~551 (9) -689 (8) 106 (7)
N(3A) -4349 (9) -76 (4) 441 (4) 54 (2)
N(3B) -4319 (10) -13 (4) -565 (4) 63 (3)

?Equivalent isotropic U defined as one-third of the trace of the or-
thogonalized Uy tensor.

Figure 1. ORTEP drawing (30% probability thermal ellipsoids) and la-
beling scheme for non-hydrogen atoms of 1.

remaining non-hydrogen atoms. The atomic scattering factors were taken
from a standard source.!”” In both 1 and 2 the unique DMF molecule
was found to be disordered. The disorder was interpreted as due to two
molecular orientations of occupancy 0.5. All non-hydrogen atoms except

(17) International Tables for X-ray Crystallography; Kynoch Press: Bir-
mingham, England, 1974; Vol. IV.
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Table IV. Selected Bond Distances (A) and Angles (deg) in
Co;(SALPN),(0,CCH;),(DMF), (1) and
Fe,(SALPN),(0,CCH,),(DMF), (2)

atom X y z Uequiv’
Fe(1) 0 0 0 41 (1)
Fe(2) -1664 (1) 886 (1) =33 (D) 42 (1)
0o(1) -1161 (5) 356 (2) -462 (2) 51 (2)
0(2) -1149 (4) 393 (2) 458 (2) 47 (2)
0(3) 1084 (4) 623 (2) 4(2) 57 (2)
04) -82 (4) 1281 (2) -42 (2) 54 (1)
0O(5) -3474 (4) 521 (2) -47 (3) 75 (2)
N(1) -2272 (6) 1294 (2) -567 (2) 47 (2)
N(2) -2408 (5) 1315 (2) 476 (2) 44 (2)
C(1) =2371 (M) 1127 (3) -968 (3) S1.(3)
C(2) -2664 (8) 1814 (3) -481 (3) 59 (3)
C(3) -3422 (7) 1848 (2) =77 (3) 56 (2)
C(4) -2795 (8) 1823 (3) 368 (3) 58 (3)
C(5) -2716 (6) 1131 (3) 855 (3) 50 (2)
C(6) 883 (6) 1081 (2) -29 (3) 54 (2)
C(M) 1926 (7) 1415 (3) =77 (6) 105 (5)
C(12) -2457 (7) 639 (3) 1027 (2) 47 (2)
C(22) -1713 (6) 295 (3) 826 (3) 42 (2)
C(32) -1597 (7) -182 (3) 1032 (3) 56 (3)
C(42) -2186 (7) =301 (3) 1410 (3) 61 (3)
C(52) -2902 (8) 49 (3) 1617 (3) 63 (3)
C(62) -3028 (7) 512 (3) 1422 (3) 60 (3)
C(1n -2050 (7) 642 (3) -1130 (3) 53(2)
C(21) -1505 (7) 266 (3) -872 (3) 49 (3)
c@3n -1335 (8) -203 (3) -1068 (3) 58 (3)
C(41) -1613 (7) =279 (3) -1509 (3) 68 (3)
C(51) -2096 (9) 85 (4) -1762 (3) 76 (4)
C(61) -2324 (8) 540 (3) -1577 (3) 65 (3)
C(8A) ~3545 (15) 64 (6) 175 (6) 60 (4)

C(8B) -3524 (15) 120 (6) ~264 (6) 57 (4)
C(%9A) ~-5197 (19) 255 (8) 646 (7) 80 (6)

C(9B)  -4368 (26) -529 (11)  ~687 (10) 107 (9)
C(I0A)  -4409 (19)  -601 (8) 604 (8) 84 (6)
C(10B) -5150 (20) 388 (8) =773 (7) 80 (6)
N(3A)  -4362 (14) 104 (5) 463 (5) 64 (4)
N(3B)  -4352(13) =12 (6) -561 (5) 68 (4)

¢ Equivalent isotropic U defined as one-third of the trace of the or-
thogonalized Uj; tensor.

the three carbons and one nitrogen on the DMF molecule were refined
with anisotropic thermal parameters. Hydrogen atoms were included on
well-ordered carbons at calculated positions by using a riding model with
C-H = 0.96 A and Uy = 1.2Uc. Final R and R, values are given in
Table 1. The function minimized was > w(F, - |F )%, where w = 1/
[¢*(F,) + 0.001F2]. Final positional parameters are given in Tables I
and 11I. Complete listings of thermal parameters, bond distances, and
bond angles are included as supplementary material.

Results and Discussion

An orRTEP!® drawing of molecule 1, including the atom-labeling
scheme, is shown in Figure 1.

Complexes 1 and 2 are structurally equivalent. Co(2) and
Co(2’) are related by & 2-fold axis passing through Co(1) and in
the plane of the four phenoxide oxygen atoms. The pseudooc-
tahedral coordination geometry of the central metal ion consists
of four bridging oxygen atoms from two SALPN?- ligands and
an oxygen atom from each of the two bridging O,CCH, ligands
occupying the axial positions.

The terminal metal ions have pseudooctahedral coordination.
The SALPN?" ligand occupies the four equatorial positions, and
the two apical positions are occupied by the oxygen atom of the
bridging acetate and by a DMF molecule.

The SALPN?" ligand has an umbrella-shaped conformation.
The dihedra! angle between the salicylaldimine residue N(1), C(1),
C(11)-C(61), O(1) and the plane N(1), N(2), O(1), O(2) is 19.3°
for compound 1 and 19.1° for compound 2. The dihedral angle
between the other salicylaldimine residue, N(2), C(5), C(12)-
C(62), O(2), and the plane N(1), N(2), O(1), O(2) is 31.7° for
compound 1 and 31.3° for compound 2. The four SALPN? donor

(18) Johnson, C. K. orTEP. Report ORNL-3794; Oak Ridge National
Laboratory: Oak Ridge, TN, 1965.

Co(1)-0(1)  2.110(4)  Fe(1)-0(1)  2.157(5)
Co(1)-0(2)  2.113(4)  Fe(1)-0(2)  2.187 (5)
Co(2)-N(1)  2.070(5)  Fe(2-N(1)  2.070 (6)
Co(2)-N(2)  2.057(5)  Fe(2)-N(2)  2.104 (6)
Co(2)-O(1)  2.025(4)  Fe(2)-O(1)  2.010 (5)
Co(2)-0(2)  2.055(4)  Fe(2)-0(2)  2.074 (5)
Co(1)-0(3)  2.094 (3)  Fe(1)-O(3)  2.093 (5)
Co(2)-0(4)  2077(3)  Fe(2)-O(4)  2.116 (5)
Co(2)-O(5) 2236 (4)  Fe(2)-O(5)  2.311(5)
O(1)-Co(1)-0(2)  79.2(2) O(1)-Fe(1)-0(2)  79.3 (2)
0(1)-Co(2)-0(2) 826 (2) O(1)-Fe(2)-O(2)  85.5(2)
0(1)-Co(2)-N(1)  90.6 (2) O(1)-Fe(2)-N(1)  88.6 (2)
0(2)-Co(2)-N(2)  88.0 (2) O(2)-Fe(2)-N(2) 87.0 (2)
N(1)-Co(2)-N(2) 89.5(2) N(1)-Fe(2)-N(2) 979 (2)
Co(1)-0(1)-Co(2) 96.0 (2) Fe(1)-O(1)-Fe(2) 94.6 (2)
Co(1)-0(2)-Co(2) 95.0 (2) Fe(1)-O(2)-Fe(2) 91.9 (2)

atoms are coplanar within £0.042 (3) A for both 1 and 2. The
metal atom is displaced out of this plane toward O(4) by 0.119
A (1) and 0.145 A (2). Selected bond distances and angles for
compounds 1 and 2 are given in Table IV.

The Fe(2)-N(SALPN?%) bond distances fall within the range
known for mononuclear Fe-SALEN?" complexes (2.085-2.101
A)'419 (SALEN = N,N’-bis(salicylidene)ethylenediamine), but
the Fe(2)-O(SALPN?) distances are significantly longer (ranging
from 1.951 to 1.960 A), reflecting the bridging nature of this
phenoxide oxygen atom relative to terminal coordination in mo-
nonuclear complexes.’

The Co-N and Co—O bond lengths between Co(2) and
SALPN? are approximately 0.2 A longer than those observed
in Co(SALEN)-CHClI, (Co-N = 1.847 A, Co-O = 1.852 A).20
This difference can be explained by the octahedral coordination
around the metal ion in 1 compared to the square-planar ar-
rangement in the SALEN? derivative. These distances are also
significantly longer than those between Co(III) and the nitrogen
and oxygen atoms of a SALPNZ derivative in [Col!Co'll,-
(S0O3),(L),(Pr*OH),)-Pr"OH.!! This variation is expected because
of the larger Shannon radius of Co(II) (0.885 A) compared to
Co(III) (0.75 A).2

The geometrical arrangement of 1 and 2 is similar to that of
the mixed-metal trinuclear complex [C,H40,][NaMn,(2-OH-
SALPN),(0,CCH,),]-2H,0.% In this species, monodentate
acetate ligands replace the monodentate DMF molecules in 1 and
2.

The magnetic moments gy for non-spin-coupled Co(II)(S =
3/2)~Co(I)(S = 3/,)~Co(I1)(S = 3/,) and Fe(I)(S = 2)-Fe(II)(S
= 2)-Fe(II)(S = 2) systems can be derived from the equation
pm? = Y, where y; are the magnetic moment values for mo-
nomeric high-spin Co(II) (octahedral) (4.3-5.2 ug) and Fe(II)
(octahedral) (5.1-5.7 ug) complexes.!2?? Estimated values for
a non-spin-coupled three-M system are in the ranges 7.5-9.0 ug
for Co(Il), and 8.8-9.9 ug for Fe(II). The observed magnetic
moments of 8.2 ug (1), 9.6 ug (2), and 9.6 ug (3) at room tem-
perature fall in the respective estimated ranges. Accordingly, it
is presumed that the magnetic interaction between any pair of
metal atoms is either negligible or nonexistent. However, a
variable-temperature study of the magnetic behavior of both 1
and 2 is clearly needed to verify these conclusions.

Separation of the two Mn(III) ions in [C,HyO,][NaMn,(2-
OH-SALPN),(0,CCH;,),]-2H,0 by a sodium ion leads to no spin
exchange between these two terminal ions.® Since both 1 and 2
are structurally similar to this trinuclear complex and (as our
limited data suggest) possess similar magnetic properties, a more

(19) Jameson, G. B.; March, F. C.; Robinson, W. T.; Koon, S. S. J. Chem.
Soc., Dalton Trans. 1978, 185.

(20) Schaefer, W. P.; Marsh, R. E. Acta Crystallogr., Sect. B 1969, 25, 1675.

(21) Shannon, R. D. Acta Crystallogr., Sect. A 1976, 32, 751.

(22) Day, M. C., Jr.; Selbin, J. H. Theoretical Inorganic Chemistry, 2nd ed.;
Reinhold: New York, 1969; pp 406-422.
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detailed investigation of magnetic behavior would be of interest;
the correlation between bridging structure and spin coupling for
this class of trimeric compounds would become evident in such
a study.

Finally, the recognized difficulty in the isolation of analytically
pure samples of monomeric MSALPN complexes with M-
(O,CCH,),* may be attributed to the presence of some ace-
tate-bridged species. We find that acetate is present in the
preparations carried out with other metal ions and other related
Schiff base ligands. Analytically pure monomeric FESALPN has
been prepared from Fe(CO),.° The Massbauer parameters of this
well-characterized species differ significantly from “FeESALPN”
prepared from Fe(O,CCH,),,'? possibly because of the presence
of species such as 2.
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Introduction

The widely varying and well-known role of zinc in many bio-
logical processes contrasts sharply with the small number of simple
zinc complexes which can serve as functional or structural models
thereof. We have therefore set out to provide structural infor-
mation in order to facilitate a relevant discussion at the molecular
level. An attractive compound for such studies is the enzyme
carbonic anhydrase (CA), whose structure and function are simple:
its ligation of the zinc ion by three histidine imidazoles can be
modeled by tridentate ligands,' and models of its CO, hydrating
function begin to emerge.?

Among the many inhibitors, mostly anionic ones, of CA, ac-
etazolamide (aaaH, 1) is the most prominent one. The structure

N—N

T D
N 0
~s0,7 N\g NH— C~ch,

1 = aaaH

of the enzyme—inhibitor complex has been determined at 3 A
resolution, and that of the enzyme—(3-(acetoxymercurio)-4-
aminobenzenesulfonamide) complex at 2 A resolution.* In both
cases, the inhibitors act as monodentate ligands through their

(1) Brown, R. S.; Huguet, J.; Curtis, N. J. Models for Zn(II) Binding in
Enzymes. In Metal Jons in Biological Systems; Sigel, J., Ed.; Marcel
Dekker: New York, 1983; Vol. 15. Alsfasser, R.; Powell, A. K.;
Vahrenkamp, H. Angew. Chem. 1990, 102, 939; Angew. Chem., Int. Ed.
Engl. 1990, 29, 898.

(2) Ball, R. G.; Brown, R. S.; Cocho, J. L. Inorg. Chem. 1984, 23, 2315.
Kimura, E.; Takeshi, S.; Tohru, K.; Motoo, S.; Mutsuo, K. J. Am.
Chem. Soc. 1990, /12, 5805.

(3) Eriksson, A. E.; Kylsten, P. M.; Jones, T. A.; Liljas, A. Proteins 1988,
4, 283 and references cited therein.

0020-1669/91/1330-4676%$02.50/0

Table I. Crystallographic Data for 2
C8H16N|006S4Zn
542.0

chem formula
mol wt

space group Pbcn (No. 60)

cell a=7055(1)A, b=10083 (1) A,
c=127703 (3) A

14 1970.8 (3) A3

Z 4

Pobsds Pcaled 1.70, 1.68 g em™

uw(Mo Ka) 16.30 cm™!

T 20 °C

A Mo Ka) 0.71073 A

R(unit weights) 0.051

Table II. Atomic Coordinates and Equivalent Isotropic Temperature
Factors for 2

atom x y z Uy A2
Zn 0.0000 0.5802 (1) 0.2500 0.033 (1)
N1 -0.1504 (8) 0.4638 (6) 0.2046 (2) 0.047 (2)
N2 0.1804 (8) 0.6849 (5) 0.2109 (2) 0.037 (2)
S1 0.3395 (2) 0.6177 (2) 0.1814 (1) 0.033 (1)
Ol 0.5093 (7) 0.6957 (5) 0.1751 (2) 0.046 (2)
02 0.3659 (7) 0.4844 (4) 0.1997 (2) 0.046 (2)
C1 0.2652 (10)  0.5979 (6) 0.1210 (2) 0.035(2)
S2 0.3984 (3) 0.6528 (2) 0.0729 (1) 0.039 (1)
N3 0.1133 (9) 0.5321 (6) 0.1087 (2) 0.045 (2)
N4 0.0930 (9) 0.5234 (6) 0.0599 (2) 0.048 (2)
C2 0.2312 (10) 0.5819 (7) 0.0358 (2) 0.038 (2)
NS§ 0.2351 (9) 0.5847 (6) —-0.0121 (2) 0.042 (2)
C3 0.3736 (12) 0.6439 (8) -0.0377 (3) 0.051 (3)
03 0.5145 (9) 0.6851 (7) -0.0169 (2) 0.073 (2)
C4 0.3460 (12) 0.6536 (9) -0.0916 (3) 0.061 (3)

Figure 1. Thermal ellipsoid plot of the structure of 2.

amidosulfonyl moieties. While the protein crystallographic data
cannot differentiate between Zn-N and Zn~O binding, it has been
shown by a variety of methods that the inhibitors bind to zinc
through their sulfonamide N atoms.# Up to now, these findings
have not been complemented by the structure of a simple metal
complex of acetazolamide: in the nickel complex one of the ring
nitrogens and in the copper complex the amide nitrogen as well
as both ring nitrogens ligate the metal.> The simplest model
compound, (aaa),Zn(NHj), (2), first obtained by Borrds,® was
reported to be difficult to crystallize. We have now obtained
crystalline 2. This paper reports its structure.

Experimental Section

Preparation. Colorless crystals of 26 were obtained by dissolving 1
(500 mg, 2.24 mmol) and Zn(ClO,), (300 mg, 1.12 mmol) in 25% am-
monia (5 and 6 mL, respectively). Both solutions were combined drop-
wise. Crystals were formed by slow room-temperature evaporation
through a very small opening. After a period of 2 months, the yield was
516 mg (87%) of 2.

Crystallographic Data Collection and Refinement of the Structure.
Crystallographic data are summarized in Table I. The crystal used was
colorless with a prismatic shape. The X-ray data were recorded with a
CAD-4 Enraf-Nonius diffractometer using graphite-monochromated Mo
Ko radiation. Cell dimensions were obtained by a least-squares fit from

(4) Coleman, J. E. Annu. Rev. Pharmacol. 1978, 15, 221 and references
cited therein. Evelhoch, J. L.; Bocian, D. F.; Sudmeier, J. L. Bio-
chemistry 1981, 20, 4951. Bertini, I.; Canti, G.; Luchinat, C.; Scoz-
zafava, A. J. Am. Chem. Soc. 1978, 100, 4873.

(5) Ferrer, S.; Borris, J.; Miratvilles, C.; Fuertes, A. Inorg. Chem. 1990,
29, 206. Ferrer, S.; Borrids, J.; Miratvilles, C.; Fuertes, A. Inorg. Chem.
1989, 28, 161.

(6) Ferrer, S.; Jimémez, A.; Borrds, J. Inorg. Chim. Acta 1987, 129, 103.
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