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The structures of bis(pyrazolylethyl) ether derivatives of zinc and cobalt, name®CH.CH.pz""2),]Zn(NO3),

and f73-O(CHCH,pzZ1e2),]Co(NGs),, have been determined with a view to addressing the applicability of such
ligands in modeling bioinorganic aspects of zinc chemistry. Specific consideration is given to the possibility that
bis(pyrazolylethyl) ether ligands may provide an NNO donor system which may model aspects of the binding of
zinc to protein backbones in enzymes such as thermolysin. The structural studies demonstrate that the bis-
(pyrazolylethyl) ether ligands do indeed coordinaiteeach of their NNO functionalities but that the relationship

to the enzyme is limited by the adoption of meridional rather than facial coordination geometfe®(qH,-
CH,pZ™'2),)Zn(NO3), is monoclinic,P2;/c (No. 14), witha = 11.619(2) Ab = 14.380(3) A,c = 16.757(2) A,

B =90.44(2%, andZ = 4. [13-O(CH,CH,pz"'e2),]Co(NOs), is monoclinic,C2/c (No. 15), witha = 17.136(3) A,

b = 10.505(2) A,c = 11.121(2) A, = 104.62(3}, andZ = 4.

Introduction In this paper, we discuss the suitability of bis(pyrazolylethyl)
ether ligands in providing an NNO donor system that may model
aspects of the binding of zinc to the protein backbone in
'enzymes such as thermolysf?

The discovery of zinc in the active site of a variety of
enzymes, such as carbonic anhydrase, carboxypeptidase, the
molysin, and alcohol dehydrogenddeas stimulated much effort
into the syntheses of simple model complexes that are designed (@) (@) Breslow, R.; Hunt, J. T.; Smiley, R T i TTAm. Ch

. . . . . . a) breslow, R.; Aunt, J. I.; smiley, R.; larnOwskiI, m. em.
to mimic the coordination environment of the active site. In Soc.1983 105 5337-5342. (b) Tang, C. C.: Davalian, D.; Huang,
particular, since the polypeptide backbone of zinc enzymes P.; Breslow, RJ. Am. Chem. Sod978 100, 3918-3922. (c) Brown,
typically binds the metabia a combination of N, O, and S g. % HliJgue_t,dCaCn. Jh. CgeLTlESO gﬁ 8898—923@(;?08&%%2,25.
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donors, a variety Of. Ilgand_s com_prlsmg((D{,SZ flfmCtlona“tleS 5228. (e) Slebocka-Tilk, H.; Cocho, J. L.; Frakman, Z.; Brown, R. S.
have been synthesized with a view to modeling such enzyme J. Am. Chem. S0d984 106, 2421-2431. (f) Brown, R. S.; Curtis,
sites. For example, NNN donor ligands have been used to N. J.; Huguet, JJ. Am. Chem. So&981, 103 6953-6959. (g) Brown,
m | th tiv ite of carboni nhvdr while NN R. S.; Salmon, D.; Curtis, N. J.; Kusuma,B5Am. Chem. S0d.982

ode . € aclive site of ca t.’o C anhyd ase, e. o 104, 3188-3194. (h) Huguet, J.; Brown, R. S. Am. Chem. Soc.
donor ligands have been studied in attempts to provide a model 79377102 7571-7572.
for the coordination environment of enzymes that also incor- (5) (a) Kimura, E.; Shiota, T.; Koike, T.; Shiro, M.; Kodama, M.Am.

porate oxygen donors,g.carboxypeptidase and thermoly§irt# Chem. Soc199Q 112 5805-5811. (b) Kimura, E.; Kurogi, Y.;
Shionoya, M.; Dhiro, M.Inorg. Chem.1991 30, 4524-4530. (c)
Koike, T.; Kimura, E.; Nakamura, |.; Hashimoto, Y.; Shiro, M.
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Scheme 1

Zn(NOg)p
(R=Pr)

Ql O

Co(NOg),
(R =Me)

Results and Discussion

(i) Meridional ws Facial Coordination of Bis(pyrazolyl-
ethyl) Ether Ligands. As an extension of our previous studies
concerned with modeling the NNN donor environment of
carbonic anhydras®,we are presently interested in evaluating
ligands with related NNO functionalities as models for the active
site of zinc enzymes such as thermolysin, an enzyme that
hydrolyzes the amide bond of polypeptide substr&té$.In
particular, since the nitrogen donors in zinc enzymes are
typically histidine residues, we are especially interested in NNO
ligands that are derived from either imidazole or pyrazole
functionalities. Our selection of bis(pyrazolylethyl) ether ligands
for the present study is, in part, a consequence of the fact that
related NNS and NNN donors are also known for this sy$tem
ar;d that structural comparisons within the series should prove gig e 2. Molecular structure ofs*-O(CH.CHzpz"2);]Co(NO)..
informative.

The bis[(3,5-diisopropylpyrazolyl)ethyl]ether ligand O(gH  Table 1. Selected Bond Lengths (&) and Angles (deg) for

CHppz"™), is readily obtained by the reaction of O(@EH,- [17*-O(CH.CHpZ*")]Zn(NO3)2
Cl), with 2 equiv of the sodium salt of 3,5-diisopropylpyrazole  zn—-012 2.183(3) Zr022 2.116(3)
(eq 1), a procedure analogous to that described by Sorrell for Zn—013 2.397(4) Zr-023 2.647(5)
Zn—N11 2.127(3) Za-N21 2.127(3)
A _ Zn-03 2.217(2)
Pr' pr
O 012-Zn-013  54.7(1) 012Zn-022  174.7(1)
NN 013-Zn—022 120.1(1) 012Zn-03 91.0(1)
Pyl 013-Zn—-03 142.8(1) 0227n—03 94.2(1)
012-Zn—N11 92.2(1) 013Zn—N11 108.0(1)
N/H (i) NaH 022-Zn—N21 89.1(1) 03-Zn—N11 84.9(1)
O ‘ > ) 022-Zn-N21  90.6(1) 013-Zn—-N21 81.0(1)
N (ii) o] N11-Zn—N21 169.7(1) 03-Zn—N21 84.8(1)
, o g Zn-013-N1 89.7(3) Zr-012-N1 99.7(3)
Pr Zn—023-N2 82.2(5) Zn-022—-N2 106.1(3)
Py @Pri Zn(NOs);2 (Scheme 1), which has been structurally characterized
by X-ray diffraction (Figure 1). Since cobalt-substituted ther-
] or 18 - molysin is also an active enzyme (and, in fact, more active than
the preparation of O(CHCHzpZ"*),.** The ability of O(CH- the native enzyme by a factor of Bwe have also synthesized
CHzpZ™"2); to act as a ligand for zinc is clearly indicated by the  ang structurally characterized the analogous cobalt complex [
facile reaction with zinc nitrate to give;}-O(CH,CHzpZz™"2),]- O(CH,CH,pzV€2),]Co(NOs), (Figure 2). Selected bond lengths
and angles for3-O(CHCH,pZ""2),]Zn(NOs)2 and [i73-O(CHe-
(16) Matthews, B. WAcc. Chem. Red.988 21, 333-340. : : :
(17) Feinberg, H.; Greenblatt, H. M.; Behar, V.; Gilon, C.; Cohen, S.; Bino, CHszMeZ)Z]C_:O(N@)Z are listed in Tables 1 and 2, reSpeCt_'VeIY'
A.; Shoham, GActa Crystallogr.1995 D51, 428-449. Of most interest to the present study are the coordination

(18) Sorrell has described the preparation of a series of bis[(3,5-dimeth- modes adopted by the bis(pyrazolylethyl) ether ligands; [

ylpyrazolyl)ethyl] ether and sulfide, and bis[(3,5-dimethylpyrazolyl)- i 3 -
ethylJamine ligands.e. O(CHCHp#E),. S(CHCHopZieys and ~ O(CHCHPZ™2)2]Zn(NOs)2 and > O(CH.CHzpz"**2)]Co-
HN(CH2CHzp2"e),. See: Sorrell, T. N.; Malachowski, M. Raorg. (NOs),. Specifically, since protein backbones typically bind

Chem.1983 22, 1883-1887. zinc in a facial manneri.g. the zinc has a@seuddetrahedral
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Table 2. Selected Bond Distances (A) and Angles (deg) for /
[73-O(CH,CHgpZV€2),] Co(NOs). d - -
Col-01 2.125(1) Cot02 2.308(3) _ g
Col-03 2.186(3) CoiN1 2.133(2) -
01-Co01-02 141.3(1) 0+Co1-03 86.4(1) 0
02—Co01-03 56.8(1) O%+Col-N1 87.5(1)
02—-Co1-N1 82.5(1) 03-Col-N1 92.0(1) dy 0,
02-Co1-02 77.5(1) Cot+02—-N3 90.9(2)
Col-03-N3 96.3(2) Figure 4. Criteria for assigning nitrate coordination modes.

M M Table 3. Criteria for Assigning Nitrate Coordination Modes (See
O OD—we Ref 27)
R . .5 unidentate anisobidentate bidentate
o]
ﬁ Bt-.. @"7‘ d> — di (A) >0.6 0.3-0.6 <0.3
o ¥l

01 — 6, (deg) >28 14-28 <14

e Meg Table 4. Classification of Nitrate Coordination Modes for
[173-O(CH2CH2DZR2)2]M(NO3)2
. e . . . . d2 - dl 91 - 62
Figure 3. Meridionalvs facial coordination modes imf-X(CH,CH,- R) (deg) classification

2/e2),]Co(N derivatives (X= O, S, NEt). . —
pz*)2CO(NG;), derivatives ( ) [73-O(CHCH,pZ™*2),]Zn(NO3),  0.53 23.9 anisobidentate
0

.21 10.0 bidentate
[73-O(CH.CH,pZe2),]Co(NGs),  0.12 5.4  bidentate
0.12 5.4  bidentate

coordination geometry), the bis(pyrazolylethyl) ether ligands are
required to provide a coordination geometry with a facial array
of NNO donors if they are to be useful in modeling the active

site of zinc enzymes. However, examination of Figures 1 and . . . e
2 illustrates that such a coordination mode is not adopted by 2d0Pts a facial coordination geometry ifF{PhN(CHpz"*),]-

either of the zinc and cobalt complexeg{O(CH.CHxpz%2),]- Qo(NQ)z: However, the Co-NPh interactipn [2.491(5) Alis
M(NO3).. In preference, the bis(pyrazolylethyl) ether ligand significantly longer than the Co-pyrazolyl interactions [2.044
adopts a “T-shaped” or meridional arrangement in which the (5) and 2.051(5) Af* A more extreme example of how
nitrogen donors areransto each other. Furthermore, the bis- reducing the size of the linker.¢. CH, s CH,CHy) influences
(pyrazolylethyl) ether ligand also exhibits a “T-shaped” coor- the coordination geometry is illustrated by the observation that
dination mode in the cadmium complefO(CH,CH.pzZ“e2),]- bis((5-methyl-4-imidazolyl)methyl) sulfide, S(GHn"®),, acts
Cd(NQy)2.1° Itis, therefore, apparent that the bis(pyrazolylethyl) only as a bidentate ligand to zinc in the four-coordinate complex
ether ligand system is not particularly suitable with respect to [#*-S(CHimM®);]Zn(NO3),, with the sulfur remaining uncoor-
modeling such bioinorganic aspects of zinc chemistry and that dinated?526

a greater degree of success would be achieved with ligands (iiy Comparison of Nitrate Coordination Modes. Another
incapable of adopting such “T-shaped”, meridional, geometries. feature of interest in comparison of the structures/3fQ(CH-

It is important to note that the adoption of a “T-shaped” CHpZ°"2),]Zn(NO3), and f73-O(CHCH,p7"¢2);]Co(NO), is the
coordination geometry by the bis(pyrazolylethyl) ether ligand gitference in coordination modes adopted by the nitrate ligands.
system, O(CHCH;pz*),, is in marked contrast to the geometries ko reference, the nitrate ligand is known to bind to a single
that are observed for the analogous NNS and NNN ligands, yea) center by three different coordination modes, narfiply
S(CHCH:pz"), and EtN(CHCH,pz"),, in related com-  ijeniate(ii) anisobidentate (or asymmetric bidentate), Giid
plexes. Thus, the latter ligands adopt facial coordination modes, niqentate7.28 which have been classified according to the
|(r'1\I glszg)o:ﬁg @r;gt_rfz’tE(iﬁr(l(v:?jlz\éeigﬁg)z(ggzﬁggz22“:22;2?{_ geometrical criteria described in Figure 4 and Tabfé 3n
lustrated in Figure 33 Interestingly, the variation in coordi- the basis of these criteria, the two nitrate Ilga_ndsﬁa(p((_:Hz-

. ' _ CHypZ™™2),]Zn(NOs), are appropriately described as bidentate
nation mode of the X(ChCH;pz"*), ligands (X= O, S, NEY) and anisobidentate (with the latter approaching that of a
is also accompanied by a change in nitrate coordination modes. identate d e hile both nitrate ligands af-
Thus, whereas each of the nitrate ligandsjferO(CH,- unidentate description), while both nitrate figands g .[
CHap2Ye2),]Co(NO; bidentate sft-fac-S(CHCHp2"e2),]- O(CH,CH,pZ“2),]Co(NOs), exhibit bidentate coordination

2pz"2)z] CO(NG,), are bidentate,ffac-S( P22l modes (Table 43° For purposes of comparison, the nitrate
Co(NO3); and [y3-fac-EtN(CH,CH,pZVe2),]Co(NO3), exhibit - purp P ’
both unidentate and bidentate coordination modete(infra).

A further illustration of how the coordinating abilities of this  (24) Locher, K.; Blonk, H. L.; Driessen, W. L.; Reedijk,Acta. Crystallogr.

class of NNX ligand system varies as a function of the bridging (25) %?rsego??ii tls?\r)?-_\/g?]?’énkamp KChem. Ber1994 127, 18571863
group is provided by the fact that the PhN(WeZ)Z ligand (26) Moreover, the sulfur atom in the benzimidazole derivatig®{
S(CHimB?),} ,Zn][SiFg] also does not coordinate to zinc. See: Bremer,
(19) Griffith, E. A. H.; Charles, N. G.; Lewinski, K.; Amma, E. L.; J.; Wegner, R.; Krebs, BZ. Anorg. Allg. Chem1995 621, 1123-
Rodesiler, P. FInorg. Chem.1987, 26, 3983-3989. 1132.
(20) Haanstra, W. G.; Driessen, W. L.; van Roon, M.; Stoffels, A. L. E.; (27) Kleywegt, G. J.; Wiesmeijer, W. G. R.; Van Driel, G. J.; Driessen,
Reedijk, J.J. Chem. Soc., Dalton Tran$992 481-486. W. L.; Reedijk, J.; Noordik, J. HJ. Chem. Soc., Dalton Tran985
(21) Driessen, W. L.; de Graaff, R. A. G.; Parlevliet, P. J.; Reedijk, J.; de 2177-2184.
Vos, R. M.Inorg. Chim. Actal994 216, 43—49. (28) Addison, C. C.; Logan, N.; Wallwork, S. C.; Garner, C. Q. Re.
(22) Meridional binding of the EtN(CKCH,pZV€2), ligand is observed in Chem. Socl1971 289-322.
[73-merEtN(CH,CH,pZVe2),]CuCl,. See ref 21. (29) For some comparisons of acetate coordination modes in structurally
(23) For a recent example of similar conformational changes in HN(CH similar zinc and cobalt complexes, see: (a) Horrocks, W. D., Jr.; Ishley,
CHzpZ¥e2), and PhCHN(CH,CHzpZ), derivatives of Cu(ll), see: J. N.; Whittle, R. RInorg. Chem1982 21, 3265-3269. (b) Horrocks,
Martens, C. F.; Schenning, A. P. H. J.; Feiters, M. C.; Berens, H. W.; W. D., Jr.; Ishley, J. N.; Whittle, R. Rnorg. Chem1982 21, 3270~
van der Linden, J. G. M.; Admiraal, G.; Beurskens, P. T.; Kooijman, 3274. (c) Horrocks, W. D., Jr.; Ishley, J. N.; Holmquist, B. H.;

H.; Spek, A. L.; Nolte, R. J. Mlnorg. Chem1995 34, 4735-4744. Thompson, J. SJ. Inorg. Biochem198Q 12, 131-141.
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Table 5. Coordination Modes of Nitrate Ligands in Bis(nitrate) Complexes of Zn and Co(ll)
compound d(M—0)/A dy — do/A classificatio®t ref
[73-mer(CHCHapZ™2)]Zn(NO3), 2.116(3), 2.647(5) 0.531 anisobidentate this work
2.183(3), 2.397(4) 0.214 bidentate
[73-P(GsHaN)3]Zn(NO3), 2.085(4) unidentate c
2.201(3), 2.269(4) 0.068 bidentate
[7?-S(CHiImMMe),]Zn(NO3) 2.013(3) unidentate d
2.031(3) unidentate
(7*-Lo)2(H20)2Zn(NOs) 2.123(2) unidentate* e
(7%-L0o,)2ZN(NQs)2 2.203(1) unidentate* f
(7%-Lng)Zn(NOs)2 2.179(6) unidentate g
2.227(5), 2.253(5) 0.026 bidentate
(PY)sZn(NOs)2 2.232(13), 2.418(12) 0.186 bidentate* h
(Py)2Zn(NOs), 2.044(12) unidentate i
2.047(13) unidentate
(7*-Ln)2Zn(NOs), 1.970(3) unidentate i
1.990(3) unidentate
(7*-Ln)2Zn(NOs), 2.028(19) unidentate k
2.268(32) unidentate
(7*-Ln)2Zn(NOs), 2.03, 2.66 0.63 unidentate I
2.34,2.35 0.01 bidentate
(7*-Lo)2Zn(NOs) 1.979(2) unidentate n
2.037(2) unidentate
[73-merO(CH,CH,pZ“2),]Co(NOs), 2.186(3), 2.308(3) 0.122 bidentate* this work
[n3-fac-S(CH.CH,pZV¢2),]Co(NOs), 2.062(3) unidentate n
2.180(3), 2.249(3) 0.069 bidentate
[n3-fac-EtN(CH.CH;pZ"e2),]Co(NOs). 2.060(8) unidentate o}
2.172(8), 2.216(8) 0.044 bidentate
[73-merPhN(CHpZ"e2),]Co(NOs). 2.045(5) unidentate
2.036(5), 2.470(5) 0.434 anisobidentate
[(#*12-crown-4)Co(NG). 2.102(3) unidentate q
2.202(4), 2.246(4) 0.044 bidentate
(7*-L0)4aCo(NGs)2 2.107(3) unidentate r
2.107(3) unidentate
(7*-L0o)2(H20),Co(NOs), 2.121(2) unidentate s
trans-(*-Ln)4Co(NGs), 2.18(5) unidentate* t
(7*Ln)2(H20):Co(NO3)2 2.140(1) unidentate* u
(py)sCo(NGs), 2.207(9), 2.311(9) 0.104 bidentate* v
[(MezN)sPOECO(NOs), 2.163(3), 2.198(3) 0.035 bidentate* W
(7*-Ln)2Co(NGs), 2.059(2), 2.277(2) 0.218 bidentate* X
(MesPORCO(NOs), 2.14(2), 2.23(2) 0.09 bidentate y
2.15(2), 2.17(2) 0.02 bidentate
(EtsPORCO(NO)2 2.073(5), 2.295(6) 0.222 bidentate z
2.073(5), 2.295(6) 0.222 bidentate
(PhsPOYXCO(NO;), 2.13(1), 2.17(1) 0.04 bidentate* aa
[7*-(Me2N),CSLCo(NGs), 2.036(3), 2.490(2) 0.454 anisobidentate ab
2.017(3), 2.377(3) 0.360 anisobidentate

aThe abbreviationg*-Lg, (E = O, N) are intended to indicate the number and nature of the ligating atoms. See the appropriate literature
reference for the complete ligand descripti®&ince the secondary MO interactions were not listed for many of the complexes identified as
unidentate, their assignment as such is based on descriptions provided in the literature reference. It must, therefore, be recognized that some of
these interactions may possibly be better described an anisobidentate; an asterisk indicates that the two nitrate ligands are crystallographically
identical.© Gregorzik, R.; Wirbser, J.; Vahrenkamp, Bhem Ber. 1992 125 1575-1581.9 Gregorzik, R.; Vahrenkamp, HChem Ber. 1994
127, 1857-1863.¢ Sabirov, V. Kh.; Porai-Koshits, M. A.; Struchkov, Yu. Koord. Khim. 1993 19, 81—85. f Nikolaev, V. P.; Khodashova, T. S.;
Porai-Koshits, M. A.; Butman, L. A.; Tsintsadzi€pord. Khim. 1985 11, 1386-1392.9 Adam, K. R.; Dancey, K. P.; Harrison, B. A.; Leong, A.
J.; Lindoy, L. F.; McPartlin, M.; Tasker, P. Al. Chem Soc, Chem Commun 1983 1351-1353. Adam, K. R.; Dancey, K. P.; Leong, A. J,;
Lindoy, L. F.; McCool, B. J.; McPartlin, M.; Tasker, P. A. Am Chem Soc 1988 110, 8471-8477." Cameron, A. F.; Taylor, D. W.; Nuttall,
R. H.J. Chem Soc, Dalton Trans 1972, 1603-1608.! Cameron, A. F.; Taylor, D. W.; Nuttall, R. H. Chem Soc A 1971, 3402-3405.1 Hergold-
Brundic, A.; Kaitner, B.; Kamenar, B.; Leovac, V. M.; Iveges, Juranic)idrg. Chim Acta1991, 188 151-158.% Brassy, C.; Michaud, M.-C.;
Delettre J.; Mornon, J.-PActa Crystallogr 1974 B30, 2848-2852." Laidoudi, A.; Kheddar, N.; Brianso, M.-CActa Crystallogr 1978 B34,
782—788.MBrown, C. J.; Lewis, J. F. FActa Crystallogr 1984 C40, 368-370." Haanstra, W. G.; Driessen, W. L.; van Roon, M.; Stoffels, A.
L. E.; Reedijk, JJ. Chem Soc, Dalton Trans 1992 481—-486.° Driessen, W. L.; de Graaff, R. A. G.; Parlevliet, P. J.; Reediik, J.; de Vos, R. M.
Inorg. Chim Acta1994 216, 43—49.° Locher, K.; Blonk, H. L.; Driessen, W. L.; Reedijk, Acta Crystallogr 1987, C43 651-653.9 Holt, E. M.;
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coordination modes in other structurally characterized bis-
(nitrate) complexes of zinc and cobalt(ll) are summarized in hydroborato [TB¥]M(NO3) derivatives (M= Co, Ni, Cu, Zn)

Table 53

Our previous studies on a series of tris(3-t-butylpyrazolyl)-

have demonstrated that for this system the preference for



Bis(pyrazolylethyl) Ether Ligation to Zn and Co

bidentate coordination increases across the series 2o <

Cu and Ni3! Such an observation was of interest since these
structural preferences were noted to correlate with the activity
of metal-substituted carbonic anhydrases, suggesting that th
coordination mode of the bicarbonate intermediates for the

metal-substituted enzyme systems may also show such a trend

Inorganic Chemistry, Vol. 35, No. 9, 199@419

propylpyrazolé® (12.0 g, 78.9 mmol) was added to a suspension of
NaH (2.84 g, 118 mmol) in a mixture of DMF (150 mL) and THF (70
mL) and stirred at room temperature for 1 h. Bis(2-chloroethyl) ether

e(5.7 g, 39.9 mmol) in DMF (40 mL) was added slowly with stirring

and then heated at 68C overnight. Water (10 mL) was added to
destroy excess NakC@aution) and the solvent removed under reduced
pressure. The crude product was extracted inta@H(400 mL),

The increased preference for bidentate coordination of the nitrate,ssheq sequentially with 10% NaOH(aq) 2100 mL) and water (1

ligand in [i73-O(CH,CH2pZ1e2),]Co(NOs), vs [173-O(CHCH,-
pZ°'2);]Zn(NO3); is also in accord with our previous observations
relating to the [TBYIM(NO3) system, and thereby supports the

x 100 mL), and dried over MgSQO The solvent was removed under
reduced pressure, giving O(GEH.pZPr), as a tan oil (10.0 g,
67%). IR data (cm?), neat on NaCl plates: 2963 (s), 2929 (s), 2870

notion that the coordination mode of the bicarbonate ligand may (s), 1620 (w), 1543 (s), 1463 (s), 1382 (m), 1363 (m), 1290 (m), 1201

be an important factor in influencing the activity of metal-
substituted carbonic anhydrases.
complex f73-O(CH,CH,pZV€2),]Cd(NOs), has also been reported
to exhibit bidentate coordination of both nitrate ligasés

line with the observation that the activity of cadmium-substituted

(w), 1180 (w), 1123 (s), 1062 (w), 998 (w), 786 (M NMR (CDs-

CH(CH3)2], 2.93 [Spt,JH—H = 6.8, O"(CHs)z], 3.67 [t, Ju-n = 5.6,
CH.], 4.01 [t, Ju_n = 5.6, CH2], 5.84 [s, GH]. *C NMR (CD:CN):
6 23.3[q,Jen = 126, 2 CHCHa)2], 25.8 [d, Jo—+ = 127,CH(CHa)J],
28.7 [d,\](;fH = 127,CH(CH3)2], 49.0 [t, J(;fH = 138,CH2], 70.8 [t,

carbonic anhydrase is reduced substantially from that of the zinc 3 " =143 cH,], 98.7 [d, Jo_y = 171, CH], 151.2 and 158.4 [s

enzyme at pH 7334

Conclusions

In summary, the bis(pyrazolylethyl) ether ligands O¢CH.-
pZ*2), exhibit a “T-shaped” meridional coordination mode in
the zinc and cobalt complexeg3fO(CH,CH2pZ""2),]Zn(NOs),
and [73-O(CH,CH,pZe2),]Co(NOs),. Such an observation is
in marked contrast to the facial coordination geometries that
have been reported for the related NNS and NNN ligands in
[173-fac-S(CHCH,pZVe2),]Co(NOs), and f73-fac-EtN(CH,CH,-
pZVe2),]Co(NGs),.  As such, it is evident that the bis(pyrazolyl-
ethyl) ether ligand is not particularly suitable with respect to
modeling bioinorganic aspects of zinc chemistry. Finally,
comparison of the structures of a pair of zinc and cobalt nitrate
complexes supported by bis(pyrazolylethyl) ether ligation,
[773-O(CHZCH2sz”2)2]Zn(N03)2 and [I73-O(CH2CH2pZMez)2]-
Co(NGy),, illustrates the greater preference for cobalt to
adopt bidentate coordination of the nitrate ligand in this
system.

Experimental Section

General Considerations. All manipulations were performed using
a combination of glovebox, high-vacuum, and Schlenk technigfues.
Solvents were purified and degassed by standard procedtiieand
13C NMR spectra (allJ values in Hz) were measured on Varian

C,N2CH].

Synthesis of jj3—0O(CH2CH;pz""2),]Zn(NO3).. A mixture of

O(CH,CHpZ"*2), (1.0 g, 2.67 mmol) and Zn(Ng-6H,O (0.78 g, 2.62
mmol) in acetonitrile (30 mL) was stirred at 8Q for 1 h. The mixture
was allowed to stand at room temperature overnight, after which the
solvent was removed under reduced pressure. The product was washed
with pentane and driedn vacuo to give [i73-O(CH,CH.pZ"*2),]-
Zn(NQOs), as a white solid (1.4 g, 95%). Anal. Calcd fop%f
O(CH:CH,pz"'2),]Zn(NO3)2: C, 46.9; H, 6.7; N, 14.9. Found: C, 46.5;
H, 6.7; N, 14.1. IR data (cni), KBr pellet: 2969 (s), 2935 (m), 2874
(m), 1548 (m), 1477 (s), 1408 (m), 1385 (m), 1365 (m), 1295 (s), 1222
(W), 1184 (w), 1157 (w), 1091 (m), 1021 (m), 920 (w), 813 (m), 728
(w), 692 (w), 642 (w), 556 (w).'"H NMR (CDsCN): 6 1.16 [d,Js-n
= 6.7, CH(M2)2], 1.22 [d,Ju-n = 6.7, CH(@H3)2], 2.99 [spt,Ju-n =
6.7, O"(CHg)z], 3.15 [Spt,JHfH =6.7, O"(CHg)g], 4.01 [broad t, a:'|2],
4.36 [broad t, €7, 6.20 [s, GH]. *3C NMR (CDsCN): 6 22.6 [q,
Je-n = 127, CHCHa)2, 23.9, [q, Je-n = 127, CHCHa)7], 26.1 [d,
JC*H = 130,CH(CH3)2], 28.4 [d,chH = 130,CH(CH3)2], 47.7 [t,\]cfH
= 141,CHy], 73.5 [t, Jc-n = 147,CH], 100.3 [d,Jc-n = 176, CH],
154.2 and 162.6 [9Z:N,CH].

Synthesis of fy>-O(CH2CHpz"€2),]Co(NO3),. A mixture of O(CH-
CHypZM'e2), (1.0 g, 3.82 mmol) and Co(N§R-6H.0 (1.1 g, 3.78 mmol)
in methanol (50 mL) was stirred at 5@ for 30 min. The mixture
was allowed to stand at room temperature overnight, after which the
solvent was removed under reduced pressure. The product was washed
with pentane and benzene and driediacuoto give [i3-O(CH,CH,-
pZVe2),]Co(NQs), as a pink solid (1.5 g, 89%). Anal. Calcd for

VXR 200, 300, and 400 spectrometers. IR spectra were recorded as[#3-O(CH,CH;pZ"¢2),]Co(NOs),-0.5MeOH: C, 37.8; H, 5.2; N, 18.2.

either thin-films or as KBr pellets on a Perkin-Elmer 1420 spectropho-
tometer and are reported in ctn Elemental analyses were measured
using a Perkin-Elmer 2400 CHN Elemental Analyzer. tNisible

Found: C, 37.6; H, 4.8; N, 17.5. UWis: 1 =535nm e~ 40 M
cmd). IR data (cnl), KBr pellet: 2968 (w), 2945 (w), 1554 (m),
1475 (s), 1433 (s), 1393 (s), 1356 (m), 1328 (s), 1311 (s), 1238 (m),

spectra were recorded on a Perkin-Elmer Lambda 6 spectrophotometer1155(w), 1134 (w), 1073 (m), 1037 (m), 997 (w), 912 (m), 813 (m),

O(CH,CHpZ'e2), was prepared as described in the literatfre.
Synthesis of O(CHCHpzF™2),. O(CH,CHypz""2), was prepared
by a method analogous to that described for OCHppz“©2),.18 Diiso-

794 (m), 744 (w), 627 (w), 520 (w).

X-ray Structure Determination of [#53-O(CH2CH,pz""),]Zn-
(NO3),. Crystal data, data collection, and refinement parameters for
[73-O(CH.CHzpZ""2),]Zn(NOs), are summarized in Table 6. A single

(30) Some zinc and cobalt nitrate complexes with more than two nitrate crystal was mounted in a glass capillary and placed on a Nicolet R3m
ligands,e.g. [Zn(NOs)4]?~, [Co(NO3)4]?, and [Co(NQ)s(NCMe)]- _ diffractometer. The unit cell was determined by the automatic indexing
have also been structurally characterized. See: (a) Bellitto, C.; Gastaldi, of 25 centered reflections and confirmed by examination of the axial

L.; Tomlinson, A. A. G.J. Chem. Soc., Dalton Tran4976 989—
992. (b) Bergman, J. G., Jr.; Cotton, F.lAorg. Chem1966 5, 1208-
1213. (c) Albright, J. O.; Clardy, J. C.; Verkade, J.18org. Chem.
1977, 16, 1575-1580.

(31) (a) Han, R.; Looney, A.; McNeill, K.; Parkin, G.; Rheingold, A. L.;
Haggerty, B. SJ. Inorg. Biochem1993 49, 105-121. (b) Han, R.;
Parkin, G.J. Am. Chem. S0d.991, 113 97079708.

(32) Griffith, E. A. H.; Charles, N. G.; Lewinski, K.; Amma, E. L.;
Rodesiler, P. FInorg. Chem.1987, 26, 3983-3989.

(33) (a) Coleman, J. ENature 1967 214, 193-194. (b) Bauer, R,;
Limkilde, P.; Johansen, J. Biochemistryl976 15, 334-342.

(34) It should be noted that the activity of cadmium-substituted carbonic
anhydrase may be enhanced at higher pH valoaspH 9). See ref
33.

(35) (a) McNally, J. P.; Leong, V. S.; Cooper, NACS Symp. Set987,
357, 6—23. (b) Burger, B. J.; Bercaw, J. BRCS Symp. Sef987,
357, 79-97.

photographs. Intensity data were collected using graphite-monochro-
mated Mo Ko X-radiation ¢ = 0.710 73 A). Check reflections were
measured every 100 reflections, and the data were scaled accordingly
and corrected for Lorentz, polarization, and absorption effects. The
structure was solved using direct methods and standard difference map
techniques using SHELXTL PC. Systematic absences were consistent
uniquely with the space group2,/c (No. 14). Hydrogens on carbon
were included in calculated positions.

X-ray Structure Determination of [#%3-O(CHCHpze2),]Co-
(NO3),. Crystal data, data collection, and refinement parameters for

(36) Kitajima, N.; Fujisawa, K.; Fujimoto, C.; Moro-oka, Y.; Hashimoto,
S.; Kitagawa, T.; Toriumi, K.; Tatsumi, K.; Nakamura, A. Am.
Chem. Soc1992 114, 1277-1291.
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Table 6. Crystal and Intensity Collection Data for
[773-O(CH2CHzsz"Z)z]Zn(NO3)2 and @73-O(CI-|2CH2pz""e2)2]C0(NO3)2

[73-O(CH,CH:pZ™2);]-  [17%-O(CH,CHopZe2),]-

Zn(NGs), Co(NG;),
formula GoHagNgO7Zn C14H2oN6O;Co
fw 564.0 445.3
lattice monoclinic monoclinic
cell consts

a A 11.619(2) 17.136(3)
b, A 14.380(3) 10.505(2)
c A 16.757(2) 11.121(2)
a, deg 90.0 90.0

B, deg 90.44(2) 104.62(3)
y, deg 90.0 90.0

vV, A3 2799(1) 1937(1)

Z 4 4

radiation ¢, A) Mo Ka (0.710 73) Mo ku (0.710 73)

space group P2/c (No. 14) C2/c (No. 15)
o(calcd), g cm® 1.34 1.53

u(Mo, Ka), cm? 92.6 935

Re 0.0366 0.0452

R, 0.0466 0.0727

AR = ¥ |Fo — Fel}/Z|Fol; Ry = YW3Fo — Fel/SWY2Fof; w = [0X(F)
+ gF L

[73-O(CH.CHpZ"2),] Co(NOs), are summarized in Table 6. A single
crystal was mounted in a glass capillary and placed on a Nicolet

Dowling et al.

indexing of 25 centered reflections and confirmed by examination of
the axial photographs. Intensity data were collected using graphite
monochromated Mo ¥ X-radiaton @ = 0.71073 A). Check
reflections were measured every 100 reflections, and the data were
scaled accordingly and corrected for Lorentz, polarization, and absorp-
tion effects. The structure was solved using direct methods and standard
difference map techniques using SHELXTL PC. Systematic absences
were consistent with the space groug/c (No. 15) andCc (No. 9),

but the structure was successfully solved in the centrosymmetric
alternativeC2/c. Hydrogens on carbon were included in calculated
positions.
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