J. CHEM. SOC., CHEM. COMMUN., 1994

1737

Reaction of Hydroxo Complexes of Divalent Metal lons with Amide
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Reaction of hydroxo complexes of copper(i) and nickel(n) with p-nitroacetanilide gave chelated amido complexes and
the structure of the copper(i}~amido complex was determined by X-ray crystallography.

Many hydrolytic metalloenzymes possessing divalent metal
ions (Zn, Mg, Mn, Co and Ni) at the reactive centre are
known.! It has been suggested that a metal hydroxide
intermediate which is produced by the deprotonation of
metal-coordinated water attacks the substrate nucleophilically
in the catalytic process.2 We have recently reported that a
series of hydroxo complexes of Mn!!, Fell, Co!l, Nill, Cull and
Zn!! with the tripodal ligand L [L = hydrotris(3,5-diiso-
propylpyrazol-1-yl)borate] exhibit very high nucleophilic
reactivities, even reacting with atmospheric CO,.3t Further-
more, the P-O bond in tris- and bis-phosphate esters is
cleaved by the hydroxozinc(ir) complex.4 The reactivity of
these hydroxo complexes toward p-nitroacetanilide is re-
ported in this communication.>

Treatment of the bis(u-hydroxo)copper(i1) complex
[{CuL(OH)},] 16 with 2 equiv. of p-nitroacetanilide in Et,O
under argon yielded a deprotonated amido complex 2
quantitatively.i The structure of 2 was determined by X-ray
crystallography and a perspective view is given in Fig. 1. The
geometry of copper ion is best described as square-pyramidal
with one nitrogen atom from the tris(pyrazolyl)borate at an
apical position. Both amide nitrogen and oxygen are bound to
the copper equatorially, leading to the formation of a
four-membered ring. The amide methyl and phenyl groups lie
on the plane consisting of the four-membered ring and adopt a
cis-configuration, whereas alkyl groups on amides usually
strongly favour a frans arrangement. Although a number of
copper(i1) peptide or amido complexes with deprotonated

Fig. 1 ORTEP drawing of [Cu(OCMeNCgH/NO,-p)L] 2, with the
thermal ellipsoids drawn at the 50% probability. The acetone
molecule of crystallization is omitted for clarity. Selected bond
distances (A) and angles (°) are: Cu(1)-O(1) 2.109(3), Cu(1)-N(11)
1.983(3), Cu(1)-N(21) 1.964(3), Cu(1)-N(31) 2.184(3), Cu(1)-N(41)
1.994(3), O(1)-C(41) 1.278(4), N(41)-C(41) 1.326(5), O(1)~-Cu(1)-
N(11) 152.7(1), O(1)-Cu(1)-N(21) 102.6(1), O(1)-Cu(1)-N(31)
111.3(1), O(1)-Cu(1)-N(41) 64.2(1), N(11)-Cu(1)-N(21) 89.6(1),
N(11)-Cu(1)-N(31) 92.8(1), N(11)-Cu(1)-N(41) 100.6(1), N(21)-
Cu(1)-N(31) 90.1(1), N(21)-Cu(1)-N(41) 166.0(1), N(31)-Cu(1)-
N(41) 98.9(1), Cu(1)-O(1)-C(41) 88.7(2), Cu(1)-N(41)-C(41)
92.4(2), O(1)~C(41)-N(41) 113.9(3).

amides have been reported, a chelated coordination mode for
amides as found in 2 has been reported only very recently by
Chin and coworkers.® To our knowledge, this cobalt(1)
benzamido complex® is the only previous example of a
structurally characterized chelated transition metal-amido
complex. Bond lengths and angles in the amide group of 2 are
summarized in Table 1 and are compared with those reported
for the cobalt(u1) benzamido complex. It is known that the
C-N and C-O bonds of free amide possess comparable
amounts of single and double bond character (40% double
bond character in C-N).7 In the amido chelated complex 2 and
the cobalt(nr) complex, both of the C-N and C-O bonds are
intermediate between typical single and double bond values as
found in free amides. The C—-O bond lengths of both amido
chelated complexes are slightly elongated relative to the
amide, which implies a greater degree of delocalization of
negative charge. The O-C-N angles found in 2 and the
cobalt(mm) complex are smaller than that of free amide owing
to chelation (Table 1).

In the reaction of [{NiL(OH)},] 3* with 2 equiv. of
p-nitroacetanilide, a yellowish-green compound 4§ was
formed quantitatively. The FD-MS analysis suggested the
formulation of 4 as [Ni(OCMeNCgH,NO;-p)L]. The IR
spectrum of 4 did not exhibit a band attributable to the amide
v(NH). In addition, the UV-VIS spectrum of 4 in toluene
showed a band (¢ = 70 dm3® mol-! cm~!) at 670 nm. This
spectral feature is very similar to other structurally charac-
terized five-coordinate nickel pyrazolylborate complexes 3
and [(NiL),(u-CO;)].3 Based on these characteristics, 4 is
identified as a deprotonated amido chelated complex which is
isostructural with the copper complex 2.
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Table 1 Bond lengths and angles of amido group

C-N/A C-0/A O-C-NF
2 1.326(5) 1.278(4) 113.9(3)
[Co(PhCONH)L"]2+ 1.32(1) 1.28(1) 111.5(9)
Free amide’ 1.32 1.24 125
Double bond? 1.24 1.20 —
Single bond? 1.45 1.42 —

L" = 1,4-dimethyl-1,4,7,10-tetraazacyclododecane

Whereas the copper(11) and nickel(11) complexes react with
the amide readily, hydroxo complexes of Zn!!, Col and Mnl!
did not react with amide to give deprotonated amido
complexes. Mixtures of these hydroxo complexes and 2 equiv.
of p-nitroacetanilide were stirred in Et,O at room tempera-
ture for 12 hours, but only starting materials were recovered
quantitatively. Although the acidity of the amide proton is
low, the series of hydroxo complexes are highly basic so as to
react with atmospheric CO,; the order of reactivities toward
CO;, is Zn > Cu > Ni = Co > Mn.3 Thus, the inertness of the
hydroxo complexes Znl!, Coll and Mn!! is not due to their low
nucleophilicity. The reaction pattern of these hydroxo com-
plexes is also not correlated with the order of peptidase
activities known for metal-substituted carboxypeptidase A
(CPA); copper(ir)-substituted CPA shows only a very low
activity, whereas Nill-, Coll- and Mnl-CPA exhibit a
catalytic activity comparable to native Zn!l-CPA.% Rather,
the reactivity of hydroxo complexes towards amide is compat-
ible with the degree of distortion in coordination observed for
a series of p-carbonato complexes [(ML),(u-CO3)]: Zn
(unidentate and bidentate) > Co = Mn (unsymmetric
bidentate) > Cu = Ni (symmetric bidentate).> Similar
geometric distortion has been reported for [ML'(NO3)][L’ =
HB(C;N,H,;Bu'-3);], Zn (unidentate) > Co (unsymmetric
bidentate) > Cu = Ni (symmetric bidentate).1? Therefore, the
reactivity of the hydroxo complexes toward the amide may be
associated with the stability of the tightly bound four-mem-
bered ring of the formed chelated amido complexes.

This work was supported by a Grant-in-Aid for Scientific
Research from Japanese Ministry of Education, Science and
Culture (04225107)

Received, 8th March 1994; Com. 4/01381F

J. CHEM. SOC., CHEM. COMMUN., 1994

Footnotes

+ The hydroxo complexes, except for the zinc complex, have dinuclear
structures bridged by a bis(hydroxo) unit as ascertained by X-ray
analysis. The structure of the zinc complex is monomeric as
established by spectroscopy.!!

1 Spectroscopic and crystallographic data for 2: Satisfactory elemental
analysis was obtained. IR (KBr pellet, v/em~—1?); 2539 (BH), 1616,
1592, 1576, 1569, 1558, 1538, 1515. UV-VIS (CH,Cl,, Anm, &/dm3
mol-1! cm~1); 338 (¢ = 2700), 706 (150). FD-MS; m/z 708. 2-Me,CO
crystallized in the triclinic space group P1 with a = 13.050(6), b =
19.357(5), ¢ = 9.267(3) A, « = 98.02(3), B = 91.90(4), y = 115.25(2)°,
V =2085(2) A3, Z = 2, D. = 1.22 gcm~3. The structure was solved by
the Patterson method, and refined with anisotropic thermal paramet-
ers for all non-hydrogen atoms except the solvent molecule. The final
R (Rw) value was 0.0521 (0.0486) for 5364 reflections [I > 30(/), 3 <
28 < 50°]. Atomic coordinates, bond lengths and angles, and thermal
parameters have been deposited at the Cambridge Crystallographic
Data Center. See Information for Authors, Issue No. 1.

§ Spectroscopic data for 4: Satisfactory elemental analysis was
obtained. IR (KBr pellet, v/cm—1); 2540 (BH), 1616, 1593, 1576, 1569,
1560, 1538, 1511. UV-VIS (CH,Cl,, Mnm, &/dm3 mol~! cm~1); 341
(1500), 670 (70). FD-MS; m/z 703.
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