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Stoichiometric quantities of 3,5-déert-butylcatechol and aqueous ammonia react in pyridine solution to form
2-amino-4,6-ditert-butylphenol. Under an atmosphere of dioxygen the aminophenol is oxidized to either the
corresponding iminosemiquinone or iminobenzoquinone. In the presence of Cu(ll) iminosemiquinone condensation
with the aminophenol gives the Cat-N-SQ radical ligand obtained as the G{piAN-SQ) complex. Metal

and ligand magnetic orbitals are orthogonal and couple ferromagnetically to §ive amolecular spin state at
temperatures up to 300 K. In nonpolar solvents the complex undergoes ligand oxidation and disproportionation
to give Cu(Cat-N-BQ). Crystallographic characterization on crystals obtained asigm®panol solvate
[orthorhombic, C222 a = 19.548(3) Ab = 24.536(5) Ac = 23.655(5) AV = 11346(4) B, Z=8,R= 0.068]

show that the expected Jahmeller distortion appears in thteans Cu—O lengths of the equatorial plane rather

than for the axial CaN lengths. Reactions carried out with both Cu(l) and Cu metal require metal oxidation to
give the Cu(ll) products obtained. With metallic Cu this occurs by a reaction with iminoquinone to give bis-
(iminosemiquinone)copper(ll). Further reaction of this product with aminophenol gives G@&pirN-SQ) by
condensation, and, with Doxidation gives a coordinated azophenolate ligand in Cu(py)(azophenolate) by a
unique N—-N bond-forming reaction. Cu(py)(azophenolate) has been characterized crystallographically [monoclinic,
P2./n, a=10.990(2) Ab = 10.736(3) A,c = 26.848(4) A8 = 98.09(1}, V = 3136(1) B, Z= 4,R=0.048].

Introduction 2-aminophenoxyl radicals are formed that lead to cyclization
with formation of phenoxazones, phenoxazines, and amino-
phenoxazinones in reactions that are often highly unselettive.
2-Aminophenols, catechols, or 1,2-benzoquinones in the pres-
ence of ammonia and copper catalysts are converted to semi-
nitriles of muconic acid by oxidation of iminoquinone inter-
mediates. Selectivity observed in reactions carried out in the
presence of copper ion may indicate that the metal is serving
as a template, directing the stereochemistry of condensation and
oxidation steps. As a consequence, reactions that yield a
complicated array of products may be more specific in the
presence of a metal ion. Further, in cases where the metal is
present in stoichiometric concentrations, products may be
The copper ion appears to be bound to the TOPA cofactor andobtained in the form of a metal complex. As a specific example,
it may serve as the site of JCbinding in the reoxidation  the condensation of ammonia with 3,5-DBCat under aerobic
process:3> Model studies have provided evidence that Cu- conditions proceeds to form a complicated series of cyclic and
(bpyy* and TOPA, together, may be used to catalyze the aerobicacyclic product$,but in the presence of metal ion complexes
deamination of benzylamirfe.Quinones, and specifically 3,5-  of oxidized forms of bis(1-hydroxyphenyl)amine are obtained
di-tert-butyl-1,2-benzoquinone, have been used in amine andin relatively high yield®® 1! The ligand that appears in these
amino acid deamination reactions, although, the formation of complexes may exist in several charged forms; the two most
benzoxazole side-products is often a complicatioBatechols ~ common forms have been identified as the Cat-N-BQ anion and
undergo condensation with ammonia to give 2-aminophenols Cat-N-SQ radical dianiori ;10 With copper as the coordinating
and bis(1-hydroxyphenyl)aminésUnder oxidative conditions

Copper amine oxidase enzymes utilize a covalently-bound
TOPA (trihnydroxyphenylalanine) cofactor in the conversion of
primary amines to aldehydésMechanistic studies indicate that
TOPA quinone is the active form of the cofacforTrans-
amination of the amine is thought to lead to a reduced
aminoresorcinol form of the cofactor that is reoxidized aerobi-
cally to the active hydantoin, with hydrogen peroxide and
ammonia released as coproducts.

RCH,NH, + O, + H,0 — RCHO+ NH, + H,0, (1)
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Table 1. Crystallographic data for Cu(Cat-N-B&2-Propanol and

Cu(py)(azophenolate)
Z N? Cu(Cat-N-BQ) Cu(py)(azophenolate)
_ _ formula Q9H33N205CU 033H35N302CU
_ _ fw 968.9 570.2
Cal-N-BQ Cat-N-sQ® color dark green dark red
| space group C222 P2./n
a, A 19.548(3) 10.990(2)
metal the course of the reaction is unusually dependent upon b, A 24.536(3) 10.736(3)

" ; c, A 23.655(5) 26.848(4)
conditions. This may be related to the reduced number of strong de 90.0 98.09(1)
coordination sites of Ci relative to metal ions with lower Vol, A3 11346(4) 3136(1)
d-configurations that appear earlier in the first transition series. z 4
As a continuation of our investigations into the coordination T,°C 24-26 24-26
chemistry of aminophenols, iminoquinones, and iminosemi- ’é(MO K“)vﬁ; g-go 73 3-17;0 3
quinone radicals we have conducted a study on the oxygenation Cﬂ%glcm 0427 0727
of 3,5-DBCat in the presence of ammonia and either metallic g R, 0.068, 0.070 0.048, 0.065

12,13

copper, Cucl, or Cugl AR = SIIF — [FAVEIFol. Ry = [SW(Fo| — [Fe)TEW(F7Y

Experimental Section

) . solid separated from solution. The solid was isolated by filtration, and
Materials. 3,5-Ditert-butylcatechol (3,5-DBCat) was prepared by e reaction products were extracted from the residue with ether. Upon

a published procedufé. CuCl, CuCk2H,0, and NHOH were cooling, the ether solution gave dark green crystals of Cu(Pw}-N-

obtained from Reanal (Budapest, Hungary). Solvents were purified SO) in 82% vield (6.49 No Cu azophenolate) was obtained
by standard methods, and all reactions were carried out under anfr(?% this re?a():/tion.( 49 9). (py)(azop )

atmosphere of dioxygen using standard Schlenk-type glassware.

A . L e Physical Measurements. Electronic spectra were recorded on a
Reaction of 3,5-DBCat, Metallic Cu, and Ammonia in Pyridine

Perkin-Elmer Lambda 9 spectrophotometer. Magnetic measurements

under an Atmosphere Olf Q. Cu Opowder (0.635 g, 10 mmlol), 3.5°  \ere made using a Quantum Design SQUID Magnetometer at a field
D_BCat (5.._35 g, 24 mmo )_a_nd 25% N_BH (1.9 mL, 25 mmol) were strength of 5 kG. Infrared spectra were recorded on a Perkin-Elmer
dissolved in 40 mL of pyridine and stirred at room temperature under 1s06"FTIR with samples prepared as KBr pellets

an atmosphere of O The color of the solution was initially dark green, Crystallographic Structure Determinations. Cu(py)z(Cat-N-SQ)

but it became dark red after approximately 10 min. After approximately 4 Cu(Cat-N-BQ),. Crystals of Cu(py{Cat-N-SQ) obtained from

L h an exothermic reaction took place. Th? temperature of t.he mixture pyridine solution formed as thin plates that were unsuitable for
increased to 46C and a dark colored material deposited. This product o qt10graphic characterization. Recrystallization from dichloromethane/
was isolated by filtration, dried in vacuum, and extracted with ether. 2-propanol solution in air gave small, dark green, prismatic crystals.
Slow evaporation of the ether filtrate gave thin platelike green crystals Recrystallization from toluene solution gave larger parallelopipeds. A
of a product subsequently identified as Cugi@pt-N-SQ) in 36%yield ¢y ga| optained from toluene was mounted and aligned on a Siemens
(1.82g). Mp:181+184°C. UV—vis (CH,CL): Amadnm (/M cm™) P3F diffractometer. Axial photographs indicated tetragonal symmetry
235 (26 000), 289 (10 300), 390 (17 500), 525 (2200), 598 (1600), 920 4 the centered settings of 20 intense reflections gave cell dimensions
(5400), 1042 (5300). Anal. Calcd forsisoN:O0,Cu: C, 70.82; H, of a = 19.425(4) A andc = 15.172(4) A. These dimensions were

7.82; N, 6.53. Found: C, 70.70; H, 8.20; N, 6.54. ; :
Lo ' L T . . close to the cell dimensions found for Zn(Cat-N-BQ) = 19.476(3)
Cu(py)(azophenolate). The dark red pyridine filtrate obtained in A, ¢ = 15.135(6) A) and intensity measurements were used to verify

the procedure above was reduced in volume to give dark red crystals o« the s
. . i pace group wé4;22, the space group of the Zn analSdn
of Cu(py)(azophenolate) in 46% yield (2.23 g). Mp: 18a. UV-— this cell,Z = 4 and a 222 crystallographic symmetry is imposed on

vis (CHCL): Ama/nm /M~ cm ™) 214 (940?)’ 28‘|‘ 513300), 358 (3100),  the molecule. With Cu an anticipated JafiFeller distortion would
388 (3500), 523 (3160), 889 (1300). Anal. Calcd fagtisNsOCu: be disordered over all four symmetry-related-@ bonds. Crystals

C, 68.42; H, 7.83; N, 7.25. Found: C, 69.16; H, 7.07; N, 7.20. ; ; ;
’ o o NS P 0 obtained from the CKCl,/2-propanol solution were found to form in
_Cu(Cat-N-BQ),. Recrystallization of Cu(pyJCat-N-SQ) from the acentric orthorhombic space grad@22; in a unit cell of dimensions
dlchloromethang solution in air gave dark green crystals of Cu(Cat- givenin Table 1. Data were collected By 20 scans within the angular
N'B;.Q)g'mbuva's and EPR spectra agree with values reported onq6 36400 due to the poor diffracting quality of the crystals. A
eariier> Patterson map was used to determine the position of the Cu atom, and

Reactionhof 3,5f-DBCgt,CC|:uCI,0and Ammon:a ig Pyridge und3er phases derived from the location of the Cu atom gave the positions of
an Atmosphere of G. CuCl (1.10 g, 11 mmol), 3,5-DBCat (5.35 g, other atoms of the molecule. In final stages of refinement atoms

24 mmol),' gnd 25% N.kOH (1.9 mL, 25 mmol) were dissolved in 40 ysqqciated with an 2-propanol solvate molecule appeared, and were
mL of pyridine and stirred at room temperature under an atmosphere o ,qeq. Final cycles of refinement converged with discrepancy
of QZ for 8 h. The color Qf the solutpn was _dark green,_and' a dark indices of R = 0.068 andR, = 0.070. Selected atomic coordinates
solid separated from solution. The solid was isolated by filtration, and are listed in Table 2. Tables containing a full listing of atom positions,

the lr_eactlﬁn prﬁductsl were extra%te(?(from the reS|d|ue ]‘(Ngh ethe’r\.l Upon anisotropic displacement parameters, and hydrogen atom locations are
cooling, the ether solution gave dark green crystals of Cu(Pg@}-N- available as Supporting Information.

SQ) and a red filtrate containing a small quantity of Cu(py)(azo- cu( ; .

. L : py)(azophenolate). Dark red prismatic crystals of the complex
p_henolate). Cu(pyiCat-N-SQ) was obtained in this procedure in 72% were obtained by slow evaporation of a pyridine solution. Axial
yield (5.16 g). photographs indicated monoclinic symmetry and the centered settings

R:)actionhof S,S;DBCat, Cugﬁ andlAmmonialin Pyrlidine ugcljger of 25 intense reflections with@values between 21 and 34ave the
an Atmosphere of Q. CuChk-2H,0 (1.89 g, 11 mmol), 3,5-DBCat it ce|| dimensions listed in Table 1. Data were collectediby0

.(5'35 g.24 ”.‘”.‘0')* and 2.5% NRH (1.9 mL, 25 mmol) were dissolved scans within the angular range 3.85°. A Patterson map was used

in 40 mL pyridine and stirred at room t.emperature under an atmosphereto determine the position of the Cu atom, and phases derived from the

of Oz for 8 h. The color of the solution was dark green, and a dark |,c4ti0n of the Cu atom gave the positions of other atoms of the
. ) . — structure. Final cycles of refinement converged with discrepancy

(12) fé’;s'eg’ll(;i's\évgalen' A.M.; Csihony, J.; Pierpont, Clirg. Chem indices ofR = 0.048 andR, = 0.065. Selected atomic coordinates

(13) Speier, G.; Csihony, J.; Whalen, A. M.; Pierpont, Cliarg. Chim are listed in Table 3. Tables containing a full listing of atom positions,

Acta in press.
(14) Schulze, H.; Flaig, WJustus Liebigs AnrChem 1952 575, 231. (15) Scotto, C. S. Ph.D. Thesis, University of Colorado, Boulder, 1992.
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Table 2. Selected Atomic Coordinates (0% for Cu(Cat-N-BQ} 3
x/a yib ac 2 - "
3 IEl
Cu 416(1) 8018(1) 9406(1) :
o1 838(4) 8130(4) 10202(4) L
02 —270(5) 8056(4) 8743(4)
03 1154(5) 8654(4) 9075(4) 151 . . : I .
04 42(5) 7173(4) 9562(4) o Bo 160 120 00 750 1]
N1 —291(6) 8464(4) 9751(5) i
N2 1133(7) 7581(5) 9050(4) _ _
C1 507(7) 8482(6) 10479(6) Figure 1. Plot of magnetic moment vs temperature for Cugfiat-
c2 —129(6) 8704(6) 10230(6) N-SQ).
C3 —474(7) 9147(5) 10517(6) ) . .
ca —254(7) 9337(5) 11017(6) Reaction of 3,5-DBCat, CuC}, and Ammonia in Pyridine
C5 349(7) 9066(6) 11268(6) under an Atmosphere of Q. Stegmann and Scheffler observed
gg gig((g)) gggg((g)) 1;8023(%3)) the dimerization of 2-amino-4,6-dért-butylphenol in reactions
s —904(7) 8467(5) 9450(7) that _\Nege used to pro_duce complexes of the radical Cat-N-SQ
_ dianion® Condensation was viewed to occur between the
c9 1536(8) 8648(5) 9695(6) ar o . L
C10 —2094(8) 8608(5) 9365(7) o-iminosemiquinone, formed by dioxygen oxidation of the
C11 —2030(8) 8400(6) 8810(7) aminophenol, and unoxidized aminophenol (eq 2). The product
C12 —1450(8) 8217(5) 8549(6)
C13 1692(8) 8409(6) 8977(6) o y
Cl4 1731(9) 7832(6) 8942(7) Xé[on Xé[(m ﬁN@X o
C15 2361(8) 7535(6) 8865(5) + —_— +NH,
C16 2946(7) 7814(6) 8763(6) NH NH, HO
C17 2878(10) 8417(7) 8760(6)
gig zggfg%) g;éfg)) Sg%gg of this dimerization is the delocalized Cat-N-SQ radical that
c20 958(6) 7068(6) 8942(5) readily coordinates with Sn and other main-group and transition
c21 1288(6) 6711(6) 8542(6) metal ionss~11 The Cat-N-BQ and Cat-N-SQ charged forms
ggg 133;‘((;)) gégfég)) g;‘iggg)) of the ligand () are found most commonly in complexes,
although electrochemical studies have shown that more strongly
c24 148(7) 6303(7) 9110(7) reduced and oxidized forms of the ligand may eXist.
Table 3. Selected Atomic Coordinates:(0?) for Cu'" (py)2(Cat-N-SQ). The chemistry described in eq 2 has
Cu(py)(azophenolate) been carried out in the presence of2Cin pyridine solution.
Ya yib Ac Following the reaction reported by Stegmann and Scheffler with
diaryldihalotin substrates, the product obtained in the presence
ngJ iggé&g 1252((1)) %21(%)) of copper ion is Cu(py|Cat-N-SQ). Crystals of the complex
02 956(4) 2613(4) —404(2) form as thin plates that are unsuitable for crystallographic
N1 —1(5) 2018(5) 459(2) analysis, but the form of the complex is clear from its analytical
N2 —908(5) 2709(5) 307(2) and spectroscopic properties. lIts infrared spectrum is quite
(N:i’ 2633(2) 12%(3) _282(32)2 similar to spectra of the M(Cat-N-S@jeries with additional
co 1112((6)) 820E6)) 1078((3)) bands associated with the pyridine ligafid! Electronic spectra
c3 1318(6) 308(6) 1572(2) recorded on complexes containing the Cat-N-SQ ligand, and
c4 414(6) 518(6) 1877(2) specifically the ligand in this electronic form, show characteristic
C5 —668(6) 1190(6) 1736(3) low-energy absorption®:11 In particular, an intense absorption
o) —842(6) 1688(6) 1264(2) in the 1006-1100 nm region of the near-IR is commonly
gig __92?((2; gsggggg :igg% observed, and the transition in this region for Cugf@at-N-
c17 —206(6) 3998(6) —945(2) SQ) appears at 1042 nm. The magnetic properties of the
c18 —1396(6) 4630(6) —1044(2) complex have been measured as a function of temperature with
C19 —2311(6) 4612(6) —724(3) the result shown in Figure 1. Over the temperature range from
C20 —2065(6) 3974(6) —293(3) 300 to 25 K magnetic moment remains constant at a value of

2.85u5 indicating a ferromagnetically spin-align&a= 1 ground
anieotropic displacement parameters, and hydrogen atom locations aresiate. Below 25 K magnetic moment drops slightly, presumably
available as Supporting Information. as an effect of intermolecular coupling. The Cu@@at-N-
Results SQ) molecule is, most likely, square pyramidal in structure, with
. . ) ) ~ basal and apical pyridine ligands, that are similar to those of
Condensation reactions involving 3,5-DBCat and ammonia the [Cu(py}(3,5-DBCat)} dimer, and with the tridentate Cat-
have been Studied, and the Chemistry deSCI’ibed in thIS I’epOI’tN_SQ ||gand Occupy|ng the remaining three basa' Coordination
may be traced to the formation of 2-amino-4,6telit-butyl- sites!” Spins within the molecule lie in orthogonal orbitals, a
TOPA models have shown, oxidation reactions involving alignment gives th& = 1 spin ground state of the molecule,
dioxygen lead to new pathways and a variety of prodtfets.  rather than noninteracting spins that would give a magnetic
has been the hope of this investigation that the presence ofmgoment of 2.45ug. Bruni et al have described coupling
copper will add selectivity and direction to the condensation/ petween orthogonal radical Cat-N-SQ ligands through a dia-
oxidation chemistry of this system. We will begin with a magnetic metal ion in Ti(Cat-N-S@}! Magnetic measure-

deSCI‘IptIOI’] of the most well-understood reaction of the SerieS, ments on this Complex showed an increase in magnet|c moment,
the reaction involving CuGl

(17) Speier, G.; Tisza, S.; Tyeklar, Z.; Lange, C. W.; Pierpont, Gn&g.
(16) Lee, Y.; Sayre, L. MJ. Am Chem Soc 1995 117, 3096. Chem 1994 33, 2041.
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Figure 2. View of Cu(Cat-N-BQ) with methyl carbon atoms dért-
butyl groups omitted.

from a value of 2.47g at room temperature where spins are
essentially uncorrelated, to a value of 24 at 4 K corre-
sponding to anS = 1 state. Ferromagnetic coupling in
Cu(py)x(Cat-N-SQ) is considerably stronger in showing no
evidence for uncorrelated spins at any temperature, dag g
value exceeding 200 cm for H = —2Jcy-s0 (ScuSso)-
Cu(Cat-N-BQ),. Attempted recrystallizations of Cu(pgy)
(Cat-N-SQ) from nonpolar solvents in air provided large
prismatic crystals. Crystallographic characterization indicated
that the crystals were, in fact, Cu(Cat-N-BQ}a complex
originally reported by Girgis and Baléh Characteristic changes
in electronic spectrum indicate that Cu(gdat-N-SQ) under-
goes oxidation in air over the period of a few hours in solution,
an observation that is in accord with the negative oxidation
potential of the Cat-N-SQ ligand in cases where the ligand is
not stabilized byz-donation to an acidic metal id? Ligand
oxidation must be followed by a disproportionation reaction that
leads to Cu(Cat-N-BQ)and other uncharacterized copper-
containing products. Two crystalline forms of Cu(Cat-N-BQ)
have been obtained, both different from the triclinic crystals
obtained with other metal ioi8:1? Tetragonal crystals were
obtained from toluene solution. An earlier structure determi-
nation on Zn(Cat-N-BQ)was found to be of this crystal system,

Speier et al.

Table 4. Selected Bond Lengths and Angles for Cu(Cat-N-BQ)
Bond Lengths (A)

Cu-01 2.073(9) Cu-02 2.066(9)
Cu—03 2.264(10) Cu0O4 2.230(10)
Cu—N1 1.943(11) Cu-N2 1.956(12)
0O1l-C1 1.262(17) 02C7 1.253(19)
N1-C2 1.317(18) N+C8 1.394(19)
C1-C2 1.479(18) C#Cs8 1.429(22)
03-C13 1.233(19) 04C19 1.268(17)
N2—-C14 1.346(21) N2C20 1.329(19)
C13-C14 1.419(21) C19C20 1.468(19)
Angles (deg)

01-Cu-02 160.3(4) 03-Cu—-04 155.1(4)
N1—-Cu—N2 178.9(5)

affinity for imine nitrogen donors, and distortion of the
octahedron upon axial elongation would be severe. As a
consequence, the €N lengths of 1.950(11) A are relatively
short, and the distortion appears as an axial elongation of two
trans Cu—O bonds. Lengths to oxygen atoms Ol and O2
average to 2.070(9) A, while lengths to oxygen atoms O3 and
04 of the second ligand average to 2.247(10) A. Otherwise,
features of the Cat-N-BQ ligands are similar to the ligands of
Ni(Cat-N-BQ) and Zn(Cat-N-BQ) with C—O lengths that
average to 1.254(18) A and-\ lengths of 1.347(18) A. These
values compare with €0 and C-N lengths of 1.264(5) and
1.344(5) A for the Ni analog® and 1.264(5) and 1.331(3) A
for Zn(Cat-N-BQ).1> Tetragonal crystals of Cu(Cat-N-Bg)
apparently have the distortion in €0 lengths averaged over
the four equivalent sites either by static disorder or a dynamic
process. Such behavior is not uncommon for octahedral
complexes of Cu(ll}8

Reaction of 3,5-DBCat, Metallic Cu, and Ammonia in
Pyridine under an Atmosphere of G,. The combination of
3,5-DBCat, ammonia and pyridine, alone, are not sufficient to
react with Cu metal, but in the presence of dioxygen two
complex products are formed in nearly equal quantities in high
yield. Under the conditions used for the reaction Cuf(fyat-
N-SQ) separates from solution leaving a second, dark red
product in the pyridine filtrate.

Cu(py)(azophenolate). Evaporation of the red solution gave
crystals of the second product. Crystallographic characterization
indicated that the complex was a planar molecule containing a
tridentate azophenolate ligand formed by the oxidative dimer-
ization of two iminoquinone ligands. A view of Cu(py)-
(azophenolate) is shown in Figure 3; bond lengths and angles
are contained in Table 5. The azophenolate ligand forms both
five- and six-membered chelate rings with the metal. Features

and the results of low-angle intensity measurements indicatedOf the quinone fragment associated with the five-membered ring
that the space group and unit cell dimensions were similar for are relatively normal with a slightly contracted €C2 length,

Cu(Cat-N-BQ).15 The molecule resides about a site of 222
crystallographically imposed symmetry, with an independent
half of one ligand. Consequently, all four €@ lengths are
required to be the same and both-Ni lengths are the same.
Crystals obtained from a CGigl,/2-propanol solution were found
to form in the orthorhombic crystal system in a unit cell that

but, otherwise, aromatic-€C ring lengths and single-bond<®

and C-N lengths. The fragment containing O2 shows evidence
of conjugation and charge delocalization through to N1. The
C16-02 length and the ring C17C18 and C19-C20 bonds
are all slightly contracted, and the NN2 length is longer than

a localized double bond value. The toluene solution EPR

contained a molecule of 2-propanol as a solvent molecule of SPectrum is quite typical of planar Cu(ll) in consisting of a four-

crystallization. In this case there is no symmetry imposed on
the molecule. A view of the complex molecule is shown in

line pattern with[g= 2.006 andA(%56Cu) = 91.7 G. A five-
line coupling pattern to the two nitrogen donors appears on the

Figure 2; bond lengths and angles are listed in Table 4. The high-field component of the spectrum. In toluene glass at 77
molecule has approximate 222 symmetry as required by theK the spectrum splits to givgn = 2.05 andg, = 2.19, with

tetragonal space group, but with significant differences in the

Cu—0 bond lengths that would be averaged in the tetragonal

unit cell. As a complex of YCu(ll) a Jahr-Teller distortion

may be expected that might, reasonably, appear as an axial

elongation of Cu-N bonds. However, Cu(ll) possesses a strong

A(556Cu) = 198 G andAg(*“N) = 17.9 G.

(18) Bernhardt, P. V.; Bramley, R.; Engelhardt, L. M.; Harrowfield, J. M.;
Hockless, D. C. R.; Korybut-Daszkiewicz, B. R.; Krausz, E. R;
Morgan, T.; Sargeson, A. M.; Skelton, B. W.; White, A. khorg.
Chem 1995 34, 3589.
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Scheme 1

OH OH UOZ 0
+ NH3 — —_—
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Figure 3. View of Cu(py)(azophenolate).

Table 5. Selected Bond Lengths and Angles for

Cu(py)(azophenolate) e . . . R
m oxidizing Cu(l)}® As in the previous reaction, a metal oxidation

Bond Lengths (A) step is necessary for the formation of both products. The major
cu—ol 1.905(4) ceo2 1.867(4) product, Ctl(py)2(Cat-N-SQ), may formiia a mechanism that
Cu—N1 1.923(6 Cu-N3 2.007(6 ' 2 N ’
01-C2 1_331((9)) 02C16 1,309((3)) is similar to the reaction described above for Cu(ll), with initial
N1—-N2 1.263(8) NtC1 1.405(8) formation of [CU(py)(Cat-N-SQ)T. Dioxygen oxidation would
N2—C15 1.390(9) CxC2 1.400(9) give the Cu(ll) product. Cu(py)(azophenolate) is observed as
g%:gg igggggg gigg i'gg%g; a minor product of the reaction. lItis likely formed by oxidation
C5-C6 1:363(9) C15C16 1‘_440(10) _of bis(im_inosemiquinonato)copper(lI), as in Scheme 1, which,
C15-C20 1.418(9) C16C17 1.432(9) in turn, |s.fornr!ed from Cu_(O) that regults from some small
C17-C18 1.379(9) C18C19 1.412(10) disproportionation of Cu(l) in the reactidf.
C19-C20 1.339(9)

Discussion
Angles (deg)

01-Cu-02 170.2(2) 0O%+Cu—N1 84.5(2) The feature that is common to all three synthetic procedures
02-Cu-N1 93.0(2) N1Cu-N3 168.5(2) beginning with Cu(ll), Cu(l), and Cu(0) is the formation of
C1-N1-N2 116.4(6) C15-N2—N1 119.1(6)

Cu(py)(Cat-N-SQ) as a major product. Itis easy to understand
i the chemical steps leading to this product in the context of the
Formation of Cu(py)2(Cat-N-SQ) and Cu(py)(azopheno- - -pemisiry defined much earlier by Stegmann and Schéffler.
late). The key step in the reaction with metallic Cu is the initial With Cu(l) and Cu(0) metal oxidation steps are necessary, but
oxidation of the metal. Schiff-base condensation occurs rapidly \;anje reactions with dioxygen can be envisioned as leading to

between ammonia and 3,5-DBCat to give the aminocatechol, yhe ¢y (1) products. A particularly noteworthy feature of this

fa\nd underl the be}sic.conditi.ons of thg reactipn,l the aminoc_atecholcommex is the strong ferromagnetic coupling between the metal
is then oxidized in air to ultimately give the iminobenzoquinone

L : and the radical ligand. As a molecule that is in the3 spin
(Scheme 1). The iminobenzoquinone PhenoxBQ has beengiaie at all temperatures, it contains an exceptionally strong

observed tolzeasily react with metallic copper giving"C_u Cu(ll)—radical coupling interaction, and the Cat-N-SQ)
(PhenoxSQ)™* By analogy, we propose that copper oxidation - ,,nit may be useful in the synthesis of extended polymers
occurs by a reaction with the iminobenzoquinone formed by ,5; il exhibit cooperative ferromagnetic properties.
d!ox_yg_en OX|d_at|(_)n of the parent aminophenol to give the planar gy ctural features of Cu(Cat-N-Bg3howed an unexpected
bis(iminosemiquinonato)copper(ll) complex. In this way, me- 3515 Teller distortion, atrans equatorial oxygen-donor sites
tallic Cu is stoichiometrically oxidized to Cu(ll). The imino-  o.har than along the tetragonal axis of the molecule. This

semiquinone ligands of the product may react in one pathway gistortion appears to be averaged over both ligands of Cu(Cat-
with an unoxidized aminophenolate to give Cugi@at-N-SQ). N-BQ), in the tetragonal crystal system.

Air ox.idation of bis(iminogemiquinone)gopper(lI), with ligand Considerable interest has been directed to investigations on
coupling may be responsible for formation of the azophenolate .44 vtic deamination reactions that might parallel the chemistry

ligand of Cu(py)(azophenolate). It is likely that the bis- ,qqqciated with the quinone-containing copper amine oxidase
(iminosemiquinonato)copper(ll) species forms as méand enzyme$:*16 These reactions have been investigated in both

tLan(sj_i;omers, apd thiﬁ StrUfIUI;j§| differ(;nce may t()je related 10 y,q presence and absence of Cu(ll), and the catalytic role of
the differences in pathway leading to the two products. the metal in these reactions is to provide the capability for

Reaction of 3,5-DBCat, CuCl, and Ammonia in Pyridine autoxidative aerobic recycling of the reduced catalyst. Recent
under an Atmosphere of .. The related 3,5-DBCal/N#D, ok by Sayre has indicated that the mode of-GOPA

reaction carried out in the presence of Cu(l) contains elements . qination is important in defining the role of the metal, as

of both previous reactions in giving Cu(p{gat-N-SQ) as the  gjiher 5 catalyst or inhibitd® Many of the condensation steps
major product with a small quantity of Cu(py)(azophenolate).

Prior studies have shown that the iminobenzoquinone formed (19) Tezuka, Y.; Miya, M.; Hashimoto, A.; Imai, K. Chem Soc, Chem
by the dioxygen oxidation of aminophenol is incapable of Commun 1987, 1642.
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associated with this chemistry parallel reactions that occur with carried out at the University of Colorado was provided by the
the DBCat/NH/O; system, and the presence of copper, as either National Science Foundation (Grant CHE-93636). Research at
oxidized Cu(ll) or reduced Cu(l) or Cu(0), may aid in the the University of Veszprem as supported by the Hungarian
isolation and characterization of products that include otherwise Research Fund (Grant OTKA-2326). CGP and GS would like
unstable radical intermediates. Formation of the azophenolatey, thank the US-Hungarian Joint Fund for collaborative
species bound to Cu in Cu(py)(azophenolate) was unexpecteqesearch support through Grant 098/91.

and it apparently results from oxidative dimerization of imino-
semiquinone ligands at the metal ion. Products containirfiN
bonds have not been observed previously in this chemistry.  Supporting Information Available: Tables giving crystal data and
Reactions that form azoaryl functionalities directly from amines details of the structure determination, atomic coordinates, anisotropic
are unusual, and details of the reaction are under furtherthermal parameters, hydrogen atom locations, and bond lengths and
investigation. angles for Cu(Cat-N-BQ) and Cu(py)(azophenolate) (26 pages).
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