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Tetracycline (tc; I) and substituted derivatives
have found wide application in human and veterinary
medicine, biology and animal nutrition [2,3]. It is
now established that some of the biological effects of
tetracyclines arise from their interactions with metal
ions [4]. The affinity of tetracyclines for metal ions
is well documented [4—22]. Studies involving forma-
tion of tetracycline metal complexes in solution have
been most frequently carried out, but a number of
solid complexes have been also isolated and charac-
terized, including Co?*, Ni** [18, 19} and Ca®* [22]
complexes with anionic tc™ of the M(tc™),(OH,),
type [18,19,22]. These complexes were precipitated
from methanol solutions of tetracycline hydro-
chloride and MCI,, after adjusting the pH of the
combined mixture at 7.4 by adding triethylamine
[18,19,22].1t was of interest to us to prepare water-
free complexes of tc with 3d metal perchlorates, and
we felt that a suitable synthetic approach should
involve use of a dehydrating agent, such as triethyl
orthoformate (teof) [23]. Accordingly, preparative
work in this direction was undertaken, and a
synthetic procedure similar to that employed by
these laboratories for the syntheses of metal per-
chlorate complexes with purines [24] was used suc-
cessfully. The present communication deals with the
tc adducts we isolated.

*Presented in part at the XXIV ICCC, Athens, Greece, see
ref. 1.
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Experimental

The synthetic procedure employed was as follows:
1.4 mmol hydrated 3d metal perchlorate are dissolved
in a mixture of 35 ml ethanol and 15 ml teof, at 40—
50 °C. Then, 2.5 mmol tc¢ free base are added to the
warm solution and the resultant mixture is refluxed
for 24-48 h. Subsequently, the volume of the
mixture is reduced by about 50%, by heating under
reduced pressure, and the residue is cooled to room
temperature. The precipitated complex is separated
by filtration, washed with cold anhydrous ethanol
and stored in vacuo over anhydrous CaCl,. This
procedure resulted in the formation of 2:1 tc to
metal perchlorate adducts in all but one of the cases
investigated, ie., M(tc),(ClO4); (M =Cr,Fe) and
M(tc),(ClO,4); (M = Mn, Fe, Co,Ni, Zn). The excep-
tion was with M = Cu?*, which led to the precipita-
tion of the HCIO, complex of tc (tcH'ClO4 7).
Cu(tc),(ClO,), was prepared by briefly heating a 2:1
molar solution of tc and Cu(ClO,), in ethanol—teof
to 60 °C, under stirring, and then allowing the mix-
ture to stand at ambient temperature for 1 -2 days.
The new metal complexes are characterized by
various shades of brown colors, ranging from light
(M =Zn?) to very dark (M = Cr**, Cu?") brown, and
were obtained in yields of 65-95% with the excep-
tions of the Mn?* and Zn?* adducts, for which the
yields were 42% and 28%, respectively. The com-
plexes are generally insoluble in ethanol, diethyl ether
and water; most complexes are also insoluble in
acetone or nitromethane, but those with Fe2*, Fe3*
and Cu? show limited solubility in these media.
Molar conductivities of 10~ M solutions of the latter
three adducts in 1:1 (v/v) acetone—nitromethane at
25 °C indicate the presence of 1:1 electrolytes [25],
viz., Ay, 7' em? mol™': M=Fe? 71; Fe* 77;
Cu? 69. Magnetic moments at 300 K are generally
normal for high-spin complexes of 3d metal ions
[26]: e, up: M = Cr?* 3.86; Mn% 594; Fe? 5.13;
Fe® 6.20; Co? 4.66; Ni** 3.41: Cu?* 1.94. Infrared
and solid-state (Nujol mull) electronic spectra were
obtained by methods described elsewhere [24,27].

Results and Discussion

The vou, PNu, and Yoy + Pon, absorptions of free
tc at 3609, at 3361, 3300 and at 2944, 2930 cm ™",
respectively [19, 28], appear virtually unchanged in
the spectra of the new complexes. In an earlier study,
a band at 1770—1760 cm™’, absent from the spec-
trum of tc hydrochloride [28], was assigned as a
C—O-metal mode in the spectra of M(tc™),(OH;),
(M = Co, Ni) [19]. It is of interest to mention, in this
connexion, that tc free base shows a distinct weak
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TABLE 1. Infrared Spectra of the New tc Metal Complexes at S00—230 cm ™!

M™ vm—o Bands? tc BandsP

Cr3* 444m, 333w, 300w 490m, 460m, 370w.b, 244w

MnZ* 402w, 391w, 309w, 252w 490m, 460m, 377w, 340w, 240w,sh
Fe2* 407w, 390w, 313w, 253w 490m, 450m.b, 380w b, 345w, 240w sh
Fe3* 435w.b, 328w, 295w 500w,b, 450w,b, 375w, 345w, 242w
Co?* 414w, 388w, 316w, 259w 485m, 460w, 370w, 345w, 235w

Ni2* 421w, 390w, 319w, 268w 490m, 460m, 372w, 350w.b, 237w
Cu?* 427w, 396w, 322w, 273w 485m, 450m,b, 375w, 350w,b, 240w
Zn?* 400w.,b, 311w, 248w 490m, 450m,b, 378w, 345w

3See tex1 for tentative vy band assignments.
327w, 317w, 242w [28].

absorption maximum at 1770 cm™". Free tc IR bands
associated with the amide group at ring A, at
1670(vs), 1520(s) and 1247(s), 1226(vs) cm™ ' [28],
are shifted to 1650-1630(m or w), 1490—1475(ms)
and 1230—1210(s) cm™!, respectively, upon metal
perchlorate adduct formation. In contrast, the very
strong tc vg—p bands at 1611 (ring A) and 1580
(ring C) cm™' [28], undergo either positive or
negative small frequency shifts, appearing at 1615—
1590 and 1590-1575 c¢m™!, respectively, in the
spectra of the new complexes. Shifts of the various
Vc—o modes of the COH groups of tc (vg—g for
ring A occurs at 1111 cm™) [28] cannot be detected
in the spectra of the new adducts, as they are masked
by the strong »;(ClO,4) absorptions at 1130-1045
cm™' [29,30]. Both the vy and v4(ClO,4) modes are
triply split in the spectra of the tc¢ adducts (v3 at
1130—1110vs, 1100—1070vvs and 1065—1045s; v,
at 655-645m, 630—620s and 620—610s); this is
indicative of the simultaneous presence of ionic
ClO0, and unidentate coordinated—OCiO; ligands
[29, 30]. IR-active vy and v,(ClO,) are presumably
masked by tc absorptions at 949, 938 and 488, 456
cm™ !, respectively [28]. Tentative vy_qo band assign-
ments are given in Table . The various vy bands
are assigned as follows, cm™: vm_o(my—c 444—435
for M3*; 427--388 for M%* [31):vMm—oci0, 333328
for M3*; 322-309 for M** [32]; vm—o—cnu. 300—
295 for M**; 273-248 for M2 |33]. Participation of
the C=0 oxygen of the amido group at C2 of ring A
of tc in binding, is favored by the IR evidence dis-
cussed above [19]. Chelation of tc can occur by the
simultaneous involvement of either the C=0 oxygen
at C1 or the OH oxygen at C3 of the same ring in
coordination. The former possibility is ruled out since
the ve_o mode at 1611 cm ™" does not undergo large
shifts to lower wavenumbers in the spectra of the
complexes; on the other hand, the presence of metal-
sensitive absorptions at 444388 cm™! is consistent
with participation of the OH oxygen at C3 in binding
[31]. Chelation of tc through the C=0 oxygen of the
amido group at C2 and the oxygen at C3 of ring A

bFree tc bands in the region, cm™!: 488s, 456m, 441m, 378m, 356sh, 339w,

was previously proposed for the M(tc7),(OHj), (M =
Co, Ni) complexes [19].

The UV bands of tc at 220, 271 and 360 nm [22]
appear at 208-218, 265-282 and 366-372 nm,
respectively, in the spectra of the metal complexes.
Occasional splittings of some of these bands are
observed (doublets at 270—273 and 292-310 nm for
M= Fe?*, Co?", Ni*" and a doublet at 345-370 nm
for M=Cr"). Strong charge-transfer absorption,
extending to ca. 550 nm is observed in the spectra
of the new complexes. The d—d transition maxima
favor coordination number six for the M** and five
for the M?* complexes [34—37], ie., nm: M = Cr®*
A24(F) > *T1x(F) 450s,b; > *T,,(F) 545ms, 630m,
685m (Dq =1613 cm™); Fe? 700mw,b, 805mw.b,
940w,b, 1380w.vb; Co? 455mb, 507msh, 620w,
705w.b, 810w, 965w, 1375w, 1875vw,b; Ni*
482s.b, 560m,sh, 630m,sh, 718w sh, 835w sh, 977w,
1280w,b, 1860vw,b; Cu®" 503vs, 548vs.b, 650s,vb,
920w vb. These coordination numbers are also com-
patible with the IR ry_o band assignments for the
O-binding sites of tc and the —OCIO; ligand [31--
33].

On the basis of the spectral, magnetic and conduc-
tance data discussed, the new complexes are formu-
lated as [M(tc),(0OClO3),]Cl0; (M= Cr, Fe) and
[M(tc),(0Cl03)]CI0, (M = Mn, Fe, Co, Ni, Cu, Zn),
involving MOg and MOs chromophores, respectively.
Each tc ligand acts as bidentate chelating, binding
through the C=0 oxygen of the amide group at C2
and the OH oxygen at C3 of ring A [19]. More
detailed characterization work is in progress and will
appear in a future paper.
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