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ADENOSINE N(1)-OXIDE COMPLEXES WITH
DIVALENT 3d METAL PERCHLORATES*

CHESTER M. MIKULSKI, ROBERT MINUTELLA,
NANCY DE FRANCO, GUILLERMO BORGES, Jr.,, AMY RENN

Department of Chemistry and Physics, Beaver College, Glenside, PA 19038, U.S.A.

and NICHOLAS M. KARAYANNIS**
Amoco Chemical Company, P.O. Box 400, Naperville, IL 60566, U.S.A.
( Received August 23, 1988; in final form November 22, 1988)

Complexes of adenosine N(1)-oxide (LH), I, with divalent 3d metal perchlorates (M = Mn, Fe, Co, Ni,
Cu, Zn) were synthesized by refluxing 2:1 molar mixtures of ligand and hydrated metal salt in tricthyl
orthoformate-cthanol. The new complexes isolated are of the ML(LH)CIO; (M = Mn, Cu),
ML(LH)CIO,.EtOH (M = Fe, Co, Zn) and NiL(LH)CIO,.2EtOH types, containing one neutral LH and
one anionic L~ ligand deprotonated at the exocyclic NH, group and replacing one ClO,~ anion.
Characterization studies suggest that LH acts as bridging bidentate (O1,N7-bound) and L~ as a bidentate
chelator binding via O1,N6. The complexes appear to be lincar chainlike polymers with a M-LH-}-,
single-bridged backbone and a chelating L~ ligand per metal ion. The alcohol-free Mn(1I) and Cu(Il)
complexes are distorted tetrahedral with ionic perchlorate, while the remaining complexes are hexacoordi-
nated with either two additional EtOH ligands and ionic perchlorate (M = Ni) or one E(OH and one
-0ClO, ligand (M = Fe, Co, Zn) in the inner coordination sphere of the metal ion.

Keywords: Adenosine N(1)-oxide, complexes, perchlorates, polymers

INTRODUCTION

Previous synthetic and characterization studies in these laboratories have dealt
with metal complexes of purine N(1)-oxide (puH-NO),? adenine N(1)-oxide (adH-
NO),** adenine (adH)**® and adenosine (ado).” We recently extended our work to
include the complexes formed by interaction of adenosine N(1)-oxide (adoNO; LH;
I) with 3d metal perchlorates, and have already reported on dimeric hydroxo-
bridged M(IIT) complexes of the [(H,O)}LH)LM(OH),ML(LH)(OH,)] (CIO,), type
(M = Cr, Fe), which are magnetically subnormal (magnetic moments at 300 K: 3.41
uB for M = Cr, 2.94 uB for M = Fe) and were characterized as hexacoordinated
with bidentate chelating O1,N6-bound anionic L™ and terminal Ol-bound LH
ligands.® The present paper deals with our synthetic and characterization studies of
adoNO complexes with divalent 3d metal perchlorates (M = Mn, Fe, Co, Ni, Cu,
Zn).

* Presented in part at the 194th Natl. Meetg., Am. Chem. Soc., sce ref. 1. ** Author for correspondence.

39



18: 44 23 January 2011

Downl oaded At:

40 C. M. MIKULSKI ez al.

NH,
°x
N1/6 5|
2 4
le ,
N
OH OH
I

The coordination chemistry of the N-oxides of nucleobases, nucleosides and nucleo-
tides has attracted attention in view of their highly oncogenic nature® !° and their
distinctly different coordination patterns from those of the biologically important
parent bases.!! Differences in the reactivities and coordinative affinities of ado and
adoNO arise from the influence of the N-O group in labilizing a NH, proton within
the adoNO molecule,'? and are manifested in solution by the decrease of pK, for
NH, deprotonation from 16.7 in ado'? to 12.86 in adoNO.'*!% As a result of this,
adoNO in its monodeprotonated form acts as a strong chelator toward metal ions
binding via O1,N6,'5'7 while the coordinative tendencies of neutral adoNO*® or the
parent ado base!® are rather weak. Chelation of adenosine 5-monophosphate N(1)-
oxide via O1,N6 was proposed for its complexes with a series of 3d metal ions.*® This
type of chelation was recently established by the crystal structure determination of a
Cu(II) complex with doubly deprotonated adH-NO (deprotonated at an imidazole
ring nitrogen and at NH,).2% On the other hand, neutral adH-NO was found to act
as bidentate bridging O1,N7-bound ligand in its 1:1 adduct with HgCl,.2! Structures
involving either or both these types of bidentate adH-NO binding were proposed by
these laboratories for several complexes of this ligand with metal perchlorates® or
chlorides.*

EXPERIMENTAL

The following synthetic procedure was employed: 0.26 mmol M(CIO,), . xH,O0 (M =
Mn, Fe, Co, Ni, Cu, Zn) and 0.52 mmol adoNO was dissolved separately in 50 cm®
of a 7:3 (v/v) mixture of triethyl orthoformate (teof)-EtOH. Both solutions were
warmed to about 50°C, under gentle agitation, for about 1h, and then combined.
The resultant mixture was maintained at ca 50°C under stirring, until a precipitate
was formed or a colour change occurred (0.5-1 h), and the mixture was subsequently
cooled to room temperature. The precipitate formed was separated by filtration,
washed with EtOH and stored in vacuo over anhydrous CaCl,. The new complexes,
which are free-flowing powders, are of the ML(LH)CIO, (M = Mn, Cu),
ML(LH)CI0O,.EtOH (M = Fe, Co, Zn) and NiL(LH)CIO,.2EtOH types, as shown
by the analytical data of Table I. They are generally insoluble in organic media. Their
characterization was based on infrared spectra, recorded in KBr discs (4000
500cm~!) and Nujol mulls between high-density polyethylene windows (700-
200 cm™ ') using a Perkin-Elmer 621 spectrophotometer (Table 1I), and solid-state
(Nujol mull) electronic spectra and ambient temperature (300 K) magnetic suscepti-
bility measurements (Table I11), obtained by methods described elsewhere.??
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TABLE |
Analytical data for the new adoNO (LH) metal complexes®
Complex Colour Yield% C% H% X% M% C%
MnL(LH)CIO,® Green 29 3312 3.66 19.80 7.67 5.07
(33.37) (3.50) (19.46) (7.63) (4.92)
FeL(LH)CIO,-EtOH Brick red 66 34.77 391 18.04 740 4.75
(34.46) (4.07) (18.27) (7.28) (4.62)
CoL(LH)CIO,-EtOH Light brick red 43 3416 419 1812 792 443
(34.32) (4.06) (18.19) (7.66) (4.60)
NiL(LH)CIO,;-2EtOH Light green 60 3588  4.61 17.30  6.99 4.18
(35.34) (@.57) (17.17) (1.20) (4.35)
CuL(LH)CIO, Light green 69 33.12 3.55 19.45 8.92 5.02
(3297) (3.46) (19.23) (8.72) (4.87)
ZnL(LH)CIOEtOH Off-white 55 33.81 3.87 17.94 8.55 4.60

(34.04) (4.02) (18.04) (842) (4.57)

2 Found % with Calc. % in parentheses. ® Fluorescent solid.

RESULTS AND DISCUSSION

Unlike ado, which invariably yielded adducts with 3d metal perchlorates,” the
interaction of adoNO with the same perchlorates generally leads to the formation of
complexes involving substitution of one monodeprotonated L~ ligand for a per-
chlorate group. This is clear from the results of the present synthetic work (Table I),
as well as the previously reported formation of dimeric Cr(I111) and Fe(III) perchlor-
ate complexes with adoNO, in which ClO 7 groups were replaced not only by L~
ligands, but also by OH™ groups.® As discussed in the Introduction, adoNO has a
greater tendency than ado to lose one NH, proton, and the resulting L~ ligand can
act as a strong O1,N6-bound chelating agent.!2~!? Monodeprotonation of adoNO is
probably preceded by adduct formation via coordination of the neutral ligand
through O1,2~# which facilitates the subsequent loss of one 0-NH,, proton.!*2° The
deprotonation reaction may be occurring either in solution or in the solid state,
depending on the solubility of the initially formed adduct in teof~-EtOH.2™* It is
assumed that this adduct involves a 2:1 adoNO to metal ion molar ratio, since the
final complexes precipitated contain one L™ and one LH ligand.

IR band assignments for free adoNO were based on earlier assignments for ado,’
adH?® and adenosine 5'-monophosphate,?* as well as various N-oxides,?3-2¢ includ-
ing adoNO.'> At 3500-3100cm ™!, free LH exhibits four very strong maxima at
3440, 3380 (vOH, ribose) and 3280, 3130 (vNH,) cm~1.7232% In the spectra of the
Mn and Cu complexes, which do not contain alcohol, medium intensity bands
appear at ca 3450, 3400, 3290 and 3145¢cm ™. The remaining complexes show a
strong to very strong vVOH(EtOH)?7 maximum at 3400-3340 cm ™! with shoulders in
both the higher and lower wavenumber directions and a weaker vNH, band at 3160-
3130cm ™. Table II gives pertinent IR data for frec LH and the new complexes at
1750-200 cm~ %, The 8NH, mode of LH, appearing at 1670 in the spectrum of the
free ligand, is split into a weak (1725-1710) and a stronger (1671-1657cm™1)
component in the spectra of the complexes. The former band is suggestive of H-
bonding between NH, and ClO 3,22 whilst the occurrence of the stronger absorption
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at 1671-1657 cm ™! rules out coordination of the neutral ligand via the amino group
(N6) nitrogen.3~ 82324 The 8NH mode of anionic L~ is detected as a shoulder at
1126-1122cm™!,23 only in the spectra of the complexes with ionic CIO; (M =
Mn, Ni, Cu; vide infra), while the §NH, vibration of LH appears as a shoulder
(1025-1017 cm™ 1) of the strong v,(ClO,) absorption, which also masks the vC-O
(ribose) and vC-N ligand bands at 1117-1045 cm~!.23-24:28 The vN-O mode of the
N-oxide group is shifted from 1212 in free LH!® to 1201-1188 cm ™! in the spectra of
the complexes, indicating use of the O1 oxygen in binding.? = #8152 The perchlorate
group is ionic in the Mn, Ni and Cu complexes (single v,, v,(ClO,) bands) and
coordinated as a unidentate (-OCIO,) in the Fe, Co and Zn compounds (v, v4 split
into doublets and Ir-active v,, v, (Cl10,)).?%*! Tentative metal- -ligand band assign-
ments were based on reported data for 3d metal complexes with ado,”3? adH-NO,?
ethanol,?3 perchlorato®* and aniline®® ligands. The identification of vM-N6%-> and
vM-N7**7 bands and M-O1 doublets?~*336:3" favours coordination of both L™
and LH via the Ol oxygen as one binding site and use of N6 by L~ (bidentate
chelating)®!272% and N7 by LH (bidentate bridging)>~ 72! as the second binding
site. Coordination of the ligands via Ol and N7 is also suggested by significant shifts
and occasional splittings of vC=C, vC=N and ring vibrations of free LH (1650-1300
cm ™! region) upon metal complex formation.?~823:24:32 The location of the VM-
ligand bands is suggestive of coordination numbers four for M = Mn, Cu and six in
the remaining cases.>”~ 7232432 Finally, several adoNO bands at 450-200cm™!,
having counterparts in the spectrum of ado’ but not in that of adH,>'?? are probably
associated with the ribofuranose ring.>® These bands appear at 420, 387, 320, 290
and 250cm ™! in the spectrum of adoNO. It should be noted that no indication of
participation of the 02" or O3’ hydroxyl oxygens of the ribose fragment of the ligand
in coordination is provided by the IR spectra of the new complexes.”

The ambient temperature magnetic moments of the new complexes (Table I1I) are
generally normal for high-spin 3d°-3d® compounds or the 3d® configuration.3®
Linear polymeric 3d metal(If) complexes (Co, Ni, Cu) with single purine bridges
between adjacent metal ions were found to exhibit normal room temperature
magnetic moments and evidence favouring magnetic exchange interactions only at
low temperatures (<110K).*°® Similar trends were reported for various single-
bridged polymeric Cu(II) complexes with diazine, diazole and N,N-dioxide bridging
ligands (Cu-Cu separations > 6.5 A).*>*2 Hence, the normal ambient temperature
magnetic moments of the complexes herein reported do not rule out the single-
bridged polymeric structures proposed later in the text.

The main n — nt* transition bands (232, 272 nm at pH 5.3) in the UV spectrum of
free adoNO'? tend to occur at somewhat lower energies in the spectra of the
complexes, with the high energy band split into two components. A band at 306-
313 nm in the spectra of the complexes is due to the n — n* ligand transition.? =843
Strong metal-to-ligand charge-transfer absorption,** originating in the UV and
trailing off into the visible region, is observed in the spectra of the paramagnetic
complexes. The d-d transition spectrum of the Cu complex, showing the main
maximum at 777 and a shoulder at 990 nm, is compatible with a distorted tetrahedral
configuration.32*5~47 The tetrahedral symmetry of the Mn complex is suggested by
its fluorescent nature (Table I) and the appearance of distinct sharp maxima at 444—
506 nm in its spectrum (Table III), due to the °A, — *E, *A,_, *T,_ and *T,, (G)
transitions.*® The d-d spectra of the Fe, Co and Nl complcxcs are consistent wnth
low symmetry hexacoordinated conﬁguratlons *? ie., nm: M = Fe °T,, -» °E_ 911,
1115 (Dq = 987cm™!); Co *T, (F) — *T,, (P) 462; — *A,_(F) 510, 519 - ng (F)
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1160; Ni 3A,, (F) —» T, (P) 442; - °T, (F) 655, 697; — T, (F) 989, 1145 (Dq =
937 cm ™). The approximate Dq values calculated for M = Fe, Ni are compatible
with MN,0, absorbing species.*®

On the basis of the evidence discussed, the insolubility of the new complexes in
organic media, and the established tendency of the N(1)-oxides of adH or ado to
function as bridging O1,N7-bound ligands in the neutral form?! and as chelating
agents binding via O1,N6 when they are monodeprotonated at NH,,'®¢72° finear
chainlike polymeric structures with bridging LH and chelating L~ ligands are
considered as most probable for these compounds. The Mn and Cu complexes are
presumably distorted tetrahedral of type 11 with L™ chelating via O1,N6 and LH
bridging via O1,N7 (MN,O, chromophores) and ionic ClO75. The remaining
complexes involve a similar arrangement of the L™ and LH ligands, and contain also
two additional terminal ligands, i.e., two EtOH (M = Ni; 111) or one EtOH and one
-0ClO, ligand (M = Fe, Co, Zn; IV), attaining coordination number six.

L L
~[»|\;|— LH + (ClO4) h:lli-— LH (ClO4)
n (EtOH), n
Il

11

L
]

M— LH
N
EtOH OCIO; n

| AY

A final point of interest is that teof apparently dehydrates effectively®! the hydrated
M(II) perchlorates used as starting materials. In contrast, reaction of adoNO with
M(Cl0,),.6H,0 (M = Cr, Fe) in teof-EtOH, under exactly the same conditions, led
to precipitation of dimeric ML(LH)(OH)CIO,.H,O complexes.® In this case, the
water of crystallization of the metal salts did not react completely with teof (yielding
EtOH and ethyl formate®!) and this resulted in the formation of complexes
containing aqua and hydroxo ligands.®
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