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THEOPHYLLINE ADDUCTS WITH COBALT(ID),
NICKEL(II) AND IRON(III) HALIDEST

CHESTER M. MIKULSKI, SCOTT GROSSMAN, MONICA L. BAYNE,
MICHELE GAUL, DOROTHY KANACH, KIMBERLY UDELL

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

NICHOLAS M. KARAYANNIS*
Amoco Chemical Company, P.O. Box 3011, Naperville, IL 60566, U.S.A.
( Received March 28, 1990)

Theophylline (L) adducts with Co(II) and Ni(II) chlorides, bromides and iodides and Fe(1II) chloride and
bromide were prepared by boiling under reflux 2: I molar mixtures of L and hydrated metal salt in triethyl
orthoformate-ethyl acetate. The new solid complexes obtained are adducts of the types CoL,X, (X =Cl,
Br, I), NiL,X,.H,0 (X = C}, Br), NiL,I,.2H,0, and FeL,X;.H,0 (X = Cl, Br). On the basis of spectral,
magnetic and conductance characterization, these complexes were formulated as being neutral monomeric
with terminal N7-bound unidentate L, halo and, wherever applicable, aqua ligands. The Co(Il)complexes
are distorted tetrahedral species, the Ni(1l) chloride and bromide adducts are pentacoordinated and the
Ni(H) iodide and the Fe(III) complexes hexacoordinated.

Keywords: Theophylline, first row, complexes, synthesis

INTRODUCTION

The metal complexes of theophylline (1,3-dimethylxanthine; tpH; L; I) have been the
subject of extensive studies in recent years.2~° The weakly acidic proton of neutral
tpH is bound to N7 in the solid,!®!! while protonation at N9 can occur under
relatively acidic conditions.!?'* Crystal structure determinations of numerous com-
plexes established that terminal unidentate tpH or tp™ preferably binds through the
N7 imidazole nitrogen to the metal ion.!?-1#~2! Binding of tpH through N9 can
occur!? only when the metal complexes are prepared under sufficiently acidic
conditions to preclude ionization at N7'% or when N7 is blocked by prior metal
coordination.??'23 A number of complexes prepared from acidic media were found to
involve N9-bound tpH.?#?5 Regarding bidentate theophylline, it has been shown to
act as an O6,N7-bound chelating agent®25-27 or a N7,N9-bound bridging ligand,*?
while quite recently the presence of terdentate bridging tpH, binding via O6, N7 and
N9, was established for a trimethylplatinum-theophylline cyclic hexamer.®
Previous work in these laboratories has dealt with the syntheses and characteriza-
tion of 3d metal perchlorate??® and Zr(IV) oxochloride?® complexes of tpH. More
recently, we synthesized and characterized Co(II) and Ni(II) chloride, bromide and
iodide and Fe(III) chloride and bromide complexes with xanthine (xnH), hypo-

* Author for correspondence.
T Presented in part at the 199th ACS Natl. Meetg., see ref 1.
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xanthine (hxH),3° 732 theobromine (tbH)*? and caffeine (caf).>* The present paper
deals with the syntheses and characterization of the corrresponding theophylline
complexes with Co(II), Ni(IT) and Fe(III) halides.

TABLE 1

Analytical data for the new complexes.*

Complex Colour Yield% C H N M X
CoL,Cl, Light blue 34 338 3.2 21.6 11.7 14.4
(34.3) 33) (21.3) (12.0) (14.5)
ColL,Br, Light blue 94 28.6 2.6 19.2 10.7 28.2
(29.0) (2.8) (19.4) (10.2) (27.6)
CoL,l, Light blue 37 253 2.2 16.5 9.1 38.3
(25.0) 2.4) (16.7) (8.8) 37.7)
NiL,Cl,.H,0 Yellow-green 25 334 37 21.8 1.9 14.2
(33.1) (3.6) (22.1) (11.6) (14.0)
NiL,Br,.H,0 Yellow-grey 73 279 3.1 19.2 10.3 26.4
(28.2) (3.0) (18.8) 9.8) (26.8)
NiL,1,.2H,0 Mint green 40 242 2.8 15.5 7.9 363
(23.7) (2.8) (15.8) (8.3) (35.8)
FelL,Cl,.H,0 Off-white 41 30.7 3.7 211 10.6 19.9
3L 3.4 (20.7) (10.3) (19.7
FeL,Br;.H,0 Beige 82 25.5 2.5 16.8 8.7 36.0
(25.0) (e)) (16.6) (8.3) (35.6)

*Found % with calc. % in parentheses.

EXPERIMENTAL

The synthetic method employed was as follows. One mmol of hydrated metal halide
was dissolved in 25cm? of a 7:3 (v/v) mixture of triethyl orthoformate (teof)-ethyl
acetate (ea), and the solution was stirred under reflux for 1 h. Two mmol of tph were
mixed with 25 cm? of 7:3 teof-ea, and the mixture was warmed to form a slurry,
which was added to the stirring, refluxing metal salt solution. The resultant mixture
was refluxed for one week. Then, the mixture was allowed to cool to room
temperature, the solid complex formed was collected by gravity filtration, washed
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thoroughly with anhydrous diethyl ether and stored in vacuo over anhydrous CaSQO,.
2:1 adducts of tpH with the metal salts were generally isolated. The Co(II)
complexes were anhydrous, the Ni(II) and Fe(III) chloride and bromide adducts
were monohydrates, and the Ni(II) iodide complex a dihydrate, as shown by the
analytical results in Table I. The new complexes were found to be rather sparingly
soluble in organic solvents, showing increased solubility in binary solvent mixtures,
as, for instance, nitromethane and acetone. Infrared spectra (Table II) were recorded
in KBr discs (4000-500 cm™~!) and Nujol mulls between high density polyethylene
windows (700-100 cm™!), using Perkin-Elmer 621 and 181 spectrophotometers.
Solid-state (Nujol mull) electronic spectra, ambient temperature (300°K) magnetic
susceptibility and conductance (on 1073 Af solutions of the adducts in 1:1 (v/v)
nitromethane—acetone at 25°C) measurements (Table III) were obtained by using
apparatus and techniques described elsewhere.33

TABLE 1II

Solid-state (Nujol mull) electronic spectral data, magnetic properties (300°K) and molar conductivities of
the new tpH complexes.*

M X Amax, nm 10%;;", cgsu  peff, pB  AM, Q™ 'em’mol ™

Co Cl 202vvs,224vs,242vs,sh,272vs,281vs, 8731 4.60 21
300s,sh,352s,5h,544m,614s,653s,
705ms,1360mw,1630w,1890mw,2120mw

Co Br 204vvs,226vs,241vs,269vs,283vs,b, 8622 4.57 22
297s,sh,354s,sh,551m,617s,660s,
717ms,1385mw, 1635w, 1880mw,2140mw

Co 1 200vvs,227vs,240vs,279vs,b,298s,sh, 8569 4.55 27
350s,sh,552m,6225,663s,724ms, 1400w,
1650w,1920mw,2180mw

Ni Cl  200vvs,228vs,246vs,277vs,vb,303s, 4544 332 18
349s,sh,438s,542ms,644ms, 920w, b,
1125w,b,1350w,b,1950mw,b

Ni  Br 201vvs,226vs,243vs,268vs,285vs,sh, 4481 3.29 19
301s,sh,352s,sh,446s,550ms,652ms,
915w,b,1140w,b,1345w,b,1920mw,b

Ni I 200vvs,227vs,243vs,280vs,b,300s,sh, 3956 3.09 29
355s,5h,457ms,659mw,730mw,833w,
1038w,1270w,b

Fe Cl 203vvs,226vs,243vs,267vs,285vs,sh, 15,037 6.03 7
298s,sh,350s,sh,445m,sh,545mw,b

Fe Br 203vvs,228vs,247vs,270vs,283vs,sh, 15,162 6.06 11

302s,sh,349s,sh,450m,sh,540mw,b

*UV spectrum of free tpH (Nujol mull), nm: 223vs, 276vs, 300vs,sh.2 Aqueous solution spectrum®® (pH
6-7): 270 nm (log £ 4.02m ¢cm™!). Conductance measurements were performed on 10~3 A solutions of
the adducts in I:1 (v/v) nitromethane-acetone at 25°C.
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RESULTS AND DISCUSSION

The new metal complexes are generally adducts of neutral tpH, involving 2:1 L to
metal ion molar ratios, as already mentioned. The metal chloride and iodide adducts
were isolated in significantly lower yields (Table I) relative to the corresponding tbH
complexes, which were generally obtained in yields ranging between 62-76% (X =
Cl, Bror I).?® However, the new metal bromide adducts of tpH were isolated in high
yields (73-94%). Similar trends were previously observed during the syntheses of
tpH? and tbH?*® adducts with 3d metal perchlorates, i.e., tpH adduct yields in the
30-98% and tbH adduct yields in the 59-100% range. As regards the function of
teof as a dehydrating agent,®” it proved effective only in the case of Co(II) halide
adduct preparation, whilst in the cases of Ni(lI) and Fe(III) halides it did not
prevent the formation of hydrated complexes. As far as theophylline complexes with
compounds of the elements under study previously reported are concerned, they
include Co(tp), 3H,0, prepared by reaction of tpH and Co(NO,), in aqueous
NH,OH +NH,Cl,* the Co(IIT) complex trans- or cis-{Co(en),(tp)CI}Cl (en =
ethylenediamine),!* and the perchlorate  adducts  Co(tpH),(ClO,),,
M(tpH),(ClO,),.2H,0 (M = Co, Ni), Fe(tpH),(ClO,),.H,O and Fe(tpH),
(Cl0,);.2H,0. Mostly studied theophylline metal complexes arc those with
CU(II),2'3'15'16'18'19’26_28'38 Hg(H)7.12.21.23.39 and PI(H) or (IV).5‘9'17‘22'24 Com-
plexes with Mn(II),>*° Zn(1I), Cd(1I),>2%-*® Ti(I1l),® Cr(1II),2 Pd(II),® Ag(I),34°
Au(II1),* Mg(I1),*! Rh(II),2® Rh, Ir, Mo and W carbonyls*? and oxoZr(1V)*° were
studied to a lesser extent.

IR band assignments for free tpH (Table II) were based on our previous work,?*°
and other IR studies of tpH and its complexes,*8-12:38:40.42.43 45 well as complete
assignments for xnH***> and partial assignments for tbH and for caf,28-33.34:46-48
Amongst the ligand bands in the vy, + vy, region, those at 3120 and 2820 cm™!
involve vg _y contribution, while the remaining three bands probably correspond to
pure vy, absorptions.>*3 48 These bands remain virtually unchanged in the spectra
of the new neutral tpH adducts. The two v._g bands of the free ligand are relatively
insensitive to complex formation, while the v._c, vo_y and ring vibrational modes at
1613-1099 cm™! undergo more significant shifts and occasional splittings in the
spectra of the adducts. These features favour tpH coordination via a ring nitrogen
and rule out the participation of C=0 oxygens in coordinative bonding interactions
with metal ions.228:29:32736.44,45.49 The hydrated new complexes exhibit the vgy
and §,,,; vibrational modes of the coordinated aqua ligands at 3460-3380 and 1635-
1625 cm™!, respectively.3° Tentative vyy_o (aqua), vy _x (X = Cl, Br, I) and vy_y
band assignments in the lower frequency IR region show the expected trends of the
vy_x wavenumber decreases in moving from X =Cl to X=Br to X=
[,3073451-61 gybstantiating at the same time the v,_, band assignments.’? The
metal-ligand bands are generally distinguishable from the tpH bands in this region®?
and favour coordination number four for Co(II),??:33:31736.60 five for NiCl, and
NiBr,30:31 7345759 apnd six for Nil, and Fe(IlI) adducts.3*~3%3376! The molar
conductivities of the new complexes are generally typical for non-electrolytes,* while
their ambient temperature magnetic moments are normal for high-spin tetrahedral
Co(I1), penta- or hexacoordinated Ni(IT) and hexacoordinated Fe(I11) compounds®*
(Table IHI). The m—>n* transitions of tpH (223, 276 nm)?-2°-%3 undergo shifts toward
lower energies, as well as occasional splitting upon metal complex formation (Table
I1I). The n—n* transition of the ligand®® appears at 297-303 nm in the spectra of the
adducts, which are also characterized by strong metal-to-ligand charge transfer
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absorption,®” originating in the UV and trailing off well into the visible region. The
d—d transition spectra of the Co(II) complexes are compatible with a pseudotetra-
hedral configuration,30:51=33.60.68 yjz. 4A T (P) 544-552, 614-622, 653663,
705-724; —*T, (F) 1360-1400, 1630-1650, 1880-1920; —*T, (F) 2120-2180 nm.
The Ni(II) chloride and bromide adducts exhibit several d—d transition bands at
438-1950 nm, as expected for pentacoordinated compounds of Ni(I1).59¢%7° The
spectrum of the Ni(II) iodide complex is characteristic of coordination number
six3133:3771 o 3A, (F)—3T, (P) 457; —3T(F), 'E(D) 659, 730, 833; —°T,,(F)
1038, 1270 nm (Dq = 867cm™*). The weak d-d transition bands of the Fe(III)
complexes’? are masked by the strong charge-transfer absorption in the visible
region.

The characterization data generated, combined with the solubility of the new metal
complexes in organic media, favour the formulation of these compounds as mono-
meric neutral species, involving exclusively terminal unidentate ligands. The Co(II)
adducts are distorted tetrahedral species of the {Co(tpH),X,} type (X = Cl, Br, I,
involving CoN,X, chromophores. The Fe(IH) complexes are low-symmetry hexa-
coordinated species of the {Fe(tpH),X;(OH,)} type, (X = Cl, Br) (FeN,X;0
absorbing species). The Ni(II) chloride and bromide adducts are pentacoordinated
(square pyramidal or trigonal bipyramidal) complexes of the {Ni(tpH),X,(OH,)}
type, while the nickel iodide complex contains an additional aqua ligand and is
hexacoordinated, {Ni(tpH),I,(OH,),}. The Ni(Il) complexes are characterized by
NiN,X,0 (X = CI, Br) and NiN,I,0, chromophores. The tpH ligands present in
the new metal complexes are presumably coordinated through the N7 imidazole
nitrogen to the metal ions. As discussed above, N7 is the preferred binding site of
terminal unidentate tpH,'?''4~2! while binding via N9 occurs only in the case of
complexes prepared under acidic conditions.?*2> Comparison of the adducts herein
reported to the corresponding tbH (3,7-dimethylxanthine) adducts®? indicates that in
both cases 2:1 complexes were isolated. The only differences observed concern the
degree of hydration of some of them. Thus, the Co(II) and Fe(III) chloride and
bromide and Ni(II) iodide complexes of tbH3? and tpH are isostoicheiometric.
However, whereas tbH yielded a monohydrate Col,, and dihydrate NiCl, and NiBr,
adducts,? the corresponding tpH complexes isolated are anhydrous in the case of
Col, and monohydrates with NiX, (X = Ci, Br).
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