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Abstract 

Adducts of theobromine (L) with Co(H) and 
Ni(II) chlorides, bromides and iodides and Fe(II1) 
chlorides and bromides were synthesized by refluxing 
2:l molar mixtures of L and the hydrated metal 
salt in triethyl orthoformate-ethyl acetate. Solid 
complexes of the CobXZ (X = Cl, Br), Cob12* 
HzO, NiLX2*2HZ0 (X = Cl, Br, I) and FebXs* 
Hz0 (X = Cl, Br) types were isolated. Characteriza- 
tion studies suggest that the new adducts are neutral 
monomeric with terminal unidentate L, halo and, 
wherever applicable, aqua ligands. The Co(I1) com- 
plexes are distorted tetrahedral for X = Cl, Br and 
pentacoordinated for X = I, while the Ni(I1) and 
Fe(II1) adducts are hexacoordinated. The pyrimidine 
Nl and imidazole N9 ring nitrogens were considered 
as equally likely to act as the binding site of terminal 
theobromine. 

introduction 

Methyl derivatives of xanthine (xnH; 2,6-dioxo- 
purine) are important components of tea, coffee, 
cocoa and chocolate products and have found 
medicinal applications as stimulants, diuretics and 
in heart disease and cancer therapy [2, 31. Their 
metal complexes are increasingly attracting attention. 
Among dimethylxanthines, the metal complexes 
of theophylline (tpH; 1,3_dimethylxanthine) have 
been studied rather extensively [4, 51, whilst for 
those of theobromine (tbH; I; L; 3,7-dimethyl- 
xanthine) a relatively limited number of reports have 
appeared. These include 3d metal perchlorate [6, 71, 
Cu(I1) propionate [8] and a number of 4d and 5d 
metal chloride [9-l l] or carbonyl 121 theobromine 
complexes. These laboratories have recently reported 
synthetic and characterization studies of Co(II), 
Ni(I1) and Fe(II1) halide complexes with xnH, hypo- 

*Presented in part at PACIFICHEM ‘89, see ref. 1. 
**Author to whom correspondence should be addressed. 

00201693/90/$3.50 

0 CH3 

I 

CH3 

I 

xanthine (hxH) [ 13-151 and caffeine (caf; 1,3,7- 
trimethylxanthine) [ 161. We have now extended 
our earlier work on theobromine metal complexes 
[6,7, 10, 111 to include its adducts with Co(I1) 
and Ni(I1) chlorides, bromides and iodides and Fe(II1) 
chloride and bromide [l]. These studies are reported 
in the present paper. 

Experimental 

The synthetic method employed was as follows. 
One mmol of hydrated metal salt was dissolved in 
25 ml of a 7:3 (vol./vol.) mixture of triethyl ortho- 
formate (teof)-ethyl acetate (ea), and the solution 
was stirred under reflux for 1 h. Two mmol of tbH 
were mixed with 25 ml of 7:3 teof-ea, and the 
mixture was warmed to form a slurry, which was 
added to the stirring, refluxing metal halide solution. 
The resultant mixture was refluxed for one week. 
Then, the mixture was allowed to cool to room tem- 
perature, the solid complex formed was collected 
by gravity filtration, washed thoroughly with 
anhydrous diethyl ether and stored in vacua over 
anhydrous CaSO+ Adducts involving a 2:l tbH to 
metal molar ratio were generally obtained. The 
CoCIZ and CoBr2 adducts are anhydrous, those of 
CoIZ and FeX3 (X = Cl, Br) monohydrates, and the 
three Ni(I1) complexes dihydrates, as shown by the 
analytical data of Table 1. They are sparingly soluble 
in organic media, showing increased solubility in 
binary solvent mixtures such as nitromethane- 
acetone, Infrared spectra (Table 2) were recorded 
on KBr discs (4000-500 cm-‘) and Nujol mulls 
between high density polyethylene windows (700- 
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TABLE 1. Analytical dataa 

Complex Color Found (talc.) (%) 

C H N M X 

CoLzCla light blue 
CoLzBr2 light blue 
CoL212-H20 green 
NiL2C12-2H20 pale green 
NiL2Br2-2H20 pale green 
NiL212-2H20 mint green 
FeL#ls-Hz0 off-white 
FeL2Br3*H20 beige 

34.0(34.3) 
29.0(29.0) 
24.1(24.3) 
32.2(32.0) 
21.6(21.4) 
24.0(23.7) 
30.8(31.1) 
25.3(25.0) 

2.9(3.3) 
2.9(2.8) 
2.9(2.6) 
3.8(3.8) 
3.4(3.3) 
2.9(2.8) 
3.5(3.4) 
2.9(2.7) 

21.2(21.3) 
19.6(19.4) 
16.2(16.2) 
21.6(21.3) 
17.9(18.2) 
15.5(15.8) 
21.0(20.7) 
16.2(16.6) 

12.1(12.0) 
10.4(10.2) 

8.8(8.5) 
11.4(11.2) 

9.8(9.6) 
8.1(8.3) 

10.7(10.3) 
8.5(8.3) 

14.2(14.5) 
28.0(27.6) 
37.3(36.7) 
13.7(13.5) 
25.6(26.0) 
35.2(35.8) 
20.1(19.7) 
35.1(35.6) 

aThe complexes were obtained in yields ranging between 62 and 76%. 

100 cm-‘) using Perkin-Elmer 621 and (for the 

(32, NiBr2 and Ni12 complexes) 181 spectro- 
photometers. Solid-state (Nujol mull) electronic 
spectra, ambient temperature (300 K) magnetic 
susceptibility and conductance (on low3 M solutions 
of the complexes in 1 :l (vol./vol.) nitromethane- 
acetone at 2.5 “C) measurements (Table 3) were 
obtained by methods previously described [ 171. 

Results and Discussion 

The new metal complexes are generally adducts 
of neutral tbH, involving 2:l L to metal ion ratios, 
as already mentioned. Among previously reported 
theobromine complexes, those with 3d metal salts 
[6-8] and K{Pt(tbH)C1a}*H20 [9] are also neutral 
tbH adducts, Rh(CO)(tb)(PPh)a contains anionic 
tb- [12], and complexes with Pd(II), Pt(IV) [lo] 
and oxozirconium(IV) [ 1 l] chlorides involve both 
neutral tbH and anionic tb- ligands [lo, Ill. It 
should be noted here that (tbH)?120s [18] and 
theobromine complexes with Bronsted and car- 
boxylic acids [19] and Na benzoate [20] were also 
studied in the past. As regards the function of teof 
as a dehydrating agent [21] in the synthetic work 
herein reported, it proved effective only in the case 
of the CoC12 and CoBr2 adduct preparation, while 
in the remaining cases hydrated complexes were 
isolated (Table 1). 

IR band assignments for free tbH (Table 2) were 
based on our previous work [6, 7, 10, 111 and other 
IR studies of free theobromine and its complexes 
[12,19,22], as well as band assignments for xnH 
[23], tpH [4] and caf [24-261. Among the ligand 
bands in the uCH + vNH region, those at 3112 and 
2825 cm-r involve &8-H contribution, while 
those at 3 150 and 3030 cm-’ are probably pure 
vNH absorptions [4, 6, 7, 10, 11, 19, 22-261. In 
view of the fact that vC2=0 and vC6=0 were re- 
spectively assigned at 1702 and 1660 in the spectrum 
of caf [26], and at 1672 and 1702 cm-’ in that 
of xnH [23], their assignment for tbH was not 

attempted. In the spectra of the new complexes, 
the vCH t vNH bands of tbH remain virtually un- 
changed, since these compounds contain neutral 
tbH, which involves one protonated ring nitrogen. 
The two vC=O bands of the free ligand are relatively 
insensitive to complex formation, whilst the vC=C, 
vC=N and ring vibrational modes at 1600-l 120 
cm-r undergo more significant shifts and occasional 
splittings in the spectra of the adducts. These features 
favor tbH coordination via a ring nitrogen and rule 
out the participation of C=O oxygens in coordinative 
bonding interactions with the metal ions [4,6,7, 
IO-12,23,26,27]. The hydrated new adducts 
exhibit the vOH and 6HOH modes of coordinated 
water at 3450-3390 and 1640-1630 cm-‘, re- 
spectively [28]. Distinction of vM-ligand bands 
from the tbH absorptions in the 500-100 cm-r 
region [29] was generally possible. Tentative assign- 
ments for the former modes were based on our recent 
studies of complexes of xnH and hxH with the same 
metal halides [ 13-151, as well as similar assign- 
ments for various Co(II), Ni(II) or Fe(III) halide 
[30-391 and aqua [13, 36-381 complexes. These 
assignments (Table 2) show the expected trends of 
vM-X wavenumber decreases in moving from X = 
Cl to X = Br to X = I [13-15, 30-391, which are 
also substantiating the vM-N band assignments 
[14], and favor coordination numbers six for the 
Ni(I1) and Fe(III) complexes [14-16, 31, 33-391, 
five for the Co12 [13, 30-33,36, 371 and four for 
the CoC12 and CoBr2 adducts [ 13,30-35,381. 

The molar conductivities of the complexes corre- 
spond to non-electrolytes [40], while their room 
temperature magnetic moments are normal for 
high-spin tetrahedral or pentacoordinated Co(U) 
and hexacoordinated Ni(I1) or Fe(III) compounds 
[41,42]. The rr -+ n* transition bands of tbH (232, 
273 nm) [6, 7, 10, 11,431 undergo shifts toward 
lower energies, as well as occasional splittings upon 
metal halide complex formation (Table 3). The 
n+ rr* transition occurs at 303-309 nm in the 
spectra of the complexes [44], which are also charac- 



TABLE 2. Pertinent infrared spectral data (cm-‘) 

tbH* M=Co,X=Cl M=Co,X=Br M=Co,X=I M = Ni, X = Cl M = Ni, X = Br M = Ni, X = I M = Fe, X = Cl M=Fe,X=Br Band 
assignmenta 

3150m,3112m 
3030m,2825m 

3440m,b 3390m,b 3395m,b 

3162m,3122m 3160m,3118m 3170m,3111m 3167m,3116m 3162m,3115m 
3040m,2827w 3025m,2822w 3037m,2821w 3032m,2824w 3031m,2828w 

1685vs,b 1692~s 
1660vs,b 1670~s 

1595s,sh 
1547m,b 

1602m,1591m 
1560m,1545m 

1479w,sh 
1449s,1422m 
1360s,1335m 
1290m,1222m 
1152mw,b 
112lmw,b 

1491m,1470m, 
1451m,l440m 
1424m,1409m 
1390wJ367m 
1330wJ290m 
1265wJ221s 
1204m,1170w 
1137m 

598m,552w 
525w,505w 
489w,435w 
402vw,381vw 
35ovw,31ovw 
261w,235mw 

600~ ,548~ 595w,552vw 589w,558w 602w,555vw 
510mw,490vw 506mw,487vw 515w,48Ovw 51ow,49ovw 
456mw,420w 452mw,424w 418w,sh 45ow,39ow 
39ow,37ow 378w,355vw 38Ow,359vw 37ow,35ovw 

315w,303w 323w,300w,b 313w,265w 

1694~s 
1668vs 

1592mJ557m 
1541m,1520w 

1495m,1467m 
1456m,1425w 
1413m,1390w 
1370m,1336w 
1297w,1262w 
1227s,1204w 

1177w,1165w 
1141m 

1640s,sh 
1600m,1589m 
1561m,1542m 

1488m,1464m 
1453mJ422m 
1411mJ392w 
1366m,1328w 
13OOw,1267w 
1224s,1202w 
1180w,1166w 
1138m 

1686vs 
1664~s 

1635s,sh 
1595m,1588m 
1555m,1537m 

1481m,1459m 
1447m,1430m 
1417m,1398w 
1370m,1333w 
1296w,126Ow 
1227sJ2OOw 
1183wJ167w 
1133m 

440mw 414mw 

352w,327mw 263w,236mw 195w,b 256w,245w 

296w,281w 292w,276w 267w,241w 24Ow,221w 
248~ 248vw 

1635s,sh 
1595m,1588m 
1563m,1541m 

1486mJ464m 
1455m,1426w 
1412m,1393w 
1369m,1333w 
1292m,1262w 
1222s,1206m 
1179w,1169w 
1137m 

597w,552w 
508w,485vw 
445w,385w 
372w,351vw 
31Ow,26Ow 

418mw 

181w,b 

242w,219w 

3450m,b 

3170m,3124m 
3035m,2830w 

1692~s 
1670~s 

1633s,sh 
1600m,1592m 
1557m,1546m 

1487m,1461m 
1455m,1427w 
1412m,1388w 
1366w,1338w 
1303w,1275w 
1227sJ205m 
1172mw 
1142ms 

598w,545vw 
512w,495~ 
447w,382w 
368w,35Ovw 
311w,264w 

420mw 

139w,b 

245w,223w 

3390m,b 

3165m,3120m 
3032m,2822w 

1640s,sh 
1612mJ594m 
1560m,1545m 

1479m,1460m 
1451m,1419m 
1408m,1392w 
1370m,1336w 
1297mJ260w 
12229,1203m 
1199w,1172w 
1138m 

596w,55Ovw 
486w,sh 
452w,39Ow 
3OOw,26lw 
244mw,b 

500mw 

354m,337m 
318mw 

284w,27Ow 

3415m,b vOH (aqua) 

3168m,3117m 
3043m,2830w 

vCH + vNH 

1688vs 
1670~s 

vc=o 

1637s,sh 

1610m,1592m 

I 

6 HOH + vC=C 

1561m,1544m 
+VC=N+&NH 

ring vibrations 

+ K-N + GCH3 

vtbH at 
600-200 cm-’ 

495mw vM-0 (aqua) 

247m,237mw vM-X 
219~ 

279w,266w uM-N 

aFor free tbH band assignments see text. 
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TABLE 3. Solid state (Nujol mull) electronic spectra, magnetic susceptibilities at 300 OK and molar conductivities of the new 
tbH metal complexesa 

M K A,,, (nm) 106 x x%’ kff AM 
(wu) (crW (n-l cm* mol-‘) 

co Cl 198ws, 242ws, 284ws, 305vs,sh, 352s, 555ms, 62Os, 66Os, 705ms, 8790 4.60 17 
1390mw, 164Ow, 1890mw, 2110mw 

Co Br 199ws, 244ws, 281ws, 303vs,sh, 349s, 548ms, 616s, 652s, 730ms, 8843 4.62 20 
1365mw, 165Ow, 192Ow, 2150mw 

co I 202ws, 239ws, 282ws, 309vs,sh, 35Os, 461s, 550m, 630m, 745mw, 8245 4.47 26 
869mw, 995w, 1870mw,b 

Ni Cl 199ws. 239ws, 28Ows, 306vs,sh, 351s, 440ms, 642mw, 705mw, 4002 3.11 18 
829w, 1026w, 1229w,b 

Ni Br 2OOws, 244ws, 279ws, 305vs,sh, 347s, 447ms, 650mw, 716mw, 4097 3.14 17 
832w, 1026w, 1241w,b 

Ni I 2OOws, 24Ows, 278ws, 304vs,sh, 352s, 460ms, 656w, 732mw, 3730 3.00 29 
834w, 1045w, 1262w,b 

Fe Cl 203ws, 239ws, 281ws, 308vs,sh, 353s, 441m,sh, 530mw,b 14,182 5.84 8 

Fe Br 204ws, 242ws, 278ws, 307vs,sh, 353s, 447m,sh, 540mw,b 14,948 6.02 13 

WV spectrum of free tbH (Nujol mull) (mn): 2OOws, 232vs, 273ws, 3Ols,sh (71. In aqueous solution at pH 6-7: 271 nm, 
log E 4.01 [43]. Conductance measurements performed on 10e3 M solutions of the adducts in 1:l (vol./vol.) nitromethane- 
acetone at 25 “C. 

terized by strong metal-to-ligand charge-transfer 
absorption [45], originating in the UV and trailing 
off into the visible region. The d-d transition spectra 
of the Ni(II) complexes are compatible with low- 
symmetry hexacoordinated configurations [4,7, 14, 
36,461, i.e. 3A2s(F) + 3T1.s(P) 440-460; -+ 3T1dF), 
‘E,(D) 642-656, 705-732, 829-834; + 3Tzs(F) 
1026-1045, 1229-1262 nm. Approximate Dq 
value calculations (887, 877 and 867 cm-’ for X = 
Cl, Br and I, respectively) are consistent with the 
presence of NiN202X2 chromophores [36], and 
show the expected trend of decrease with X variation 
from Cl to Br to I [47]. The d-d spectra of the 
Co(B) chloride and bromide adducts are typical for 
pseudotetrahedral compounds of this metal ion [ 13, 
30-32,38,48], viz. 4Azs + 4T1 

6 
P) 548-555,616- 

620, 652-660, 705-730; + Tr_JF) 1365-1390; 
1640-1650, 1890-1920; * 4T2&F) 21 lo-2150 nm. 
The d-d transition spectrum of the Co12 complex 
shows seven maxima at 461-1870 nm, substantially 
less intense than the absorption bands of the pre- 
ceding tetrahedral complexes, and compatible with 
a pentacoordinated configuration [ 13,36,49,50]. 
Finally, the weak d-d transitions of the Fe(M) 
adducts [51] overlap with the stronger charge- 
transfer absorption in the visible region. 

The overall evidence presented, combined with 
the solubility of the new complexes in organic 
media, favors the formulation of these compounds 
as monomeric, neutral species, involving exclusively 
terminal unidentate ligands. The hexacoordinated 
adducts are presumably of the (Ni(tbH)2X2(OH2)z} 

(X = Cl, Br, I) and {Fe(tbH)2X3(OH2)} (X = Cl, Br) 
types, involving NiN202Xs and FeN20X3 absorbing 
species, respectively. The Co(II) complexes may be 
formulated as distorted tetrahedral {Co(tbH)sXs} 
(X = Cl, Br) and pentacoordinated {Co(tbH)sIs- 
(OH*)), with CoNzX2 and CoN2012 chromophores, 
respectively. As regards the likely binding site of 
terminal tbH, the free ligand is protonated at Nl 
[52, 531, as shown in I. Purines have the tendency 
to use the ring nitrogen which is protonated in the 
free base as their primary binding site, but, on the 
other hand, their imidazole ring nitrogens are more 
prone than the pyrimidine ring nitrogens to coor- 
dinate to metal ions [54]. In view of this, Nl and 
N9 were considered in the past as about equally 
likely to act as the binding site of unidentate ter- 
minal tbH [6,8]. The only crystal structure deter- 
mination of a tbH metal complex available is that 
of K{Pt(tbH)C13}*H20, in which the ligand is N9- 
bound to the platinum ion [9]. However, this com- 
pound was prepared under acidic conditions [9] 
and is not necessarily characteristic of the binding 
tendencies of tbH [7]. In fact, tpH was found to 
bind via N9 only in a number of complexes [55,56], 
prepared under sufficiently acidic conditions to 
preclude ionization at N7 [57], while in most of its 
metal complexes this ligand binds via N7 [4,5, 
58-601, which is the protonation site of free tpH. 
Hence it is not possible at this point to distinguish 
between the imidazole N9 and the pyrimidine Nl 
ring nitrogens as the primary binding site of terminal 
unidentate theobromine [7, 10, 1 I]. 
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