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Abstract 

Diene- and dicarbonyl-rhodium(I) complexes [(diene)Rh(p-BH_t)]a (diene = cod, nbd) and 

[(CO),Rh(pBH_,)], have been prepared by the reaction of [(diene)Rh(acac)] or [(CO)zRh(acac)] with 

the adenine derivatives: adenine (AdH), N6-methyladenine (6MadH) and N6, N6-dimethyladenine 

(DmadH). These dimeric complexes exhibit N3, N9 coordination of the bridging adeninate ligands as 

demonstrated by an X-ray structural study of [(CO)Rh(p-Dmad)(PPh,)], 3c, prepared by substitution of 

a carbonyl ligand in [(CO),Rh(p-Dmad)], 3b by PPhs. In contrast, a tetrameric structure was observed 

for [(CO),Rb(p-3madH_,)1, 4 (3mad = 3-methyladenine), in which the 3madH_ t anions are coordi- 

nated at N6 and N7. When N7 coordination is unfavourable and N9 unavailable, which is the case for 

8-aza-9-methyladenine (Maad), Nl, N6 binding may be observed, as established by an X-ray structural 

study of [(cod)Rh(CMaadH_ t)]z 5. However, in order to achieve this coordination mode it is necessary 

for the substituted exocyclic amino groups (N6) to twist by an average angle of 31.2O out of the base 

plane. 

Introduction 

The close electronic and structural similarity of square-planar ds c&rhodium(I) 
complexes such as [(cod)RhCl(NH,)] (cod = 1,5-cyclooctadiene) or [(cod)Rh(acac)] 
to cis-platinum(I1) complexes showing antitumour activity has led to the screening 
of a number of these derivatives [l]. For instance, [(cod)Rh(acac)] displays activity 
against the Ehrlich ascites test system superior to that of cis-[PtCl,(NH,),]. 
Platinum binding of DNA guanine nitrogen atoms N7 has frequently been pos- 
tulated in order to explain the cancerostatic properties of the latter complex [2]. We 
are interested in the coordination behaviour of purine and pyrimidine bases in 
square-planar rhodium(I) complexes. Dicarbonylrhodium(1) complexes of the type 
[(CO),RhCl(B)] (B = nucleobase) have been synthesised and structurally char- 
acterised [3-61. For B = guanine, a complex [(CO),RhCl],B with a bridging 
nucleobase ligand was prepared, for which bonding to the metal of one pyrimidine 
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and one imidazole nitrogen was indicated by the ‘H NMR and IR spectra [4]. 
Complexes of the type [(COJRh(PPh,),B]PF, have been reported by Abbott and 
Woods [7], who interpreted C NMR data for B = guanosine, inosine, or l-methyl- 
inosine in terms of 06-binding. 

Reaction of [(cod)Rh(acac)] with nucleobases must lead to metallation and the 
formation of species such as [(cod)Rh(BH_,)(B)] or [(cod)Rh(BH_,)],, in which the 
deprotonated ligand BH _ 1 will be respectively mono- or bi-dentate. As intramolecu- 
lar chelate formation (e.g. N6, N7 for adenine; 06, Nl for guanine) is sterically 
unfavourable for deprotonated purine nucleosides BH_,, these must adopt a 
bridging mode in their complexes [(cod)Rh(BH_,)],, which will be oligomeric or 
polymeric. For DNAs the formation of species [(cod)Rh(BH_,)(B’)], in which one 
or both of the ligands B and B’ are nucleobases, may be postulated. We have 
recently demonstrated that reaction of the novel mixed bridged diene-rhodium(I) 
complex [(cod)Rh( @l)( I-l-OAc)Rh(cod)] [8] with N6, N6-dimethyladenine (DmadH) 
yields [(cod)RhCl(DmadH)] with N3 coordination (X-ray structural determination) 
and [(cod)Rb(~-Dmad)]z for which N3,N9 metal binding was proposed [8]. In 
contrast, reaction of [(cod)Rh(p-Cl)@-OAc)Rb(cod)] with 8-aza-9-methyladenine 
(Maad) leads to only one product, dimeric [(cod)Rh(p-MaadH_,)Rh(cod)Cl],, in 
which the nucleobase is tridentate with Nl, N6, and N7 as rhodium-binding sites 
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Our results indicate that dimeric complexes such as [(diene)Rh(OAc)], (diene = 
cod, norbornadiene nbd) or [(CO),Rh(OAc)], should be capable of metallating 
either the amino nitrogen N6 or the imidazole nitrogen N9 of adenine bases. The 
pyrimidine nitrogens Nl and N3 and the imidazole nitrogen N7 are available as 
potential further metal coordination sites. We have now prepared a series of 
oligomeric species [L,Rh(BH_,)], (n = 2, 4; L, = cod, nbd, (CO),) for the adenine 
derivatives AdH (adenine), 6MadH ( N6-methyladenine), DmadH ( N6, N6-dimethyl- 
adenine), 3Mad (3-methyladenine) and Maad (8-aza-9-methyladenine). X-ray struct- 
ural determinations were performed on the complexes [(CO),Rh(p-3MadH_,)], 4, 
[(cod)Rh(p-MaadH_,)1, 5 and on the PPh, derivative [(CO)Rh(p-Dmad)(PPh,)], 
3c. These compounds display respectively N6, N7, N6, Nl and N9, N3 pairs of 
metal-binding sites. 
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Experimental 

IR spectra were recorded with 1% KBr discs on a Perkin-Elmer 881 spectrome- 
ter. ‘H NMR spectra were recorded on a Bruker AM 400 spectrometer at 20 o C; 6 
values are in ppm. Elemental analyses were performed with a Perkin-Elmer 240 
instrument and the results are listed in Table 1. [(cod)RhCl], [9], [(cod)Rh(acac)] 

WI, WWWcac)l WI, KCOMW acac)l ill], KCOVWacaWPb)l WI, 
[(cod)Rh( CL-Dmad)] 2 [8] and Maad [12] were prepared as described previously. 
RhCl, * 3H,O was a gift from Degussa AG. AdH, 6MadH, DmadH and 3Mad were 
purchased from Sigma Chemie GmbH and used as received. 

Preparation of complexes [(diene)Rh(p-BH_ ,)I 2; diene = cod, nbd; B = AdH, 6MadH, 
DmadH 

In a typical preparation 56 mg (0.19 mmol) of p(nbd)Rh(acac)] were added to 26 
mg (0.19 mmol) of adenine in 5 ml of methanol. A red precipitate was immediately 
formed. After 15 h stirring at room temperature, the solid 1 was isolated by 
centrifugation, washed with methanol, and dried (yield 84%). 

I [(nbd)Rh(p-Ad)],, C,H,,N,,Rh, (M, 658.3), ‘H NMR (DMSO-d,, TMS), 
1.41 (s, 4H, nbd CH,), 4.25-4.50 (12H, nbd CH), 6.85 (s, 4H, Ad H6), 7.75 (s, 2H, 
Ad H8) 8.17, 8.21 ppm (2s, 2H, Ad H2). 

2u [(cod)Rh(p-6Mad)j2, C,,H,,N,&h, (M, 718.5), yield 82% ‘H NMR (CDCl,, 
TMS), 1.98 (br, 8H, cod CH,), 2.55 (br, 8H, cod CH,), 3.18, 3.19 (2d, 6H, 6Mad 
CH,), 3.49-5.14 (8H, cod, CH) 7.43, 7.59 (2s, 2H, 6Mad H8), 8.06, 8.20 (2s, 2H, 
6Mad H2), 8.23, 8.80 ppm (2q, 2H, 6Mad H6, 2J(HH) = 4.9 Hz). 

2b [(nbd)Rh(p-6Mad)J,, C2,H2sN&b2 (M, 686.4) yield 858, ‘H NMR (CDCl,, 
TMS), 1.51 (s, 4H, nbd CH,), 3.04, 3.06 (2s, 6H, 6Mad CH,), 4.28-4.53 (12H, nbd, 
CH) 7.71, 7.75 (2s, 2H, 6Mad H8), 8.26, 8.30 ppm (2s, 2H, 6Mad H2). 

3a [(nbd)Rh(p-Dmad)],, C,sH,,N,,Rh, (M, 714.4), yield 81%, ‘H NMR (CD,Cl,, 
TMS), 1.48 (s, 4H, nbd CH,), 3.34 (s, 12H, Dmad CH,) 4.28-4.52 (12H, nbd CH), 
7.67, 7.68 (2s, 2H, Dmad H8), 8.17, 8.20 ppm (2s 2H, Dmad H2). 

Preparation of [(CO), Rh(p-Dmad)] z 36 and [(CO)Rh(p-Dmad)(PPh,)/ 3c 
3b. 50 mg (0.19 mmol) of [(CO),Rh(acac)] were added to 31 mg (0.19 mmol) of 

N6, N6-dimethyladenine in 5 ml of methanol to give an orange solution, which was 

Table 1 

Analytical data for rhodium(I) complexes 

Compound (Anal. found (talc.)(%) 

C H N 

KnWWlr-Ad)12 1 43.8(43.78) 

WWW~-6-6Mad)l~ 2a 46.q46.81) 

Knbd)a( yeMad) 2 2b 45.1(45.49) 

I(nWWc~ad)l~ 3a 47.2(47.07) 

l(CO),Rh(lr-Dm=Uz 3b 33.6(33.66) 

[(Co)Rh(~-L-DmadXPPhs)1, 3c 55.q56.23) 
l(CO)2W~-3MadH-& 4 30.5(30.83) 
K~)W~-M~dH.-,)12 5 42.q43.34) 

Microanalyses were performed with a Perkin-Elmer 240. 

3.78(3.68) 
5.oq5.05) 
4.33(4.11) 
4.48(4.51) 
2.62(2.51) 
4.32(4.17) 
2.69(2&I) 
4.7q4.76) 

20.5(21.28) 
18.8(19.50) 
19.5(20.41) 
19.6(19.61) 
21.6(21.81) 
12.2(12.61) 
20.7(21.15) 
23.0(23.33) 
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Table 5 

‘H NMR parameters for the cod ligands a in [(cod)Rh(p-MaadH_1)]2 S (in CDCl,) 

Proton 

olefinic protons D 

Hxx2 

Hxxl 

Hxx6 

Hxx5 

6 (ppm) 

4.50 

4.35 

4.25 

3.33 

Proton 

methylene protons a 

Hxx7 

Hxx3 

Hxx8 

Hxx3’ 

Hxx7’ 

Hxx4 

Hxx8’ 

Hxx4’ 

6 (ppm) 

3.08 

2.80 

2.60 

2.20 

2.20 

2.20 

1.80 

1.63 

Oxx =11 or 22. 

to S 5.80 in 5. At the same time the C2 proton is shifted to lower field from 6 8.21 
to S 8.55. 

A complete assignment of the ‘H NMR spectrum of [(cod)Rh(p-MaadH_,)], 5 
was carried out by NOE and two-dimensional NMR techniques. As may be seen 
from Fig. 4 the cod ligands adopt the characteristic boat conformation. C,-symme- 
try and, therefore, equivalence of the cod ligands, may be assumed for solution. The 
numbering scheme for the ring hydrogen atoms (e.g. H221 is bonded to C221) is 
given in Fig. 5. In the solid state close interatomic distances of less than 2.5 A are 
observed between the following base and cod protons: 
N(16)H.. . H112 
N(26)H . . . H222 
(C12)H.. e H115 
C(22)H . . . H225 
An appreciable NOE effect was established for the following MaadH_,-cod 
resonance pairs (x = 1, 2) 
S (Nx6)H 5.80-Hxx2 4.50 
6 (Cx2)H 8.55-Hxx5 3.33 

With this information from the NOESY spectrum it is possible to assign all cod 
protons as listed in Table 5. In accordance with the results of Rodman and Mann 
for [lr(cod)(p-hp)]z (hp = 2-hydroxypyridinate) [24] it was assumed that the endo 

(designated with the symbol ‘) methylene protons resonate upfield of the exo 
methylene protons. Figure 5 shows the cod region of the COSY spectrum. 

Our results indicate that the N3,N9 binding mode will be preferred by the 
bridging adeninate ligands Ad, 6Mad and Dmad in diene-rhodium(I) complexes. 
When N9 is blocked or sterically unavailable then N6 may be metallated. The 
observation of either N6,Nl or N6,N7 coordination will be influenced by the metal 
binding proclivity of the pyrimidine and imidazole ring nitrogens Nl and N7. The 
former binding mode requires significant displacement of the rhodium atoms from 
either the plane of the coordinated Nl atom or that of the metallated N6 atom. It is 
observed for 8-aza-9-methyladenine, for which N7 has a relatively low electron 
density. The N6,N7 binding mode will presumably be preferred by adenine nucleo- 
sides. Interestingly this coordination pattern is available for adenine moieties in 
DNA even when they participate in Watson-Crick base-pairing. It thus seems 
probable that the antitumour derivative [(cod)Rh(acac)] will preferentially bind 
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228 47 

116 - 

adenines rather than guanines in DNA, as has been observed for cis-platinum(I1) 
complexes. In a forthcoming paper we will report on our investigations on the 
reaction between [(cod)Rh(acac)] and pyrimidine bases. 
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