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Abstract 

The reaction of mercuric acetate with N,-methyl- 
mercurated uridine, [CHJHg(Uri)] , yielded a 
polymeric, dimethyl sulfoxide-soluble compound pos- 
sessing a regular C-Hg-N bond system. In the 
presence of 6-thioguanosine, the C-Hg-N bond sys- 
tem was cleaved quantitatively to generate a mono- 
meric snecies containing an exclusively C-Hg-S 
bond system. The ‘H, I32 and lggHg 
istics of the two systems are reported. 

nmr character- 

Introduction 

Of the known nucleoside-derived organometallic 
compounds, the Hg(II)-containing nucleosides are 
among the most versatile [l] . They function both 
as tools for biochemical research as well as valuable 
synthetic intermediates [2]. The syntheses and 
properties of S-mercuripyrimidine nucleosides and 
nucleotides, as well as mercury(H)-containing 
polynucleotides, by chemical modification and by 
enzymatic polymerization of mercurated substrates, 
have been described [3, 41. Unlike mercuri- 
nucleotides which tend to be water-soluble, the 
known mercurinucleosides are water-insoluble 
species. In the case of the complexes of the uracil- 
derived nucleosides, the suggested explanation of 
this observation is that the complexes are poly- 
meric in nature with a C-Hg-N bonding sequence 
[5]. There exists, however, no detailed information 
regarding the regularity of this linkage or the degree 
of polymerization of the species. This structural 
uncertainty is not of particular consequence when 
the derivatives are used as synthetic intermediates 
but is a distinct limitation when the derivatives 
are used as biochemical probes. 

In the course of our studies of the interactions 
of CH3Hg(II) and Hg(I1) species with purine/pyri- 
midine bases, nucleosides and nucleotides [6], we 
have had occasion to investigate the reactions of 
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uridine with a number of metal ions. We have found 
that in aqueous solution, the conventional 
mercurating agent, mercuric acetate, rapidly 
mercurates the N3-methylmercurated uridine com- 
plex, [CH3Hg(Uri)] (2), at the C5 position to yield 
a dimethyl sulfoxide-soluble, polymeric substance 
which is formulated as [-Uri-Hg-*2H20], (3). 
Reaction of 3 with 6-thioguanosine in aqueous solu- 
tion leads to the rapid cleavage of the Hg-N bonds 
in 3 by 6-thioguanosine and the formation of a new 
complex, 4, containing mercury(I1) bridging uridine 
via the Cs atom, and 6-thioguanosine via the S6 
atom. Complexes 3 and 4 have been analysed by 
‘H 13C and lggHg nmr as well as by elemental 
anilysis. 

Experimental 

‘H nmr spectra of the complexes dissolved in 
(CD3)1S0 were recorded on a Bruker HX-60 instru- 
ment operating at 60 MHz in the Fourier transform 
mode. 13C nmr spectra were recorded on a Bruker 
CXP-200 instrument operating at 50.307 MHz. 
Chemical shifts are referenced relative to internal 
tetramethylsilane (TMS). lggHg nmr spectra were 
recorded on a Bruker CXP-200 instrument operat- 
ing at 35.830524 MHz. lggHg chemical shifts are 
referenced relative to external neat (CH3)2Hg. All 
spectra were recorded at room temperature (25 + 
2 “C). Microanalyses were perfor,med by Guelph 
Chemical Laboratories Limited. 

Uridine, 1 (Sigma), 6-thioguanosine (Sigma), 
[(CH3Hg),0]OH (Alfa) and Hg(OAc)z (Alfa) were 
used as received. The N3-methylmercurated uridine 
complex, [CH,Hg(Uri)] , 2, was prepared as describ- 
ed elsewhere [6h]. 

Uridine Complexes 

f-Uri-Hg-*2HzOJ,, 3 
To a hot solution of [CH3Hg(Uri)], (2) (0.208 g, 

0.543 mmol) in 50 ml of distilled water was added 
dropwise a solution of mercuric(I1) acetate (0.0729, 
0.227 mmol) in 5 ml of distilled water. After stir- 
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sequence. The 199Hg nmr spectrum of 3 shows a 
single 199Hg resonance at -1191 ppm, relative to 
neat (CHa)2Hg, thus confirming the presence of 
inorganic mercury(I1) in a C-Hg-N system. Had 
complex 3 contained appreciable amounts of C-Hg- 
C and N-Hg-N bonding, additional 199Hg resonances 
near -700 f 50 ppm (cf. -7 19.18 ppm for the C- 
bound CHsHg(II) in [(CHsHg)sIno]NOs) or -1800 
+ 100 ppm (cf. -1784 for the N-Hg-N sequence 
in [(thymidine)zHg]), would have been observed 

]6hl. 
The reaction of 3 with the knownantineoplastic 

agent 6-thioguanosine [8] in aqueous solution gave 
rise to a quantitative amount of stable product 4 
(Scheme 1). The ‘H nmr spectrum of 4 (Fig. 1) 
shows the resonances associated with the uridine 
moiety at 6 = 11.32 ppm (Ns-H), 6 = 7.72 ppm 
(singlet, C6-H) and the resonances associated with 
the 6-thioguanosine moiety at 6 = 8.26 and 6.49 
ppm for Cs-H and NH2 respectively. The trends 
in the chemical shifts of the Cs-H and NH2 reso- 
nances of the 6-thioguanosine portion of 4 as a 
result of complex formation are comparable in 
magnitude to the trends in the ‘H chemical shift 
values in forming 6-methylmercurated thioguanosine 
from 6-thioguanosine [6, 91. The 13C nmr spectrum 
of 4 showed a dramatic downfield shift (23.8 ppm) 
of the Cs resonance of the uridine part of 4, as com- 
pared to the Cs resonance in uridine, and an upfield 
shift (9.3 ppm) of the C6 resonance in the 6-thio- 
guanosine portion of 4, as compared to the C6 reso- 
nance in 6-thioguanosine. An upfield shift of this 
magnitude is characteristic of the formation of 
S-methylmercurated and S-methylated 6-thionucleo- 
sides [6g, 91. There is a single 199Hg resonance for 
mercury(I1) in 4 at -883 ppm, relative to neat 
(CH3)2Hg. This value is intermediate between the 
values of 6 for mercury(H) in C-Hg-C and S-Hg-S 
bond systems [6h]. The 199Hg chemical shift value 
is thus a useful indicator of the nature of the nucleo- 
philes bound to the mercury atom [lo] . 

Concluding Remarks 

We have found in the present study that mercuric 
acetate rapidly mercurates the N3-methylmercurated 
uridine [CH3Hg(Uri)], (2) at the Cs position to 
yield a dimethyl sulfoxide-soluble, polymeric sub- 
stance, [-Uri-Hg-*2H20], (3). Reaction of 3 
with 6-thioguanosine in aqueous solution leads to 
the rapid cleavage of the Hg-N bonds in 3 by 6- 
thioguanosine and the formation of a bridged com- 
plex 4 (Hg-S bridging). 

The results have significance in biological sys- 
tems, since thiomercuri derivatives of the type 
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Uri-Hg-SR are acceptable as substrates for RNA 
polymerase [7]. The instability of %alkylthio- 
mercuripyrimidine nucleoside derivatives, where 
alkylthio = MeS-, EtS-, CHaCOS-, CH,CSNH and 
other organic thio derivatives, severely limits their 
use in studies of DNA replication or transcription. 
They are apparently demercurated as a result of 
thiol-catalyzed symmetrization reactions. 

While the use of 6-thionucleosides as antineo- 
plastic agents is well known, the demonstration of 
their ability to form stable complexes of the type 
represented in 4 suggests they could also have poten- 
tial as substrates for RNA polymerase and thus be of 
use in studies of DNA replication and/or transcrip- 
tion. 
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