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 Report of the STSM of Manuel Yáñez to the Laboratoire Analyse et 
Environnement pour la Biologie et l’Environnement, CNRS UMR 8587, Université 
d'Evry Val d'Essonne, the host being Dr. Jean-Ives Salpin. 
 
This  STSM is framed in a long-lasting collaboration of my group of the Universidad 
Autónoma de Madrid and several groups of the Laboratoire Analyse et Environnement pour 
la Biologie et l’Environnement of the Université d'Evry Val d'Essonne.  
 As a matter of fact there are several projects on their way, one of them dealing with 
dynamical aspects of the reactions of peptide functions with doubly charged metals, but this 
mission was essentially focused on other two subjects which are also being developed in 
collaboration of my group with the group of Dr Salpin. The first of this topic, probably the 
one that at the present stage is more complete, is the one related with the alkylation of 
nuclear bases by organomercury compounds. As usual the experimental investigation is 
carried out by the group at Evry, and using the alkyl mercury compounds synthesized for 
this purpose by Dr. Jean-Claude Guillemin at the Ecole Superieure de Chimie de Rennes, 
whereas the main calculations are responsibility of the group of Madrid, even though the 
effort of these, rather heavy calculations, is shared by both groups. 
 A similar strategy is followed for the development of the second main topic 
addressed during this STSM, which concerns the interaction of Cis-platinum (or cisplatin 
which is the more commonly used name for PtCl2(NH3)2) with nucleo-bases and more in 
particular with uracil, thio and dithio-uracil.  
 The first topic is motivated by the high toxicity of Hg2+ which is also common to its 
organometallic forms RHg+ (R=alkyl or aryl), leading to both neurological and genetic 
damages. Rather importantly, it is thought that some mechanisms result from the direct 
interaction with nucleic acids, so the first goal of our investigation was to establish the 
structure of adducts formed between RHg+ compounds and DNA as a first step to have 
some insights on the mechanisms occurring at the molecular level between Hg(II) species 
and DNA building blocks. Hence, the first step in our project is to analyze in detail the 
interactions of organomercury compounds (R=CH3,n-Bu, t-Bu) with three pyrimidine 
nucleobases, namely uracil (U), thymine (T) and cytosine (C). 
For this purpose, InfraRed Multiple Photon Dissociation (IRMPD) experiments were 
performed using the CLIO (Centre Laser Infrarouge d’Orsay) free electron laser (FEL). 
IRMPD spectra recorded with either a FT-ICR or Paul 3D ion trap coupled to ESI ionization 
in the 900-2000 cm-1 spectral region. To carry out the assignment,  geometry optimization 
and vibrational spectra calculations: DEF2-TZVPPD basis set for Hg and 6-311+G(d,p) for 
C,O,H,N, followed by single point calculations with a much extended basis set for both Hg 
and the remaining atoms of the systems under scrutiny, namely: DEF2-QZVPD basis set for 
Hg and 6-311++G(3df,2pd) for C,O,H,N. In the discussions we have had on both sets of 
values we could conclude that the interaction between organomercuric compounds (RHgCl; 
R=CH3, n-Bu) and nucleobases (NB) results in the formation of [RHg(NB)]+ ions, which 
exhibit unique unimolecular reactivity, resulting in the alkylation of the nucleobase.  We will 
continue now with the theoretical investigation of these observed alkylation processes.  
 The second topic addressed in this STSM, as indicted above, focused on the 
interaction of Cisplatin with uracil, thio-uracil and dithio-uracil. This compound is the first 
member of a series of chemicals with potential anticancer activity, but very little is known of 
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the mechanism at the molecular level.  Our approach is similar to the one used with alkyl-
mercury compounds and the fist question the needs to be addressed the identification  of the 
structures formed when cisplatin interacts with uracil of any  of its thio-derivatives. For this 
purpose electrospray techniques were employed since the interaction leads to the formation 
of a monocation through the lost of chloride group from cisplatin. The infrared spectra of the 
molecular ions so generated  was the obtained, as indicated above for the case of the 
interactions with alkyl-mercury compounds, through the use of IRMPD experiments. In this 
case we are in the phase of assigning the experimental spectra by means of the spectra 
simulated through the use of DFT methods. However, not much is known about the best 
functional to treat Pt containing systems, and the assessment of the method was our priority 
in this period of the project. The initial exploration was done by using the B3LYP hybrid 
functional and more than 50 different local minima were located on the potential energy 
surface.  In a second step we have used, employing as initial structures the ones obtained 
using the B3LYP, the M06L functional, which as specifically thought for the treatment of 
transition metals. The agreement between the outcomes of this functional and those obtained 
with B3LYP is remarkable in most cases, but there is a clear disagreement as far as the 
relative stability of the N-attached complexes is concerned, which M06L predict to be more 
stable in relative terms than the O-attached species, in disagreement with the results 
previously obtained with B3LYP. The next step in this assessment was to compared both 
functionals with the results obtained when CCSD(T) calculations are carried out on MP2 
optimized structures. Part of these results were obtained during my stay in Evry, and confirm 
the predictions of the M06L method. Reached this point we decided to explore how sensible 
are the results to enlarging the basis set (this part was initiated just a few days ago) and we 
have also exploring the behavior of the thio- and dithio-derivatives of uracil. The effect 
seems to be similar, but the difference is that although the N attached complex become more 
stable by about 20-30 kJ/mol when the M06L functional is used, since they lay rather high in 
energy for the thio-derivatives this extra-stabilization has no relevant consequences 
whatsoever. We decided to  continue this assessment until completeness and then, once we 
have decided which is the functional to be sued we will go to the next step which will be the 
assignment of the IRMPD spectra.  
 Several publications (a minimum of two) will be likely produced from both topics 
and we hope to have the first one ready to be sent to a peer-review journal for the middle of 
July. We do not discard to have a second one ready for the beginning of next fall.  
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