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Ahtruck The synthesis of a biradical r&sulfide is described. This biradical 
exhibits an EPR spectrum consistent with lJl>>n . Cyclic voltammetry of 
monolayers of this biiadical shows that the radical monolayer exhibits less pH- 
dependence than its phenol counterpart Copyright 0 1996 Elsevier Science Ltd 

Multilayers are uniquely suited to serve as molecular magnets’ since they provide a direct linkbetween 
surfaces and magnetic properties, that is, magnetic information storage.2J An important design element of 
our multilayer scheme is the use of paramagnetic ligands. With this approach we can take advantage of large 
paramagnetic-ligand to metal antiferromagnetic exchange couplings to yield high-T, ferrimagnetic materials. 

Since the basal monolayer is the stage upon which the multilayer is formed, success of our multilayer 
approach depends on an understanding of the gross structure of the basal monolayer as well as the 
formulation of a working model of the spin-spin interactions within the monolayer. Consequently, our goal 
is to prepare and characterize stable, free-radical-substituted alkanethiol self-assembled monolayers (SAMs) 
as models of the basal region of molecular magnetic materials prepared via a multilayer approach. We 
recently reported the electrochemistry of a galvinol alkanethiol attached to a polycrystallinc gold electnxke4 
Herein, we report the preparation and EPR spectrum of a disulllde biradical, 6’. This molecule can be 
used to prepare paramagnetic monolayers. 

The synthesis of 4 follows our previously reported procedurti and is outlined below. Commercially 
available 1 I-bromoundecanol was protected using methoxymethyl chloride, and then used as an alkylating 
agent for methyl 4-hydroxybenzoate. Ester 3 was transformed into galvinol 4 by first using the modified 
procedures of Kurreck for galvinol formation,” and then standard deprotcction protocol. Compound 4 was 
converted to thiol 5 using Mitsunobu conditions7 to prepare a thioester, followed by alkaline hydrolysis. 
When 2 was dissolved in aqueous bas&l’HP and exposed to air. 4 was formed quantitatively. 
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The oxidation of 6 to the biradical, 6”, can be followed by EPR spectroscopy as shown below. 
Surprisingly, the spectrum recorded after several hours is consistent with a biradical in which the absolute 
value of the exchange interaction, IJI, is greater than the hypertine interaction, u.**~,~~ The vl>>a spectral 
type is evidenced by the appearance of additional hypertine lines of the biradical that grow between the 
original five lines of the monoradical. ‘Ihis spectral type is somewhat unexpected considering the length of 
the chains connecting the paramagnetlc centers.” 
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Biradical 6” was isolated and characterized by mass spectrometry and IR spectroscopy. IR spectra of 
disulfide 6 and biradical disulfide 6” differ by two dramatic spectral features: 6’ lacks the sharp OH 
stretch of 6 at 3650 cm-t; and 6” shows a shift and splitting of stretches in the 1600 cm-t region. 

Cyclic voltammograms for monolayers consisting of 5.6, and 4” are shown ~Iow.~* These initial 
results are quite interesting. Disultide 6 apparently gives monolayers with slightly lower surface coverage, 
however its electrochemistry is more reversible than that observed for monolayers formed from 5. Biradical 
6’ gives slightly lower surface coverage than 4. The lower surface coverage with a”, lower reversibility, 
and response to pH are currently under investigation, and we will report our findings in the near future. 
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EXPERIMENTAL SECTION 

‘H NMR spectra were obtained from a General Electric GN 300 Omega 300 MHz spectrometer. Mass 
spectra were obtained at the Mass Spemometxy Laboratory for Biotechnology with a JEOL HXllOHF mass 
spectrometer. Electrochemical experiments were performed with a EG&G PAR Model 273 potentiostat. 
Coated, gold films served as working electrodes and Pt wire served as the auxiliary electrode, while the 
reference electrode was AgIAgCl. Commercial phosphate buffers used to control pH were prepared by 
dissolving in deionized water. AR electrochemical experiments were performed in air. 
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