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In this paper, we demonstrate the feasibility of multistep
synthesis on self-assembled thiolate monolayers on'gdlde

use these synthetically modified self-assembled monolayers

(SAMs) to investigate the mechanism of an organic reaction:
the thiazolium-promoted acyloin condensation. Kinetic studies
by Breslow show that, under mildly basic conditions, the rate

of condensation is first order in thiazole (Scheme 1, pathway

A).3 Addition of ylide 2 to the aldehyde, followed by proton
transfer, affords the acyl anion equivale®tthat undergoes
addition to a second aldehyde. After proton transfer, elimination
of thiazolium regeneratesand yields the acyloin produgt A
second catalytic pathway (pathway B), involving the formation
of a thiazole dimergJ), typically observed under strongly basic
conditions, has also been suggestegifter proton transfer, the
unlikely carbanionic intermediatewas proposed. Intermediate
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functionalized decanethiol and octanethiol formed on gold films

4 can act as the acyl anion equivalent either by adding to a (15) were immersed in 1.6 mM solutions of 9-anthraldehyde in

second aldehyde (pathway)Bor alternatively (pathway B

ethanol, acetone, or dichloromethane to synthesize enol inter-

by undergoing cleavage to regenerate a thiazolium ylide and mediatel7b. Excess triethylamine was added to each reaction

acyl anion equivalen6, as proposed by Breslow in pathway
A

mixture to activate the catalyst After the samples were warmed
(ca. 40-50 °C) for 3—12 I in ethanol, acetone, or dichlo-

We chose to study the mechanism of the thiazolium-catalyzed romethane, the monolayers were removed and rinsed with pure

acyloin condensation in the context of thiazolium-functionalized
SAMs. Thiazolium-terminated thiols were synthesized via a

short sequence (Scheme 2). Mixed monolayers of thiazolium-

terminated thiol and octanethiol were formed by immersion of
polycrystalline gold on silicon in a solution containing oc-
tanethiol (30 mM) and the thiazolium-terminated thiol (2.5 mM).

reaction solvent. Fluorescence spectroscopy was used to detect
the presence of the anthracyl moiety on the surfade. all

three solvents, a fluorescent intermediate, bonded covalently
to the surface, was detect&die attribute this to the formation

of the enol intermediat&7b (Scheme 3) on monolayer surface,
analogous to intermedia&(Scheme 1).

We could then investigate the reaction of the surface-bound To examine formation of the thiazole dimer (analogou8)to

thiazoliums with fluorescenthf labeled reactants from solution.

and its role in the catalytic cycle, we synthesized an anthracene-

We synthesized fluorescently labeled intermediates and labeled thiazolium salt by alkylating 4-methylthiazole with
substrates to investigate the mechanism of the acyloin condensa9-(chloromethyl)anthracene. Mixed monolayers of monothia-

tion. To examine the catalytic activity of monothiazolium salts
(pathway A, Scheme 1), mixed monolayers of monothiazolium-
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zolium salts15 were immersed in 1.0 mM solutions of the
anthracene labeled thiazolium salt in ethanol, acetone, or
dichloromethane. Excess triethylamine was added, and the
solutions were warmed for 12 h. Examination of the fluores-
cence of the monolayers, after removal from the reaction mixture
and rinsing showed the presence of the anthracene moiety on
the surface 18b) as evidenced by the fluorescence emission.
Formation of mixed monolayers of thiazole dimer prepared in
solution and octanethiol afforded SAMs that gave fluorescence
emission spectra that were identical to the previously obtained

(7) The thermal stability of these monolayers has been examined by
surface-enhanced Raman spectroscopy. By following the change in the
integral of several signals, the half-life of an octanethiol monolayer in
ethanol at 40C was estimated to be ca. 30 h (R. L. Garrell and L. Yeager,
Department of Chemistry & Biochemistry, UCLA, unpublished results).
The thermal stability of thiolate monolayers has also been investigated by
wetting and X-ray photoelectron spectroscopy (Jennings, G. K.; Laibinis,
P. E.Langmuir, 1996 12, 6173). These experiments suggest that the half-
life of thiolate monolayers in hydrocarbon solvent at“4Dto be well in
excess of 30 h.

(8) Fluorescence spectra were obtained according to the procedure
described in ref 5. Monolayers were excited at 400 nm and afforded the
following emission spectra reported as emission wavelength (reaction
solvent): 17b 589 (ethanol), 591 (acetone), 592 (dichloromethaf&)y
571 (ethanol), 566 (acetone), 564 (dichloromethal@g; 20a588 (ethanol),

591 (acetone), 595 (dichloromethane).

(9) Pure octanethiol monolayer and gold substrate showed no adsorption

of aldehyde upon identical treatment.
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To distinguish between these two possibilities, a second set
of experiments was conducted using fluorescently labeled
thiazole dimer monolayersl8b). These SAMs were treated
with benzaldehyde in the absence of triethylamine. The
resulting SAMs showed fluorescence emissioafjeit at
somewhat diminished intensities, corresponding to the presence
of anthracyl on the surface. Thus, dimer addud®b and20b
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appear to be stable under these conditions. Interestingly,
treatment ofLl8b with excess benzaldehyde in the presence of

fﬁffffj
s triethylamine resulted in almost complete loss of fluorescence

Me
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NrJ RCHO presumably due to the cleavage of dimer and loss of the
Me fluorescent anthracyl group to affod¥a It should be noted
that the thiazole dimer monolay&Bb was inert to exposure to
SIS triethylamine in the absence of benzaldehyde. Taken together,
A 16 " o \ wo these results suggest that a stable intermediate addricl @/
R Me. N, R Me._ NZ R' . . ) )
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Me cleavage of the dimer.
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model pathway B in Scheme 1 and confirm the role of the
LA AYASSSSEEEiSLss dimer as a competent intermediat_e_on a p_athway for the acyloin
17a) R = phenyl condensation. The apparent stability of dimer/aldehyde adducts
b) R =Santhracyl 19 and 20 in the absence of triethylamine reinforces the
importance of the base in the overall reaction. We believe that
the loss of fluorescence dM® and20 is due to base-promoted
dimerized thiazolium SAMsI8b). These experiments achieve cleavage of the aldehyde dimer on the surface.
two important goals. First, they demonstrate that dimerization  In conclusion, we have used multistep synthetic modification
of surface-bound thiazolium salts is possible. Second, they setof self-assembled monolayers to probe the mechanism of the
the stage for an investigation of the fate of the dimer under thiazolium-promoted acyloin condensation by isolating inter-
conditions suitable for the acyloin condensation. mediates of the mechanistic pathway on the surface of the
To test the viability of the thiazole dimer as a potential catalyst monolayer. This work shows the potential of SAMs to serve
in the acyloin condensation reaction, the dimer monoldger as models in which to study reaction mechanism and has
formed from15 and the benzylthiazolium salt, was subjected provided insights into the thiazolium-catalyzed acyloin reaction.
to a second synthetic transformation. This thiazole dimer We have shown that surface-bound thiazole dimers will add to
monolayer {88 was immersed in 1.6 mM solutions of aldehydes. Cleavage of the dimer is the major pathway through
9-anthraldehyde in ethanol, acetone, or dichloromethane andwhich these materials promote the condensation. Thus, we
warmed to ca. 40C. For the first set of experiments, no conclude that thiazole dimers participate in catalysis of the
triethylamine was added to the solutions. After 12 h, the acyloin condensation reaction via pathway Bather than
monolayers were removed from the reaction mixtures and rinsed.pathway B and that carbanionic intermediadeis not part of
The resulting monolayers showed fluorescence bands similarthe catalytic cycle (Scheme 1). We are currently pursuing the
to monothiazolium/9-anthraldehyde adduct monolayéethy. use of functionalized SAMs both as mechanistic probes and as
Lower fluorescence intensities were observed when excesschemoselective catalysts.
triethylamine was added to the reaction mixtures. Two possible
scenarios exist to account for the presence of fluorescent Acknowledgment. Financial support was provided by The Aca-
functionality on the monolayer surfaces. First, diri®might demic Senate of University of California, The Office of the Chancellor,
add to the aldehyde to form regioisomeric adduct SAMs and the National Science Foundation (CHE-9501728). We thank
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and also regenerate the ylide/carb&fdérom 19a, which would Y '
then be free to react with additional 9-anthraldehyde to generate g norting Information Available:
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a) R =phenyl, R' = 9-anthracyl
b) R =9-anthracyl, R'=phenyl

Experimental procedures for
the preparation of compound®—14 and monolayerd5—20including

1 1 . 1 .
(10) Due to the unsymmetrical nature of the dimer on the surface, two H NMR and ™*C spectra; procedu_res for_preparatlon of monolayers;
regioisomeric addition products on the surface are possible. Examination Procedures for fluorescence experiments; contact angle data (7 pages).
of molecular models of these SAMs suggests that the plane of the thiazolium See any current masthead page for ordering and Internet access
dimer is roughly parallel to the plane of the surface of the monolayer. Thus, instructions.
the steric environments of the two nucleophilic carbon atoms of the dimer
are similar. JA970627Q




