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Application of X-ray Photoelectron Scheme 1.Synthesis and Loading of Thiohydroxamic Acid
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The synthesis of compounds on solid supports has grown
rapidly in the past 10 years, but one of the hurdles to the i
routine adoption of solid-supported chemistry is the limited Osm = mNM@
number of analytical methods available to characterize resin- _ _ oS
bound compounds. There have been methods developed fop, (), TFACHCHIbistare (0105 smbient emp. 4 b 15
on-bead reaction monitoring of solid-phase reactions; both N.methylhydroxylamine hydrochloride (3 equiv), triethylamine (6 equiv),
magic angle spinning (MAS) NMRand FTIR are useful CH:Clz, ambient temp, 18 h; (iiN-methylindole-3-acetic acid (2 equiv),
techniques, but much sold-phase chemisiry il elies on OIC 2 at) OB ¢ ) DNAP 62 cauv). D ament e,
releasing the product from the solid support for validation. pgy,snH (40:1), 350 nm, 0.5 h.

As a result, there still remains the need for complementary
techniques that could quantify and/or identify functional placement of imidazole witiN-methylhydroxylamine gave
groups prepared during solid-phase synthesis. the resin-bound thiohydroxamic acid link8r N-Methyl-

In the recent literature, scanning confocal Raman spec-indole-3-acetic acid was immobilized onto the resin-bound
troscopy was used to study the distribution of reactive sites Jinker via DIC/HOBt mediated coupling, resulting in thio-
within standard polystyrene resin be&dhe results showed hydroxamic este#. FTIR analysis of4 showed a carbonyl
that the reactive sites were essentially homogeneouslystretch at 1804 cnt indicative of a thiohydroxamic ester,
distributed within the bead, agreeing with other studies gnq a negative malachite green %esas observed. Resi
performed in this area including autoradiograptgnd was cleaved with sodium methoxide to give methyl-
scanning secondary ion mass spectrometBecause the  methylindole 3-acetat®in 19% yield® based on the loading
reactive sites within a bead can be considered to have agy¢ resin1; photolysis of4 furnished 1,3-dimethylindolé in

homogeneous distribution, analysis of the functionality at 1, yield!! FTIR analysis of the photolyzed resin showed
the bead surface should reflect the functionality within the | <o 'of the stretch at 1804 cfy indicating complete

engre bead..glhotoelﬁct(;c;n spectlros_cop3r/] OQRS? powelrful Iconsumption of the thiohydroxamic ester moiety. We were
and accessible method for analyzing the surface e ementaperturbed by these low yields, and neither gel-phase FTIR

composition of mgterials but hgs no.t, to date, been usgd toor gel-phasé3C NMR could provide a suitable explanation.
explore a synthetic sequence in solid-supported chemlstry.As a result, we decided to explore the application of XPS to

This analytical method may not allow the determination of . . : ; . .
., monitor the solid-phase synthesis of thiohydroxamic acid
the exact structure of complex molecules bound to a solid linker 3

support but could represent a powerful complement to NMR . .
and IR for routine nondestructive analysis. Herein, we report 1€ surface of resing—3 were analyzed using a Kratos
our investigation of the use of XPS as a method for the AXis HSi X-ray photoelectron spectrometer equipped with
analysis of solid-supported reactions. a Mg Ko X-ray source, a five-channel hemispherical
As part of our ongoing research into traceless photolabile @nalyzer, and a charge neutralizer for analysis of insulating
linkers? we constructed a Barton thiohydroxamic acid on samples. Resins were dried thoroughly under vacuum to
commercially available 3-((4-tritylmercapto)phenyl)propion- Mitigate solvent contamination and were then loaded on a
ylpolystyrené 1 (Scheme 1). The commercial resin was horizontal 20-position sample bar mounted on an automated
deprotected and reacted with 1,1-thiocarbonyldiimidazole to manipulator enabling high-throughput analysis. Spectra were
yield resin-bound thiocarbonylimidazof Subsequent dis-  recorded using an X-ray power of 225 W and an analyzer
pass energy of 160 or 20 eV for survey or high-resolution
* For main correspon_dence, contact A.R.: e-mail, a_r30@york.ac.uk. For scans, respectively. Binding energies were referenced to the
correspondence regarding XPS, contact KW.: e-mail, kwl3@york.ac.uk. C—H transition in the C 1s spectra, which was assigned a

T University of York. a '
* GlaxoSmithKline Research and Development. binding energy of 285 eV. Deconvolution of the N 1s spectra
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B Scheme 2.Possible On-Bead Dimer Formation
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at 402.6 eV, which is assigned to the hydroxylamine nitrogen.
The nitrogenous signal is thus resolved into amide (82%)
and hydroxylamine (18%). The low vyield of imidazole
functionality could be accounted for by conversion of resin
1 to resin2 resulting in cross-linking to either disulfideor
trithiocarbonate8 (Scheme 2) or hydrolysis of the resin-
bound thioimidazole2. This suggests that the chemical
transformations from thioimidazoto the thiohydroxamic

_ _ _ ester4 are relatively efficient and the low yields obtained
Figure 2. Curve-fitted N 1s envelopes for resids-3. on the cleavage from thiohydroxamic estare a reflection

was performed using a common symmetrical line shape, of the inefficient formation of thioimidazol2 from the parent

which consisted of a mixed Gaussian/Lorentzian function. "€Sin1.
Figure 1 shows the survey spectrum of rekidominated In summary, we have demonstrated that photoelectron

by a peak at 285 eV assigned to carbon at@®rsC and spectroscopy (XPS) can be used to determine the structure
C—H within the polystyrene backbone. Peaks corresponding Of solid-phase bound substrates; we envisage it as a
to nitrogen, sulfur, and oxygen are also detected. Elementalcomplementary technique for quantifying and/or identifying
compositions were determined by integration of peak areasfunctional groups manipulated during solid-phase synthetic
observed in high-resolution scans followed by correction Protocol. The extension of this analytical tool using a
using the following relative sensitivity factors (RSF): C 1s, Monochromatic X-ray source is in progress.

0310115 050510 1o 0738 929 0725 Sl scniadgment e har e EPSRC (D10 ag
P g T.J.), EPSRC Strategic Equipment Initiative, GlaxoSmith-

decon_volutlon .Of the high-resolution scans. Th.e power of Kline (CASE studentship to D.M.W.), and the University
XPS in following the surface reaction and identifying :
of York for funding.

different functional groups is demonstrated in Figure 2, which
shows the curve-fitted N 1s envelopes for resins3. The References and Notes
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