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SURFACE VS. BULK REACTIVITY IN A SOLID-STATE METHYL TRANSFER 
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Summary. A methyl transfer in the crystalline state proceeds more slowly at the surface (as 

monitored by diffuse reflectance IR) than within the bulk solid (as monitored by NMR). More- 
over, reaction intermediates accumulate only at the surface. These results are explained in 
terms of structural differences between the external and internal regions. 

Methyl p-(dimethylamino)benzenesulfonate (A) rearranges to p-(trimethylammonium)benzene- - 

sulfonate zwitterion (B) about 25 times faster '-as a solid at 81" than as a melt at 95". - 

Although solutions of A at 25" are stable indefinitely, reaction in the solid at 25" is half- 

over in 7 days. Isotope scrambling studies indicate that the fast solid-state methyl transfer 

takes place intermolecularly rather than intramolecularly. 
1 

X-ray data' reveal that the mole- 

cules of crystalline A are oriented such that the nitrogens are almost perfectly aligned with - 

respect to an adjacent methyl group: 

A - 

presumably, the reaction occurs by a chain mechanism during which the FT*'*CH3 distance of 3.54 

2 diminishes to the N/C bond length. This methyl transfer, considered a classic example of an 

orientation-related acceleration, has been subjected to more recent investigations including 

a Raman phonon spectroscopy study2 and an extended Htickel calculation3. Our past experience 

with reactions at crystal surfaces 4.5 led us to wonder about the details of the reaction and, 

in particular, how the chemistry at the crystal surface compares with that inside the bulk 

crystal. We find, as described below, that the two regions behave quite differently. 

Crystalline &, sieved to a 297-420 u particle size, was placed in a test tube and thermo- 

stated at 50 + 0.5". - Samples were removed periodically, mixed with 3:l D20/CD30D (a solvent 

in which both 4 and g dissolve), and subjected to NMR analysis. A "7 vield vs 0 1 _. time plot", 

obtained from the disappearance of an A peak at 3.1 ppm and from a corresponding formation of - 

a B peak at 3.7 ppm, showed that the reaction reaches >98% at 24 + 0.5 hours. When the exper- - 
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