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THE MECHANISM OF BIMOLECULAR METHYL TRANSFER IN A METHYL AMINOALKANESULFONATE.
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APPLICATION OF "~0 ISOTOPE SHIFTS IN "“CMR SPECTRA OF SULFONIC ESTERS.
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Cmn spectra show complete absence of scrambling of an 18 0 Label 4in la recovered agten
partial conversion to Za thereby precfuding an 0-methylation mechanism §oi the bimolLecular
pormation of Za from Ta

We have recently shown] by cross-labeiling experiments that conversion of 1 to g is entirely
bimolecular with la {(n =1) and largely so with b (n=2), the endocyc]ic (unimolecular) process
being observed as a minor pathway only at concentrations below 10
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We now report experiments which not only provide insight into the nature of the bimolecular methyl
transfer, but also (a) show the relative nucleophilicities of a tertiary amine and a sulfo anion
toward a methy] group in a non-polar solvent, and (b) demonstrate the application of ]80 isotope
shifts in

Scheme 1 shows two simple mechanisms, respectively the "N-methylation” and "0-methylation"
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Cmr spectra to the study of reactions of sulfonic esters.
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processes, consistent with the observed bimolecular kinetics.
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N-Methylation of amines by sulfonic esters is well-known to be a facile reaction, and in aqueous
media, at least, amines are much more nucleophilic than sulfo anions.3 We have recently found,4
however, that substrate-reagent ion-pair (SRIP) reactions of betylate sulfonates (ﬂ) readily

give sulfonic esters (§) under essentially the same conditions as those used for the conversion
of 1 to 2.
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In addition, methyl transfer to a sulfo anion (0-methylation) is a Hughes-Ingold "type 1" S
reaction5 and hence would be expected to be subject to a "small" rate increase with decrease in
solvent polarity, while N-methylation is a "type 2" displacement in which there is an increase in
charge separation on formation of the transition state and which should therefore show a "large"
decrease in rate with lowering of solvent po]arity.5 The net result is that in the absence of

more quantitative information the relative reactivities of the sulfo anion and the amino group

in benzene cannot be safety predicted from their behavior in water.

Information on the point may be obtained, however, by a simple experiment starting with lg
labelled exclusively at the ether oxygen, as in E. It is evident from Scheme 1 that 2n molecules
of lg reacting by the N-methylation mechanism simply give 2n molecules of gg. By the
O-methylation route, however, 2n molecules of la give n molecules of 2a and n molecules of la;
starting with lg-g_(lg labelled as in E - see Fig. 1) the la produced from 2n molecules would
have the ]80 scrambled, i.e. would consist of n/3 molecules 0% la-E and 2n/3 molecules of la-S
(neglecting isotope effects). The extent to which 0- methy]at1on contributes to formation of 2a
may therefore be readily found by determining the amount of 18 O scrambling in unreacted start1ng
material as the reaction of la-E proceeds.

The recent observationsNSf useful ]80—isotope effects in ]3Cmr chemical shifts in species such
as carboxylic esters6 prompted us to see if comparable effects would appear with sulfonic esters
and hence provide a simple way of finding the extent of scramb]ing with labelled la. Accordingly,
samples of ]80-1abe11ed norbetylate7 6 were prepared8 and their 3Cmr spectra e;;m1ned ?

From Fig. 1 {a)-(c) it is evident thaE the ]80CH3 signal in a methoxysulfonyl grouping is about
1.7 Hz (at 50.3 MHz) upf1e1d from that of the corresponding ]GOCH resonance (in either _16 N
]60CH3 or —5180]60 OCH3 species) and, hence, that any formation of scrambled 1a would be eas11y
detected. We have carried out partial reaction of 0 Tabelled ]a prepared from Sample A.
Unreacted la after 33% and 66% conversion to 2a was isolated as the norbetylate (6). The ]3Cmr
spectra 0f~zhese samples are shown in Fig. 1 (d) and (e), and it is evident that tﬂere is no

sign of any scrambling whatsoever. This observation clearly precludes significant (>10%)
incursion of the 0-methylation process and is fully consistent with the N-methylation mechanism
for the bimolecular reaction of la. In addition, this shows the tertiary amino group to be more
nucleophilic than a sulfo anion ngard a methoxysulfonyl function in benzene solution, and hence,
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FIGURE 1. ]3Cmr signals of the methoxyl carbons of ]80—1abe11ed samples of §. Numbers give

chemical shifts in p.p.m. from TMS.

presumably, in other non-polar media as well.
The usefulness of ]80-1abe1]ing in studying reactions of sulfonic esters has been shown by

The present results show that ]80

the extensive pioneering work of Goering and co-worker's.]0
isotope shifts in ]3Cmr spectra of these compounds provide a particularly easy method for
making use of this valuable technique.

Finally, making the reasonable assumption that the bimolecular reaction of 19 is similar
to that of lg we may now improve our assignment of the effective concentration, Qeff’ of the

endocyclic (i.e. unimolecular) methyl transfer reaction] of 1b.

Defining
k .
C - —endocyclic
“eff E]
and assigning 51 = ob /2 on the basis of the N-methylation mechanism (rather than k] = gobs as

would be required by the 0O-methylation route), we obtain a value of 2.1 x 10 M as our best
estimate for Eeff for the endocyclic reaction of 1b.
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