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The chemical shift nonequivalence of diastereotopic™ nuclei has been observed in many

types of compounds4 and has often provided valuable information concerning the symmetry and
structure of the molecules in which it has been observed, 3

The obser_vation6 of chemical shift nonequivalence of benzyl protons in sulfenamides 1
implies a chiral conformation such as 2a (or 2b) as the ground state for la,b,d,e. The
coalescence of benzyl protons at elevated temperatures corresponds to the degenerate racemi-

zation of 1 (except for R = CH2C6H5).
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This process, 2a == 2a', involves two transition states and two free energies of activation,
corresponding to rotation around the N-S bond and inversion of the nitrogen pyramid. The free
energy for degenerate racemization, as measured by the free energy of activation for exchange
of diastereotopic protons, of necessity, corresponds only to the higher of the two transition
states. We had earlier pointed out that slow rotation due to p-d w-bonding does not offer a
convincing rationale for the observed low temperature nonequivalence of diastereotopic protons
in 1c. The assignment for the oxygen analogs, N, N, O-trialkylhydroxylamines, 7 and the ex-

tensive evidence that nitrogen inversion is dramatically slowed by the presence of an adjacent
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heteroatom in three and four membered rings and bicyclic system58 suggested that slow
mnitrogen inversion due to lone-pair lone-pair repulsions could satisfactorily account for the
observed n, m.r. behavior. We now report that further studies on the variable temperature
n.m.r. spectra of 1 and 3 provides compelling evidence that this suggestion is in error and
that the chemical shift nonequivalence of 1 results from an extraordinarily high barrier to
rotation around the nitrogen-sulfur bond. 19

By contrast with the nitrogen pyramid in amines, amide nitrogen in succinimides is either
planar, or very close to planar with a very small inversion ba,rrier.10 As a consequence, we can
be sure that the barrier to inversion in N-trichloromethanesulfenyl-2,2-dimethylsuccinimide,

3, if one does exist, will be very small in comparison to those observed for the N, N-dialkyl-
sulfenamides. The barriers to nitrogen inversion in N-acylaziridines are at least 10 kcal mole
lower than those in alkyl aziridines. 1 The low temperature n. m.r. spectrum of 3 does,
however, exhibit chemical shift nonequivalence of diastereotopic methyl groups. The free
energy of activation for exchange in 3 is somewhat smaller than those for dialkylsulfenamides

i ('i‘able I) but the difference is far smaller than that to be expected were nitrogen inversion
the process corresponding to coalescence. It may be concluded that a substantial barrier to
rotation about the nitrogen-sulfur bond obtains in 3,

Evidence that slow rotation is responsible for the barrier to interchange of diastereotopic
benzyl methylene hydrogens in 1, as well, lies in the steric effect on the barrier. Were slow
inversion associated with coalescence, increase in the steric bulk of R would be accompanied
by a decrease in the free energy of activation since steric hindrance is greater in the ground-
state than in the transition state. The transition state for rotation, on the other hand,
involves increased steric hindrance as the trichloromethyl group passes the alkyl group on
nitrogen and steric decelgration is expected, Examination of the data for ia-e (Table I)
indicates that steric deceleration is observed.

These two independent experiments provide compelling evidence that a substantial tor-
tional barrier exists in sulfenamides, probably as the result of lone-pair lone-pair inter-
actions and suggest that torsional barriers may well be involved in the low temperature
chemical shift nonequivalence in related compounds such as sulﬁ.namide312 and hydroxyl-
amines. 7 Although it has been established that in cyclic (3 and 4 member ring) hydroxyl-
amines the barrier to inversion is substantial, it should be noted that in these compounds
the planarity (or near planarity) of ring system constrains the disposition of lone pairs of
electrons on nitrogen and oxygen into a geometry of maximum interaction. However, the
ground state in acyclic analogs, such as the sulfenamides discussed, is one in which the

respective lone pairs of electrons can achieve a geometry of minimum interaction.
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a R-= CH3 H3C
N——SCCI3
b R = CH ZCH3
c R = CHZC6H5
d R = CH(CH3)Z 3
e R = CloHls(adamantyl)
TABLE I
c
Compound Solvent 2 J Tc b AG’
P AV max AB . .
. . in degrees in kcal mole
in Hz in Hz .
Kelvin
1a cpel, 8.5 14.5 290° 14.4
1b cpcl, 7.6 15.0 313° 15.6
tc cocl, 8.6 14.8 301° 15.3
1d cDCl, 5.4 15. 4 318° 15.9
ie Bromobenzene 20.9 15.9 341° 17.0
3 cocl, 3.3 ———- 220° 11.8
a Spectra measured on ca. 10% solutions using a Varian A60-A
spectrometer equipped with variable temperature accessory.
b Temperatures were calibrated using methanol spectra and are
considered accurate to 1 3°C.
c

Free energies of activation at the coalescence temperature were
calculated using the equation of Kurland et.al. {R.J. Kurland,
M, B. Rubin and W.B. Wise, J. Chem. Phys., 40, 2426 (1964)
and the Eyring equation. The uncertainty in Tc results in an
uncertainty in &G¥ of T 0.2 kcal mole.
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