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Following the example set by Closs, numerous workers have used NMR
spectroscopy in their studies of the stereochemistry of quaternization
reactions of cyclic amines.(j) Most of these studies have been with piper-

idine derivatives,(3*-%)

In general, the ratio of diastereomeric quater-
nary salts formed in & given reaction has been taken as equal to the
intensity ratio of NMR bands due to similar exo-g-hydrogens, usually N
methyl hydrogens, in the diastereomers. Further, stereochemical assign-
ments have often been based on the relative frequencies of these exo-x-
hydrogen bands. Although aqueous solutions of diastereameric quaternary
salts have been most commonly used to obtain their NMR spectra, other
solvents, chloroform in particular, have also been used. Surprisingly,
there appears to have been little consideration given to the possibility
that the relative resonance frequencies of exo-y-hydrogen bands of dias-
tereomeric quaternary salts might be dependent on solvent.

In the course of our studies on the stereochemistry of quaterniza=
tions, we have recorded MMR spectra of several pairs of diastereomeric N-
methyl- and N-benzylpiperidinium salts in deuteriochloroform and deuterium
oxide. Examination of the data summarized in Table I reveals that for

every pair of diastereomeric N,N-dialkylpiperidinium helides, change of
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TABLE I
Resonance Frequencies of exo-®-Hydrogen Bands in NMR
Spectra of Diastereomeric L-Substituted-lf,li-Dialkylpiperidinium Salts

NCH; and/or NCHp ©

RoN' X~ Solvent Resonance Freguencies,
T-Scale, ppm 2¢
eq a
+ ,CHg - NCCla 6.62 6,70
O I
NCoHg D20 6.9%
) DCCl, 6.94 7.02
©503 D50 6.98 7.0k
oH DCCLle 6.62 6.78
&+ 7008 17
c-CeHya- ~ Dzl 6.95 T.00
Clls A DCClg 6.98 7.11
$%03 D20 7.1k 7.25
_CHz ¢ A DCC1, .95 5,12
c-CgHay- N c1 D20 5,19
DCCls b, 728 5.10%
4+ CHz @ R DCCls 6.67 6.9
E—C4Hs-<:\/N\CH3 c1 D20 5453 5. 500
D0 7.0h 6.99

BSee the accompanying communication [A. T. Bottini and M. K. O'Rell,
Tetrahedron Letters, (1966)] for the basis of the stereochemical

assignments. bNMR spectra were determined of 10-20% solutions of

diastereomeric mixtures with a Varian Associates A-60A system. Chemical
shifts, which are considered accurate to #0.02 ppm, were determined
relative to internal tetramethylsilane (t 10.00) or sodium 2,2-dimethyl=~
2-silapentane-S-sulfonate (T 10.00). See Ref. 4. Chemical shift
differences are considered accurate to 0,01 ppm. cAnion-dependent
chemical shifts similar to those recorded here have been recorded vy

others. See ref. 3a. d'I-I-Benzyl resonance.
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solvent from deuteriochloroform to deuterium oxide causes the band due to
equatorial g-hydrogens to undergo a greater upfield shift than that of the
similar axial hydrogens. Note that for the diastereomeric h-z-butyl-ﬂ—
benzyl-N-methylpiperidinium chlorides, the equatorial methyl band appears
at higher field (t 7.0k ppm) than the axial methyl band (T 6.99 ppm) in
the spectrum of the deuterium oxide solution; in the spectrum of the
deuteriochloroform solution, the equatorial methyl band appears at lower
field (r 6.67 ppm) than the axial methyl band (76.79 ppm). Not incident-
ally, the chemical shifts between exo-g=hydrogen bands useful for
determination of piperidinium halide product ratios are greater in
deuteriochloroform than in deuterium oxide, Indeed, no chemical shift
is discernible between the N-methyl or N-benzyl resonances in the NMR
spectra of deuterium oxide solutions of two pairs of the diastereomeric
halides, Interestingly, although the exo-g-hydrogen bands of the
diastereomeric piperidinium benzenesulfonates are shifted to higher field
when the solvent is changed from deuteriochloroform to deuterium oxide,
the difference in chemical shifts is nearly the same in both solvents.,
Our data provide & strong argument for why product ratios from
quaternization reactions should, if possible, be based on spectra taken
in chloroform (or DCClz) as well as water (or DZ0). The degree of solvent
dependence shown by the various exo-g-hydrogen bands may also prove useful

in assigmments of stereochemistry.
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