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PROTONATION INDUCED CARBON-13 NMR SHIFTS IN PROTONATED CYCLIC AMINES*
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Abgtract - Protonation induced Carbon-13 NMR chemical shifts are measured for
five eyelic amines (1-5). The effect of 22? hybridized positive eharge on the
chemical shifts of remote carbon atoms in protonated eyclic aminss is com-

pared with the effect of EE? hybridized positive charge on the chemical shifts

of remote earbon atoms in aryleyelic carbocations.

Recently, we observed that the effect of positive charge (C+ center) on the chemical shifts

of remote carbon atoms in cyclic carbocations is markedly dependent on the ring size and conforma-

1,2

tional characteristics. It was of interest to study the effect of positive charge on the chem-

ical shifts of remote carbon atoms in protonated cyclic amines (]-5),
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In addition to providing the effect of ring size on the protonation induced Carbon-13 NMR
shifts, the data would aiso allow the comparison of the effect of gg? hybridized positive charge on
the chemical shifts of remote carbon atoms in protonated cyclic amines with the effect of EE?
hybridized positive charge on the chemical shifts of remote carbon atoms in arylcyclic carbo-
cations.

Protonation induced Carbon-13 NMR shifts have been reported for some cyclic amines.3 Tri-
fluoroacetic acid was used as the medium in this study. However, it has been reported that {n

some cases the salts precipitated in this medium. We have observed that clear solutions of the amine

{mol1 10%) can be prepared in fluorosulfuric acid, The amine was added to FSO3H in an 8-mm NMR

*Dadicated to Professor Herbert C. Brown for his contributions to chemistry on the occasion of his
70th birthday.

—127—




tube at -78°C and the contents were slowly warmed to 25°C with stirring, The 136 NMR spectra were
recorded at 25°C on a Varian CFT-20 spectrometer, using 8192 data points, a spectral width of
4000 Hz, and a pulse angle of 45°, The chemical shifts of the protonated amines are surmarized in

Table I, along with the shifts observed for the parent amines,

TABLE 1. 3¢ $hifts® of Free Imines” and Pratonated Amines
System Chemical Shift®
§Ca ASCa SCR ASCB §Cy ASCY

] N 48.1 22.1

N, " 50.7 2.6 19.6 +2.5
2 NH 47.1 25,7

Ny 48.9 -1.8 28.6 +.1
3 NH 47.6 27.4 25.3

NH2+ 47.9 -0.3 23.5 +3.9 22.3 +3.0
4 NH 49.3 31.5 27.1

N, 49.6 -0.3 26.8 +4,7 25.9 4.2
5 N : 47.9 26.9 20.9

't 29.2 1.3 23.4 +3.5 19.7 +1.2

%The chemical shifts (8C) are in ppm downfield from tetramethylsilane. The chemical shifts of
the amines are measured in CDCI3 with internal tetramethylsilane. The chemical shifts of the pro-
tonated amines are measured in F803H using 8-mm NMR tubes containing a concentric 3-mm (outside
diameter} capillary tube of acetone-d6 and tetramethylsilane. bA11 of the amines used here are
compercially available. “Protonation shifts 48C = AECNH - AﬁCNH2+. The plus and minus signs mean

the upfield and downfield pretonation shifts, respectively,

The o-carbon atoms in these amines (]-5) undergo downfield (deshielding) shifts on protonation.
This can be attributed to the inductive effect of the positive charge. Such downfield shifts were
observed for the a-carbon atoms in arylcyclic carbocations with increasing the positive charge at
the cationic carhon center.]’2

The B-carbon atoms in the amines (]-5) undergo upfield shift (shielding) on protonation. It
has been suggested4 that the cause for such a shift may be either & o-inductive effect3 or an
electrostatic-field effect.5 The g-inductive effect has been suggested to alternate and attenuate
along the carbon skeleton.3 It i5 also suggested to be dependent on the conformation of the ring
system.3 The electrostatic-field effect has bheen suggested to operate through space and depend on
the electric field of the positive charge,distance between the positive charge and the 136 site and

orbital orientations.5 Although differentiation of these two effects is difficult, the
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observed results indicate that the upfield shift is highly dependent on conformation., In a
refatively planar ring system, such as the pyrrolidine (7) system, the upfield shift is relatively
small compared to the puckered (chair-boat) piperidine (3) system. The relatively larger protona-
tion upfield shift observed for the B-carbon atom in azetidine (]) system might indicate the puck-
ered nature of the ring system. The upfield shift observed for the g8-carbon atom in hexamethylene-
imine (4) is comparable to that observed for the piperidine (3) system. A similar upfield shift is
observed for the gquinuclidine (G) system. ‘

The g-inductive effect of the positive charge in protonated amines wouid be expected to fall
off sharply as the distance between the positive charge and the 13c site increases. However, the

]36 site could

electrostatic-field effect could still be effective if the positive charge and the
come closer in space because of conformational characteristics. Indeed, the magnitude of the up-
field shift (+3.0} observed for the y-carbon atom in the piperidine system (3) is comparable to
that observed for the B-carbon atom. Accordingly, it appears that the electrostatic-field effect
contributes more to the observed upfield shifts.

1t is of interest to note that the EE? hybridized positive charge in carbocations causes down-
field shift compared to the upfield shift induced by the gE? hybridized charge in protonated amines.

For example, increasing the positive charge at the c¢* center in 1-aryl-1-cyclohexyl carbocations

(p-OCH3 to p~CF3) causes downfield shift at the B-carbon atom by 11.3 ppm.1 This is attributed to
1

the hyperconjugative interaction of the B-carbon orbitals with the c+ center.

B
o
4
b 8
L= p»OCH3, GCB = 35.4 L= p-OCHa, 8Cy = 39.8 Z = p-0CH,, 8Cg = 26.5
= p—CFS. GCB = 46,7 Z= p-CF3, §Cy = 38.3 Z= p—CF3. 6C5 = 25.5

The inductive and hyperconjugative interactions between the ¢t center and the remote 13C site
in carbocations would fall off sharply as the distance between the two sites increases. Conse-
quently, one would expect the c* center to cause upfield shift for certain remote 136 sites similar

to the effect observed for protonated amines. Indeed, at Teast in two cases (7 and 8), such up-
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field shifts are observed.z’6 Since the inductive and hyperconjugative effects generally cause
downfieid shifts for the 52? hybridized carbocations, the upfield shifts observed with increasing
positive charge at the ¢t center in systems 7 and § appear to be due to the electrostatic-field
effect of the positive charge. Consequently, these observations substantiate the conclusion that
the upfield shifts observed for - and y-carbon atoms in protonated amines (]-5) are primarily due
to the electrostatic-field effect of the positive charge on these carbon atoms.
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