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INTRODUCTION: Bohlmann reported that quinolizidine derivatives pos-
sessing a trans ring juncture exhibit characteristic absorption bands
in the infrared (1), These bands appear at 2700-2800 on'l and are
characteristic of hydrogens on carbon atoms adjacent to the nitrogen
oriented trans to the lone pair. Several coriteria were established
and the absorption was considered dus to a type of interaction between
the lone pair and the trans Sog bond, The NMR spectra of quinolizi-
dine (I) and b-methylquinolizidine (II) were examined in an attempt
to determine more precisely the nature of such an interaction, and as
models during the course of the investigation of the spectra of Lupin
alkaloids.

ASSIGNMENTS: The lowest field signal in quinolizidine (I) appeared
as a doublet, T=7.18, 7.3L, corresponding to two protons*‘. The re-
mainder of the absorption was represented by a broad peak centered

near 8.5t with a distinct shoulder at ca. 8.0, roughly correspond-

#; The present chemical shifts are slightly different from those of
Katritzky (5) due to the differences in solvent, i.e. DCCly vs. CCle.
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ing tv one proton. The area of the lowest field signal excluded as-
signment to the Cig-proton and the shape, the narrow band width of
each peak, indicated that the signal is due to equatorially, rather
than axially oriented protons. This hypothesis was confirmed inde-
pendenily as follows,

The spectrum of quinolizidine (I), of, FIG, 1, in TFA (tri-
fluoroscetic acid) exhibited three distinct signals: a doublet with
peaks &t 6,41 and 6.627, similar in appearance to the low field
signal of I in DCCl;, roughly corresponding to two protons; a broad
diffuse peak near 7.0 approximately equivalent to three protons and
a large peak corresponding to the remaining protons at 8,19« . Due

to the protonation of the quaternary nitrogen, the signals of all

(uinolizidine (I) in

a, DCC1,y
b. TFA

HeyHeeq BepHe ,Hiogy

HesBagq Hiogy !

e m e

FIGURE 1. MR of Quinolizidine (I)
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hydrogens adjacent to the nitrogen shift to sufficiently low fields
80 as to be clearly distinguishable. Thus the distinct doublet ean
be reasonably assigned to the equatorial Cq and Cg protons and the
broad absorption near 7.0X to the axial protons at Cq, Cg and Cige
The assignment of the lowest field signal to the equatorial protoms
parallels the assignments in carbohydrates and in the cyclohexane
series (2). Purther confirmation of these assignments was obtained
from the spectrum of 4-methylquinolizidime (II)™® in which the methyl
substituent was equatorially oriented. The spectrum exhibited only
one low field signal, a diffuse doutlet at as., 6.7 corresponding to
a single proton, which can definitely be assigned to the Cg equa-
torial hydrogen. A high field doublet due to the methyl group was
otserved at 83,877, J = 6 cps.

The chemiocal shift of the axial C4 and Cq protons of I in DCCl,
was determined by the decoupling techmique which showed these axial
protons to absork at 0.93 ? to higher field compared with the
equatorial protons.

DISCUSSION: Interestingly, the chemical shift difference of 0.93ppm
of E‘: versus ne q’ although substantially larger then ebserved in
cyclohexane and sugar acetate derivatives (2), is comparable {ca.
0.5ppm) when the mitrogen lome pair is effectively bound as inm TFA
solutions. Furthermore, the ¢-proton sigmals of F-alkylpiperidine

#; The sample of L-methylquinmolizidine was preparsi by the procedure
described dy Katritzky (5). The methyl group is trans to the Ce
axial proton and the trans ring juncture was confirmed by character-
"istic bBands in the imfrared spectrum.

#*3 The band width of irradiation is S ops.
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derivaiives appear near 7.7t or approximately midway between H,
and B, signals of quinolisidine (1) (3). Presumably this large
shift difference might be observed in piperidine derivatives of
fixed chair conformation.

he rationalisation of -the phenomena observed in the infrared
and NMR will be made in terms of the difference in the eleotromio
bonding character between c.pﬂ.q and c..n.x, Two factors can be
deducei from Bohlmann’s dats whioh show that the force sonstant
for the c.-x.! stretohing is smaller than for c‘-H.q.

1. Thep character of the Cy atomic ordital in the Co-H, . di-
rection is larger than in the c.-n‘q.

2, The bonding energy of the axial Cq-H bond is decreased
which can be explained by participatiom of theinitrogen lomne pair
in an satibonding G orbital between Cq and the axial hydrogen (of.
Fig 2),

Four possible factors can be oconsidered as causing the observed
chemiocal shift difference between the axial and equatorial Cg and
Cg-hydrogens of quinolizidine,

1. The electron density at the axial hydrogen is greater than
st the equatorial hydrogen atom,

2, The satomic magnetic susceptibility of Cq is more diamagnetic
for the axial componemt than for the equatorial. This can be ex-
plained by partial double bond charscter between Gy -N, thus placing
the axial proton perpendicular to this double bomd.

3. There is an effect arising from the magnetic anisotropy of
nitrogen. However if this were the case, the anisotropic suscepti-

billity in the direotion of the lone pair should be diamagnetic since
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the chemical shift of !I.x is higher than H‘q. Baut previous studies
on morphine derivatives show qualitatively that the magnetioc suscept-
ibility in this direction is paramagmetio (k).

L. An electric field affects n‘q more strongly than K“.
Such an eleotric field effeot would originate from the dipole moment
assogiated with the nitrogen lome pair, However the difference of
such an effect on H.x and H.q is rather saall and could not aseount

*
for the observed shift difference, ‘.

6
FIGURE 2.
From the above considerations regarding the infrared and HMR
the following rationalization is proposed. In saturated oyclie
nitrogen compounds in which the direction of the nitrogen lone pair

is fixed, partial participation of the lone pair in » cr*c-Hu

orbital on the adjacent earbon takes place. The partioipation of an

*, An electric field at Bax and H.q is represented by : E =
“1—;3—-L §“9).1., where R = 21, the distance from N to Ha.x or neq 3
eax = h5° 3 Oe = 90°; .= 1 D,u., dipole moment of N atom.
Then B, =572 x 1/8 x 10® e.s,u. and Eeq =1/8 x 10° e.s.u..

The difference of the chemical shift due to an electric field is ;
A0E = -2 x 10’“13z - 10718E? (b), E, is almost zero, thus 4JE -
0.04 x 107® and Eeq = 0,01k x 107, This magnitude could not ac-
count for the observed value.
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electron in such a o’c-n_x orbital allows some overlap between the
6’ and lone pair orbitals generating some doudble bond character
detween Cq and N, and simultaneously increasing the electron density
at the Cq¢ axial proton. Such an interaction can only be expected in
the E‘x direction since & o? C-H.q orbital 1lies in a plane perpen-
dicular to the lone pair.

Thus the diamagnetic anisotropic susceptibility of Cq4 (and also
at the squivalent Ce-position) in the c.-nax direction is larger
due to partial Cq-N double bond ahaz-meter'”ls and the inoreased elec-
tron density at H¢‘x could account for the unusually large shift
difference between the axial and equatorial hydrogens at C4 (and also
C¢) in quinolizidine derivatives. This also rationalizes Bohlmann’s
trans quinolizidine band in the infrared.
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*s The magnetic anisotropy of a doubly bonded carbon atom @X) is
given ag -13.5 x 1073° e,s,m,c.g8.8. (of, ref, 4) and the difference
of the chemical shift betwean Ha and H is represented by

[(I-Bcoszonx)Ax _ (1-3:353001)£]a
R =

L]
Using the values, R = 1.14, &, = 0°, @ = 90°, the chemical shift
difference of Ha and B is 1

ax

X q -
AG = -Rzaa o 13.5 xiO x3

The value of g (the state density of hyperconjugation) is about 3 %
from the observed 46 (0.93 ppm). This seems to be of the right order
of magnitude on the basis of an independent calculation by the second
order perterbation method.
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