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Studies of Tertiary Amine Oxides. Part1 15, Carbon - 13
nuclear magnetic resonance spectra of some N-(4-substitu-
ted phenyl) piperidine, the correspornding N-oxides, and

their thermal-rearrangement product.

Abdul-Hussain Khuthier*, Jasim M.A. Al-Rawi & Salim Y. Hanna,
Department of Chemistry, College of Science, University of

Mosul, Mosul, IRAQ.

Abstract:

The carbon-13 chemical shifts of seven N-(4-substitu-
ted phenyl) piperidine; the corresponding N-oxides, and their
thermal rearrangement products were analyzed and assigned.
The N-oxidation effect on the carbon-13 chemical shift is
discussed, a correlation of N-oxidation effect with substi-
tuent constant (g—., Gan57 and cfﬁ) has been studied; dual

p
substituent-parameter equation produce better correlation.

Introduction:
As part of our interest in the chemistry of tertiary

amine N-oxide we have found in a recent publication2 that

549
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N-(4-substituted phenyl) piperidine N-oxides undergo a
facile thermal isomerization to O-(4-substituted phenyl)

-N-hydroxy piperidines (scheme 1) through a mechanism have

3
named as SNAri .

eat
HCO H
1 2 3
Compound no. Y Compound no, Y
a —NO2 8 9 10
5 e -COZCHZCH3
b -CN 8
8 9 f —CONH2
c -COie
g -H
1 1
8 9
d -CO 12
(Scheme 1)

NMR Spectroscopy is a powerful tool for studying the
electronic behaviour of the N-oxide function; the N-oxida-
tion effect on the carbon-13 chemical shift of a number of
N-oxide molecules have been studied and correlated qualita-
tively with molecular environment4’5. However there have
been no previous attempts in the literature to correlate
quantitatively the electronic substituent constant with
the N-oxidation effect on the carbon-13 chemical shift in
aliphatic tertiary amine oxides. The present work is concer-

ned with the carbon-13 chemical shift assignment and the corre-
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lation of substituent chemical shift (SCS) in the N-oxida-
tion effect (SCS % A§ €)', in some N-(4-substituted phenyl)
piperidine (1) (Scheme 1), with Hammett parameters6 c-p, e
(y;, and separate polar and mesomeric parameters9 CS}, cy;.

Analysis of the N-oxidation effect using the dual substitu-

ent parameters( eq. 1) yield correlations with good precisions,

scs=c+PIO‘I+pR53h e (1)

Results and Discussion:

The assignment of carbon-13 chemical shift:

Proton decoupled as well as coupled spectra were used
in the assignment of the carbon-13 chemical shift of the
amines (1) (Table 1), the amine oxides (2) (Table 2) and
their rearrangement products (3) (Table 3).

The para-substituent increments7 were used to calculate
the carbon-13 chemical shift of the aromatic ring carbons in
the amines, and the amine oxides starting from phenyl pipe-
ridine and phenyl piperidine N-oxide respectively.

Table (1) showed the observed and the calculated carbon-
13 chemical shifts of the aromatic ring carbons for the ami-
nes with a very good agreement, A gated experiment for com-

pound la in which C-2, $ 112.4 ('J = 158.4 Hz: 2J = 5.6 Hz);

C-3, §126 (*J = 173.6 Hz, 2J = 4.8 Hz) provides further sup-
port for the above assignment. Similarly the assignment of
aromatic ring carbons in the N-oxide (2) was made using the
first and second order couplings, for C-1 in compound 2a,

$161.2, (9 = 3 Hz; 3J = 5 Hz (meta coupling®); c-2,
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S 122.5 (}d = 170 Hz, 23 = 2.5 Hz); C-3, S124.5 (1J =-162

Hz, 23 = 3 Hz), C-4, & 147.9 (*J = 4 Hz; 3J = 6 Hz (meta
coupling)). The same approach was followed in the assign-
ments of aromatic ring carbon in the rearrangement products

(3); (for 3a, c-2, $113.8 (}J = 162 Hz, 2J = 5 Hz); C-3, &

125.8 (}J = 165 Hz, 2J = 6 Hz).

The carbon-13 chemical shifts for the heterocyclic SP3
carbons (piperidine ring) were obtained using the previously

reported4’5

values for the heterocyclic saturated carbon
atoms of the amines, the amine oxides and the rearrangement

products.

The N-oxidation effect:

The N-oxidation of compounds (la-g) to the corresponding
N-oxides (2a-g) resulted in deshielding of C-1, C-2 and C-4
(Table 4). This deshielding is a result of the N-oxidation
reaction which utilized the lone pair of the nitrogen of the
amine by the oxygen of the N-oxide. The conversion of the
amine to the N-oxide results in interruption of delocalisa-
tion of the amine nitrogen lone pair through the aromatic
ring (Scheme 2), and so a deshielding is expected for ortho-
and para-carbons. On the other hand the C-3 was somewhat un-
affected by the N-oxidation with a small shielding (0.3 - 1.6
p.p.m.).

The heterocyclic ring carbon C-5 showed deshielding by
(18.3 - 20.8 p.p.m.) as a result of the N-oxidation while C-6

and C-7 showed a shielding of (2.3 - 5.1 p.p.m.) (Table 4).
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induced polarization only

(Scheme 2)

The N-oxidation effects and the correlation analysis:

It has been shown that various equations with one and
two parameters can be successfully used for correlation of
the para-substituent effect on the carbon-13 chemical shifts
(C-p-SCS) of aromatic compoundslo, (e.g. equation 1).

In Hammett plots of substituent chemical shift (SCS) in
the N-oxidation effect (SCS % AS C-1) vs. G"p and G va-
lues the correlation coefficient (r) = 0.94 and 0.92 respect-
ively. However, the use of a dual parameter G;R and G—I (eq.
2) gives a better correlation (Figure);, r = 0.96

(SCSxAS C-1) = 5.499 + 2.197 O + 0.31 + 5.693 o°—R

I+

1.93 ...(2).
The general predominant term (5.693 /’R) has been attri-

buted to the effect of X -electron delocalization in amines

as represented by scheme (2). The second term (2.197 }QI) is

attributed to the effect of substituent induced polarization

of the ring XA ~electrons. Therefore the substituent interacts

in two mechanisms: resonance substituent effect mechanism and

through-space transmission and polarization of the ring
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Fig. Plot of (SCS* C-1) observed VS. (SCS* C-1)

calculated according to equation (2).

X-electrons with no net electron transfer between the substi-
tuent and the ring KR-electrons (Scheme 2). The relative im-

portance of factors operating in the N-oxidation effect can

be estimated from the ratio fgﬁ - 5.693

2 2.197
The magnitude of the ratio means that resonance is always

= 2.6.

stronger than inductive effect at C-1 N-oxidation effect. The
(SCS) in the N-oxidation effect on the aromatic C-2 (SCS %48
C-2) is found to be fairly correlated with the substituent

constant G—m (r = 0.9) whereas correlation with dual parameters



04: 03 30 January 2011

Downl oaded At:

TERTIARY AMINE OXIDES. XV 559

o] and Cf% equation (3) produces only very slight improvement

(r = 0.91).

(scs *x& & c-2) = 0.566 + 4.459 O, +1.07 +13.12 G

1+

6.72  ....... vl (3)

On the other hand poor correlation was found between the
(SCS x 65 C-3) and (SCS x A & C-4) and Hammett substituent

constants.

EXPERIMENTAL:
Synthesis:

The tertiary amines were synthesized by nucleophilic
substitution of piperidine with 4-substituted fluorobenzene
in dimethyl sulphoxide. The N-oxides were prepared by oxida-
tion of the tertiary amines with performic acid (a mixture
of 98 % formic acid and 30 % hydrogen peroxide). Rearrange-
ment of the tertiary amine N-oxides was performed by heating
the free base in dioxane for 3 hrs. The products were puri-
fied by column chromatography with neutral alumina. The pre-
parative details of these compounds are reported in refer-

ence (2).

Carbon-13 NMR Spectra:

Proton decoupled and coupled spectra were obtained on a
Bruker WH 90 DS spectrometer equipped with an Aspect 2000,
32k computer operating at 22.63MHz for 13C NMR with internal
deuterium lock. The spectral width was 6024 Hz; a flip angle
of 45° was used and the free induction decay was accumulated

in 8k, and the frequency domain spectra obtained in 4k, data
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points, Samples were dissolved in CDCL

KHUTHIER, AL-RAWI AND HANNA

3 10 - 15 % by V/V or

W/V in a 10 mm O.D. Wilmad tube and a few drops of TMS were

added as internal reference.
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