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13C-NMR SPECTRA OF AROMATIC N-OXIDES °
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13

The C-NMR spectra of six aromatic N-oxides have

been measured and assigned, Empirical substituent
effects on carbon chemical shifts in a-, -, and
j-positions to the NO-group are derived. A strong
shielding effect for carbons in peri-position is

found.

The TH-NMR spectra of aromatic N-oxides have been profoundly

T3C

studied,1 but systematic -NMR investigations of these com-

2-4

pounds are relatively rare. Since N-oxidation is expected to

13C—NMR parameters of aroma-

13

have a pronounced effect alsc on the
tic amines, we decided to measure -the C-NMR spectra of a:number
of parent systems. In the present communication we report data for
pyridine-N-oxide (;), quinoline-N-oxide (2), isoquinoline-N-oxide

(3}, quinoxaline-N-oxide (¢), quinoxaline-di-N-oxide (§), and

1

*Dedicated to Professor Tetsuo Nozoe on the occagion of his
77th birthday.
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phenazine-di-N-oxide (g).
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Results

Table 1 summarizes the chemical shift data for I - §, those
assigned with the help of HMO-atom,atom polarizabilities as dis-
cuésed below are given in italiecs. In Table 2 the 1J(13C,1H)
data as determined directly from the splittings in the undecoup-
led spectra are collected. They served to support the assignments
derived by independent methods or were used to distinguish reson-
ances of tertiary carbons in the carbocyclic rings of 2 - g from
those of these carbons in the heterocyclic rings since it was
found that the magnitude of these couplings differs considerably.
A number of assignments have been established using the following
experimental observations: In the case of 1 the relative signal

intensity and the magnitude of 1J(13C,1H) allowed to distinguish

C-4 from C-2, C-3, and C-~2 from C-3, C-4, respectively. In the

spectra of 2 and 3, guarternary carbons were detected by off-reson-

ance decoupling and assigned with the help of the substituent
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TABLE 1. 13C CHEMICAIL SHIFTS (IN PPM RELATIVE TOQ INTERNAL TMS)
FOR AROMATIC N-OXIDES I - §°
1 ® 2 2 . 5 g
c-1 -— -— -— 135.,9 -— - 120.3
c-2 139,1 ~139,8 135,2 - 130.1  130.4  131.2
c-3 126.4 128.1 121.1 136.6 146.1 130.4  131.2
c-4 126.4  132.7 125.3  124.2 -— -— 120.3
c~5 126.4 128.1 128.1 128.6 130.2 120.6 120.3
c-6 139.1  139.8 128.6 128.4 1306.2 132.1  131.2
c-7 -— _— 130.0 128.8 131.7 132.1  131.2
c-8 -— -— 119.2  124.7 118.9 120.6  120.3
c-9 -— p— 141.2 [129.4 137.5 138.6 136.2
c-10 - -— 130.3 |128.5 146.0 138.6 136.2
cone.© 1.0 1.0 1.0 1.0 1.0 1.5 0.1
a b c, '
solvent CDC13; solvent DZO; in mole/l.
TABLE 2. 1J(13C,1H) DATA (IN HZ) FOR AROMATIC N-OXIDES %_ - éa
¢-1 -2 c-3 c-4 -5 -6 c-7 c-8
1 ---  191,5 170.8 170.8 170.8 191.5 --—- -
;b -——  191.3 172.0 173.2 172.0 191.3 =--= -—
2 ---~  185.6 167.9 168.5 164,2 163,0 161.7 167.6
F 184.9 186.5 166.7 163.5 162.9 163.0 162.7
¢ --—-  188.6 185.2 =--- 166.5 166.5 164.5 173.9
5 -—  191,6 191.6 --- 175.7 167.2 167.2 175.7

asolvent CDC1l

37

bsolvent DO

2
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effects found for 1. Using selective 1H-—decoupling the d-values

for C-2 to C-8 in 2 and for C-1 and C~3 in g were established

since the corresponding 1H-data are known.1 In addition, line broad-
ening observed for signals of carbons in a-position to the NO-
group was of diagnostic value. Off-resonance decoupling led to

the detection of quarternary 13C-resonances of £, while the unde-
coupled spectrum of £ allowed a complete assignment on the basis

of the 1J(1_3C,1H) data for C—2,3 and the fingerprints5 observed

for the resonances of C-5,8 and C-6,7. Low solubility prevented

13- 1

the determination of C, H-coupling constants in the case of ¢,

The resonances of the remaining §arbons were assigned tenta-
tively using substituent effects of the N-oxide group calculated
with the help of the HMO atom-atom polarizabilities of the par-
ent amines. Recently we had shown that fhis procedure_that fol-

lows findings by Sardella6 vields satisfactory results in the case

of methoxycoumarines.7 Using only unequivocally assigned §-values
of compounds ] - 2 and excluding the data for C-8 of 2 (see below)

the following correlgtion was derived:

Sy(oy) = (-78.24 £.5.90) 7,  ; RMS = 1.35 ppm, R = 0.9790 (1)

where Si(aa) is the shielding-change induced for carbon j by the
substituent at position i, nij the atom-atom polarizability cal-
culated by the Hilckel method, RMS the root mean square error, and
R the correlation coefficient; (1) was used to predict the remain-
ing carbpn resonances {(italics in Table 1), the assignment of

1

which 1s further supported in several cases by J(13C,1H) data

and empirical substituent effects derived below (Table 3).
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Digeusston
Having now a set of chemical shift data for aromatic N-oxides
at hand, empirical shielding contributions for the N-oxide group

13C-data for the parent

can be elucidated using as reference the
heterocycles, pyridine (g), quinoline (g), isoquinoline (g), qui*
noxaline (12), and phenazine (;;),8 In order to avoid solvent ef-
fects, these chemical shifts were redetermined'using the experi-

mental conditions employed for the N-oxide measurements.

The result of this comparison is shown in Table 3. In all he-
terocyclic rings the a- and j-effects are large and positive,
while the S-effect is small and negative. N-oxidaEion thus leads
primarily to carbkon shielding in the @- and y-position. In con-
trast, protons in the neighborhood of the NO-group are strongly

2,4 the observaticn for the 13C-

deshielded.1 As already noted,
shifts is easily rationalized on the basis of the mesomeric struc-
tures Ig - Ig. It is also in agreement with the calculated CNDO/2
total charge density changes AQ of 0.1655, -0.0620, and 0.0880

for the a-, j-, and j-positions, respectively.

P - O ()
-~ - —

N N N TN
-0

Regarding the magnitude of the Ao-values, however, 1t appears
that gimple additivity rules are violated. This is most clearly

scen for the a-effect, For the pair 7/1 we find 9.9 ppm, whereas

—341—




TABLE 3. EMPIRICAL CONTRIBUTIONS Ag (PPM} TO CARBON SHIELDING
CONSTANTS ¢ FOR N-~OXIDATION AS DERIVED FROM A COMPARISCN OF

a
ARCMATIC N-OXIDES I - g WITH AROMATIC AMINES 7 - 11

1~
.
I

2/ oz 104 /5 11/¢

a-effects  9.9¢2) 14.9¢2) 16.7¢1) 14.9¢2) 15.7(3)
7.0(98) 6.5(3) 5.5(8) 7.3710) 7.8(9)

B-effects =2.2(3) =~0.4(3) -3.9(4) -1.1¢3) -0.3(2) ===
-2.2(10) =0.7(8) =2.9(10) -1.1(8) ---
10.2¢8) ===  10.6(8) 9.6(5) 10.7(1)

a-effects 9.874) 10.2(4) 7.2(20) =0.7(5) -1?9(6) -0.9(¢2)
-0.5¢5) 2.8(8) =2.0(7) =~1.7(8)/
-0.9¢7) ===

aposition given in parenthesis

the tertiary carbons in the bicyclic systems show upfield shifts
between 14.9 and 16.7 ppm. On the other hand, Aoc for the quar-

ternary carbons as well as C-3 in 3 is considerably smaller (5.5
to 7.3 ppm). These findings may be rationalized by assuming that

resonance structures that affect the benzene ring are less favored.

For 2 - & B- and g-effects can also be derived for carbons in
the annulated benzene ring and these show interesting deviations
from the corresponding effects in the heterocyclic rings of these
compounds, not only in magnitude but also in sign. Most obvious
is the shielding effect of ca. 10 ppm found for C-8 in 2 and ¢,
and C-5,8 and C-1,4 in § and ¢, respectively. For the same car-
bons large differences are also found between the Si(Oﬁ) values

calculated with Eq. (1) and the experimental substituent effects,

as is demonstrated by the data presented in Fig, 1,
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At the moment it seems difficult to explain this observation

within the framework of current ideas on 13C-—shielding. A magnetic

anisotropy effect can be excluded on the basis that the protons at

the peri-carbon with respect to the NO group are deshielded‘I in

gL

s £, &, and g, the corresponding Ao-values amounting to -0.63,

-0.46, - 0.46, and -0,58 ppm, respectively. Similarly, calcula-

9 with an electric di-

tions of the linear electric field effect
pole moment of 4,24 D located in the center of the NO bond with

the positive end pointing to the nitrogen yield a Ag-value of

. 1978

-5.2 ppm for C-8 in £, again in contrast to the experimental observ-

ations. The same treatment gave Ac= -0,71 ppm for H(8) in 2, in

good agreement with experiment (see above). Even if the approx-

——343—




imations inherent in the calculations and introduced by using an
idealized geometry (R,o=R.y=0.140 nm, Ry,=0.129 nm, CCCX 120°)
render the carbon-result somewhat uncertain, the fact that de-
shielding is predicted instead of shielding completely rules out
the possibility that the electric field effect plays a.major role
in determining the chemical shift of C-8 in 2 as well as that of

the corresponding carbons in the other compounds.

We therefore believe that most probably the observed effects -
incidentally“related to the 5~p651tion with respect to the oxygen -
originate from steric interactions between the C(8)-H bond and
the solvent shell of the strongly polar NO group. This explana-
tion would be in qualitative agreement with the different sign
of the Ac-values for 1H {deshielding) and 13C {shielding). It is
alsgo. interesting to note that the shielding in the peri-position
to the NO-group is accompanied by a significant increase in the

1 . .
3C,1H) coupling constant of this carbon {(cf. Table 2), a find-

13(
ing which parallels earlier observations made for hydrocarbons.10
Clearly, furthef investigations are necessary to substantiate the
above hypothesis and appropriate experiments are presently under

way .

Experimental

The compounds studied were prepared according to Ochiai.11 13C-
NMR spectra were recorded at 22.63 MHz using a Bruker HX-90 spec-
trometer equipped with broadband decoupler and a Nicolet 1083-com-~
puater or at 15,08 MHz using a Bruker WP~60 instrument. TMS served

as internal reference; d-values are accurate to + 0.1 ppm. The cal-
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culations were performed using standard computer programs for

the Hﬁckel-12 and CNDO/Z-—method.13
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