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Substituent effects on the 3C and 'H NMR chemical shifts of the a-position of various a-(p-substituted
phenyl)nitrones, a-phenyl-N-(1-cyano-2-methylpropyl)nitrones (1), a-phenyl-N-methylnitrones (2), and a-
phenyl-N-phenylnitrones (3), have been investigated and the obtained results have been compared with data
related to N-(p-substituted benzylidene)anilines (4) and reported data for p-substituted styrenes (5). The chemi-
cal shifts of the a-arylnitrones are well correlated with substituent constants by means of a linear combination
of two empirical parameters, o; and o,. Inductive effects predominate at’the a-carbon but resonance effects

predominate at the a-hydrogen.

Much attention has been paid to the chemistry of
nitrones because of their widely applicable reactiv-
ities.1=® 1,3-Dipolar cycloadditions of nitrones and
their functionalizations at the a-position have great
synthetic utilities.¥

Nitrones have a positive charge on the nitrogen
atom which can be delocalized between the nitrogen
atom and the a-carbon atom.? The extent of the
delocalization is naturally influenced by substituents
on the a-carbon and the nitrogen. An understanding
of the electronic behavior of the a-position is,
therefore, one of the essential subjects in nitrone
chemistry.

NMR spectroscopy is a powerfull tool for studying
the electronic behavior of the nitrone function and a
few attempts have been made to correlate electronic
substituent constants with the chemical shifts of ni-
trones.¥ However, they are still lacking an adequate
explanation regarding this subject. In a recent study
of substituent effects on the 'H and 3C NMR spectra
of a, N-diarylnitrones, Arumugam et al.9 found a
linear correlation between the chemical shifts of the
a-proton (!H,) and the Hammett o, parameters or the
Swain-Lupton F and R parameters. Their analyses,
however, have left some important problems, espe-
cially concerning the correlation with the chemical
shifts of the a-carbon of a series of a-arylnitrones:
the parameters they used showed no correlation with
these chemical shifts which would give more direct
information about the mechanisms of the transmis-
sion of substituent effects on the a-position. As a
primary approach, it is necessary to decide whether
this is due to the use of inappropriate parameters or
to contributions from substituent effects other than
inductive and resonance ones.

The present work is concerned with a systematic
investigation of the effects of substituents in the
phenyl ring on the a-position of various a-aryl-
nitrones, a-(p-substituted phenyl)-N-(1-cyano-2-meth-
ylpropyl)nitrones (1), a-(p-substituted phenyl)-N-
methylnitrones (2) and a-(p-substituted phenyl)-N-

phenylnitrones (3), by means of 13C and 'H NMR
spectroscopy. For a comparison, N-(p-substituted
benzylidene)anilines (4) and p-substituted styrenes (5)
have been investigated.
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Experimental

Materials. 2-(Hydroxyamino)valeronitrile® and N-phen-
ylhydroxylamine? were prepared and purified according to
procedures described in the literature. N-Methylhydroxyl-
amine was synthesized according to a reported method®
with a little modification.

The nitrones used were generally prepared by the
condensation of an apporopriate N-substituted hydroxyl-
amine with p-substituted benzaldehydes in ethanol and
purified by recrystallization from ethanol, ethanol-hexane
or benzene-hexane.

N-(p-Substituted benzylidene)anilines were prepared by
the literature method.?

Melting points (uncorrected, °C) of the compounds
prepared are as follows. la, 154.5—155.5; 1b, 135—136; Ic,
114—115; 1d, 112.5—113.5; 1e, 93—93.5; 1f, 114—114.5; 1g,
139; 1h, 117.5—118.5; 11, 125—126; 2a, 106—107 (lit, 10510);
2b, 123.5—124, (lit, 120.51D); 2¢, 82.5—83; 2d, 109—110; 2e,
130—131, (lit, 127.5—1281); 2f, 129.5—130; 2g, 193—193.5
(lit, 18710); 2h, 222—223, (lit, 206—2071V); 3a, 142—143; 3b,
116—117; 3¢, 165—166; 3d, 89—90, (lit, 95,12 85—874D); 3e,
105—106, (lit, 114,12 113—113.549); 3f, 136—137; 3g, 154—
155; 3h, 169—170, (lit, 165,12 161.5—1624»); 3i, 133—134,
(lit, 155.5—15649); 3j, 157—158, (lit, 147—149%); 3k, 193—
194, (lit. 187,12 186—186.54); 4a, 98—99; 4b, 56—57, (lit,
63—6419); 4c, 78—79; 4d, 43.5—44.5, (lit, 146—147/3
mmHg!® (1 mmHg=133.322 Pa)); 4e, 50.5—51.5; 4f, 42—43;
4g, 64—65; 4h, 73.5—74; 4i, 76—77, (lit, 125.5—126.519); 4j,
97—98; 4k, 91—92.
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Compounds, 1a, le, 1g, 2d, 3¢, 3f, 4c, 4f, and 4j are new Table 1. 13C, and 'H, Chemical Shifts (6) and SCS
and their elemental analyses are as follows: Values of a-Arylnitrones (1—3), Imines (4)
(la) Found: C, 68.45; H, 8.01; N, 16.72%. Calcd for and Styrenes (5)
C1sH19N30: C, 68.54; H, 7.81; N, 17.13%.
(le) Found: C, 65.26 H, 5.95; N, 12.59%. Calcd for Compound 13C NMR H NMR
CieH1sFN2O: C, 65.43; H, 5.96; N, 12.72%. R
o SCS» [ SCS»

(1g) Found: C, 51.22; H, 4.66; N, 9.91%. Calcd for

Ci12H13BrN:O: C, 51.25; H, 4.67; N, 9.96%. la NMe, 135.14 0.40 7.431 —0.195
(2d) Found: C, 63.01; H, 5.21; N, 9.21%. Calcd for b OMe 134.46 —0.28 7.549 —0.077
CsHsFNO: C, 62.73; H, 5.28; N, 9.15%. ¢ Me 134.80 0.06 7.570 —0.056
(3c) Found: C, 69.08; H, 5.20; N, 5.65%. Calcd for d H 134.74 0.0 7.626 0.0
C1aHBNOS: C, 69.11; H, 5.39; N, 5.75%. e F 133.61 —1.13 7.612 —0.014
(3f) Found: C, 72.58; H, 4.53; N, 6.48%. Calcd for £ al 133.64 —1.10 7.616 —0.010
Ci1sH10FNO: C, 72.54; H, 4.68; N, 6.51%.
g Br 133.70 —1.04 7.597 —0.029
(4c) Found: C, 73.86; H, 5.65; N, 6.16%. Calcd for h CN 133.09 —1.65 7.718 0.092
CuHsNS: C, 73.99; H, 5.77; N, 6.16%. . ' ’ ’
(4f) Found: C, 78.13; H, 4.79; N, 7.00%. Calcd for i NO, 132.48  —2.26  7.795  0.169
CisH1oFN: C, 78.37; H, 5.06; N, 7.03%. 2a SMe 134.90 —-0.30 7.314 —0.057
(4)) Found: C, 81.60; H, 4.70; N, 13.48%. Calcd for b Me 135.26  0.06  7.326 —0.045
CuHuoNy: C, 81.53; H, 4.89; N, 13.58%. c H 135.20 0.0 7.371 0.0
NMR Measurement. The 3C NMR spectra were mea- d F 134.04 —1.16 7.357  —0.014
sured at 67.8 MHz on a JEOL GX-270 spectrometer under e CI 134.10  —1.10 7.357  —0.014
a pulse Fourier transform mode. A spectral width of f Br 134.13  —1.07 7.3¢4 —0.027
17000—18000 Hz was used with 16K (resolution 2.4 Hz) g CN 133.52 —-1.68 7.455  0.084
data points. 'H NMR spectra were obtained on a JEOL h NO, 133.15 —2.05 7.528 0.157
PS-100 NMR spectrometer operating at 100 MHz for 1, at 3a NMe, 7.772  —0.106
270 MHz on a JEOL GX-270 NMR spectrometer for 2, and b OMe 134.13 —0.46 7.823 —0.055
at 90MHz on a Hitachi Perkin Elmer R-22 NMR ¢ SMe 134.07 —0.52 7.850 —0.028
spectrometer for 3 and 4. Sample solutions were prepared d Me 134.59 0.00 7.864 —0.014
in a concentration of ca. 0.5 M (moldm™3) for 3C NMR e H 134.59 0.0 7.878 0.0
and 0:25 M for 'H NMR spectra with CDCls (99.8%, Merck) £ F 133.36 —1.22 7.874 —0.004
containing 1% TMS (tetramethylsilane) as an internal g Cl 133.33 —1.25
2 the probe wes at roor cmperatare. B B 133.42  —1.16 7.876  —0.01)
13C, signals were assigned on the basis of their peak i COOMe 133.52 —1.07 7.890 0.012
heights and the off-resonance decoupling method. !'H, j CN 132.69  —1.90 7.997 0.119
signals were either assigned on the basis of an integration k NO, 132.32 -2.26 8.033 0.135
of their peak areas or identified by a comparison of their 4: lgll\&? :gggi _g'llf gggé _8° (1);-%
E:::B;gzl“' 1Sol.1113f)ts with the spectral data of authentic c SMe 159.55 —0.80 8.371 —0.068
P:jlrametrizations of the simple HMO method were : i\{/le :23%2 —8:36 gigg —3:843
cafrled out on an N'EC personal computer, PC-9801E, £ F 158.76 —1.59  8.398 —0.041
using a modified Tominaga’s program.4 g Cl 158.73 —1.62 8.389 —0.050
h Br 158.91 —1.44 8.443  0.004
Results and Discussion i COOMe 159.00 —1.35
j CN 157.80 —2.54 8.471 0.032
The observed 13C and 'H chemical shifts (8) for the k NO, 157.32  —3.03  8.540 0.101
a-position of a-arylnitrones 1—3 and their substitu- 5a%) NMe, 136.67 —0.29  6.503 —0.126
ent-induced chemical shifts (SCS) are summarized in b NH, 6.494  —0.135
Table 1 together with the corresponding chemical c OMe 136.29  —0.67  6.561  —0.068
shifts and the SCS data for imines 4 and styrenes 5.19 d SMe e oo
mines & and Styrenes 5. e Me 136.73 —0.23  6.574 —0.055
Although two geometrical isomers, E and Z, are £f H 136.96 0.0 6.629 0.0
known in several alkylnitrones,!-1® all the nitrones g F 136.11 —0.85 6.591 —0.038
used were exclusively in a Z configuration at room h Ci 135.69 —1.27  6.582 —0.047
temperature and the two ortho hydrogens in the a- i Br 135.76  —1.20  6.568  —0.061
phenyl group situated syn to the nitrone oxygen i1 135.84  —1.12 6.550  —0.079
appeared at a field lower than the rest of the aromatic k COMe 136.07  —0.89  0.664 0.035
1 COOMe 6.655 0.026
hydrogens. m CN 135.39 —1.57  6.630  0.001
The chemical shifts were independent of the n NO, 135.03 —1.93  6.701 0.072
concentrations of the compounds used over a range a) o: In ppm downficld from internal TMS. b) SCS

of 0.1 to 2.0 M (with a smaller error than 0.05 ppm). —8(X-R)—8(X-H). c) Ref. 15.



July, 1986]

The 13C, signals of nitrones 1—3 appeared in a
spectral region close to one another, and they were
slightly upfield from the corresponding signals of
styrenes 5 but more than 25 ppm upfield from those
of imines 4. Table 1 reveals that as the electron-
withdrawing ability of substituents increases, the 13C,
signal of the nitrones moves upfield. The upfield
shift caused by electron-donating p-substituents with
a higher electronegative atom, such as OMe and SMe,
is also noticeable. Such a behavior is, however, not a
characteristic of nitrones alone and also observed in
the corresponding chemical shifts of imines 4!? and
styrenes 5.15.18)

In aromatic systems with a conjugated side chain,
the range of the substituent chemical shift for the a-
carbon, 13C, SCS, is generally much narrower than
that of the 13Cg SCS. In the present investigation, the
ranges of the 13C, SCS for compounds 1—5 were all
within a width of 3 ppm (Table 1).

The plots of the 13C, SCS values of 1—4 against the
values for styrenes exhibited good linear correlations
(Fig. 1). The slopes are all larger than unity (Table
2). The magnitude of a slope should be a measure of
the relative sensitivity of the a-carbon toward
substituents.

The large slope for 4 may be explained by the
participation of a lone pair on the nitrogen atom.

SCs of 1-3

19%
1.0 1

3

0%2
" ppm

SCS of §

Fig. 1. Correlations of ¥C, SCS’s of 1 (-—O—-), 2
(--@--), and 3 (—[J—) with 13C, SCS of 5.

Table 2. Relative Susceptibility of 1—5
to Substituent Effects

Substituent Effects on the a-Position of a-Arylnitrones

SCS(X)/SCS(styrene)
X
13C NMR 1H NMR

1 1.28 1.78
2 1.09 1.47
3 1.23 1.34
4 1.64 1.17
5 1.00 1.00
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The lone pair could shift the electron cloud around
the C=N bond toward the a-carbon according to the
requirement of the electron-withdrawing ability of p-
substituents in the a-phenyl ring. The carbanionic
character at the a-carbon increases with an increase
in the electron-withdrawing ability of the substitu-
ent. The increased shielding at the a-carbon results
in an upfield shift of the 13C, signal.

Although nitrones are usually represented by a
structure, a or b, the positive charge on the nitrogen
atom is essentially delocalized between the nitrogen
and the a-carbon atoms, as represented by an
additional canonical structure ¢. However, the
upfield shift of the 13C, signals of nitrones 1—3,
which was caused by electron-withdrawing substitu-
ents, can not be rationalized by the structure of c.
This behavior requires an explanation that the
introduction of electron-withdrawing susbtituents
and electron-donating substituents with an electro-
negative atom into the a-phenyl ring predominantly
induces a “back polarized” structure d from b, or the
concept of “m-polarization,”1® in which an electron
cloud around the C=N bond of b is withdrawn
toward the a-carbon by electron-withdrawing sub-
stituents introduced in the a-phenyl group.

(Y\ _/H \
&
(a)

Y+ -H

Il
Y. + H Y + H
SN > | ONel_ | <«— ON-
oZ o« Q) e

(c) (b) (d)

Although the net substituent effect at the a-carbon
is smaller than that for imine 4, this can be
rationalized by the charge compensation between the
normally-localized structure ¢ and the ‘“back polar-
ized” structure d.

Table 3 shows the results of an HMO calculation.
The Coulomb integral and the resonance integral
values used for 3 and 4 are as follows: 329: hxn=0.6,
ho=1.0, kCN=1.0, kNo:l.5; 421); hN=0.5, kcn=1.0.

If these values used for pyridine N-oxides are truly
applicable to a calculation for 3, the order obtained
for the a-carbon charge density, 3>5>>4, can explain

Table 3. Charge Densities and Bond Orders for 3—5

Charge density® Bond order®

C, C.=N or C,=C N-O
3 1.269 0.628 0.639
4 0.835 0.795
5 1.000 0.911

a) Calculated by the HMO method.
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the largest upfield shift of the 13C, chemical shift of 3.
On the other hand, the bond order for the C,=N bond
of 3 is smaller than those for the corresponding
double bonds of 4 and 5. These two estimations
suggest a considerable contribution of the canonical
form d in the structure of nitrones.

In Hammett plots of 13C, chemical shifts vs. o
values, the slopes for a-arylnitrones 1—3 and imine 4
are larger than that of styrene 5 (Table 4), and the
correlations are much better with g,, than with g,.
This and the order, p,>p, obtained for all the
compounds indicate that inductive effects are pre-
dominant at the a-carbon atom.

As shown in Table 4 and Figs. 2—4, the 13C, SCS
values for the nitrones are, expectedly, correlated
much better with a linear combination of ¢; and o,
namely a correlation with p,0+p,0,, than with o,. p;
and p, represent empirical coefficients, and o,
corresponds to resonance substituent constants, ot
and o7, presented by Yukawa and Tsuno,?? having
negative and positive signs for electron-donating
groups and electron-withdrawing groups, respective-
ly. The p. values estimated for 1—5 were essentially
equal to the arithmetic means of the corresponding
coefficients of o% and o7 and, thus, the use of the
linear combination of o; and o, is appropriate as a
multivariate parameter analysis for the nitrones. Our
dual-parameter analyses clealy show that inductive

Chino Yijma, Toshio Tsujimoro, Kohji Suba, and Masashige Yamauchi
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effects are the predominant factors in the 1C,
chemical shifts.

The relative importance of factors operating in the
delocalization of the nitrone function can be
estimated from the ratio, p./p; (Table 5). The
magnitude of the ratio, p./p;<0.5, means that
inductive effects are always stronger than resonance
effects at the a-carbon.

SCS o
1.0
) ‘ H MeNMe2
-2.0 -1.0 OMe 1.0 ppm
5CScalca.
Br
c1 8F -1.0 r=0.994
CN SD=0.08ppm
O,
-2.0
0N02

calcd.__ - _
sCs, =-3.210;-1.580,~0.10

Fig. 2. Correlation between observed and calculated
SCS, for 1.

Table 4. Correlation Analyses of SCS Values for Compounds 1—5

SCS=p,0,+C SCS=pna,+C SCS=p;0,+p,0,+C

n  p, c SD» 79 Om c SD» 79 0i 0. c SD®» 79

1 B®CNMR 9 -1.92 -0.59 0.76 0.937 —2.69 -0.08 0.20 0.984 —3.21 —1.58 —0.10 0.08 0.994
+0.64 +0.32 +0.44 +0.17 +0.61 +0.45 +0.19

HNMR 9 0.23 —-0.04 0.01 0.961 0.28 —0.08 0.02 0.871 0.09 0.36 —0.01 0.00 0.988
+0.06 +0.02 +0.14 +0.06 +0.10 +0.07 =+0.03

2 BCNMR 8 -—-2.14 —-0.46 0.62 0.922 —-2.65 —0.06 0.12 0.986 —3.23 —1.23 —0.09 0.03 0.997
+0.89 +0.34 +0.45 +0.19 +0.42 +0.41 +0.13

'HNMR 8 0.20 —0.03 0.01 0.942 0.20 —0.05 0.01 0.794  0.07 0.32 —-0.01 0.00 0.967
+0.08 +0.03 +0.15 +0.06 +0.13 +0.12 =+0.04

3 B3CNMR 10 —1.88 -0.62 1.20 0.873 -2.85 —0.13 0.09 0.991 —-3.57 —1.11 —0.12 0.09 0.991
+0.85 +0.33 +0.31 +0.12 +0.57 +0.47 +0.17

'HNMR 10 0.16 —0.01 0.01 0.918 0.22 —-0.05 0.01 0.881 0.12 0.22 —0.01 0.01 0.931
+0.06 +0.02 +0.10 +0.04 +0.17 +0.11 =+0.05

4 BCNMR 11 —-2.09 -0.95 2.52 0.862 -—3.32 —0.37 0.52 0.973 —4.66 —1.25 —0.19 0.32 0.983
+0.93 +0.38 +0.59 +0.22 +1.00 +0.66 +0.29

1HNMR 10 0.15 —0.04 0.11 0.922 0.17 —0.07 0.01 0.801 0.01 0.25 —-0.01 0.00 0.966
+0.05 +0.02 +0.11 +0.04 +0.01 +0.07 +0.03

5 BCNMR 11 -—1.18 —0.73 1.17 0.814 —1.92 —-0.39 0.37 0.945 —-2.95 —0.51 —0.20 0.30 0.956
+0.63 +0.26 +0.50 +0.19 +0.96 +0.64 +0.28

'IHNMR 14 0.12 -—-0.05 0.01 0.870 0.15 —0.07 0.02 0.692 —0.02 0.22 -—-0.02 0.01 0.943
+0.04 +0.02 +0.10 +0.03 +0.10 +0.06 +0.03

a) The number of data. b) Standard deviations.

1)i-Pr-g\1{—g=CH-©-R 2) Me-g:CH-@-R 3) @g:ca—@-n 4) §-N=a-)-R

¢) Correlation coefficients.

5) CHy=CH-{)-R
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SCSobs.
ppm
1.0
H Me
-2.0 -1.0 SM 1.0 ppm
SCScalcd.
Br _
c1 -1.0 r=0.997
F -
CN SD=0. 03ppm
-2.0
NO2

calcd.__ _ _
SCSa = 3.230i 1'23°n 0.09

Fig. 3. Correlation between observed and calculated
SCS,, for 2.

Scsobs.
ppm
1.0t
Me
1.0 ppm
SCScalcd.
r=0.991
SD=0. 09ppm
calcd.
5CSq =-3.570,-1.110_-0.12

Fig. 4. Correlation between observed and calculated
SCS, for 3.

The substituent effects of R on to the para and ipso
positions, i.e. effects on to the ring carbons next and
para to the C, of nitrones, respectively, are essentially
the same as those for monosubstituted benzenes.2?
The plots of SCS; vs. SCSg. showed a good linearity,

SCS1, pare = 0.96(SCSg;) — 0.24
SCSy,1ps = 0.92(SCSg,) + 0.21

(r=0.996)
(r=0.997)

where SCS, and SCSg. represent the 3C SCS of
nitrones 1 and monosubstituted benzenes, respective-
ly. On the other hand, no correlation was observed
between SCSijpso and SCSi.. These findings again
support the above conclusion that resonance effects
on the C, through a conjugation system of a phenyl
ring are minor. However, we do not suggest that the

Substituent Effects on the a-Position of a-Arylnitrones
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Table 5. Relative Contribution of Resonance Effects
and Inductive Effects on the «-Position of 1—5

0./04
X
3G NMR 1H NMR

1 0.49 4.0
2 0.38 4.6
3 0.31 1.8
4 0.27 25.0
5 0.17 11.0

resonance effects are unimportant. The effects are
rather important in nitrones, but the negative p.
values can not be rationalized by the canonical forms
cand d. The negative p, values probably result from
resonance interactions of R with the nitrone function
in structure b.

-E:CH=©=; > —ngH—Q—R «—> —g-CH=©=l-2
(e) (b) (£)

For nitrones with an electron-donating substituent,
the charge transfer between the nitrogen atom and R
(b<>e) results in a decrease in the net charge density
of the shortened conjugation system. On the other
hand, for nitrones with an electron-withdrawing
substituent, the charge transfer between the oxygen
atom and R (b-<-f) increases the net charge density of
the extended conjugation system. These interactions
result in a relatively small negative p. value at the C,
since it is a nonconjugating site. The resonance
effects in nitrones 1—3 are, therefore, more impor-
tant than those in imines 4 and styrenes 5.

The region of 'H, signals of nitrones 1—3 lies
between the corresponding signal regions of 4 and
5, i.e., in a lower field than that of 5 but in an upper
field than that of 4. The phenomenon also can be
explained by the compensating contribution of
structures ¢ and d.

In contrast with the 13C, chemical shifts, the 'H,
signals of compounds 1—5 normally move downfield
as the electron-withdrawing ability of substituents
increases. This opposite behavior results from a
change in the causative factors of the BC and 'H
chemical shifts. It is well accepted that for a
particular nucleus the total shielding constant, ot,
can be approximated by a sum of three terms24:
diamagnetic contribution (¢¢), paramagnetic contri-
bution (e?), and the contribution from neighboring
groups per nuclei (¢’). The first term, o?, has been
shown to contribute to 90% of total screening of a 13C
nucleus, and the change in the chemical shift as a
function of structure may be attributed to the change
in o°. The second term, o4, on the other hand,
dominates the proton chemical shift.

The correlations between 'H, SCS and o values
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are much better with ¢, than with g, in all the
compounds (Table 4). This suggests that resonance
effects are stronger than inductive effects at the a-
hydrogen. The slopes are, however, very small and
nearly one-tenth of the Hammett slopes for the 13C,
chemical shifts, reflecting intervention of one carbon
between the H, and the a-phenyl ring. Correlation
analyses with po+p.0. also suggest the predomi-
nance of resonance effects in 'H, chemical shifts.

The observed substituent effects on the !'H,
chemical shifts of nitrones 1—3 are larger than those
for imine 4 and styrene 5 (Table 2). A resonance
measure p, is nearly constant in all the compounds
but the order of the magnitude of an inductive
measure p; iS pinitrone>piimine and pistyrenezo' Thus, [he
ratio p,/p; for the nitrones is smaller than those for
imine 4 and styrene 5 (Table 5).

In summary, the 3C, signal of a-arylnitrones shifts
upfield as the electron-withdrawing ability of sub-
stituents in the a-phenyl ring increases, but the 'H,
signal downfield. The 13C, chemical shifts are well
correlated with a linear combination of o; and o;.
Inductive effects predominate at the a-carbon and the
contribution of the canonical structure d is the
largest although its contribution is known to be
small in many chemical reactions. The importance
of this structure will increase with the electron-
withdrawing ability of the substituent R. For the a-
hydrogen, resonance effects predominate instead of
inductive effects.
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