
Correlation of Chemical Shifts with Hammett Substituent Constants Bull. Korean Chem. Soc. 2009, Vol. 30, No. 10 2351

Use of Correlation of 1H and 13C Chemic이 Shifts of A^-Arylsuccinanilic Acids, 
A^-Arylsuccinimides, A-Arylm이eanilic Acids, and A-Arylmaleimides

with the Hammett Substituent Constants for the Studies of Electronic Effects
Hye Sun Lee, Ji Sook Yu, and Chang Kiu Lee*

Department of Chemistry, Kangwon National University, Chuncheon 200-701, Korea. * E-mail: cklee410@kangwon. ac.kr 
Received July 16, 2009, Accepted August 29, 2009

A series of N-arylsuccinanilic acids, N-arylsuccinimides, N-aryImaleanilic acids, and N-aryImaleimides was 
prepared and their NMR spectra were examined by correlating the 1H and 13C chemical shift values with the 
corresponding Hammett ◎ values. The carbonyl carbons of the amides show a normal correlation with ◎ but those 
of the imides show an inverse correlation.
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Introduction

In the course of our investigation on the effect of the substi
tuent in benzene ring on the chemical shift of 1H and 13C in the 
side chain,1 we were interested in systems of which only the 
hybridization of the C atoms are different. Succinimides (2) 
and maleimides (4) are structurally related with the difference 
of the -CH2-CH2- and -CH=CH-, respectively, as the com
ponents of the five-membered rings. Both are cyclic imides 
with the ring-forming atoms in planar arrangement. Unlike
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Z: a, rn-NO2； b, m-Br; c, m-Cl; d, m-F; e, m-OCH* f, m-CH* g, P-NO2； 
h, p-Br; i, p-Cl; j, p-F; k, p-OCH* l, P-CH3； m, H

N-arylpropanamides or N-arylacrylamides which should have 
conformational isomers, the N-arylsuccinimides and -male- 
imides should have only one conformation unless there is a 
substituent at the ortho-position of the benzene ring.

Maleimides are commonly used as dienophiles in Diels- 
Alder reactions and the products are succinimide derivatives.2 
Both of the N-phenyl derivatives of succinimides (2) and 
maleimides (4) are easily prepared from succinic anhydride 
and maleic anhydride, respectively. The intermediates that are 
N-phenylsuccinanilic acids (1) and N-phenylmaleanilic acids 
(3) may have different conformation, that may cause remar
kable characteristics of the NMR chemical shifts in both series 
as well as for the intermediates. Here we report our NMR studies 
on these four series.

Results and Discussions

The succinanilic acids 13 and the maleanilic acids 34were 
prepared by reacting succinic anhydride and maleic anhydride, 
respectively, with m- and p-substituted anilines in diethyl ether 
at room temperature. The crude 1 and 3 could be converted to 
the N-phenylimides 2 and 4 by heating with acetic anhydride.3,4

O
4

Table 1. Chemical Shift Values (Hz)a of 0.1 M Succinanilic Acides (1) in DMSO-d6 Obtained at 400 MHz for 1H and 100 MHz for 13C.

OH NH a-H P-H COOH CONH a-CH2 P-CH2

a 33.8 212.3 10.6 20.9 -5.5 92.7 10.7 -14.0
b 9.9 76.9 -0.1 2.4 -7.8 46.6 2.7 -13.2
c 6.8 81.5 1.0 3.9 -10.1 46.2 2.7 -13.8
d 9.7 91.3 1.4 4.6 -8.0 45.3 3.9 -13.6
e 0.5 -2.8 -2.9 -3.9 -0.5 7.5 3.9 -5.0
f -0.3 -30.5 -2.0 -3.7 0.4 -6.2 -0.5 2.4
g 24.6 259.5 10.9 32.0 -13.7 116.9 24.7 -25.0
h 10.0 60.8 -1.3 -0.9 -5.2 23.2 2.4 -8.8
i 6.9 60.5 -0.4 0.0 -3.2 21.6 0.4 -7.1
j 1.5 24.9 -0.6 -5.3 -2.0 -8.2 -9.7 0.0
k -3.0 -58.7 -0.6 -16.3 5.3 -53.6 -14.9 11.1
l -3.0 -35.4 -2.6 -7.4 3.0 -26.1 -5.9 4.4

m 4851.4 3977.2 1006.5 1022.2 17434.7 17055.9 3152.1 2927.6
"Positive value indicates downfield shift and the negative value indicates upfield shift from the chemical shift value of 1m.
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All of the crude products 1-4 were purified by recrystalliza
tion from various solvents in order to obtain analytically pure 
compounds for the NMR studies. The NMR spectra of 1-4 were 
obtained with a 0.1 M solution in DMSO-必.A uniform concent
ration of 0.1 M is essential for the correlation study. Unam
biguous assignments for the signals were made by 1H-1H COSY 
and 1H-13C HETCOR spectroscopy.5 The chemical shift 
values for 1H and 13C signals are listed in Tables 1-3.

As one of the attempts to analyze the effects of substituents 
quantitatively, the correlation of the chemical shift values vs. 
the Hammett o values has been widely investigated.6 The analysis 
is typically carried out by the single substituent parameter (SSP) 
approach and dual substituent parameter (DSP) approach, 
which are represented by equations 1 and 2, respectively.7

8 = po + 8o (1)

8 = pioi + PrOr + 8o (2)

We have found that the correlations of the 1H and 13C 
chemical shifts against the Hammett o values8 using SSP analysis 
are fair to good, as shown in Figure 1.

The slopes (p) and the correlation coefficients from the 
similar plots are listed in Table 4. But the correlations with 3 
merely show trends except for the protons and carbons of the 
amido group. One of the contrasting observations is that the 
carbonyl carbons of the imides 2 and 4 show inverse correla
tions whereas the amide carbons of 1 and 3 show normal correla
tions. The absolute magnitude of the slope for the amidyl C of 
1 is about 2.4 times of that of 2. Similarly, the slope for the 
amidyl C of 3 is about 1.3 times of that of 4.

Cyclization to an imide changes both the sign and the ma
gnitude of the slope. The positive slope (normal correlation) 
of the carbonyl carbon against o may be understood as a result

Table 2. Chemical Shift Values (Hz)a of 0.1 M ALPhenylsuccini- 
mides (2) and 0.1 M A-Phenylmaleimides (4) in DMSO-必 Obtained 
at 400 MHz for 1H and 100 MHz for 13C.

2 4
CH2CH2 C=O CH2CH2 CH =CH C=O CH =CH

a 12.6 -34.7 10.1 35.5 -60.2 21.2
b -3.4 -25.1 4.6 13.5 -44.5 8.2
c -1.3 -28.3 3.2 15.3 -43.8 10.0
d 0.5 -30.8 15.3 -51.7 4.7
e -5.9 -9.3 0.3 2.5 -16.8 -5.3
f -4.7 4.1 0.2 0.9 -5.1 -7.7
g 14.2 -48.2 13.8 33.2 -70.5 39.3
h -5.7 -23.6 3.0 13.5 -39.9 6.2
i -2.8 -19.1 2.0 12.5 -34.5 5.4
j -4.3 3.2 0.4 5.9 -10.1 -0.3
k -11.2 19.4 -9.2 -8.2 17.0 -14.7
l -7.5 6.7 -0.43 -4.8 1.3 -10.5

m 1112.74 17742.0 2895.6 2868.2 17051.7 13521.6

“Positive value indicates downfield shift and the negative value indicates 
upfield shift from the chemical shift value of 2m and 4m.
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Figure 1. Correlation between o and 13C chemical shifts of 2 and 4 in 
DMSO-必.

Table 3. Chemical Shift Values (Hz)a of 0.1 M Maleanilic Acides (3) in DMSO-必 Obtained at 400 MHz for 1H and 100 MHz for 13C.

OH NH a-H P-H COOH CONH a-C P-C

a -85.8 149.6 18.0 10.6 4.5 69.1 -15.0 -11.5
b -80.0 31.4 0.6 -6.5 2.3 31.1 -3.7 40.6
c -102.8 40.4 2.5 -3.6 5.4 36.6 -1.5 13.4
d 49.6 4.3 -5.3 12.6 36.7 -7.6 -14.1
e -23.8 -12.4 1.0 -10.9 9.8 -2.2 -26.3 10.2
f -6.3 -22.8 -0.9 -5.5 2.0 -7.7 -12.6 16.6
g -87.9 189.0 18.7 21.0 -1.8 88.1 4.6 -20.8
h -74.8 29.5 -0.5 -6.7 4.7 15.7 -2.2 -21.0
i -56.0 30.1 -0.3 -5.0 0.8 11.2 -0.8 -24.1
j -98.0 14.4 -2.7 -5.3 -2.0 -4.4 6.6 -14.2
k 124.6 -1.2 -3.3 -5.7 -22.1 -40.3 -25.5 49.7
l 49.3 -8.0 -2.3 -6.2 -8.1 -20.5 -9.9 31.2

m 5248.5 4155.7 2523.3 2590.0 16737.3 16372.5 13217.6 13091.3

aPositive value indicates downfield shift and the negative value indicates upfield shift from the chemical shift value of 3m.
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Table 4. Best Fit of the Single Substituent Parameter Equation for the 1H and 13C Chemical Shifts of 1-4 in DMSO-d6 in Hz.

1 2 3 4

p r p r p r p r

HOCO 32.13 0.925 -164.25 0.772
HNCO 290.46 0.977 180.00 0.899
HOCOCH 11.83 0.830 20.14 0.874
HNCOCH 36.47 0.929 19.52 0.712
CHCH 20.47 0.880 41.09 0.981
HOCO -15.43 0.896 14.09 0.513
HNCO 146.72 0.988 111.45 0.984
HOCOCH -29.77 0.956 -42.68 0.542
HNCOCH 26.61 0.875 11.86 0.359
CHCH 17.16 0.938 42.94 0.950
C=O -60.53 0.960 -83.85 0.964

of n polarization.9 Yuzuri, et al. observed a normal correlation 
of N-benzoylanilines when the substituents are on the aniline 
ring. On the other hand, an inverse correlation results if the 
substituents are on the benzoyl ring.9 The phenomena were
exp
II.

lained by a mechanism of n polarization as shown in I and

II

Z

V

We also observed a normal correlation for the 13C chemical 
shifts of the carbonyl carbons in the series of benzanilides, 
thiophene-2-carboxanilides, and furan-2-carboxanilides.1f The 
normal correlation of the carbonyl carbon signals observed 
for 1 and 3 may be explained as a result of n polarization 
because they are all secondary amides like benzanilides.

However, the inverse correlation observed for the series of 
2 and 4 is not apparently related to the n polarization. Instead, 
it may be the result of coplanarity of the benzene and the imide 
rings. Because of the favorable intramolecular hydrogen bond
ing between the carbonyl O atoms and the ortho-H atoms, the 
p orbitals are all perpendicular to the plane. As a result of cop
lanarity of the two rings, the electronic effect of the substi
tuent Z may cause an induced polarization through ipso-C-N 
bond and ortho-H---O bond. The former polarization causes 
the carbonyl atom to be positive whereas the latter one causes 
it to be negative, as shown in III.

The two effects may offset one another and the result may 
be a smaller magnitude for the p values compared to those of 
1 and 3. Although the absolute p values for 2 and 4 are smaller 
than those of 1 and 3, the negative sign of the p value cannot 
be explained by the rationale.

One plausible rationale is the transmission of the substi
tuent effect through space by stacking, as shown in IV. Such 
stacking should be possible because of the coplanarity of the 
five- and six-membered rings. The result of the induced 
polarization through stacking is the partial negative charge in 
the carbonyl carbon, which leads the inverse correlation.

H%。

H~」、，H

H，

O
、H 
bH

VI VII

Furthermore, the carbon atom adjacent to the carbonyl carbon 
would show a normal correlation, according to the rationale. 
This is the case as shown in Table 4.

The p values for the a-C and a-H are very close with same 
sign for 2 and 4. This is also evidence that the electronic effect 
of the substituent Z is transmitted through space by stacking. 
If the effect is transmitted merely through bonds, the value 
should become smaller as the distance from the substituent 
increases.

Although the p values of smaller than 20 Hz may be consi
dered as an indication of the insignificant effect of the substi
tuents, there are p values whose magnitude and signs are 
worth pointing out. The p value for the proton in COOH of 3 
is one of them. Despite the distance between the proton and 
the substituent Z the magnitude (-164.25 Hz) is comparable to 
that of NH (180.00 Hz) which is very close to the benzene 
ring. The fact that the absolute values are close between NH 
and OH may be an indication that both protons are close to the 
substituent Z. This may be possible if the OH proton lies on 
the top of the benzene ring, as shown in V.

On the other hand, the most likely conformation of 1 may 
be an anti form, as shown in VI. However, such a conformation
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Figure 2. Correlations of the coupling constants of 1 and 3 vs. ◎.

cannot explain the inverse correlation of 13COOH and a- 
13CH2 although their p values are small (-15.43 and -29.77, 
respectively). A possible explanation is a syn conformation 
which leads to p orbital overlapping, as shown in VII. The 
ipso-C and the carbon atom of the COOH could be components 
of a six-membered ring. It is conceivable that the p orbitals of 
an ipso-C and that of a C=O may overlap so that induced 
polarization is possible. Such polarization should result in an 
inverse correlation for the carbon of the COOH group, and the 
observation is consistent with such a rationale. The syn con
formation should also lead to an induced polarization of the a- 
CH2 because the a-C and ortho-C may be parts of a six
membered ring.

The favorable syn conformation that leads to an inverse 
correlation of COOH and a-CH2 is supported by the correla
tion of the coupling constants of a-CHz-HzC-。with the Ham
mett o values. As shown in Figure 2, the coupling constants 3J 
of 1, ranging 4.15 - 6.74 Hz show a fairly good correlation 
with a slope of 2.25 Hz (r = 0.917).

Similar correlation is possible with 3, but shows an inverse 
correlation, although the absolute magnitude of the slope is 
less that 8% of that of 1 (p = - 0.18 Hz, r = 0.969). Considering 
the magnitude of the cis-coupling constant of 3 (about 12 
Hz)10 which is 2 - 3 times larger than that of 1, the effect of the 
substituent Z which is linearly transmitted to the coupling 
constant may be considered as evidence of the syn conformation 
which allows the through-space transmission of the effect.

In conclusion, we report that the correlation of the chemical 
shift with the Hammett o values may be a useful tool in under
standing the conformation and stacking phenomena of con
jugated systems. Through-space transmission of the electronic 
effect is as important as through-bond transmission in con
jugated systems.

Expeiimental

Nuclear magnetic resonance (NMR) spectra were recorded 
on a Bruker DPX-400 FT NMR spectrometer in the Central 
Lab of Kangwon National University at 400 MHz for 1H and 

100 MHz for 13C and were referenced to tetramethylsilane. 
The solutions were 0.10 M in DMSO-必. Each solution was 
prepared in a 1 mL cylindrical volumetric flask by weighing 
the compound into the flask and filling with solvent containing 
1%-TMS. A portion (0.6 mL) of the solution was transferred 
into a 5 mm NMR tube and the spectrum was obtained at 20 
oC. The chemical shift values that are relevant to the correlation 
are listed in Tables 1-3.

All the derivatives of 1, 2, 3 and 4 are known compounds, 
and they were prepared by following literature procedures.3,4

Acknowledgments. We thank Dr. Gary Kwong of 3M Co. 
for proof-reading the manuscript.

References

1. (a) Lee, C. K.; Lee, I.-S. H. Bull. Korean Chem. Soc. 2008, 29, 
2205-2208. (b) Jeon, K. O.; Yu, J. S.; Lee, C. K. Heterocycles
2007, 71,153-164. (c) Jeon, K. O.; Yu, J. S.; Lee, C. K. J. Heterocyclic 
Chem, 2003, 40,763-771. (d) Jeon, K. O.; Yu, J. S.; Lee, C. K. Bull 
Korean Chem. Soc. 2002, 23, 1241-1246. (e) Lee, C. K.; Yu, J. 
S.; Lee, H.-J. J. Heterocyclic Chem. 2002, 39, 1207-1217. (f) 
Lee, C. K.; Yu, J. S.; Ji, Y. R. J. Heterocyclic Chem. 2002, 39, 
1219-1227.

2. Representative examples reported in 2008: (a) Akalay, D.; 
Duerner, G.; Goebel, M. W. Eur. J. Org. Chem. 2008, 2365-2368. 
(b) Hoshino, M.; Matsuzaki, H.; Fujita, R. Chem. Pharm. Bull.
2008, 56, 480-484. (c) Brummond, K. M.; Chen, D.; Painter, T. 
O.; Mao, S.; Seifried, D. D. Synlett 2008, 759-764. (d) Al-Mousawi, 
S. M.; EL-Apasery, M. A.; Elnagdi, M. H. Heterocycles 2008, 
75, 1151-1161. (e) Metwally, N. H. Heterocycles 2008, 75, 
319-329. (f) Yu, H.; Lee, P. H. J. Org. Chem. 2008, 73, 5183-5186. 
(g) Chou, S.-S. P.; Wang, H.-C.; Chen, P.-W.; Yang, C.-H. 
Tetrahedron 2008, 64, 5291-5297. (h) Bojase, G.; Payne, A. D.; 
Willis, A. C.; Sherburn, M. S. Angew. Chem. Int. Ed. 2008, 47, 
910-912.

3. (a) Kluger, R.; Hunt, J. C. J. Am. Chem. Soc. 1989, 111, 5921-5925. 
(b) Martin, S. F.; Limberakis, C. Tetrahedron Lett. 1997, 38, 
2617-2620. (c) Le, Z.-G.; Chen, Z.-C.; Hu, Y; Zheng, Q.-G. 
Synthesis 2004, 995-998. (d) Lan, J.-B.; Zhang, G.-L.; Yu, X.-Q.; 
You, J.-S.; Chen, L.; Yan, M.; Xie, R.-G. Synlett 2004, 1095-1097. 
(e) Pal, B.; Pradhan, P. K.; Jaisankar, P.; Giri, V. S. Synthesis 
2003, 1549-1552. (f) Kar, A.; Argade, N. P. Synthesis 2002, 
221-224.

4. (a) Cava, M. P.; Deana, A. A.; Muth, K.; Mitchell, M. J. Org. Syn. 
Col. Vol. V 1973, 944-946. (b) Kishikawa, K.; Naruse, M.; 
Kohmoto, S.; Yamamoto, M.; Yamaguchi, K. J. Chem. Soc. 
Perkin Trans. 1 2001, 462-468. (c) Keana, J. F. W.; Ogan, M. D.; 
Lu, Y; Beer, M.; Vrkey, J. J. Am. Chem. Soc. 1986, 108, 
7957-7963. (d) Mederski, W. W. K. R.; Baumgarth, M.; Germann, 
M.; Kux, D.; Weitzel, T. Tetrahedron Lett. 2003, 44, 2133-2136.

5. Lee, H. S.; Yu, J. S.; Lee, C. K. Magn. Reson. Chem. 2009, 47, 
711-715.

6. Kalinowski, H.-O.; Berger, S.; Braun, S. Carbon-13 NMR 
Spectroscopy'; Join Wiley & Sons: New York, 1984; pp 311-325.

7. Craik, D. J.; Brwonlee, R. T. C. Prog. Phys. Org. Chem. 1983, 
14, Chapter 1.

8. o values are taken from reference 6, p 321.
9. Yuzuri, T.; Suezawa, H.; Hirota, M. Bull. Chem. Soc. Jpn. 1994, 

67, 1664-1673.
10. Cis-coupling constant ranges 6 to 15 Hz: Pavia, D. L.; 

Lampman, G. M.; Kriz, G. S.; Vyvyan, J. R. Introduction to 
Spectroscopy, 4th Ed.; Brooks/Cole: Belmont, CA, 2009; p 140.


