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' H - N M R spectrum lines are assigned and l,2-dimethoxy-4-hydroxy-5-nitrobenzene identified 
through the combined use of Nuclear Overhauser Effect (NOE), intramolecular hydrogen bond 
shift, and application of direct additivity rules to the shifts of aromatic protons. The results 
allow to differentiate the above compound f rom its isomer (l,4-dimethoxy-2-hydroxy-5-nitro-
benzene) by N M R even in cases when small amounts of compounds are available and only C H 3 

lines are visible in the spectrum. NOE data on l,2-dimethoxy-4-hydroxy-5-nitrobenzene and guaia-
col are presented. 

In connection with the study of nitrophenols1 - 3 a problem of NMR differentiation 
and identification of isomers I and II has arisen. The two compounds are, in some 
reactions, produced in their mixtures, other reactions which were found to yield 
only one of the isomers are accompanied by rearrangements so that the other than 
the expected isomer can be (and in fact is3) formed. 

H (b) H (b) 

0b) H j C O ^ ^ J ^ ^ N O j (6) H 3 C 0 ^ j L ^ N 0 2 

(a) H O ^ y ^ O C H 3 (a) 
H (a) H (a) 

I II 

Since the direct additivity rules are well applicable to the chemical shifts of aro-
matic protons in polysubstituted benzenes4 it is clear from the comparison of formu-
las / and II that 1 H-NMR spectra of the isomers could differ only in the chemical 
shifts of OH and OCH 3 protons. Indeed, of the two sample compounds (samples 
A and B) we obtained3, the spectrum of the sample A showed two C H 3 0 proton 
lines (at <5 = 3-88 and S = 3-95) while that of B consisted of only one such line 

* Part II in the series Applications of Nuclear Overhauser Effect; Part I: This Journal 39, 
834 (1974). 
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((5 = 3-92). Because of limited quantity of the sample B available, proton of hydroxy 
group could not be detected in its spectrum. In the solution of the sample A hydroxyl 
proton appeared at d = 11-02, aromatic protons gave two single lines at <5 = 7-45 
and 5 — 6-52. 

With the present knowledge of the trends in C H 3 0 proton chemical shifts it is 
not possible to identify the samples A and B with their corresponding structures I 
o r / / on the basis of the difference in these shifts. 

The chemical shift of the OH proton is well out of the range (around <5 = 4-5) 
in which the lines of substituted phenols occur5. Other cases of appreciably less 
shielded OH proton were noted in molecules in which strong intramolecular hydrogen 
bonding was expected5. or//?o-Nitrophenol is a classical example of a compound 
with such a bonding. Chemical shift of OH proton in or/Zio-nitrophenol is c5 = 10-6, 
so it is very similar to that of sample A (under the indentical conditions). Ortho ar-
rangement of nitro and hydroxy groups is the essential feature of the structure I. 
Under the same conditions the chemical shift of OH proton in guaiacol (o-methoxy-
phenol), which would be a model compound for the structure II, is 5 = 5-4. It follows 
from these comparisons that the sample A has structure / . 

With the structure determined, the remaining problem is to assign the other lines 
in the spectrum. It should be emphasized, however, that the following assignments 
would remain valid had the sample structure II. The chemical shifts of aromatic 
protons H(a) and H(Z>) can be calculated on the basis of direct additivity rule which 
holds for polysubstituted benzenes4. Using the published values of shielding contri-
butions4 of the groups present in I the following chemical shifts were calculated: 
H (a) S = 6-46 and H(b) 5 = 7-57 (with benzene at <5 = 7-27). It is therefore beyond 

T A B L E I 

Nuclear Overhauser Effects in l ,2-Dimethoxy-4-hydroxy-5-ni trobenzene a 

N M R line6 Observed 

irradiated H ( 6 ) (7-45) H(a) (6-52) O H (11-02) 

C H 3
c (3-95) 3-5 ± 4-2 21-4 ± 4 - 4 0-4 ± 2-$d 

C H 3
c (3-88) 22-7 ± 3 - 9 1-1 ± 4-1 1-2 ± 3-4d 

O H (11-02) 1-9 ± 3 - 8 0-2 ± 3 - 0 -

" N O E values are given as percentage of enhancement of the integrated intensity of the observed 
line when the irradiated line is being saturated, errors indicate 95% confidence limits for /-distri-
bution. b Lines are denoted by their assignment and by their position in the spectrum (S in paren-
thesis). c In order to avoid saturat ion of the other C H 3 line the ampl i tude of saturat ing field ( H z ) 
was 0-6 Hz. d Determined f r o m the line heights. 
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any doubts that of the two lines of aromatic protons that at lower field = 7-45) 
corresponds to the proton H(b) while that at higher field (<5 = 6-52) to H(a) proton. 
The two C H 3 0 lines can be assigned through nuclear Overhauser effect (NOE) 
measurements. 

The results of such measurements of sample A are summarized in Table I. The 
values of (3-95) and (3-88)* clearly indicate (for the necessary theoretical 
background of NOE applications see ref.6) that the line at 5 = 3-95 corresponds 
to methyl protons which are sterically close to H(a) ring proton (and remote to H(6) 
proton) and that at <5 =3-88 corresponds to CH3(b) methyl protons which are 
close to H(b) ring proton. 

Large relative error prohibits to quote the NOE measurements on OH proton line 
as supporting evidence for the proposed structure of the sample. In compound I both 
NOEs observed on OH line (-FoH3(a) a n d ^oh3(6)) should be zero, but in compound 
II only -Foh3(<j) would be zero while F^(b) would be similar as it is in guaiacol. Ac-
cording to our measurements in guaiacol FQ1^ = 4-9 ± 2-4 (and -F^rom = 6-2 + 1-4). 

The values measured in sample A are neither significantly different from zero nor 
from quaiacol's value. For the same reason, the experimental ratio of F ^ j F f ^ 
which is 0-01 + 0-15 cannot be used for determination of the sterical position of the 
hydrogen atom of the hydroxyl group. The value is, however, close to the value 
of this ratio (0-00) calculated7 for OH proton situated in the ring plane with O—H 
bond directed towards nitrogroup. (For the other position in which the proton is 
also in the ring plane but the O—H bond is pointing to H(a) hydrogen atom the 
theoretical ratio is 0-27.) 

EXPERIMENTAL 

The measurements of 1 H-NMR spectra and NOE were performed on a modified Tesla BS 477 
spectrometer operating at 60 MHz. Through the measurements internal lock employing the line 
of hexamethyldisilane was used. Unless otherwise noted NOE values were determined from at 
least ten independent measurements of integrated intensities (by electronic built-in integrator). 

The samples were degassed by bubbling gaseous nitrogen through the solutions before mea-
surements. The measured samples were 0-3M solutions of the studied compounds in (MM solu-
tions of hexamethyldisilane in CDC13 (Merck, Uvasol quality, isotopic ptfrity 99%). Hexa-
methyldisilane, prepared in this laboratory, was used instead of tetramethylsilane since the higher 
boiling point of the former ensures better reproducibility of sample preparation. Guaiacol (Koch 
& Light) and o-nitrophenol (Lachema, Brno) were used as supplied without any further purifica-

The authors are grateful to Dr W. S. El-Hamouly for the gift of the samples of investigated com-
pounds. 

The symbol FQ stands for the value of NOE observed on the line B when line A is saturated. 
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