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Badano zależność pomiędzy częstością absorpcji w widmach w pod-
czerwieni a przesunięciem chemicznym w widmach magnetycznego re-
zonansu jądrowego (N.M.R.) dla protonu grupy OH w nitrofenolach.
Badano również zależność pomiędzy przesunięciem chemicznym i stę-
żeniem roztworów związków, które zawierają silne wewnątrzcząstecz-

kowe wiązanie wodorowe.

3aBHCHMocTb Meacfly nacTOTOń a6copór(HM B HHCppaitpac-
Hhix cn6KTpax M XHMHHecKMM cflBHroM B cneKTpax MarHKTHOro Hflep-
Horo pe30HaHca HJIH OH-npoTona B HMTpodpeHOJiax. Kponie Toro Mccne-
flOBaHa 3aBHCMM0CTŁ MeSCfly XMMMHeCKMM CflBJOlOM W.
paCTBOpOB COeflHHeHMH, B K0TOpbIX BbICTynaeT CHJIbHaS

CBH3B.

The correlation between the infra-red frequencies and the N.M.R.
chemical shift parameters of the OH-proton in nitrophenols was in-
vestigated. The dependence of the chemical shift on concentration in
compounds containing strong intramolecular hydrogen bonds was also

studied.

A l l a n , R e e v e s, and S t r a m m e 1 " 3 1 correlated the change
in chemical ahift caused by formation of an intramolecular hydrogen
bond in phenols with the freąuency shift in the infra-red speetrum. The
present authors investigated the chemical shifts of a number of intra-
molecularily hydrogen-bonded o-substituted nitrophenols: o-nitrophenol,
2,4-dinitrophenol, 2,5-dinitrophenol, 2,6-dinitrophenol, and picric acid.
For compairison we investigated the intramoilecularly non-bonded m- and
p-nitrophenols.

EXPERIMENTAL

Nuclear magnetic resonance data were determined with a 60 mc/s Varian spec-
trometer. Measurements were carried out in carbon tetrachloride solutions using
cyclohexane as internal reference. Because of the Iow solubility of the compounds
in carbon tetrachloride we investigated highly dilute solutions (0.05—0.005 mo-
les/1.). Only o-nitrophenol was investigated at concentrations of 0.2—0.005 moles/1.
Chemical shifts were measured by the usual side band techniąue. Shift measure-
ments were usually reproducible to within 0.5 c/s. Experimental data are collec-
ted in Table 1.
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T a b l e 1

Concentration
moles/I.

o-Nitrophenol 0.20
0.10
0.05
0.02
0.01
0.005

m-Nitrophenol 0.01
0.0075
0.005

P-Nitrophenol 0.0075
0.005

2,4-Dinitrophenol 0.05
0.02
0.01

2,5-Dinitrophenol 0.05
0.02
0.01

2,6-Dinitrophenol 0.05
0.02
0.01

Picric acid 0.05
0.01

Chemical shift
A(c/s)

556
556
555
554
554
554
211
209.5
208
229
227
582
581
581
560
559
559
599
598
598
463.5
463

Chemical shift
X (ppm)

—0.71
—0.71
—0.69
—0.67
—0.67
—0.67

5.05
5.07
5.09
4.74
4.78

—1.14
—1.12
—1.12
—0.77

- —0.76
—0.76
—1.42
—1.41
—1.41

0.84
0.84

DISCUSSION

In agreement with the results obtained by R e e v e s and co-wor-
kers1"3* we observed a similar correlation between the chemical shift of
the intramolecularly hydrogen-bonded OH-proton and the OH- infra-red
stretching freąuency, i.e. the changes of TO H were nearly proportional to
those of VQH. ( s e e Table 2). Only for picric acid did the result deviate from
this relationship. The values of infra-red freąuencies were taken from
our earlier paper4).

T a b l e 2

Compound

o-Nitrophenol
2,4-Dlnltrophenol
2,5-Dinitrophenol
2,6-Dinitrophenol
Picric acid
m-Nitrophenol
o-Nitrophenol

Chemical shift T Q H (ppm)
(extrapolated to infinite dilution)

—0.67
—1.12
—0.76
—1.41
+0.84
+5.13
+4.86

Infra-red wave numbers P,,™
(era-')

3250
3210
3270
3170
3100
3615
3615

Table 2 shows the monomer chemical shifts determined from the
graphs in Figs. 1, 2 and 3. It can be seen thąt the chemical shift values
t for the intramolecular hydrogen-bonded species are much lower than
those for the non-bonded m- and p-nitrophenols.

AU compounds investigated show a single OH-resonance peak only, its
position being dependent on concentration. As well known5) rapid exchan-
ge of protons between hydrogenJbonded species results in an weighed
average freąuency. In solution, the lifetime of indiyidual hydrogen-bon-
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ded species is generally very short and we observe a single linę. Its po-
sition depends on the proportion of polymers, dimers and monomers and
hence on the concentration of the sample. As expected this dependence is
almost undetectable in our compounds with strong intramolecular hy-
drogen bond (Fig. 1) in very dilute solutions (c < 0.05 moles/L). Only for

D-

-1

-2
0.05 0-10 0.15

c (moles/litre)
0.70

Fig. 1. I — o-nitrophenol, II — 2,4-dinłtrophenol, III — 2,5-dinitrophenol, IV —
2,6-dinitrophenol, V — picric acid

o-nitrophenol, when morę concentrated solutions could be investigated,
we observed, a very slight dependence on co-ncentration (Fig. 1, I).

A high dependence of % on concentration for compounds with inter-
molecular hydrogen bond is also well fenown. This effect occurred in
m- and p-nitrophenol spectra (Figs. 2, 3). The slopes (tang a) are 8.0
and 16.0, respectively.

c(moles/titre) +-

Fig. 2. m-Nitrophenol

o 0.01
c (moles/litre) •»

Fig. 3. p-Nitrophenol
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It is also interesting that there is no difference in. the infra-red OH-
-freąuencies for m- and p-nitrophenols, whereas at infinite dilution the
shifts x are distinctly different: 5.13 and 4.86 ppm, respectively.

Received January 22nd, 1964.
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BADANIA WIĄZANIA WODOROWEGO W NITROFENOLACH ZA
POMOCĄ MAGNETYCZNEGO REZONANSU JĄDROWEGO

U. DĄBROWSKA, T. TJRBAŃSKI, M. WITANOWSKI i L. STEFANIAK

Zakład Syntezy Organicznej Polskiej Akademii Nauk, Warszawa

Badano widma magnetycznego rezonansu jądrowego N.M.R. szeregu nitrofenoli:
o-, m- i p-nitrofenoli, 2,4-, 2,5- i 2,6-dwunitrofenoli oraz kwasu pikrynowego.

Stwierdzono liniową zależność pomiędzy częstością absorpcji w widmach w pod-
czerwieni a przesunięciem chemicznym protonu grupy OH w widmach magne-
tycznego rezonansu jądrowego nitrofenoli.

Badano zależność pomiędzy przesunięciem chemicznym i stężeniem roztworów
i znaleziono, że w przypadku nitrofenoli z silnym wewnątrzcząsteczkowym wiąza-
niem wodorowym (tj. nitrofenoli z grupą lub grupami NO2 w pozycji lub pozy-
cjach orto do grupy OH) zależność taka w zakresie stężeń < 0,2 mola/litr jest pra-
wie niewykrywalna, w przeciwieństwie d.o związków z wiązaniem wodorowym tyl-
ko międzycząsteczkowym, takich jak m- i p-nitrofenole, w przypadku których ob-
serwujemy wyraźną zależność przesunięcia chemicznego od stężenia badanego
roztworu.


	urbanski3 - 0852
	urbanski3 - 0853
	urbanski3 - 0854
	urbanski3 - 0855

