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Summary. The IR spectra of some secondary and tertiary aliphatic /?-nitroalcohols have been 
studied both in the fundamental and the first overtone regions. The new bands at ca. 3575 c m " 1 

have been observed which have been assigned to the stretching vibrations of the hydroxyl groups 
bonded to the N O . groups with an intramolecular hydrogen bond. 

In continuation of studies on hydrogen bonds between tertiary nitro and primary 
alcoholic groups of /?-nitroalcohols [1-19] we extended our experiments on the 
secondary and tertiary aliphatic /?-nitroalcohols including also primary and secondary 
nitro groups. So far the hydrogen bond in these compounds has not been investigated. 

Spectroscopic analysis will now be reported in the fundamental region and the 
first overtones of stretching vibrations of the hydroxylic group. 

The nitroalcohols now examined are 1-Х: 

R2 R j 
I I 

R i — С С — N 0 2 

O H R 3 

Compound R . R 2 R 3 R* 

1 CH. , H H H 

11 (СНз)зС H 11 H 

111 с н 3 H CH. , H 

IV С Н з С Н 2 H CH3 H 

V ( С Н 3 ) 2 С Н H СНз H 

VI СНз H C H j C H , H 

VII С Н 3 С Н 2 H C H 3 C H 2 H 

V H I С Н 3 С Н 2 H СНз C H 3 

IX С Н 3 С Н 2 C H 3 
H H 

X СНз C l l . i C H j H 

*) Part C X X I in the series: Chemistry of Nitroparaflîns. 
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Experimental 

Nitroalcohols 1-Х were obtained by the known methods [20-22] by the condensation of 
corresponding nitroalkanes with suitable aldehydes and ketones in the presence of the catalytic 
amount of 10 N sodium hydroxide solutions. 

Carbon tetrachloride for spectroscopy made by Chemapol (Prague, Czechoslovakia) was dried 
over P 2 0 5 and decanted immediately before use. 

The IR spectra in the fundamental region were taken with a Perkin-Elmer PE-577 spectrometer 
in NaCI cells. 

Carbon tetrachloride solutions were made to the concentration of about 0.005 m/l. Sharp 
peaks, broader peaks and shoulders could be determined to the accuracy of ± 1 c m " ' , ± 2 c m - 1 , 
and ± 4 c m " ' , respectively. 

The spectra of the compounds in the same solutions in the first overtone region of I'S(OH) were 
taken with a Cary 17 spectrometer. 

The 5 cm quartz cells were used for the measurements. 
The data are collected in the Table and typical shapes of the absorption curves of some com­

pounds are given in Figs. 1-4. 
An empirical relation between the overtone and the l'undamental hydroxyl group frequencies 

in the Table is: 
overtone frequency = 2.v (fundamental frequency)—184 c m " ' 

T A B L E 

Compound VS(OH) ( c m - 1 ) 

Fundamental region First overtone region 

"free" (OH) bonded (OH) "free" (OH) bonded (OH) 

Secondary 
alcohols 

1 
3623 (sh) 
3603 3585 (sh) — . — 

II 
3625 
3612 (sh) 3585 (sh) 7040 (sh) 6986 (sh) 

III 
3622 
3605 (sh) 3578 — 

IV 
3625 
3602 (sh) 3576 7020 6968 

v 
3628 
3600 (sh) 3570 

7072 
7016 (sh) 6956 

VI 
3619 
3608 (sh) 3570 — — 

VII 
3625 
3600 (sh) 3575 

7066 
7016 (sh) 6950 

VIII 
3635 (sh) 
3612 3575 (sh) 

7086 
7040 (sh) 6950 (sh) 

Tertiary 
alcohols 

IX 3615 3576 7043 6968 

X 3620 3576 — — 
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Discussion 

Secondary alcohols. A l l the examined secondary nitroalcohols in solution show 
two bands (or shoulders) at ca. 3630 c m - 1 and 3610" 

This is in agreement with the fact recorded in the literature for all secondary 
alcohols and assigned to the existence of two conformers with the "free" OH groups 
[23]. 

These spectra of nitroalcohols I and II show the maxima at 3603 c m - 1 and 
3630 cm" 1 and the shoulders at 3623 c m - 1 and 3610 cm" 1 , respectively. They are 
probably produced by unbonded OH groups. Shoulders at v = 3585 cm" 1 are also 
present. They should be assigned to the conformers with an intramolecular hydrogen 
bond between the —OH and — N 0 2 groups. The shoulder is more prominent in 
the spectrum of I as compared with that of II. This is probably due to the presence 
of a bulky substituent at the same carbon atom as the hydroxyl group in П. 

As can be seen from Fig. 1, the spectra of the fundamental and first overtone 
region are very similar. 

a) b) 

OH H 

Fig. 1. The IR spectra of compound I 

o) in the fundamental region of v s ( O H ) 
b) in the first overtone region of r s ( 0 n ) 

The spectra of nitroalcohols I1I-VIII show the maximum at ca. 3625 c m - 1 , 
the shoulder at ca. 3600 cm" 1 and a visible maximum at 3575 cm" 1 . Al l of them 
can be explained in the same way as for the spectra of compounds I and II. 

In the spectra of compounds III-VIII the band (not a shoulder) is present at 
ca. 3575 c m - 1 . It seems reasonable to conclude that the presence of one or two 

Scheme 

2 
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alkyl substituents at the carbon atom bonded with the nitro group favours the 
conformers with an intramolecular hydrogen bond between the —OH and — N 0 2 

groups. 
This can also be observed in the spectra of the first overtone region of V S ( 0 H ) 

(Figs. 2b, 3b). 

a) b) 

Fig. 2. The IR spectra of compound V 

a,b—as in Fig. 1 

Tertiary alcohols. The spectra of tertiary alcohols show weak bands at 
3615 c m - 1 and 3620 c m - 1 , respectively, and a strong band at 3576 cm" 1 . 

It is known [23] that in the spectra of tertiary aliphatic alcohols the band is 
present corresponding to the stretching vibrations of the hydroxyl group of monomer. 
That is why the bands at ca. 3615 cm - 1 in the spectra of IX and X should be assigned 

a) b) 
mo 3500 [Ст~Ч -МЯ0 7090 6990 6890 _ 

нсн3 

CHfiHfC-C-NOz 

OH CH3 

Fig. 3. The IR spectra of compound VIII 

a,b—as in Fig. ! 
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to the unbonded hydroxylic groups. The strong bands at ca. 3576 c m - 1 are probably 
produced by the hydroxy! group bonded with the N 0 2 group. 

The spectra in the fundamental and first overtone region were identical (Fig. 4). 

Fig. 4. The IR spectra of compound IX 

a.b—as in Fig. 1 

Conclusions 

Every spectrum of the investigated compounds is very similar to the respective 
spectrum in the first overtone region. The new bands observed at ca. 3575 c m - 1 

probably are not the result of Fermi resonance between the hydroxyl fundamental 
and contribution bands arising from lower frequency vibrations. 

They should be assigned to the stretching vibrations of the hydroxyl groups 
bonded to the N 0 2 groups with an intramolecular hydrogen bond. 

The authors are much indebted to Dr. J. Langer (Institute of Physics, University 
of Warsaw) for taking IR spectra in the first overtone region. 
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E . Липчикьска-Коханы, Я. Коханы, Т. Урбаньски, Внутримолекулярная водородная связь 
некоторых вторичных и третичных алифатических /<-ннт роспиртах 

Содержание. Исследованы ИК спектры некоторых вторичных и третичных алифатических 
/?-нитроспиргов. Полученные результаты доказывают присутствие конформеров этих 
соединений, в которых существует внутримолекулярная водородная связь между нитро-
и гидроксильной группами. 
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