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Abstract-The ultra-violet absorption spectra of many nitro paraffin derivatives containing 
hydroxyl and or amino groups, do not show a maximum (260-270 rnp) typical of the nitro group. 
This is attributed to the fo~ation of six-membered chelate rings by internal hydrogen bonds 
between the nitro and hydroxyl or amino groups. 7i~o hydroxyl groups or one secondary amino 
group are necessary to transform the normal maximum of the nitro group into a bend. This 
is considered as new evidence for the mainly electrostatic nature of the hydrogen bond. Hydrogen 
bonds between nitro and hydroxyl or amino groups also produce a bathochromic effect; the 
corresponding maxima or shoulders being shifted towards longer waves (270-285 mp). 

THE effect of the hydrogen bond on electronic spectra has recently been reviewed.l 
Morton and Stubbs,2 proved in the case of hydroxybenzaldehydes that both inter- 
and intra-molecular bonds, and association between solute and solvent can produce 
a shift of the benzenoid ultra-violet absorption bands towards longer wavelengths. 
The degree of shift for different isomers depends on the strength of the bonds. 
Burawoy et ~1.~ have confirmed this by comparing electronic spectra of substituted 
phenol and anisole. The abnormal ultra-violet absorption spectra4 of nitro paraffin 
derivatives containing hydroxyl and or amino groups are considered to be due to the 
formation of six-membered chelate rings 415 by internal hydrogen bonds between the 
nitro group and the hydroxyl or amino group. Two hydroxyl groups or one amino 
group forming the chelate rings (formulae A and B) are required to transform the 
normal maximum of the nitro group into a shoulder; the presence of a single hydroxyl 

R CH.--O R R 

A B 

group and consequent hydrogen bonding has a bathochromic effect, but does not 
appreciably alter the shape of the ultra-violet spectra. The stronger electron repelling 
properties of the amino as compared with the hydroxy1 group, together with the 
1 IUPAC Symposium on Hydrogen Bond, Ljubljana (1957). W. F. Forbes and J. F. Templeton, Chem. 

& Ind. 77, (1957). 
* R. A. Morton and A. L. Stubbs, J. Chem. Sot. 1347 (1940). 
s A. Burawoy and J. T. Chamberlain. J. Chem. Sot. 2310 (1952). A. Burawoy, M. Cais, J. T. Chamberlain, 

F. Liversedge and A. R. Thompson, Ibid. 3721, 3727 (1955). 

‘T. Urba&ki, BuK Acud. Pof. Sci. Cl. III, 1, 239 j1953). 

c T. Urba&ki and D. Ciecierska, Roczn. Gem. 29, 11 (1955); T. Urba&ki, Bufi Acud. Pal. Sci. Cl.IIX 
2, 393 (1954); Rocm. Chem. 29, 375 (1955); T. Wrba&ki, IUPAC Symposium on Hydrogen Bond, 
Ljubijana (1957). 
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electron attracting properties of the nitro group are considered evidence supporting 
the view that the hydrogen bond is mainly electrostatic. 

All compounds investigated produce a strong absorption band near 200 rnp. This 
may be produced by single bonded atoms or groups with single bonds (auxochroms), 

such as -0- , 
> 

N-and -C-C-.6 The existence of hydrogen bonds between 

hydroxyl or amino groups and a nitro group has been confirmed by i&a-red 

absorption spectra.’ 

EXPERIMENTAL 

In the present paper, previously published and unpublished results are given. A quartz Beckman 
spectrophotometer (model DU) with hydrogen lamp and 1-4 rnp beam width was used. Measure- 

ments. were made every 5 rnp on aqueous or ethyl alcohol solutions of the compounds. 
The names or structural formulae of all compounds are: 

Nitroparaflns 

I Nitromethane 
II Nitroethane 

III I-Nitropropane 
IV 2-Nitropropane 
V I-Nitro-n-butane 

VI 1-Nitroisobutane 
VII I-Nitro-n-pentane 

VIII I-Nitro-n-hexane 

Nitroalcohols 

kI R’ 

\’ 

l&l-l OH a I 
IX R’ z= Ra = H 

X R’ = Ra = CH,OH 
XI R’ = CHs, R* = H 

XII R’ = CHs, Ra = CH,OH 
XIII R’ = CaH5, R* 1 H 
XIV R’ = CLHSr R’ = CH,OH 
XV R’ = Ra = CHS 

XVI R’ = CSH,, Ra = CH,OH 
XVII R’ = im-GH,, Ra = CH,OH 

XVIII R’ = C,Hs, Ra = CH,OH 
XIX R’ = C&HI,, Rs = CH,OH 

Anrinonitroalcohols 

R9 CH,OH 

Y 

N&H RI a 8 

XXII R8 : CsH6, R4 = NHs, hydrochloride 

XXIII R3 = CsH,, R’ = NHs, hydrochloride 

XXIV R3 = CsH,, R’ = NHCH3, 
hydrochloride 

XXV Ra = CaH,, R’ -- NHCoH5, 
hydrochloride 

XXVI R’= iso-CsH,, R’ = NH,, 
hydrochloride 

XXVII RS = C,HO, R4 == NHI, hydrochloride 
XXVIII R’ = C,H,, R’ = NHCH*, 

hydrochloride 

XXIX R5 = CHs, 
CH, NO, 
‘\/ 

R’ - NH CH,---C-CH%OH, 
hydrochloride 

XXX R3 = C4HB, 
C,H, NO, 

Aminonitro compound \/ 

CH, NO, R’ = NH CHs--C-CHsOH, 

CH JC/ 
XXX1 RS = C,Hb, 

/ 9 

CsH, NO9 

‘CH 
\/ 

NH s R’ = NH CHs-C-CHnOH, 

‘\ 
CH,-C’ 

W 
hydrochloride 

XXXII R’ = CrHb, 

c 
\ 

H, NO, 
Cs& NO9 

xx 
\/ 

R’ = C-CH,-NH-CH,OH, 

XXI hydrochloride of,XX hydrochloride 

8 E. A. Braude, Ann. Rep. Progr. Chem. 42, 105 (1945). 

7 T. Urbaiski, Bull. Acod. Polon. Set. Cl. III. 4, 87, 381 (1956); Rocm. Chetn. 31, 37 (1957). 
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1:3-Tetrahydro-oxazine derivatives 

c *\ NO, H, CH, 

Y A--R’ 

XXX111 R’ = C,Hs, R’ = H, hydrochloride 

XXXIV R6 = C,H&, Re = CHI, hydrochloride 

XXXV R” = &H,, R’ = (CH3,1@ 
NO, C,H, 
\/ 

XXXVI R6 = C,H, Re = CH,-C--HIOH 

XXXVII R6 = C8H,, R’ = H, hydrochloride 

XXXVIII Rs = CSH,, Ra - CHt, hydrochloride 

XXXIX Rn = CsH,, R’ = C,H6, hydrochloride 

XL R5 = iso-CSH7, R8 = H, hydrochloride 

XL1 R6 = iso-C,H,, R6 - CHS, 
hydrochloride 

XLII R’ = isO-CaH,. R6 - CtHlr 
hydrochloride 

XL111 Rs = C’H,, R6 = H, hydrochloride 

XLIV R6 = CIHD, R6 = CHS, hydrochloride 

XLV R5 = C,H,, R6 = CLHI, hydrochloride 

1 -i?xa-3-azocycltictane derivative 

NO/t H t I 6 

XLVII 

1:3- Dioxane derivatives 

XLVIII R’ = CH, 
XLIX A’ = CH,OH 

c *\ *\ 
N*a\ 

H, CH, c 
c A-CH,- I& 

H, WNO, 

Y 

d 
\/ 

C s W ‘&I ‘Cl-l * 3 
XLVI 

All compounds, from (IX) onwards have been prepared according to the literature; 
compounds (IX-XIX) according to Vanderbildt and Hass* and Urbafiski and 
Chyliriska.9 

All other compounds were prepared according to methods described by other 
workers and the present author.10 

In addition to the compounds containing a nitro group, the absorption spectra of 
two derivatives of 1:3-tetrahydro-oxazine without a nitro group, have also been 

8 B. M. Vanderbildt and H. B. Has, Indusrr. Engng. Chem. 32, 34 (1940). 

‘T. Urbahski and B. Chyli&ka, Roczn. Chem. 31, 695 (1957). 

lo E. L. Hirst, J. K. N. Jones, S. Minahan, F. W. Ochy&ki, A. T. Thomas and T. Urba&ki, J. Chcm. 

Sot. 924 (1947); J. K. N. Jones and T. Urba&ki, Ibid. 1766 (1949); T. Urba&ki and S. Malinowski, 

Roczn. Gem. 25, 183 (1951); T. Urban/ski and E. Lipska, Ibid. 26, 182 (1952); T. Urban/ski and 
H. Piotrowska. Bull. Acod. Pal. Sci. Cl. III. 3. 389 (1955); Rocrn Chem. 29, 379 (1955); 31, 553 (1957); 

T. UrbaLski and J. Kolesir&ka. Ibid. 29, 392 (1955); T. Urbat&ki and D. Giime, Bull. Acud. Pot. Sci. 

Cl. III. 3, 175 (1955); 4. 221 (1956); Rocm. Chem. 31. 855, 869 (1957); T. Urbal(ski, H. Dabrowska. 
B. Lesiowska, H. Piotrowska, Ibid. 31, 687 (1957). 
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FIG. 1. Curve (a)-with a slrong maximum. 

I I 1 
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FIG. 3. Curve (c)-with a clear bend. 
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FIG. 2. Curve (b)-with a very weak 
maximum, or a very strong shoulder. 

I I I 
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FIG. 4. Curve (d)-with a very weak bend. 
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examined. They are compounds (L) and (LI), which have been 

c 
O\ 

CH,- H CH, 

;H, k--R” 

Y 

c H.&, 

L RB = H, hydrochloride 

LI R8 = CH1, hydrochloride 

prepared according to Kohn.11*12 
All absorption curves can be classified in four types (Fig. l-4) 
All numerical results are tabulated (Tables 1 and 2) 

TABLE 1 

5 

1 I 

Minimum Maximum 

Substance Solvent wave- I 1 wave- 

length ' iog F E length 

I 

II 

III 

IV 
V 

VI 

VII 

VIII 

_. .- 

1X 

X 

XI 

XII 

Alcohol 

Alcohol 

Alcohol 
Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Water 

Alcohol 

Alcohol 

’ Water 

XIII Alcohol 

XIV Alcohol 

Water 

250 1.50 31.7 ,I 260 

250 ! 1.54 34.3 / 260 
250 1 1.07 11.8 270 

250 ; l-58 37.7 I 260 
247 1.17 15-o ;: ” 272 

245 2.05 112.5 ‘/ 255 

250 I 140 24.9 270 

248 1.48 30.2 , 261 

.- 
I 

258 l-43 27.0 270 

265 1.53 i 33-6 i; 275 

a bend c282 

250 I.24 ’ 17.4 1 275 

262 1.42 26.4 ‘, 275 

268 l-54 34.7 1 275 

251 1.28 1 18.9 ,I 279 

a bend ~280 

a bend ~285 
xv Alcohol \ 252 1 a23 

I I 
16-9 278 

Water ( 255 1 a28 17,8 I! 
,I 280 

XVI : Water a bend ~280 

XVII 
/ Water 

a bend ~275 

XVIII Water a weak 

bend c280 
XIX ! Water a bend ~275 

1.59 39.1 7.4 

1.63 42.3 8.0 

1.59 39.3 27-5 

1.66 45.7 8.0 
140 25.4 10-4 

2.09 121.7 9.2 

l-51 32.2 7.3 

1.55 35.7 5-5 

1.45 

1.53 

1.60 

1.49 

1.52 

1 a54 

1.47 

1.61 
146 
1.49 

1.47 

1.57 

1.70 

1.59 38.9 - 

1.62 41.5 - 

-. 

28.1 

33-6 

4@1 

31-l 

32.9 

34.7 

29.4 

40.4 
29.3 

31.0 

29.8 

37-2 

50.7 

Shape 
A& of the 

1 curve 

1.1 

0.0 

A 

B 
- c 

13.7 

6.5 

0.0 

10.5 
- 

- 

14.1 

12.0 
- 

- 

A 

A 

B 

A 

C 

C 
A 

A 

C 

C 

D 

C 

I1 M. Kahn. Monotslrefte 25, 135. 817, 830, 850 (1904); 

I* T. Urba&ki and B. Gac-Chyliiska, Rocm. Cf~m. 30, 185 (1956). 
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TABLE 2 

Minimum Maximum I 
-. .- -- ._ --.- ..__ --_. I ! Shape 

Substance 

-.. - - 

xx 
XXI 

_- 

Solvent wave- 
, length 
1 (wu) 

I 

wave- I AF of the 
log E E 1. length log F I E ; curve 

I 
II 
’ (w) I 

~ _.. -.. -- ..-_-.. -- _ 

2.87 741 
!I I j 

,’ 256 a bend c 280 
Alcohol , 250 
Water 

.- ._.. -_.- --. . . . _. ..- .-. 

XXII / Water a bend ~280 1.64 
a weak h-end ~275 1.81 
a weak bend ~280 1.55 
a bend ~285 l-52 
a bend ~275 1.72 
a bend ~272 l-62 
a weak bend ~280 l-66 
a bend ~250 2.79 
a bend ~270 2.73 
a bend ~265 2.52 
a bend c26Q 2.48 

43-9 -.’ c 
65.3 - j D 
35.8 j - D 

33-2 I - 52.8 - j E 
41.8 -” : C 
45.7 - D 
623 -- C 
540 - C 
331 C 
302 - , C 

XXIII Water 
XXIV 1 Water 
xxv 

XXVI 

XXVII 
XXVIII 

XXIX 
XXX 

xxx1 
XXX11 

XXXIII 
XXXIV 
XXXV 

XXXVI 
XXXVII 

XXXVIII 
XXXIX 

XL 
XL1 

XLII 
XLIII 

Water 
Water 
Water 
Water 
Water 
Water 
Alcohol 
Water 

Water 
Water 
Water 
Alcohol 
Water 
Water 
Water 
Water 
Water 
Water 
Water 

260 
255 
272 
248 
256 
255 
245 
257 
252 
255 
255 
255 
262 
250 
250 

I 
604 !I 272 
37.3 j 270 
39.8 278 
437 260 
53.7 
33.0 

I 275 
273 

95.9 i 260 
36.5 i 275 
30-2 : 277 
27.9 280 

275 
275 
270 

30-9 
34. I 
39.0 
593 
431 
19.4 
15.1 

L I Water a very weak bend 
LI i Water a very weak bend 

I 262 

I 260 
14l 
1.34 

C240 : 0.8 

~230 1.4 

1.81 64.3 
1.61 40.3 
1.60 39.8 
2.68 477 
1.82 66.1 
1.58 38.2 
1.98 95.9 
1.61 40.9 
l-65 44-4 
1.64 43.8 

3.9 i A 
3.0 I A 
0.0 I B 
40 ) A 

12.4 A 
5.2 I A 
0.0 : B 
4.4 : A 

14.2 j A 
16.1 ’ A 
44 A 
6.1 A 
0.8 A-B 
38 A 
39 A 
5.5 A ! 
6.8 I A 
- D 
- D 

1.78 
1.57 
1.60 
264 
1.73 
1 a52 
1 a98 
I a56 
1.48 
1.44 
I -49 
1.53 
1.59 
2.77 
263 
1 a29 
1.18 

1.55 ! 35.3 
l-60 j 40.2 
1.60 ! 39.8 
2.80 631 
2.67 470 

XLIV Water 
XLV ! Water 

XLVI Alcohol 
XLVII Alcohol 

XLVII I 
XLIX 

260 
265 

24.9 
21.9 

6.3 
25.1 

Alcohol : 
Alcohol / 

DISCUSSION 

New resuIts described in this paper confirm fully previous observations and all 
former statements have been confirmed. In addition, a few more conclusions may be 
drawn. 

Dinitrocornpounds: (XX, XXIX-XxX11, XXXVI, XLVI and XLVII) are 
composed of two molecules of nitro paraffins; they are distinguished by their high 
extinction coefficients. 
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In (XX) one nitro group may be bonded by a bifurcated hydrogen bond and the 
second “free” (XXa), or both nitro groups may be partially bonded (XXb). 

Compound (XX), shows a relatively strong extinction (c.800) at the maximum 

characteristic of the nitro group, the shape of the absorption curve (a) agreeing with 
the structure (XXa). The hydrochloride (XXI) shows a much lower extinction (of 
the order of 70) at the bend [curve (c)] and no maximum of the nitro group 
(XXIa). 

It is suggested that (XXa) with two nitro groups, one of which is “free”, is 
responsible for the high extinction. In contrast, fully bonded two nitro groups (XXIa) 
give a relatively low extinction, although it is higher than in the case of the 
compounds with one nitro group. 

The compounds with two nitro groups (XXIX, XXX, XXX1 and XxX11) in form 
of hydrochlorides with sufficient hydrogen atoms to transform the maximum of the 

CH, CH, CH, 
‘\ ,,’ 

CH,-:!?CH+CH, 

CH/’ “NO. 

Cl 0 

3 L 

0 
XXa XXla 

P 
0 

CH, N=O.----H Ox A CH, 
\ 

c Y 

cH”c~ ---N 3 2 (H’cH I a 
XXb 

nitro group, show a relatively high extinction of the order of 300 to 600 (lower than 
XX). Mesomeric structures,(e.g. XXXa and XXXb),could be suggested for this type of 

0-A H, c 
0 

: 
\ 

/ 
A 
; 

k _.. .O = N CH,OH 

C,H, CH,--N--C/H, \ 

‘/ : 

*H, 

d-l\ H 

HOC&N =O<? 

* a 6 

XXXa XXXb 



8 T. URBANSKI 

compound. Compounds with two unbonded or partially bonded nitro groups 
(XXXVI, XLVI, XLVII-a typical structure being XXXVIa) also give a high extinc- 
tion. 

A 
0 

C,Hs,yH, yH* C,H, r&o 

N-CH.1 c 

‘3 
C ‘i-r 

..{M - t \H,--d 

XXXVla 

Aminonitroalcohols with relatively long chain molecules of the type (XXIX-XxX11) 
show a higher extinction than aminonitroalcohols with one nitro group (XXII- 
XXVIII). 

Ring compounds with: (i) a long side chain (XXXVI); (ii) two 1:3-oxazine rings, 
each containing a nitro group (XLVI); (iii) a larger (eight member) ring with two 
nitro groups (XLVII), all give a higher extinction coefficient than simpler 1:3-oxazine 
derivatives (XXXIII, XXXIV, XXXVII-XLV). 

1:3-Tetruhydro-oxuzine compounds with a 5-nitro-I :3-tetrahydro-oxazinc ring give 
a clear maximum characteristic of a nitro group. No hydrogen bond is possible 
between the nitro group and N-hydrogen in compounds (XXXIII, XXXVII, XL, 
XLIII), the distance between oxygen atoms and N-hydrogen being larger than 3 A. 

The N-ethyl groups (XXXIX and XLV) produce a steric influence upon the nitro 
group shown by weakening of the absorption maximum, curve (b). The same applies 
to the quaternary iodide (XXXV) where two N-methyl groups and the iodine ion are 

present. In contrast, it is difficult to explain the lack of the effect of N-ethyl in (XLII). 
Compounds with a 1:3-oxazine ring and no nitro group (XL and XLI) show a 

strong maximum in the proximity of 200 mp, which seems to be characteristic of all 

substances described in the present paper. The lack of a chromophore in these 

molecules may be responsible for the very small extinction coefficient in the absorption 
curves of (XL) and (XLI) at 240 and 230 m,u respectively. 

The absorption spectra of 1-nitrobutane (V) and I-nitroisobutane (VI) and also 
those of their respective diols (XVI and XVII), conform to the general rule that 
branched alkyls produce a higher extinction coefficient than straight chain onesr3 
This rule, however, does not apply to some 1:3-oxazine derivatives, (XXXVII and 
XXXIX) from I-nitrobutane possessing a slightly higher coefficient than the corre- 
sponding derivatives (XL and XLII) of 1-nitroisobutane. 

Bathochromic eect 

When internal hydrogen bonds are present the maximum produced by the nitro 
group or the bend corresponding to this maximum is shifted towards longer wave- 
lengths. 

This bathochromic effect can be observed when comparing maxima in nitro 
paraffins with maxima or bends in the corresponding nitro alcohols. Thus, when 
nitromethane (J, max 260 mp); was converted to a monohydroxylic alcohol (IX) the 
maximum was shifted to 270 rnp ; and when three alcoholic groups were introduced, 
(the trio1 X) the maximum was transformed into a bend at c. 275 rnp (all in alcoholic 
IS A. E. Fehnel and M. Cormack, J. Amer. Chem. Sot. 71, 84 (1949). 



A study of the hydrogen bonds 9 

solution). In the case of nitroethane (II) the maximum, 260 rnp was shifted to 275 rnp 
in the mono1 (XI), and the same wavelength was found for the bend in the case of the 

diol (XII). 
A comparison of nitro paraffins and nitro alcohols with the same number of 

carbon atoms leads to the same conclusion. Alcohol (IX) has the maximum at 270 mp, 
i.e. at a higher wavelength than nitroethane. 

A similar shifting was observed in the case of I-nitropropane (III, 270 rnp) and 

the corresponding mono1 (XIII, max 279 m,u) and diol (XIV, bend at c. 280 mp). 
2-Nitropropane (IV) has the maximum at 260 rnp and the alcohol (XV) gives a 
maximum at 278 rnp. 2-Nitropropane should also be compared with 2-nitro- 

propane-l-01 (Xl) which shows an absorption band at a longer wavelength (275 m,u). 
It should be pointed out, that although one hydroxyl group is not sufficient to 
transform a maximum into a bend, it can produce a shifting of the maximum of the 
nitro group. All higher nitro paraffins (V-VII) show the same type of shifting from 

272, 255, 270, 261 rnp to 280, 275, 280, 275 m/A respectively after being transformed 
into the corresponding diols (XVI-XIX). 

The same wavelengths (272-285 mp) of the bends corresponding to the bonded 
nitro group was also found in amino-nitro alcohols derived from nitro paraffins. 
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