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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 my) typical of the nitro group.
This is attributed to the formation of six-membered chelate rings by internal hydrogen bonds
between the nitro and hydroxyl or amino groups. 7woe 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 my).

THE effect of the hydrogen bond on electronic spectra has recently been reviewed.!
Morton and Stubbs,? 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 al? have confirmed this by comparing electronic spectra of substituted
phenol and anisole. The abnormal ultra-violet absorption spectra® of nitro paraffin
derivatives containing hydroxyl and or amino groups are considered to be due to the
formation of six-membered chelate rings4.% 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’
o '
AN
é‘l, N—0 Hy N
Ny e
O - O
\\// \(”1 -
H H -~
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 hydroxyl group, together with the
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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 mu. This
may be produced by single bonded atoms or groups with single bonds (auxochroms),

such as —O—, >N— and —C—C—.® The existence of hydrogen bonds between
hydroxyl or amino groups and a nitro group has been confirmed by infra-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 mu beam width was used. Measure-
ments were made every S mu on aqueous or ethyl alcohol solutions of the compounds.

The names or structural formulae of all compounds are:

Nitroparaffins Aminonitroalcohols
I Nitromethane
Il Nitroethane R* CH,OH
I 1-Nitropropane \C/
IV 2-Nitropropane N\
V 1-Nitro-n-butane NO, CH, R¢
VI 1-Nitroisobutane
VII 1-Nitro-n-pentane XXII R® — C.H,, R* = NH,, hydrochloride
VIl 1-Nitro-n-hexane XXIII R? = C4H,, R* = NH,, hydrochloride
Nitroalcohols XXIV R® = C3H,, R* = NHCH,,
R Re hydrochloride
e XXV R? = C4H,, R* = NHC;H;,,
hydrochloride
NO,; CH,OH XXVl R= js0-C;H,, R* = NH,,
IX R'==R*=H hydrochloride
X R! =R?=CH,0H XXVII R® = C,H,, R* = NH,, hydrochloride
XI R!'=CH, R*=H XXVHI R* = C,H,, R* = NHCH,,
XII R! = CH,, R* = CH,OH hydrochloride

XII R!'=C;H;,R?* =H
XIV R! = C,H;, R?* = CH,OH
XV R! = R?= CH;

XVI R* = C;Hy, R? =~ CH,OH R¢ = NH CH,-\C/—CH20H,
XVI[ R! = iso-C;H,, R? = CH,OH

XXIX R? = CH;,
CH, NO,

hydrochloride
XVIII R! =C,H,, R* = CH,OH XXX R®— C.H
! .= C;H,,, R* = CH,OH = Yetls
XIX RE= Gl : C,H; NO,
Aminonitre compound N/
CH, NO, R* = NH CH,—-C—CH,OH,
XXXI R?® = C,H,,
CH,—C C,H, NO,
/ AN NS
NH CH, R* = NH CH,—C—CH,OH,
AN CH, hydrochloride
CH,—C XXX1I R*® = C,H;,
c/H\No C,H, NO,
XX‘ : \/
R4 = C—CH,—NH—CH,0OH,
XXI hydrochloride of XX hydrochloride

S E. A. Braude, Ann. Rep. Progr. Chem. 42, 105 (1945).
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A study of the hydrogen bonds

1:3-Tetrahydro-oxazine derivatives

1-Oxa-3-aza-cyclodctane derivative

o} o]
N N
NO, é, CH, NO, ﬁl, (‘:H.
N N—R® C N—-CH,OH
A
R‘/\Cﬁ, C,H® CH, CH,
AN
XXXIII R® = C,H;, R® = H, hydrochloride N\
XXXIV R® = C,H;, R* = CHj,, hydrochloride NO. C.H;
XXXV Rt =C,H;, R* = (CH,), I® xXLvil

NO, C.H;

NS
XXXVl R*®=C,HyR® = CH,—C—CH,0H
XXXVII R* = CgH;, R* = H, hydrochloride
XXXVIII R® = C4H,;, R* — CHj,, hydrochloride

XXXIX R® = C4H,, R* = C,H,, hydrochloride 1:3-Dioxane derivatives

XL R?® = iso-CgH,, R® = H, hydrochloride o CH,
XLI R® = iSO‘Cth R¢ = CH!) / \ /
. NO, CH, C
hydrochloride N N
XL R® = is0-CyH,, R® = C,H,, C O CH,
hydrochloride R"/ \Cﬁ
XLIII R® == C*H,, R® = H, hydrochloride ?
s _ . _ . XLVl R’ = CH,
XLIV R® = C,H,, R® = CH,, hydrochlorlde XLIX R? == CH,OH

XLV R® = C,H,, R®* = C,H,, hydrochloride

o) o}
N C/\
H, CH, H, CH,

NoL | N0
N—CH,—N C
N NN
CcH, CH, CH, CH,
XLvi

All compounds, from (IX) onwards have been prepared according to the literature;
compounds (IX-XIX) according to Vanderbildt and Hass® and Urbanski and
Chyliniska.?

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

® B. M. Vanderbildt and H. B. Hass, Industr. Engng. Chem. 32, 34 (1940).
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FiG. 3. Curve (c)—with a clcar bend. FiG. 4. Curve (d)—with a very weak bend.



A ctudy
LU

2N
¢, H,

L R® = H, hydrochloride

LI R?® = CHj,, hydrochloride

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

TABLE 1
! Minimum Maximum | !
i e e  Shape
Substance | Solvent wave- | | wave- | Ae of the
| length  loge ~ ¢ length | loge € curve
' (mgy) - {my) |
. ) |
I ! Alohol 250 °~ 150 317 | 260 | 159 | 391 | 74 1 A
II | Alcohol ;, 250 : 1:54 : 343 : 260 | 1-63 423 80 A
T | Alcohol | 250 | 107 ‘ 11-8 | 270 | 1-59 393 275 A
v Alcohol 250 | 1:58 . 377 || 260 1-66 457 80 A
V | Alcohol | 247 1-17 150 ' 272 1-40 | 254 104 A
VI | Alcohol | 245 | 205 1125 | 255 209 1217 92 A
VII Alcohol 250 1 140 249 | 270 1-51 | 322 73 A
VIII Alcohol | 248 1-48 30-2 | 261 1:55 | 357 |t 5-5 A
1 H
IX Alcohol 258 1-43 270 . 270 1-45 281, 11 A
X  Alcohol | 265 153 336 1 275 . 153 336 0-0 B
Water a bend c282 1:60 40-1 — . C
XI  Alcohol | 250 ; 124 174 | 275 149 3141 137 ' A
XII  Alcohol | 262 1-42 264 - 275 1-52 I 329 65 A
' Water 268 1-54 347 | 275 1-54 347 00 B
XIII Alcohol 251 1-28 189 ] 279 ' 147 29-4 10-5 A
XIV  Alcohol a bend c280 - 1-61 40-4 — C
Water a bend c285 | 146 293 — 1 C
XV  Alcohol ! 252 123 169 '| 278 1449 310 | 14.1 A
Water | 255 1-28 17-8 | | 280 147 298 | 12.0 A
XVI : Water a bend c280 1-57 372 | - C
XVII | Water a bend c275 1-70 50-7 —_ C
XVIIE i Water a weak |
| bend 280 1-59 | 389 — D
XIX | Water a bend €275+ 162 | 41-5 — C
| '

11 M. Kohn, Monatshefte 25, 135, 817, 830, 850 (1904);
I s
13 T, Urbanski and B. Gac-Chylinska, Roczit. Chem. 30, 185 (1956).
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TABLE 2
Minimum ” Maximum |
|
s e ————— e e — + Shape
Substance Solvent | wave- | . wave- ! Ae  of the
& length | log ¢ € | length loge ! e | curve
| (me) | | | (my)

- 1| : ! e -
XX | Alcohol | 250 | 2-87 741 | 256 ‘ 290 794 53 i A
XXI | Water a bend ¢ 280 : 185 i 707 - C

XXII | Water a bend €280 1-64 ‘ 439 — C
XXIII | Water a weak bend c275 181 , 653 * — i D
XXI1V Water a weak bend c280 1.55 © 358 | — D

XXV | Water a bend €285 152 332 I — . C
XXVI | Water a bend €275 1172 ¢ 528 ' — | C
XXVII | Water a bend c272 - 162 | 418 - . C

XXVIII | Water a weak bend 280 . 166 | 457 = — D
XXIX | Water a bend €250 279 623 -— C

XXX | Water a bend €270 273 1 540 — C

XXXI | Alcohol a bend c265 252 | 331 — C
XXXII | Water a bend <260 248 32 . — |, C
XXXIII | Water 2600 178 60-4 ‘| 272 0 181 | 643 . 39 A
XXXIV | Water 255 : 157 373 1290 1-61 403 ' 30 ' A
XXXV | Water 272 1-60 398 278 . 160 398 | 00 ! B
XXXVI | Alcohol | 248 2-64 437 . 260 ;. 268 477 | 40 A
XXXVIL | Water 256 173 4 537 ‘ 275 1-82 66:1 | 124 A
XXXVIII | Water 255 152 | 330 | 273 1-58 382 ‘ 52 A
XXXIX | Water 245 198 959 | 260 1-98 959 1| 00 B
XL | Water 257 156 I 365 | 275 1-61 409 i 44 A

XLI | Water 252 148 ' 302 - 277 1-65 444 142 | A

XLII | Water 255 144 1 279 280 1-64 438 | 161 A
XLII | Water 255 1-49 , 309 275 155, 353 . 44 A
XLIV & Water | 255 | 153 | 341 275 0 160 | 402 | 61 A

XLV | water 262 159 ¢ 390 270 160 | 398 , 08 A-B
XLVI | Alcohol | 250 277 | 593 1 262 2-80 631 38 A
XLVII | Alcohol | 250 2:63 | 431 ; 260 2:67 470 ;39 A

XLVIIL | Alcohol : 260 129 | 194 | 278 - 140 249 i 55 A

XLIX | Alcohol | 265 1118 151 !. 284 134 219 ' 68 | A

L | Water a very weak bend ¢c240 ! 08 | 63 — D

LI | Water a very weak bend  ¢230 14 ‘l 25:1 -, D
DISCUSSION

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

Dinitrocompounds: (XX, XXIX-XXXII, XXXVI, XLVI and XLVII} are
composed of two molecules of nitro paraffins; they are distinguished by their high
extinction coefficients.



In (XX) one nitro group may be bonded by a bifurcated hydrogen bond and the
second “‘free”” (XXa), or both nitro groups may be pamally bonded (XXb).
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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, XXXI and XXXII) in form
of hydrochlorides with sufficient hydrogen atoms to transform the maximum of the
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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
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compound. Compounds with two unbonded or partially bonded nitro groups
(XXXVI, XLVI, XLVII—a typical structure being XXXVIa) also give a high extinc-
tion.

o} o
N
C,Hy CH CH, CH, N—
N
C N—CH,— H
NS
NO, }H, }H,—g
XXXVla

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

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-Tetrahydro-oxazine compounds with a 5-nitro-1:3-tetrahydro-oxazine 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 m, which secems 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 mgu 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 ones.!?
This rule, however, does not apply to some 1:3-oxazine derivatives, (XXXVII and
XXXIX) from l-nitrobutane possessing a slightly higher coefficient than the corre-
sponding derivatives (XL and XLII) of I-nitroisobutane.

Bathochromic effect

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 (I, max 260 mu); was converted to a monohydroxylic alcohol (I1X) the
maximum was shifted to 270 myu; and when three alcoholic groups were introduced,
(the triol X) the maximum was transformed into a bend at c. 275 my (all in alcoholic
13 A, E. Fehnel and M. Cormack, J. Amer. Chem. Soc. 71, 84 (1949).
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solution). In the case of nitroethane (1I) the maximum, 260 mg was shifted to 275 mu
in the mono! (XI), and the same wavelength was found for the bend in the case of the

dial (XTI
G101 (Aurj.

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 mg,
le. ata higher wavelength than nitroethane.

A similar auuuug, was observed in the case of 1-mtropr0pane \uI, 270 my ) and
the corresponding monol (XIII, max 279 my) and diol (XIV, bend at c. 280 my).
2-Nitropropane (IV) has the maximum at 260 mu and the alcohol (XV) gives a
maximum at 278 mu. 2-Nitropropane should also be compared with 2-nitro-
propane-1-ol (XI) which shows an absorption band at a longer wavelength (275 mu).
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 my to 280, 275, 280, 275 mu respectively after being transformed
into the corresponding diols (XVI-XIX).

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