
PAPER CHROML%TOGRAPH-Y OF N-MONO- -AND N,N-IX-SUBSTITUTED 
2,4-DINITRO-;- 2&DINITRO- AND 2,4,6-TRINI.TRQ_@ILINES 

K study is presented of the cbromatograpbic bebavionr of 38 compounds 
(mostly N-mono- and N,N&ahkyl-substituted 2,4- and 2,6-dinitro- and 2,4,6-trinitro- 
zmiktes) on Whatman No. 2 paper impregnated with fdrmamide and v&h cyclo- 
hexane as mobile phase. It is shown that the relationship between the RF values and 
the melting-points permits division of the compounds into four groups, for each of 
which m-p. = 6R p C a This interdependence is accounted for by the combined in- 
fiuences bf &ctronic and steric factors on the amine-N and its interaction with the 
statioliary phase. It is also shown that there is a linez relationship between the RM 
values of the N-momxr+lkyl-2,4- and -2,Qdinitro- and -2,4,6trinitroanilines and the 
munber of carbon atoms in the a&yl chain (NC); this relationship is expressed by 
RM = b,-logN C i- a,. By analogy, the relationship RM = 62,-lag (log 2N,) +- a2 exists 
foi N,N-di-n-alkyd derivatives. The R_w values of the compounds show that introduc- 
tion of another nitro-group into a d&&roan&e derivative, as well as introduction 
of a first or second substituent into the amine-group of a polynitroaniline, is not in- 
crement&y additive. 

INTRODUCXION 

The mo!eaAar structures of polynitroanilines and their N-alkyl and N,N- 
diaJ.kyl derivatives have been studied fairiy well. Aspects of the molecular conforma- 
tion of these compounds were dealt with by Kamlet and- cu-workers1-5, who used 
W spectroscopy, and by Heidberg and van Jouannes-’ and Lzmm and co-work- 
ersLza, who used NMR spectroscopy. 

Hamlet and cu-worker9 s’ate that introduction of a~ a&y1 group into the 
am&-group. of 2mitro- or 2,6-&nitro-aniline will cause rotation of the 2-nitro (or 
6-nigo>gronp out of coplanarity with the benzene nudeus and simultaneous deforma- 
tion of the bond angle between ffie amin-N and the carbon of the nudeus; altema- 
tie&,- the amin f%mtiotr can even rotate out of copla.nq&y with the nucleus- The 
introduction of a n&o-group in position 4 in N-dl&&nims- or- N-alIqb2,6&1i~~- 
;tniline may (and w&b 2&dinitroaniline derivatives does) induce returnof the amine- 



nitrogen to coplanarity with the nucleus l**; this phenomenon is defined by Kkmlet 
as “steiic enhancement of res0nam-Z. In 2,4,6-trinitroaniline, a more powerful sub- 
stituent on the amine+N may cause not only rotation of the 2-nitro (or 6-r&0) group 
and the amine-N out of coplanarity with the nucleus, but also -deformation of the 
bond angles in the benzene nucleus’. The conclusions of Kamlet et al. are essentially 
in good agreement with the results obtained by von Jouanne and Heidberg’. 

In our present research on the molecular structure of N-mono- and N,N-di- 
alkyl-2,4- and -2,6-dinitro- and -2,4,6-trinitro-anilines, paper chromatography was 
used. The results published here have also been applied in our ~tudies”~~ on the 
thermal stability of polynitroaniline derivatives by differential thermal analysis. 

ExPEEt.mENTAL 

N-All@- and N,Ndialkyl-polynitroanilines were prepared by boiling 2,4- or 
2,6-dinitrochlorobenne, or 2,4,6&nitrochlorobenzene, with the corresponding 
amine in methanol or ethanol in the presence of potassium acetate (as hydrogen 
chloride acceptor). Similarly, Le., by reaction of polynitrochlorobenzenes with am- 
monia, 2,4- and 2,6dinitro- and 2,4,6-trinitro-aniline were synthesized. Compounds 
so obtained were purified by crystallization from methanol, ethanol, acetone or a 
acetone-methanol mixture. 

For the paper chromatography, we used as stationary phase Whatman No. 
2 paper impregnated with formamide-methanol (5:2, v/v); descending development 
with cyclohexane was carried out for 300 min at 21.0 & O-3”, and the spots were 
identified from their colours in daylight and under W radiation. The RF values re- 
ported are averages from five measurements_ 

The m-p. were determined on a Bo&ius micro-heating table equipped with 
a special microscope (VEB Analytik, Dresden, G-D-R_). To determine the corre- 
sponding relationships, the upper limits of the m.p. range were used. 

RESULTS AND DISCUSSION 

An analysis of measur ed RF values and m-p. (see Table I) revealed that the 
compounds could be divided into four groups, in which the RF and m.p. were related 
by a linear equation of the type: 

m-p. = bR, + Q (1) 

The coefficients of eqn. 1 (obtained on the basis of linear regression) and the 
corresponding correlation coefficients (r) are summ arized for the individual groups 
(A, B, C and D) of polynitroaniline derivatives in Table II. The mathematical treat- 
ment excluded compounds with RF = 0 (Le., compounds 1 and 27) and compound 
35, all of which, however, approximated to ffie relation for compounds in group A. 

An analogous, but unambiguous dependence, was observed for several groups 
of sugars by Jermyn and Isherwood”*rk, whose work was cited by To&stein et Q1.r’ 
when establishing that the relationship between RF values and m.p. could be ex- 
plained by mutual cohesion of the mokcules. 
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TABLE1 

MJXIING-POmAND R,ANDR,VALUES OFTEZEPOLYNX%?tOANILXNEDERNA- 

conlporard c..~KlKi Me&kg-poiirt, RF 
No. "C 

RR¶ 

1 
2 

3 
4 
5 
6 
7 

; 
10 
11 
12 
13 
14 
15 
16 

:: 
19 
20 
21 

z 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

2&Dimitroani%e 
N-Metbyl-2&Sin&o~e 
N-EfhyL2&di&ro~e 
N-n-Propyl-2,4dinitroardke 
N-n-Bdyl-2&-&&ro~e 
N-kopropyL2,4di&ro~e 
N-Isobutyl-2,klinitroaniline 
N-Q~Iohewl-2,4dinitroadine 
N-AJlyl-2&dinitroardke 
N-Phenyl-2,4 
N,N-DimethyKI&dini~o~e 
N,N-Dietbyl-2,4-dkitroardine 
N,N-Di-n-propyKZ&ckitro~e 
N,N-Di-isopropyr-2dd;P;troaniline 
N~~~DinitrophenyI)pi_oeridine 
2,6-Dir&o&line 
N-Methyk?&linitroaniline 
N-Ethyl-2,Gdinitromiline 
N-n-PropyUJSdinitroaniline 
N-n-ButyI-2,6dinitroanike 
N-Cyclohexyl-2,6-dinitromiline 
N-AllyI-2,6-dinitroanike 
N,N-DimethyI-2,6-dinitroamiline 
N,N-Dietbyl-2,So-dinitroaniline 
N-N-Di-n-propyl-2,6-di&troaniline 
N-(~aDinitrophenyl)piperidine 
2,4,6-Trinitromiline 
N-Methyl-2,4,,6troadine 
N-Ethyl-2,4,6-titroani!ine 
N-n-Propyl-2,4,6-trinitroadine 
N-n-ButyKZ,4,,6 
N-CycIohexyK2,4,6-trinitroadne 
N-Ally&2,4,6trinitmaxdine 
N,N-Dimethyl-~4,6_triniaoanirine 
N,N-Diethyl-2,4,6-ti~~e 
N,N-Di-n-propyl-2,4,6-&nitroadiae 
N,N-Di-n-butyl-z,qstrinitroaniline 
N~~4,~T~~ophenyl)piperidine 

187.5 
178.0 
114.0 

95.0 
90.0 
94.0 
80.0 

155.0 
75.5 

160.0 
87.0 
80.0 
95.0 
94.5 
93.0 

138.0 
106.0 
86.0 
81.0 
41.0 
76.5 
65.5 

78.0 
49.0 
86.0 

106.0 
191.0 
116.0 

84.5 
60.0 
78.0 

102.0 
80.0 

139.5 
166.5 
139.5 
94.0 
98.0 

0.000 05 

0.040 1.380 
0.208 0.588 
0.500 0.i58 
0.600 -0.176 
o-495 O.OiIO 
0.605 -0.194 
0.640 -0.2.50 
0.240 0.502 
0.524 -0.42 
0.150 0.750 
0.640 -0.250 

. 0.810 -0.631 
0.070 1.123 
0.640 -0.250 
0.149 0.759 
0.321 0.329 
0.682 -0.329 
0.803 -0.611 
0.873 -0.839 
0.875 -0.844 
0.750 -0.477 
0.744 -0.464 
0.836 -0.708 
0.335 -0.819 
0.878 -0.788 
0.000 (>o 
O.WO 1.380 
0.255 0.477 
0.540 - 0.070 
0.720 -0_410 
0.870 -0.630 
0.330 0.327 
0.290 0.390 
0.780 -0.550 
0.910 -LOO4 
0.920 -1.061 
0.812 -0.631 

Among the general molecular-structural aspects of physical stabilityl’@, we 
must consider the manner and intensity of interaction between the amine-N of the 
compounds and the stationary phase of our chron~atographic system; this interaction 
is analogous to the salvation of anilines by protic solvents. Eastes and co-workers 
expressed the opinionl’ that salvation of aniline deriv&ves depended both on hy- 
bridization at the au&e-N and on the steric environment of this atom. From studies 
on the conformation of polynitroaniline derivatives14*6*7, and on analogous poly- 
nitm-m-phenylenediamine derivativeP, the combined influence of the electronic and 
sferic factors on the amine-N can be assumed to be responsible for the division of 
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TABLE II 

COEFFIcLENls OF EQN. 1 FOR INDIVIDUAL GROUPS OF TEE POL YNITROANIUNE 
DERIVATIVES 

Group Structure of group’ Value of w&Sent 

b a r 

A -2, 8, lo,36 -43.293 181.005 0.9921 
B 13,16.X, 32,34, 37.38 -59.964 ciO.867 0.9573 

c 3,4, 5,6,7, 12, 15, li, 18, 19,21,23,28,31 -54.270 121.055 0.9479 
D 9, 11,14,X$22,24,25,29,30,33 - 56.949 97.238 0.9377 

l Compounds numbered as in Table I. 

the cbromatographed compounds into four groups in the sense of the mutual relation- 
ship between RF values and m.p. Also, the fact that the separate groups do not rep- 
resent homologous (or any other) series can be similarly accounted for. 

By analysing the relationship between the R, values of N-mono-n-alkyl- and 
N,N-di-n-alkyl-polynitro anihnes and the number (N,) of carbon atoms in the alkyl 
chains, liuear relationships were found for the separate groups of polynitroanilines, 
i.e., the 2,4- and 2,6-&itro- and 2,4,6-trinitro-anilines. For N-mono-n-alkyl substitu- 
tion, the relationship was of the form 

RM = b,-log NC + al 

For N,N-di-n-alkyl substitution, the form was 

KM = &-log (log 2NJ t a2 

The values of the coefficients of eqns. 2 and 3, with the corresponding correla- 
tion coefficients, are summarized in Tables III and Iv, respectively. 

In the homologous series of N-mono-n-alkyl- and N,N-di-n-alkyl-polynitro- 
aniline we found no constant increment, ARM<= ,, for a methylene group; this is 
confirmed by eqns- 2 ancl 3. Similarly, there was ‘no constant increment, AR,,,, , 
for a 6 (or 2-) and a Qnitro-group. This is in agreement with conclusions from co& 
formational studies on the compoundsL+6*7~1s and with those from the chromato- 
graphic structural analysis of alkylaromatics lg. We have contirmed that introduction 
of a nitro-group into a dinitroaniline, or substitution on the amine-N, is not in- 
crementally additive. Depending on the type and intensity of the interaction between 

TABLE III 

COEFFICIENTS OF EQN. 2 FOR N-MONO-rz-ALKYL DERIVATIVES 

N-Mono-n-dkyhi?ine VzZue of coeficimt 

bx =x I- 

2A-DiiO -2s97 1.379 0.9998 
S6-Dilli_ - 1.933 0.304 0.9975 
2&Z-TXiU.itTO -2.991 1.376 O-9998 
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TABLE Iv 

COEl5FICIEN.l.S OF EQN. 3 FOR N,N-DI-n-ALKYL DERIVATIVJZS 

N,N-oi-n+z&hnihe Value of coefficient 

2,4-Din&o -3.342 -0.991 0.9999 
2,6-Dinitro -0.850 -0.904 0.9989 
2,4.6-Trinitro -3.140 - 1.251 0.9973 

the given n&o-group, or on the substituent with the rest of the molecule (particularly 
in the highly crowded polynitroaniline derivatives), the corresponding substitution 
is always associated with a redistribution of electron density in the molecule, which 
is specific for a given compoundl’. A similar conciusion holds for, e.g.. the contribu- 
tion of a n&o-group or of intra- or inter-molecular hydrogen bonds to the heat of 
sublimationi1~*6~*0. 
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