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Polarographic studies (1) on nitroalkanes in aromatic amines have shown that no ionization 

of the nitroalkanes takes place at all. In order to confirm this evidence the present work was 

undertaken. 

The proton magnetic resonance spectra (2) of sodium salts of nitroalkanes exhibit a large 

paramagnetic shift, as compared to nitroalkanes, which is due to the olefinic bond of nitro 

anions. liowever, the proton magnetic resonance spectra (Table 1) of dilute solutions of nitro- 

methane, nitroethanc, nitronropane and nitroisopropanc in aromatic amines, like aniline, di- 

methylaniline, 
. . o-toluldlne and o-chloroaniline, but unlike nitro anions, exhibit a large 

diamannetic shift, as compwed to nitroalkanes in Ccl,, (6cc1 This ., 
4 

- dc H ,~~l. q GO - 30 cps). 
6 5' 2 

shift is a tynicnl aromatic solvent shielding effect (3) and it is not due to the amino PouP, 

since the nmr snectra of nitroalkanes in alighatic amines show a small paramagnetic shift 

('CCIQ - dn-?rtJ:!2 
N -8 C7S). The observed diamagnetic shielding effect is decreased fron nitro- 

methane to nitroethane and nitroyropanes, nnd on the other hand it is increased with increasing 

n-electron density of the aromatic ring. 

It is well known (11,s) that nrqr Solvent shifts induced by aromatic SOlVentS can be used 

for the solution of several configJrationa1 problems. Assuming that the diamagnetic shift of 

nitroalkancs in aromatic amines is mainly due to a 1:l collision complex, as recently proposed 

(4,6) for the explanation of solvent effects in nmr snectra, then in the case of nitroethane- 

aniline mixtures a "narallcl-type" (7) con?lcx should be formed, with the C-C axis of the nitro- 

ethane molecule parallel to the plane of the associated aromatic ring (Fig. 11, since the 

diamagnetic shift of the methyl group 1 's the same as that of the methylene (6cC1 
4 

- bc ,' ,IH = 
6'5' 2 

42 cps). It is of interest to note that an analogous structure has been proposed (b.7) for the 

nitrobenzene-benzene complex. 

The assun?tion of formation of a 1:l collision complex is sunported by spectronhotonctric 

examination of the mixture nitroethane-aniline. Thus, the ultraviolet-visible spectrum Of 
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nitroethane in aniline showed a weak absorption at 370 mu and spectrophotometric study 

based on the continuous variation method supports the suggestion of a 1:l complex formation. 

Table 1 

NM? absorptions of nitroalkanes in cps downfield from TMS in 2% w/v solutions 

Compound Absorption Solvent 

cc14 C6H5NH2 C6H5N(CH3)2 C6H4NH2CH3(-01 C6H4NH,Cl(-01 
c 

CH3N02 CH3 258 ~203fi 197 203 220 

CH3 
95 53 51 52 62 

CH3CH2N02 CH2 262 220 211 217 * 

Cf!3&i2&H2N02 CH3 CH2-2 122 G3 31 84 30 82 31 82 36 93 

CH2-1 256 220 212 ~217* * 

CH3 
93 59 57 

(CH3)2C!IN02 
CH 274 236 230 

* It is masked by the solvent peak. 

58 

234 

66 

A 

Fig. 1 Fig. 2 

In the case of the nitroethane-dinethylaniline complex the diamagnetic shielding of the 

nethylene group is more effective (6 
CC14 

-6 
C6H5E!(CH3)2 

= 51 ens) than that of the methyl 

(6 
ccl4 - ~c,ll,!~(C!13), 

= 44 cos) and this fact can be explained either by assuming that the 

C-C axis of nitroethanc is inclined to the plane of aromatic ring, or that the nitroethane 

molecule, because of stcric interaction of the dimethylamino and nitro groups, is shifted 

narallel to the plane of the ring, so that the methyl group is less shielded than the 

mcthylene. The existence of steric interaction in the complex indicates that the C-C axis 

of nitroethane rather lies in a parallel position to the C-!I axis of aromatic amine and 

probably in cis-position in respect to the relative position of nitro and amino groups (Fig.l), 
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although the perpendicular one (Fig. 2). as more symmetric, should better explain the same 

shielding of methyl and methylene group in aniline complex, However, the difference in 

diamagnetic shielding of methyl and methylene groups in asymmetric amines, like as o- 

toluidine, is not more than 2 cps, This fact suggests that the asymmetry caused by a parallel 

position of the nitroethane molecule with respect to the C-N bond of aniline does not have any 

appreciable effect on the diamagnetic shift of methyl and methylene group, 

In the nitropropanc-aniline complex the methylene groups have nearly the same location 

relative to aromatic ring and are then shielded to the same extent (6CCl - 
4 

GC rt NH = 36 cps), 
6'5 2 

but the methyl group is located further from the center of the ring and is then less shielded 

(6 
cc14- 6CgH5!lH2 

= 32 cps). 

In the case of the nitroisopropane-aniline complex the methine hydrogen lies in a 

perpendicular position to the plane of the aromatic ring (6ccl 
4 
- dc H ~111 = 38 cps), whereas 

65 2 
the two methyl groups are symmetrically located around the methine hydrogen and are less 

shielded, Their position relative to the aromatic ring should be similar to that of methyl 

prouP in nitropropanc, since both show almost the same diamagnetic shift (6ccl - bc H I~H = 
4 65 2 

34 - 32 cps). 

.Analogous structures are proposed for the complexes of nitroalkanes with the other 

anmes. 

The nmr snectra were obtained with a Varian Associates A60A spectrometer at normal 

probe tennerature (~40') and with TuS as internal standard. The nitroalkanes used were 

obtained from Ferak Chenicalicn, p.a., and their chemical shifts in Ccl4 (see Table 1) were 

in agreement with those of the literature (8). The amines, Puriss, were obtained from Fluka 

AS. Two independent measments were made on each compound. The spectrophotometric measure- 

ments were obtained with a Perkin-Elmer 137 UV spectrophotometer with 0.5 cm path cells. The 

condinuous variation method was made at 370 mu with 2h solutions of nitrocthane and aniline 

in CC14. As reference an aniline solution in CC14, of the appropriate concentration in order 

to balance the absorption of aniline in the sample beam, was used. 

One of us (1l.L.A) is very much indebted to the I?oyal Hellenic Research Foundation for 

financial support, 



3844 No.35 

REFCRCtICES 

(1) 3. Jmnakoudakis and P. Kavridis, To be published. 

(2) A.A. Griswold and P.S. Starcher, J_.')r$_Q~, Eg, 1637 (1965). 

(3) D.li. Yillians and 1I.S. !Ihaca, 7:"t_+sz:p_, 21, 2021 (19GS). __ 

(4) J. ?onayx and il.!?. !!illiAms, ,J. Chen Sot. (II) 540 (19C7). .- __*._ _'__‘___,.__-, 

(5) T. Ledaal, Tetrahedron Letter- -_.-__-.-.:__-__-:~ 651 (19CS). 

(G) 1.5. L:untz, _Tr. and ';.I. Johnston, Jr., ,I. An. Chcm. Cm 33 ____ _-.w____- 3 == B 6008 (1967). 

(7) R.J.::. Le Fdvre, :).'r'. Sorlfor~!, $.:,.3. Xitchie and P.J, Stiles, J. Cher?. Sot.(D) 149 (19G9). --I 

(S) '%!. I:offnan, L. Stefaniak, '5. i;rbaiiski and i!. '.litanowski, J. Am. Chm. Sm., 24, 554 (19G4). 


