Tetrahedron Letters No.55, pp.4889-4891, 1969. Pergamon Press. Printed in Great Britain.

NITROBENZENE RADICAL ANION

V. Kalysnaraman, C.N.R. Rao and M,V. George
Chemistry Departmemt, I.I.T., Kanpur, India

Received in the U K 23 October 1969; accepted for publication 29 October 1969

Several conflicting reports have appsared in the literature conocerning the eleotronis
spectra of nitrobensens radical anion.Y™® Kemila and Stodad produced nitrobensens radical
anion (F) electrochemically in IMF with NaNOg as supporting electrolyte and found X= to be
brown In colour with & A pg. &t 435 and 465 m/.  Nagakura and covorkers” found that the brown
solution of K- produced by potassium redustion in IME twrned purple with time and showed five
bands at 292, 525, 370, 420 and 568 mM besides a charge trensfer band at~s 800 mAX. Kastening®
has reported that the electrochemically produced B= shows five bands in the region 390-450 m M
in aqueous solution. Recent repoz-ts,4’6 however, indicate that N= shows only one band arownd
464 m M both in DMF solution and in the solid state.

In view of these conflicting reports, we have undertaken & study of the chemistry and
spectroscopy of N-, We find that the reduction of nitrobenzens by alkall metals gives rise to
several products, and the spectrum of N- can be satisfactorily explalned on the basis of these
products.

We f£ind that the brown solution of N= formed by lithium reduction in ether solvents is
not stable even in an inert atmosphere and changes its color to purple and later to red or dark
brown, on keeping. Corresponding changes in the spectrum were also observed. Thus, a solution
of mitrobenzens in THF, imediastely on treatment with lithium, absorbs at 440 mM 3 row bands
appear at 205, 340 and 383 mm, after about 30-40 minutes, whereas, after about 60-80 minutes,
newer bands appear in the 420-710 m/ region, in addition to a band at 780 mm . Of these several
bands, some resembled those of nitrosobensene (NO), whersas, few ecorresponded to those of
asobenzene and its radical and diamions.’ It was felt therefore, necessary to examine the
chemical specles formed by the alkali metal reduction of nitrobenzeme.
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Treatment of nitrobensens with Li in THF gives a mmber of produsts, which include
asobensens (58%), mmall amounts of g-smilinoesobensene m.p. 56°3 A nax 287 (log € , 4.48),

522 (4.55) and 457 m 4 (4,08) , o,0'-dlanilincasobersens w.p. 158° (d); A pax 288 (log€ ,
4.51), 525 (4.02) and 604 m M (4.15), an unidentifSed isomer of dianilinoazobensene m.p. 120°
(@A oy 290 (og & , 4,51), 326 (4.19) and 472 m 4 (5.65) and & few unidentified high molscular
woight species, also showing charecteristic ebsorption bands in the reglons 285~-205, 520-380 and
445-540 mM, The identities of anilinoasobenzenss were confirmed by elemental analyses and mass
spectra, It 1s possidble that asmobonsene 1z formed through the intermsdiates nitrosobenzene and
asoxybensens in ths lithium reduction of nitrobensers, vhereas, the anilinoasobensencs may arise
tirough nitrens intermediates, In support of this view, lithiwm reduction of nitrosobenzene

in THF gives ascbensens (55%) and similar produsts as in the redustion of nitrobensens.
Asoxybensens (AOB) with lithium in THF gave s quantitative yield of ascbensens.

We have examined the electronic speotra of the redical anioms of NO, AOB, o-anilinoazo-
bensens (ANB) and g,9'~dianilincasobensene (DAB) in order to explain the complexities in the
spectrum of B~ . The bands of NO- (538 and 406 m /') deoreassd in intensity with time giving
rise to several mewer bands in the 380-800 m i« region. The A . values of AB- are known to
be at 315, 420 and 605 mu and thet of ascbenzeps dianion (") at 579 mm.®  A0BS shows a
band at~s 380 m M which soon disappears giving rise to the characteristio bands of AB and AB=.
AAB- ghows & band at 555 m}, while DAB- gives rise to bands at 508, 658 and 687 m /M. AAB
(Aqex 527 = ) prodused by redustion with excess lithium 1s readily oxidised to AAB: and AAB.

With the &id of the absorption data of the neutral as well as radical anion speciles
of the severel redustion products of nitrobensens, we are able to explain all the bands in the
time-dependant spestrum of F- and also the bands reported by Nagakura and ooworkers.® It is
now apparent that only the band at 440 n M is charecteristic of K-, We have also examined the
esr spectrum of R as a funotion of time. A freshly prepared browm solution of N exhibited
a 54-1ine speotrun’; the line shapes changed with time, eventually lsading to a completely
different spectrum.

The 440 mM band of ¥~ showed the expeated solvent deperdenss, the bands being
sharper in 1,2-dimethoxyethane. The spectra showed distinot bands dve to intimate and solver
separated ion pairs in equiliberiwm. It appears that the two bands reported by Kemula and
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Sioda® are dus to these two spesies caused by the presence of the supparting elsstrolyte. The
A pax Of ¥ inoressed with the radius of the cation (11°, 405 Na', 444 amt K, €70 mM 1n THY
solution); the ratio of the intimate and solvent separated species also varies with the solvemt
and the eation., The 444 m/ band of F- also showsd substituent effects. Eleotron-donating
substituents like p-OCHy and p-N(CHg), do not shift the bands appreciably, whereas elestron-
withirewing groups like p-NO, and p~CN produce large bathoohromic shifts. These substituent
effeats appear to be in the right direction since elestron-withdrawing groups oan interact with
eleotron rich 7T -gysten by resomance interection whils the donating groups ocnnct.a

The results indicate the diffioculties that ons might encounter ir interpreting the esr
and optical spectra of radical aniom species produwoed bLy alkall metal reduotion. Farther work
on the spectroscopy and chemistry of N~ and other radical ions is currently in progress.

References

1. W. Kemula and R, Sioda, Estyre, 157, 588 (1968).

2. A&;”(’it;g%’ K. xm&, H. Tsubomra and S, ng!hn‘l, mo Mc m.’ m &
1 1988).

5. B. Kastening, Elogtroghim, Acta, 2, 241 (1961).

4. J.Q. Clambers and R.N. Adams, Mol, Phys., 9, 413 (1965).

6. J.M. Oross and J.D. Barnes, Chem. Comm., 50 (1968).

8. V. Kalyanarmman, S.S. Dua, G.N.R. Rac and M.V. George, Tetrahedron Istters, 255 (1968).
7. D.H, Geske and AJH. Maki, J. Amep. Chem. Soc., 82, 2671 (1860).

8+ CeN.R. Rao, "Jliraviolet and Visible Spectroscopy Chemical Applications™, 1967, Second M.,
But terworths, london, Plemm Press, N.Y.



