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So: Attempts to generate the radical cations of nitroalkanes using the standard procedure 

of exposing dilute solutions in fluorotrichloranethane at 77 K to ionizing radiation gave 1~ 

yields of the expected prcducts, having a SOMO confined. to oxygen as judged by their e.s.r. 

spectra, together with a species whose e.s.r. spectra closely resembles that of NO2 radicals. 

It is suggested that these are rearranged cations, (&OR)'. Similar treatment of nitrobenzene 

and a range of its ring-substituted derivatives gave initial electron loss frcxn benzene TI 

orbitals, but on annealing these rearranged into radicals similar to those for the nitroalkanes. 

Althoughnitroalkane andnitroarane radical anions havebeen extensively stu5edbye.s.r. 

spsctrosco~, we know of no reports concerning the e.s.r. spectra of the corresponding radical 

cations. According to theory, and to the results of photoelectron spectroscopy,1'2 the SOI%3 for 

thenitroalkanesis expectedtobe confined to the two oxygen atoins. There are three possible 

orbitals [n(n.b.), c and r~*] which should be close in energy, as indicated in I, II and III. 

4n.b.) @ 

The expected situation is thus similar to that found for nitrates, where electron addition to 

give SNOBS- results in conversion fran a planar to a pyramidal structure, the excess electron 

being primarily on nitrogen, whilst electron-loss gives NO 3., the electron being in a carjsination 
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of in-plane oxygen orbitals.3'4 

It was therefore a surprise to find that the e.s.r. spectra for a range of nitroalkanes which 

had been treated by a procedure which has proven to be ideal for the generation of radical- 

cations frcun neutral molecules, gave the expected cations only in low yields at 77 K, the 

daninant species detected by e.s.r. spectms~ being species with spectra closely resembling 

that of *I%&. 

Ihepreparativeprocedurecmprises exposingverydilute solutionsofthenitro-derivatives 

in solvents such as fluorotrichloranethane to 6oCo y-rays at 77 K. Electrons, ejeded fran 

FCC13 molecules are efficiently trapped by the solvent, thus prohibiting electron-capture by 

solute rrolecules, whereas the (FC?C13)+ cations are nobile via electron transfer and will react - 
with solute molecules provided their electron affinities are less than cc. 11.8 eV. 5-8 Inmst 

cases, primary cations are detected. Hmever, we have found that protm, or hydrogen-atan 

transfer is cmmm, even at 77 K, if the SCM is lccalised and C-H groups are in sterically 

fammxable sites. 

Stru&l.re of the Primarv Cations of Nitroalkanes: Typical e.s.r. spectra aSSigned to RN02+ i0n.s 

are shominFigure1, andtheparamaters derivedtherefranaregiven intheTable. As expected 

I 
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Figure 1 

First derivative X baud e.s.r. spectrum for a dilute solution of nitra&zhane in+FCC13 
afterexposureto 6oCo y-rays at 77 K, .&awing features.(c) assigned to (R-NOz*) 
cations and (B) assigned to the re-arranged cations (O-NOR)+. 

for structwxs I, II or III, the '*N hyperfine coupling is small, since it is due, primarily, to 

spin-polarisation of the O-N u electrom.4 For all these structures, two g-ccmpcnent.5 are 

expected to be greater than 2.0023 since the half-filled SC%0 is coupled to one or other of the 

filled orbitals by field in the radial plane. For III, the orbital thought to be favtxred for 

the SCW of the cation,lp2 or for II, zrnin should be along 5 and slightly greater than 2.0023, 

and ccmsiderably less than 2~ or CJ~. For I, z,un should be along 5 but should be equal to 
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TABLE: ESR Parameters for Radical-Cations of Nitroalkmes and NO2 

Radical 
14NHyperfineCouplingConstautsa- CJ-ValueS 

Ax AY AZ Aim sx t!Y % 

NOz’ 46.13 44.8 66.76 52.56 2.0062 1.9910 2.0020 

w+c- 52.5 44.9 66.2 54.5 2.005 1.994 2.002 

m+c- 52.0 44.7 66.8 54.5 2.0050 1.9935 2.0020 

MamL+ 3.0 3.0 g - 2.016 2.016 CA. 2.002 

(a) G = lo-'T; (b) NO2 in gas phase; 
(c) Not precisely equal to principal values since symnetry does not require 

that the g- and A- tensors will share principal axes; 
(d) Features iiidden under MI = 0 carrponent for MeDK)+. 

2.0023. Hnfortunately, this species was always a minor canponent at 77 K and we have only been 

able to detect the km-field features, so no clear distinction between these structures can be 

drawn on the basis of the e.s.r. data. 

Structure of the NOz-typs species: Although the "Nhyperfine coupling ccrqxments andg-tensor 

caqxments derived approximately frcxn the powder spectra are rem&ably close to these for 'No2 

radicals (Table), we consider that formation of NO2 radicals is highly unlikely in these experi- 

ments. For example, for (MaNO2) + ions to give NO2 radicals would require the formation ofCHs+ 

ions, which is energetically nest iapxbable: 

(MaNO2)+ b I'&+ + -NO2 . . . . . [Ll 

We recall that the isoelectronic radicals Rco2* decaqose readily, usually at tfmperatwzes well 

helm 77 K: RCOz~--,R*+CD2, . . . . 121 

a major part of the driving force being the high stability of linear CO2 rmlecules. A similar 

reaction for (RNO2)+ cations would give R* + NO2+, but alkyl radicals, R*, were not detected. 

We suggest that instead of giving separate fragnrants, incipient C-N bond fission is followed by 

rearrangement to give (&OR)+ cations. Although these cations have notpreviouslybeendetected, 

their A("N) and g-tensor carpments are expected to be close to those for *I%&, except that 

AiS0(14N) should be sanmhat enhanced for (&OR)+ radicals for the same reason that small, 

highly charged cations enhance the 13C coupling for QZOZ- ions,g as, indeed,dces alkysubstitu- 

tion on oxygen.lO In fact, data nm assigned to (&OR)+ cations do show slightly enhanced iso- 

tropic coupling constants. Unfortunately, there is no sigh of proton hyperfine coupling, so 

delocalisation onto the alkyl groups must be smll, if this assignmsnt is correct. 

In particular, we note that the spectrm for irradiated solutions of (CH3)3mZ differed frm 

the remainder, but this difference can be understccd in tems of rotation or libration of the 

-&O unit. For the ethyl derivative, despite all attenpts to remove impurities, another radical 

was detected in yields oxparable with that for the (&RI+ radicals. Although the spectra were 

well defined, we have hot been able to identify this species, but we hcpe to by using 'H and 13C 

labelled starting material. These results will be reported later. 

Arvl derivatives: The e.s.r. spectrm assigned to (PhNOz)+ at 77 K was poorly defined., but was 
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undoubtedly due to major electron-loss frcxn the benzene ring. Thatforthea-Ethyl 

derivative was better defined, shwing a well-resolved 1:3:3:1 quartet due to coupling to the 

r~thyl protons (Figure 2). %uB the SO must be similar to that for the toluene cation, since 

I I 
3lSoG lPlrn6llll 32506 (9~1144GHz) 

\ 

k : x I 

Fiqure2 

E.s.r. spectrum for (a) p-nitrotoluene and (l$ nitrcb~zene in FCC13 after exposure to 
6oCo y-rays at 77 K, (a)-shawing features assigned to the parent cations. The major 
quartet splitting (20 G) is due to hyperfine coupling to the ethyl protons. In (h) 
the prinxy cations have been wnverted on anneaiing into cations in which the SOM) is 
confined to oxygen (a) and rearranged cations (CNCAr)+ (8). 

the methyl proton coupling (20 G) is close to that for toluene cations (18 G1.l' Hawever, 

features characteristic of RNOz.+ cations, having a SaMo confined to oxygen were also detected, 

andthesegrewin intensity onwarming. NOz-like features appeared (Figure 2b). 

REFERENCES 

1. Ii. Kato, T. Yoneeawa, K. Morokuma and K. Fukui, Bull. Chem. Sot. JaDan, 1964, 32, 1710. 

2. C. N. Ii. Rao, Indian J. Chem., 1976, m, 147. 

3. P. W. Atkins, N. Keen and M. C. R. Symons, J. Chem. Sot., 1962, 2873. 

4. P. W. Atkins and M. C. R. Symons, "The Structure of Inorganic Radicals", Elsevier, 
Amsterdam, 1967. 

5. M. C. R. Symons and I. G. Smith, J. Chem. Res. (51, 1979, 382. 

6. M. Iwasaki, K. Toriyama and K. Nunome, J. Am. Chem. Sot., 1981, 103, 3591. 

7. T. Kato and T. Shida, J. Am. Chem. Sot., 1979, 101, 6869. 

8. B. W. Walther and F. Williams, J. Chem. Sot.. Chem. Commun., 1982, 270. 

9. H. Sharp and hf. C. R. Symons, J. Chem. Sot. (Al, 1970, 3075. 

10. D. Griller and B. P. Roberts, J. Chem. Sot., Chem. Commun., 1971, 1035. 

11. M. C. R. Symons and L. Harris, J. Chem. Res., 1982, (S) 268, (I$ 2746. 

(Received in UK 13 December 1982) 


