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FiEWNTLY~o~ aud Sargentlreviewed some of the rt8ndard methods of 

generation of esomatio radical-8nlone (reduction by alk8li metals, eleotro- 

reduction, reduction by zinc or glueolre In basic media) and pointed out that 

phOtOlyei8 Of b88iC eOlUtiOU8 Of 8~lli8tiO ketone8 Or 8lZOm8tiC nitX'o Compound0 

was an alternate 8nd often convenient route to radioel-anions. They prewmed 

8n electron tran8fer mechanism, 

Ph2C=0 hJ ~ Ph,C-O* OR- l PhCLo-+ 'OR 

_O2 h3 ,PhNO2 OR- , M02; + 'OR 

These observationa can be explained in an alternate manner, particularly 

in view of some of the newer methods reported for the preparation of radical- 

8niona. In addition to the standard reductive methods mentioned by Ayecough 

8nd Sargent can be added the following processes, (1) electron tranefer 

between 8nions and UneatUrated eystema, 2~3 and particularly between dianions 

(1(I) and their Unt38tWated analogues (?T),' 

e- 
7TH2 & l-r’ 

7T-+TT & 2?7*- 
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(2) Homolytio diWOOi8tiOIl Of 1,4-didOna,3 

H-n - s -H ) -*_ n’=2n .- B- 

(3) Qeotron tramfor between dhnio~ and moleoular oxy@h3 

~---=-u- 02 c IT*- 
+02’ 

(4) Formation of radioal-znionm in b8elo solution from hydroxide sddition 

prOduOt8 Of W8hU%hd my#teoP 8Qd elOOhOD 8000pfom9 0.8. 194 

(a)PhNO+oH- c RlKg! 

WY 
2 O- 

23 

+Fwo2 = H+ + 2FWi02: 
NO2 

(b) ,-, NO,+OH- = “; 
kk 

_ NOf NO2 

I+rPh(~02),==Ph(N02), +H+ + HO '_' 
23- N02; 

Roduotlon of ketyl radioal-8nionz by photolyeir of aromatIc ketone8 

in ilooholio b8s.l undoubtedly involvez the well known formation of 

bO!UmOl fOllOW& by m8OtiOu 24 Signifloant oonoentmtlona of ketyl 

rpdioaLznhna zra aho fom8d when benzophenone iz first irradiated in 

methanol or ethanol rolution znd the resulting photoly88ta b88ified with 

#odium hydndde. Table I #w@Azee pertinent reaultzr 

(4) O&Rue80~1 80d Ed. Juuon, ReDWta of P8Dem. Div. Of PetrOleum 
qtry of liurioau Chemloal Sooietv, 1, 81 (1962). 
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TARLE I 

Photoredllctlon of Rensophehono 

Treatment %a Cono. of ketyl, 2 min. after 

Irradiation dtb Na@eOR In CarIt,+ 
Izr8diatfon dtb NaOR/EtOR in Carl@ 

Irradi8tion in lwx/wR fog 20 min. 
before transfer to Csvitp 

Il’rediation in NaOE/EtO?I fog 10 min. 
2.7d & 

before transfer to Cavitp 6.4dg 

Irrsdiatlon in MeOR (20 min.) followed 
by addition of NaC3i 

Irr8diation in 0 min.) followed 
~.ibli? g 

-5 
by addition 10.4xl0 g 

Rsnrpiunool (0.02 3) in EtOE,S~ satulnted 
d#NsQR 16.0&? & 

Eleotrio AR-4UVbulb about3wfromVulomV-45310avSf. 
Irradiations uere performed In .15 1. fused rilioa tub. 4” m 
fromtheAE-4 bulbin materbath 

4 
solutions uereoontlnwwly do- 

g8ml.d by oxygen-freenitrogur. 
N&H. _ 

0.13 bensophaurnr, SC$ saturated 
a 0.2 Y benzophenone diluted with an qud rolmw of saturated 

NaOH. 

The 0.s.r. speotr8 were recorded with 8 Vari8n V-4500 epeotrometer 

with 100 kc/sac. field modulation, and wing 8 V&an aqueous rauple cell. 

Those solutions which required midng after irradlatlon were trensferred 

to .a two bulbed oontainer attached to the cell, thorou&ly de-red by a 

stream of oxygen-free nitrogen, mixed snd allowed to flow directly Into the 

cell. Concentrations of benzophenone ketyl were estimated by comparing 

the reoorded spectra with those of diphenylpicrylbydrazyl at knom concentrations. 

The concentration of the ketyl decreaasd fairly rapidly dtb time. 

Reduction products of nltrobensene, such 8s nitroaobensene or 

phenylhydroxylemine, generate nitrobensene radical-8nione when added 

basic solutions of nitrobenzene (reactions 48,5) 

to 
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(5) mOH+B- + PhNw0 = 
r1 

PhNo, PhNo2: + PhNoT 

Fim-N(o)Fil<~ PhN(O)l(O)ph - 
L I 

J However, attempted photolyeee of nitrobenzene in methanol or ethanol followed 

by baaifioation yielded little PhNO2: althou& photomle In the presence of 

baee yielded the radical-anlon in eignificant amounts.' We feel the reaction 

iel Ino& readily formulated as follor*,5 

(6) ph1002 hg >mo2* CH3CH20- shff02H + CHFHb- 

(7) PhtS02 .-2 F%B02h H+ 

(13) [cH,0~4]- + phB02 > CH,CHO+F%N025 

Alternately, 7 and 8 might be replaoed by g followed by 4a. 

(9)F+R+CH#AY l Phuo2H +CH5CRo 

FmO+OEt- 

Another eouroe of PhNO2; le eleotron transfer from the enolate anion 

(CH2=CHO-) to nltrobenzene a process whioh occure readily. Some typical 

l xperimnk are eumarlred in Table II. 

(5) NOTE ADDED a PROOF. The abstraction of 4-hydrogsna hae been ob- 
nerved in irradiated eolutlone of nitrobenzene In THF (R.L. Wti, 
1. m. m., I, 25Sa (1963). 
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TABLE11 

Photolyzis and Elrotron Tranzfer to Nitrobenzene 

ab Treatment -'- cont. of PhNO23 

Irradiation in Cavity, NaOH/Et& on 
Irradiation in Cavity, NzOEt/Et& 

3.1xlB4 M (light 
3.9xlb4 2 (light on 

tected 
Irradiation In N.zOH/&thznol for 10 n~n.~ 

None d 
s 1.3xlb g 

Irradiation in ethanol 
by addition of bee& 

(40 min.) follored 
1.6x1b5 Y 

Irradiation in NaOH/ethenol (1 hr.p 7.7x105 a 

2.5x.& Y 
2.6x.& g 

1.7x184 b! 
None de&ted 

='%ee f otnotez a end b, Table I. 
s 

0 0.1 _M Nltrobenzene, 5C$ maturated 
::aOE. 0.2 g Nltrobenzene diluted mlth en equal volume of aaturated 
PaOH. 2 In the presence of 5C$ raturated NzOH in ethznol. 

The absence of radical-enione in the eolution on phenylhydrowlamin- 

nitroeobenzene in the presence of bees ie interesting. We had expected that 

this would be another example of e ll' +*$2 lf' eyetem. The absence 

of radicele indicates that the well bnovn condensation of these eubstancee 

to give azoxybenzene cannot proceed by the intermediacy of any eignificent 

.6 concentrations of C6H5N0 

(6) In aprctic eyzteme where reversible dimerization is possible, the 

equilibrium 

C6H5N(CNa)C6H~2 C6H5NONa 

is eignlficent (T, Kauffmann and S.Y. liege, Aanew, Chem. Internal. 

w., &, 156 (1963). 


