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Summary Electron transfer from fluoren-9-yl anions to 
9-diazofluorene initiates a dual entry into an anion- 
radical chain reaction yielding azines which, from 
15N-labelling studies, are formed at least in part without 
intervention of a carbene radical anion. 

IN 1953 Beringer et aZ.l reported that fluoren-9-yl-lithium 
reacts with 9-diazofluorene (FlN,) to produce difluoren-9- 
ylidenehydrazine ( = fluorenone azine) which they believed 
arose by nucleophilic attack of the carbanion on the terminal 
nitrogen atotn of the diazoalkane. This mechanistic sug- 
gestion has recently been revived by McDonald and Lin.2 
We now report experiments carried out under rather 
different conditions which lead us to doubt this interpre- 
tation and which also throw new light on the proposal 
that  one-electron reduction of diazofluorene leads to inter- 
mediate formation of a carbene radical anion.3 

In a medium consisting of t-butyl alcohol-dimethyl 
sulphoxide (9 : 1 v/v) containing potassiuni t-butoxide 
(0.1 M ; 1 equiv.), 9-diazofluorene ( 1  equiv.) slowly de- 
composes a t  room temperature yielding difluoren-g-ylidene- 
hydrazine. Addition of fluorene (0.5 equiv.) greatly enhances 
the rate of the reaction which is complete within a minute. 
The azine can be isolated in almost looo/, yield (based on 
diazoalkane) and most of the fluorene is also recovered 
along with small amounts of bifluoren-9-yl and bifluoren-9- 
ylidene. The yield of nitrogen is only SO-S50,b, but this 
is increased to 95% when the amount of fluorene used is 
decreased by a factor of five. When the reaction is carried 
out with rigorous exclusion of oxygen, the reaction mixture 
a t  the end of the reaction remains dark red in colour and 
shows strong e.s.r. absorption attributable to difluoren-9- 
ylidenehydrazine radical anion. 

Under these reaction conditions diazodiphenylmethane 
does not decompose. However, an equimolar mixture of 
9-diazofluorene, diazodiphenylmethane, and fluorene 
readily evolves nitrogen, all of the diazofluorene disappear- 
ing together with some of the diazodiphenylniethane. The 
symmetrical difluoren-9-ylidenehydrazine and the un- 
symmetrical diphenylmethylene(fluoren-0-y1idene)llydra- 
zine are produced in roughly 50: 50 ratio but this changes 
to 87 : 13 when the proportion of hydrocarbon ‘catalyst’ is 
reduced to a fifth. That the unsymmetrical azine is 
formed in part from the ‘catalyst’ is shown by using 2- 
ethylfluorene which led to the production of four azines, 
the symmetrical and unsymmetrical ones previously 
observed together with the corresponding 2-ethyl analogues, 
in the approximate ratio 40 : 20 : 5 : 35. This finding 
indicates that  azines arise from an intermediate derived 
from the hydrocarbon which reacts preferentially with 
diazodiphenylmethane while the intermediate responsible 
for the formation of the unsubstituted azines favours 
reaction with diazofluorene. A radical-anion chain process 

initiated by electron transfer from the carbanion to 0- 
diazofluorene is proposed (Scheme). In part, this is 
analogous to the mechanism previously suggested for the 
electrochemical reduction of the diazoalltanes.3 
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SCHEME. Fl = fluoren-9-ylidene 

McDonald and H a ~ l e y ” ~  have proposed that the radical 
anions formed by addition of an electron to 9-diazo- 
fluorene and diazodiphenylmethane rapidly lose nitrogen 
giving the related carbene radical anion (*4r2C:).- which 
attacks a diazoalkane molecule or abstracts a hydrogen 
atom from the medium. We have used I5N-labelled 
9-diazofluorene, prepared from fluorenone oxinie (SSo/, 15N) 
by reaction with chloramine,* and unlabelled diazodiphenyl- 
methane in conjunction with 2-ethylfluorene and examined 
the distribution of the label in the difluoren-0-ylidene- 
hydrazine, 2-ethylfluoren-9-yliclene(fluoren-9-ylidene)- 
hydrazine, and cliphenylniethylene(fluoren-9-ylic1ene)- 
hydrazine produced using gas chromatography-mass 
spectr0metry.t I t  was found that both the unsubstituted 

t 2 ni x 0.6 cm column containing 3 %  01 .1  on celite a t  250 “C,  used in conjunction with a Hewlett Packard Model 5985. Because 
of the  presence of intense i L l  - 1 peaks in the mass spectrum, the  accuracy of the 15N-analyses is probably no better than  & 10 % 
of the  stated figure. 
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and ethyl-substituted difluoren-9-ylidenehytlrazines u.ere 
ca. 8.57; mono-labelled while the unsymmetrical azine con- 
tained about 40$$ of mono-labelled compound. We conclude 
tha t  part a t  least of the products from the radical anion 
chain arise from diazofluorene radical anions which do not 
lose their nitrogen. However, we do not believe that the 
presence of unlabelled mixed azine necessarily indicates the 
participation of carbene radical anions ; both diazofluorene 
radical anion and diazodiphenylmethane are ambident 
species and the mixed azine could be formed by attack of 
C-0 of the diazofluorene radical anion on the terminal nitro- 
gen of diazodiphenylmethane with loss of labelled nitrogen. 
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