Communications to the Editor

Germaindan 6 is doubtless the product of a carbene-to-
carbene rearrangement just as is the analogous silaindan 3,24
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We suggest that styrene owes its appearance to the formation
of germirane 7 which extrudes dimethylgermylene,’ again in
analogy to the silicon case.? Stable germiranes are not known,®
although reactions in which they are permissible intermediates
have been reported.*” Nevertheless, it is fair to say that no
reaction yet described demands the intermediacy of a com-
pound containing germanium in a three-membered ring. We
believe that the isolation of styrene provides strong evidence
for the transient existence of a germirane. Germaindan 6 is a
source of neither styrene nor a-methylstyrene, although higher
molecular weight products are formed on pyrolysis of 6.5
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We have been unable to detect the germene 8 that would be
produced by carbon-germanium insertion.® Although we have
attempted several trapping experiments, the caution warranted
by all negative results is most appropriate here.!?
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Hypovalent Radicals. 2.! Fluorenylidene
Anion Radical-—Possible Redox Potentials for the
Fluorenylidene /Fluorenylidene Anion Radical Couple

Sir:

The electronic structure of H2C ™+ has been examined by ab
initio®> and MINDO/33# calculations and is in excellent
agreement with the estimated experimental structure derived

from its photoelectron spectrum;2 in the present context,
H,C~-is a g-anion p radical.* MINDO/3 calculations of cy-
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Figure 1. Cyclic voltaminogram of 5 X 1073 M FIN, in DMF-(n-Bu)s-
N*ClO,~ at a scan rate of 0.2 V/s: working electrode, 0.25-cm? planar
Pt button: reference electrode, Cd{Hg)/CdCl,, KCI (saturated) in DMF
(—0.75 V vs. SCE). The numbers 1 and 2 denote first and second cycles.
respectively.

clopentadienylidene anion radical show that the doublet ground
state is a carbene w-anion ¢ radical.®7 It was felt that this
electronic structure should also apply to the fluorenylidene
anion radical (FI~-). Thus, the reactions of and products from
F1=+ might then serve as a “standard’ to which other carbene
anion radicals, e.g., diphenylcarbene anion radical (Ph,C~.),!
could be compared to gain some structure/reactivity infor-
mation from their reactions,

The cyclic voltammetric reduction of 9-diazofluorene (FIN ;)
at a platinum electrode in DMF~(#-Bu)4sN*ClO4~ shows a
cathodic wave near —0.60 V vs. Cd(Hg)/CdCl, (Figure 1).
Although the 9-diazofluorene anion radical {FIN,™+) is too
short-lived to give an anodic wave on the reverse, positive-going
sweep, three reversible couples do arise which are seen on this
and all subsequent cycles near +0.16, —0.24, and —0.64 V. The
normalized peak heights for the most positive couple are
kinetically controlled and decrease in magnitude with either
an increase in the concentration of FIN; or a decrease in the
cyclic voltammetric scan rate. The two remaining processes
are also kinetically controlled and were ascertained from
product studies of exhaustively electrolyzed solutions and by
comparison with an authentic sample to arise from the stepwise
reduction of fluorenone azine {(FI=N33] to its dianion. Ex-
haustive, controlled-potential electrolysis of FIN; at any po-
tential in the range from —0.8 to —2.0 V afforded (FI=N3-,
in high yield (91 £ 7%).® Fluorenone was observed as a minor
product when electrolysis was effected in the presence of ad-
ventitious amounts of oxygen; neither fluorene nor any dimeric
product was detected by gas chromatography in other than
trace amount (<0.5%).

The identities of the transient species which give rise to the
most positive redox couple in Figure | and the observed kinetic
behavior are even more interesting. The possibility that a sol-
vent- or electrolyte-derived intermediate was the unidentified
electroactive component was eliminated when similar cyclic
voltammetric behavior was observed for FIN; in solvent-
electrolyte systems of CH3;CN-(n-Bu)4N*ClQ4~, DMF-
LiClOy, and (CH3)4N*+PF¢~ in DMF and CH3CN. In addi-
tion, cyclic voltammetric examination of (FI=N+3), and other
plausible products (fluorene, fluorenone, 9-aminofiuorene,
9,9"-bifluorenyl, and 9,9’-bifluorenylidene) showed that none
of these compounds gave a reversible redox couple near 0.16
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V. Since the results of separate single- and double-potential-
step chronoamperometric experiments require that the re-
duction of FIN; to product be an overall one-electron process
and that all intermediates and products be reoxidized reversibly
in a one-electron step per molecule of FIN; reduced,® we con-
clude that the electroactive species of the couple is in the
product-forming reaction channel.

The 9-fluorenyl anion (FIH™) was at first considered to be
this intermediate since it could ke formed by F1~- abstracting
a hydrogen atom from a component of the solvent-electrolyte
system.!""13 However, FIH™ was rejected as being the elec-
troactive intermediate when its oxidation was determined to
occur slightly more readily (Ep, = 0.08 V) than that of the
species in Figure | (Ep2 = 0.16 V) and to be irreversible at all
scan rates upto 100 V/s.14

In view of these considerations and our expectation that Fl—-
should be oxidized at a similar potential to that of FIH™, we
tentatively assign this redox couple to that of the carbene,
fluorenylidene, and its anion radical, Fl:/FI~ (Scheme 1). If
the assignment of this redox couple is correct, this requires a
significantly longer lifetime of the carbene Fl: compared with
that of the 9-fluorenyl radical (FIH.) under these reaction
conditions since the FIH™/FIH-: couple was not shown to be
reversible in this solvent-electrolyte system,

Scheme | _
E~ =06V fast E~ 4016V
FIN;+ e~ ———FIN;=.—>» Ny + FI-e qr———=>F
+e~

k
FI=« + FIN; —> [FI=N—N=FJ]~.

E >~ -064V
[FI=N—N=Fl]=+ + ¢~ ——» [FI=N—N=F|]2-

fast
[FI=N—N=FI]2= + FIN, —> FIN,=+ + [FI=N-—N=Fl]-.

E >~ ~-024V
Fl==N—N=F| + e~ — > [FI=N—N=Fl]-.

Two features of these results should be stressed. The first,
of course, is the possibility that we now have a method for
measuring carbene/carbene anion radical redox potentials.
Such data are important for understanding the structures and
chemistry of these classes of reactive intermediates. The second
feature is the increased production of the corresponding azine
and concomitant decrease in the amount of hydrocarbon
products from F1~. compared with PhyC~-.'2 We believe that
this may be related to the structures and, therefore, the relative
reactivities of the two carbene anion radicals. Efforts are
presently underway to elaborate further on these and other
features in a number of hypovalent radical systems both in
solution and in the gas phase.
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Transition Metal Initiated Cationic
Photopolymerization
Sir:

Photochemical activation of electron transfer within organic
donor-acceptor complexes is a useful method for initiating a
variety of ionic polymerization reactions.!2 Such a concept has
not been applied to complexes of transition metal ion acceptors
with organic donors. The intrinsic coordinative preferences of
the metal ion might be expected to impart reaction selectivity
both in terms of organic substrate binding (type, number, and
relative orientation of ligands) and the photochemical behavior
of the complex.> We wish to report that efficient cationic
photopolymerization of tetrahydrofuran (THF) can be ini-
tiated by small quantities of copper and silver salts.* This report
constitutes the first example of a transition metal ion mediated
cationic photopolymerization® and also the first report of THF
photopolymerization.

Solutions of the silver salts AgBF,, AgPF¢, AgSbFs, and
AgOTf® in anhydrous” THF are stable indefinitely in the dark.
However, upon irradiation with 254-nm light at 25 °C, de-
gassed solutions of any of these silver salts in THF become
increasingly viscous. Also formed is a black precipitate, shown
by analysis to be silver metal.® Addition of water to the irra-
diated solutions produces a white precipitate, characterized
as polytetrahydrofuran® by the infrared spectrum,'? elemental
analysis,!!? and molecular weight.!!® In a typical preparative
reaction, irradiation of 0.24 g of AgPFg in 8.9 g of THF for
13.5 h followed by 11.5 h in the dark yielded 4.5 g (50%) of
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