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Hypovalent Radicals. 3.! Chemical Reductions of
Certain Diazo Compounds to Carbene Anion Radicals—
Formation of (Fluorenylidene) disodium,

a Carbene Dianion

Sir:
We wish to report preliminary results of chemical reductions
of diphenyldiazomethane (Ph,CN;) and 9-diazofluorene

(FIN,) which demonstrate that coupling of diaryl carbene
anion radicals occurs under certain conditions. Other results

Journal of the American Chemical Society | 100:25 | December 6, 1978

establish that the 9-fluorenyl anion (FIH™) nucleophilically
adds to the terminal nitrogen of FIN,. This suggests that a
similar addition of the carbene anion radical to the diazo
compound is involved in azine anion radical formation, a
principal reaction channel for Ar,C~- produced in these and
electrochemical experiments.!2 The further reduction of flu-
orenylidene anion radical (FI~-) by sodium naphthalene
{Na*Naph~) in THF to the carbene dianion, (fluorenylidene)-
disodium (FI722Na*), is proposed to account for acid
quenching studies on these reductions of FIN,.

We have examined the reductions of Ph,CN; and FIN, with
Na*Naph~in THF by slow (1 h) dropwise addition and rapid
{~5-s addition time) syringe injection of the diazo compounds
to excess reducing agent. The reactions were quenched by
adding water shortly after the additions were complete. The
conditions and products of these chemical reductions are listed
in Table I. Benzophenone ((Ph,C=N+},) and fluorenone
azines ((FI=N+>) are reduced by excess Na*Naph~ in THF
quantitatively to the corresponding primary amines.?

Inexpt 1 and 2 (Table I) involving slow additions of Ph,CN,
to the reducing medium (Na*Naph~., THF), we observed a
small increase in the amount of diphenylmethane (Ph,CH3)
produced by increasing the [Na*Naph~-]/[Ph,CN;] ratio
from 4 to 10. The low yield (17%) of Ph,CH; (expt 2) was in
contrast to the reduction FIN» under the same conditions (expt
4) where 40% fluorene (FIH,) was obtained. The yields of the
hydrocarbon products, PhyCH; and FIH,, were attenuated
when the THF solution of the diazo compound was syringe
injected (addition time ~10 s) into the reducing medium (expt
3 and 5, Table I). The sequence of reactions considered to be
in accord with this data is shown as eq 1-5.

R.CN, — [R.CN,7] — RC™ + N, ()
B, (RC=NyE (2)
RCT— SH =
L= RCH + s (3)
(RC=N3= ——»6; 2R,CHNH, (4)
bl H’
RCH — R,CH, (5)

The variations in the product yields of both the hydrocarbon
and amine as a function of the method of addition of the diazo
compound to the reduction medium show that one of the re-
action channels of the carbene anion radical involves coupling
with the diazo compound. That this reaction could occur on
the terminal nitrogen of the diazo compound was demonstrated
in the following way. One equivalent of FIN; in THF was sy-
ringe injected into a THF solution of the 9-fluorenyl anion

Table L. Conditions and Products for the Chemical Reductions of Diazo Compounds PhoCN; and FIN,

expt substrate rate of reducing agent products

no. (mmol) addition solvent (mmol) (% yields)a-®
1 PhoCN, (15.7) slow¢ THF4 NatNaph™ (62.8) PH,>CH, (13), Ph,CHNH,; (84)
2 PhyCN; (15.8) slow¢ THF4 NatNaph™ (159) PhyCH, (17), PhoCHNH, (85)
3 PhyCN; (10.4) faste THF/ Na+Naph™ (52.2) Ph,CH3 (4), PhyCHNH; (92)
4 FIN, (15.6) slow¢ THF4 Na*Naph™ (157) FIH, (40), FIHNH; (53)
5 FIN, (11.3) faste THF/ Na+Naph~ (112) FiH, (12), FIHNH; (88)
6 FIN, (10.2) faste NH;¢ Na (10.2) (FI=N3; (79), FI=0 (6),

FI=F1 (4), FIH—HFI (4)

9 % yields are generally better than £2% in duplicate experiments.

Yields of amines are corrected for known losses in the workup procedures.

¢ Slow, dropwise addition of R,CN3 to reducing solution. ¢ Na*Naph™ in 400 mL of THF (—=10 °C), R,CN, in 100 mL of THF; H,O quench.
¢ Rapid syringe injection of R;CNj3 to reducing solution. / Na*Naph™ in 200 mL of THF (—=10 °C), R,CN; in 10 mL of THF; H,O quench.
£ 100 mL of NH;(1), FIN; in 10 mL of THF; reaction quenched with NH,Cl.
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(FIH™) (prepared from 1.2FIH; + C¢HsLi in THF). Cor-
recting for the excess of FIH; introduced, the products are
(FI=N+, and FIH, in a 2:1 ratio with 98% material balance.
The steps which are considered to be involved are

FIH™ + FIN; — FIHN=NFI~ (6)
FIHN=NFI~ + FIH~™ — (FI=N3,"2+ FIH, (7)
(FI=N3,"2 + FIN; = (FI=N+;~ + [FIN,~+] (8)
(FI=N3,"+ + FIN; — (FI=N3, + [FIN,~:]  (9)
[FIN,~:] = N3 + FI=. — products (10)

We believe that this result demonstrates nucleophilic attack
by FIH™ on the terminal nitrogen of FIN to give the conjugate
acid of (FI=N-,"2 (eq 6). A second FIH is consumed to
deprotonate FIHN=NFI~ (eq 7). Both (FI=N3,~2 and
(FI=N35,": may reduce FIN> (eq 8 and 9), and Fl~. will
produce azine and FIH; in a ratio dependent on the concentrate
of FIN, available,

This result is also important in that it establishes a second
pathway for azine formation in the reduction of diazo com-
pounds. This sequence would involve reactions 3 and 6-10, and
means that the yield of FIH; from the reduction of FIN; rep-
resents only a fraction of the carbene anion radicals partitioned
via reactions 3 and 2. This point is significant in potential
studies of reactions of carbene anion radicals with other
reactant molecules.

In an effort to verify that the sequence of reactions from FI~-
— FIH; involved reactions 3 followed by 5,1 FIN, was reduced
by solvated electrons in liquid NHj (a poor H: donor). Owing
to the poor solubility of FIN; in liquid NHj3, the diazo com-
pound was dissolved in a minimum amount of THF and syringe
injected into the reducing medium (1 equiv of electrons).’ The
products were (FI=N-, (79%), fluorenone (FI=0, 6%), and
the dimers, 9,9’-bifluorenylidene (FI=FIl, 4%) and 9,9’-bi-
fluorenyl (FIH—HFI, 49%).

The presence of 9 vol. % of THF in this reduction allows for
some H- abstraction by FI= (reaction 3) to occur. This may
have been the source of the ketone, FI=0, by the known re-
action (eq 11),° if O, was present in the NH4Cl quench of the
reduction mixture.

FIH™ + O, = FI=0 (an

However, we believe that isolation of quantities of the two
hydrocarbon dimers, FI=Fl and FIH—HF], is the result of a
marked attenuation of reaction 3 in the medium allowing for
the radical dimerization of F1~- (reaction 12). Since the re-
duction potentials of FI=FI are essentially the same as those
of (FI=N3,, electron transfer between FI=FI~2 and FIN;,
(reaction 13) should occur readily. The equal amounts of the
dimeric hydrocarbons could then be produced by reactions
14-16, or certain other reactions.

2FI=. — FI=FI—2 (12)

FI=FI~2 + FIN, — FI=FI~- + [FIN,~] (13)
Fl=FI~- + H* — FIH—FI. (14)
FIH—FIl. + FI=FI~. — FIH—Fl~ + FI=Fl  (15)
FIH—F1- + H* — FIH—HFI (16)

In a further attempt to establish that Fl=- — FIH; involved
the sequence of H. abstraction (eq 3) followed by protonation
(eq 5), a reduction of FIN; with Na*Naph~- was carried out
according to expt 4, Table 1. Shortly after the addition was
complete, D,O (Merck, 99.5% d) was syringe injected into the
reduction mixture followed by acidification by HCI-H,O.
After workup and sublimation of naphthalene and dihydro-

8029

naphthalene, the purified fluorene (40% yield) was found to
contain a large excess of deuterium at C-9 (5% FIH,, 35%
FIHD, and 60% FID, by TH NMR, and 5% FIH,, 38% FIHD,
and 57% FID, by 13C NMR) 8 Since it was possible that H-D
exchange may have occurred during the DO quench and H*
acidification of the reduction mixture, the reduction was rerun
and quenched by syringe injection (~10 s) with D,O-
CF3;CO;,D (large excess of acid). The analyses of fluorene
showed its composition to be 5% FIH,, 25% FIHD, and 70%
FID, by 'H and 5% FIH,, 33% FIHD, and 62% FID, by 13C
NMR spectroscopy.

Reaction of FIH; with 6 equiv of Na*Naph~in THF, fol-
lowed by the D,OCF3CO;,D quench, gave a much smaller
amount of excess deuterium in the fluorene (8% FIH;, 72%
FIHD, and 20% FID, by 'H NMR and 8% FIH,, 72% FIHD,
and 20% FID, by 13C NMR).8 To better approximate the
concentrations and types of bases present compared with those
of the FIN; reduction, 0.5 equiv eack of FIH, and (FIl=N+,
were added stepwise to 10 equiv of Na "Naph~ in THF. After
the D,O-CF3CO,D quench and workup, the 'H and 13C
NMR analyses of the recovered fluorene were the same as
those above.®

If we assume in the reaction of FIH; + Na*Naph~. that
only FIH™ was produced,!® the 20% of FID> generated serves
as a reference for the amount of H-D exchange occurring in
the D,O-CF3CO,D quench of FIH™, This requires that we
must still account for the 40-50% excess FID; produced in the
similar quench of the reduction products from FIN; +
10Na*Naph~. Since a dibasic intermediate is required, we
propose that this intermediate is the carbene dianion, FI~=2,

R
which is produced by further reduction of the carbene anion
radical F1=."! Such requires that a third reaction channel (eq
17) for FI~- be added to the two (eq 2 and 3) previously given,

eg.,

SH FIN,
S:-+ FIH™ «<— Fl=.—3 FI=N—N=FI|".
(3) (2)

(17)

Using Sargent’s suggestion that carbene anion radicals may
be formed by NatNaph~ reduction of geminate dihalides,!2
9,9-dibromofluorene (FIBr;) was reduced with 10 equiv of
Na*Naph~ in THF. Quenching the reduction mixture with
D,0-CF;3CO;,D and isolation of the products gave a 90% yield
of fluorene containing excess deuterium (4% FIH», 73% FIHD,
and 23% FID; by 'H and 4% FIH,, 67% FIHD, and 29% FID,
by 13C NMR spectroscopy).? While the 'H NMR results
showed no excess deuterium in the fluorene compared with that
from FIH; + Na*tNaph~, the 13C NMR results indicated that
~9% of the starting FIBr; may have been trapped as FI=2.
Using the latter results and a branching ratio of 1.0 for reac-
tions 3 and 17 suggests that up to 18% of FI~. was produced
in this reaction. Thus, the preparation of F1~. by reduction of
F1Br, is relatively poor at best. This is not too surprising when
we consider the number and types of reactive intermediates
probable in the reduction of FIBr,. Under these chemical re-
duction conditions, bimolecular dimer formation was obviously
not a significant reaction channel.!?:!3

The variety of reactions (H- abstraction, addition to RyCNy,
dimerization, and reduction) observed for FI~- suggests to us
that this carbene anion radical has a reasonable lifetime under
these solution conditions. This supports our previous proposal
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that the F1=/Fl: reversible redox couple was observed in the
cyclic voltammetric reduction of FIN;.2 The chemical reduc-
tions of FIN, and FIBr; lead us to conclude that reduction of
diazo compounds is the only efficient method presently avail-
able for producing these aryl carbene anion radicals in solution.
As to the question of whether the reduction of carbene anion
radicals — carbene dianions will be observed generally or will
be strongly structure dependent, the answer must await the
results of studies in progress.
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Total Synthesis of (—)-Axisonitrile-3.

An Application of the Reductive Ring Opening
of Vinyleyclopropanes

Sir:

Recently, Sica and co-workers isolated the isonitrile
sesquiterpene (+)-axisonitrile-3 from the marine sponge
Axinella cannabina and determined that it has a novel
spiro[4.5]decane ring system by X-ray crystallography.! We
report the total synthesis of (~)-axisonitrile-3 (1a) from
{(+)-dihydrocarvone. This synthesis establishes that the ab-
solute configuration of the natural product is opposite to that
shown in structure 1a.

It is well known that reductive cleavage of 1-methyltricy-
clo[4.4.0.02%]decan-3-ones provides a general method of
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synthesis of spiro[4.5]decanone derivatives.2 Our recent work
on the lithium/liquid ammonia cleavage of the tricyclodeca-
none 2a demonstrated that opening of the cyclopropane ring
to the corresponding spiro ketone occurred exclusively with
inversion of configuration at the 8 carbon (C-1).2* We have
now found that the related vinylcyclopropanes (cf. 2¢,d) un-
dergo reductive ring opening with lithium in ethylamine to
produce spiro[4.5]decenes such as 1b,d. Again, exclusive in-
version of configuration at C-1 was observed. This suggested
that an exo-methylene compound of the type 2 having a sub-
stituent at C-7 which would allow elaboration to an isonitrile
group would serve as a useful precursor of 1a. From a number
of possibilities, we selected a route which utilized the 7a-
hydroxy compound 2d.

The known ketol 3,7 which was prepared in 50% yield by
annulation of (+)-dihydrocarvone® with methyl vinyl ketone
followed by catalytic hvdrogenation of the double bond of the
isopropenyl group, was the starting material for the synthesis.

1 ' 1
’ '
! !

° AcQ

Treatment of 3 with acetic anhydride containing a catalytic
amount of sulfuric acid (12 h, 25°C) gave the dienol acetate
4 (NMR 6ppe,si (CCly) 0.88 (d,J = 6 Hz,3H). 091 (d,J =
6 Hz, 3 H), 1.02(s,3H),2.03(s,3H),5.33(d,J =3 Hz, 1 H),
5.62 (d, J = 2 Hz, 1 H)) in 80% yield. Oxidation of 4 with
m-chloroperbenzoic acid in 20:1 isopropyl alcohol-water~ (4
h, 25 °C) gave a mixture of products containing 42% of the
enone derived from dehydration of the ketol 3 and 56% (96%
based upon unrecovered enone) of an ~6:1 mixture of the
hydroxy enone 5a and its 68 epimer. Hydroxy enone 5a® (mp
116.0-118.0 °C (from benzene-hexane); NMR dnpe.si (CCls)
0.93 (brm, 6 H), 1.40 (s, 3 H), 3.75 (s, 1 H),4.20 (brs, | H),
5.67 (s, | H)) was isolated by chromatography by Florisil. The
63 epimer was not obtained completely pure, but the crude
material showed NMR 6xge,si (CCls) 0.92 (brm, 6 H), 1.25
(s, 3H),4.53 (brs, 1 H), 6.05(d,J = 1.5Hz, 1 H).
Conversion of 5a to its MIP (methoxyisopropylidine) de-
rivative,” followed by the introduction of a 1,2 double bond
using the phenylselenenylation-selenoxide elimination pro-
cedure,® gave 5b® (mp 92.5-93.5 °C (from benzene-hexane);
NMR 6ne,si (CClg) 0.83 (d,J = 5 Hz, 3 H),0.93(d,J = 5 Hz,
3H), 1.41(s,3H),4.38 (brs, 1 H),5.93(dd,J = 1.6, 10 Hz,
1H),597(d,J =1.6Hz, 1H),657(d,J =10Hz 1 H))in
85% yield. Irradiation of a 0.04 M solution of 5b in anhydrous
dioxane at room temperature gave a single crude tricyclode-
cenone® (NMR dpe,si (CCly) 0.81 (d,J = 6 Hz, 3 H), 0.93 (d,
J=6Hz 3H),1.17(s,3H),4.03(d,J =7Hz 1 H),5.73 (d,
J =6Hz, 1 H),7.33(d, J = 6 Hz, 1 H)) which was catalyti-
cally reduced (Pd/C, ethanol) to the hydroxy ketone 2b® (mp
70.5-72.0 °C (from hexane); NMR de,si (CClg) 0.78 (d, J
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