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Bis-pyridinylidene Formation by
Treatment of Pyridinium Salts
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ABSTRACT

Deprotonation of bispyridinium salt 7b affords hispyridinylidene 10, a very powerful neutral organic two-electron donor [ Eip, (DMF) =
-1.13 V vs Ag/AgCI/KCI (sat)], presumably via the pyridinylidene 8. Donor 10 reduces aryl iodides and bromides to aryl anions in excellent

yield and also reductively cleaves selected phenylalkylsulfones very efficiently.

Metal-based reducing agents dominate the field of electron- If such reducing agents could be prepared, they could have

transfer reactions, particularly for thermodynamically difficult
reductions such as Birch reductiohscyloin condensa-
tions?2 and reductions of aryl halidégswe recently ques-
tioned whether difficult reductions could alternatively be
achieved by simple but powerfuleutral organicelectron

donors, working under mild conditions in the ground state.
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significant attractions for use in synthetic chemistry in terms
of selectivity, tolerance of other functional groups, tunability,
ease of attachment to solid supports, and ease of regeneration.

With this in mind, we recently showed that compouhd
is the first neutral ground-state organic donor (super-electron
donor, S.E.D.) to succeed in converting iodoarenes to aryl
radicals by electron transférMore recently, we showéd
that the more powerful don@¥ is the first S.E.D. to convert
haloarenes to argnions following transfer of two electrons.
Donor 3 undergoes reversible oxidation 4oand then5 at
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much more negative potentials thafFor 3, E;;» (DMF) = to afford a benzylic anion, rather than from the 2-position
—1.11 V vs Ag/AgCI/KCI (sat)] (Scheme 7). of the ring. Such exocyclic deprotonations have literature
precedeni.However, selective base-induced proton exchange
in the 2-position of pyridinium salts has been shown under
_ 10
Scheme 1. Strong Donorsl and3, Their Formation, and Their some Con.dltloné. o make the proposgd electron donor as
Reactivity electron-rich as possible, dimethylamino analod®ewas
= o ° selected for synthesis. This molecule has the advantage of
XS 1, X four nitrogen atoms, each of which adds electron density to
2

N N + +
@ S—( :@ [N\> </N] the 7z-system.
N N Diiodide 7b was easily prepared from reaction of the easily

Rl/le k’le \\) k y ) - ) i
available and economical 4-dimethylaminopyridihaith

1,3-diiodopropane. The crucial questions were (i) whether

7b could be selectively deprotonated to afford a carb@ne

Nar. NHs and (ii) whether such a carbene would undergo nucleophilic
o o &) attack on the adjacent pyridinium ring, ultimately leading
X X X
m e +m e +m+ to 10. (In this regard, our attempts to prepat8 by
[N>:<N] S [N\H;\l] S [N\> </N] deprotonation of bisimidazolium satt2 had failed!3
L e L e L whereas deprotonation & to form 3 had proceeded in
3 4 5 high yield® Clearly, in that case, the presence twio

trimethylene bridges had been necessary to create the reactive
alkene.)

Although 3 is an excellent electron donor, development 10O test our casezb was now treated with NaH in liquid

of more powerful bisimidazolylidene electron donors related @mMmonia. Evaporation of the ammonia, followed by extrac-
to 3 would be nontrivial. To avoid isomeric mixtures of tion with diethyl ether and solvent removajfforded air-

imidazole-derived donors, and thereby develop donors thatSensitive bispyridinylidend0 (83%) as a purple solid*C
can be precisely characterized, symmetrical 4,5-disubstitutedNMR and*H NMR spectra supported its structural assign-
imidazoles would be needed as synthetic precursors. How-ment with the central alkene carbons resonating at6
ever, the available range of such imidazoles is limited, and PPM. It was further characterized by reaction with iodine to

so the attractions of developing the bisimidazolylidene afford the diiodide11. Here, the NCHi protons show
nucleus recede. nonequivalence, and their diastereotopic nature must reflect

Accordingly, we set out to find alternatives to imidazoles the nonplanarity of the positively charged ring systems as
as the basis of S.E.D. reagents that would be capable ofthe two rings twist to avoid interaction. This is analogous to
reducing aryl halides and other difficult substrates; this paper the dication derived fromi* but entirely (glfferent to the
announces our success in developing a new structural motiféSSentially planar dicatiod derived from3.
for that purpose through the same convenient deprotonation Electrochemical characterization @0 showed a single

route routinely used for the preparation of bisimida- reversible two-electron peak &, (DMF) = —1.13 V vs
zolylidenes and used above in the preparation of déhor Ag/AgCI/KCI (sat), and hence this molecule is as strong a
from 2.5 donor as compoun8 However, whereas cyclic voltammetry

Our primary focus was on pyridine-based structures. In of compound3 showed two electron-transfer steps at almost

principle, bispyridinylidene6® might be formed through identical potentials (a shoulder appears on the peak in both
deprotonation of a bridged bispyridinium s@k. However, ~ oxidative and reductive mode, implying that the loss of its
the 2-position of pyridinium salts will be less acidic than second electron is only slightly more difficult than its first),
the 2-position of imidazolium salts, and it was very possible compound10 showed a clean, single two-electron peak,
that deprotonation would occur from the trimethylene bridge, indicating that the loss of the second electron occurs at
essentially the same potential as the first, under the conditions
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Figure 1. Cyclic voltammogram of donotO.

Bispyridinylidene 10 is the first bis-2-pyridinylidene to
be reported by this deprotonation rodt&he formation of
10 must feature initial deprotonation in the 2-position of
pyridinium salt7b to form pyridinylidene8 (Scheme 2).

Scheme 2. Formation and Reaction of Bispyridinylided®

NM62

Assuming that the pathway to bispyridinylideri is
analogous to that seen in the formation of bisimida-
zolylidenes!® then subsequent nucleophilic attack on the

(15) For mechanistic discussion of dimerisationNoheterocyclic car-
benes, see: (a) Alder, R. W.; Chaker, L.; Paolini, F. VCRem. Commun.
2004, 2172—2173. (b) Alder, R. W.; Blake, M. E.; Chaker, L.; Harvey, J.
N.; Paolini, F. V. P.; Schiitz, Angew. Chem., Int. E®004,43, 5896—
5911.
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remaining pyridinium salt would affor®, and this would
be followed by deprotonation to givEQ.

Since the formation o0 proceeded efficiently, it follows
that carbene formation in this system is facile under these
conditions. The ease of formation of carbenes from depro-
tonation of “unactivated” pyridinium salts has rarely been
previously recognized; however, metal-bound pyridinylidines
featuring a strategically placed extra functional group to
activate the precursor pyridinium salt for proton removal have
been formed in this walf 18

We then explored the reactivity of dond@ in dehaloge-
nation reactions (Scheme 3). Aryl iodidd and 9-bromoan-

Scheme 3. Reduction of Organic Substrates by Doridr

X
X H
. (X 200
OR OR
14, X =1, R=(CH,);Ph 16, 92%* from 14 ': 17, X=Br

B15, X = Br, R = (CH,)sPh 82% from 15 “18, X = H, 96%"
conditions: a, 1.5 equiv 10, rt; B, 3.0 equiv 10, 100 °C

1
tBu\©/tB \©/
19 20,Y = H, 95%
tBu

10 (1 .5 equiv)
~ t,DMF
tBu (21,Y=D)
I
©i /?zEt ()10 (1.5 equiv) (:ﬁg( ©\ COZR
Me  rt, DMF
0" Me (i) KOH, H,0, O Me
22 MeOH, 50°C, 12 h 23, 83% 24, R= H 8%
25, R = Ef
R 14 (3 equiv) R
PhOzS—< R 0o oweT PR
26, R =R = Ph, R" = Me 29, 98%
27,R=R' =Me, R" = PhSO, 30, 96%
28, R = Me, R' = PhCH,CH,, R" = PhSO, 31, 99%

thracenel7 were reduced at room temperature (92% and
96% yields of16 and 18, respectively), whereas reduction
of bromide 15 at 100°C afforded16 in 82% yield. These
outcomes compare very favorably with the best current
results with a neutral organic electron donor, nangty

It is likely that these reductions proceed via aryl anion
intermediates. Some evidence for this was found when donor
10was reacted with the hindered iodidi®. Clean reduction
to 20 (95%) was effected at room temperature. When the
reaction was repeated, this time with@ present in the
reaction from the start, a mixture @D and the deuterated
analogue21 (1:4) was produced (94%). This regiospecific
formation of the C-D bond is consistent with an aryl anion

(16) Owen, J. S.; Labinger, J. A.; Bercaw, JJEAmM. Chem. So2004
126, 8247—8255.
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intermediate, but the experiment is also important in dem- reductions, and substrates such 26-28 are routinely
onstrating the mildness of the reaction conditions, with aryl reduced with sodium metad.

anion formation occurring in the presence of® To look The bipyridinylidene,10, therefore proves to be a very
for further evidence of aryl anion intermediates, dot6r strong electron donor. The preparation Iif features the
was then reacted with iodoes®2. We have recently shown  deprotonation of an “unactivated” pyridinium salt to form
that conversion 022 and related substrates to cyclic ketones anN-heterocyclic carbene as an intermediate. The efficient
(here23) identifies the presence of aryl anions (as opposed preparation of donot0 from 4-DMAP in two steps makes

to aryl radicals) as reaction intermediates. Here, the ketonethis the most conveniently prepared S.E.D. to date. The ease
23 was formed together with the est®® as an inseparable  of deprotonation of the unactivated pyridinium séttopens
mixture. Hydrolysis of the ester in the mixture afforded ke- the door not only to widespread studies on new S.E.D.s
tone23in an excellent 83% yield as well as add (8%). derived from deprotonation of pyridinium salts but also to
This shows that at least 83% yield of aryl anions was pro- the wider use of pyridinium-derived carbenes in chemistry.

duced during the reaction that formed the indanone, and this
is higher than any previous generation of aryl anions by Acknowledgment. We thank EPSRC, WestCHEM, and

donor 3. AstraZeneca for funding and the EPSRC National Mass

Finally, to give the donorl0 a very severe test, three SPectrometry Service for mass spectra.
sulfones26—28were reacted witil0. Reductive cleavage
in excellent yield (96—99%) was seen in each case. Reduc-
tion of sulfones is among the most difficult of organic
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