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The sulfonyl group finds extensive applications in organic and Scheme 1. Preparation of Donor 3 and Reactions with Sulfones

medicinal chemistry both in sulfonamides, popular as robust o K\\
protecting groups for aminésnd in sulfones.Frequently, sulfones 21
are introduced into synthetic schemes to assist particular transfor- >—< D \> </ ] N:l: RMSF(%r [ Y= | j
mations; further progress along the synthetic route can later require Y \/
the removal of a sulfone group, and this can be achieved by Me ©1 2
reductive desulfonylatigt?®or, in the special cases ofhalo- or Me Me Me
ﬂ-acyloxysulf_ones, by elimination to an alkefié. _ PhOZSx/\Ph 3, (3 eq), DMF e )\/\Ph
For reductive removal of sulfones and for reductive cleavage of 5 110°C, 18h 8 79%
classic sulfonamides, different methédsse alkali metals (Li, Na,
K), lithium naphthalenide, Smlwith HMPA, or LiAlH, in the Me_Ph' 3, (3 eq), DMF 'V'e><Ph'
presence of nickel compounds. All these reduction methods are pho,s” ~ph T10°c.1eh . HO PN
mediated by highly aggressive metal-containing reducing agents. 6 ' 9 97%
Electrochemical reduction is also used for the reductive cleavage Me, Me 3, (3 eq), DMF
of aryl sulfone$ (ArSO,R) and sulfonamide%. With typical PhO,S Ph 1100C, 1gn  "© reaction seen
reduction potentials of-2.3 V8 they pose some of the greatest 7
challenges in functional group reduction.
In this paper, we report the first reductive cleavage of sulfones [N>=<N]
and sulfonamides with meutral organicelectron donor, operating R. _SO,Ph R
in its ground state, a member of the family of reagents that were ,X B Aso
recently named the “super-electron-donor” reag@riteese com- ': R?OF;P_hM then Hz0 'f . 2P .
pounds are tetraazaalkenes that on oxidation afford radical cations 12: RR = (_CH; . :g: S;{E ('C'\f,:)‘fzg’%
and dications stabilized by aromaticity. 12,R = Me, R'= CH,CHyPh 16, R = Me, R' = CH,CH,Ph, 98%
We recently discloséflthe ability of the super-electron-donor 1B RR= (CHi)gPh 17. R, R'= (CHz)sPh, 94%
reagent bisbenzimidazolylidedé! to reduce aryl iodides and alkyl R Qé’Ph R
iodides in excellent yields to the corresponding radicals. Although <o ©  Mel
1is a powerful reducing ageft!2it was not powerful enough to [ R'XSOzPhl R7®™s0,Ph +  PRSO; === PhSO-Me

reduce sulfones or sulfonamides. Accordingly, more powerful 18 19 lee 91 22 2
reducing agents were sought, and bisimidazolylidehevas \ )R\ N
selected:!! Compound 3 has previously been prepatédoy ©>s0,ph +  PhSO,
electrochemical reduction of the disditit shows a 2-electron wave 20 21

[Ewz (DMF)Ha= —1.20 V vs SCE] and thu8 is a significantly

better reducing agent thah We have very recently devised an  workup and chromatography. The oxidation product8,dhat is,
easy preparation & from 2 (Scheme 1},which, in turn, is simply  the corresponding radical-cation (not shown) and the dicajon
formed from imidazole and diiodopropane. Although its organic are water-soluble salts, allowing easy purification of prodadts

chemistry had not previously been explored, we have shohat 17.

3 is the first neutral organic molecule to form amphionsfrom In these reactions, electron-transfer to the arenesulfonyl group

iodoarenes by double electron-transfer. affords the radical-aniori8 that could fragment to give either
To test the reactivity of donds, three monosulfones were now  [radical 19 + anion22] or [anion 20 + radical 21] (see later for

tested. Sulfon®& underwent conversion to the alke®é high yield further discussion). Transfer of a further electron under the reaction

(79%). Similarly, sulfone6 was cleanly converted (97%) into  conditions should lead to the pair of anid®-+ 22. Confirmation
hydrocarbor9. However, the “unactivated” sulforiafforded only of the presence of the ani@2 came from a repeat of the reduction
starting material. This made it clear that reag&niould selectively experiment for substratdl. At the end of the experiment
cleave mildly activated sulfones. The most useful group of such iodomethane (excess) was added, affording phenyl methylsulfone,
sulfones are the gem-disulfones; such disulfones are widely usedPhSQMe 23 (86%).

in synthesig. They are normally reductively cleaved with alkali It is known that geminal disulfones are activated relative to
metald-2to the corresponding monosulfone ani@@sAccordingly, monosulfones? and also that aryl allylsulfones and aryl benzyl-
we assaye® against disulfone$0—13. We were pleased to isolate  sulfones ArSGCH,Ar' undergo more facile cleavage than aryl
excellent yields (9498%) of the monosulfoned4—17 after alkylsulfones ArSGR & but analysis of the nature of the activations
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Scheme 2. Reductive Cleavage Experiments with Sulfonamides charged and, as seen from their redox potentials, relatively
@ 3, (6 oquiv @ aggressiye species. _In our case, reagestneutral and operates at
N _>boeqav) Nt TsH much milder potentialsH;, = —1.20 V). Moreover, as3 has
24 Ts DMF, 110°C, 4h .70 o H already been prepared from electrochemical reduction of its dication
4,11 the whole process could be driven electrochemically at very
@ P _3.(Geau) @ PR mild potentials, if desired.
N) DMF, 110°C, 18h N) ° ReagenB has several advantages: (i) it is neutral; (ii) it can be
25 Ts 28 740/? conveniently prepared from imidazole and diiodopropane, followed
- by treatment with base; (iii) although it could be used as a reagent
\G 3, (6 equiv) no reaction coupled to an electrochemical reduction, it can, as here, be
NTs DMF, 110°C, 18h completely decoupled from electrochemistry; this avoids possible
26 complications with fouling of electrodes; (i\g is used here in

14:0nventiona| glassware and in organic solvents without added

has not previously been undertaken. To understand the basis 0electrol es; (V) higher temperatures can be used than are routinel
the selectivity seen above, computational investigations were carried . yt' (V) hig -Mp A o y
possible in electrochemical operation; (vi) since electron-d@or

out that examined the nature of the electron-transfer reactions and'

the fragmentation of the radical anions. These studies show that;‘; a\r/agab:ﬁ asa rpl)ture r:)ré;anlcn?fh”d,dt_hte}]istartl:t? C?n(\ﬁ?;r?rfg? OI
the activation energy required for the electron transfétisomuch € reducing agent can be controfled, this contrasts ec

larger than in the case & 6, or 10 and that this is the crucial electrochemistry, where the active reducing agent must be produced

factor associated with nonreaction dfsee Supporting Informa- n Isr:tg mmary. donoB s the first neutral organic reagent to reduce
tion). For5, 6, and10, low activation energy is associated with the u ny, u 9 g u

electron transfer and simultaneous dissociation into a sulfinate anioniggj:ug]oen?ggrc:r'ft’zLr;:vﬂfo:'::oiziszIfs?er::gi'vdies%grzakssi?aetslskt?:;t
occurs spontaneously. This dissociation can be explained from anare sli ’htl acti\?ated The egse of preparation of quese SED reagents
orbital perspective, where the LUMOs &fand 6 have a much ghtly ’ prep 9 '

greater overlap than with theo*-orbital of their respective scissile tmhgldrugltlsrlﬁzsr ifrur::iljjrt';il gﬁﬁgﬁgrti’ea;?iirthrgagg\% pc;i'g'g“es o
C—S bonds (see Supporting Information). Thus, this larger overlap sugaest wide anplications in reductive transformati{)i(ls )
explains the spontaneous dissociation of the radical anions derived 99 pp ’

from 5 and6 and the lack of cleavage for the radical anion derived ~ Acknowledgment. We thank EPSRC National Mass Spectrom-

from 7. etry Service Centre, Swansea, for high-resolution mass spectra and
Reductions of sulfonamides with reag@were then addressed, EPSRC and the University of Strathclyde for funding.
testing three substrate®si—26 that featured different degrees of Supporting Information Available: Typical experimental proce-

stabilization in their nitrogen leaving groups. The indolesulfonamide qyres for the preparations and reductions of substrates, spectroscopic
24 underwent cleavage t@7 in 91% yield over 4 h. The  data for the products and details of computational studies. This material
anilinesulfonamide25 was likewise reacted and over 18 h gave a is available free of charge via the Internet at http://pubs.acs.org.
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