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Abstract - While nitrorrylhalidrs are unreactive in 5 1 reactions, o-iodo- 

nitrobrnrene (1) gives an efficient nucleophilic subs ev tution with pinsco- 

lone enolrto ion under photostimulation in liguid -ia. The obrervod 
reactivity of (1) confirms the high rate of fromntatton of the C-l bond 

of this substrate, as detemined in the literature by electrochemicrl mea- 

sorrrrntt. The origin of such reactivity is traced to the tteric inhibition 

of conjugation of the nitro group with the aromatic ring, as due to the pre- 

sence of the bulky iodine atom in the ortho position. 

A key step in the SRN1 aromatic nucleoohilic substitution is the fragmentation of the carbon-hrlo- 

gen bond in the radical anion deriving from the aryl halide substrate (step K?).2 
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FraQmentrtion of that bond requires population of its Q* Ew). This may occur directly in the pho- 

tostimulated initiation step or, depending on the energy level of the other antibondinp nOs of the 

molecule. population of the ~c l MD may be energetically favoured and take place first. In the 

latter case, dn intramolecular electron trsnsfer must then intervene fron %e-o'to C.WJSC the 

framntation of the C-X bond.3 

bng the various possiblr substituents attached to the aromatic ring, the electron-nithdrawinp 

N02-group is inimical to the SRNl reaction, 1,2 because it stabilizes so strongly the %* HO in 

the radical anion of the starting reagent, that the transfer of the odd electron to the a*nO is 

prevented.3'4 Havertholrrr..Danen et al 
5 

- -* have reported that thr radical anion of g-todonltroben- 

tone (1) did frrQwnt at the C-I bond in J chronoacqmrometric experiment with the conspicuous rate 

of 8x10' s-l, whereas the meta- and para-isomers had much louer rates of fragmentation, i.e.. 0.31 
-1 

and 0.90 J , respectively. Analogously, o_brmonitrobehzenr frrmnted faster (110 s-l) than 

D-bromonitrobenzrm (4~10-~ s-l), while both o-chloro- and g-chloronitrobenrene had low rrtes of 

framntation (CJ. 10 
-2 -1 

s 1. A steric inhibition of coplanarity of the HO*-group with the l roexs- 
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tic ring, the greater the larger the halogen atom in the ortho position, was suggested to reduce 

the stabilization of the no MO and to make the population of the Q* Co of the C-iodine bond, 

and its concomitant fragnantatlon. ranch ersler. 
5 

The same sterlc effect could br expected to make then possible a nucleophlllc SgNl substitu- 

tion on 1. To tort this hypothrsls. 1 has been made to react undrr typical photostimulation con- 

ditions nlth the l nolate ion of pinacolone (2). one of the IY)st c-n and well behaved nucleo- 

* 1,2 philes in this kind of processes. Indred, the substitution product 2 was obtained in a sa- 

I hv 
+ __) 

NO2 NH3 

I- + PhW2 + (1) 

1 z 3 

tlsfactory yield (66%; l xpt.1, Table), l ccoapanied by nitrobenzene (20x). The wta- and Parr-fro- 

lldrs of 1 reacted instead rather badly (expts. 2 and 3). In addition, o-bromo- and o-chloro-nitro- 

benzene were increasingly less efficient as substrates (expts. 4 and 5). These results confirm the 

reactivity trend reported by Danen et al --. in the chronormperometrlc reductive process.5 and sup- 

port the sterlc effect of inhibition of coplanarity of tha N02-group, the more pronounced the 

larger the halogrn Tom, as responslblr for an increased reactivity in thr substitution reaction. 

Saw considerations about the possible mechanism of rraction 1 are necessary. The substitution 

product (2) is a purb ortho-substituted compound, thus excluding an aryne mechanism which would 

have mainly afforded a meta-substituted product. Against the involvement of & SNAr mechanism are 

1) the halogen mobility trend obtained (IMr>Cl), nhlch is opposite to the onr expected for reac- 

tions occurring by that mechanlsmm,6 but is typical of Sp,,l processes.2 and 11) the unreactlvity 

of the para-isuaer of 1. 

_______~___________~~____~~~~~_~~~~~~~~~~~~~~~~~~_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~~~~-------- 

Table. Reactions of Potassium Pinacolonr Enolatr (2) with Nltroarylhalldrs in Liauid 

knrw,nla at -33 OC. 

expt 
no. 

7 

6 

Q 

10 

substrate rraction condltlons 

(02NC6hqX) time 

X=2-1 (1) 8 q in hV 

=+?-I 35 min hv 

=e-I 35 mln hv 

=o-Br 8 min hv 

Lo-cl 6 mln hv 

1 15 set hv 

(1.5 min overall)c 

1 1.5 mln dark 

1 15 set h*.l2% lnhibltor' 

4 15 set hv.33% lnhlbltore 

(1.5 mln overall)c 

r 1.5 min dark,33% inhibitore 

X- 

93 

22 

24 

15 

3 

d 

d 

d 

_d 

d 

yield (X)a 

ArX phN02 2 

0 20 66 

40 2 0.4b 

35 1 0 

16 0.2 5 

17 0 0 

11 18 61 

30 17 33 

d -d 39 

51 16 32 

55 19 17 

l Detomined either by titration of X- or by GLC. 
b 

Heta-substituted product. ' Real time 

elapsed while thr roa 
5 
tlon 

15 set lrradlatlon. 

flask was int:oduced into the Rayonet photochemical reactor for the 

Mot datermlned. Di-;-Butylnitroxldr. 

______________________~____________________~~~~_______~~______~~~____~_~~~~~~~~~~~~~~~~~~~~-~~~~ 
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What is in favour of the SRRl wchanism? Comon clues are that "dark' reaction conditions, or 

addition of frrr radicel scavengorr. drprrss draoatically the rractivity in such chain process. 
2,3 

Accordingly. it was obrervod bore that absence of photostimulation provoked indeed loss substitu- 

tion (expt. 7) with respect to tPr normal conditions of expt. 6, although a rether significant 

spontaneous substitution did occur all the same. possibly due to the high rlectrm l ffihfty 4' of 

substrate 1, and to the resulting efficiency of the initiation step. Addition of a 12% molar amount 

of di-t-butylnitroxide. a guantity well sufficient in general to depress severely the Sphl propa- 

gation chain,’ did only lowr the yield of product 1 to 39% (expt. 8). Even a higher amount of 

scavenger (a 33% nolar amunt) did not suppress cocrpletely the substitution process (expt. 9). The 

saw mount of scavenger did depress as well the reactivity of the 'dark' experiment, but again 

not exhaustively (expt. 10). Hence it is inferred that two kinds of pathways lead to product 2 in 

reaction 1 : the nomu1 SRhl chain process, which is inhibited by the radical scavenger, and a non- 

-chain process, which is not inhibited. - 

A possibility for the non-chain process may be represented by a cmbination in the cage, where 

i*z- 
I 1’ -CH, ala, 

8 
_ I- -W =A% 

i 
--* 3 (2) 

NOa NO2 _I- - 

J step-wise substitution occurs and no radical lntetmediates are left free in solution. Katritzky 

et al 
8 

- -* havr similarly suggested a non-chain cage process for a C-alkylation of a nitronste anion. 

to explain 1) the partial inhlbitlon by scavengers and ii) the absence of entrainment.‘ A non-chain 

SRRl process had also been invoked by Russell et al.' -- in the case of an l cetylenide anion reacting 

with 2-chloro-2-nitropropane, and by CImlnale yJ II. 
10 

for PhS- ion in reaction with S-halogeno- 

-2H,3H-benzo:b!thiophene-2,3-dlones. Recmtly, a similar non-chain Iwchanism of substitution has 

been suggested for the reaction of a-substituted 2-methyl-5-nitrofurans with thiolatc anion. 
11 

On the other hand, it seems conceivable that in [Ll]'. which is formed in step M3, the nitro 

group suffers to a lower extent from steric inhibition of conjugation, due to the smaller diwnsioh 

of the pinacolone moiety. 
12 

with respect to the Iodine atom. The resulting stronger conjugation 

would be responsible for a higher stability of radical anion [j]', presenting the odd electron 

mainly localized in the N02-group. 
4b 

This would make mre difficult the electron transfer to an- 

other lnolecule of substrate (step M4), and umuld cut off dramatically the efficiency of the propa- 

gation steps (and the possibility of interception with a scavenger). Furthermore. termination 

steps could corrpete more fauourably for the rather stable [I]': a H’ loss could occur, for instance, 

to give the highly stabilized conjugated anion of 2, which is unproductive for the propagation. 

ldl' Y 
2 

> 
a 

(3) 

-I No2 NO; 

The loss of H' would be possibly responsible for the reduction of so6 of the intermediate PhN02' 

to PhM12, a reaction product that can not be accounted for easily by the cage hypothesis or by 

the normal SRN1 scheme. 

In conclusion, an efficient substitution process, partially consistent with the SRN1 reaction 

schema. appears to be feasible with o-iodonitrobenzene, in agreemmt with the high rate of frag- 

mmtation of the radical anion [l]' reported in the literature. 
5 

However. in addition to the ef- -- 

feet of steric inhibition of conjugation in the ortho position, another suggestion could be offe- 

red to explain that high rate of fragwntation. Oanen et al 
5 

--f measured a C-l fragrantatlon rate of 
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2.5xI02 5 
-1 

for 2,6-dlwthyl-4-iodonitrobenrrnr, which Prrsents J nitro-group hindered on both 

sidrs by nthyl groups. This is J fJJt rrte, but not Js frst Js thJt of A. Thr rorson could br 

that In [I]' the odd l loctron Is trmsforred dirrctly fro thr nitro group to the d orbltsls of 

iodinr, duo to J convmiont sprtirl Jrrry of thr orbltJls of thr two JdjJcent groups. 
13 

Such 

structurrl ferture would make thJ frJ_tJtion of thJ C-I bond of [l]' to occur evrn more l Jsily 

thrn for thr steric hindrrnce effrct only. 
14 

Evidence for similrr lntranalecular through spree 

electron trJnsfer hrs beon reported elsewherr. 
15 

EXPERIMENTAL 

A RJyonrt RPR-100 photochemical reactor with 16 '350 m' 1-s wls rngloyed. A 25 m qurrtz c~pil- 

lary color, of methyl siliconr fluid was used in thr 6LC Jnrlyses. 

o-Nitro-phonylpfnJcolono &. The following rerction conditions Jre typiCJ1.l Trrrtaent of I.6 g 

of 1, 1.5 g pinrcolone Jnd 2.2 g sublimd ;-EuOK in 150 ml distilled NH3, under photostilulJtiOn 

for 8 min. rOlJJSJd 93% I- Jnd grvr 1 brown oil JftOr 1 nOt%Jl work-up. It WJS ch;om&~""h';_; 

silicr go1 with benzenr Jnd then dirtilled, bp 117 OC (0.35 Torr). IR(CC1 ) V 

(C$l ) 6 7.8-7.5 Jnd 7.3-6.8 (bm,4H,J$outic protons),l.l (stM.ArCH2C@,f.2 Ffr)9H.a 

(H +!).206(H+-CH ),164(ti+-CHe 
). MS: 222 

),136(M -He CCO),120,85(ck CC0 ).57(Me C ). Retentjon tit 7.6 min 

Jt 100 OC on th03CJpillJry co unn. $ AnJl.C!lcd for C12H15 b 
C.65.05; H.7.02; N,6.09. 

3: C,65.13? H.6.85; N.6.32. Found: 

rNitro-phenylpinrcolone. This conpound was independrntly synthesized to be coclprred with 2. Reac- 

tion Of ~brOmOJnil!nJ Jnd pfnJCOlOn0 JnOlJtO i NH under photostimulation (see JbOvO) gavr n_ 

-NH2-phenylpinrcolone, bp 143-145 OC (3 Torr). *“-k (CC1 ) b 6 9 . -6.0 (m,rlH.Jromrtic protons), 

3.5 (bs.4H.ArNH 

WJIWI (60 "C) 

Jnd ArCH2CO),1.1 (s.9H.CHe3). Thf6d(uotlfed Jnilfne WJS Jddrd portionuise t0 J 

so ution of excess NJ~) ? Jnd NJHCO . After work-up, the crude nrs flJSh chroaJto- 

grrphrd on silicr gel (benzenr) to o trin the t tle compound. % ? 'H-W (CC1 ) 6 8.0-7.7 Jnd 7.3-7.0 

(m,lH.Jromatic protons),3.7 ~s.2H.ArCH ,1.2 (r,9H,CW ). MS: 222.136,180,85.57. Retention tfne 

8.6 min on the capillrry colv*r under he WJW condition of 2. Canparison of GLC retention times 3 
Jnd of H1( shifts of the Aethylenic protons (ArCH2CO) between this Jnd conpound 2, rllows J clerr 

charrcterizrtion of 2 JS J purr ortho-isonr, free of Jny n*tJ-irowr contrnlnJt(on. 

REFERENCES 

1. lhscribrd in prrt in: J.F.Bunnett, E.Hitchel Jnd C.G~lli. Tetrahedron, g, 4119 (1985). 
2. J.F.Bunnett. Acc.Chrr.Res., & 413 (1978). 

3. (J) R.A.Rorsi. J.Chua.Educ., 1-9, 310 (1982); (b) H.C.R.Smns, Pure Appl.Chem., a, 223 (1981). 
4. (J) R.F.Nelson, A.K.CJrpenter Jnd E.T.Seo, J.Electrochem.Soc., @. 206 (1973); (b) J.M.SJV(Jnt 

Jnd O.Tessier, FQrJdJy Oiscuss.Chem.Soc., & 57 (1982). 
5. W.C.DJnen, T.T.Konsler, J.G.LJwless. H.F.HJrcus Jnd M.D.HJwley, J.Phys.Chm., 73. 4389 (1969). 

See rlso: T.TohrrJni. A.J.krd. ActJ Chn.ScJnd.,m, 413 (1983). 

6. J.F.&rnnett, J.llm.Chm.Soc., 79. 5969 (1957). 
7. S.Hor Jnd J.F.Bunnett, J.h.Chr.Soc., 99, 4690 (1977). 

8. A.R.KJtrltrky, J.L.Chrn. C.H.brson, A.Clri~ Jnd M.A.KJshiri. Totrrhedron. 42, IO1 (1986). 

9. G.A.Russoll. H.Jawdosiuk Jnd H.ClrkosrJ, J.Am.Chm.Soc.. 101. 2355 (1979). 
IO. F.CiminJle, G.Bruno, L.TestJferri. M.Tiecco Jnd G.HJrtelli, J.Org.Chem., 43, 4509 (1978). 

11. M.C.R.Synons Jnd Y.R.Bo*nrn. J.ChJm.Soc..Porkin TrJns. 2, II33 (1987). 

12. (I) J.Shortor, @Jrt.Rev.. 24, 433 (1970); (b) H.ChJrton. Proq.Phys.Org.Chem., 8. 235 (1971). 

13. Y.L.Jorgensen Jnd L.s~lr. 'Tho OrgJnic Chrclist's Book of Orbitrls', Acrdemic Press. New York 

(1973). 
14. Steric inhibition of conjugrtion in Jr-tic nitrocorpounds hrs been often overestinrted, SJJ: 

O.Exnor, U.Folli, S.ClrrcJccioli and P.VivJrelli, J.Chem.Soc..Perkin TrJns. 2, 757 (1983). 

15. J.P.8~ys, S.T.Blrwr, S.8JrJl-Tosh, O.khJr Jnd P.ktJ. J.Am.Chr.Soc.. 105, 320 (1983). 

16. K.J.ClJrk Jnd G.I.FrJy, J.Chem.Soc., 894 (1960). 


