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Abstract: Jodobenzene, 2-halopyridines (Cl, Br), 2-chloroquinoline and I-
halonaphthalenes (CI, Br) react with acetophenone enolate ion in DMSO by the Syl
mechanism catalyzed by Sml,

The aromatic radical nucleophilic substitution, or Szy 1, has been shown 1o be an excellent means of affecting
the nucleophilic substitution of unactivated aromatic compounds possessing suitable leaving groups with many types
of nucleophiles. The mechanism of the reaction is a chain process, and the propagation steps are shown in Scheme
1! in which radicals and radical anions are mtermediates. However, this chain process requires an initiation step (eq.
1). In a few systems, spontaneous electron transfer (ET) from the nucleophile to the substrate has been observed.?
When ET does not occur spontaneously, it can be induced by light,? by solvated electrons in liquid ammonia,* by
cathodically generated electrons,’ by certamn inorganic salts.® sodium amalgam,’ or under sonication.?

SCHEME 1
Initiation Step: RX ~+ e= —_— (RXy i
Propagation Steps. (RXY _— R + X
R + Ny ————— (RNuy
(RNuj + RX ——mm RNu + (RX) 4

Although certam carbamons have been found to be efficient nucleophiles in S| reactions with aryl halides,' stabilized
carbanions such as the cnolate ions of acetophenone™ or the anions of a-f unsaturated ketones® were found to be unreacuive
toward halobenzenes under photostimulation m hquid ammoma. A similar behavior was determined for the reaction of
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acetophenone anion with l-chloronaphthalene.'’ The photostimulated reaction of iodobenzene and 1-iodonaphthalene with
acetophenone enolaic ion in DMSO gave good yields of the substitution product.'!

Sml, has been used as one electron reductor of many organic halides,'* and we thought that it could be used to initiate
the Sy 1 reaction of aryl halides.

Acetophenone enolate ion was prepared m DMSO, and after the addition of chloro- or bromobenzene, a solution of Sml,
in THF was dropped to the solution, but no substitution products were found (Expts. 1-2). However, when iodobenzene was the
substrate, 2 47 % yield of the substitution product a-phenylacetophenone™ was formed 1n only 15 minutes of reaction (Expt.
3)(eq. 5)

Sml/THF
Pl + <CH.COPh —«—> PhCH,COPh 5
DMSO

With 2-chloropyridine and with a 1.1 ratio between substratc and Sml, the yicld of substitution product o~—~(2—
pyndyl)acetophenone 1 was 28%. whereas with a 1:2 ratio, the product 1 was obtained in 48% yield. (Expts. 4-5).

Plp o§® G,

1 2

The reaction with 1-chloronaphthalene as substrate gave a 47% yield of o-(1-naphthyl)acetophenone™ 2 in 4 min of
reaction with substrate: Sml, ratio of 1:0.5."> When the Sml, concentration is increased, there is a rise of the yield of substitution
product. then with 1.1.8 ratio, the vield of 2 was 93% (Expts. 6-8).

Lower amount of Sml, were needed in the reaction of 1-bromonaphthalene as substrate. Thus, with a 1:0.4 ratio of
substrate: Sml,, the yield of substitution product 2 was 77% (Expt. 9), and with a 1:0.5 ratio, a 93% yield of substitution product
was found in 15 nun. of reaction (Expt. 10), and with a ratio close to 1 1.3. the yield was 97% of the substitution product 2 (Expt.
1)

The reaction of 2-chloroquanoline with Smi. (with a substrate: Sml, ratio of 1:0.26) in 15 min. gave the substitution
product 3 with 94% wield (Expt. 12).

It has been proposed that the reaction of orgamc halides with Sml, gives free radicals, or organosamarium
mtermediates '* Although the actual mechamsm of these reactions is still under study, the fact that the amount of substitution
product obtamed 1n the reaction of | -bromonaphthalenc and 2-chloroquinoline in relation to the Sml, used indicates that there
1s a chain process i this system . In the other examples studied, with more positive reduction potentials of the substrates, an
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excess of Smi, has to be used to obtain good yields of substitution products. With chloro- or bromobenzenes there were no
coupling products.

The reaction of aryl halides with nucleophiles catalyzed by Sml, is a promising system, due to the simplicity of the

procedure and in a relative fast reaction, neither reduction of the aromatic moiety, nor the carbonyl group were observed. We
will study further these reactions with other nucleophiles and other aromatic as well as alkyl balides'™ in order to know the scope
of this novel catalyzed reaction, and their synthotic applications.
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TABLE L Reactions of Haloarenes with Acctophenone Enolate Ions Catalyzed by Sml, *
_Expt. ArX (mmole) Sml; , mmole ArX:Sml, ratio Reaction Time, min. ArCH,COPh, %
1 PhCl (0.49) 0.50 1.1 10 0
2 PhBr (0.48) 1.0 1:2.1 10 0
3 Phi (0.54) 1.0 i.1.8 15 47
4 2-ClPyr (0.53) 1.0 1:2 30 10
5 2-BrPyr (0.53) 0.3 1:0.6 15 77
6 1-CINaph (0.54) 0.29 1:0.5 4 47
7 1-CiNaph (0.54) 032 1:0.6 1 53
8 1-CIiNaph (0.54) 0.96 1.1 6 93
9 1-BrNaph (0.52) 0.21 1.04 4 77
10 1-BrNaph (0.52} 0.25 1:0.5 15 23
11 1-BrNaph (0.52) 0.66 1.1.3 15 97
12 2-ClQuin (0.51) .13 1'0.26 15 94

*Reactions carnied out in ¢a.25 mL of DMSO with ¢ 50 mmol of acetophenone enolate ions. 2-XPyr. = 2-halopyridines (Cl, Br).

1-XNaph = 1-halonaphthalenes (CL. Br), 2-ClQun = 2-chloroquinoline.
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The reactions were carmied out i a 100-mL three-neck round-bottomed flask equipped with a nitrogen inlet and magnetic
strer. To 25 ml of dry and degassed DMSO under nitrogen was added 6.0 mmol of potassium z-butoxide. 5.0 mmol
of acetophenone. and 0.52 mmol of I-bromonaphthalene. To this solutton was added 0.25 mmol of Sml, (2.50 mL of
0.1M sotutton m THF). The Sml, soluton was stored under nitrogen in a foil wrapped flask and transferred by syringe
to preclude contact with air. After 15 minutes, the reaction was quenched by adding ammonium nitrate in excess and
100 ml. of water,and extracted with ether. The ether extract was washed twice with water, dried and quantified by GL.C.
9, 10-Dibromoanthracenc was used as internal standard. The reaction product was compared with an autentic sample™
and 1t was identified as o-( 1-naphtvl)acetophenone

Prelmunary results indicate that 7-1odonorcarane reacts with acetophenone enolate ions to give the substitution product
catalveed by Smi,.
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