Tetrahedron Letters No. 47, pp 4817 - 4820, 1972, Pergamon Press. Printed in Great Britain.

REACTIONS OF DIARYLBROMONIUM SALTS WITH SODIUN ALKOXIDES
Jacek J. Lubinkowski and William E. NcEwen

Department of Chemistry, University of Massachusetts, Amherst, Massachusetts 01002

(Received in USA 21 September 1972; received in UK for publication 23 October 1372)

Very high yields of alkyl aryl ethers have been obtained by reactions of diphenyl-
bromonium and phenyl-p-tolylbromonium fluorcborates with sodium alkoxides in solutions in the
corresponding alcohols at moderate temperatures. For example, the reaction of 2.5 x 10™*

1 vith 3.5 x 10™* mole of sodium ethoxide in 2 ml. of

mole of diphenylbrcnoniui fluoroborate
ethanol at 71° far 90 min. in the atmosphere gives phenetole in 98 ' 2% yleld and benzene in
only sbout 2.6% yield; bromobenzene is produced in 100% yield, and a trace amount of biphenyl
is formed. These and data for additional experiments are presented in the Table of Results.
By way of contrast, the reaction of diphenyliodonium fluorcborate with sodium ethoxide under
the same reaction conditions gives phenetole (14%), benzene (68%) and iodobenzene (92%) 2
Thus, the diphenylbromoniua salt is vastly superior to the diphenyliodonium salt as a
phenylating reagent in the aromatic Sy process leading to ether.

In our previous studies of the reactions of sodium alkoxides with diphenyliodonium
saltsa (and also triarylsulfonium saltsj) we demonstrated that benzene arises by a free
redical chain reaction, while phenetole arises by an aromatic Sy reaction. The radical
process can be suppressed to a considerable extent by the addition of an imhibitor to the
reaction mixture, and 1,l-diphenylethylene has been found to be the most suitable additive
of many that were tested. The data presented in the Table of Results indicate that the same
holds true for the reactions of diarylbromonium salts with sodium alkoxides. Even though
relatively littlé bengene is produced in the reaction of diphenylbromonium fluorcborate with
sodium ethoxide, this amount is reduced mked]y by the addition of one equivalent of 1,l-
diphenylethylene to the reaction mixture. It is also evident that oxygen of the air serves
to inhibit the radical reaction leading to Senzene. The effect of the addition of 1,1-
diphenylethylene is even more apparent 1n the reaction of diphenylbromonium fluoroborate with
sodium isoproxide in isopropyl alcchol, where phenyl isopropyl ether is produced in 83% yield

4817



4818 No. 47

vhen the reaction is carried ocut in an argon atmosphere with no additive present, but in 92%
Yield vhen one equivalent of 1,l-diphenylethylene is present; the corresponding yielde of
benzene (and acetone) are 20% amd 6.2%, rupectinly.“

Two major reasons can be given for the superiority of the diarylbromonium salts over
the diaryliodonium salts in the aromatic Sy reactions with sodium alkoxides., In the first
place, the undesirable radical chain reaction is presumed to be initiated by the attack of
alkoxide ion on the positive halogen to give a tricovalent halogen intermediate, which sub-

2 The knmms greater ease of iodine over bromine in

sequently dissociates into radicals,
forming tricovalent compounds thus explains the greater propemsity of the iodonium salts to
undergo the radical chain reaction. Secondly, the more electronegative bromine gives rise
to a larger bond dipole in the C-X bond than the less electronegative iodine. Thus,
mcleophilic attack at the l-carbon is favored in the diarylbromonium cation as against the
dlaryliodonium cation.

The fact that three times as much phenetole as p-methylphenetole is produced in the
reaction of phenyl-p-tolylbromonium fluoroborate with sodium ethoxide constitutes valid
additional evidence for the aromatic nucleophilic substitution process .6 In the case of the
disrylbromonium salts, however, it does not seem to be reasonable to suspect that the dis-
placement reaction takes place on a trivalent bromine intermediate, as proposed by Reutov

T It is also

and his co-workers for certain aromatic Sy reactions of diaryliodonium salts.
significant that the ratio of benzene to toluene produced in the phenyl-p-tolyliodonium case
is nearly unity. This lack of discrimination in the formation of aryl radicals has been
observed in verious other radical reactions of diaryliodonium salts.2’®

Although it is clear that diarylbromonium salts are superior to diaryliodonium salts as
arylating agents in at least the one type of aromatic mucleophilic displacement reaction
considered in this connm:lcat:lon,9 the bromonium salts will not achieve a preeminent status
in synthesis until a better method of preparation of the salts than the one presently
availablel 1s discovered. However, the results reported herein indicate that efforts to
devise a better method of synthesis of the bromonium salts should be undertaken.
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Reaction of (CelisBrar) BF,” (2.5 x 10°* mole)
with NeOR (3.5 x 10™* mole) in ROH (2 ml.)

Table of Results

for 90 min, in Sealed Tube
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Ar Atm, Maditive RO Yield Products
THe Cis TohigR p-Cyi,OR Collr pCrlnlr
pTolyl'Argon None  OFT" 2.6 2.9 T2 24 28 7
. » pm " 06 Ok T6 2 27 ™
o amr  None " 1.9 1.8 75 o4 27 7
m o pm "+ 05 05 5 25 28 7
Phenyl® Argon  Nome - 5.9 we= 9 - 100 -
" " prE” " 1.8 === 9B - % -
“ mr None " 2,6 wee 98 - 100 .-
- " DPE " 1.0 === 100 - 100 -
*°  Argon Nome 1-Pr0” 2000 -=e 85 == 100 -
<. DPE " 6.2° —-- @ - 98 -
*“  Mr None - 11.0r - 83 - 99 -
“ s« e LI Y0 - 100 -
: ~= Traces of biphenyl, di-p-tolyl and p-methylbiphenyl were detected

e 2,5 x 10-* mole of J.,l-diphenyletlwlene, of which 96-100% was recovered

Hoen

unchanged
== Trace of bipbenyl detected
-« Acetone vas cbtained in 22% yield
== Acetone was cbtained in 4,2% yield

-~ Acetone was obtained in 11% yleld



