2,4,4,6-Tetrabromocyclohexa-2,5-dienone in the presence of triphenylphosphine as
a regiospecific and stereoselective reagent for the nucleophilic substitution of
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A highly reactive, regio- and stereo-specific reagent, a 2,4,4,6-tetrabromocyclohexa-2,5-dienone—triphenylphosphine complex,
has been used for the first time in the nucleophilic substitution of bromine for hydroxyl in alcohols.

2,4,4,6-Tetrabromocyclohexa-2,5-dienohés known to be a and with trichloroacetonitrile. When these complexes are used,
useful reagent for the cation radical bromination of a broadhucleophilic substitution in alcohols occurs in high yields and
range of organic compounds and for the electrophilichighly regio- and stereospecifically. It should be noted that
bromination of phenols and dialkylaniline$.However, no  esters of tribromoacetic acid are less readily available
examples of its application as a donor of nucleophilic bromineynthetically than esters of trichloroacetic acid.

have been reported to date. We found that tetrabromaim To broaden the range of halophilic compounds that allow
successfully be used in the nucleophilic substitution of brominene to perform nucleophilic substitution of bromine for the

for hydroxyl,i.e., serve as a source of nucleophilic halogen.  hydroxyl 2group, we resorted to the readily available tetra-

In our previous work* we studied complexes of triphenyl- bromidel.
phosphine with esters of trichloro- and tribromo-acetic acids Based on literature datal we assume that the reaction of

Table 1 Optimum conditions for various substrates in the substitution reaction.

Starting compounds T/°C  t/h Solvent Yield (%) Isomeric purify(%)
/\/\/\/\
OH -10 0.25 MeCN 99 100
1
NN 5 05  MeCN 90 99.9
OH 0 0.5 MeCN 90 99.9
2
OH
0 1 MeCN 55 63
0 1 CH,CI, 55 87
3
% \ 0 2 HCl 98 99
OH Cﬁ 3vi3
4
0 12 CH,Cl, 60 99
0 12 MeCN 40 o
OH
5
Lb 0 12 CH,Cl, 85 o
OH 0 12 MeCN 67 99
6
OH
0 2 CHCI, 80 og
Me
7
Me O
@OH o 2 CHCl, 80 98.9
8
Me@—? -10 2 CHCl, 70 99
OH
9

3Determined by GLCP37% olefin.©13% olefin. %exoBromonorbornane is the only produébetermined by*H NMR spectroscopy/(E)-1-p-Tolyl-
4-bromobut-1-ene is the only product.
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triphenylphosphine with tetrabromidiestarts with attack of the differ in the chemical shift of the methine proton at tRe®dm
nucleophilic phosphorus atom on an electrophilic centre, & theH NMR spectra. In both cases the chemical shift of this
halogen atom,i.e. a halophilic interactio. Unlike the proton in the product is 3.95 ppm (fi£.3.9 ppm).

previously studied reactions of C&l(where X = COOR; CN)

with triphenylphosphine, the reaction of the latter with Br

tetrabromidd occurs exothermically and at a high rate. In the Br o

presence of alcohols, oxyphosphonium intermediditesre Br j
formed. It is obviously in intermediaté that nucleophilic Br

substitution occurs to give the corresponding bromides T PPRO°C Br
(Scheme 1). OH

The substitution reaction has general applicability, and this
complex reacts with primary, secondary, sterically hindered The high regio- and stereo-specificity of the reagent was also
and cage alcohols under sufficiently mild conditions to giveshown for alcohols such as analogues of natural carbinols. For
high yields of the corresponding bromides. We found thaexample, alcohol3 and8 react with the complex under study
the optimum conditions of substitution are as follows: ato give exclusively regio-substitution products, whose structure
polar solvent (acetonitrile), temperature from —10 °C to 0 °Cwas confirmed byH NMR spectroscopy.
reagent ratio alcohol:triphenylphosphine:tetrabromidel:1:1 The substitution in secondary carbinols containing cyclo-
(Table 1). propane substituents occurs through stereospecific opening of

It was shown for octan-1-ol as an example that the the cyclopropane ring. The reaction pftolylcyclopropyl-
replacement of the hydroxyl group in primary alcohols occurgarbinol 9 gives E)-1-p-tolyl-4-bromobut-1-ene as the only
in 15 min in an almost quantitative yield. product.

This reagent was found to be regiospecific, which was The data presented above suggest the high reactivity,
demonstrated for the replacement of the hydroxyl groupegiospecificity and stereoselectivity of 2,4,4,6-tetrabromo-
in secondary and especially in branched secondary alcoholsyclohexa-2,5-dienone in the presence of triphenylphosphine in
For example, octan-2-& is transformed into 2-bromooctane the nucleophilic substitution of bromine for a hydroxyl group.
in 90% vyield and with an isomeric purity of 99.9%. In The proposed method looks extremely promising for fine
spatially hindered alcohols, such as 2-methyloctan-3;0l organic syntheses.
substitution occurs in 40% yield, which is the best yield for
such alcohols. Usually nucleophilic substitution in such alcohols This study was financially supported by the Russian
is accompanied by rearrangements and elimination if classic&oundation for Basic Research (grant no. 96-03-33395).
reagents or even reagents based on triphenylphosphine are
used® It should be emphasised that in the case studied, the yieRkeferences
of the olefin is only 13% and no rearrangement products ar .
formed. (Literature data for the PfRBBr, complex for an E Sr;dHl'n'\é'?[ﬁg;ggoeigégﬂazrsga"’ M. A. Greeley and F. Michaghem.
analogous structure, 3-methylbutan-2-dhe reaction yield is 5 . Tsubota, M. Iso and K. SuzukBull. Chem. Soc. Jpn1972, 45,
30%, 8% of which is an isomerised product). Even the reaction 1252
with neopentyl alcoho#t occurs without isomerisation of the 3 E.D.Matveeva, A.L.Kurts, A. . Yalovskaya, N.G. Nikishova and
carbon skeleton under very mild conditions (0°C) in a Yu.G.Bundel,Zh. Org. Khim, 1989,25, 716 P. Org. Chem. USSR
quantitative yield and with high isomeric purity (99%) (for the  (Engl. Transl.) 1989,25, 642].

PPh-CBr, complex, the yield of neopentyl bromide is 433_% 4 E.D.Matveeva, A.l. Yaloyskaya, I. A. Cherepanov, Yu.G. Bundel’

The replacement of hydroxyl in cage alcohols occurs under @nd A. L. Kurts.zh. Org. Khim, 1991,27, 1611 Russ. J. Org. Chem.
similar conditions (0 to +5°C), and the process is strictly5 189?21%7' 1409).

. e . . R. CastroQrg. React.1982,29, 1.
regiospecific. For example, the replacement in teottic5 and 6 N.S. Zefirov and D. I. Makhon’koChem. Rey1982,82, 615.
exo6 norborneols results iexobromonorbornane in high yield 7 r A Arain and M. K. Hargreaved, Chem. Soc. (1970, 67.

(60%), the isomeric purity of the product being over 99%. Thisg R. G. Weiss and E. |. Snyde, Org. Chem.1971,36, 403.
is a very high yield for such systeth&xo- andendoeisomers 9 P. Hodge and E. Khoshdsl, Chem. Soc., Perkin Trans.1984, 195.

Br Br 10 W.C.Wong and C. C. Le€an. J. Chem.1954,42, 1245.
Br ROH .
PPh + Ph———— [PhkP OR]Br + Br OH
Br
Il
Br Br

I PRPO + RBr Received: Moscow, 28th November 1997
Scheme 1 Cambridge, 5th December 1997; Com. 7/01983A
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