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abstract-A novel method for bromolactonizatlon using a dimethyl 

sulforide-trimethylsilyl bromide-amine system and the first example 

for halolactonization in the mode of &-addltlon are described. 

Bromolactonization is a very useful method far reglo- and stereoselective 

functionaliration of the double bond and has been prominently applied to the 

organic synthesis.' Available procedures include the treatment of an un- 

saturated carboxylic acid or metal carbonylate (sodium2a'b or thallium2c'dl 

with an electrophilic bromonium ion source (bromine,2a-f sodium hypobromiter2q 

N-bramoimides or ~ - b r o m o a m i d e s , ~ ~ , ~ , ~ - ~  ~-bromohydantoins.~~-~ acyl hypo- 

bromites2P'q). Here, we report a novel method for bramolactonlzatlon using a 

dimethyl sulfoxide (DMSOI-trimethylsilyl bromide (TMSBrl-amine system and the 

characteristic feature of thls method. 

Recently, a number of biologically active halogenated terpenes, which have a 

bromocyclohexane rlng system as a part of their structures, have been isolated 

from marine  organism^.^ In connection with our synthetic studies on blo- 

logically active halogenated marine terpenes, we have investigated bromo- 

lactonizatlon of cycloherenecarboxyllc acid derivatives as a step for the 

stereoselective construction of the bromocyclohexane rlng system. Pagnoni 

and co-workers have reported a-halogenation of ketones and aldehydes using a 

DMSO-trimethylsilyl bromide or chloride system as a new type of halonium ion 

Sources which may contain S-X (X=Br or C1) b0nd.l Attempts to effect brorno- 

lactonization of the cycloherenecarboxyllc acid ( 1 )  with DMSO and TMSBr under 

conditions, which were successful for a-halogenation of ketones and aldehydes, 



Table 1. Bromolactonization of Unsaturated Carboxylic Acids 

Unsaturated 
Carboxylic Acid Amine Time (h) Product (Yield 8 )  

CH2C12 

CH2Cl 2 

CH2C12 

MeCN 

CHC13 

CHC13 

CHC13 

CHC13 

CHC13 

CHC13 

CHC13 

CHC13 

CHC13 

CHC13 

CHC13 

Et3N 

Et3N 

i-Pr2EtN 

i-Pr EtN 2 
i-Pr EtN 2 

Et3N 

i-Pr EtN 
2 

Et3N 

i-Pr EtN 2 

Et3N 

i-Pr EtN 2 

Et3N 

i-Pr2EtN 

Et3N 

i-Pr EtN 2 

Reaction was carried out at room temperature. 

were unsuccessful. But in the presence of trlethylamine (Et3N) or diiso- 

propylethylamine (i-Pr2EtN), the lactone could be obtained. The best result 

was obtained when the reaction was carrled out in chloroform (CHC13) and under 

reflux. The results for some unsaturated carboxylic acids ( 1 - 6 )  are given in 

Table 1 and typical procedure is as follows. To a stirred solution of DMSO 

(0.11 ml, 1.6 mmol) in CHC13 (3 ml) at 0 'C was added TMSBr (0.21 ml, 1.6 

mmol) and stirrlng was continued for 30 mln at the same temperature. A CHC13 

(1 ml) solution of an unsaturated carboxylic acld (1.3 mmol) and, after 10 

mi", amine (1.6 mmoll were added to the reaction mixtureat 0 'Candthe whole 

was stirred and refluxed for the time indicated in Table 1. Usual work-up 

afforded an almost pure bromalactone. The structures of the products were 

assigned from their ir and '~-nmr spectra and by comparison wlth those of the 

bromolactones prepared by the reported methods. 
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Generally, the halonium ion formed from the reaction of the unsaturated car- 

boxylic acid with the electrophilic xi  spieces reacts with the intramolecular 

carboxyl group in the mode of SN2 reaction as well-recognized mechanism. 

Therefore, concerning the stereochemistry, halolactonization is considered to 

give a --adduct.' Unexpectedly, the e - a d d u c t  (7 '  and 1 z 5 )  were exclu- 

sively obtained when 1  and 6 were used. In the case of 6, the 6-lactone 12 

was also obtained by the reported methods (method A: bromine-aqueous sodium 

bicarbonate2a and method B: lead tetraacetate-zinc brornide2ql. Therefore, 1 2  

might be produced via the same more stable benzylic cation intermediate. On 

the other hand, bramolactonization of 1  by the same methods afforded the usual 

trans-y-lactone ( 1 3 )  (Scheme 1 ) .  Thus, we examined with &-6-phenyl-, 

trans-6-phenyl-, and ~ t r a n S 6 - m e t h y l - 3 - c y c l o h e ~ e n e e 1 - ~ a r b ~ x y 1 i ~  acids ( 1 4 ,  15 ,  

and 1 6 ) .  Bromolactonization of 1 4 ,  having an axially oriented carboxyl 

group, by our method afforded the y -  and 6-lactones ( 1 7  and 181, both of which 

were trans-adducts. By the method B, 13  was exclusively converted to the 

trans-y-lactone ( 1 7 ) .  On the other hand, bromolactonization of the trans-6- 

substituted derivatives ( 1 5  and 1 6 ) ,  both of which have an equatorially 

oriented carboxyl group, stereoselectively afforded the %-adducts ( 1 9  and 

2 1 ) ,  respectively in good yield by our method, while 15 predominantly afforded 

the dibromocarboxylic acid ( 2 0 )  by the methods A and B. 

TO OUT knowledge, this is the first example for halolactonization in the made 

of Q-addition. It is also noticeable that the equatorially orlented 

carboxyl group, which is sterically unfavourable for participation, cyclized 

to the lactone in good yield. Although this reaction seems to proceed via 

the sulfonium intermediate (221 ,  details are not clear. Further study on 

reaction mechanism is now under investigation. 



Method A 26% 

Method B 70% 

aPh 
COOH 

DMSO-TMSBr-i-Pr2EtN 18% 21% 

Method B 90% - 

1 5  

Method A 59% 

Method B 30% Br 

Q' COOH 

Scheme 1 
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