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Summary: For the first time different brominating species 
(Br3- vs Br2) have been shown to react with chiral alkenes 
generating resolved stereogenic carbon centers of opposite 
configuration using the same chiral auxiliary. 

Solid organic tribromide salts have been shown to be a 
practical source of electrophilic bromine.' The different 
stereo- and regioselectivities between the tribromide ion 
and free bromine in addition reactions and the role of the 
tribromide ion in the addition of bromine to alkenes are 
still under active investigation.2 It is surprising how many 
different electrophilic brominating agents but not tri- 
bromide salts have been tested in the bromination of chiral 
auxiliary bound  alkene^.^ In particular, it has been re- 
ported that different electrophilic halogenating species 
react with chiral auxiliary bound enol ethersM (generated 
in situ from the corresponding ketals) and enolates% with 
high diastereoselectivity, the sense of asymmetric induction 
being the same for the same substrate. 

The above considerations prompted us to investigate the 
tribromide salt bromination of (2R,3R)-dimethyltartrate 
ketals 1 (n = 1) and 2 (n = 0), precursors of E enol ethers 
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Trans. 1 1990,897. 
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1990, 112, 4011. (f) Angibaud, P. Ph.D. Dissertation, Haloggnation 
Cnuntiosklectiue et diastkr6os3lectiue d'ac3tals de cCt8ne; University of 
Rouen, 1991: Angibaud reporta the bromination with tetra-n-butyl- 
ammonium tribromide (THF, -70 "C) of a 1,2,5,6-di-O-isopropylidene- 
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nating reagents. 
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(Scheme I), which have been shown to undergo highly 
diastereoselective halogenations when treated with Br2, 

Now we wish to report that the bromination of the said 
ketals with "onium" tribromides provides a-bromo ketals 
with high diastereoselectivity and that the sense of 
diastereoselection is oppoeite to that with Br2, S02C12, and 
IC1 (Scheme 11). 

Tetra-n-butylammonium tribromide rea& at 0 "C with 
1 (n = 1) in greater than 95% yield (Table I, entries 1,6, 
9) to provide epimeric mixtures of a-bromo ketals 3 and 
4.416 The diastereoselectivity, which always favors the 

SO2Cl2, IC1." 
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Table I. Bromination of 1 and 2 with  "Onium" Tribromide 
at 0 OC' 

reaction 314" or 
times 5/6b 

ent n X solvent (mid  ratio 
1 1  
2 1  
3 1  
4 1  
5 1  
6 1  
7 1  
8 1  
9 1  

10 1 
11 1 
12 1 
13 1 
14 0 

tetrabutylammonium 
tetraethylammonium 
pyridinium 
2,6-dimethylpyridinium 
tetrabutylphosphonium 
tetrabutylammonium 
tetraethylammonium 
tetrabutylphosphonium 
tetrabutylammonium 
tetraethylammonium 
pyridinium 
2,6-dimethylpyridinium 
tetrabutylphosphonium 
tetrabutylammonium 

CHzClz 10 
CHZC1, 30 
CHzClz 30 
CHaClz 1 
CHZC12 100 
CHSCN 5 
CH&N 30 
CHSCN 45 
THF 60 
THF 30 
THF 30 
THF 30 
THF 120 
CHSCN 1 

56/44 

58/42 
62/38 

53/47 
55/45 
85/15 
86/14 
86/14 
9416 
9515 
9515 
9515 
9416 
80120 

"314 ratio (3 + 4 = 95% yield) determined by 'H-NMR (300 
MHz, CDClJ at  complete conversion of 1. The ratio does not 
change after several reaction times. b5/6 ratio (5 + 6 = 81% yield) 
determined by 'H-NMR (300 MHz, CDC13) at complete conversion 
of 2. The ratio becomes the equilibrium ratio 70130. 

epimer 3 having R configuration at the carbon bearing the 
bromine, strongly depends on the nature of the solvent, 
increasing in the following order: methylene chloride (de 
= 6), acetonitrile (de = 70), tetrahydrofuran (de = 88). 

Other "onium" salts such as tetraethylammonium, py- 
ridinium, 2,6-dimethylpyridinium, and tetra-n-butyl- 
phosphonium tribromides behave similarly in the bromi- 
nation of 1 (see Table I). Thus, the diastereoselection is 
independent of the nature of the "onium" counterion. 

Ketal 2 (n = 0) reacts at  0 OC in acetonitrile with tet- 
ra-n-butylammonium tribromide (Table I, entry 14) pro- 
viding in 81 % yield an epimeric mixture of a-bromo ketals 
5 and 6. Epimer 5 of R configuration prevails over the 
other with a de (60) which approaches the one observed 
in acetonitrile for ketal 1 (Table I, entry 6). 

Epimer 4 as well as 3,4 mixtures of any epimeric com- 
position kept under the above reaction conditions for 
several reaction times, were recovered quantitatively un- 
changed. The 5/6 ratio under the reaction conditions 
becomes the equilibrium ratio of 70/30. 

From the above findings it comes out that the tribromide 
salt bromination of both 1 and 2 occurs under kinetically 
controlled conditions. 

The sense of the diastereoselection with Br3- is opposite 

(4) General Experimental Procedure. The brominating reagent (5 
mmol) was added in one portion with stirring under nitrogen at the 
temperature given in the tables to a solution of 1 or 2 (5 mmol) in the 
solvent (10 mL). The reaction mixture was stirred for the time given in 
the tables. After workup with aqueous sodium carbonate mixtures of 3 
and 4 or 5 and 6, in yields and in ratios given in the tables, were obtained. 

(5) 2,6-Dimethylpyridinium tribromide, the only unknown compound 
(mp = 100-101 "C from acetic acid), has been prepared according to. 
Fieser, L. F.; Fieser M. Reagents for Organic Synthesis; John Wiley & 
Sons: New York, 1967; Vol. 1, p 967. 

Table 11. Bromination of 1 with Bromine' 
ent n solvent T ("C) reaction times 3/4 ratio 
1 1 CHpClz -10 10 8 

l h  
20 h 

2 1 CHSCN -10 30 min 
3 1 CH&N 15 1 min 

3 min 
20 h 

4 1 THF -10 30 min 
40 min 

12/88" 
25/75 
46/54b 
22/78" 
29/71" 
30170 
55/45b 
1/99e 
42/58b 

"314 ratio determined by 'H-NMR (300 MHz, CDClJ at  com- 
plete conversion of 1. b Thermodynamic ratio. e 314 ratio deter- 
mined at 20% conversion of 1. 

to that of the previously reported bromination of ketals 
1 and 2 with bromine in methylene chloride (Table 11, 
entry 

For a more complete comparison between bromine and 
tribromide salts, the bromination of 1 with bromine was 
carried out in acetonitrile and in tetrahydrofuran (Table 
11, entries 2-4). 

From the analysis of data reported in Table I1 (entries 
2-4) it comes out that the bromination occurs under ki- 
netically controlled conditions and that the sense of 
diastereoselectivity is independent of the nature of the 
solvent, the highest diastereoselectivity being observed in 
THF. 

On the basis of the above findings it is possible to syn- 
thesize in high yield either one epimer or the other from 
the same ketal. This opens the route to the asymmetric 
synthesis of structurally related 2-bromo ketones6 and 
2-arylalkanoic acids' of both configurations in enantiom- 
erically pure form by using the same chiral auxiliary 
[(2R,3R) tartaric acid]. 

The bromination of 1 and 2 underlines the difference 
between bromine and tribromide ion in electrophilic attack 
to activated alkenes. 

The opposite diastereoselection observed between Br2 
and Br3- can be accounted for by the different electro- 
philicity of the two species and for the major ability of Br2 
vs Br3- to form charge-transfer complexes. 

Work is in progress to extend the scope of the reaction 
and to clarify the reaction mechanisms. 

Supplementary Material Available: Experimental proce- 
dures (1 page), Ordering information is given on any current 
masthead page. 

(6) Castaldi, G.; Giordano, C. Synthesis 1987, 1039. 
(7) Castaldi, G.; Cavicchioli, S.; Giordano, C.; Uggeri, F. J. Org. Chem. 

1987,52,3018; J. Org. Chem. 1987,52,5642. 
(8) It is likely that the rate-determining step of the reaction is the 

acid-catalyzed formation of the enol ether (Scheme I). In the absence of 
an acidic catalyst, an induction period is required until a trace of HBr 
is formed, which grows as soon as the bromination initiates. The nature 
of the solvent affects the acidity of the reaction medium and consequently 
the reaction time. 
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Summary: Ehe type cyclizations of pals 6,21, and 30 can 
be effected by EtA1C12 in CH2C12 at -78 "C to afford 14- 
and 12-membered homoallylic propargylic alcohols in 
66-89% yield. 
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The continuing discovery of biologically important 
macrocyclic natural products has stimulated interest in 
developing cyclization methodology for rings of 12 or more 
member5.l Several years ago, we reported that the in- 


