
, 

Tetrahedroai Letter8 No. 34, pp 3527 - 3530, 1972. Pergemon Prees. Printed in Great Britain. 

REAGENT DEEEXDENCE OF THE STERIC COURSE OF BROMOHYDRIN AND 

ACETOXYRROMIDE FORMATION. A CASE OF FACILE 1,2-INTERCHANGE 

IN A COUPLE OF DIASTEREOISOMERIC BROMOHYDRINS. 

G.Bellucci, M.Ferretti, G.Ingrosso, F.Marioni, A.Marsili and I.Morelli 

Istituti di Chimica Organica e di Chimica Farmaceutica dell'Universit& 

di Piss. 56100 PISA, Italy 

(Received in UJC 3 July 1972; accepted for publication 19 July 1972) 

The steric course of electrophilic additions to 3-t-butylcyclohexene (1) is 

directly controlled by the steric effect of the >-butyl group.' In the case of 

the bromination of l., the product distribution is alao affected by the solvent 

and the brominating agent employed. ' In order to get further information about 

the direction of the electrophilic attack and the influence of the reagent used, 

a study of the steric course of the addition of hypobromous acid and acetyl 

hypobromite to I, under different conditions was undertaken. 

G.1.c. analyses of the crude reaction products gave the results reported in 

Table 1. Since bromonium ion intermediates are 

additions, the results of the opening with HBr 

protonated forms of which can be considered as 

and Jb, are also reported. 

expected to be involved in these 

of the epoxides 2a and Ja, the - 

models for the bromonium iona 2b - 

1. a,x=o 
b,x = Bv+ 

2 a,x = 0 
b,x = &+ 

9, 6, R=H &R=H 
5, 
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TABLE 1. The Formation of Bromohydrine and Aoetowbromidee from 1, & and &.* 

Hun Reagent Solvent Produots ($) 

&+HBS =-ho (95:5) 

~+HBA Dioxane-Ii,0 (7:3) 

&+HR& Inoxane-HClO, 0.2A (7:3) 

1+HOBr aq Dioxane 

L+NBA-AoOLi" Aoetio aoid 

&+AoOBrd ccl, 

&+EBr' CHCll 

&+HBr' CHCl, 

% 2 P 
78 4 

81 3 

76 4 

30 

19 

22 78 

3 15 

4 12 

5 15 

b 

1 11 58 

2 12 67 

100 

a. All the addition reaction8 were carried out at room temp with a 10s exoeae 
of the brominating agent; all the produ+ were stable utrder the reeotion oondi 
tions au well ILL) under the glo analytioal conditions. b. &~in produot. o. 20'- 
mole @X0086 of AoOLi. d. Prepared from Bra and AoOAg in Ccl,? e. Dry HBr. 

It was not pors+ible to carefully analyse the crude produot from run 4, owing 

to the preeenoe of Borne aide-producte (such ae dibromo derivatives and othere); 

however oolumu ohromstography allowed eeparation of the main produot g (oil, 

pnitrobensoate mp 116-118'). Furthermore treatment of the crude reaotion mix 

re with ethanolio KOH gave the two epoxidee & and & in the ratio 20r80. Very 

little or no dibromo derivatives, nor rearranged produote were formed in all 

the other additionm. Bromohydrine 5 (mp 700), 5 (oil, phenyluretane mp 127-128O) 

and 1 (wp 74-76') were eeparated from rune 1 and 2. Pure 4 was also obtained 

by HBr-opening of the e-epoxide Ja, while the same opening of 2 was the beat 

route to 2. The aaeto&ybromide 11 (ap 55O) uaa isolated by oolumn ohromatogra- 

phy from rune 5 and 6; pure 2 (oil), 1 (mp 34O) and 2 (oil) were prepareted by 

aoetylation of the respeotive bromohydrine. The oonfigurationr, of the produots 

were deduoed both by oonvereion into & and & and from ir/nmr epeotra.' 

All the additiona examined are expeoted to prooeed through ionio meohnnileanrr,"" 

but the wide range of tstereoselectivitiea observed imply an involvement of diffz 

rent pathwaya, acoording to the reagent employed 81) the sour00 of potsitive brg 

mine. The rrteric oouree of the addition of HOBr end AoOBr, ae oompared with 

that of the eporidation of 1, followed by opening of & and 2 with HBr and 

other aoide, ’ strongly auggeet the imvemible formation of the bromonium ion 

intermediate8 3 and 2 (analogous to the protonated formo of 2 and 2) in the 

eleotrophiaio ateprr of both these additions, the overall prooelrs being thus con 

trolled first by the relative rates of attaok oio and trane to the s-butyl group 
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by positive bromine and then by that of nucleophilic attack on C-l and C-2 of 

2 and 2. As the steric effect of the t_butyl group hinders a tie electrophL 

lit attack on 1 to give 2 a8 well ae a nucleophilic attack on C-2 of 2b, bromg 

hydrin 2 or acetoxybromide 11 are the main product of theee additiona. 

It has been pointed outsa that the exact nature of the brominating agent in 

the reactions of A-bromoamides with olefine remain0 undetermined. The produot 

distribution from rune l-3, while again suggeeting the formation of bridged is 

termediatea, allows to exclude that HOBr ie the actual reactant In the reactions 

of 1 with WBA in dioxane-HLO or with HBS in DMSO-&O, and epeaka in favour of 

a direct tranafer of Br+ from the IV-bromoamide to the olefin.eb~’ However in 

these oases the steric course of the addition does not seem to depend on the 

rates of the electrophilic stepa, but mostly on that of the nucleophilic ones. 

Indeed antiparallel opening of the tie bridged intermediate to give 3 ie ‘3: 

petted to be a faster process than either the antiparallel opening of the trans 

one involving an attack on C-2 E to the t_butyl group, to give 5, or its pa; 

allel opening at C-l through a twist-boat transition state to give lo. We thera 

fore suggeet that the reaction of 1 with WBA in dioxane-H,O or with WBS in DMSO- 

Hz0 proceeds through a fast pre-rate-determining step leading to the reversible 

formation of bridged intermediates followed by a elow nucleophilic attack leafi 

ing to the products. Similar pathways have been invoked to rationalize the ate: 

ic course of additions involving mercurinium and iodonium ion intermediates.s*‘o 

On the other hand, since the product dietribution of run 5 is very different 

from that obtained in rune 1-3 and approaches that of run 6, this ahowe a atrong 

influence of the solvent and/or the added nucleophile on the overall sterio 

course of the reaction with NBA. 

Heating of both 8 and 10 at 80° led to equilibrium mixtures of the two brom_ - 
hydrins in the ratio of 93’5:6*3. On the contrary 5 wae atable when heated at 

120° * while 3 under the same conditione gave some 5 besides exteneive deoompg 

sition. The thermal equilibration between the acetyl derivative8 2 and 11 wae 

slower and lees clean than that of the correeponding bromohydrine and gave an 

about 9:l ratio of 2 to 11 after heating at qO”. Although the diaxial- diequa_ 

torial rearrangement of vicinal steroid aoetoxybromidee has beenwidely inveeti 

gated,l’ this is the firat case to our knowledge of an l,P-interchange between 

diastereoisomeric bromohydrins. The greater etability of compounds g and 2 with 

respect to their partners 2 and 11 provides a further evidence for the etrong 

gauche interation between equatorial s-butyl and bromine, already obeerved in 
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the thermal ieomerization of the correeponding dibromo derivatives." 

We thank Prof. G. Berti for stimulating discuesion. Part of this work was aup 

ported by a grant from Consiglio Nazionale delle Ricerche. 
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