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Sumary: The reaction of 1 with Br, in CHCl,; proceeds with the simultaneous and
stereospecific incorporation of two moles of Br2 to give 2 thus providing
strong experimental evidence for the existence of Br, .

As part of a program of chemical modifications of eremanthin (1)! we
needed a selective protection for the 9,10-double bond. Electrophilic addition of
Br, seemed an appropriate choice’? and the reaction was investigated.

To our surprise, when 1 was allmedtoreactwithorenoleofBrz
CHCl, at ~70° C an equimolar mixture of 1 and the relatively unstable tetrabromide 2°
oould be detected by 'H NMR spectroscopy. Addition of a second mole of Br led
exclusively to 2.
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Trans addition to the 9,10-double bond was indicated by observing the
quantitative formation of 1 upon reaction of 2 with Zn in methanol. The stereochemistry
at this site as indicated was suggested by comparison of the 'H NMR properties of 2 with
those of the dibramides 3 and 4°.
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While 2 and 3 showed H-9 as a collapsed doublet of doublets (J8,9 = 3.5 Hz) centered
at 4.8l and 4.78 § respectively, campound 4 had the corresponding signal as doublet of doublets
(J = 6 and 10 Hz) centered at 4.67 §. On the other hand, the signal corresponding to the
Clo-CH3 appeared at 1.99 § in 2, 1.95 § in 3 and 1.85 § in 4. Further, it is relevant to note
that the signals (multipicity) corresponding to H-9 in 2 and 3 are superimposable with that of
H-9 in the conformationally rigid dibromoether 5. This finding strongly indicates that 2 and
3 exist mainly in a chair conformation as implicit in A. The latter explains nicely the
relatively low chemical shift of H-6 in 2 (5.14 §) and 3 (4.73 6) as compared with 4 (4.10 8)5.
It is important to note that while the chair conformation as implicit in A is the only conforma-
tion which explains the NMR properties of 2, the spectral properties of compound 4 may be
explained by the same chair conformation as expressed in A' (bromines trans-diequatorial),
or, in the alternative chair conformation B in which the bromines are trans-diaxial.

H H . H Br
) Hy €0 Br
c €10
C H 7 H H
7 C7 1-19
Br
A A B

A solution of 2 in Cﬂ:l3 left at room temperature for 10 days gave the tetrabramide
6 as shown by its 'H NVR spectrum. The signals corresponding to H-9 and the C,,-CH, were
superimposable with those of 2 but H-6 appeared at 5.07 § and CM-I-I2 appeared as two doublets
(J = 10.5 Hz) centered at 4.09 and 4.53 §. ( 4.13 and 4.46 § in 2). We believe that the
proposed inversion of configuration at C-4 is triggered by stereocelectronic repulsion between
the B-oriented bromine atoms at C-4 and C-10.

On the other hand, reaction of isoceremanthin (7) with one mole of Br, in CiCl, or
ether at -70°C led to a more complex mixture of products as shown below (isolated yields are
given):
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As already indicated for 2 and 3 the 7-menbered ring of the bromides 8, 9 and 10

also seem to adopt the chair conformation as implicit in A. Thus, the signal corresponding
to ClO—CH3 appear at 2.00, 1.95 and 1.96 & respectively ard the H-9 signal is a collapsed
dowblet of doublets (J = 3.5 Hz) centered at 4.79 §. Further, the 'H NR spectra of 9 and
10 are almost identical in other regions of the spectrum too: H-6 appears at 5.19 §(4.87 §
in 8) and the signal corresponding to H-3 is a doublet (J = 3.5 Hz) centered at 4.88 §.
This spectral identity suggests that if 9 and 10 have the same conformation at the 7-member
ed ring, they must differ in the puckering of the 5-membered ring. while 9 is suggested to
have C-4 above the plane of the cyclopentane ring, 10 would have C-3 above the said plane
thus avoiding the eclipsing between the bramine at C-3 and the methyl at C-4°.

On the other hand, reac:tionofgwithlér2 " in ether or chloroform leads to 10 ex-
clusively thus demonstrating that 8 is not an intermediate in the formation of 9.

Kinetic studies of bromine addition to olefins in nonpolar solvents show a second
order dependence on bromine suggesting the presence of the linear and electrophilic tri-
bromide ion as the acting nucleophile’. On the other hand electrophilic addition reactions
to 1 have always yielded 9,10-disubstitued derivatives resulting by approach of the reagent
fram the less hindered o face®. It is reasonable therefore to assume that reaction of 1 with
Br, leads initially to the bromonium ion intermediate 11. Reaction of this latter ion with Bry
would result in the simultanecus and efficient interaction at Clo (electrophilic site)and the
T system at the 4,14-double bond (nucleophilic site) leading to a charge transference camplex
which collapses into the f-oriented bromonium ion intermediate 12. The sequence is campleted
by nucleophilic attack at the softer® and less hindered C14 to yield 2.
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An identical argument readily explains the formation of 9 fram 7. In this latter case
however, the 7 system at the 5-membered ring is not parallel to the path of theirmningBr;
thus diminishing the efficiency in the formation of a f~oriented 3,4~bramonium ion intermediate
Part of the nascent bromine leaves therefore the surface of 8 which in a consecutive reaction
leads, thru an a-oriented 3,4-bramonium ion, to 10. In ether where the acting nucleophile
is more likely to be Br~ ° the main cbserved product is the dibromide 8.

To our knowledge the work described above represents the first direct experimental
evidence in favor of the tribromide ion as the acting nucleophile in bromination reactions in
nonpolar solvents®®.
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while 9 and 10 can hardly be differentiated from their spectral properties, they
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silica gel ard eluting with a mixture of hexare/ ethyl acetate (7/3; v/v). Com -
pourd 9 has a Rf = 0,79 and gives a pink spot when sprayed with a solution of
ceric sulphate and heated at 100°. 1In contrast, 10 has a Rf ~ 0.75 and gives a
green spot when similarly treated.

In addition campound 9 is relatively unstable campared to 10. Thus
when in solution or in the solid state it undergoes decomposition to a camplex
mixture of unidentified substances. As with 2 we attribute this relative ins-
tability to the interaction between the B-oriented bromine atoms at C4 and C-10.
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The reaction of dioxane with Br2 vields dioxane dibromide, a useful braminating
reagent. L.F. Fieser and M. Fieser, "Reagents for Organic Synthesis", J. Wiley
and Sons Inc., New York (1967), p. 333, and references therein.

Attack of 11 by Br, also explains satisfactorily the formation of 2. However ,
considering the equilibrium: Br2+Br"===Br'§ » two lines of reasoning may be
developed to rule out this possibility. Firstly, if the equilibrium favored the
formation of Bry (an almost certain fact in a nonpolar solvent), one would be
led to accept that Br2 is a better nucleophile than Brg . Secondly, if the
equilibriun were displaced to the left, and knowing that no dibramides are formed
in the reaction of 1 with Br, in CiCl,, one would be forced to accept the even
less likely conclusion that Br, is a stronger nuclecphile than Br.
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