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By using a VV- or MoVI-catalyzed two-phase procedure for containing anions) have been isolated and characterized.
These salts proved to be significantly more stable relative tooxybromination of organic substrates, adamantylidenead-

amantane bromonium salts (ADABr+X–; X– = VV- and MoVI- the corresponding tribromide derivative.

We have recently reported a two-phase procedure (see in chlorinated solvents, can be replaced with almost nonnu-
cleophilic species, the procedure, relatively easy withScheme 1) which is a simple and efficient synthetic method

for bromination and oxybromination of arenes and al- ADA,[5] [8] can become more difficult when the instability
of the bromonium ion prevents its isolation. Therefore, thekenes. [1] In the acidic aqueous phase the peroxometal de-

rivative oxidizes the bromide ion to a species (probably a synthesis of bromonium ions having unreactive coun-
teranions may bypass some of the difficulties related to theirmetal-bound hypobromite derivative) which then bromin-

ates the substrate dissolved in the organic phase. In the con- use as chiral inducers.
When bromine reacts with ADA a yellowish precipitatetext of studies[2] aimed at elucidating the mechanistic details

of this process, we analyzed the behavior of adamantylid- is formed whose empirical formula and properties are con-
sistent with it being the bromonium-tribromide molecule[9]eneadamantane (ADA) in the VV- and MoVI-catalyzed bro-

mination in a two-phase system.[1] shown in Scheme 2. The X-ray crystal structure of this salt
has been solved. [9]

Scheme 2. Schematic formation of ADA bromonium ion; for cla-
rity, in the substrate only selected hydrogen position are indicated,
see text and ref. [9]

Scheme 1. Two-phase system for vanadium-catalyzed bromination
In order to detect the formation of the bromonium-trib-

ADA is a hindered substrate whose reactivity to electro- romide ion in a two-phase reaction, ADA was reacted with
philic bromination ends at the stage of the bromonium KBr/KBrO3 in an H2O/CHCl3 mixture (pH ca.1). As ex-
ion[3] [4] 2 the addition of a nucleophile being prevented for pected, after the formation of bromine, indicated by the de-
steric reasons. The ADA bromonium ion is also able to rap- velopment of the typical yellowish color, the slow formation
idly transfer Br1 to acceptor olefins through a spiro inter- of a precipitate in the organic phase was observed. This
mediate. [5] The reactivity of the ADA system suggests that precipitate was separated from the organic phase and its 1H
suitably constructed ADA bromonium ions could be used NMR spectrum was recorded (Figure 1 spectrum A).
as chiral Br1 sources. However, the difficulties in preparing The NMR spectra of the tribromide salt, recorded at
chiral ADA derivatives and the instability of the halonium room temperature, are characterized by values of the chemi-
ions have raised doubts about the synthetic utility of the cal shifts of some protons lower than those previously re-
method.[6] The stability of the bromonium ions is also often ported in the literature[9] {HA δ 5 3.00 [s, 4 H (δ 5
affected by the nature of the counteranion. [7] Although the 3.11[3] [9])]; HB δ 5 2.21 [d, 8 H, J 5 13 Hz (δ 5 2.51[3]

tribromide anion, formed by addition of Br2 to the olefin 2.53[9])]; HB9 δ 5 1.98 [d, 8 H, J 5 13 Hz (δ 5 2.23[3] [9])];
HC δ 5 2.06 [s, 4 H, (δ 5 2.19[9] 2.20[3])]; HD δ 5 1.94 [s,

[a] Facoltà di Agraria II, Foggia, Università di Bari, 4 H, (δ 5 2.04[3] [9])]} The differences observed are consist-
via Napoli 25, I-71100 Foggia, Italy ent with a degenerate transfer of Br1 from the bromonium[b] Dipartimento di Chimica, Università di Ferrara,

salt to ADA, thus suggesting the presence of free olefin invia Borsari 46, I-44100 Ferrara, Italy
[c] Dipartimento di Chimica Bioorganica e Biofarmacia, Università solution. On the other hand, it has previously been shown

di Pisa, from UV measurements that an equilibrium between thevia Bonanno 33, I-56126 Pisa, Italy
salt, the ADA-Br2 charge transfer complex and free olefin[d] Centro Studi Meccanismi Reazioni Organiche del CNR,

Dipartimento di Chimica Organica, Università di Padova, is rapidly established when the precipitated bromonium-tri-
via Marzolo 1, I-35131 Padova, Italy bromide salt is dissolved in 1,2-dichloroethane (DCE). [10]
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2 sample dissolved in deuterated
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tion of the bromonium salt, although attack of the coun-
teranion on the Br1, by a reversible formation of the
bromonium salt, cannot be excluded.

The molecular mass of the organic cations of the three
products has been determined by GC/MS, and corresponds
to that of ADA plus Br. We therefore propose that the sta-
bility of the salts isolated from the metal-catalyzed reaction
mixture is due to the presence of a different counter-ion
X2, i.e. a VV- or MoVI-containing species.

In order to confirm this proposal we have analyzed solu-
tions of the three salts by Electrospray Ionization Mass
Spectrometry (ESI-MS)[11] [12] both in positive and negative
ion mode. With this technique we have observed for the
three samples, in positive ion mode, a peak at m/z 5 347,
with the expected isotopic pattern due to the presence of
one bromine atom, corresponding to the C20H28Br1 spec-
ies, see Figure 2. It should be noted that the theoretical m/
z values reported are those of the most abundant peak.

Figure 1. 1H NMR spectra at 600 MHz in deuterated DCE of the
precipitates obtained from ADA in the presence of: A. KBr/KBrO3;
B. KBr/NH4VO3/H2O2; C. KBr/Na2MoO4/H2O2; in the two-
phase system

DCE is not maintained in the dark at low temperature, a
rapid evolution of bromine, indicated by the fading of the
yellowish color, is observed.

ADA bromination was also carried out in the two-phase
system,[1] containing hydrogen peroxide and potassium bro-
mide in the acidic aqueous phase in the presence of
NH4VO3 or Na2MoO4 respectively (see Experimental Sec-
tion for details). In both cases formation of a precipitate in
the organic layer was observed. Contrary to the behavior

Figure 2. Observed (below) and calculated (above) isotopic distri-
reported above, these products when isolated and dissolved bution patterns of ions at m/z 5 347
in deuterated DCE appear to be fairly stable and only de-
compose after a few days. The 1H NMR spectra at When the analysis was performed in negative ion mode

we obtained spectra corresponding to solutions of Br3
2,600 MHz of the two products isolated from these metal-

catalyzed reactions are reported in Figure 1, spectra B and vanadate and molybdate. In the case of ADA/KBr/KBrO3

the base peak of the mass spectrum corresponds to Br3
2,C respectively. All three salts present similar spectroscopic

behavior thus suggesting that, in the presence of VO3
2 or as shown by the cluster of ions centered at m/z 5 239 with

the expected relative abundances. Peaks at m/z 5 295 andHMoO4
2 as counteranion, the bromonium ion can also

transfer Br1 to free ADA. The presence of ADA most likely 376, also present in the mass spectrum, can be assigned to
[KHOBr3]2 and [KHOBr4]2· species, respectively, as con-arises from co-precipitation of the olefin during the forma-

Eur. J. Org. Chem. 1999, 3237232393238



Direct Synthesis of Stable Adamantylideneadamantane Bromonium Salts SHORT COMMUNICATION
CH3CN/H2O, 1:1). ESI conditions: solution flow rate 8µL min21,firmed by inspection of the experimental isotopic cluster,
capillary temperature 145°C, spray voltage 2.4 kV, capillary voltageand are probably formed by clustering during the ESI pro-
±10220 V, nebulizing gas N2 (40 units flow rate).cess. Experiments conducted with the salt isolated from the
GC-MS analysis were performed with an HP 5890 gas chromato-VV-catalyzed reaction confirmed the almost exclusive pres-
graph linked to a HP 5970 mass selective detector. 1H NMR spec-ence of the VO3

2 ion (m/z 5 99), together with small
tra were recorded with a Bruker AC 250 instrument (250.18 MHzamounts of an ionic species at m/z 5 117 corresponding to
for 1H) or a Bruker DMX-600 (600.13 MHz for 1H). ESI-MS spec-[VO3H2O]2. [13] Interestingly no ions at m/z 5 320 corre-
tra were obtained with an LCQ instrument (Thermoquest).sponding to [H3V10O28]32 were detected. [14]

The salt isolated from the Mo-catalyzed reaction shows
a more complex behavior relative to the previous examples, Acknowledgments
probably due to the known tendency of molybdenum oxy-

The Italian Ministry of the University and of the Scientific Re-anions to aggregate. [15] Together with the expected ions at
search (MURST) is gratefully acknowledged for financial supportm/z 5 163 [HMoO4]2 and 207 [HMoO4, CH3CN,H2O]2,
of the research project: “Efficient processes for the Controlled Oxi-characterized by the expected isotopic pattern, formation of
dations of Organic Compounds.”

ionic species at m/z 5 224, 296 and 440, corresponding to
[Mo3O10]22, [Mo8O26]42 and [Mo6O19]22, respectively, is
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