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Abstract—The bromination of bicyclo[3.2.1]octa-2.6-diene (3) by NBS does not follow the familiar free-radical
course but proceeds through the cyclopropylcarbinyl cation 7. 7 can be trapped by addition of small amounts of
methanol. The bicyclof3.2.1]octa-2,6-dien-4-y! radical is involved in the reduction of exo<6-bromotricy-

clo{3.2.1.0%"Joct-3-ene by tributyltin hydride.

The bromination of bicyclo[3.2.1]Joct-2-ene (1) with
N-bromosuccinimide (NBS) under conditions which
promote radical chain reactions (CCl, as the solvent;
activation by UV-light) gives rise to the expected allylic
bromination product exo-4-bromobicyclo[3.2.1]oct-2-ene
(2, eqn 1).' We discovered that when the related
bicyclo[3.2.1]octa-2,6-diene (3) is treated with NBS under
comparable conditions {CCl, as the solvent; activation
by benzoyl peroxide {BPO) and visible light) no product
of allylic bromination is formed. Instead. the bromination
results in the formation of exo-6-bromotricy-
clo[3.2.1.0°"Joct-3-ene (4)°, due to participation of the
Ci6=C(7) double bond in 3 {eqn 2). The most widely
accepted mechanism for bromination by NBS involves
the formation of an allylic radical through hydrogen
abstraction by a Br atom followed by attack of the allylic
radical upon a molecule of bromine.’ After hydrogen
abstraction from C(4) participation of the C(6)}=C(7)
bond in 3 would then probably lead to a delocalized

radical, either cyclic (8) or open (6)°. Attack of a bromine
molecule on C(6) or C(7) in § or on C(6) in 6 would then
result in chain propagation and the formation of product.

If an intermediate like 5 or 6 is involved, it is
surprising that no products resulting from an attack of
bromine on another C-atom in 5 or 6 are formed together
with 4, e.g: endo-6-bromotricyclo[3.2.1.0*"Joct-3-ene,
exo- and endo-4-bromobicyclo[3.2.1]octa-2.6-diene, be-
cause radicals like these probably react further quite
indiscriminately, as is also shown by our work on a
radical debromination of 4, described below.

In order to evaluate the mechanism we repeated the
reaction using deuterated starting material, bicy-
clo[3.2.1]octa-2,6-diene-4-d, (3d).” Bromination of 3d
produced ex0-6-bromotricyclo[3.2.1.0* "Joct-3-ene
deuterated on the C(4)-site exclusively (4d, eqn 3). This
result does not agree with the intermediacy of §, while 6
also is not very likely to be an intermediate, because it
would not be allowed to interchange with its enantiomer
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or with 5.° The exclusive attack of the bromine molecule
on C(6) in 6 also is not easily understood.

As an alternative to radical chain mechanisms we
therefore propose a cationic mechanism for the reaction
between 3 and NBS (eqn 4). It involves attack of Br,
upon C(6) of 3 leading ultimately to the cyclopropyl-
carbiny! cation 7. 7 is a bromo derivative of cation 8,
which has been shown by Grob et al.” to be the common
intermediate of solvolyses of esters of tricy-
clof3.2.1.0°7Joctan-3-0l,  endo-  and  exo-tricy-
clof3.2.1.0°*Joctan-4-0l and of exo-bicyclo[3.2.1Joct-2-
en-17-ol. Olah and Liang® have shown that under
long-lived ion conditions at —78° 8 and derivatives thereof
are the most stable species that are formed from
bicyclo[3.2.1Joct-2-en-3-0l and from bicyclo{3.2.1}octa-
2.6-dienes. In kinetically controlled reactions, which are
postulated to proceed via cyclopropylcarbinyl cations a
tendency can be seen towards formation of products
retaining the cyclopropane ring.”'® In our case this is
achieved through loss of one of the protons at C(4) of
7.

Another case, where formation of a favorable cyclo-
propylcarbinyl cation supersedes the usual radical-chain
mechanism of bromination by NBS has been described
in the literature.'’ Direct evidence for the intermediacy
of cation 7 was obtained by trapping it with methanol.
When the bromination was carried out in the presence of
low concentrations of methanol three methoxy bromides
were formed which, however, were thermally unstable.
In order to alleviate the thermal instability the mixture of
methoxy bromides was reduced with Na/t-butanol in
THF. which produced three methyl ethers in the ratio
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80:18:2 (eqn 5). By comparison with authentic materials
the main component appeared to be 3-methoxytricy-
clo[3.2.1.0%"Joctane {9) while the second was exo-7-
methoxybicyclo[3.2.1Joct-2-ene (10). The structure of the
2%-component was not affirmed. Both 9 and 10 resuit
from methoxy bromides that are expected from trapping
of the postulated cation 7. It is noted that in both
reactions of 7, deprotonation (as in the formation of 4
from 3 in the absence of methano!) and addition of
methanol, formation of tricyclic product is favored.
However, methanol apparently can also add to (one of)
the other positively charged C atoms of 7, whereas of the
three possible modes of deprotonation of 7 only the one
leading 1o 4 is realized.

Support for the proposed cationic mechanism is also
provided by a radical debromination-experiment with 4d
which illustrates the behaviour to be expected when
radicals are generated in our bicyclic system. Treatment
of 4d with (n-Bu);SnH'? or with Na/t-butanol in THF
produces bicyclo[3.2.1]octa-2.6-diene deuterated on the
C(2)- and C(4)-site as shown in eqn 6. This scrambling of
deuterium can be explained by postulating the inter-
mediacy of the delocalized radicals § or 12 through
rearrangement of the cyclopropylcarbinyl radical 11 first
formed.” If § is formed, it must be attacked by tin
hydride at the three-carbon-bridge selectively, no tricyclic
olefin being formed.

This difference in regioselectivity provides evidence
against a radical mechanism in the bromination of 3.
although, of course, the reactivity of a radical like §, 6 or
12 may be different if it reacts with a hydrogen donor
like (n-Bu);SnH instead of with molecular bromine.
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The bromination of bicyclo[3.2. 1jocta-2.6-diene with N-bromosuccinimide

EXPERIMENTAL

General and analvtical procedures. All reactions were carmed
oul in previousty dried glassware and under Na. IR specira were
recorded in (Cly on a PerkinElmer Model 237 spectro-
photometer. Only the most important absotptions are given with
a precision of Scm™'. PMR spectra (8, ug, ppmi were recorded
on Varian A6, Vaorian XL-100 and Bruker WHY spec-
trometers. Abbreviations used: s-singlet, d = doublet. m =mult-
iplet, py  peeudo-quartet. Mas specira were ohtuined from 4
Varun Mat CHS spectrometer. Anulytical and prepurative
gaschromatopraphic Separations were carried ouf on Varian
Aerographs KPP und 920, Columny used: 0.5 % 150 cm copper 10%
SE-30 (A1 and D5 150¢m copper 209 DEGS (B). both on
Chromosorb W

Fxo-6-Bromotricveto)3.2.1.0° oce-3.ene (4). A mixture of 3
(3 mmol). NBS (5 mmol) and benzoviperoxide (5-10 mg) in Sm!
CCL {freshly distilled from P,G) was refluxed under visible light
{Philips 13352E/44) until the NBS had disappeared (0.5-1 hri and
changed into white material floating on the surface of the ol
Gaccminvide ). The mixture was cooled (o room temp. filiered and
extracted twice with water. The solvent was removed under
reduced pressure and the ressdue ways distilled in a shorl-path
apparatus {15 Torr, 40-70% The yield of 4 was 35-40%. PMR
OEMHZ. CCLEORS W TH T = HAHM 1705, 3HL 210244
tm. | HE 287 {pg. EHR 336 (5, 3 Hit $.85 fpq. 2 Hy IR: 3060,
20941 2965, 2040, 2R75. 16200 B4S0, 1360, 1315, (290, 1250, 1195,
1175, 1025, 920, 910. %55, 840, 700. 645 The sequence and shapes
of the PMR signuls closely correspond to the ones given for 4 in
Ref. 2. However. in our case all absorptions are shifted 10 higher
field by approximately (.27 ppm

Bivycho]3.2 Hovte 2 6-diene-4-ds (3d). Prepared after Brown'
Deuterium-conteat: %95

two b Brewoter v lo[ 3.2 1407 Joct-3-one-4-d (4d) Prepared as 4
using the sample of 3d described ahove as starting material. PMR
spectrnm: same as 4 exeept that hoth the olefimc signal at
S85ppm and the (§SIH signal at 287 ppm have changed from
(psevdolquariets inte broad doublets, the intensity of the 5.85
signal upproximately heing halved relative 1o 4.

Bromination of 3 in the presence of methenol. The bromination
of 3 wan carried vut as mentioned above in the presence of three
equive MeOQH. The mixture was worked up as before and
distilled in a short-path apparatus al 2 Torr and 80-120°.
Gaschromaiographic separation of the resulting mixture failed
under all conditions tried probably due to metal-catalyzed
thermal  devomposition.  Characteristic  absorptions  in the
60 MHz-PMR wpectram (CCl of the distillate are: 1L12-2.37 (m.
TEHE I (s S HP 33085 (m, I H: 43345, 03 HR 439 (5,03
Hy 5.27-6.0 tm. 0.4 Hu

Debrominaiion of the mixture of meihoxy bromides with
Nu/t-BuOHITHF. The muxture of methoxy bromides (300 mg)
obtained from the short-path distilfation descrined ahove,
1-BuOH (1 mh) and 4 ml THF tdistilled from LAH) were healted
1o 50° Under continuous stiermg. Na (0.3 g} was added and the
resviting mixture was refluxed for 10hr. After cooling the excess
Na was destroved with MeOH and water was added. After 4
extractivny with petroleum ether 2840 the orgunic layer was
washed four tmes with water and then dried with MgS0,. The
solvent was removed under normal pressure and after distidialion
in & short-puth apparatus the distillate was analyzed by GLC A,
I00°; relative yields (relative retention-times)]: 3 (originating
from 4 contained in the mixture of methoxy bromides). trace
(10): 10, 18% (3.8); unidennfied component, mie = 138, 2% (3.9
9. R0% (511 1B and the unidentified component were collected
together and separated on B, 120°

}-Mehaxytacyclo[3.2.1.0% |octane (9). To a mixture of pen-
lane-washed NaH {1 mmab and 10 ml THF (distilled from 1.AH)
gaschromatographically  purified  tricyelol3.2.1.0% joctanol-31*
(70 mg; 0.57 mmol) wis added. The resulting mixture was stirred
for L3hr 1o form the Na salt, then Mel (290 mg: 2 mmol was
added. After surnng for 21 hr the excess NuH was destroyed
with water and after addition of ether the mixture was filtered,
washed four times with water and one time with sat NaClag, then
dried with MgS0,
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The ether was removed under normal pressure and the residue
subjected to GLT (A. 105°). The main component (mfe = 138}
was 1sofated, PMR (100 MHz, CDCI4): 6.95-1.2 {m, 1 H): 12220
tm, S HY: 329 (5, 3H): 3.6-385 {m, 1 Hi. IR 3045, 2940, 2855,
2820, 1445, 1450, 1440, 1365, 1330, 1208, 1095, 10740, 1050, 985,
544, 895,

Compound ¢ is unstabie at higher temps. Thus, material
isolated by GLC always contains smalt percentages of 10 and of
tricyclof3.2.1.0° "oct-3-ene. Flow-pyrolysis of 9 (45°, ca. 2 seu)
vields MeOH. tricyclofd 2185 oct-Y-ene (ca. 35%) and 1 (e
15% 1 besides starting material {cu. 30%). Therefore the question
arises. whether 10 shown by GLC 1o be present in the mixture
resuiting from Na/t-BoOH/THF reduction of the mixture of
methoxy bromides is an artefact or whether it had been present
in the original mixture. We think the latter 1o be the case.
hecause otherwise the presence of ra, 20% of olefinic materiul
fon a CH  BeOCH, basis in the PMR spectrum) in the original
methoxy bromide mixiurz cannot he explained; furthermore
umder the GLL condiions psed only a few percent of 10 and no
large amounts of treyelo] 3.2 10 Tloct-3-coe are formed.

Exo-7-Methoxvbicyelo[3. 20 oci-2-ene  (10). Prepared a~ 9.
using  ¢ao-7-hydroxybievelo[3 2 Hoct-2ene ™ PMR {90 MH L.
CDChi 14195 ¢m, S Hy 22226 (m. 3 ) 32948, 3 H); 36378
fm, 1 Hy 8352558 (mo | Hp §65-594m, 1 H) IR 3630, 2940,
D880, 2840, 1450, 1440, 1355, 1266, 1215, 1200. 1005, 90, 900, 690
mle = 138.

Debromination of 4 and dd with Na/t: BuOH/THF. The pro-
vedure followed was the same as described above for the mixture of
methoxy bromides. The product, 3 way nolated by GLLC. Deu-
lertated 3 obtained from 4d. which itself had been prepared from M
deuteriated @t C4) for ca 90-9%% {see shove) showed the
following PMR absorptions {100 MHz, CDCLy 1.6-2.1m, 2 76 Hi:
525 m O TEHYL -2 B 2HE A28 3 mL L HYE S 6-5 8 1py. |
H1: 8.9-6.15 (m. 063 H). 6.15-6.3 {pq. 1 H). The numbers given in
egn 6 have been adjusted 1o correspond 10 the presence of 10F7 of
one deuterium atom m 3,

Debrominaiion of & and 44 with (n-Bu)SnH

A mixture of 1 mmol of 4 (4d) and 2 mmol (n-Bul,SoH was
kept at 111F for 5 hr, the course of the reaction was followed by
PMR. 3 was isolaled by distillation and purified by GL.U (yield:
90-100%). Deuteriated 3 obtained from the ssmple of 4d
described above showed a distribution of dewterium, which was
identical within experimemal error with the one ohtained by
debromination of 4d with Nait-BuQHITHF.
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