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Abstract—The bromination reaction of a benzobicyclic system with 1,2-dibromotetracholoroethane (DBTCE) was studied. For tricyclo-
[6.2.2.0>"]dodeca-2,4,6,9,11-pentaene, rearranged and non-rearranged products were obtained. Bromination of 11-oxatricyclo[6.2.1.0*7]-
undeca-2,4,6,9-tetraene with DBTCE gave non-rearranged products whereas brominations of (1R(S),8R(S))-9-br0m0tricyclo[6.2.2.02’7]-
dodeca-2,4,6,9,11-pentaene and (1S(R),85(R))-9,10,1 1-tribromotricyclo[6.2.2.02'7]dodeca-2,4,6,9,1l-pentaene with DBTCE gave only
rearranged products. In addition, the reaction of (IS(R),SS(R))tricyclo[6.3.1.02‘7]dodeca-2,4,6,9-tetraene with the same reagent resulted in
the formation of allylic bromination products. The radicalic reaction mechanism is discussed. All compounds are characterized properly, in
particular by NMR spectra and by chemical transformation. © 2001 Elsevier Science Ltd. All rights reserved.

1. Introduction

In addition to numerous industrial applications as pesticides,
plastics, fire retardants and pharmaceutical chemicals, the
halogen derivatives of a compound are valuable as a model
for synthesizing other derivatives. Therefore, the halogena-
tion of organic compounds is an important process. The
addition of bromine to the carbon—carbon double bond
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with molecular bromine is formally one of the simplest
reactions typical of unsaturated compounds.' The nature
of the intermediates of the addition depends on temperature,
steric factors, torsional effects, - and o-participation in the
transition state and the formation of non-classical ions or a
fast equilibrium of classical ions.> The bromination of
unsaturated bicyclic systems with molecular bromine
leads to rearrangements of the molecular skeleton.”?
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Furthermore, we have shown previously that high tempera-
ture bromination of a b1cy11c system gives mainly non-
rearrangement products.’

1,2-Dibromotetracholoroethane (DBTCE) is a mild bromi-
nation reagent first used by Huyser and DeMott* to bromi-
nate allylic positions. Later, Fry and co-workers’ studied
norbornene (1), and Wilt and Cheiner® studied benzo-
norbornadiene (3), showing that the bromination of these
systems with DBTCE gives only non-rearranged products
rather than allylic brominated products. Paquette and Burke’
obtained non-rearranged products from the bromination of
1-bromobenzonorbornadiene (6) with DBTCE (Scheme 1).
Similarly, the bromination of different benzonorbornadlene
analogues with DBTCE gives non-rearranged products.®

In this paper, several new bromination reactions using
DBTCE have been investigated.

2. Results and discussion

The starting materials (99, 1310, 20", 29'? and 37 10) were
prepared by published methods. Firstly, the bromination of
7-oxabenzonorbornadiene (9) with DBTCE was investi-
gated. The solution of 9, DBTCE and AIBN in carbon tetra-
chloride was irradiated with a 150 W sun lamp at 77°C. 'H
NMR spectroscopic studies revealed that the reaction
mixture consisted of two products. This mixture was
submitted to silica gel column chromatography, and two
non-rearranged products (11-12) were isolated in nearly
quantitative yield as expected (Scheme 2). In contrast, the
bromination of 9 with molecular bromine at rt gives
dibromoaldehyde 10 as described in the literature.*

While bromination of benzobarrelene (13) with molecular
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Scheme 3.
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bromine was accompanied by only rearrangement of
skeletal,™ the bromination of 13 with DBTCE gave pre-
dominantly rearranged products (15-19) in 78% yield and
non-rearranged product 14 in only 16% yield (Scheme 3).
Cationic and radical system often behave similarly and
radicalic rearrangements are also possible. But, these results
at first glance unexpected, since the previous results
obtained bromination of norbornene and benzonorborna-
diene systems with DBTCE mentioned only conservation
of skeletal.”™®

In order to test the behavior of bromine-substituted benzo-
barrelene, the bromination of mono-, and tribromobenzo-
barrelene with DBTCE was studied. The bromination of
2-bromobenzobarrelene (20) with DBTCE gave only
rearranged products via alkyl mlgratlon while bromination
of 20 at 10°C with bromine gave™ predominantly aryl
migration products (25-28). Furthermore, non-rearranged
products were not observed in this reaction (Scheme 4).

Although the reaction of 2,3,5-tribromobenzobarrelene (29)
with molecular bromine at 10°C gave only non-rearranged
products'? (35,36), surprisingly, it was observed that bromi-
nation of 29 with DBTCE gave only rearranged products
(30-33) via alkyl migration (Scheme 5). From this reaction
was also obtained HBr addition product 34, the formation
mechanism of which is discussed in Section 2.1.

Lastly, bromination of homobenzonorbornadiene (37),
which has both active allylic protons and a strained double
bond, was studied. Bromination of 37 with DBTCE gave
only alyllic-brominated products 38 rather than rearranged
and non-rearranged addition products. The further bromina-
tion of products 38 gave dibromide 39 in high yield (Scheme
6). This observation shows that allylic bromination occurs
more readily than addition to a double bond with DBTCE,
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even a molecule with a strained double bond. However, the
bromination of 37 with molecular bromine gives only
addition product 40 rather than allylic bromination.

2.1. Mechanism for bromination with DBTCE

It is clear that bromination of a bicylic system with
molecular bromine at low temperature gives rearranged
products by way of aryl and alkyl migration. In these
reactions, the addition of bromine to the double bond
takes place stereoselectively.® For the products obtained
by aryl migration, the bromine atom at C;, carbon is
absolutely syn, while for the products obtained by alkyl
migration bromine atom at C;, carbon is absolutely anti
according to the benzene ring (Scheme 7).
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6 Br X ‘B'r‘ 5

45 44
Scheme 7.

However, there is no stereoselectivity in the radical
mechanism. It was observed that bromination of these
compounds with DBTCE gave both anti and syn bromine
atoms at C;, carbon. The anti-configuration of the
bromine in molecules (15, 17, 18, 21, 24, 32, 33) cannot
be explained by an ionic mechanism. It can be explained
only by a radical mechanism in which stereochemical
control of configuration cannot be achieved in most cases.
Therefore, for the formation of the rearranged products, the
following general reaction mechanism is proposed (Scheme
8). The initially formed radicals 46 and 47 may either form
non-rearranged products 48—50 or change radical-vinyl
bridged intermediates 51/53 to form 52/54. Radical-vinyl
bridged intermediates 51/53 also open to the benzylic
radicals 55/58, which are then captured either by the
bromine radical to form 43/57 or by the hydrogen radical
to form 56/59 by means of HBr obtained during the allylic
bromination.

For the bromination of the benzobarrelene derivatives, the
last fractions of the column show that there were ketones,
like 61, derived from allylic brominated compounds like
60, but only 17 was isolated. Therefore it was obvious
that the source of HBr was revealed from allylic
bromination of dibromides. It was also assumed that during
the reaction the radicals 46/47 were not able to turn into
aryl-radical bridged intermediate 62. If they had, it would
have been necessary to obtained rearranged products like
63. This also shows that benzo-vinyl bridging is not
favorable. So, bromination of norbornene and benzonor-
bornadiene derivatives with DBTCE gives only non-
rearranged products because they cannot form benzo-vinyl
bridging radicals like 62. Contrary to norbornene and
benzonorbornadiene derivatives, benzobarrelene deriva-
tives, which is also eligible to vinyl-vinyl bridging
(Scheme 8), gives rearranged products via radical
intermediates.
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2.2. NMR spectral studies and configurational
assignments

The structures of these compounds have been elucidated on
the basis of 'H and '>C NMR spectral data and extensive
double resonance experiments and by comparison of some
spectral data of known compounds and related systems
reported in the literature.>"> For the new compounds,
which completely follow skeletal systems, the structural
analysis was achieved according to coupling constant and
chemical shifts. A synopsis of the proton coupling constants
exhibited by these closely related [3.2.1]octadienes is given
in Section 4.

HSV" 1.?\“Hlnti

The coupling patterns that are important for stereochemical
characterization of this dual are Jg j24u, Jo 12amis Jogexo and
Jogendo- As a consequence of the rigid geometry and
reliability of the Karplus rule'* in [3.2.1]octane systems™'?,
the dihedral relationship of the Hg proton to Hj,,,; (~40°),
and to Hjyy, (~80°) is sufficiently distinctive to be revealed
by the magnitude of the spin—spin interaction. Thus, the
high value of Jyj24ui (J=4.0-5.0 Hz) is uniquely accommo-
dated by the syn-orientation of the bromine atom bonded to
the bridge atom. Hj,y,, gives a singlet with line broadening
(J=1 Hz). The configuration of bromine at the Cg atom was
determined from the coupling constants (Jg 9). Inspection of
Dreiding models indicates that the dihedral angle between
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protons Hy and Hg,,, is approximately 40° whereas the
dihedral angle between Hg and Hg,,4, is 60°. Large coupling
constants of J=4.0-5.0 Hz are observed in the case of
endo-orientation of bromine (exo-proton) and J=0.0—
2.0 Hz in the case of exo-orientation of bromine (endo-
proton). Aryl shift products can also be easily distinguished
in the typical pattern of aromatic resonance.”

For the compounds (23, 30—34) that have no hydrogen at Cy
carbon, the configuration of bromine at Cg carbon was easily
determlned by chemical shifts. Data published in the litera-
ture'® and described in our study® show that the chemical
shift of H,,;, at Cg carbon resonates at a weak field in

53 g '

Br

Br’

comparison to Hg,, at Cg carbon (A6=0.25-0.60 ppm).
These observations confirm the proposed structures.
Furthermore, Hi,, protons at the C,, carbon atom are
affected by the exo-bromine atom at Cg carbons and resonate
down field. This (y-gauche effect) supports the proposed
structures.

The structure of HBr addition product 34 was also supported
by chemical transformation. When pure HBr addition
product 34 was subjected to radicalic bromination by photo-
bromination with molecular bromine, penta bromides 30
and 31 were obtained in high yield. This observation also
supports the proposed structure.
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3. Conclusions

The results of the present work demonstrate that bromina-
tion with DBTCE is a useful synthetic method for generat-
ing non-rearranged bromine addition products in
norbornene, benzonorbornadiene and oxa-benzonorborna-
diene, which have a great tendency to undergo Wagner—
Meerwein rearrangement. In this study, this behaviour of
DBTCE was shown to be limited to a few molecules. The
bromination of the benzobarrelene system with DBTCE
gives predominantly rearranged products. Furthermore,
2,3,5-tribromobenzobarrelene (29), which does not have a
tendency toward rearrangements with molecular bromine,
gives only rearranged products by DBTCE. These results
show that rearrangements occur via vinyl-vinyl bridging
intermediates at radicalic conditions and benzo-vinyl
bridging is not favourable. So, bromination of norbornene
and benzonorbornadiene derivatives with DBTCE result in
conservation of skeletal while bromination of benzo-
barrelene systems with the same reagent gives mainly
rearranged products via vinyl—vinyl bridging intermediates.
It was also observed that a molecule comprising both
strained double bonded and active allylic protons regio
selectively gives only allylic brominated products such as
38/39.

4. Experimental
4.1. General

Melting points are uncorrected. Infrared spectra were
obtained from solution in 0.1 mm cells or KBr pellets on a
regular instrument. The 'H and '*C NMR spectra were
recorded on 200 (50)-MHz spectrometers. Apparent split-
tings are given in all cases. Column chromatography was
performed on silica gel (60-mesh, Merck). TLC was carried
out on Merck 0.2 mm silica gel 60 F,s4 analytical aluminum
plates. All substances reported in this paper are in their
racemic form.

4.2. Caution

It has been reported” that of three laboratory workers who
have used dibromides and a bromohydrin derived from

norbornadiene, two later developed similar pulmonary
disorders, which contributed to their subsequent deaths.
The third exhibited minor skin sensitivity reactions. In the
case of the dibromide derived from benzonorbornadiene
there is no report in the literature about the toxicological
effect. However, I recommend that the compounds must be
handled only with extreme caution.

4.3. General procedure for bromination with DBTCE

A solution of alkenes, DBTCE (1.0-1.5 equiv.), AIBN
(catalytic) in CCly was irradiated with a 150 W sun lamp
at reflux temperature in 50 mL flask equipped with con-
denser. The progress of reaction was monitored by 'H
NMR spectra. After completion of reaction, the solvent
and tetracholoroethylene formed during bromination were
removed under reduced pressure. The residue was purified
by column chromatography.

4.4. Bromination of 11-0xatricyclo[6.2.1.02’7]undeca-
2,4,6,9-tetraene (9)° with DBTCE

The reaction was carried out according to the above pro-
cedure by using 0.5 g (3.47 mmol) of 7-oxabenzonorborna-
diene 9 and DBTCE (1.14 g, 3.50 mmol) in 25 mL of
carbon tetrachloride. After 14 h, the residue was chromato-
graphed on silica gel (30 g) eluting with hexane/ethyl
acetate in ratio 10:1. The first fraction was identified as
(IR(S),8S(R),9S(R),10S(R))-9,10-dibromo-11-oxatricyclo-
[6.2.1.0°7 Jundeca-2,4,6-triene (11)*" (549 mg, 52% yield).

The seconds fractions was identified as (IR(S),8S(R),
9S(R),10R(S))-9,10-dibromo-11-oxatricyclo[6.2.1.0>7 ]-
undeca-2,4,6-triene (12)*" (359 mg, 34% yield).

4.5. Bromination of tricyclo[6.2.2.02’7]d0deca-2,4,6,9,11-
pentaene (13) with DBTCE

The reaction was carried out according to the above proce-
dure by using 110 mg (0.71 mmol) of 13 and DBTCE
(255 mg, 0.79 mmol) in 15 mL of carbon tetrachloride
After 24 h, the residue was chromatographed on silica gel
(80 g) eluting with hexane. The first fraction was identified
as unreacted benzobarrelene (6 mg). The second fraction
consisted of a mixture of dibromides 14°* (16%), 15>
(28%), 16* (32%), and 18> (3%). The third fractions are
identified as 19°" (7%). Then the column was eluted with
hexane/ethyl acetate (8:2). The last fraction was identified
as 17.

4.5.1. (1S(R),9R(S),125(R))-12-Bromotricyclo[7.2.1.0*"]-
dodeca-2,4,6,10-tetraen-8-one (17). (14 mg, 8%) mp:
93-94°C colourless crystals from chloroform/hexane
(1:5). [Found: C, 59.09; H, 3.58 C;;H¢BrO requires C,
57.86; H, 3.64%]; '"H NMR (200 MHz, CDCl;): 7.93-7.17
(m, 4H, aromatic), 6.73 (dd, .110,11:5.4, J1’11:2.9 HZ, Hlla
IH), 6.11 (dd, 110’11:5.4, J9’10:2.7 HZ, H](), 1H), 4.94 (S,
Hp,1H) 4.04 (d, Jo0=2.7Hz, Hy, 1H), 3.83 (d,
J1.1=29Hz, H,, 1H). BC NMR (50 MHz, CDCl,):
193.60, 146.63, 144.98, 13548, 130.84, 130.58,
130.34(2C), 127.39, 67.62, 63.65, 59.03. IR (KBr, cm ™ '):
3063, 2994, 2980, 1670, 1584, 1466, 1320, 1290, 1230,
1112, 1090, 1010, 900, 820.
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4.6. Bromination of (1R(S),8R(S))-9-bromotricyclo-
[6.2.2.0>"]dodeca-2,4,6,9,11-pentaene (20) with DBTCE

The reaction was carried out according to the above pro-
cedure by using 690 mg (2.96 mmol) of 20 and DBTCE
(1.16 g, 3.55mmol) in 20 mL of carbon tetrachloride.
After 36 h, the residue was chromatographed on silica gel
(100 g) eluting with hexane. Four compounds were isolated:
24 (70 mg, 6%), 22 (372 mg, 32%), 21 (419 mg, 36%), 23
(128 mg, 11%) in that order.

4.6.1. (1S(R),8R(S),9S(R),125(R))-8,10,12-Tribromotricy-
clo[7.2.1.0>"]dodeca-2,4,6,10-tetraene  (24). Colourless
crystals, mp 99-100°C from methylene chloride/n-hexane
1:3. [Found: C, 36.88; H, 2.28, C|,HyBr; requires C, 36.68;
H, 2.31%]; lH NMR (200 MHz, CDCl;) 6 7.41-6.94 (m,
aromatlc 4H) 6.59 (dd Jl 11= =3. 1 J“ 12—1 2HZ H“, 1H)
5.39 (d, Jg9o=2.0 Hz, Hg, 1H), 5.11 (m, H;,, 1H), 3.68 (bd,
J111=3.1 Hz, H,, 1H), 3.58 (dd, J50=2.0, J,o=1.1 Hz, Ho,
1H), *C NMR (50 MHz, CDCl5) & 142.08, 139.83, 134.06,
133.78, 129.12, 128.79, 126.54, 120.28, 65.55, 57.16, 55.79,
46.84. IR (KBr, cm™ ') 3081, 3055, 3020, 2985, 1590, 1490,
1294, 1260, 1230, 1217, 1165, 1140, 834, 808, 757.

4.6.2. (IS(R) 8S(R),9S(R),125(R))-8,11,12-Tribromotricy-
clo[7.2.1. 0% ]dodeca-Z 4,6,10-tetraene (22). Colourless
crystals, mp 111-112°C from methylene chloride/n-hexane
1:3. [Found: C, 36.80; H, 2.33 C;,HyBr; requires C, 36.68;
H, 2.31%]; '"H NMR (200 MHz, CDCl;) & 7.35-6.78 (m,
aromatic, 4H), 591 (d, ]9,1()=3.3 HZ, H](), lH), 5.38 (d,
Jso=4.8 Hz, Hg, 1H), 4.60 (t, J, 12=J91,=4.6 Hz H},, 1H),
3.18 (bd, Jy;,=4.6Hz, H,, 1H), 3.13 (ddd, Jso=4.,
Jo10=3.3, Jio=1.0Hz, Hy, 1H), “C NMR (50 MHz,
CDCl) 6 138.09, 135.56, 134.41, 132.79, 132.37, 130.84,
130.21, 129.32, 58.85, 54.55, 53.81, 49.08. IR (KBr, cmf')
3055, 3020, 2970, 2953, 1595, 1480, 1450, 1260, 1230,
1145, 1000, 910, 757.

4.6.3. (1S(R),8R(S),95(R),12R(S))-8,11,12-Tribromotri-
cyclo[7.2.1.0>"]dodeca-2,4,6,10-tetraene (21). Colourless
crystals, mp 89-90°C from methylene chloride/n-hexane
1:3. [Found: C, 36.84; H, 2.32 C;HyBr; requires C,
36.68; H, 2.31%]; '"H NMR (200 MHz, CDCl3) & 7.39—
7.03 (m, aromatic, 4H), 5.88 (dd, 19’10:2.1, ]10,12:1.0 Hz,
H](), IH) 5.24 (d Jg 9—1 9 HZ Hg, 1H) 5.09 (d
J1012—10HZ le, IH) 3.58 (m Hl, lH) 3.55 (m H9,
1H), ®C NMR (50 MHz, CDCl;) & 140.99, 138.23,
135.39, 135.21, 130.86, 130.07, 128.58, 127.46, 63.42,
61.17, 58.05, 49.17. IR (KBr, cmfl) 3081, 3055, 3030,
3004, 2978, 2953, 1472, 1447, 1294, 1268, 1217, 1165,
1140, 834, 808, 757.

4.6.4. (1S(R),8R(S),9R(S),12R(S))-8,9,12-Tribromotricy-
clo[7.2.1.0>"]dodeca-2,4,6,10-tetraene (23). Colourless
crystals, mp 91-92°C from methylene chloride/n-hexane
1:3. [Found: C, 35.59; H, 2.41 C;H¢Br; requires C,
36.68; H, 2.31%]; '"H NMR (200 MHz, CDCl;) 8 7.56—
6.95 (m, aromatic, 4H), 6.45(dd, A part of AB system,
J10’11:6.1, Jl,ll:3'5 HZ, Hlls lH), 6.17 (d, B part of AB
system, J|011—6 1 HZ H](), IH) 5.65 (S HS’ IH) 4.97 (d
J1 12—4 6 HZ H]z, lH) 3.55 (dd J] 12—4 6 J] 11—3 5 HZ
H,, 1H), 13C NMR (APT, 50 MHz, CDCl3) 6 141.14(—),
138.30(—), 138.25, 136.54, 134.24(—), 130.28(—),

130.15(=), 128.56(—), 70.41, 64.63(—), 58.65(—),
53.52(—). IR (KBr, cm ') 3081, 3055, 3030, 2978, 2953,
1472, 1446, 1319, 1243, 1191, 1166, 1114, 961, 911.

4.7. Bromination of (15(R),85(R))-9,10,11-tribromo-
tricyclo[6.2.2.02’7]dodeca-2,4,6,9,1l-pentaene (29) with
DBTCE

The reaction was carried out according to the above pro-
cedure by using 1.70 g (4.34 mmol) of 29 and DBTCE
(2.12 g, 6.52mmol) in 30 mL of carbon tetrachloride.
After 5 days, the residue was chromatographed on silica
gel (100 g) eluting with hexane. The first fraction identified
as starting material 29 (10 mg). Later, five compounds were
isolated: 34 (144 mg, 6%), 32 (503 mg, 21%), 31 (600 mg,
25%), 30 (815 mg, 34%), 33 (168 mg, 7%) in that order.

4.7.1. (lS(R),9S(R),12R(S)) 9,10,11,12-Tetrabromotricy-
clo[7.2.1. 0% "]dodeca- 2,4,6,10-tetraene (34). Colourless
crystals, mp 173—-174°C from methylene chloride/n-hexane
1:1. [Found: C, 30.43; H, 1.66 C;,HgBr, requires C, 30.55;
H, 1.71%]; '"H NMR (200 MHz, CDCl3) & 7.35-7.08 (m,
aromatic, 4H), 5.03 (d, J;,=4.7 Hz, H),, 1H), 3.70 (d,
J11,=4.7Hz, H,, 1H), 3.40 (d, A part of AB system,
Jsengex=17.4 Hz, Hgey, 1H), 3.31 (d, B part of AB system,
Jsensex=17.4 Hz, Hge,, 1H), 3C NMR (50 MHz, CDCl5) &
135.30, 134.54, 132.13, 131.26, 130.40, 129.93, 128.68,
127.08, 70.32, 60.11, 59.56, 39.96. IR (KBr, cmfl) 3081,
3055, 3004, 2979, 2953, 1574, 1447, 1425, 1243, 1089, 961,
936.

4.7.2. (1S(R),8S(R),9R(S),125(R))-8,9,10,11,12-Penta-
bromotricyclo[7.2.1.0>"]dodeca-2,4,6,10-tetraene  (32).
Colourless crystals, mp 181°C from methylene chloride/n-
hexane 1:1. [Found: C, 25.98; H, 1.33 C,,H;Br; requires C,
26.17; H, 1.28%]; "H NMR (200 MHz, CDCl5) 6 7.43-7.05
(m, aromatic, 4H), 5.64 (s, Hg, 1H), 5.45 (s, Hy,, 1H), 3.94
(s, H,, 1H), *C NMR (50 MHz, CDCl;) & 138.80, 137.85,
136.30, 135.11, 131.09, 130.46, 128.57, 123.98, 80.15,
64.58, 62.11, 56.81. IR (KBr, cm™ ") 3030, 3004, 2979,
2953, 1600, 1574, 1472, 1191, 1115, 962, 757.

4.7.3. (1S(R),8R(S),9R(S),12R(S))-8,9,10,11,12-Penta-
bromotricyclo[7.2.1.0>"]dodeca-2,4,6,10-tetraene  (31).
Colourless crystals, mp 182-183°C from methylene
chloride/n-hexane 1:1. [Found: C, 26.03; H, 1.31 C,,H;Br;s
requires C, 26.17; H, 1.28%]; "H NMR (200 MHz, CDCl5)
6 7.69-7.05 (m, aromatic, 4H), 5.75 (s, Hg, 1H), 5.13 (d,
11,12:4.7 HZ, le, lH), 3.70 (d, ]1,12:4.7 HZ, Hl’ lH) 13C
NMR (50 MHz, CDCls) é 135.92, 134.50, 134.19, 133.06,
130.92, 130.68, 129.04, 127.11, 73.12, 61.93, 59.80, 56.56.
IR (KBr, cm™ ') 3055, 3030, 3004, 2979, 2953, 1600, 1574,
1472, 1447, 1243, 1166, 1114, 961.

4.7.4. (1S(R),8S(R),9R(S),12R(S))-8,9,10,11,12-Penta-
bromotricyc10[7.2.1.02’7]dodeca—2,4,6,10-tetraene (30).
Colourless crystals, mp 208°C from methylene chloride/n-
hexane 1:1. [Found: C, 26.24; H, 1.26 C,,H;Brs requires C,
26.17; H, 1.28%]; "H NMR (200 MHz, CDCl5) 6 7.69—7.07
(m, aromatic, 4H), 5.48 (s, Hg, 1H), 5.17 (d, J,,1,=4.5 Hz,
Hy,, 1H), 3.76 (d, J, 1,=4.5 Hz, H,, 1H) °C NMR (50 MHz,
CDCl3) 6 137.28, 136. 12, 135.71, 135.23, 131.01, 130.40,
128.58, 127.11, 72.32, 61.08, 56.47, 51.69. IR (KBr, cm_l)
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3055, 3030, 3004, 2953, 1600, 1574, 1472, 1447, 1243,
1191, 1089, 1064, 987.

4.7.5. (1S(R),8R(S),9R(S),125(R))-8,9,10,11,12-Penta-
bromotricyclo[7.2.1.02’7]dodeca-2,4,6,10-tetraene (33).
Colourless crystals, mp 154°C from methylene chloride/n-
hexane 1:1. [Found: C, 25.53; H, 1.24 C,,H;Br;s requires C,
26.17; H, 1.28%]; "H NMR (200 MHz, CDCl5) 8 7.66-7.05
(m, aromatic, 4H), 5.78 (s, Hg, 1H), 4.80 (s, Hy5, 1H), 3.91
(s, H;, 1H) *C NMR (50 MHz, CDCl3) & 136.51, 135.68,
134.58, 132.30, 131.08, 130.93, 127.99, 126.23, 77.71,
65.12, 63.57, 57.26. IR (KBr, cm ") 3055, 3029, 2979,
2928, 1574, 1472, 1243, 1089, 1063, 987, 936.

4.8. Bromination of (1S(R),8S(R))tricyclo[6.3.1.0*7]-
dodeca-2,4,6,9-tetraene (37) with DBTCE

The reaction was carried out according to the above pro-
cedure by using 100 mg (0.64 mmol) of 37 and DBTCE
(208 mg, 0.64 mmol) in 15 mL of carbon tetrachloride
After 4 h, the residue was filtered through a silica gel
column. The solvent was removed and the mixture was
analysed according to spectral data published in our
previously report.* The NMR analyses of mixture indicated
the formation of a mixture consisting of endo and exo (38) in
ratio 78:22 (total 140 mg, 93%).

4.9. Bromination of monobromides 38 with DBTCE

The reaction was carried out according to the above pro-
cedure by using 140 mg (0.60 mmol) of 38 and DBTCE
(194 mg, 0.60 mmol) in 15 mL of carbon tetrachloride.
After 18 h, the residue was filtered through a silica gel
column. The solvent was removed and the mixture was
analysed according to spectral data published in our
previously report.* The NMR analyses of mixture indicated
the formation of 39 in 87% yield (163 mg) as oily residue.

4.10. Photobromination of 34

A solution of 34 (50 mg, 0.11 mmol) and bromine (17 mg,
0.11 mmol) in 5 mL of CCl, was subjected to direct irradia-
tion with a sun lamp (150 W) at room temperature for
10 min. After the solvent was removed, the residue was
filtered on a short silica gel column (5 g) eluted with CCly
to give 57 mg (98%) of pure crude products. The '"H NMR
analysis of the crude product indicated the formation of a
mixture consisting of 30 and 31 in a ratio of 35:65.

Acknowledgements

I would like to thank Professor Dr Metin Balci (Middle East
Technical University, Ankara, Turkey) for encouragement
received from him. I am also indebted to the Department of
Chemistry and Atatiirk University for financial support of
this work and to Assistant Dr Cavit Kazaz for technical
assistance.

References

1. De la Mare, P. B. D.; Bolton, R. Electrophilic Additions to
Unsaturated Systems; 2nd ed.; Elsevier: New York, 1982 pp
136-197.

2. (a) Barkhash, V. A. Top. Cur. Chem. 1984, 115-117, 1-265.
(b) Cakmak, O.; Hokelek, T.; Biiyiikgiingor, O.; Balci, M.
Tetrahedron Lett. 1990, 31, 2345-2348. (c) Cakmak, O.;
Balci, M. J. Org. Chem. 1989, 54, 181-187.

3. (a) Dastan, A.; Balci, M.; Hokelek, T.; Ulki, D.; Biiyiikglingor,
O. Tetrahedron 1994, 50, 10555—10578. (b) Dastan, A.; Demir,
U.; Balci, M. J. Org. Chem. 1994, 59, 6534—6538. (c) Dastan,
A.; Taskesenligil, Y.; Tiimer, F.; Balci, M. Tetrahedron 1996,
52, 14005-14020. (d) Tutar, A.; Taskesenligil, Y.; Cakmak, O.;
Abbasoglu, R.; Balci, M. J. Org. Chem. 1996, 61, 8297—-8300.
(e) Menzek, A.; Saracoglu, N.; Dastan, A.; Balci, M.;
Abbasoglu, R. Tetrahedron 1997, 53, 14451-14462.
(f) Altundas, A.; Dastan, A.; McKee, M. M.; Balci, M.
Tetrahedron 2000, 56, 6115-6120.

4. Huyser, E. H.; DeMott, D. N. Chem. Ind. (London) 1963,
1954.

5. Fry, A.J.; Farnham, W. B.; Holstein, B. J.; Mitnick, M.; Riggs,
L. C. J. Org. Chem. 1969, 34, 4195-4197.

6. Wilt, J. W.; Chenier, P. J. J. Org. Chem. 1970, 35, 1562—-1570.

7. Paquette, L. A.; Burke, L. D. J. Org. Chem. 1987, 52, 2674—
2679.

8. Zonta, C.; Cossu, S.; De Lucchi, O. Eur. J. Org. Chem. 2000,
10, 1965-1971.

9. Ziegler, G. R. J. Am. Chem. Soc. 1969, 91, 446-449.

10. Johnson, R. P.; Exarchou, A.; Jefford, C. W. J. Org. Chem.
1977, 42, 3758-3759.

11. Balci, M.; Cakmak, O.; Harmandar, M. Tetrahedron Lett.
1985, 26, 5469-5472.

12. Balci, M.; Cakmak, O. J. Org. Chem. 1992, 57, 6640—6643.

13. (a) Paquette, L. A.; Volz, W. E. J. Am. Chem. Soc. 1976, 98,
2910-2917. (b) Jefford, C. W.; Ramey, K. C. Tetrahedron
1968, 24, 2927-2935.

14. Karplus, M. J. Am. Chem. Soc. 1963, 85, 2870-2871.

15. Winstein, S. J. Am. Chem. Soc. 1961, 83, 1516—1517.



