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11-Methyl-12-phenyl-6,11-dihydro-6,11-ethanoacridizinium

Fluoroborate.—The named salt was prepared essentially as was
the previousty reported!? perchlorate salt, yield 909 of colorless
nicrocrystals, mp 227-230°,

Anal. Caled for CoHyBFN: C, 68.59; H, 5.23; N, 3.64.
Found: C,68.84; H, 5.26; N, 3.66.

11-Methyl-12-phenyl-1,2,3,4,5,6,11,11a-octahydroacridizinium
Fluoroborate (27). A. By Hydrogenation of Adduct 16 from
Phenylacetylene and 11-Methylacridizinium Fluoroborate.—
To a suspension of 0.5 g of finely powdered 16 in 50 ml of ethanol,
0.1 g of platinum oxide was added and the mixture was hydro-
genated at atmospheric pressure until slightly more than the
theoretical quantity of hydrogen had been absorbed. After
the catalyst had been removed by filtration the solution was
concentrated and the residue was crystallized from acetonitrile-
ether and then from pure acetonitrile, yield 0.25 g (50%) of
colorless prisms, mp 198-199°,

B. By Reduction of 11-Methyl-12-phenyl-6,11-dihydro-6,11-
ethanoacridizinium Fluoroborate.—Hydrogenation of 0.25 g of

(12) C. K. Bradsher and J. A. Stone, J. Org. Chem., 84, 1700 (1969),
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the named compound in 25 ml of ethanol using 0.1 g of platinum
oxide catalyst afforded 0.15 g (609%) of colorless crystals, mp
198-199°. The irspectra of the two preparations are identical.

Anal. Caled for CpoHyBF,N: C, 67.53; H, 6.70; N, 3.58.
Found: C,67.45; H,6.54; N, 3.24.

Registry No.—1, 32865-43-3; 2, 32865-44-4; 3
(R: = H; Ry, = OH), 32861-29-3, 32861-30-6 (iodide);
3 (Rl = H, Rg = p-CHsceH48020), 32861'31-7;
4, 32861-32-8; 5, 32861-33-9; 6, 32861-34-0; 7,
32861-35-1; 8, 32958-81-9; 9, 32861-36-2; 10, 32846-
42-7; 11, 32846-43-8; 16, 32846-44-9; 17, 32981-43-4;
18, 32865-45-5; 19, 32865-46-6, 20, 32865-47-7;
21, 32865-48-8; 22, 32839-09-1; 22 free amine, 32861-
37-3; 23 free amine, 32861-38-4; 24, 32861-39-5;
25, 32839-10-4; 27, 32839-11-5; 12,13-dichloro-6,~
11-dihydro-6,11-ethanoacridizinium tetrafluoroborate,
32846-45-0;  11-methyl-12-phenyl-6,11-dihydro-6,11-
ethanoacridizinium fluoroborate, 32846-46-1.
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The adducts obtained by cycloaddition of norbornene derivatives with the acridizinium ion are exo and have
one strongly shielded methylene proton that appears in the nmr at higher fields than 8 0. Norbornene deriva-
tives which had an endo ring attached at positions 5 and 6 gave predominantly syn addition with respect to the
benzenoid ring, the yields being highest when a heteroatom was in the ring. The acridizinium ion added twice to
norbornadiene giving what is believed to be a syn,syn product.

Aromatic quaternary salts are electrophiles and in
some instances?—* are capable of undergoing cycloaddi-
tion with appropriate alkenes. Since the products of
the classical Diels-Alder reaction are cyclohexene deriv-
atives, it seemed quite possible that such products
might undergo a second cycloaddition reaction with a
suitable aromatic quaternary salt. Such successive
cycloaddition reactions would permit the easy synthe-
sis of some relatively complex systems.

Although it was found that cyclohexene under sealed
tube conditions can be made to add to the acridizinium
ion (1) (Scheme 1), it appeared more promising to carry
out the proposed study with the more reactive nor-
bornene and its derivatives (2). A great many nor-
bornene derivatives of known stereochemistry are
available by the use of the Diels-Alder reaction and
many more can be derived from Diels~Alder products.

Addition of thé acridizinium ion to norbornene (2,
R = H,) yields a mixture which, on the basis of nmr
evidence, appears to contain only exo addition prod-
ucts. In the spectra of both components (3 and 4)
of the mixture, signals arising from one proton (Hju-
18)% of the methylene bridge appear at a magnetic field
so high (above 5 0.0) as to be explicable only if the pro-

(1) This research was supported in part by Public Health Service Research
Grant No. HE-2170 of the National Heart Institute.

(2) C. K, Bradsher and T. W, G, Solomons, J. Amer. Chem. Soe., 80, 933
(1958).

(3) D. L, Fields, T. H. Regan, and J. C. Dignan, J. Org. Chem., 38, 380
(1968).

(4) C. K. Bradsher and F. H, Day, Tetrahedron Lett., 409 (1871).

(5) The numbering for 8 is that recommended by Dr. Kurt L. Loening of
Chemical Abstracts for the 6,11-0-benzene-7,10-methanobenzo [dlquinolizin-
ium system. Our decision to use the same numbering system for adducts
obtained from all norbornene derivatives was made to facilitate tabulation
of the nmr data.

ton were strongly shielded by diamagnetic ring cur-
rents of an aromatic ring.

The addition of cyclopentadiene to norbornene is also
reported® to occur exo. The H,-18 signal at the highest
field was a doublet at 6 —0.857 which had approximately
two-thirds the area of the other H,-18 doublet at § —
0.42. The assignment of the higher field doublet as anti
(with respect to the benzenoid ring) was made by reduc-
ing the mixture of syn and anti (3 and 4, R = Hby)
catalytically. It is known?8 that the pyridinium ring is
reduced in preference to the benzenoid ring; so it would
be expected that the strong shielding effect due to the
ring currents of the pyridinium ring would disappear
while that due to the benzenoid ring would remain. The
crude reduction produet from the mixture had lost the
resonance at § —0.85 (4 H,-18) as well as another at
5 0.87 (4, Hg-18) while those at § —0.42 (3, Hy-18)
and 0.60 (3, Hy-18) remained. This made it possible
to assign the isomer giving the signal at the highest
field as the anti (3, R = H,). Recrystallization of the
mixture of isomers resulted in the isolation of the pure
syn isomer (3, R = H,). The residue from the mother
liquors, when subjected to column chromatography
using the gradient elution technique,’ afforded a small
quantity of the pure anti isomer (4, R = H;). Nmr
with pure samples afforded further evidence for the

(6) 8. B, Soloway, J. Amer. Chem. Soc., T4, 1027 (1942).

(7) Since some of the signals from the products of norbornene derivatives
fell into the region of a tetramethylsilane signal, the primary internal stan-
dard for our measurements was the chloroform signal. This signal was set
at 8 7.30 to put our results on approximately the usual TMS scale.

(8) C. K. Bradsher and L, E. Beavers, J. dmer. Chem. Soc., TT, 4812
(1955).

(9) The gradient device used was type E as described in Erich Heftmann,
“Chromatography,” 2nd ed, Reinhold, New York, N. Y., 1967, p 104.
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Similar irradiation experiments with the anti isomer
(4, R = H,) revealed signals from H-6A and H-10A
as one singlet and those from H-7 and H-10 as singlets.
It is significant that protons H-6 and H-11 are not
coupled.

Hydrogenation of a pure sample of the syn isomer
(3, R = H,) afforded 5, in which the resonances due
to the methylene protons appeared at almost the same
fields (Hys, 8 —0.33, Hg, 8 0.60) as in the starting ma-
terials, While there was not enough of the pure anti
isomer (4, R = H,) available to permit a similar re-
duction, reduction of the mixture of syn and anti prod-
ucts had shown the disappearance of signals at
6 —0.85 and 0.87.

The remaining compounds in Table I were prepared
to study the effect on the stereochemistry of the cyclo-
addition exerted by rings attached endo at positions
5 and 6 of the norbornene structure (2). Only when
the ring consisted solely of methylene groups [2, R =
(CH,);] or when there was a positive charge on the
ring (2, R = CH,N+H,CH.,) was there evidence for the
formation of any but the syn isomer. While in every
case except that affording a 999 yield {2, R = CON-
(CH;);CO] it might be presumed that significant quan-
tities of the anti isomer were present, routine obser-
vation of the filtrate gave no evidence of the existence
of anti isomer, and it is believed that the reaction in
these cases does oceur exelusively syn.

A plausible explanation for this stereoselectivity is
that, when unshared electrons are available on the cen-
tral atom of the endo ring, attraction to the positive
charge of the acridizinium nitrogen is a controlling
factor. The fact that even without an endo bridge
(2, R = H,) more syn then anti addition occurs, sug-
gests that repulsion of the methylene hydrogens by
the pyridinium ring may be greater than that by the
benzenoid ring.

As a test of the attraction of unshared electrons to-
ward the positive nitrogen, the addition of 1,4-dihydro-
naphthalene 14-endo-oxide (7) to the acridizinium nu-
cleus was carried out. The expected product, the anti
gtereoisomer (8), was the only one obtained. Strue-

tural assignment was based on the observation that
the protons at 6a and 12a are equivalent (hence over
the benzenoid ring) while those at C-7 and C-12 were
not, indicating that one of the two was significantly
closer to the positive charge on nitrogen and hence
more deshielded than the other.

The only eycloaddition with an exo derivative of
norbornene used the readily available’® norbornene-
exo-5,6-dicarboxylic anhydride. It was found that
cycloaddition oceurred more readily than with the
endo isomer and that the product was a mixture. In-

(10) D. Craig, J. Amer. Chem. Soc., 18, 4889 (19851).
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terestingly, a single crystallization gave the pure anti
adduet (9) in an overall yield of 159,. Assignment of

BF,”

the structure rests on the effect of the positive nitro-
gen on the bridgehead proton signals in the nmr.

The addition of 2 mol of acridizinium ion to nor-
bornadiene was carried out with the hope of creating
an adduct in which both of the methylene protons
would appear at negative values on the TMS scale.
The reaction was carried out stepwise, the first addi-
tion taking place in refluxing acetonitrile and yielding
a mixture consisting of approximately 739, syn (10)
and 279, anti (11) isomers. Fractional crystalliza-
tion of the mixture did not result in a useful change in
isomer ratio, so the final step in the synthesis was car-
ried out using the mixture. When heated with acridi-
zinium fluoroborate in a sealed tube at 120°, the mix-
ture reacted to afford the diadduet 12 in 519 yield.

) 3
L)

The problem of regioisomerism in the second eyelo-
addition seems more difficult to resolve than problems
of stereoisomerism. The formulation of the second
azonia group as being at 11a rather than 7a rests only
on the principle of maximum separation of like charges.
Despite this uncertainty it is still possible to draw some
interesting conclusions with regard to the stereochem-
istry of the system. Even if one assumes that there
is no deviation from the usual preference for exo addi-
tion, there remain three possibilities for the structure:
syn,syn; syn,anti; and antianti. It is easy to elimi-
nate the possibility of endo addition and/or that the
structure is syn,anti, for the data in Table I make it
quite clear that under those circumstances the methy-
lene protons should give rise to two distinet sets
of doublets. Actually the product shows a singlet at
5 —0.80 corresponding to two protons, evidence that
the methylene protons have a symmetrical environ-
ment, eliminating every possibility except an exo,exo—
syn,syn or exo,exo—antianti configuration. The pos-
sibility that the product is antianti is appealing, be~
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cause the field at which the two-proton singlet appears
is matched in Table I only by the H, proton of an anti
derivative, but this line of reasoning does not take into
account the effect of overlapping fields which arises
from the aromatic ring facing the vicinal proton of the
methylene group. Decisive in our assignment of the
diadduet as syn,syn was the yield (519,) of diadduct
observed, for, barring rearrangements or dissociation—
recombination, such a yield of anti,anti product would
be impossible with a starting material that was only
27% anti. In addition, decoupling experiments in-
dicate that protons 6 and 13 occur as a singlet as do
H-7 and H-10 in syn isomer 3. Likewise protons at
5 and 12 and 7 and 14 are split by protons at 5a and 6a
and 12a and 13a, respectively, again corresponding with
the pattern observed in syn isomer 3.

Experimental Section

Methods.—All nmr data were obtained by use of a Varian T-
60 spectrometer and, unless otherwise specified, using trifluoro-
acetic acid as solvent and chloroform (5§ 7.30) as an internal
standard. The melting points were determined in capillaries
using a Thomas-Hoover apparatus. All analyses were by
Janssen Pharmaceutica Research Laboratories, Beerse, Belgium,
or M-H-W Lahoratories, Garden City, Mich.

Materials.—endo-1,2 - Dihydrodicyclopentadiene,  endo-N-
methylbicyclo{2.2.1] hept-5-ene-2,3-dicarboximide,? 2-oxa-1,2-di-
hydro-endo-dicyclopentadiene,’®* and endo-2-aza-1,2-dihydro-
dicyclopentadiene!® were prepared according to published direc-
tions. A quantity of endo-3-norbornene-2,3-dicarboximide was
obtained from Professor Pelham Wilder, Jr. Except as noted,
other norbornene derivatives were purchased.

6,11{1/,2’| Cyclohexeno-6,11-dihydroacridizinium.—A solution
of 0.95 g of freshly distilled eyclohexene and 0.3 g of acridizinium
tetrafluoroborate!t in 3 ml of dry acetonitrile was heated for 2
days at 120° in a sealed tube. The reaction mixture was poured
into ether, affording 0.35 g (94%) of a colorless powder, mp
261-262°. Recrystallization from methanol gave yellowish
crystals, mp 267°, :

Anal. Caled for CsHyBF,N: C, 65.35; H, 5.77; N, 4.01.
Found: C, 65.59; H, 5.79; N, 3.85.

Cycloaddition of Acridizinium Fluoroborate (1) with Nor-
bornene Derivatives (2). A. In Refluxing Acetonitrile.—To
the acridizinium fluoroborate suspended in anhydrous acetonitrile
(7 ml/g 1) 2 or 3 equiv of the norbornene derivative was added
and the mixture was refiuxed until the uv absorption of a sample
showed that absorption in the 399-mu region was absent. The
recovery of the product was made either by pouring the mixture
into dry ether or by evaporating the solvent and triturating the
residue with acetone or methanol. In every case the product
was recrystallized from acetonitrile.

B. Ina Sealed Tube.—The sealed tube reactions were carried
out similarly except that the solutions were more concentrated
(1.5 ml CH;CN/g 1) and the tubes were heated at 120°. The
adduct (3 and 4, R = CH,N *H,CH,) obtained from endo-2-aza-~
1,2-dihydrodicyclopentadiene was crystallized from acetoni-
trile-ethyl acetate to which a few drops of fluoroboric acid had
been added.

Separation of syn- and anti-Norbornene Adducts (3 and 4,
R = H;).—From 13 g of the 60:40 mixed product in two re-
crystallizations from acetonitrile, 1.7 g of pure syn isomer was
obtained. The mother liquors from the crystallization were con-
centrated, 5 g of alumina was added, and the solvent was re-
moved under reduced pressure. This material was placed at the
top of an alumina column (4 X 100 cm) of Merck 80-200 mesh
alumina packed by the slurry method using methylene chloride.
Elution was. by the gradient method® with 339, acetonitrile—
67% methylene chloride as the polar solvent and methylene

(11) H. G. Bruson and T. W. Riener, J. Amer. Chem. Soc., 67 723 (1945);
of. P. Wilder, Jr., C. F. Culberson, and G. T. Youngblood, ibid., 81, 656
(1958).

(12) C.F. Culberson and P, Wilder, Jr., J, Org. Chem., 35, 1358 (1960).

(13) C. F. Culberson, J, H. Seward, and P. Wilder, Jr., J. Amer. Chem.
Soc., 82, 2541 (1960).

(14) W. 8. Burnham and C. K. Bradsher, J. Org. Chem., 86, 355 (1971).
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chloride as the nonpolar solvent. Progress of the elution could
be followed by fluorescence under uv light. Only a partial sep-
aration was obtained but the first fractions contained 0.08 g of
pure anti isomer.
1,2,3,4,5,6,6a,7,8,9,10,10a,11,11a-Tetradecahydro-6,11-0~
benzeno-7,10-methanoacridizinium Fluoroborate (5).—A sus-
pension of 0.9 g of pure syn-6,64,7,8,9;10,10a,11-0ctahydro-6,11-
benzeno-7,10-methanoacridizinium  fluoroborate 3, R =
H,) was suspended in 100 ml of ethanol and 0.1 g of platinum
oxide catalyst was added. The mixture was hydrogenated at
atmospheric pressure until slightly more than the theoretical
quantity of hydrogen had been absorbed. The tan product
(0.9 g) was recrystallized from acetonitrile affording colorless
crystals:  mp 292°; nmr & —0.33 (d, 1, Jas = 12 Hz, Ha-18),
0.60 (d, 1, Jas = 12 Hz, Hp-18), 4.57 (d, 1, Jeé = 3 Hz,
H-6).
Anal. Caled for CpHyBF,N: C, 65.41; H, 6.86; N, 3.81.
Found: C, 65.24; H, 6.93; N, 3.78.
6,7,12,14-Tetrahydro-6,14-0-benzenobenz|i] acridizinium 7,12-
Oxide Fluoroborate (8).—The addition of 1,4-dihydronaph-
thalene 1,4-¢ndo-oxide (7)% to acridizinium fluoroborate was car-
ried out in acetonitrile by heating at 50° for 12-14 hr. After
removal of the solvent, ether trituration of the residue afforded
crystals which were recrystallized from acetone and then from
methanol: yield 1 g (43%); mp 230° dec; nmr §2.80 (s, 2, H-
6a,124), 5.40 (s, 1, H-14), 5.60 (s, 1, H-12), 5.77 (s, 1, H-7), 6.66
(s; 1, H-6).
Anal. Caled for Coy;HisBENO: C, 67.18; H, 4.41; N, 3.41.
Found: C, 67.21; H, 4.57; N, 3.41.
anti-6,6a,7,8,9,10,10a,11-0ctahydro-6,11-0-benzeno-7,10-meth-
anoacridizinium-exo-8,9-carboxylic Acid Anhydride Fluoroborate
(9).—The refluxing acetonitrile procedure was used with exo-5,6-
norbornenedicarboxylic acid anhydride! as in procedure A, the
reaction taking 4 days. The product crystallized from ace-
tonitrile, affording the pure anti adduct in 159, yield: mp >360
nnir § —0.60 (d, 1, Jas = 12 Hz, Hs-18), 0.94 (d, 1, Jap =
12 Hz, Hp-18), 2.65 (s, 2, H-62,10a), 3.16 (s, 1, H-10), 3.28
(s,1,H-7), 3.33 (s, 2, H-8,9), 5.26 (s, 1, H-11), 6.50 (s, 1, H-6).
Anal. Caled for CuHisBFNO;: C, 61.28; H, 4.21; N,
3.25. Found: C,61.36; H, 3.98; N, 3.16.
6,6a,7,10,10a,11-Hexahydro-6,11-0-benzeno-7,10-methano-
acridizinium Fluoroborate (10 and 11).—In refluxing acetonitrile
1 reacted with excess norbornadiene in 24 hr to afford a 909,

"yield of a mixture of syn (10) and anti (11) isomers, mp co. 280°.

Although it was not practicable to effect separation by recrystal-
lization, the presence of 739, syn-10 and 279, anii-11 was evi-
denced by nmr: syn, § —0.23 (d, 1, Jaz = 12 Hz, H-184),
0.85 (d, 1, Jas = 12 Hz, H-18s); anti, —0.73 (d, 1, Jap = 12
Hz, H-184), 1.25 (d, 1, Jas = 12 Hz, H-18g); syn and anti,
5.06 (d, 1, Ji.10. = 3 Hz, H-11), 6.37 (m, 3, H-6,8,9).

Anal. Caled for CyH;sBFN: C, 66.88; H, 5.05; N, 3.90.
Found: C, 66.95; H, 5.13; N, 3.75. -

syn,syn-5,5a,6,6a,7,12,124,13,13a,14-Decahydro-5,14,:7,12-

bis-o-benzeno-6,13-methano-4a,11a-diazonia Fluoroborate (12).
—A solution of 0.67 g of the monoadduet (10 4+ 11) and
0.5 g of acridizinium fluoroborate (1) was heated at 120° for 4
days in a sealed tube. The highly insoluble product crystallized
on the walls of the tube and the solvent containing any unreacted
material was decanted, yield 0.6 g (51%). The product was
crystallized, mp >360°, from a large quantity of acetonitrile:
nmr § —0.80 (s, 2, CH,), 2.4-2.6 (m, 6, H-5a,6,6a,124,13,13a),
5.13 (d, 2, Jeas = J13a4 = 2Hz, H-7,14), 6.38(d, 2, 5,52 = Ji12.128
= 3 Hz, H-5,12).

Anal. Caled for CaaHngstsz
Found: C, 63.52; H, 4.42; N, 4.36.

Registry No.—1, 32865-43-3; 3 (R = H), 32058-93-3;
3 [R = (CHy);], 32865-49-9; 3 (R = CONHCO),
32865-50-2; 3 [R = CON(CH;CO], 32865-51-3;
3 (R = CO0CO), 32865-52-4; 3 (R = CH,OCH,),
32865-53-5; 3 (R = CH,NH,+tCH,), 32839-12-6;
4 (R = H), 32865-54-6; 4 [R = (CH,);], 32865-55-7;
4 (R = CH,NH,*CH,), 32839-13-7; 5, 32839-14-8;
8, 32865-56-8; 9, 32958-94-4; 10, 32865-57-9; 11,
32865-58-0; 12, 32981-44-5; 6,11[1’,2']eyclohexeno-
6,11-dihydroacridizinium, 32865-60-4.
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Bromohydrin Formation in Dimethyl Sulfoxide.
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The Reaction of Norbornene
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The reaction of bicyclo(2.1.1]heptene (norbornene) with N-bromosuccinimide (NBS) in moist dimethyl sulf-

oxide (DMSO) has been examined in detail.

The structures of the produets have been elucidated and it has

been shown (contrary to an earlier report) that no 2,3-bromohydrin products are obtained. In addition, bromo-
hydrins which were not obtained, but which might have beern, o priors, expected, were synthesized and shown to

be stable to the reaction conditions.

The products which were obtained, also stable to the reaction conditions,

are accounted for on the basis of ioniec and free-radical processes.

We have demonstrated!® that a wide variety of
olefing react with N-bromosuccinimide (NBS) in moist
dimethyl sulfoxide (DMSO) to generate, without re-
arrangement, stereo- and regiospecifically, the corre-
sponding bromohydrins. Unique among all olefins we
have examined, in that rearrangement oceurs, is bi-
cyclo[2.2.1]heptene (norbornene) (1).

In our initial report® concerning the results of the
reaction of norbornene (1) with NBS in moist DMSO
we indicated that 3-bromobicyelo[2.2.1heptan-2-ol
(geometry unspecified) (2), syn-7-bromobicyelo[2.2.1]-

/—-—OH, H
-—Br, H

heptan-2-ezo-ol (3), and nortricyclene bromide (4)
were formed in the ratio 3:3:1. This result was based
solely upon gas-liquid partition chromatography (glpec)
comparison of the products obtained in the NBS-
DMSO system with those obtained in fert-hutyl aleohol—
water—sulfuric acid by earlier workers.

Since positive halogen reagents usually do not pro-
vide unrearranged material in large amounts when
permitted to react with norbornene,” and since the
geometry of the 2,3 product could potentially provide
insight into the reason for the lack of rearrangement,
we felt that a thorough investigation of this system
merited our attention.

2

Results and Discussion

When norbornene (1) is permitted to react with NBS
in moist DMSO six products (99.29%) are, in fact,

(1) For paper IV in this series, see D. R. Dalton and V. P, Dutta, J. Chem.
Soc. B, 85 (1971).

(2) Department of Chemistry, Temple University, Philadelphia, -Pa.
19122,

(3) Taken in part from the doctoral dissertation submitted by R. K. R. to
the Graduate School of Temple University, June 1971, in partial fulfillment
of the requirements for the Ph.D. degree.

(4) Université de Gendve, Ecole de Chimie, Gendve, Switzerland.

(5) D. R. Dalton, V. P. Dutta, and D, G. Jones, J. Amer. Chem, Soc.,
90, 5498 (1968).

(6) L. H. Zalkow and A, C. Oehlschlager, J. Org. Chem., 29, 1625 (1964).

(7) (a) L. Kaplan, H. Kwart, and P. v. R. Schleyer, J. Amer. Chem.
Soc., 82, 2341 (1960), and references cited therein; (b) D. R. Marshall, P.
Reynolds-Warnhoff, and E. W, Warnhoff, Can. J. Chem., 49, 885 (1971),

formed. These products and the relative per cent
yields in which they were obtained are shown in Table 1

TasLE 1
Product Yield, %
Nortricyclene bromide (4) 61.8
syn-7-Bromobicyclo[2.2.1]heptan-2-exzo-0l (3) 21.7
exo-syn-2,7-Dibromobicyclo[2.2.1]heptane (11) 8.3
anti-7-Bromobicyclo[2.2.1Theptan-2-ezo-ol (8) 4.4
syn~7-Bromobicyclo[2.2.1Theptan-2-one (7) 2.2
endo-ex0-2,3-Dibromobicyclo[2.2.1]heptene (10) 1.6

and can be accounted for by the species shown in
Scheme I.

Thus, 1 is converted (perhaps after initial complexa-
tion)® into a bromocation which can be represented
as the o-bromocarbonium ion A, the bromonium
ion B, or some other positive species for which these
structures (Scheme I) represent idealized construc-
tions.? In either ion A or B the bulk of the bromine
atom would presumably preclude exo attack by DM-
SO™1 but not endo attack by this nuecleophilic re-
agent.

Indeed, formation of the ultimate product of endo
attack [i.e., exo-3-bromobicyelo[2.2.1]heptan-2-endo-ol
(5)] would be expected either from attack on the first
ion or a rearrangement product of this ion resulting
from 6,1-hydride migration in the nonclassical ion C
(Scheme I)."' Nevertheless, this product, although
sought, is not found and we attribute its absence to the
bulky nature of the solvated nucleophile and the re-
quirement that it attack the endo face of the system.
Thus, the major product (nortrieyclene bromide) (4)
derives simply from loss of a proton, presumably to
succinimide anion.

Transformation of the first ion A or B into C, through
o bond delocalization, or D by a Wagner—-Meerwein
rearrangement, followed by attack of solvent at Ci
(norbornene numbering) in C or at the positive charge
in D from the exo direetion results in formation of syn-7-

(8) J. E. Dubois and F. Gerner, Tetrahedron Leit., 3061 (1968).

(9) R.D.Bachand H. F. Henneike, J. Amer. Chem. Soc., 82, 5589 (1970).

(10) J. A. Berson, A. W. McRowe, and R. G. Bergman, ibid., 89, 2573
(1967).

(11) J. A. Berson, “Molecular Rearrangements,’” Part 1, P. deMayo, Ed.,
Wiley-Interscience, New York, N. Y., 1963, pp 162, 163.



