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Reactivities of Stable Rotamers. XXXIII.
Addition of Positive Bromine Compounds to the Olefinic Moiety
of 1-(9-Fluorenyl)-2-(1-methylethenyl)naphthalene Rotamers and
Facile Benzene Ring Cleavage in One of the Intermediates from the sp-Form"
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Addition of positive bromine compounds to the title olefins was carried out with use of N-bromosuccinimide-
water and t-butyl hypobromite and the results are compared with the case of bromine addition. In the case
of the ap-isomer, the reactions reported here all produce bromo-olefins in addition to an addition product, in
contrast to the case of bromine which gives only an addition product. The sp-isomer afforded the same products
as was observed for the bromine-addition but with different proportions of the products. The anionic species
of more proton affinity and consequently of less affinity toward carbocations caused a decrease in formation of
the addition product and an increase in formation of bromo-olefins in the case of the ap-isomer. The ratios of
products, bromo-olefins to a cyclized compound, were affected by the anionic species in the case of sp-isomer:
Both N-bromosuccinimide—water and #butyl hypobromite yielded about the same amounts of the two olefins,
but the yields of the cyclized compound varied significantly. The results are not explained in a straightforward
manner. Probably solvent effects are important. In addition, the reaction of the sp-form with N-bromosuccin-
imide in tetrahydrofuran-water afforded (7R*,7aS5*,12bS™)-7-bromomethyl-8-[( E)-bromomethylene]-7-methyl-7a-
[(2)-3-oxo-1-propenyl]-7,7a,8,12b-tetrahydrobenzo[5,6]pentaleno(1,2-a|naphthalene, a compound which is derived
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by cleavage of a benzene ring. The structural features of the last compound are also discussed.

Addition of bromine to the olefinic bond in 1-(9-flu-
orenyl)-2-(1-methylethenyl)naphthalene rotamers (sp-1
and ap-1) produced the normal addition product (4:
X=Br) in the case of the ap-isomer, whereas the sp-
isomer could not afford the normal addition product
but gave olefins (ap-2 and ap-3) and a cyclized product
(5).2 No bromo-olefins (sp-2 and sp-3) which are rota-
tionally isomeric to ap-2 and ap-3 were detected from
ap-1 (Scheme 1).

Addition of bromine to an olefinic bond is believed
to proceed via a bridged bromonium ion,® if the cor-
responding open (3-bromo-carbocation is not stable. In
the case of ap-1, it is possible to form such a bromonium
ion (sp-6) because there is a room for formation of such
an intermediate, whereas it is impossible to form such
an intermediate (ap-6) for the sp-isomer: If such an in-
termediate were to be formed above the fluorene ring
in the ap form, the steric effects due to the fluorenyl
system should be profound, as is observed for the con-
formational equilibria for sp- and ap-9-(o-#butylphen-
yDfluorene, in which the ap-form was not detected.?
Therefore, we assume that the bridged bromonium ion
(ap-6) is not formed from sp-1, but an open-cation (ap-
7) is formed instead. The formation of the olefins and
the cyclized compound proceeded via ap-7 which un-
derwent deprotonation reactions to give ap-2 and ap-3
or a Friedel-Crafts type cyclization to give 5.

In general we may assume in an oversimplified way
that there is an equilibrium between the bridged bro-
monium ion (6) and an open S-bromo-carbocation (7),
the stability of the two cations depending on the sub-
stituents and the environment. The partial loss of ster-
eochemistry in the addition of bromine to 1-methyl-

1-propenylbenzene® should be attributed to the sub-
stituent effects which favor the open cation at least to
some extent owing to the electronic and/or the steric
effects of the substituents, the effects being substanti-
ated by '3C NMR spectra.®?) Our case is an example in
which the steric effects of the substituents predominate
(Scheme 2).

We have reported the chlorine addition to 9-(2-vinyl-
1-naphthyl)fluorene, which lacks the methyl group in
the substituent with respect to the compound in ques-
tion here, where formation of chloro-olefins in addition
to an adduct even in the ap-case was observed.” The
results suggest that we may have a chance to observe
formation of bromo-olefins from the ap-isomer, if we can
control the addition of the anionic species to the inter-
mediate, bromonium ion (sp-6). Consequently if we find
formation of bromo-olefins from ap-1, it may lend sup-
port for postulating the presence of the open-cation (sp-
7) even for the ap-1 case. This postulate bases on the
fact that the steric effects are fairly strong, as observed
by models, when the bromonium ion (sp-6) is formed.

Thus we were interested in examining the effects of
the anion, which should vary in their proton affinity as
well as carbon-nucleophilicity. We selected oxygen-an-
ions in these examinations. This paper is to report the
results, which as expected, show that bromo-olefins are
formed even from ap-1, and to describe an unexpect-
edly facile benzene-ring cleavage which occurred when
an ipso attack of the carbocation (ap-7) intramolecu-
larly to the 8a (or 9a) position of the fluorene ring takes
place. The possible mechanisms of this facile benzene-
ring cleavage are also discussed.
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Scheme 1. Reaction of positive bromine compounds with ap-1 and sp-1.
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Results

The results are summarized in Tables 1 and 2.

Treatment of ap-1 with N-bromosuccinimide in THF-
water afforded sp-2-[(1-bromomethyl)ethenyl]-1-(9-fluo-
renyl)naphthalene (sp-2) and sp-2-(2-bromo-1-hydroxy-
1-mehylethyl)- 1- (9-fluorenyl)naphthalene (sp-4: X=
OH) in 35 and 65% yields, respectively. The same
reaction for sp-1 yielded ap-2-[(1-bromomethyl)eth-

Table 1. Product Distribution in the Reaction of ap-
1 with Positive Bromine Compounds in Carbon
Tetrachloride (% Normalized to 100%)

BrX sp-2 sp-3 sp-4
Bro® — — 100
NBS-H,0 35 — 65
t-BuOBr-EtOH 12 3 85

a) Data from Ref. 2.

Table 2. Product Distribution in the Reaction of sp-1
with Positive Bromine Compounds (% Normalized

to 100%)
BrX ap-2 ap-3 5
Bry® 58 30 12
NBS-H,0P 30 35 35
t-BuOBr-EtOH 42 45 13

a) Data from Ref. 2.
of 12% of compound 8.

b) Normalized after subtraction

enyl]-1-(9-fluorenyl)naphthalene (ap-2), ap-2-[( E)-2-bro-
mo-1-methylethenyl]-1-(9-fluorenyl)naphthalene (ap-3),
and 8-bromomethyl-8-methyl-8,14c-dihydrodibenz|a.-
aceanthrylene (5) in 26, 31, and 31% yields, respec-
tively.

In addition, the reaction of sp-1 afforded an unex-
pected product (8), of which structure determination is
discussed below, in 12% yield. Elemental analysis of 8
indicated that its molecular formula was CyogHooBr2O.
Compound 8 showed spectral data which suggested the
presence of an a,3-unsaturated aldehyde moiety in ad-
dition to a possible olefinic proton. These spectral data
were so unusual that we could not assign a structure
to the product from these. Thus X-ray analysis was
performed on this compound. Although the compound
was rather sensitive toward radiation, it was possible to
obtain satisfactory results.

The atomic coordinates and an ORTEP drawing are
given in Table 3 and Fig. 1, respectively. The results
unambiguously show that the structure of the com-
pound is (7R*,7a5*,12bS*)-7-bromomethyl-8-[( E)-bro-
momethylene]-7-methyl-7a-[( Z)-3-oxo-1-propenyl]-7,7a,
8,12b-tetrahydrobenzo[5,6]pentaleno(1,2-a]naphthalene.
Clearly, one of the benzene rings in the original fluorene
moiety was cleaved to form the unusual product.

Treatment of ap-1 with #butyl hypobromite in eth-
anol afforded 12% sp-2, 3% sp-3, and 85% addition
product (sp-4: X=0C3Hj5), whereas the sp-form of 1
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Table 3. Atomic Coordinates and Equivalent Isotro-
pic Thermal Parameters in (7R*,7a5%,12bS*)-7-
Bromomethyl-8-[( E)- bromomethylene]- 7- methyl-
Ta-[(Z)-3-oxo-1-propenyl]-7,7a,8,12b- tetrahydro-
benzo[5,6]pentaleno[1,2-alnaphthalene (8)

Atom x y z B(eq)
Br(1) 0.20756(5)  0.98644(5) 0.04504(3) 5.03(1)
Br(2) -—0.11611(6) 1.18842(6) 0.26108(3) 6.78(2)
O —0.0577(6) 0.8129(6)  0.4046(3) 12.1(2)
C(1) —0.0818(6)  0.4592(5) 0.1148(3) 5.1(1)
C(2)  —0.0937(7) 0.3424(5)  0.0865(3) 6.0(2)
C(3) 0.0044(8) 0.2982(6)  0.0546(3)  6.3(2)
C(4) 0.1166(7) 0.3678(5)  0.0507(2)  5.3(1)
C(4a)  0.1359(5)  0.4906(4)  0.0794(2) 4.4(1)
C(5) 0.2513(6) 0.5661(5)  0.0775(2)  5.0(1)
C(6) 0.2671(5) 0.6838(5)  0.1048(3)  4.5(1)
C(6a) 0.1659(4) 0.7333(4) 0.1352(2)  3.8(1)
C(7) 0.1609(4) 0.8624(4) 0.1656(2)  3.8(1)
C(7a) 0.0538(5) 0.8393(4) 0.2111(2) 4.1(1)
C(8) —0.0424(5)  0.9498(4) 0.2115(2) 4.2(1)
C(8a) —0.1709(5) 0.9219(4) 0.1622(2) 4.1(1)
C(9) —0.2825(6) 0.9996(6) 0.1356(3)  5.3(1)
C(10) —0.3879(6) 0.9512(7)  0.0871(3)  6.0(2)
C(11) —0.3856(6) 0.8319(7)  0.0634(3) 5.6(2)
C(12) —0.2740(5) 0.7532(6)  0.0896(2) 4.8(1)
C(12a) —0.1672(4)  0.7988(5) 0.1384(2)  4.2(1)
C(12b) —0.0400(5) 0.7299(4)  0.1756(2)  4.1(1)
C(12c) 0.0524(4) 0.6627(4) 0.1376(2)  3.8(1)
C(12d) 0.0332(5) 0.5375(4)  0.1114(2)  4.0(1)
C(13) 0.0979(5) 0.9588(5)  0.1110(3) 4.3(1)
C(14) 0.3012(6) 0.9155(6)  0.2036(3) 5.7(2)
C(15) 0.1278(6) 0.7895(5)  0.2792(2)  5.3(1)
C(16) 0.0879(7) 0.7810(6)  0.3349(3) 6.1(2)
C(17) —0.0395(8) 0.8170(7)  0.3484(3) 7.3(2)
C(18) —0.0065(6) 1.0479(6)  0.2520(3)  5.0(1)

yielded 42% ap-2, 45% ap-3, and 13% 8-bromomethyl-
8-methyl-8,14c-dihydrodibenz[a,]aceanthrylene (5).

The features of the product distributions are, 1) re-
duced formation of the adduct (sp-4) for the reagents re-
ported here together with increased formation of olefins
(sp-2 and sp-3) with respect to treatment with bromine
in the case of ap-1 and 2) formation of about the
same amounts of two olefins ap-2 and ap-3 and varying
amounts of the cyclic compound (5) in the case of sp-
1. Facile benzene ring cleavage in formation of 8 from
sp-1 may also be cited, although the yield is only ca.
10%. The details of differences are mentioned in the
Discussion section.

Discussion

In order to facilitate comparison, the results are sum-
marized in Tables 1 and 2 which also incorporate the
results of bromine addition reactions. A mixture of N-
bromosuccinimide and water is often used as a substi-
tute for hypobromic acid,® which is a source of positive
bromine in electrophilic addition reactions to an olefinic
bond. #Butyl hypobromite behaves similarly.?

Clearly, the most obvious difference between the

Addition of Positive Bromine Compounds to
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Fig. 1. An ORTEP drawing of (7TR*,7aS*,12bS*)-7-
Bromomethyl-8-[( E)-bromomethylene]- 7-methyl- 7a-
[(2)-3-0x0-1-propenyl]-7,7a,8,12b- tetrahydrobenzo-
[5,6]pentaleno[1,2-a]naphthalene (8).

bromine addition and the positive bromine compounds
reported in this paper is the formation of olefins for ap-
1. Whereas bromine gives the simple addition product
quantitatively from ap-1, both N-bromosuccinimide—
water and #butyl hypobromite in ethanol give bromo-
olefins (sp-2 and sp-3) in addition to the addition prod-
ucts (4). More abundant formation of the adduct (4) in
the case of t-butyl hypobromite than in the case of hy-
pobromic acid (from NBS and water) can be attributed
to the better nucleophilic nature of ethoxide (or etha-
nol) with respect to that of hydroxide (or water). As
a corollary, bromo-olefins (sp-2 and sp-3) are formed
more abundantly in the reaction with hypobromic acid
than in that with the hypobromite.

In the case of sp-1, the formation ratios of the bro-
mo-olefins (ap-2 and ap-3) to the cyclized compound
(5) are difficult to explain from simple consideration of
proton affinity: Because water and ethanol are weak
acids, the corresponding anion should have strong pro-
ton-affinity with respect to bromide ion, yet the olefins
are formed in practically the same ratios. The reason for

Table 4. Selected Bond Distances in Compound 8
with Standard Deviations in Parentheses
Atom Atom Distance/A Atom Atom Distance/A
C(6a) C(7) 1.507(6) C(7) C(7a) 1.594(6)
C(7) C(13) 1.548(6) C(7a) C(8) 1.511(6)
C(7a) C(12b) 1.563(6) C(8) C(8a) 1.479(6)
C(8) C(18) 1.331(7) C(12a) C(12b) 1.513(6)

C(12b) C(12¢) 1.515(6)
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Scheme 3. Possible reaction paths for the formation of 8 from sp-1.

Table 5. Selected Bond Angles in Compound 8 with Standard Deviations in
Parentheses
Atom Atom  Atom  Angle/° Atom = Atom Atom  Angle/°
C(6a) C(7) C(7a) 101.5(3) C(6a) C(7) C(13) 109.5(4)
C(6a) C(7) C(14) 115.5(4) C(7a) C(7) C(13) 108.6(3)
C(7a) C(7) C(14) 113.6(4) C(13) C(7) C(14) 107.9(4)
C(7)  C(7a) C(8) 113.3(4) C(7) C(7a) C(12b) 104.0(3)
C(7)  C(7a) C(15) 110.5(4) C(8) C(7a) C(12b) 105.1(3)
C(8) C(7a) C(15) 115.8(4) C(12b) C(7a) C(15) 107.1(4)
C(7a) C(8) C(8a) 107.1(4) C(7a) C(8) C(18) 121.5(4)
C(8a) C(8) C(18)  131.4(5) C(12a) C(12b) C(12¢) 119.8(4)
C(7a) C(12b) C(12a) 103.2(4) C(7a) C(12b) C(12c) 102.9(4)

this anomaly may involve solvent effects, which require
further investigation for understanding. The formation
ratio of olefins which is almost the same for N-bromo-
sucinimide-water and #butyl hypobromite will mean
that, because of the high proton affinity of those anions
derived from water and ethanol, they abstract a proton
from the intervening cation (ap-7) without discrimina-
tion between the bromomethyl group and the methyl
group. N-Bromosuccinimide—water clearly gives more
cyclization products than others. The reason for the
high yield is not well understood but it may also be
connected with the difference in solvation of the inter-
vening cation.

Formation of the unexpected product (8) may be
rationalized in the following way (Scheme 3 in which
stereochemistry of compound 8 is reversed from those
of intermediates ap-7 through 12 for the convenience
of drawing and of nomenclature). It is known that
the cationic center (ap-7) which is created by addition
of the bromine cation to the olefinic bond in sp-1 is
closely located to C;(Cg) and Cg,(Cg,).? Compound 5
is formed when the cation adds to the benzene ring at
the 1 position and then deprotonation follows. Adding
the cation to the Cg, position is a kind of ipso attack

which is known to be common in electron-rich aromatic
systems.!®*?) If it occurs, then the intermediate 9 is
formed which can be a resonance hybrid of various va-
lence isomers. When the cation 9 is trapped by water,
the product will be an alcohol (10): This type of re-
actions are known to occur if water is present in a not
too acidic system.'® The double bond in 10 may be at-
tacked by a positive bromine species. Here, the attack
preferentially occurs at the 4-position because of the for-
mation of a tertiary cation and for the steric reasons.
We write structures of the products as in the scheme
by considering the steric effects. When the bonding
electrons between C(Br) and C(OH) are given to the
cationic center, the bond is cleaved to form a C(Br)=C
double bond and an a-hydroxy-carbocation (12), which
loses a proton on the oxygen atom to form the observed
product (8).

The facile benzene ring cleavage of this type has not
been known to the best of our knowledge, but there
are several examples of C—C bond cleavage if a (-hy-
droxy carbocation is formed: Dehydration of 1,3-di-
ols with acid gives rise to fragmentation to a carbonyl
compound and an olefin.}*—1® The driving force must
be the repulsion of a stable molecule to form a stable
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Table 6.  Selected Torsion Angles in Compound 8
with Standard Deviations in Parentheses

Atom  Atom  Atom  Atom  Torsion angle/°
C(6) C(6a) C(7) C(13) 84.1(6)
C(6) C(6a) C(7) C(14) -37.9(7)
C(7) C(6a) C(12c) C(12b) —5.0(5)
C(12¢c) C(6a) C(7) C(7a) 20.8(4)
C(6a) C(7) C(7a)  C(8) —141.2(4)
C(6a) C(7) C(7a)  C(12b) —27.7(4)
C(6a) C(7) C(7a)  C(15) 86.9(4)
Cc(13) C(7) C(ra) C(@®) —25.9(5)
Cc(13) C(7) C(7a)  C(12b) 87.6(4)
Cc(13) C()  C(ra)  C(15) ~157.7(4)
C(14) C(1)  C(ra) C@®) 94.1(5)
Cc(14) C(1) C(ra) C(12b) ~152.3(4)
c(14) C(r) C(ra)  C(15) —37.7(6)
C(7) C(7a) C(8) C(18) —84.7(5)
C(12b) C(7a) C(8) C(8a) —16.7(5)
C(15) C(7a) C(8) C(18) 44.5(7)
C(7) C(7a)  C(12b) C(12¢) 25.3(4)
C(8) C(7a)  C(12b) C(12a) 19.2(4)
C(15) C(7a) C(12b) C(12a) 142.9(4)
C(15) C(7a) C(12b) C(12¢) —91.8(4)
C(ra) C(8)  C(8a) C(12a) 7.4(5)
C(7a) C(8) C(18)  Br(2) —~177.3(4)
C(8a) C(8) C(18)  Br(2) 1.6(9)
C(8)  C(8a) C(12a) C(12b) —5.6(5)
C(8a) C(12a) C(12b) C(7a) —15.6(5)
C(1a) C(12b) C(12¢) C(6a) ~13.6(5)

a-hydroxy carbocation. There are also several simi-
lar bond cleavages in Beckmann rearrangement of a-
hydroxy compounds: Benzoin'’—2% and other a-hy-
droxy ketone oximes?" undergo facile C-N bond cleav-
age when Beckmann rearrangement is attempted to give
an isonitrile and a carbonyl compound. Although the
reaction mechanisms have not been discussed, cleavage
of 1-(polymethoxyphenyl)cyclohexene to produce cyclo-
hexanone under acidic conditions may also fall into this
category.?? A recent report of the facile cleavage of 3-
methyl-2-butenyl esters by iodine may be another ex-
ample of this reaction.?® It may be interesting to know
whether this unexpectedly facile benzene ring cleavage
can occur in general or not. A work on this line is in
progress.

It is an unanswered question why this abnormal ad-
dition-cleavage product was formed to an extent of ca.
10% yield when N-bromosuccinimide—water was used
but we do not observe its formation in other cases.
There must be several factors which caused this re-
sult, including solvent nucleophilicity, stabilization of
the intermediate(s) by solvation, and the ease of addi-
tion of the positive bromine species to a double bond.
At least, solvent effects on the product distribution
must be explored to understand the phenomena as well
as the formation ratios of various products discussed
above.

The structure of compound 8 deserves mention be-
cause this is a highly congested molecule (Tables 4, 5,

Addition of Positive Bromine Compounds to
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and 6). The points of interests are in the region of the
two five-membered rings which are cis-fused. Clearly
the fused part is distorted to accommodate the alkyl-
(alkenyl) groups, as can be seen from the torsion an-
gles concerned. The five-membered ring fusion angle is
widely opened at C(7a) and C(12b). Each cyclopentene
ring takes a distorted half-chair conformation with re-
spect to the fused aromatic ring. The C(13)-C(7) bond
is almost orthogonal to the C(7a)-C(8) and the C(7a)-
C(12b) bonds. All the torsion angles involving the C-
(7)-C(7a) axis are abnormal, because of being a substi-
tuted cyclopentene structure: The cis-substituents in
the five-membered ring C(6a)-C(7)-C(7a)-C(12b)-C-
(12c) are twisted by ca. 30° from the eclipsing positions
to avoid van der Waals interactions. The nonbonding
distance between C(14) and C(15) and that between C-
(15) and C(18) are 2.90 and 3.03 A, respectively. The
stereochemistry of the bromomethylene group which is
attached to C(8) clearly takes an FE-structure and the
atoms involved in this olefinic bond are almost in a
same plane irrespective of the sterically demanding con-
ditions.

Bond lengths and bond angles are astonishingly nor-
mal irrespective to the unusual torsion angles. There
are two bonds longer than usual, C(7a)-C(12b) and
C(7)-C(7a), which are involved in the highly substi-
tuted region. Other bonds are normal as are seen in
Table 4. Bond angles are also, by and large, normal
except for several cases. For tetrahedral carbons, C(7),
C(7a), and C(12b) show some abnormal values, as ex-
pected, but the abnormal cases are few. For the sp?
hybridized carbons, C(8) exhibits some unusual bond
angles probably because of the steric effects of the sub-
stituents concerned to make the planar structure.

Experimental

Melting points are not corrected. The product distribu-
tion was determined by HNMR spectra, which were mea-
sured with use of a Varian Gemini 300 machine that oper-
ated at 300 MHz, before separation of the products. The
product ratios shown in Tables 1 and 2 are average of three
runs. Identification of the products was carried out by com-
paring the 'H NMR spectra with authentic specimen, when
known, or by elemental analyses together with 'HNMR
spectra, when unknown. Infrared spectra were determined
on a Hitachi I-2000 spectrometer.

Reaction of the Olefin Rotamers (1) with N-Bro-
mosuccinimide and Water. ap-1 (or sp-1) (100 mg
or 0.300 mmol) was added to a mixture of 56.2 mg (0.316
mmol) of N-bromosuccinimide, 5.0 mL of water, and 5.0 mL
of tetrahydrofuran. The mixture was stirred for 6 h at room
temperature, diluted with water, and extracted with dichlo-
romethane. The dichloromethane solution was dried and the
solvent was evaporated. The residue was submitted to thin-
layer chromatography on silica gel (4:1 hexane—dichloro-
methane eluent). Only sp-3 and sp-2-(2-bromo-1-hydroxy-
1-methylethyl)-1- (9-fluorenyl)naphthalene (sp-4: X=O0H)
were obtained with Ry values of 0.45 and 0.43, respectively.

sp-3 was identical with the authentic specimen.z)
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sp-4 (X=0H) was recrystallized from hexane—dichlo-
romethane, mp 118.5—119.0 °C. Found: C, 72.73; H,
5.14%. Caled for CagH21BrO: C, 72.82; H, 4.94%. 'HNMR
(CDCl3) §=2.08 (3H, s), 2.89 (1H, br s), 4.04 and 4.35 (2H,
ABq, J=10.6 Hz), 6.46 (1H, d, J=8.8 Hz), 6.68 (1H, s),
6.77—6.83 (1H, m), 7.10 (1H, d, J=7.7 Hz), 7.17—7.25
(4H, m), 7.39—7.44 (2H, m), 7.69—7.82 (3H, m), 7.95—
7.98 (2H, d, J=7.8 Hz).

The similar treatment of sp-1 afforded ap-2, ap-3, 5, and
8 at R of 0.60, 0.45, 0.33, and 0.02, respectively.

ap-2, ap-3, and 5 showed the identical 'HNMR spectra
with the authentic specimens in the literature.?

Compound 8 was recrystallized from ether—hexane, mp
105—125 °C (decomp). Found: C, 61.24; H, 3.96%. Calcd
for Ca¢HgoBroO: C, 61.44; H, 3.97%. 'HNMR (CDCls)
§=1.80 (3H, s), 2.82 and 3.41 (2H, ABq, J=10.1 Hz), 5.30
(1H, s), 5.93 (1H, dd, J=12.2, 8.2 Hz), 6.48 (1H, s), 7.20
(1H, d, J=12.2 Hz), 7.34—7.59 (5H, m), 7.68 (1H, app. t,
J=ca. 7.1 Hz), 7.84 (1H, d, J=8.3 Hz), 7.94 (1H, d, J=8.2
Hz), 8.17 (1H, d, J=8.1 Hz), 8.58 (1H, d, J=7.0 Hz), 9.94
(1H, d, J=8.1 Hz). IR (CHCl3) 1674 cm™’.

Reaction of Olefin Rotamers (1) with t-Butyl Hy-
pobromite. To a solution of 100 mg (0.300 mmol) of
the ap-olefin (ap-1) in 10 mL of ethanol, was slowly added
35.8 mL (0.315 mmol) of ¢-butyl hypobromite?® in 5 mL of
ethanol at room temperature. The mixture was allowed to
stand for 4 h, poured into water and extracted with dichlo-
romethane. The extract was dried over magnesium sulfate
and the solvent was evaporated. The residue was separated
by TLC (7:2 hexane—dichloromethane eluent) to afford sp-
2, sp-3, and sp-4 (X=0C2Hs) showing R; values of 0.57,
0.45, and 0.33, respectively.

sp-2- (2- Bromo- 1-ethoxy- 1- methylethyl)- 1- (9- fluorenyl)-
naphthalene (sp-4: X=0C,Hs) was purified by recrystalliza-
tion from hexane-dichloromethane, mp 147—150 °C. Found:
C, 73.52; H, 5.44%. Calcd for CsHa5BrO: C, 73.60; H,
5.44%. 'H NNR (CDCl;) 6=1.06 (3H, t, J=6.5 Hz), 2.13
(3H, s), 3.65 and 3.74 (2H, ABq coupled with 3H, J=8.4 and
6.5 Hz), 4.10 and 4.02 (2H, ABq, /J=10.4 Hz), 6.39 (1H, d,
J=10.4 Hz), 6.79 (1H, ddd, J=9.0, 6.8, 1.4 Hz), 6.99 (1H,
s), 7.04 (1H, d, J=6.8 Hz), 7.13—7.26 (4H, m), 7.37—7.42
(2H, m), 7.64 (1H, d, J=7.8 Hz), 7.71 (1H, d, J=9.0 Hz),
7.81 (1H, d, J=7.3 Hz), 8.00 (2H, d, /=7.8 Hz).

The reaction of the sp-olefin (sp-1) was carried out sim-
ilarly. ap-2, ap-3, and 5 gave R; values of 0.60, 0.47, and
0.33, respectively, in TLC with 4:1 hexane-dichlorometh-
ane eluent. They gave the identical *H NMR spectra which
were described above for each compound.

X-Ray Crystallography.?®  Crystals suitable for X-
ray crystallography were grown from ether-hexane. A sam-
ple of 0.20x0.20x0.30 mm? size was mounted on an Rigaku
AFCTR four circle diffractometer and X-Ray data were col-
lected with graphite monochromated CuKa (A=1.54178
A) radiation. The scan mode was the w—20 method to
a maximum 26 value of 120.1°. The structure was solved
by the direct method and refined by the full matrix least-
squares method by using the teXsan crystallographic soft-
ware package. Anisotropic thermal parameters were em-
ployed for non-hydrogen atoms and isotropic for hydrogens.
Reflection data within |F,|>20(F,) were used for the struc-
ture determination and refinement. The function minimized
was Y [w(|Fo|—|Fe|)]?, where w=[0%(F,)]"". The follow-
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ing crystal data were obtained. Formula C26H20Br20, F.
W. 508.25, scan rate 16.0° min~!, scan range (1.84+0.30
tan 6)°, crystal system monoclinic, sapce group P2;/n, a=
9.9607(9), b=10.5575(9), ¢=20.7460(6) A, 3=102.934(4)°,
V' =2126.3(3) A%, Z=4, D. 1.59 gem™2, y 49.4 cm™}, No.
of data collected 3579, No. of data used 3364, R 0.039, R.,
0.046.
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