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Synopsis. Various elimination reactions which are
believed to proceed with E,-type mechanisms have been
examined on 9-[2-(1,2-dibromoethyl)-1-naphthyljfluorene
and 9-[2-(1-hydroxy-2-trimethylsilylethyl)-1-naphthyljfluo-
rene rotamers. Generally, the reaction of the sp rotamers was
faster than that of the ap by a factor of 2—9. The results are
attributed to the steric effects that are operative in the ap
form.

In the course of comparative study of the reactivities
of rotational isomers of 9-arylfluorene series (1), we
have noticed that Sn2 type reactions that occur over the
fluorene ring (namely in ap-1) is much slower than the
same type of reactions that occur in the other rotamer
(sp-1) which does not suffer from steric hindrance at
the reaction site.? The same was true for chromium-
(VI) oxide oxidation of alcohols and an aldehyde® due
to the fact that the rate-limiting step in these reactions
is the formation of bulky transition states. Summar-
izing these results, we have concluded that a reaction
that occurs over the fluorene ring (ap) with the space-
demanding transition state is much slower than the
counterpart (sp) in which the formation of the same
transition state is less energy-requiring.

In contrast to these findings, addition reactions to a
carbon-to-carbon® and a carbon-to-oxygen® double
bonds did not show large differences in reactivities of
the rotamers and we have explained the results by
assuming that the least space-demanding hydrogen
atom in the formyl or the vinyl group directs toward
the fluorene ring in the transition states of the
reactions.”

The transition state of the E,-type elimination is
assumed to be synchronous elongation, with assistance
of a nucleophile and an electrophile, of the two bonds
which connect the leaving groups to the two carbon
frame, as well as the shortening of the carbon-to-
carbon bond.® Thus the E,-type eliminations will be
candidates of demonstrating of a larger differences in
the reactivities of rotamers than a mere addition reac-
tion, because either a nucleophile or an electrophile
must approach the group to be eliminated which is
located over the fluorene ring in the ap-isomer whereas

(if X precedes )
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the steric effect will be small in the sp-isomer. Thus
we have explored some E,-type elimination reactions
of the rotamers of the 9-arylfluorene series and wish
to report the results in this paper.

There are varieties of elimination reactions reported
in a paper which gives rise to cis-stilbene from di-1,2-
dibromo-1,2-diphenylethane with high stereospecific-
ity.” These reactions may be assumed to proceed with
the E, reaction mechanisms. We have examined these
reactions, namely debromination from ap- and sp-
rotamers (2) of 9-[2-(1,2-dibromoethyl)-1-naphthyl]-
fluorene and compared the relative rates, ksp/kqp, with
that in the reaction of which mechanism is thought to
be different. The results are given in Table 1.

Debromination of 2 with zinc dust® proceeded
smoothly at room temperature but the selectivity was
very low as was expected from the behavior in the
elimination from dl-1,2-dibromo-1,2-diphenylethane.
The reaction must proceed via electron transfer from
the metal as was discussed in the literature and is dif-
ferent from the bimolecular elimination.” Although
sodium iodide is often used for debromination from
1,2-dibromoethane derivatives,? the reaction did not
occur for the compounds in question below 50 °C, the
temperature which is low enough to assure nonexist-
ence of internal rotation of the compound.

Among the reagents that eliminate bromine from
the dibromide listed in the literature, lithium tetrahy-
dridoaluminate is one of those which give the highest
stereoselectivity in the reaction.” Indeed, this reagent
gave the highest kgp/kap values of the reagents exam-
ined here, as are shown in Table 1. Interestingly, the
selectivity was insensitive to the temperature of the
reaction.

CH=CH.

Table 1. The Conditions and the Relative Rates
of the Elimination Reactions of 2

X Y Reagent Temp/°C  kyp/kap
Br Br Zn Room temp 1.4
Br Br LiAlH, —15 8.6
Br Br LiAlH, 0 8.8
Br Br LiAlH, 40 8.7
Br Br Na,Te Room temp 3.1
OH Si(CHj3); H,SO, 15 2.6
OH Si(CHj3); H,SO, 0 2.5
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Recently, Suzuki and Inouye described that sodium
telluride gave the high stereospecificity in the elimina-
tion reactions of 1,2-dibromides.!” Examination of
this reagent with our rotamers revealed that, though
the elimination in the sp-dibromo compound (2:
X=Y=Br) was indeed faster than in the ap, the selectiv-
ity was not so high as that observed with the tetrahy-
dridoaluminate reagent.

Another example of stereospecific elimination is
Peterson reactions,!! of which stereoselectivity was
studied by Hudrlik and Peterson.!? Itis known that, if
acid is used for the elimination from B-hydroxyalkyl-
silanes, the elimination takes place in the trans-fashion
and, if the base is used, the reaction is cis-elimination.
Since the compounds we examine, 9-arylfluorenes,
carry acidic hydrogen at the 9-position, the strong base
can cause isomerization.23 We therefore concentrated
our effort to the acidic trans-elimination, which
should be compared with the debromination described
in this paper. The results in Table 1 indicate that the
Peterson reaction is modestly selective.

Summarizing the results, we notice that the steric
effects in the ap-form of the 9-arylfluorene series are
operative in various elimination reactions, relative to
the sp-series. The results will mean that a nucleophile
or an electrophile, which is larger than a hydrogen
atom, must approach a leaving group at the a-position
of the substituent of the naphthalene ring, which is
over the fluorene ring, to make the reaction of the
ap-form slower than that of the sp. The enhancement
of the selectivity, though small, relative to the addition
to the olefinic bond,® should be attributed to the fact
that the nucleophile or the electrophile is larger than
the hydrogen atom which is the main cause of steric
interaction with the fluorene moiety in the case of
addition reactions in the olefin and the aldehyde. Yet,
the selectivity in the elimination reactions studied here
is inferior to that of the Sx2 type reactions. We believe
this is due to the fact that, while in the Sn2 reactions
two bulky groups, a leaving group and a incoming
group, approach the a-position of the substituent over
the fluorene ring in the ap form, there is only one
bulky group, the nucleophile or the electrophile,
approaching the a-position of the substituent over the
fluorene ring in the case of E,-type reactions. Thus the
steric effects in the E,-reactions are less demanding
than the Sn2 reactions.

Experimental

9-[2-(1,2-Dibromoethyl)-1-naphthyl]fluorene rotamers (2:
X=Y=Br) were prepared according to the method described
in the literature.” _

9-[2-(1-Hydroxy-2-trimethylsilylethyl)-1-naphthyl}fluorene
(2: X=0H, Y=Si(CH3s)3). To a solution of 100.0 mg (0.313
mmol) of ap-9-(2-formyl-1-naphthyl)fluorene® in 10.0 mL of
ether, was added 0.34 mL (0.34 mmol) of 1.0 mol L™ solu-
tion of trimethylsilylmagnesium chloride in ether which was
available from Aldrich Chemical Co. under a nitrogen
atmosphere at once. The mixture was stirred for 80 min with
vigorous refluxing and then decomposed with aqueous
ammomium chloride. The ether layer was washed with
aqueous sodium hydrogencarbonate and dried over magne-
sium sulfate. After evaporation of the solvent, the product
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was purified by preparative TLC on silica gel with a 5:7
hexane-dichloromethane eluent and then recrystallized from
hexane to give the ap form of the desired product in 74%
yield. The amount of the magnesium compound was crucial
in obtaining the product in a good yield because the excess
caused contamination with unidentified materials and the
less caused recovery of the unreacted aldehyde. It was recrys-
tallized from acetonitrile, mp 120.0—121.0°C. Found: C,
81.87; H, 6.94%. Calcd for CysH,30Si: C, 82.30; H, 6.91%.
!H NMR (CDCl;) 6=—0.40 (9H, s), —0.05 (1H, app d, J=14.7
Hz), 0.76—0.91 (2H, m), 3.80 (1H, app d, J=11.5 Hz), 6.13
(1H, s), 7.14—7.95 (13H, m), 8.49—8.53 (1H, m).

The sp-form, mp 110.0—111.0°C, was obtained much
more easily than the ap-form: the usage of 1.0 mol of trimeth-
ylsilylmethylmsgnesium chloride per 1 mol of the alde-
hyde sufficed to give 93% yield of the product. It was recrys-
tallized from methanol. Found: C, 82.29; H, 6.85%. Calcd
for CysH,30Si: C, 82.30; H, 6.91%. 'H NMR (CDCl;) 6=0.08
(9H, s), 1.40—1.60 (2H, m), 1.97 (1H, br d, J=2.9 Hz), 5.70—
5.80 (1H, m), 5.97 (1H, s), 6.38—8.00 (14H, m).

Elimination Reactions. Elimination reactions of 2 were
carried out under the same conditions described for the com-
petitive reactions below except that a single rotational iso-
mer was submitted to the reaction conditions. It was con-
firmed that ap- or sp-9-(2-vinyl-1-naphthyl)fluorene (3)% was
the exclusive product, the yield being over 95% in every case.

Competitive Debrominations. a) Debromination with
Zinc. To a solution of 10.0 mg each of sp- and ap-2
(X=Y=Br) in 30 mL of ether were added 3.0 mL of acetic
acid and 30 mg of zinc dust and the whole was stirred for ca.
10 min at room temperature. The solid material was
removed by filtration and the filtrate was washed with water
and then with aqueous sodium hydrogencarbonate. After
drying over magnesium sulfate, the solvent was evaporated
and the residue was submitted to analysis.

b) Debromination with Lithium Tetrahydridoalumi-
nate. To a solution of 10.0 mg each of sp- and ap-2
(X=Y=Br) in 50 mL of tetrahydrofuran was added the speci-
fied amount of lithium tetrahydridoaluminate and the mix-
ture was allowed to react for the time interval shown below.
The reaction was quenched by cooling the mixture at
—78°C, water was added to the mixture at this temperature,
and the temperature was allowed to rise to 0°C. It was
confirmed that the reaction was negligibly slow at —78 °C.
Then dilute hydrochloric acid was added to the mixture
which was extracted with ether. The ether extract was
treated as above. The reaction temperature, the amount of
the lithium tetrahydridoaluminate used, and the reaction
period are given below.

Temperature/°C  Amount of LiAlH;/mg Period/min

ca. —15 30 30
0 25 30
40 20 4

c¢) Debromination with Telluride. A sodium telluride
solution was prepared in the following way.%!® Tellurium
(18 mg or 0.14 mmol) and 240 mg (1.56 mmol) of sodium
hydroxymethanesulfinate dihydrate were added to 2 mL of 1
mol L™! aqueous sodium hydroxide and 5 mL of dioxane
and the mixture was stirred for ca. 10 min at 70°C to give a
dark red to purple solution. To this solution was added a
solution of 10.0 mg each of ap- and sp-2 (X=Y=Br) in 3.0
mL of dioxane and the mixture was stirred for 5—6 min at
room temperature under a nitrogen atmosphere. The reac-
tion was quenched by introducing air or adding water and
ether to the reaction mixture. The formed tellurium was
removed by decantation and the product was extracted with
ether. The product was treated similarly as above.

Since debromination from 1,2-dibromoethane derivatives
with a sulfinate was reported,'¥ the dibromide was treated
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with a sodium hydroxymethanesulfinate solution under the
same conditions. However, no sign of formation of the
olefin was detected.

Competitive Peterson Reaction. To a solution of 10.0 mg
each of sp- and ap-rotamer of 2 (X=0OH, Y=Si(CH3)3) in 30
mL of tetrahydrofuran was added 4 drops of concentrated
sulfuric acid and the mixture was stirred for 15 min at 15°C
or for 30 min at 0°C. The reaction was quenched by adding
aqueous sodium hydrogencarbonate. The treatment of the
mixture hereafter was the same with that described above.

Acquisition and Treatment of Data in Competitive Reac-
tions. The reactions were quenched at less than 50% com-
pletion of the reaction, if both the isomers were counted, and
the unreacted compounds were analyzed by 'HNMR with
the use of a JEOL GX270 NMR spectrometer. The relative
rates (ki) were obtained by the following equation. The
results shown in Table 1 are the averages of two to three
runs.

kap  _ [In(ay—a)/ao)sp
ksp [In(ao — a)/aglap

krel =
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