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Epimerization of 3-diphenylmethyleneisobornyl acetate (4), between 25 and 60° and in acid medium (HOAc~
H,80,), yields preferentially the endo isomer 4. Prolonged treatment, under the same reaction conditions, makes
the reaction proceed through an irreversible electrophilic substitution toward the indene-type hydrocarbon 8.
Structure of the latter is documented with spectroscopic data as well as with chemical proof by transformation
into diketone 9, the stereochemistry of which is discussed. The acid-catalyzed dehydration of diphenylmeth-

yleneisoborneol (2) depends upon the acid strength of the dehydrating agent and of the temperature.

In the

presence of PTSA and at 60°, only Wagner-Meerwein rearrangement, leading to hydrocarbons 12 and 13 in
the 1:9 ratio, is observed. Around 130° and using potassium bisulfate as dehydrating agent, 2,6-hydrogen
shift and Nametkin rearrangement occur together with the Wagner-Meerwein rearrangement; a 80:1:15:5
mixture of hydrocarbons 12, 13, 14, and 15 is then obtained. Above 130°, the dehydration leads to the indene-

type structure 8.

The influence of an unsaturated substituent upon the
solvolysis of bridged bicyclic compounds has received
but little attention. Interaction between carbonium
ions and olefinic double bonds, which stabilizes the
charge by allylic isomerization, reduces considerably
the usual rearrangements of the bridged system and
induces selectively the attack of the ion from the less
hindered side of the molecule. Thus, acetolysis of
3-exo-bromo-2-methylenenorbornane leads exclusively
to a mixture of 3-exo-acetoxy-2-methylenenorbornane
and 2-acetoxymethylnorbornene.! On the other hand,
& 3-benzylidene substituent stabilizes the carbonium
ion and limits, at room temperature, the acetolysis to
only cis,irans-benzylidene and exo—endo isomeriza-~
tions.? In these two examples, the nucleophilic attack
at the level of carbon 8 takes place in the same way as
in the absence of the conjugated double bond.

In order to extend the results obtained for frans-3-
benzylideneisobornyl acetate,? the acetolysis of 3-
diphenylmethyleneisoborneol (2) and derivatives has
been investigated.

Results

3-Diphenylmethyleneisobornyl acetate (4) is pre-
pared from the corresponding alcohol 2, obtained by
LiAlH, reduction of 3-diphenylmethylenecamphor (1).3
Acetolysis of compound 4, at room temperature and in
the presence of traces of sulfuric acid, leads to an
equilibrated mixture of 209, of 4 and 809, of its endo
isomer 5, together with a hydrocarbon, the proportion
of which increases with time and the structure of which
will be discussed later. The same ratio (1:4) is reached
when starting from pure compound 5. The high
relative amount of the endo isomer is quite unusual.
Thus, acetolysis of apoisobornyl, exo-camphenilyl, or
B-fen c hoisocamphoryl brosylates gives exclusively exo
acetates.? Similarly, acetolysis of bornyl or isobornyl
chloride yields only isobornyl acetate.?

Bicyclo[2.2.1]heptane  derivatives are known to
give, in acid medium, nonclassical ions by anchimeric
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assistance of the C,—~Cs ¢ bond; as a result, molecules
with exo leaving groups react faster than their endo
epimers, and the attack of the ion by the nucleophile
occurs from the exo side. On the other hand, a
localized ion should give a mixture of endo and exo
isomers, in which the former, being thermodynamically
the more stable, should predominatef These con-
siderations exclude ion 6 (Scheme I) as the principal
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intermediate in the acetolysis of compound 4 and rather
favor a “localized” ion as in the isomerization of
isobornyl chloride into bornyl chloride induced by
Lewis acids.” For compound 4 (or 5), stabilization of
the charge by the conjugated diphenylmethylene group
probably accounts for the absence, even at 60°, of the
expected rearrangements of the bridged bicyclic
system. Thus, the intermediate ion can be depicted
as 7 (Scheme I). This result parallels the one ob-
tained for trans-3-benzylideneisobornyl acetate,? al-
though Wagner—Meerwein rearrangement was then
observed when the reaction was carried out at 60°.
As the difference in stability between endo and exo
epimers is small,? the stereochemistry of the major reac-
tion product reflects the steric effect of the 7-syn methyl
and cis phenyl groups on the approach of the ion by the
nucleophile, under a thermodynamic control of the
reaction.

Structure of Hydrocarbon 8.—Isolated from the
acid-catalyzed acetolysis of compound 4, this hydro-
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carbon accounts for 259, of the reaction mixture after
20 min at 60°, and is the only reaction product after
1.25 hr at 70°. The absence of Wagner-Meerwein
rearrangement, or 2,6-hydrogen shift, at this tem-
perature makes one presume that this hydrocarbon is
formed directly from the allylic ion 7. The phenyl-
indene structure 8 (Scheme II) has been attributed to it
from spectral evidences and chemical proofs.
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Its nmr spectra shows three methyl groups (at 0.26,
0.80, and 1.23 ppm) and no olefinic protons; the
strongly shielded methyl group results from the anisot-
ropy effect of one phenyl group® on the 7-syn methyl
substituent; the presence of only nine aromatic
protons also favors structure 8. Other evidence arises
from the uv absorption of the compound [238 nm
(e 20,000)] which can be compared to that!® of 3-
phenylindene itself [230 nm (e 18,000)]. Mass spec-
trometric measurements give a molecular ion at m/e
300 which corresponds to CpHa. Chemical proofs of
structure 8 comes from its oxidation to diketone 9
either using Jones reagent!! or by ozonolysis according
to the Pappas procedure!? (Scheme IT).

In the latter case, the intermediate ozonide 11,
which can be isolated, shows a mass spectrometric
fragmentation (depicted in Scheme III) which favors
the postulated structure: the molecular ion (m/e 348,
CysH2O; from high-resolution mass measurement)
expels successively one oxygen molecule (to yield ion
m/e 316) and 83 mass units (C¢Hyy) to form the stable
pyrylium ion {(m/e 233) which constitutes the base peak
of the spectra (Scheme III). Ozonide 11 gives almost
quantitatively diketone 9 when submitted to Jones
reagent.

For compound 9, the spectroscopic data [ir 1748 and
1668 cm=!, uv 235 nm (e 13,000)] as well as mass
spectrometric results (molecular ion at m/e 332 corre-
sponding to CyHzO, from high-resolution mass mea-
surement) support the presence of two carbonyl groups,
one of them being part of a benzophenone moiety.
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The nmr spectrum of diketone 9 exhibits three methyl
groups (two overlapped at 0.92 ppm and one at 1.05
ppm), two methylene groups (m centered at 1.74 ppm),
one tertiary hydrogen (broad signal at 2.20 ppm
assigned to the bridgehead proton), one other tertiary
proton (s at 4.43 ppm), and nine aromatic protons
(m between 7.3 and 8.0 ppm). The exo configuration
of the benzophenone moiety is deduced from the
narrow signal (half-width ca. 2 Hz) of the singlet at
443 ppm, as can be expected for an uncoupled proton.
In order to verify the given stereochemistry of the
benzophenone moiety in diketone 9, exo-endo epimer-
ization has been carried out in basic medium. This
leads to a 3:7 mixture (Scheme II) of compounds 9
and 10, respectively, the latter showing in its nmr
spectrum a small long-range coupling (half-width of
4 Hz) for the exo hydrogen atom linked to C-3. This
result is consistent with a W-type coupling with the
exo H-5 proton. Compared to the usual chemical
shifts found for the exo~endo protons in bicyelo[2.2.1]-
heptane systems, an unexpected shielding of the exo
H-3 proton is observed: 4.30 ppm (in compound 10)
compared to 4.43 for the endo proton (in compound 9).
In spite of these reversed chemical shifts, which cer-
tainly are the result of different shielding caused by
the benzophenone substituent, the observed long-range
coupling is a more valuable argument for the postulated
stereochemistry.

Ton 7 should be involved, also, in the acid-catalyzed
dehydration of 38-diphenylmethyleneisoborneol (2).
An earlier report!? indicates that aleohol 2 yields a 1:3
mixture of 5-diphenylmethylene-2,3,3-trimethyltri-
cyclo[2.2.1.02¢Theptane (12) and 7-diphenylmethy-
lenecamphene (13) when heated for 0.5 hr at 160°
in the presence of KHSQ, The apparent discrep-
ancy between this result and what one would have
expected from the above-described acetolysis of 4
prompted us to reinvestigate the acid-catalyzed re-
action of alcohol 2.

Dehydration of 3-Diphenylmethyleneisoborneol
(2).—Treatment of a benzene solution of alcohol 2 by
p-toluenesulfonic acid at 60° yields a 1:9 mixture of
hydrocarbons 12 and 13, respectively (Scheme IV).
These two compounds have been identified from their
nmr spectra, which have already been discussed
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elsewhere.!* Furthermore, ozonolysis of tricyclene 12
leads to the already known!4 2,3,3-trimethyltricyclo-
[2.2.1.0%%]heptanone (Scheme IV) and to benzo-
phenone. On the other hand, hydrocarbon 13, which
contains two olefinic protons, partly isomerizes into
tricyclene 12 when heated to around 800°; this verifies
its camphenic structure.

Under more drastic conditions (KHSO,, 160°), 3-
diphenylmethyleneisoborneol (2) forms a single product,
with yields as high as 809, in all points identical with
hydrocarbon 8. The difference between this result
and that of the literature!® led us to determine the
temperature above which hydrocarbon 8 is formed to the
detriment of 12 and 13. The critical value of 130° has
been found. In the 90-130° temperature range, a
mixture of four hydrocarbons, 12, 13, 5-diphenyl-
methylenecamphene (14), and 6-diphenylmethylene-
camphene (15) is obtained (Scheme IV). - At 130°, the
relative proportions of the hydrocarbons are 80:1:15:5,
respectively. Each of them leads to the same mixture
of the four hydrocarbons when heated to around 130°
in the presence of KH8O,. Furthermore, pure samples
of hydrocarbons 12, 13, 14, or 15 lead to compound 8
when kept for 1 hr at 160° in the presence of KXHSO,.
Thus, the equilibrium mixture in acid medium, ob-
tained from these hydrocarbons, undergoes an ir-
reversible displacement to hydrocarbon 8 under con-
ditions of thermodynamic control.

Proof of structure of hydrocarbon 14 comes from its
nmr spectra (two olefinic protons, one at 4.77 and the
other at 4.55 ppm as indication of a camphenic skeleton)
and, mainly, from the diketone formed by ozonolysis;
this diketone is shown to be identical with 5-oxo-
camphenylone (16), obtained by oxidation of cam-
phenylone following ref 15.

(14) 8. 8. Nametkin and 8. 8, Zabrodina, C. R. dcad. Sci. USSR, 86,
142 (1942); Chem. Abstr., 87, 57125 (1943). :
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Hydrocarbon 15, obtained in low yields, has been
identified only from its spectrosecopic data. High-
resolution mass spectrometry gives the expected
CyHpy formula for the molecular ion. The nmr
spectrum displays two olefinic protons and one strongly
deshielded aliphatic proton at 3.33 ppm. By com-
parison with the spectra of cis- and trans-6-benzylidene-
camphene  (obtained? from {¢rans-benzylideneiso-
borneol), for which the H-1 bridgehead proton gives a
signal at 3.28 and 3.67 ppm, respectively, the 6-di-
phenylmethylenecamphene structure 15 has been
attributed to this compound.

Discussion

The absence of Wagner-Meerwein rearrangement
during the acetolysis of compound 4 (or 5) reflects the
stability of the allylic ion 7 which, in the presence of a
large excess of the nucleophile, proceeds either re-
versibly toward a mixture of acetates 4 and 5 or
irreversibly toward hydrocarbon 8. The preferred
endo attack by the nucleophile, combined with the
electrophilic substitution of the cis benzene ring by the
carbonium ion from the exo side of the bicyclic system,
emphasizes the stereoselectivity of the reaction.

In the absence of nucleophile, therefore, under
dehydrating conditions, alcohol 2 gives three reactions
depending upon the thermal conditions and the
strength of the acid. In the presence of PTSA and at
60°, only Wagner~Meerwein rearrangement, leading to
hydrocarbons 12 and 13, is observed to the exclusion of
2,6-hydrogen transfer or Nametkin rearrangement
(migration of the exo'® methyl group); absence of the
latter at the level of ion 18, which forms hydrocarbon
13, is verified from the high optical activity (+4218°)
of this compound. Nametkin rearrangement would
have induced, then, racemization of product 13.

(16) P. v. R. Schleyer, J. Amer. Chem. Soc., 88, 699 (1967), and refer-
ences cited therein.
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By use of KHSO, instead of PTSA and, mainly, of a
higher temperature (100-130°), the energy, given to
the system, becomes sufficient to induce a 2,6-hydrogen
shift (ion 17) to form hydrocarbon 14 by subsequent
Wagner-Meerwein rearrangement, Nametkin rear-
rangement of ion 19 forms compound 15.

It is noteworthy that, in the absence of nucleophile,
no evolution toward the indene structure 8 is observed
for a temperature lower than 130°, although this occurs
even at room temperature in the presence of acetic
acid. The energy of the transition state for electro-
philic substitution on the benzene ring being high, in
the absence of -electron-withdrawing groups, the
formation of the reaction intermediate must lower
sufficiently the activation energy of the reaction and
make it possible even at room temperature.

Over 130°, the single product 8 formed in the re-
action under thermodynamic control, starting from
any hydrocarbon 12 to 15 or from alcohol 2 (in the
presence of only KHSQ,), reflects the irreversible dis-
placement of the reaction toward intramolecular
electrophilic substitution.

Such a reaction should occur, also, with 3-benzyl-
ideneisoborneol; for this reason, this compound has
been submitted to acid-catalyzed (KHSO,) dehydra-
tion at 160°. No product related to 8 has been found
in this case but only the previously described? hydro-
carbons. Introduction of an electron-donor group for
stabilizing the allylic ion, using 3-p-methoxybenzyl-
ideneisoborneol, does not lead either to any indene-
type compound when treated by KHSO, at 160°.
Thus, the intramolecular electrophilic substitution is
apparently limited to the diphenylmethylene sub-
stituent. ’

The nmr spectra of compounds 12 and 13 have
already been described!® and the ones obtained here
are compatible with them. However, slight differences
have been found for the position of their uv maximum
absorption. A 1:3 mixture of 12 and 13 is reported'?
to have AZQF 239 nm (log ¢ 4.14), while our results
on pure samples give A\XOH 259 nm (log € 4.20) for
12, AMO® 949 nm (log ¢ 4.26) for 13, and AXEOH 239
nm (log ¢ 4.30) for the substituted indene 8.

It should be noted, to conclude, that small variations
in acid strength of the dehydrating agent or in tem-
perature may induce the reaction to proceed toward
different hydrocarbons.

Experimental Section

Physical Measurements.—Melting points, taken on a Leitz-
Weltzlar apparatus, are uncorrected. Optical rotations were
measured with a Perkin-Elmer Model 141 instrument. Elemental
analyses were performed at the University of Paris VI. Gas
chrométographic analyses were carried out on a Varian Aerograph
HiFi Model 1400 equipped with a 0.25 in. X 10 ft column con-
taining 159 silicone GE XE-60 (nitrile gum) on 80-100 mesh
Chromosorb W. Ir spectra (CCL solution) were obtained using
a Perkin-Elmer Model 267 apparatus. Uv spectra were de-
termined in methanol solution on a SP 800 Unicam instrument.
Nmr spectra were run on a Varian 60-Mc instrument with tetra-
methylsilane as internal standard. Mass spectra have been
obtained at 70 eV, through the direct inlet system of a Hitachi
RMU-6E device (ion source at 150°).

3-Diphenylmethylenecamphor (1), [a] #Dp +230°, was prepared
according to Haller.?

3-Diphenylmethyleneisoborneol (2), [«]®p —173°.—A solution
of 1 (3.16 g, 0.01 mol) in 100 ml of anhydrous ether was added to
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a cooled slurry of lithium aluminum hydride (120 mg) in 30 ml
of anhydrous ether. The reaction mixture was stirred overnight
at room temperature. The excess of LiAlH, was destroyed with
10% HCI (30 ml), and the ethereal layer was washed successively
with saturated Na,CO; solution and water, then dried (Na,SO,)
and concentrated. The solid residue, when recrystallized twice
from petroleum ether (bp 40-50°), gave 2.5 g (80%) of 3-di-
phenylmethyleneisoborneol (2): mp 87-88°; uv max 247 nm
(e 11,800); ir 3390, 3480, 1608, 1500, and 1067 em~?; nmr (CCL,)
8 7.20 (m, 10, aromatic H), 4.19 (s, 1, CHOH), 2.53 (d, 1, J =
3.6 Hz, bridgehead H), 2.00-1.20 [complex m, 5, (CH;): and
OH], 1.14 (s, 3), 0.87 (s, 3), and 0.82 (s, 3).

Anal. Caled for CxHyO: C, 86.74; H, 8.23. Found: C,
86.33; H, 8.14.

) The mother liquors contain a mixture of the endo and exo
isomers.

3-Diphenylmethyleneborneol (3), [a]%p +524°.—The endo
epimer 3 was purified by thin layer chromatography (silica gel,
benzene) of the above mixture after distillation of the solvent:
mp 93-96°; uv max 251 nm (e 13,000); ir 3630, 1606, 1503, and
1056 em™; nmr (CCl) § 7.21 (m, 10), 4.45 (s, 1), 2.38 (d, 1,
J = 4.2 Hz), 2.30-1.10 (complex m, &), 0.92 (s, 3), 0.88 (s, 6).

Anal. Found: C, 86.70; H, 8.21.

3-Diphenylmethyleneisobornyl Acetate (4), [«] %D —265°.—A
15-g (0.0471 mol) portion of the exo alcohol 2 in anhydrous pyri-
dine (50 ml) solution was added to a pyridine solution (100 ml)
of 10.2 g (0.1 mol) of acetic anhydride. The mixture was
maintained for 24 hr at 70°, then cooled and evaporated to dry-
ness. The obtained crystals were recrystallized twice from ligroin
to give 15.2 g (909;) of the exo acetate 4: mp 168-169.5°; ir
1733, 1601, 1495, and 1405 em™*; nmr (CCL) 6 7.23 (m, 10),
5.56 (s, 1),2.61 (d, 1,J = 3.0 Hz), 1.90-1.30 (m, 7, out of which
a sharp signal appeared at 1.47 attributed to the acetate methyl
group), 1.15 (s, 3), 1.00 (s, 3), and 0.95 (s, 3).

Anal. Caled for CxHxO.: C, 83.29; H, 7.83. Found:
C, 83.44; H,8.04.

3-Diphenylmethylenebornyl Acetate (5), [«]®pD +380°.—A
159-mg (5 X 10~* mol) portion of the endo alcohol 3, dissolved
in 2 ml of anhydrous pyridine, was added to 0.1 g (1073 mol) of
acetic anhydride in 1 ml of pyridine. After it was heated for 24
hr at 70°, the reaction mixture was cooled and evaporated to
dryness and the crude residue was recrystallized twice from
ligroin to yield 150 mg (83%) of the endo acetate 5: mp 152-
1564°; 1ir 1731, 1604, 1498, and 1041 em™!; nmr (CCly) 8 7.21
(s, 10), 5.86 (s, 1), 2.48 (d, 1, J = 3.8 Hz), 2.25-1.25 (m, 7, one
intense signal at 1.51 ppm integrated for 3 H and was attributed
to the acetate methyl group), 1.01 (s, 3), 0.88 (s, 3), and 0.85
(s,3).

Anal. Caled for CoiHyO::
C, 83.37; H, 7.85.

Isomerization of 4. A.—A 500-mg portion of acetate 4, dis-
solved in 20 ml of glacial acetic acid containing 20 mg of con-
centrated sulfuric acid, was stirred for 24 hr at room temperature.
The solution was then poured into 30 ml of water and neutralized
with a dilute solution of NaHCO;. After extraction with CCly,
the organic layer was dried over anhydrous Na,80s. The mix-
ture of endo and exo epimers (4:1) was analyzed by nmr. The
two isomers did not separate from each other by tle nor by gle.
Four reerystallizations in ligroin gave pure endo acetate 5 identi-
cal with the above-described compound.

B.—In another run, LiAlH, reduction of the crude reaction
mixture gave pure alcohols 2 and 3 after preparative tle (silica
gel, benzene).

C.—Acetate 4 (100 mg) in 4 ml of acetic acid containing 12 mg
of concentrated sulfuric acid, was heated for 20 min at 60°.
After treatment, the crude reaction products were analyzed by
nmr: 609 endo acetate 5, 159 exo acetate 4, and 25% hydro-
carbon 8 (the determination of the relative proportion of com-
pound 8 was based on the signal of the methyl group shielded to
0.26 ppm). Absence of hydrocarbons 12-15 was verified by
gle (XE 60 on Chromosorb W, 195°) and by tle (silica gel im-
pregnated with 109, AgNOs, ligroin). Composition of the reac-
tion mixture as a function of time and temperature is shown in
Table I.

Characterization of Hydrocarbon 8, [a]®p —17°6.—The
crude oily mixture, obtained after treatment of the acetolysis
product (1.25 hr, 70°) of 2.0 g of acetate 4, was filtered over
neutral alumina using petroleum ether (bp 40-45°) as eluent.
Distillation of the solvent under vacuum gave 1.58 g (95%) of

C, 83.29; H, 7.83. Found:
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TaBLE I
Reaction 1 4 8 16 24 20 75
time hre hr® hré hré hr? min® min®
4, % 64 26 19 18 17.5 15
5 % 36 74 76 72 70.5 60
8, % 1 5 10 12 25 100

«25° t60°. <°70°

hydrocarbon 8 exhibiting one single glc peak: bp 135-140°
(0.05 mm); uv max 238 nm (e 20,000); nmr (CCl) 5 7.30 (com-
plex m, 9, aromatic H), 3.18 (s, W1/, = 2 Hg, 1, CH, tertiary
endo), 2.55 (broad signal, W1/, = 7 Hz, 1, bridgehead H), 2.10~
1.60 (complex m, 4, -CH.CH,~), 1.23 (s, 3), 0.80 (s, 3), and,
0.26 (s, 3); mass spectrum (70 eV) m/e (rel intensity) 300 (67),
285 (17), 257 (29), 231 (40), 217 (69), 202 (39), 83 (100), and

55 (50).
Anal. Caled for CuHa: C, 91.95; H, 8.05. Found: C,
91.73; H, 8.00.

Oxidation of Hydrocarbon 8. Diketone 9, [a]¥®Dp -+45°3.
A.—Jones reagent" was added in excess to a solution of hydro-
carbon 8 (400 mg, 1.33 mmol) in acetone (20 ml). The mixture
was concentrated tn vacuo and water (25 ml) was added. After
three extractions with ether, the mixed organic extract was
washed successively with saturated Na,CO; solution and water,
then dried (NasSO;) and concentrated to give 420 mg (95%) of
an oil which crystallized on standing. Reecrystallization from
ether-petroleum ether gave pure diketone 9: mp 138-139°;
uv max 253 nm (e 13,000); ir 1748, 1668, 1600, 1576, 1483, and
1450 cm™; mass spectrum (70 eV) m/e (rel intensity) 332 (40),
317 (14), 304 (44), 286 (11), 271 (6), 194 (42), 165 (20), 105
(100), and 77 (35).

B.—The procedure of Pappas®? was used with the following
modification. A solution of hydrocarbon 8 (400 mg, 1.33 mmol)
in 25 ml of a MeOH-CHCl;~Me;S mixture (6:3:1) cooled at
—78° was treated with 1 equiv of ozone and concentrated. The
tle (8i0,, benzene) examination of the crude product showed two
spots. The ir, nmr, melting point, and tle behavior of the more
polar material (120 mg, 27%) was identical with that of the pre-
viously described diketone 9. The less polar compound (200
mg, 439,) proved to be due to the corresponding ozonide 11:
] ®p -44°1; ir 1606, 1580, 1208, 1135, 1055, and 1020 cm™1;
nmr 8 7.6-6.6 (m, 9), 2.95 (s, 1), 2.15 (s, 1), 1.70 (s, 4), 1.35 (s,
3), and 0.95 (s, 6); mass spectrum (70 e€V) m/e (rel intensity)
348 (7), 320 (3), 316 (17), 233 (100), 211 (12), 194 (25).

Anal. Caled for CuHuO:: C, 79.28; H, 6.94. Found:
C,79.44; H,7.06.

Oxidation of 11 (200 mg) by Jones reagent yielded 175 mg
(899%) of diketone 9.

Epimerization of Diketone 9.—A solution of 33 mg (0.1 mmol)
of diketone 9 in a mixture of pyridine (0.5 ml) and water (0.1 ml)
was heated for 2 hr at 95°. After removal of the solvents, 5 ml
of ether was added. The ethereal solution, washed first with
dilute HC! and then with water, was dried (Na:S0,) and con-
centrated. The crude oily residue was found to be a 3:7 mix-
ture of the two epimers 9 and 10 by direct nmr measurement.

Dehydration of Alcohol 2 by PTSA.—A 3.18-g (10~2 mol)
portion of exo alcohol 2 in 35 ml of benzene containing 50 mg of
PTSA was heated for 40 min at 60°. After cooling, the solution
was washed successively with a saturated solution of NaHCO;
and water. Direct gle (195°) analysis of the organic layer in-
dicated a 1:9 mixture of hydrocarbons 12 and 13, respectively.
Distillation of the solvent, followed by filtration over neutral
alumina (eluent ligroin), gave 2.51 g (83%,) of the two hydro-
carbons as a mixture. Column chromatography (109, AgNO;
impregnated Florisil) gave first compound 12 (175 mg, elution
with petroleum ether), then product 13 (1.46 g, elution with a
95:5 petroleum ether—benzene solution).

5-Diphenylmethylene-2,3,3-trimethyltricyclo[2.2.1.02¢ hep-
tane (12), [a]%D +24°, had mp 65-66°; uv max 259 nm (e
16,000); ir 1660, 1603, 1495, 1447, 1283, 1132, 1074, 1038, and
863 cm—!; nmr (CCL) 6 7.15 (s, 5), 7.11 (s, 5), 2.06 (broad s, 1),
1.95-1.28 (m, 4), 1.10 (s, 3), 0.97 (s, 3), 0.85 (s, 3).

Anal. Caled for CyHuy: C, 91.95; H, 8.05. TFound: C,
91.73; H, 8.00.

2,3,3-Trimethyltricyclo [2.2.1.028]heptan-5-one, [«]®p —67°5.
~—A 300-mg (1 mmol) portion of hydrocarbon 12 in a mixture of
methanol (30 ml) and chloroform (10 ml) was treated with 1
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equiv of ozone at —50°, Decomposition of the reaction mixture
with 1.5 ml of methanol containing 0.5 g of INa and 0.4 ml of
AcOH was followed by concentration in vacuo. The residue,
dissolved in 50 ml of ether, was washed out successively with
sodium thiosulfate and sodium bicarbonate aqueous solutions,
then with water. Separation of trimethyltricyclanone and
benzophenone, carried out by preparative gle (309, SE-30 on
Chromosorb W, 10 ft, 180°) after concentration, gave 90 mg
(50%,) of benzophenone and 33 mg (219,) of the expected tri-
methyltricyclanone: mp 108-109° (sublimation at around 72°);
ir 1755 cm™; uv max (MeOH) 208.5 nm (e 5400), 271.5 (72),
and 276 (67); mol wt, 150 (mass spectrum) (lit.1* mp 111-112°).
7-Diphenylmethylenecamphene (13), {«]®p +-218°, had mp
60-62°; uv max 248 nm (e 18,300); ir 1657, 1596, 1488, 1458,
1443, 1200, 1106, 1074, 1030, and 883 cm™!; nmr (CClL) 5 7.16
(s, 10), 4.81 (s, 1), 4.60 (s, 1), 3.20 (broad s, 1), 2.33 (broad s,
1), 2.16-1.24 (m, 4), 1.11 (s, 3), and 1.02 (s, 3).

Anal. Caled for CuHa: C, 91.95; H, 8.05.
91.67; H,8.27.

Dehydration (KHSO,) of Alcohol 2 at 160°.—A mixture of 3-
diphenylmethyleneisoborneol (2) (4 g, 12.6 mmol) and KHSO,
(5 g) was heated at 160° for 15 min; water was added to the
cooled mixture and the contents of the reaction vessel were
washed out with ether. The ethereal solution was washed suc-
cessively with saturated sodium carbonate solution and water,
then dried (Na;SO;) and concentrated. The crude yellow oil,
on column chromatography with alumina using petroleum ether
(bp 40-50°) as eluent, gave 3.09 g (82%) of hydrocarbon 8, ex-
hibiting one single glc peak and identical with the above-de-
scribed compound. '

Dehydration (KHSO,) of Alcohol 2 at 130°.—A 3.18-g (10
mmol) portion of alecohol 2 mixed with 4 g of KHSO, was heated
for 20 min at 130°. After cooling, the reaction mixture was ex-
tracted with ether; the ethereal fraction was washed with a sat-
urated aqueous solution of NaHCO;, then with water. Gle
analysis of the crude reaction mixture exhibited four peaks cor-
responding to hydrocarbons 12, 13, 14, and 15 (relative ratios
30:1:15:5, respectively). Evaporation of the solvent followed
with filtration over 20 g of neutral alumina (benzene as eluent)
yielded 2 g (66%) of the mixture of the four compounds. Col-
umn chromatography (109, AgNO; impregnated Florisil) gave
successively hydrocarbons 12 (elution with petroleum ether, bp
45-55°), 13 (elution with 95: 5 petroleum ether-benzene solution),
and a mixture of 14 and 15 (elution with 85:15 petroleum ether-
benzene solution). The latter compounds were separated from
each other by preparative glc (309 QF 1 over Chromosorb W,
101t, 210°).

5-Diphenylmethylenecamphene (14), [«]%p -+166°, had mp
54-58°; uv max 249.5 nm (e 14,500); ir 1668, 1600, 1496, 1460,
1443, 1192, 1134, 1104, 1090, 1073, 1034, 1012, and 882 cm™?;
nmr (CCly) 8 7.13 (m, 10), 4.77 (s, 1), 4.55 (s, 1), 2.78 (broad s,
1), 2.21(d, 1, J = 3, 6 Hz), 1.95-1.23 (m, 4), 1.05 (s, 3), and
0.95 (s, 3); mol wt, 300 {mass spectrum).

5-Oxocamphenylone (16), [«]%*p —60°.—A 300-mg (1 mmol)
portion of hydrocarbon 14 was treated, as described for the
ozonolysis of compound 12, to give 97 mg (54%) of benzophenone
and 41 mg (269%) of 5-oxocamphenylone (16): mp 68-70°; ir
1760, 1718, 1150, 960, and 950 em~!; uv max 292 nm (e 63);
nmr (CCL) § 2.90 (m, 1), 2.53 (unresolved q, 1), 2.30-1.95 (m,
4), 1.12 (s, 3), and 1.00 (s, 3); mol wt, 152 (mass spectrum).
(lit. racemict mp 56°; optically active®® mp 74°, [a]“D —90°).

6-Diphenylmethylenecamphene (15), [«]¥p +9°4, had mp
78-81°; uv max 252.5 nm (¢ 11,600); ir (CCl,) 1655, 1603, 1495,
1447, 1200, 1168, 1112, 1102, 1075, 1033, 1017, 1003, and 883
em~?; nmr (CCL) 5 7.16 (m, 10), 4.76 (s, 1), 4.62 (s, 1), 3.33
(broad s, 1), 2.36 (m, 1), 2.13-1.26 (m, 4), 1.07 (s, 6); mol wt,
300 (CyHas) (mass spectrum).
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