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The Cyclic Dehydration of Biphenyl Derivatives to Fluorenes

By MARJORIE ANCHEL AND A. H. BLATT

In 1933 Cahn,! while studying the pyran (I)
in connection with his investigation of the struc-
ture of cannabinol (1I), reported that the pyran
on heating with hydrochloric and acetic acids
uuderwent ring opening and loss of acetoue to
furnish a product which he formulated as 2-hy-
droxy-5-methylbiphenyl (III). Cahn was ap-
parently unaware that only a few months earlier
Sherwood, Short and Stansfield? had reported a
synthesis of 2-hydroxy-5-methylbiphenyl and that
their product, melting at 68°, was different
from his which melted at 110°. We have deter-
mined the structure of Cahn’s product and the
course of the reactions by which it is formed and,
in so doing, have found two new cyclic dehydra-
tion reactions which furnish, respectively, 9,9-

dialkylfluorenes and 4-hydroxy-9,9-dialkylfluo-
renes,
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The direct comparison of Cahn’s product with
authentic specimens of 2-hydroxy-5-methylbi-
phenyl made it certain that these two substances
were not identical. The oxidation of Cahn'’s
product, which furnished au acid different from
benzoic acid, the toluic acids or the phthalic acids,
made it certain that this product was not a hy-
droxymethylbiphenyl, isomeric with III, formed
as a result of a rearrangement. Analyses of
Cahn’s product made it clear that Cahn had been
misled by faulty analytical data and showed that
the product did not have the composition of a
hydroxymethylbiphenyl but was, instead, iso-

(1) Cahn, J. Chem. Soc., 1400 (1933).

(2) Sherwood, Short and Stansfield, ibid., 1832 (1932).

(3) The structural formula given for cannabinol is that estab-
lished by Adams, Baker and Wearn, THIS JOURNAL, 62, 2204 (1940),
and differs from the formula proposed by Cahn, ¢f. Ref, 1,

meric with the pyran (I). The ultraviolet ab-
sorption spectrum of Cahn’s product (Fig. 1),
and comparisons of this spectrum with those of
the biphenyl (ITI) (Fig. 2) and various polynu-
clear aromatic compounds, suggested that the
product might be a fluorene derivative. Finally,
the observation that Cahn's product could be
obtained directly from the carbinol (IV) suggested
that this product was the hydroxyfluorenol (V)
formed by loss of the carbinol hydroxyl group
aud the o’-hydrogen atom in (IV).

OH OH

N AN
o> o>
e oS
3 3 / 3
CI‘,Hg v CHy CHs v

It has been possible to show both that the de-
hydration of dialkyl-o-xenylcarbinols to form
9,9-dialkylfluorenes (the reaction postulated going
from IV — V) does take place and that Cahn’s
product is 4-hydroxy-1,9,9-trimethylfluorene (V).

The evidence that dialkyl-o-xenylcarbinols un-
dergo dehydration to 9,9-dialkylfluorenes comes
from an examination of the behavior of dimethyl-
o-xenylcarbinol (VI, R=CH;) and dibenzyl-o-
xenylcarbinol (VI, R=C¢H;CH,). Both carbi-
1nols on treatment with sulfuric acid furnish the
corresponding  9,9-dialkylfluorenes (VII). 9,9-
Dimethylfluorene (VII, R=CHj) is also formed
by heating the carbinol (VI, R=CHj;) with hy-
drochloric and acetic acids. These reactions run
very smoothly and furnish 9,9-dialkylfluorenes
in excellent yields.
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The evidence that Cahn’s product is the fluo-
renol (V) is as follows. This product contains a
phenolic hydroxyl group for it cau be methylated
with methyl sulfate and alkali to furnish the
methyl ether (VIII). Tt contains one unsubsti-
tuted position ortho to the hydroxyl group for it
furnishes a monobromo and a mononitro deriva-
tive and couples with benzenediazonium chloride

VII
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T'ig. 1.—4-Hydroxy-1,9,9-trimethylfluorenc in 959, alcohol.

to yield a monobenzeneazo compound. On
oxidation with permangauate the fluorenol (V)
and its methyl ether (VIII) furnish the same prod-
uct, identified by analysis and couversion to its
aunhydride, as «,a-dimethylhomophthalic acid

3200

(IX).
OCH3
@——@ o
CHﬁ_CI_COQ
CHs CHs CH,
VIII IX

These oxidation reactions locate two methyl
groups and the points of attachmnent of the
rings. Oxidation of the methyl ether (VII1I) with
permangaunate also shows that still a third methyl
group is present, for this oxidation furnishes in
addition to «,a-dimethylhomophthalic acid (IX)
the methoxy acid (X). The latter acid serves to
relate the fluorenol (V) to the corresponding
fluorentol (XI) obtained by dehydration of the
carbiniol (XII): wheu the methoxy acid (X) is
heated with hydriodic acid it is demethylated and
decarboxylated and yields 4-hydroxy-9,9-di-
methylfluorene (XI).
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This evideiice establishes the structure of Cahu’s
product as the fluorenol (V). This fluorenol
call be obtaiited by heating either the carbinol
(IV) or the pyran (I) with hydrochloric aud acetic
acids. The formation of the fluoreuol from the
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carbinol is a straightforward cyclic dehydration,
perhaps involving the chloride rather than the
carbiol. The formation of the fluorenol from
the pyran is more involved and is best inter-
preted as ring opening of the pyran to form the
carbinol or its chloride followed by ring closure
to the fluorenol. All our evidence is consisteut
with the view that the carbinol undergoes a rela-
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tively rapid, reversible dehydration to the py-
ran and a comparatively slow, irreversible dehy-
dration to the fluoremol. Thus, on short heating
with hydrochloric and acetic acids, the carbinol
furnishes the pyran in excellent yield, while on
prolonged heating with the same reagent both
the carbiunol aud the pyran give the fluorenol in
about the same yield.

We are indebted to Dr. Hughh H. Darby, of
the Departmeut of Biocheniistry, College of
Physicians and Surgeous, Columbia University,
for advice aud assistatice in1 connection with the
absorptiou spectra, aud to an anonymous donor
for a grant of fuuds,

Experimental

Synthesis of 2-Hydroxy-5-methylbiphenyl (III)—Wc
prepared this material by two independent methods, both
different from the original synthesis of Sherwood, et al.,?
which involved a high temperature dehydrogenatioun.
A.¢ When 120 cc. of 1:1 hydrochloric acid was added
slowly and with vigorous stirring to an iced solution of 41.1
g. (0.3 mole) of cresidine in 234 g. of benzene, cresidine
hydrochloride precipitated as a spongy mass. The ben-
zene-acid suspension of the hydrochloride was kept be-
tween 10-15°and a solution of 20.7 g. (0.3 mole) of sodium
nitrite in 30 cc. of water was added dropwise., This was
followed by the dropwise addition of 120 cc. of a 259, solu-
tion of sodium hydroxide. Stirring was mnaintained during
the additions and until the reaction mixturc came to room
temperature.

After the reaction mixture had stood overnight, the ben-
zene layer was separated and washed with water until free
from alkali, Most of the benzene was removed by dis-
tillation and ether was added to the residue to precipitate
the dye which had been formed in the reaction. After
filtration the ether and benzene were distilled from the fil-
trate and the residual liquid was fractionally distilled.
The fraction which boiled at 140-165° (16 mm.) was sepa-
rated by redistillation into a low-boiling portion, identified
as cresidine, and a main portion of 4.0 g. of 2-methoxy-5-
methylbiphenyl boiling at 150-155° (16 mum.); yield, 7%
(Anal. Caled. for CuHyuO: OCH,;, 15.65. Found:
OCH3, 15.81).

For demethylation 6.8 cc. of 409 hydrobromic acid was
added dropwise to a boiling solution of 1.0 g. of the ether
in 8 cc. of glacial acetic acid. After refluxing for two hours,
he solution was cooled, diluted, and extracted with ether.
The extract was washed free of acid with water and with
sodium carbonate solution, then extracted with 5% so-
dium hydroxide solution. Acidification of the alkaline ex-
tract, followed by extraction with ether, furnished 0.63 g.
of an oil which crystallized on addition of ligroin. The
yield of crude 2-hydroxy-5-methylbiphenyl, melting at
about 67°, was 67%,. After high-vacuum distillation, the
pure product melted at 67-68°.

(4) These directions are based on the procedure of Gomberg and
Bachmann, THIs JoUrNAL, 46, 2339 (1924).
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Anal. Caled. for C3H,,O: C, 84.74: H, 6.57.
C, 84.44; H, 6.62.5

B. Benzenediazonium sulfate was prepared according
to the directions of Knoevenagel® and 21 g. of the dry salt
was added to 75 g. of p-cresol. On heating to 70° gas was
evolved, and the reaction was completed by heating to 100°
for ten minutes. After cooling, the reaction mixture was
extracted with ether, the cxtract washed free of acid, the
cther removed and the residual material distilled. The
fraction which boiled at 105-140° (2 min.) was redistilled
and furnished 2.0 g. of niaterial, boiling at 101-105° (2
mnm.), which solidified on seeding with 2-hydroxy-5-niethyl-
biphenyl prepared in A, above. Crystallization from li-
groin gave 0.76 g. of purc material, meltiug at 67-68°,
whose melting point was not depressed by admixture with
the product from A.

2-Hydroxy-S-methylbiphenyl (III) as prcpared above
agrees in its properties with the material described by
Sherwood, et al.? For further characterization, thec acetatc
and benzoate were prepared. When the biphenyl (III)
was warmed with acetic anhydride containing a drop of
sulfuric acid, the reaction mixture on dilution with water
furnished 2-acetoxy-5-methylbiphenyl which crystallized
from dilute acetic acid in diamond-shaped plates melting
at 28-29°.

Anal. Caled, for CsHuO:: C,79.26; H, 6.24, TFound:
C, 79.20; H, 6.38.

The benzoate, prepared by the Schottcn-Bauinann pro-
cedure, crystallized from alcohol in plates nielting at
94-94.5°.

Anal.. Caled, for CyH ;50s:
C, 83.08; H, 5.60.

The acetate and benzoate of 4-hydroxy-1,9,9-trimethyl-
fluorene (V) melt at 63-65° and 109-110°, respectively.!

An attempt to prepare 2-hydroxy-5-niethylbiphenyl
from diazotized aniline and p-cresol in acid solution accord-
ing to the procedure of Norris” did not furnish a crystalline
product. However, from the oil which was obtained it
was possible to prepare the benzoate in crystalline form.

2-Hydroxy-5-methylbiphenyl (III) was related to thc
known 2-methoxy-5-carboxybiphenyl® by the permanga-
nate oxidation of its methyl ether, 2-methoxy-5-methyl-
biphenyl. The melting point, 215-218°, of the miethoxy
acid thus obtained was not depressed on admixture with the
acid prepared by a Fries reaction on 2-acetoxybiphenyl,
followed by methylation of the resulting 2-hydroxy-5-
acetylbiphenyl and oxidation of the methoxy ketone.

Preparation of 4-Hydroxy-1,9,9-trimethylfiluorene (V).—
A mixture of one part of acetic acid and three parts of
hydrochloric acid was saturated with hydrogen chloride at
0°. A suspension of 2.7 g. of the carbinol (IV) in 20 cc. of
this "acetic-hydrochloric acid mixture’’ was heated in a
sealed tube for twenty-four hours at 200°. When cold
the contents of the tube were diluted with water and the
oil was washed several times by decantation, then dis-
solved in acetone. The acetone solution was poured into
an excess of 2 N sodium hydroxide solution which was then

Found:

C,83.33: H, 5.56, TFouud:

(3) We are indebted to Mr. William Saschek for the analyses of
the biphenyl! derivatives,

(6) Knoevenagel, Ber., 28, 2048 (1895).

(7) Norris, Macintire and Corse, Am. Chem. J., 29, 120 (1903).

{8) Slotta and Nold, Ber., 68, 2226 (1933).
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diluted with about twice its volume of water and filtered.
The filtrate was acidified with hydrochloric acid, extracted
with ether and the ether removed by distillation. The
residual oil, when distilled on the oil pump, furnished 1.75
g. of the fluorenol (V), a yield of 71%. After crystalliza-
tion from ligroin the fluorenol melted at 109-110°.

The yield of the fluorenol in the above reaction is a func-
tion of the time of heating. Experiments in which the re-
action mixtures were heated for 8, 24, 31 and 48 hours gave
yields of 35, 71, 68 and 519, respectively, of distilled prod-
nct. With short reaction times the carbinol (IV) furnishes
the pyran (I). Thus when the carbinol was suspended in
"'acctic-hydrochloric acid mixture” and heated in a sealed
tube to 200° during one-half hour then allowed to cool, the
crude product solidified promptly on seeding with the
pyran. On crystallization from methanol an 80% yield
of the pyran was obtained.

The fluorenol can be prepared in approximately the same
percentage yields starting with the pyran (I) and the prod-
uct from the pyran is identical (mixed m. p. and mixed
m, p. of the methyl ethers) with that obtained from the
carbinol. Cahn prepared the fluorenol from the pyran, not
from the carbinol. He reported a yield of 649, of crude
product—as obtained by acidification of the alkaline solu-
tion,!

The fluorenol (V) is difficult to analyze and, unless pre-
cautions are taken to ensure complete combustion, the
values for carbon and hydrogen run low enough to ap-
proximate values for the biphenyl derivative (III). The
analysis cited below is representative of those in which it
was mnadc certain that complete combustion took place.

Anal. Caled. for CsHi;O: C, 85.67; H,7.20. Found:
C, 85.84; H, 7.15.

Derivatives of 4-Hydroxy-1,9,9-trimethylfiuorene (V). —
Because of the difficulties encountered in securing satis-
factory analytical data with the fluorenol, a number of
derivatives were prepared in which the differences in com-
position between the biphenyl (III) and the fluorenol (V)
were more pronounced. A. The methyl ether (VIII) had
been prepared by Cahn.! Our product agreed in properties
with his description.

Anal. Caled. for C7Hi3O: C, 85.71; H, 7.56; OCH;,
13.04. Found: C, 85.51; H, 7.48; OCHs, 12.59.

B. The monobromo derivative of the fluorenol was pre-
pared by the dropwise addition of a slight excess of a 1%,
solution of bromine in acetic acid to a solution of the fluo-
renol in the same solvent. The product was precipitated
by the addition of water and was purified by distillation
followed by crystallization from alcohol, from which it was
obtained as colorless, glistening rods melting at 123-124°,

. Anal. Caled. for CiH;3BrO: C, 63.36; H, 4.92.
Found: C, 63.40; H, 5.06.

C. The mononitro derivative of the fluorenol was pre-
pared by the dropwise addition of concentrated nitric acid
to an acetic acid solution of the fluorenol. The product
was precipitated by the addition of water and purified by
distillation, followed by crystallization from alcohol. The
pure product was obtained as fine, yellow needles which
melted at 136°,

Anal, Caled. for CisHi:NO;: C,
Tound: C, 71.77; H, 58.

71.34; H, 5.62.
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D. The benzeneazo derivative of the fluorenol was pre-
pared by adding a solution of benzenediazonium chloride
to a cold solution of the fluorenolin 10%, sodium hydroxide.
The product was precipitated by the addition of water and
purified by crystallization from dilute alcohol. It was ob-
tained as short, ruby red, prismatic rods which melted at
119.5-120.5°.

Anal. Caled. for CuHisN,O: C, 80.44; H, 6.14; N,
854, Found: C, 80.57; H, 6.20; N, 8.60.

Oxidation of 4-Hydroxy-1,9,9-trimethylfiuorene (V).- -
A solution of 3.0 g. of potassium permanganate in 75 cc. of
water was added to a suspension of 0.3 g. of the fluorenol in
50 cc, of hot water. The niixture was heated on thc
steam-bath for seven hours, then cooled and the excess per-
manganate removed with sulfurous acid. The solution
was filtered from suspended impurities and thoroughly ex-
tracted with ether. On evaporation of the ether, a residue
of 0.03 g. of partially crystalline material melting at about
100° was obtained. This was crystallized from water for
analysis,

Anal. Caled. for C;;H1204: C, 63.43; H, 5.81.
C, 83.42; H, 5.76.

a,e-Dimethylhomophthalic acid (IX), the product of the
above oxidation, is obtained more readily by oxidation of
the methyl ether (VIII), below. The products from both
oxidations are identical and agree with the description
given by Gabriel.? On slow heating the acid melts at
about 114°, on rapid heating it melts at 123°. Melting is
accompanied by the evolution of gas due to anhydride
formation and the melt, on cooling, solidifies and remelts at
81-82°, the melting point of e«,a-dimethylhomophthalic
anhydride.? A small amount of the acid was melted, then
distilled at 2 mm. and the anhydride thus formed, which
melted at 81-82°, was analyzed.

Anal. Caled. for C1iH1005: C, 69.44; H, 5.30.
C, 69.57; H, 5.14,

Oxidation of 4-Methoxy-1,9,9-trimethylfiuorene (VIII).
—A solution of 5.6 g. of potassium permanganate in 350 cc.
of water was added to a suspension of 3.5 g. of the ether
(VIII) in 80 cc. of boiling water. The mixture was boiled
for twelve hours, during which time all the permanganate
was reduced, then cooled and filtered from the manganese
dioxide. The manganese dioxide was washed with water
and extracted with ether. From the ether, 2.5 g. of slightly
impure starting material was recovered.

The filtrate and water washings were combined and acidi-
fied with hydrochloric acid. The white, flocculent precipi-
tate of the methoxy acid (X) was filtered and dried. It
melted at 229-233°, and weighed 0.25 g. For analysis the
material was crystallized from acetic acid. The pure
product melted at 233-234°.

Anal. Caled. for Ci7H;605:  C, 76.12; H, 5.97; OCHj,,
11.57. Found: C, 75.84; H, 5.90; OCH;, 11.36.

The acidified filtrate from the methoxy acid (X) was
evaporated to dryness and the residue extracted with ether.
On evaporation, the ether left 0.5 g. of a mixture of oil and
solid which was dissolved in a small volume of warm water,
filtered from a little undissolved material, and concentrated
at room temperature. The solid which crystallized from
this concentrated solution was recrystallized in the same

Found:

Found:

(4) Gabriel, Ber., 20, 1198 (1887).
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way and proved to be identical with the a,a-dimethyl-
homophthalic acid (IX) obtained from the oxidation of the
fluorenol (V), above.

Conversion of 1-Carboxy-4-methoxy-9,9-dimethylfiuo-
rene (X) to 4-Hydroxy-9,9-dimethylfluorene (XI).—When
100 mg. of the methoxy acid (X) was boiled for seven
hours with 3 cc. of constant-boiling hydriodic acid, a clear
oil formed which solidified on cooling. The solid was
crystallized twice from petroleum cther and then melted
at 90-91°,

Anal. Caled. for Ci;Hi;O: C, 85.67; H, 6.72.
C, 85.47; H, 6.81.

The fluorenol (XI) is identical with tlic material ob-
tained by the fluorenol ring closure from 2-hydroxy-2'-«a-
hydroxyisopropylbiphenyl (XII). Two and one half
grams of the carbinol (XII), prepared according to Cahn,!
was heated in a sealed tube for twenty-four hours at 200°
with 20 cc. of "acetic-hydrochloric acid mixture.” The
reaction was worked up as in the preparation of the fluo-
renol (V), and furnished 1.2 g. of distilled product. On
crystallization from petroleum ether the fluorenol (XI)
melted at 90° and did not depress the melting point of the
product from the methoxy acid (X).

Formation of 9,9-Dialkylfluorenes from Dialkyl-o-
xenylcarbinols.—Dimethyl-o-xenylcarbinol (VI, R =
CH;) and dibenzyl-o-xenylearbinol (VI, R=CsH;CH.:)
were prepared from 2-carbomethoxybiphenyl!®and the cor-
responding Grignard reagents. Dimethyl-o-xenylcarbinol
crystallizes from ligroin in fine needles melting at 73°.

Anal. Caled. for C;;Hi1s0: C, 84.85; H,7.60. Found:
C, 84.81; H, 7.32. Dibenzyl-o-xenylcarbinol crystallizes
from methanol and melts at 98-98.5°. Anal. Caled. for
CorHpO:  C, 88.96; H, 6.64. Found: C,89.04; H, 6.61.

When 2.3 g. of dimethyl-o-xenylcarbinol was heated in a
sealed tube at 200° for twenty-four hours with 20 cc. of
"acetic-hydrochloric acid mixture,” 2.2 g. of 9,9-dimethyl-
fluorene (VII, R==CH,;) crystallized on addition of ligroin
to the oily reaction product. The crude material was dis-
tilled, then crystallized from ligroin. It consisted then of
needles which melted at 71° Apparently this was an
unstable form of the hydrocarbon for, on standing, the

Found:

(10) Graebe and Rateanu, Ann., 379, 257 (1804).
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melting point rosc to 94°, Ou further crystallization the
melting point was raised to 95~96°, the value reported in
the literature,!!

Anal. Caled. for Ci;Hia:
C, 92.81; H, 7.35.

9,9-Dimethylfluorene agrees in its properties with the
description given by Lebeau and Picon.!! It does not re-
duce permanganate nor is it affected by cold concentrated
sulfuric acid. In fact the simplest way of preparing fluo-
rene is by treating dimethyl-o-xenylcarbinol with sulfuric
acid. On addition of concentrated sulfuric acid to the
carbinol, the material became oily, then resolidified. The
product, obtained in quantitative yield on diluting with
water, was 9,9-dimethylfluorenc, melting at 94-95°.

When dibenzyl-o-xenylcarbinol was treated with cold
sulfuric acid no reaction took place. On warming, how-
ever, the carbinol became oily, then resolidified. The 9,9-
dibenzylfluorene, obtained by diluting the reaction mixture
with water, melted at 148-149°, and was identical (mixed
m. p.) with a sample prepared from the potassium deriva-
tive of fluorene with benzyl chloride.!? Dibenzyl-o-
xenylcarbinol was not heated with "acetic-hydrochloric
acid mixture.”

C, 92.75; H, 7.25. Found:

Summary

When 2,6,6-trimethyldibenzopyran is heated
with hydrochloric and acetic acids the product is
4-hydroxy-1,9,9-trimethylfluorene and uot 2-hy-
droxy-5-methylbiphenyl. It
is shown that dialkyl-o-xenyl- C{I
carbinols can be dehydrated .
to form 9,9-dialkylfluorenes, Q Q
that carbinols of the type CH;—C—OH
can be dehydrated to form (I‘,H5
either dibenzopyrans or 4-
hydroxy-9,9-dialkylfluorenes, and that the pyran
ring closure is reversible.

Frusuing, N. Y. RECEIVED APRIL 25, 1941

(11) Lebeau and Picon, Compl. rend., 173, 84 (1921).
(12) Weissgerber, Ber., 84, 1660 (1901)



