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of white solid, m.p. 94.5-95.5°. It was insolublc in aque-
ous base and gave a precipitate with 2,4-dinitrophenvihy-
drazine reagent.!® Oxidation by the method used on the
above dimer gave terephthalic acid in 509, yield. The
molecular weight by the benzene freezing point method was
found to be 520; calculated for the trimer VI is 564.

Anal. Caled. for C;3H0;5: C, 82.93; H, 8.57. Found:
C, 82.78; H, 8.94.

A higher-dilution technique, similar to that of Hedden
and Brown,? gave an extremely low yield of carbon disulfide
soluble material. The main product was a paper-like mate-
rial, which burued with a smoky flame and left a residue.

High-dilution Friedel-Crafts Reaction of 8-Phenyloctan-
oyl Chloride.—By the general procedure, 4.5 g. of 8-phenyl-
octanoyl chloride in 500 ml. of carbon disulfide was added
i1t four days to 6 g. of aluminum chloride in 200 ml. of car-
bon disulfide. After decomposition of the reaction mix-
ture, only a very small amount of a solid was recovered from
the organic layer, m.p. 92-116°. After one recrystalliza-
tion, a few mg., m.p. 125-130°, was obtained. No further
characterization was made.

High-dilution Friedel-Crafts Reaction of 10-Phenyl-
decanoyl Chloride; VII and VIII.—The same general pro-
cedure was used, except that the acid chloride was not dis-
tilled because of extensive decomposition during distillation.
A solution of crude 10-phenyldecanoy! chloride (made from
the reaction of thionyl chloride with 49 g. of 10-phenyl-
decanoic acid) in 3 liters of carbon disulfide was added in 14
days to 50 g. of aluminum chloride in one liter of carbon
disulfide. Three-fourths of the carbon disulfide was re-
moved by distillation and the residual mixture decomposed
with 2.5 liters of dilute hydrochloric acid. The organic
laver, after separation from the water layer and from a large
amount of light brown solid, was distilled to remove carbon
disulfide. The liquid residue (6.4 g.) was distilled in a
modified Claisen flask. The distillate, b.p. 158-163° (3
inm.), was a lieavy oil which soon solidified in the receiver,
vield 1.23 g. (3.19;). After several recrvstallizations from
methanol-hexanol, plates, m.p. 91-92°, were obtained.
The compound was insoluble in base and gave an orange
precipitate with 2,4-dinitrophenvlhydrazine reagent.!®

Using the procedure outlined for the oxidation of V, 100
mg. of the ketone vielded 30 mg. (70% yield) of terephtlalic
acid, identified by its infrared spectrum. The mol. wt. of
VII by freezing point depression of benzene was 225; cal-
culated for a mononieric ring closure product is 230.

Anal. Caled. for CieHO: C, 83.42; H, 9.63. Fouud:
C, 83.27, 83.82; H, 9.22,9.39.

The residue from the above distillatiot was extracted witl
wiethanol to give 290 mg. (0.7% vield) of a material which

R. C. Fusox, W. D, ExMONS AND (. W, PARSIIALL

Vol 76

ou repcated recrystallization fromt methanol melted at 83—
83.5°. It was insoluble in aqueous sodium hydroxide and
formed a1 orange precipitate with 2,4-dinitrophenylhydra-
zine reagent.!® Tlie mol. wt. by the betizene freezing poiut
inethod was 491; calculated for dimeric diketoie is 460.
Oxidation with basic permanganate, as performed ou com-
pound V, gave a 509, yield of terephthalic acid, identified
by its infrared spectrum.

Anal. Caled. for C;Hy 00t C, 83.42; H, 9.63. Found:
C, 83.72; H, 10.00.

Beckmann Rearrangement of 1,2-Benzocyclogctene-1-
one-3,—A solution of the oxime (86 mg.) in 10 ml. of 859,
sulfuric acid was kept at 40° for 12 days. The solution was
diluted with water and extracted with ether. The ether
extract vielded only a trace of acidic material and 48 mg.
(55%) of neutral product, m.p. 116-120°. After two re-
crystallizations from aqueous alcohol it melted at 132-134°;
vield 35 mg. The infrared spectrum corresponded to that
of a lactam. The compound was hydrolyzed by refluxing
in 209% hydrochloric acid (5 ml.) and alcohol (2 ml.).
There was obtained an amphoteric product which was di-
azotized with hydrochloric acid and sodium nitrite at 0°.
A portion of the clear solution obtaiited gave off a gas and
deposited a precipitate when warmed to room temperaturc.
Another portion gave an immediate red-orange precipitate
with a solution of 8-naphthol in 109, sodium hydroxide.

The /-Menthydrazone of 1,2-Benzocyclodctene-1-one-3.—
By the general method of Woodward, Kohman and Harris,?
2,3-benzocyclodetene-2-one-1 (10.6 g.) and I-menthydra-
zide (13 g.) yielded an oil which solidified in two days, m.p.
60-90°, No definite separation of diastereoisomers could
be discerned after several recrystallizations from ligroin
(b.p. 70-90°) and 809, isopropyl alcohol. Tlie melting
points of crystals obtained varied from 75 to 125° with
most melting between 115 and 117°. Several such frac-
tions, which gave C and H analyses that checked approxi-
mately for the menthydrazone, varied in [« from
-—31.5° for the lowest melting fraction (75-80°) to —38.7°
for the highest melting fraction (120-125°).

In a mutarotation experiment, a sample of the 120-125°
melting fraction (0.25 g.) was heated to reflux in 10 ml. of
ligroin (b.p. 70-90°) for 48 hours. The product recovercd
by evaporation of the solvent was dried in a Fischer drying
pistol over paraffin and phosphorus pentoxide. It was dis-
colored (indicating possible decomposition) and melted at
110-112°, [o]®p —28.9°.

(253) R. B. Woodward, T, P.
JourNaL, 63, 120 (1941),

Kohtnan and G. C. Huarris, Tuts
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Reactions of Grignard Reagents with p-Duroylphenol

By RevyNoLp C. Fuson, WiLLiaM D, EMMoONS! AND GEORGE W, PARSHALL’®
RECEIVED JUNE 11, 1954

p-Duroylphenol condenses readily with ¢-butylmagnesium chloride to give a product which can be isolated in either of the

two tautomeric forms IV and V (in text) by the correct choice of solvent for recrystallization.
in the keto form, is obtained when the f-amyl reagent is employed.

A similar product, isolated
Under the influence of the ¢-alkyl reagents the methyl

ethers of the enol forms of these compounds undergo displacement of the methoxyl group by the hydrocarbon radical of the

reagent.

The phenoxide ions I derived from p-acylphen-
ols are vinylogs of the corresponding carboxylate
ions and, except that they involve aromatic rings,
are closely analogous to the 1,5-diarylpentadienolo-
nates (II).? The analogy implies that the phenox-
ide ions I are vulnerable to nucleophilic attack at a
position ortho to the keto substituent. We have been

(1) Rohm and Haas Fellow, 1848-1850; Socony—Vacuum Oi] Com-

pany Fellow, 1850-1951.

(2) National Science Foundation Fellow, 1952—-1953; Allied Cheml-

cal and Dye Fellow, 1853—-1954.
(3) R. C, Fuson and L. R. Melby, THIS JoURNAL, 75, 5402 (1933).

0 o o ;

I RC—Ce=CH—CH=C => RC-zC»wCH-wCH-;C
CH=CH CH==CH
0 0- 0- 0

j | !
II ArC—CH=CHCH=CAr <> ArC=CHCH=CHCAr
able to verify this prediction experimentally by
treating p-duroylphenol (III) with Grignard rea-

gents.
This hydroxy ketone reacts with {-butylmague-
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sium chloride to give G-f-butyl-4-keto-1-cyclohex-
enyl duryl ketone (IV) in a yield of 75%,.

DurC=0 DurC=0 DurC—0O-~
| |
— <> —
| I
OH O~ O
111
Dur([:,—O“ DurC=0
CHC(CH,); 7 NCHC(CHa)s
—_— (__’
CH,
| Y
o~ O
v
DurC==0

7/ NCHC(CHjs)
K\ CH,

(

OH

v

The diketone, recrystallized from high-boiling
petroleum ether, is colorless and melts at 158.5—
159°. However, when the recrystallization solvent
is methanol or ethanol, the enolic tautomer, 2-i-
butyl-4-hydroxy-2,3-dihydrophenyl duryl ketone
(V) (m.p. 173-173.5°), is produced. These tauto-
mers are stable in the solid state and are readily
interconvertible. The enol, obtained by recrystal-
lizing the diketone from polar solvents, can be re-
converted to the diketone simply by recrystalliza-
tion from non-polar solvents such as benzene or pe-
troleumether. Prolonged boiling with the non-polar
solvent is necessary since the enol appears to be
only slightly soluble in such media. This observa-
tion is similar to that of Russell on the 3-ketoni-
triles.* As would -be expected, either form will
serve in the preparation of derivatives such as the
oxime of the diketone and the acetate of the enol.
This example of tautomerism is remarkable, espe-
cially because the enol cannot be chelated.

It is interesting that, whereas esterification of
duroic acid is not effected by the Victor Meyer
method, its vinylog, the enol V, undergoes etherifi-
cation under these conditions. Heating with metha-
nol in the presence of hydrogen chloride suffices to
convert the enol to its niethyl ether VI, which in
turn is a vinylog of an ester. The enol ether is sa-
ponified by aqueous sodium hydroxide, the salt of
the enol being formed.

DurC—O DurC=0
(\CHC(CH RMgCl (7 NCHC(CHy),
V —> —_— |
\ CH2 §\/CH2
OCH;
VI VII, R = t-butyl
VIII, R = f-amyl

The f-butyl Grignard reagent reacts with this
ether VI to give a product in which the methoxyl

(4) P. B. Russell, Tuis JourNAL, T4, 2654 (1952).
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group has been replaced by the alkyl radical of the
reagent. This reaction establishes the structures of
the compounds involved since the product, 2,4-di-
{-butyl-2,3-dihydrophenyl duryl ketone (VII) was
previously prepared by the addition of ¢-butylmag-
nesium chloride to p-i-butylphenyl duryl ketone.?
The replacement of the methoxyl group by f-amyl-
magnesium chloride gives 4-f-amyl-2-t-butyl-2,3-
d1hydropheny1 duryl ketone (VIII).

t-Amylmagnesiup chloride reacts with p-duroyl-
phenol in much the same manner as the {-butyl re-
agent to give 6-t-amyl-4-keto-1-cyclohexenyl duryl
ketone (IX). Like the ¢-butyl analog, this ketone
gives a methyl enol ether X when treated with
methanol and hydrogen chloride. Displacement
of the methoxyl group by t-butylmagnesium chlo-
ride gives 2-t-amyl-4-t-butyl-2,3-dihydrophenyl du-
ryl ketone (XI).

DurC=0 DurC=0 DurC O
‘/ CHGC;Hy /KCHcaHn CHC;,Hu
I — | —
R/CHz \ /CH: CH2
|
o) OCH, C(CH;
IX X XI

Reactions involving the condensation of a Grig-
nard reagent with a vinylog of a carboxylate ion
have been reported several times previously. In
the earliest example, Zelinsky noted that only one
mole of methylmagnesium iodide condenses with
acetylacetone whereas two moles combine with bi-
acetyl or acetonylacetone.® Most of the later ex-
amples also deal with the action of Grignard rea-
gents on enolic 1,3-diketones. The reaction of
Grignard reagents with dibenzoylmethane was
studied by Smedley,” by Vorldnder, Osterburg and
Meye8 as well as by Kohler and Erickson.? The in-
vestigation of the reaction of methylmagnesium
iodide with benzoylmesitylene was carried out by
Kohler and Barnes.!® The enolic cyclic diketones,
dimedone and dihydroresorcinol, have been shown to
react with Grignard reagents in a manner com-
pletely analogous to that observed with carboxylic
acids.'1?  The 1,4-addition of phenylmagnesium
bromide to 4,7-dihydroxy-2,3-diphenylindone!® may
also be interpreted as a reaction of a Grignard rea-
gent with a vinylog of a carboxylate ion, and is the
only previous case in which the effect has been ob-
served in an aromatic system.

Experimental'4

#-Duroylphenol.—A solution of 85.3 g. of anisoy! chlo-
ride aud 67.0 g. of durene in 300 ml. of carbon disulfide was
stirred vigorously while 73.0 g. of anhydrous aluminum
chloride was added at a rate sufficient to produce gentle re-
fluxing. The mixture was stirred at room temperature for

(3) R. C. Fuson, W. S. Friedlander and G. W. Parshall, ib:d., 76,
5119 (1954).

(6) N. Zellnsky, Ber., 85, 2138 (1802).

(7) 1. Smedley, J. Chem. Soc., 97, 1493 (1910).

(8) D. Vorlander, J. Osterburg and O. Meye, Ber., 56, 1136 (1923).

(8) E. P. Kohler and J. L. E. Erickson, TrHIs JournaL, 58, 2301
(1831).

(10) E. P. Kohler and C. E. Barnes, ibsd., 56, 690 (1933).

(11) G. F. Woods, fbid., 89, 2549 (1947).

(12) G. F. Woods and I. W. Tucker, ¢bid., 70, 2174 (1948).

(13) C. F. Koelsch and E. J. Prill, 1bid., 67, 1299 (1945).

(14) All melting points are corrected.
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one hour after the completion of the addition and poured
into 1.5 1. of water, with vigorous stirring. A large amount
of solid product was collected by filtration. The organic
layer of the filtrate was removed, dried over sodium sulfate
and freed of solvent by evaporation. The residue was com-
bined with the crude anisyl duryl ketone. Recrystalliza-
tion from benzene gave white cubical crystals, m.p. 143~
144°, yield 122 g. (90%,).

A solution of the anisyl dury! ketone in a mixture of 400
ml. of glacial acetic acid and 240 ml. of 489, hydrobromic
acid was boiled under reflux for 18 hours and poured into
cold water. The p-duroylphenol crystallized from benzene
in white needles; m.p. 200-202°,% yield 87 g. (80%).

The Addition of +-Butylmagnesium Chloride to p-Duroyl-
phenol.—The Grignard reagent was prepared from 6.0 g.
(0.25 gram-atom) of magnesium and 28.0 g. (0.30 mole) of
t-butyl chloride in 75 ml. of ether. 'When a solution of 12.8
g. (0.05 mole) of p-duroylphenol in 125 ml. of hot benzene
was added, the reaction mixture became deep red. After
being heated with stirring for one hour, the solution was
poured into cold dilute hydrochloric acid. The organic
layer was dried over sodium sulfate and freed of solvent by
evaporation., Crystallization of the residual red oil was in-
duced by addition of high-boiling petroleurn ether. After
two recrystallizations from this solvent, the 6-f-butyl-4-
keto-1-cyclohexeny! duryl ketone (IV) was colorless, m.p.
158.5-159°, yield 11.7 g. (75%).

Anall® Caled. for CuHp0y: C, 80.73; H, 9.03. Found:
C, 80.89; H, 8.97.

The infrared spectrum!” of this compound contains ab-
sorption bands assignable to a hindered conjugated carbony!
group (1661 cm. ™), to a cyclic ketone (1718 cm. ™) and to a
conjugated ethylenic double bond (1631 cm.™1).

Reactions of the Diketone (IV). (a) Enolization.—Re-
crystallization of the diketone from aqueous ethanol con-
verted it quantitatively to the corresponding enol, 2-f-butyl-
4-hydroxy-2,3-dihydrophenyl! duryl! ketone (V), which pre-
cipitated as light yellow crystals; m.p. 173-173.5°. The
infrared spectrum of the enol contains bands assignable to a
hindered conjugated carbonyl group (1654 cm.™!), to a
hydroxyl group (3238 cm.™!) and to conjugated ethylenic
double bonds (1610 cm. ™).

Anal. Caled. for CaHygOs: C, 80.73; H, 9.03. Found:
C, 80.87; H, 9.01.

Prolonged boiling was required to dissolve the enol in
high-boiling petroleum ether, but when this solution was
cooled, white crystals of the diketone precipitated. The
melting point and the infrared spectrum of this specimen
were identical with those of the original diketone.

(b) Enol Acetate Formation.—A solution of 0.5 g. of the
diketone (or the enol) in 2 ml. of acetic anhydride aud 5 ml.
of pyridine was heated for 10 minutes and poured into cold
water. The enol acetate, which separated as a red oil,
crystallized from aqueous methanol in light yellow needles,
m.p. 115.5-116.5°.

Anal, Caled. for CosHyO;: C, 77.93; H. 8.33.
C, 78.17; H, 8.60.

(¢) Ozxime Formation.—A solutiont of 0.3 g. of tlhe dike-
tone (or the enol) and 0.3 g. of hydroxylamine hyvdrochlo-
ride in 2 ml. of ethanol and 2 ml. of pyridine was heated
under reflux for 2 hours. The solveuts were distilled, and
the residue was washed with water and recrystallized froin a
mixture of benzene and high-boiling petroleumn etiier. Al-
though the solution was green, the crystals which forined
were colorless and melted sharply at 205.5-206°.

Anal. Caled. for CaHxuNO,: C, 77.02; H, 8.93; X\,
4.28. Found: C, 77.29; H, 9.14; X\, 4.25.

The infrared spectrum of the oxiute contaius bands as-
signable to a hindered conjugated carbouyl group (1660
cm. ™), to a cyclic ketoxime (1630, 3269 cin.™!) aund to a
conjugated ethylenic double boud (1606 cimn. ).

(d) Enol Ether Formation.—A solution of 19.0 g. of the
diketone in 500 ml. of 29, methanolic liydrogen chloride was
boiled under reflux for 2 hours. Water was then added and

Found:

(15) R. C. Fuson and W. D. Emmons, THis JoURNAL, 73, 5175
(1951).

(16) The microanalyses were performed by Miss Emily Davis, Mrs.
Esther Fett, Mrs. Katherine Pih and Mr. Joseph Nemeth.

(17) The infrared spectra were observed and interpreted by Miss
Helen Miklas,
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the solution was cooled uitil a solid precipitated. The 2-¢-
butyl-4-methoxy-2,3-dihydrophenyl duryl ketone (VI) crys-
tallized from aqueous methanol in light yellow crystals;
m.p. 160-161°, yield 16 g. (80%).

Anal. Caled. for CpoHypOp: C, 80.93; H, 9.26.
C, 81.10; H, 9.23.

The infrared spectrum contained absorption bauds as-
signable to a hindered conjugated carbonyl group (1624
cm. ™) and to a system of conjugated ethylenic double bouds
(1551 em. ™).

Saponification of the Enol Ether.—A solution of 0.5 g. of
2-t-butyl-4-methoxy-2,3-dihydrophenyl duryl ketone in 25
ml. of ether was vigorously shaken with 25 ml. of 10%
aqueous sodium hydroxide for 10 minutes. The aqueous
layver, which became intensely yellow, was acidified with cou-
centrated hydrochloric acid and extracted with ether.
Evaporation of the ether extract left a yellowish-orange
residue which was recrystallized from methanol that had
been freed of oxygen by prolonged boiling. The yellow
crystals of the euol melted at 172.5-173.5°.

The Addition of -Amylmagnesium Chloride to p-Duroyl-
phenol.—A solution of 25.6 g. (0.1 mole) of p-duroylphenol
inn 200 ml. of benzene was added rapidly to a Grignard re-
ageut prepared from 12.0 g. (0.5 gram-atom) of magnesium
and 75 ml. (0.6 mole) of -amy! chloride in 150 ml. of ether.
The resulting deep red solution was heated, with stirring,
for 30 minutes and poured into cold dilute hydrochloric acid.
The organic layer was dried over sodium sulfate, and the sol-
vent evaporated. The crude 4-keto-6-f-amyl-1-cyclohex-
enyl duryl ketone (IX), when recrystallized repeatedly from
high-boiling petroleum ether, formed small white needles,
m.p. 123-125°, yield 16.0 g. (50%,).

Anal. Caled. for CeH;00.: C, 80.93; H, 9.26. Found:
C, 80.69; H, 9.24.

The infrared spectrum of this compound contains bands
assigiable to a hindered conjugated carbonyl group (1656
cm. ™) to a cyclic ketone (1708 cm.™!) and to a conjugated
ethylenic double bond (1630 ecm. ).

2-i-Amyl-4-methoxy-2,3-dihydropheny! Duryl Ketone (X).
—A solution of 4.0 g. of the t-amy! adduct in 125 ml. of 10%
niethaniolic hydrogen chloride was boiled under reflux for
2 lours aud poured into cold water. The mixture was
stirred thoroughly and extracted with ether. The crude
2-t-amyl-4-methoxy-2,3-dihydrophenyl duryl ketone, ob-
tained by evaporation of the solvent, crystallized from ace-
tone in transparent cubes; m.p. 120.5-121°, yield 3.5 g.
(80%).

Anal. Caled. for Cp3H30.: C, 81.13; H, 9.47.
C, 81.28; H, 9.35.

Tle infrared spectrum of the enol ether contains bands
assignable to a hindered conjugated carbonyl group (1625
cnt. 7Y and to a system of conjugated ethylenic double bonds
(1548 cu1.7hy,

The Reaction of Grignard Reagents with the Enol Ethers
of the Adducts. (a) 4-f-Amyl-2-t-butyl-2,3-dihydropheny!
Duryl Ketone.—The {-amylmagnesium chloride reagent
was prepared from 0.48 g. of magnesium and 2.7 g. of ¢-
amyl chloride in 15 ml. of ether. A solution of 1.6 g. of the
enol ether of the #-butyl adduct in 15 ml. of benzene was
added rapidly. The bright red solution was stirred at room
teniperature for 45 minutes and poured into cold dilute hy-
drochloric acid. The organic layer was washed with water,
dried over sodium sulfate and freed of solvent by evaporation.
The red oil thus obtained was fractionally crystallized
from aqueous methanol. The first fraction was a red vis-
cous tmaterial which distilled at 190° (0.5 mm.) to give a
vellow glassy solid, insoluble in organic solvents. The
sccond fraction was 4-f-amyl-2---butyl-2,3-dihydrophenyl
duryl ketote; it crystallized from aqueous methanol in
colorless needles, m.p. 143-144°, yield 0.9 g.

Anal.  Caled. for CysH30: C, 85.19; H, 10.45.
C, 85.36; H, 10.50.

The infrared spectrunt of this compound contains bands
assignable to a hindered conjugated carbonyl group (1639
cm. ™) and to a system of conjugated ethylenic double bonds
(1560 cm. ™).

(b) 2-t-Amyl-4-t-butyl-2,3-dihydrophenyl Duryl Ketone
(XI).—To the ¢{-butylmagnesium chloride reagent, prepared
from 0.48 g. of maguesium and 2.3 g. of {-butyl chloride in
15 ml. of ether, was added a solution of 1.7 g. of thc enol
methyl ether of the i~amyl adduct in1 15 ml. of benzene. The

Found:

Found:

Found:
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reaction was then carried out exactly like that with the enol
ether of the f-butyl adduct. As in that experiment, the
second fraction obtained in the crystallization from aqueous
methanol was a solid which took the form of colorless
1eedles after repeated recrystallization from methanol.
Further purification was effected by sublimation at 165°
(0.3 mm.). The melting point of the pure 2-t-amyl-4-¢-
butyl-2,3-dihydrophenyl duryl ketone is 115-116°, yield
0.5 g. (23%).

Anal. Caled. for CpsH3s0: C, 85.19; H, 10.45. Found:
C, 85.05; H, 10.48.

The infrared spectrum of this compound contains bands
assignable to a hindered conjugated carbonyl group (1642
cm.~!) and to a system of conjugated ethylenic double bonds
(1567 cm. ™).

(¢) 2,4-Di-t-butyl-2,3-dihydrophenyl Duryl Ketone.—To a
t-butylmagnesium chloride reagent, prepared from 0.72 g.
of magnesium and 4.0 ml. of {-butyl chloride in 25 ml. of
ether, was added a solution of 3.25 g. of the enol methyl
ether of the f-butyl adduct in 40 ml. of benzene. After
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being stirred for 3 minutes, the reaction mixture was de-
composed with cold dilute hydrochloric acid. The organic
layer was dried over magnesium sulfate and the solvents
were evaporated. The residue was fractionally crystal-
lized from aqueous methanol. The initial fractions con-
sisted of unchanged starting material and a red oil, but 1.2
g. of yellow solid precipitated in the following fractions.,
After sublimation at 130-140° (0.04 mm.), the 2 4-di-t-
butyl-2,3-dihydrophenyl duryl ketone crystallized from
methanol as fine colorless needles which melted at 129.5-
130.5°, vield 0.8 g. (229%,). A mixed melting point with an
authentic sample, prepared by adding {-butylmagnesium
chloride to p-t-butylphenyl duryl ketone, was not depressed.

Anal., Caled. for CysH30: C, 85.17; H, 10.29, Found:
C, 85.31; H, 10.49.

The infrared spectrum contains bands at 1645 and 1574
cm. ! assignable to a hindered conjugated carbonyl group
and a system of conjugated ethylenic double bonds, respec-
tively.

UrBANA, ILLINOIS
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{-Butyl as a Blocking Group in the Synthesis of o-Hydroxybenzophenones

By MARsHALL KULKA
RECEIVED MAY 28, 1054

A method has been developed for the synthesis of o-hydroxybenzophenones (VIII) utilizing {-butyl as a blocking group.
p-t-Butylanisole was condensed with various aroyl chlorides to yield a series of 2-methoxy-5-t-butylbenzophenones (VI).
These were then simultaneously de-f-butylated and demethylated to VIII in high yields by prolonged heating in benzene

solution with four moles of aluminum chloride.

Milder conditions, which preferentially de-t-butylated p-t-butylphenoxy-

ethanol (I) to phenoxyethanol (II), caused only the demethylation of VI to 2-hydroxy-5-t-butylbenzophenones ( VII).

The migration of the alkyl and especially the ¢-
butyl group is a well-known phenomenon. Poly-t-
butylbenzenes are dealkylated to #-butylbenzene
when heated in benzene solution with aluminum
chloride.! The Friedel-Crafts reaction between p-
di-t-butylbenzene and acetyl chloride occurs after
partial dealkylation to form p-t-butylacetophenone
in 729 yield.? Smith has reported that heating
under reflux a benzene solution of one mole of p-i-
butylphenol with two-thirds of a mole of aluminum
chloride resulted in a mixture of phenol and ¢-bu-
tylbenzene.®? A similar migration of the f-butyl
group to a foreign nucleus occurs with p-t-butyl-
phenoxyethanol (I) which under conditions similar
to those used by Smith gives phenoxyethanol (II)
in 789 yield and ¢-butylbenzene (II1) in 509, yield
(see Experimental). p-i-Butylanisole can be con-
verted to anisole with aluminum chloride and di-
rectly to phenol with hydriodic acid.*

[)v(CH3)3CC5HﬁOCH2CHQOH + CsHs —
I

CeH;OCH,CH,OH + (CH;);CCeHs
II III

The ease of elimination of the {-butyl group from
an aromatic nucleus suggested its use as a blocking
group in substitution reactions. In the Friedel-
Crafts reaction with aroyl chlorides, anisole is at-
tacked at the ortho and para positions to form a mix-

(1) E. Boedtker and O. M. Halse, Bull. soc. chim., 19, 444 (1916);
C. A., 11, 938 (1017).
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ture of o- and p-hydroxybenzophenone with the
latter predominating. In order to prepare ex-
clusively o-hydroxybenzophenone, it would be nec-
essary to suppress the formation of the pare isomer
by first introducing a blocking group into the para
position of anisole and then removing it after the
Friedel-Crafts reaction. The purpose of this inves-
tigation was to evaluate the {-butyl as a blocking
group in the synthesis of o-hydroxybenzophenones.

A series of 2-methoxy-5-t-butylbenzophenones
(VI) (Table I) was first prepared by heating p-i-
butylanisole (IV) with the appropriate acid chloride
V in sym-tetrachloroethane as solvent and a trace
of zinc chloride. Then VI was treated with alumi-
num chloride under the conditions which sufficed
for the conversion of I to II and III but no de-t-
butylation occurred. Demethylation of VI to VII
was the only reaction as evidenced by the fact that
the resulting product was difficultly alkali-soluble
and yielded the starting material VI on methylation
with dimethyl sulfate. No de-t-butylation could be
effected in boiling benzene nor boiling toluene.
Simultaneous de-{-butylation and demethylation to
VIII was achieved finally by heating VI with four
moles of aluminum chloride in benzene solution at
65-70° for 45 hours. Under the same conditions
VII yielded VIII.

The fate of the t-butyl group has not been estab-
lished definitely. In contrast to the formation of
t-butylbenzene (III) during the de-f-butylation of
I under the milder conditions, the formation of an
alkali-insoluble higher-boiling liquid mixture ac-
companies the de-t-butylation of VI and VII to
VIII under the prolonged treatment. It must be
presumed that this higher-boiling by-product is



