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ing fraction (0.4 g., b.p. 190-210°/0.05 mm.) or from the
dark brown distillation residue.

Fourth experiment. A solution of 5.3 g. (0.05 mole) of
benzaldehyde in 15 ml. of tetrahydrofuran was added drop-
wise, over a period of 3 hr., to a stirred solution of 0.050 mole
of triphenylsilyllithium in the same solvent. Heat was
evolved during the addition, and the solution gave only a
weak Color Test I8 after the addition was complete. Subse-
quent to hydrolysis with dilute acid and addition of ether,
the mixture was filtered to give 7.92 g. (62%) of hexaphenyl-
disilane, m.p. 355-358°. The organic layer of the filtrate
was worked up in the same manner as in the third experi-
ment. There was obtained 3.2 g. (58%) of 1,2-dihydroxy-1,2-
diphenylethane, m.p. 105-117° (mixture of isomers, identi-
fied by their infrared spectrum), and 0.6 g. (4.1%) of benzyl-
oxytriphenylsilane, m.p. 83-84°, identified by & mixed melt-
ing point. No crystalline compound was isolated from the
distillation residue.

When in two more experiments, benzaldehyde was added
rapidly to triphenylsilyllithium (1:1 ratio), hexaphenyl-
disilane was isolated in 21 and 409, yields, respectively.

Reactions of triphenylsilylpotassium.' A. With benzalde-
hyde. A solution of 2.1 g. of benzaldehyde in 20 ml. of ether
was added rapidly to 0.02 mole of a triphenylsilylpotassium
suspension in ether in which the excess of alloy had been
removed by amalgamation.’® Some heat was evolved during
the addition. After 48 hr. of stirring, the brown mixture was
hydrolvzed and filtered to separate 2.6 g. (77%) of tetra~
phenylsilane, m.p. 232--234° (mixed m.p.). From the ethereal
solution there was obtained a solid residue, melting over the
range 85-125°. Several recrystallizations from ethanol gave
0.34 g. (169%) of 1,2-dihydroxy-1,2-diphenylethane, m.p.
138-139° and 0.6 g. (119%;,) of triphenylsilanol, m.p. 150-151°,

The experiment was repeated using 1,2-dimethoxyethane
as the solvent. Under these conditions, a 777, yield of tetra-
phenylsilane was obtained.

B. With other carbonyl compounds. No addition products
have been isolated so far from the reaction of triphenylsilyl-
potassium with hexamethylacetone, Michler’s ketone,
benzalacetophenone, paraldehyde, and benzalaniline. From
the reaction of triphenylsiylpotassium with formaldehyde
the products were triphenylsilylmethanol* and a small
amount of a compound, m.p. 119-120°. The infrared spec-
trum of the compound indicated the presence of a carbonyl
group and aliphatic hydrogen in the molecule, and the ab-
sence of hydroxvl and Si—O groups. Duplicate analyses
gave 75.69 and 75.829, earbon and 5.70 and 5.67% hydro-
gen. The structure of this product has not yet been deter-
mined.

From the reaction of triphenylsilylpotassium with para-
formaldehyde, a compound was obtained, m.p. 128-130°,
Its infrared spectrum indicated the presence of a Si—O
grouping and the absence of —OH in the molecule. The
structure has not vet been established.

Anal. Found: C, 78.68, 78.58; H, 6.42, 6.29; Si, 9.82,

C. With di-p-tolylcarbinol. A solution of 2.1 g. (0.01 mole)
of di-p-tolylearbinol in 30 ml. of ether was added rapidly to
an amalgamated suspension of 0.02 mole of triphenylsilyl-
potassium'® in ether. After 48 hr. of stirring the reaction mix-
ture was hydrolyzed and filtered to separate 3.2 g. of in-
soluble residue. Two recrystallizations from benzene yielded
2.2 g. (659 of tetraphenylsilane,!t m.p. 233-235°. (mixed
m.p.). From the ethereal laver 0.5 g. (99%) of triphenyl
silanol was isolated, m.p. 148-150°.

Under corresponding conditions, the reaction of benzhy-
drol with triphenylsilylpotassium yielded 809, of tetra-
phenylsilane. !

(14) Experiments of T. C. Wu.
(15) H. Gilman and T. C. Wu, J. Org. Chem., 18, 753
(1953).
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Synthesis of 2-Isopropyl-4-methoxyphenol
NicorLas ZENKER? AND EUGENE JORGENSEN

Recetved February 23, 19569

Alkyl-4-methoxyphenols are important inter-
mediates in the synthesis of alkyl-substituted
thyroxine analogs. Although 2-isopropyl-4-meth-
oxyphenol has been reported,® its synthesis and
properties have not been described.

Using the conditions of Meyer and Bernhauer*
as well as lower temperatures, our attempts at
alkylation of 4-methoxyphenol with isopropyl
alcohol in the presence of sulfuric acid resulted
in a low yield (3%) of 2-isopropyl-4-methoxy-
phenol. Alkylation with isopropyl aleohol in the
presence of 859, phosphoric acid® yielded a mixture
from which pure 2-isopropyl-4-methoxyphenol, as
characterized by ultraviolet absorption spectra,
could not be separated by fractional distillation.

Because of the low yields and side reactions ob-
tained in acid-catalyzed alkylations, a more
specific synthesis of the compound and its 2-alkyl
congeners was sought. 4-Aminophenols have been
obtained from phenols by nitrosation and am-
monium sulfide reduction® or by coupling with
diazotized sulfanilic acid followed by sodium hy-
drosulfite reduction.” Oxidative hydrolysis of the
diazonium salts of aminophenols yielded quinones®
which have been reduced to hydroquinones with
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TABLE I
Y1eLDs AND PROPERTIES OF 2-ALKYL-4-METHOXYPHENOLS
Phenol 1,4-Quinone 1,4-Bydroquinone 4-Methoxyphenol
(Me = methyl, Yield, M.P., Yield, Yield, M.P. or
iP = isopropyl) % °C. % M.P., °C. % B.P., °C./mm.
2,3-diMe? 46 53-55° 79 219-220 (dec.)¢ 18 95-967
2,5-diMe 87 122-124°¢ 78 208—209{" 24 89-91¢ )
2-iP 60 34-36" 82 129-131° 40 136-141/127
2-iP, 5-Me 84 44-45% 79 141-142¢ 26 155-157/23™

¢ The synthetic sequence was carried out on 2,3-dimethylphenol by Mr. Pushkar N. Kaul. >~™ Lit. m.p. orb.p.,° C./mm.:

P 55,11 56.5-57.51%; © 221 (dec.),!t 223-224 (dec.)!?; ¢ 95-971%;
7 118-110/4.5;18 % 43-456; { 140;' ™ 155-156/25.19

sodium hydrosulfite.® Monomethylation of hydro-
quinones has been carried out using dimethylsul-
fate. %10

Although  2,3-dimethylphenocl, 2,5-dimethyl-
phenol, and thymol were nitrosated and reduced to
the 4-aminophenols according to the procedure of
Kremers, Wakeman, and Hixon,? all attempts to
nitrosate 2-isopropylphenol failed. Coupling of
2-isopropylphenol with diazotized sulfanilic acid
followed by reduction yielded 2-isopropyl-4-amino-
phenol which was characterized as the triacetate.
As compiled in Table I, diazotization and steam
distillation of 2-alkyl-4-aminophenols yielded the
corresponding quinones which were reduced to
hydroquinones and methylated to yield 2-alkyl-4-
methoxyphenols. With the exception of 2-iso-
propyl-4-methoxyphenol, syntheses of these com-
pounds have been reported. However, the method
described herein constitutes a general synthetic
sequence for this type of compound. In addition,
the eryptophenolic properties noted for 2-isopropyl-
phenols required a different purification procedure
than for 2-methylphenols which exhibited normal
phenolic properties. The 1,4-dimethoxy and 4-
methoxy derivatives of 2-isopropylydroquinone
and 2-isopropyl-3-methylthydroquinone (thymohy-
droquinone) were extracted with ether from the
alkaline methylation mixture and separated by
fractional distillation. The 1,4-dimethoxy deriva-
tives of 2,3- and 2,5-dimethylhydroquinone were
extracted from the alkaline methylation mixture.
Following actidification, 2,3- and 2,5-dimethylhy-
droquinone and their monomethylethers were
extracted. These were separated by virtue of the
insolubility of the hydroquinones in hot hexane.
Other synthetic details were carried out as de-
scribed in the Experimental section for the con-
version of 2-isopropyl-1,4-quinone to 4-methoxy-2-
isopropylphenol.

(8) L. I. Smith and F. L. Austin, J. Am. Chem. Soc., 64,
528 (1942).

(9) N. Kharasch, 8. H. Kalfayan, and J. D. Arterberry,
J. Org. Chem., 21,925 (1956).

(10) H. Bredereck, I. Henning, and W. Ray, Chem. Ber.,
86, 1085 (1953).

(11) E. Noelting and S. Forel, Chem. Ber., 18, 2668
(1885).

¢ 12313; /210,13 2081¢; ¢ 9015; » 2816; ¢ 130~131,18 147-148;"7

EXPERIMENTAL

2-Isopropyl-4-methoxyphenol. (A) Alkylation in the pres-
ence of sulfuric acid.* 4-Methoxyphenol (62 g., 0.5 mole)
dissolved in isopropyl aleohol (38.5 ml., 0.5 mole) was added
slowly (4 hr.) to well stirred sulfuric acid (755 v./v., 500
ml.) kept at 74°. The non-steam distillable residue, extracted
with benzene and subsequently petroleum ether, vielded a
base soluble (¥ sodium hydroxide) extract which was acidi-
fied, extracted with ether, and dried. Removal of the ether
left 4 g. of a yellow oil from which was obtained 2.5 g. (3%)
of 2-isopropyl-4-methoxyphenol, b.p. 105° (1 mm.), np'
1.5320 (Lit. b.p. 118-119° /4.5 mmn.8),

Anal. Caled. for C,H0.: C, 72.26; H, 8.49. Found: C,
72.14; H, 8.34. Two moles of 4-methoxyphenol, dissolved in
2 moles of isopropy! alcohol were introduced during 3 hr.,
at 45° into 1200 ml. (759 v./v.) of well stirred sulfuric acid.
Fractionation of the reaction mixture gave 2-isopropyl-4-
methoxyphenol 8.3 g. (3%), b.p. 252-253°, »% 1.5305, log
emax = 3.523 (292 my) and log emin = 2.065 (252 mu).

Anal. Caled. for CyoHu00: C, 72.26; H, 8.49. Found: C,
72.39; H, 8.57.

(B) Alkylation in the presence of phosphoric acid.® To 4=
methoxyphenol (62 g., 0.5 mole) in phosphoric acid (86.2%,
200 ml.) at 155°, isopropyl alcohol (38.5 ml.,, 0.5 mole) was
added over a period of 4 hr., stirred an additional 3 hr. at
112° and separated with base (2.5N sodium hydroxide, 300
ml.) into 2 fractions. The base soluble fraction, after acidifi-
cation and ether extraction, gave 37.0 g. of an oily residue
which yielded 2.1 g., b.p. 93-95°, 5.0 g., h.p. 96-105°, and
6.2 g., b.p. 107-115° when fractionated at 1 mm. Ultra-
violet spectra indicated the presence of impurities in these
fractions.

2-Isopropyl-4-aminophenol. Sulfanilic acid (132 g., 0.75
mole) was diazetized,” the diazotized solution added in the
presence of 600 g. of ice to 2-isopropylphenol (b.p. 211.5-
212.5°, 102 g., 0.75 mole) in sodium hydroxide (165 g., 4.1
moles in 900 ml. water) and refrigerated overnight. The
solution of azo compound was warmed to 43° on the steam
bath and reduced with technical sodium hydrosulfite (about
1.5 moles). The yellow aminophenol was filtered under nitro-
gen and washed with 19, sodium hydrosulfite solution. A

(12) L. I. Smith and R. W. H. Tess, .J. .Am. Chem. Soc.,
66, 1523 (1944).

(13) E. Noelting, O. N. Witt, and S. Forel, Chem. Ber.,
18, 2664 (1885).

(14) E. H. Rodd, The Chemistry of Carbon ('ompounds,
Elsevier Publishing Co., Amsterdam 1954, Vol. IIla, p. 478,

(15) E. Bamberger and J. Frei, Chem. Ber., 40, 1932
(1907).

(16) H. P. Bayrae, Bull. soc. chim. France, (3), 13, 984
(1895).

(17) W. 8. Caleott, J. M. Tinker, and V. Weinmayr, J.
Am. Chem. Soc., 61, 1010 (1939).

(18) R. H. Rosenwald, personal communication (1957).

(19) E. Zavarin and A. B. Anderson, J. Org. Chem., 20,
443 (1955); 22, 1122 (1957).
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small portion of the aminophenol (0.7 g.) was dissolved in
benzene, precipitated with ligroin, filtered, and dried. 2-Iso-
propyl-4-aminophenol, m.p. 126.5-128° (dec.), was un-
stable in the presence of air and its hydrochloride was too
hygroscopic to be characterized. Acetylation?® yielded the
triacetyl derivative, m.p. 99.5-100.5° (from petroleum
ether).

Anal. Caled. for C;HisNOs: C, 64.96; H, 6.91. Found: C,
65.29; H, 6.74.

2-Isopropyl-1,4-quinone. The aminophenol was treated
with stannous chloride and hydrochlorie acid as described
in the preparation of 1,4-aminonaphthol hydrochloride,?
diluted with water (4000 ml.), diazotized with sodium ni-
trite (170 g.) and concentrated sulfuric acid (110 ml.),
heated to 60° and steam-distilled.® Filtration and subse-
quent ether extraction of the steam distillate yielded 67 g.
(609% based on the starting phenol) of 2-isopropyl-1,4-
quinone, m.p. 34-36° (lit. m.p. 28°18),

2-Isopropyl-1,4-hydroquinone. To a wvigorously stirred
solution of 2-isopropyl-1,4-quinone (118 g., 0.78 mole) in
ether (300 ml.) technical sodium hydrosulfite (191 g., about
1 mole) in water (400 ml.) was added gradually. After stir-
ring (3 hr.) the ether phase was separated and the aqueous
phase extracted with ether (2 X 100 ml.), The residue left
after evaporation of the ether extracts was recrystallized
from benzene, giving 98 g. (82%) 2-isopropyl-1,4-hydro-
quinone, m.p. 127-128°, A sample, recrystallized twice from
benzene and sublimed, colorless needles, m.p. 129-131°
(lit. m.p. 130-131°%, 147-148°17).

2-Isopropyl-4-methozyphenol. To 2-isopropyl-1,4-hydro-
quinone (97 g., 0.64 mole) stirred at 9° in sodium hydroxide
(4N, 350 ml.), dimethylsulfate (71.5 ml., 0.76 mole) was
added over a period of 2.5 hr. and stirred for another hour at
9°.% The mixture was extracted with six 100-ml. portions of
ether (extract I), acidified with 6N hydrechlorie acid (250
ml.) and re-extracted with four 100-ml. portions of ether
(extract II). Following removal of ether, distillation of ex-
tract I (81.3 g.) yielded 26.5 g. of 2-isopropyl-1,4-dimethoxy-
benzene, b.p. 122-124° (11 mm.), n} = 1.5130. (Lit.22 b.p.
114-116° (15 mm.) nYyy = 1.5105).

Anal. Caled. for CiHi0s: C, 73.30; H, 8.95. Found: C,
73.50; H, 8.87. Further distillation of extract I yielded
27.2 g. (40%) of 2-isopropyl-4-methoxyphenol, b.p. 136-141°
(12 mm.), n3} = 1.5280, log emax = 3.539 (292 my) and log
emin = 2.050 (252 my) in 959, ethanol. (1it.'8 118-119°/4.5
mm.).

Anal. Caled. for C,pH,402: C, 72.26; H, 8.49. Found: C,
72.03; H, 8.53. Extract IT (in ether) was passed through a
column of activated alumina, giving 34.2 g. of material,
m.p. 110-122°, which was assumed to be impure isopropyl-
hydroquinone.
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Synthesis of 2-Tolyl-1-ethynyleyclohexanols

Avaix C. Hurrrie, CaarLes W. Roscoxr!
aND Raymond A. DoMENICI

Received February 23, 1969

Tertiary acetylenic carbinols are often conven-
iently prepared by the reaction of an alkali metal
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acetylide with the appropriate ketone in liquid
ammonia. Under these conditions sodium acetylide
has been used successfully with cyclohexanone,??
and with several methyl substituted cyeclohexa-
nones® to give the corresponding l-ethynylcyclo-
hexanols; lithium acetylide in liquid ammonia
has been used with good results for a number of
tertiary acetylenic carbinols.® Application of the
above methods to 2-(o-tolyl)cyclohexanone re-
sulted in poor yields of 2-(¢-tolyl)-1-ethynyleyelo-
hexanol with recovery of almost half of the un-
reacted starting ketone in each case. This low yield
could result from the low solubility of the tolyl-
cyclohexanone in liquid ammonia. Dropwise addi-
tion of an ether solution of 2-(o-tolyl)eyclohexanone
to the sodium or lithium acetylide-liquid ammonia
mixture resulted in preeipitation of the solid ketone.
Much better yields were obtained by treating
2-(o-tolyl)cyclohexanone with lithium aceytlide in
purified, anhydrous methylal (dimethoxymethane)
at room temperature. The three 2-tolyl-l-ethy-
nyleyclohexanols were prepared by this method.

The fact that only one 3,5-dinitrobenzoate was
obtained from each 2-tolyl-l-ethynyleyelohexanol
is not considered a proof that only one isomer,
either cis or trans, was obtained because the 3,5-
dinitrobenzoates were not obtained quantitatively
and there is always a possibility that one isomer
could undergo dehydration under the conditions
of esterification.

EXPERIMENTAL

The preparation of 2-(e-tolyl)-1-ethynyleyclohexanol illus-
trates the general procedure used for obtaining all three
isomers. Anhydrous acetylene was bubbled through 300 ml.
of anhydrous liquid ammonia (distilled after addition of
sodium) and 1.1 g. (0.16 g. atom) of lithium metal was
added in small pieces at such a rate that not much blue color
was allowed to accumulate. When the lithium had all reacted
100 ml. of purified, anhydrous methylal was slowly added
and the NH; was allowed to evaporate while bubbling
acetylene slowly through the mixture. An additional 50-ml.
portion of methylal was added to the resulting white, curdy
mixture. A solution of 15 g. (0.08 mole) of 2-(o-tolyl)-
cyclohexanone® in 60 ml. of methylal was added dropwise at
room temperature with stirring and the mixture was stirred
at room temperature for 16 hr. while passing a slow stream
of acetylene through the mixture. The mixture was hydro-
lyzed by pouring into 400 ml. of ice water mixture.containing
20 ml. of concentrated HCl. The mixture was extracted with
ether, the ether solution washed with 59 sodium bicarbonate
solution and dried over calcium sulfate. Removal of the
ether gave 16.2 g. of oily substance which was treated with
Girard T reagent giving 13.8 g. of nonketonic oily substance
and 2 g. of unreacted ketone. Distillation of the oily sub-

(1) Present address: School of Pharmacy, Montana State
University, Missoula, Mont.

(2) J. H. Saunders, Org. Synihesis, Coll. Vol. III, 416
(1955).

(3) N. A. Milas, N. 8. MacDonald, and D. M. Black, J.
Am. Chem. Soc., 70, 1829 (1948).

(4) W. M. McLamore, M. Harfenist, A. Bavley, and S.
Y. P’an, J. Org. Chem., 19, 570 (1954).

(5) A. C. Huitriec and W. D. Kumler, J. Am. Chem. Soc.,
78, 614 (1956).



