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a mixture of diethyl cis- and ¢rans-hexahydroisophthalate
(IT) dissolved in 600 ml. of dry ether. After the mixture had
been heated under reflux for 48 hr., the excess hydride was
decomposed by the addition of 50 ml. of water. The com-
plex was dissolved by the addition of 500 ml. of 109, hydro-
chloric acid to form a cloudy solution. The aqueous layer
was extracted with ether for 11 days in an exhaustive ether
extractor. The combined extracts and original ether layer
were dried over magnesium sulfate. After the ether had been
removed by distillation under reduced pressure, the residue
was fractionated through a 10-inch Vigreux column to
vield 58.6 g. (949%,) of a mixture of cis- and {rans-hexahydro-
isophthalyl alcohol, b.p. 139° (0.8 mm.), 2% 1.4879. [Since
this work was completed, the preparations cf the pure cis-
hexahydroisophthalyl alcohol, m.p. 55°, and the pure
{rans-hexahydroisophthalyl aleohol, b.p. 112-114° (0.1 mm.),
n% 1.4941, have been reported?? starting from the cor-
responding pure acid in each case.]

Anal. Caled. for CsH;40,: C, 66.67; H, 11.11. Found: C,
66.54; H, 10.90

B. From dimethyl hexahydroisophthalate. To a slurry of
105 g. (2.76 moles) of lithium aluminum hydride in 2500 ml.
of ether was added dropwise 400 g. (2.0 moles) of a mixture
of dimethy! cis- and ¢rans-hexahydroisophthalate dissolved
in 1000 ml. of dry ether. After the reaction mixture had been
heated under reflux for 18 hr., the excess hydride was de-
composed with 60 ml. of glacial acetic acid and the complex
was dissolved with a minimum amount of 109, hydrochlorie
acid. The aqueous layer was extracted with ether in an
exhaustive ether extractor for 6 days. After the combined
extracts and original organic layer had been dried over mag-
nesium sulfate, the ether was removed by distillation and
the residue was fractionated through a 10-inch Vigreux
column to yield 215 g. (7569%) of a mixture of cis- and
trans-hexahydroisophthalyl alcohol, h.p. 137-139° (0.8
mm.), % 1.4877.

Hezahydroisophthalyl diacetate (IV). After a mixture of 30
g. (0.21 mole) of a mixture of c¢is- and trans-hexahydroiso-
phthaly! aleohol and 1500 ml. of acetic anhydride had been
heated under reflux for 48 hr., the excess acetic anhydride
and acetic acid were removed by distillation under reduced
pressure. The residue was diluted with 100 ml. of ether and

(22) G A. Haggis and L. N. Owen, J. Chem. Soc., 399
(1953).
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the resulting solution was extracted consecutively with
water, a saturated solution of sodium carbonate, and a
saturated solution of sodium chloride. After the solution
had been dried over potassium carbonate, the ether was re-
moved by distillation, and the residue was fractionated
through a 10-inch Vigreux column to yield 44 g. (95%) of a
mixture of cis- and trans-hexahydroisophthalyl diacetate
(IV), b.p. 94° (0.3 mm.), n’y 1.4634. [The pure cis-hexa-
hydroisophthalyl diacetate, b.p. 105-107° (0.5 mm.), n%;
1.4598, was recently prepared by a series of involved
reactions proceeding through a bicyclic ether.?2]

Pyrolysis of hezahydroisophthalyl diacetate (IV). At the
rate of 36 drops per minute, 166 g. (0.55 mole) of hexahydro-
isophthalyl diacetate (IV) was added dropwise to a vertical
Vyeor combustion tube packed with !/ie-inch Pyrex helices
and heated externally at 555° as describéd previously.?®
The apparatus was continuously flushed with a slow stream
of oxygen-free nitrogen in order to prevent charring. The
pvrolyzate, which was collected in 2 side-inlet flask cooled
in a Dry Ice-acetone bath, was extracted with four 100-ml.
portions of water. (Titration of an aliquot of the aqueous
extracts indicated that 75% of two molar equivalents of
acetic acid had been liberated.) After the organic layer had
been dried over potassium carbonate, it was fractionated
through a 6-inch, helix-packed column to yield 35.8 g.
(61%) of 1,3-dimethylenecyclohexane (I), b.p. 122°, a%
1.4697; 22 g. (24%) of 1-methylene-2-acetoxymethyleyelo-
hexane (V), b.p. 62° (2.1 mm.), »7 1.4600: and 13.9 g.
(119, recovery) of unchanged starting ester IV. The yield
of the diene I, based on unrecovered 1V and V, was 94%.

Anal. Caled. for CgHyp: C, 88.89; H, 11.11. Found: C,
89.10; H, 11.06.

Caled. for CyoHy0q C, 71.43; H, 9.52. Found: C, 71.45;
H, 9.38.

A sample of the diene I immediately decolorized a solu-
tion of bromine in carbon tetrachloride and a dilute potas-
sium permanganate solution. Failure to obtain a precipitate
from the attempted reaction with the diene I and maleic
anhydride would indicate the absence of any product formed
by the rearrangement of both double bonds into conjugation
within the ring.

CoLLEGE Parg, Mbp.

(23) W. J. Bailey and J. J. Hewitt, J. Org. Chem., 21,
543 (1956).
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Phenol, o-cresol, and 2,6-xylenol were condensed with various keto acids or their methyl esters, in the presence of acid
catalysts, to form gem-bis(p-hydroxyphenyl) substituted carboxylic acids.

Extensive investigation of phenol has shown that
it acts as a non-specific bactericide and fungicide
by denaturing the proteins of the microorganisms.
The phenols are often used in conjunction with a
wetting agent in order that they may permeate
freely, spread evenly, and gain ready access to the
infected area. We have undertaken a program to

(1) International Resistance Company Fellow, 1954
1955, 1955-1956. Present address, American Viscose Cor-
poration, Marcus Hook, Pa.

incorporate phenolic groups into aliphatic acids of
varying chain length with the hope that germicidal
and fungicidal activity may be combined with
surface-activating properties.

Phenol, o-cresol, and 2,6-xylenol have been con-
densed with a number of keto acids or their methyl
esters to form di-p-hydroxyphenyl substituted
carboxylic acids.

Concentrated sulfuric acid, 70 per cent sulfuric
acid, and hydrogen chloride-acetic acid were the
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acid catalysts used for these condensations. The
selection of the catalyst depends largely on its
compatibility with the mixture of phenol and keto
acid. Other factors were involved occasionally.
For example, hydrogen chloride in acetic acid,
phenol, and ethyl acetoacetate gave 3,3-bis(p-
hydroxyphenyl)butanoic acid instead of under-
going a von Pechmann reaction to form a couma-
rin.? In some cases it was noted that sulfuric acid
caused the formation of more polymeric material
than did hydrogen chloride-acetic acid.

That the condensation occurred at the p-position
rather than the o-position to the hydroxyl group
was indicated by the infrared spectra which had a
band at 12.0 x4 and no band at 13.2 u. The conden-
sations were sensitive to steric hindrance. When the
carbonyl group of the keto acid was flanked on
both sides by relatively long chains, as in methyl
4-ketodecanoate and methyl 6-ketodecanoate, no
condensation products were obtained.

The phenol moiety of the condensation products
was readily nitrated with nitric acid in glacial
acetic acid. Only the o-cresol-keto ester condensa-
tion products were nitrated in the present investi-
gation. One compound, ethyl 3,3-bis(p-hydroxy-
phenyl)pentanoate, was chlorinated with sulfuryl
chloride to form ethyl 3,3-bis(3-chloro-4-hydroxy-
phenyl)pentanoate.

The keto esters prepared in the course of this
work were synthesized by the methods reported
by Cason?® and Cason and Prout.?”

EXPERIMENTAL

Preparation of the methyl esters of keto acids. These com-
pounds were made by previously described procedures.?
Listed in Table I are the keto acids prepared in this work
and their physical constants.

3,3-Bis(p-hydrozyphenyl)butanoic acid (I). Phenol (47 g.
0.05 mole) was dissolved in a mixture of 50 ml. of glacial
acetic acid and 13 g. (0.1 mole) of ethyl acetoacetate. An-
hydrous hydrogen chloride was passed through the solution
for 4 hr. and it was allowed to stand for 7 days. The solution
was poured into 400 ml. of water. The precipitated oil was

(2) von Pechmann and Duisberg, Ber., 16, 2119 (1883).

2(a) Cason, Org. Syntheses., Coll. Vol. III, 169 (1955);
(b) Cason and Prout, Org. Syntheses, Coll. Vol. III, 601
(1955).
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TABLE 1
PrysicaL ConstanTs oF KETO ESTERS
Yield,
Compound % B.P. n%?
Methyl
4-ketohexanoate 71 63°/3 m.m. 1.4258
Methyl
6-ketoheptanoate 77  83-85°/3.5 m.m. 1.4320
Methyl
4-ketooctanoate 71 72°/0.5 m.m. 1.4288
Methyl
6-ketooctanoate 8 76-77°/0.5 m.m. 1.4316
Methyl
4-ketodecanoate 55  104-105°/1.2 m.m. 1.4350

washed twice - with water and steam distilled to remove
phenol. Sedium hydroxide pellets were dissolved in the solu-
tion to make it a 109, sodium hydroxide solution. It was
heated to saponify the ester and then acidified. The product
separated as an oil. The latter was dissolved in benzene,
heated with decolorizing carbon, and dried over magnesium
sulfate. The product was obtained as colorless crystals by
partial removal of the solvent. It was recrystallized from
benzene; yield 569, m.p. 150°. All attempts to obtain a
solvent-free sample failed.

Anal. Calcd. for CIGH1304'205H5: C, 7848, H, 6.58.
Found: C, 78.37; H, 6.73.

The ethyl ester was prepared by heating the acid with
excess ethanol in the presence of a small amount of concen-
trated sulfuric acid. The crude product was obtained by re-
moving the excess ethanol. It was recrystallized from ben-
zene. The yield was 80%, m.p. 127°.

Anal. Calcd. for 013H2004'2CSH6: C, 7891, H, 7.06.
Found: C, 78.72; H, 6.99.

3,3-bis(3-Methyl-4-hydrozyphenyl)butanoic acid (II). This
compound was prepared from 13 g. (0.1 mole) of ethyl aceto-
acetate and 43 g. (0.4 mole) of o-cresol by the method used
for making I. The yield was 499, m.p. 123° dec.

Anal. Caled. for C13H2004'2CGH52 C, 7616, H, 6.92.
Found: C, 75.96; H, 7.04.

3,3-bis(3,5-Dimethyl-4-hydrozyphenyl)butanoic acid (III)
was prepared from ethyl acetoacetate and 2,6-xylenol by the
same procedure that was used for making II. It was recrys-
tallized from ethanol-water. The yvield was 345%, m.p. 196°.

Anal. Caled. for C;HeO,: C, 73.14; H, 7.37. Found: C,
72.92; H, 7.37. The ethyl ester was obtained by direct
esterification using sulfuric acid as the catalyst. The yield
was 82%, m.p. 149-150°.

Anal. Caled. for CyppHyOs: C, 74.13; H,
74.27; H, 7.86.

3,3-bis-(3-M ethyl-4-hydroxyphenyl)pentanoic acid (IV). A
mixture of 260 g. (2.5 mole) of o-cresol, and 116 g. (1 mole)
of levulinic acid was cooled to 0°. To this mixture, 96 g. of
concentrated sulfuric acid was added dropwise with stirring.
After standing for 3 days, the viscous, red oil was washed
with water and dissolved in 500 ml. of ethyl acetate. The
ethyl acetate solution was thoroughly extracted with
saturated sodium carbonate solution. Acidification of the
carbonate extract gave a heavy oil which was dissolved in
benzene, decolorized with Darco, and dried over sodium
sulfate. A colorless product was obtained by partially re-
moving the solvent. It was recrystallized from benzene. The
yield was 379, m.p. 96° dec.

Anal. Caled. for C;sHy0,2CHe: C, 74.539; H, 7.19.
Found: C, 74.76; H, 7.13.

The ethyl ester, prepared as described under I, was ob-
tained as an oil. The latter was dissolved in benzene, de-
colorized with Darco, and precipitated with petroleum
ether. It was recrystallized from methanol-water, yield
50%, m.p. 144°,

Anal. Caled. for CyHy0,: C, 73.66; H, 7.65, Found: C,
73.62; H, 7.65.

7.92. Found: C,
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TABLE II
N1TrRO DERIVATIVES
Analysis
Yield, Caled. Found
Compound 7, M.P. C H N C H N

3,3-Bis(3-Me-4-OH-5-N O,-

phenyl)butanoic acid 76 230 55.38 4.64 7.17 53.51 4.61 7.43
4,4-Bis(3-Me-4-OH-5-N O.-

phenyl)pentanoic acid 81 234 56.43 4.99 (.93 56.29 516 6.80
4,4-Bis(3-Me-4-0H-5-NO,-

phenylhexanoic acid 71 224 57.41  5.30 6.70 537.43  5.25 6.44
6,6-B7s(3-Me-4-OH-5-NO,~

phenyl)heptanoic acid 67 204 58.32 5.60 6.48 5935 5.65 (.31
6,6-Bis(3-Me-4-OH-5-NO,-

phenyl)octanoic acid 70 194 59.18 5. 87 6.27 3901 601 6.13

4,4-Bis(3,5-dimethyl-4-hydrozy phenyl)pentanoic acid (V).
Levulinic acid (11.6 g., 0.1 mole) was dissolved in a mixture
of 75 ml. of glacial acetic acid and 25 g. (0.2 mole) of 2,6~
xylenol. Dry hydrogen chloride was passed into the solution
for 4 hrs. and it was then allowed to stand for 10 days. The
solution was poured into 500 ml. of water and the red oil re-
moved and dissolved in ethyl acetate. The ethyl acetate
solution was extracted with saturated sodium carhonate
solution. Acidification of the carbonate solution precipitated
an oil which solidified on standing. It was recrystallized from
ethanol-water, vield 259, m.p. 198°.

Anal. Caled. for CyyHy0: C, 73.66; H, 7.65. Found: C,
73.46; H, 7.74.

4,4-Bis-(p-hydrozyphenyl)hexanoic acid (VI). Phenol (47
g., 0.5 mole) was added to 14.5 g. (0.1 mole) of methyl 4-
ketohexanoate. After warming to effect solution, it was
cooled to 0° and 10 g. of concentrated sulfuric acid was
added dropwise with stirring. After standing for 14 days the
mixture was poured into water and the oil treated as in the
preparation of I. Tt was finally recrystallized from toluene;
vield 33%, m.p. 183-184°,

Anal. Caled. for CizH304: C, 71.98; H, 6.71. Found: C,
71.95; H. 6.52.

4y4-Bis(8-methyl-4-hydrozyphenyl)hecanoic acid (VII). A
mixture of 14 g. (0.1 mole) of methyl 4-ketohexanoate and
43 g. (0.4 mole) of o-cresol was cooled to 0° and 10 g. of
concentrated sulfuric acid added dropwise with stirring.
After standing for 7 days the red, viscous oil was worked up
by the procedure used for I. The oily product which was ob-
tained when the solution of the sodium salt was acidified
was kept at 1-2 mm. at room temperature until it had
solidified. The solid was washed with petroleum ether and re-
crystallized from benzene; yield 61%, m.p. 106° dec,

Anal. Caled. for CyHuO,1/.CeHe: C, 75.17; H, 7.40.
Found: C, 75.27; H, 7.60.

The formula showing 1/, mole of benzene is not to be re-
garded as established just because it fits the analytical data.
The fact that a number of compounds in this investigation
had an attraction for benzene is of interest and a study of
this behavior will be reported later.

6,6-Bis(3-methyl-4-hydroxyphenyl)heptanoic acid (VIII)
was prepared from methyl 6-ketoheptanoate and o-cresol by
the procedure used for making compound VI. It was re-
crystallized from benzene. The yield was 449, m.p. 151-
152°,

Anal. Caled. for CyHy04: C, 73.66; H, 7.65. Found: C,
73.43; H. 7.67.

6,6-Bis(3,6-dimethyl-4-hydroxyphenylYheptanoic acid (1X)
was prepared from methyl 6-ketoheptanoate and 2,6-xylenol
by the method used for making compound I. It was re-
crystallized from benzene. The vield was 73%, m.p. 177°.

Anal. Caled. for C»Hy04: C, 74.55; H, 8.16. Found: C,
74.59; H, 8.20.

4,4-Bis(p-hydrozylphenyl)octanoic acid (X) was prepared
from methyl 4-ketooctanoate and phenol by the method
used for VI. It was recrvstallized from xylene; yield 487,
m.p. 139-140°.

Anal. Caled. for CH2O4: C, 73.14; H, 7.37. Found: C,
73.04; H, 7.36.

4,4-Bis(3-methyl-4-hydrozyphenyl)hezanoic acid and 6,6-
bis(3-methyl-4-hydroxyphenyl)octanoic  acid. These com-
pounds were prepared by the procedure used for the con-
densation of o-cresol and the other keto esters. The produects
were obtained as gummy solids. All attempts to purify them
failed. They were successfully nitrated, however, to the 5-
nitro compounds.

Preparation of nitro derivatives. In this work only the con-
densation products from o-cresol and keto acids were ni-
trated. The nitro derivatives are listed in Table II. The
general procedure was to suspend about 0.02 mole of the
acid in 30 ml. of glacial acetic acid. To this suspension with
stirring and cooling, a solution of 6.3 g. (0.1 mole) of nitric
acid in 20 ml. of glacial acetic acid was added dropwise.
After an induction period of about 1 min., the solution
turned red, and fine yellow crystals began to separate.
After 1 hr., the erystals were collected, washed with water,
and recrystallized from an ethanol-water mixture,

Preparation of ethyl 4,4-bis(3-chloro-4-hydrozyphenyl)-
pentanoate. Eight grams (0.025 mole) of ethyl 4,4-bis(p-
hydroxyphenyl)pentanoate was dissolved in 300 ml, of
chloroform and 40 g. (0.3 mole) of freshly distilled sulfuryl
chloride added. The solution was refluxed for 3 hr. and the
excess sulfuryl chloride and chloroform were removed under
reduced pressure. The oily residue was dissolved in benzene
and decolorized with Darco. The filtrate was reduced to a
small volume under reduced pressure and petroleum ether
added until the solution almost remained turbid. After cool-
ing overnight, the product was removed and recrystallized
from methanol; yield 41%, m.p. 131°.

Anal, Caled. for CygHy004Cly: C, 59.54; H, 5.26; Cl, 18.50.
Found: C, 59.62; H, 5.41; Cl, 18.51.

PHILADELPHIA, Pa,



