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By the successive de:grada_tion of (—)cis—3-hydroxycyclohexanecarboxylic acid to (4 )3-methylcyclohexanone and to
(—' )a-methoxyadlplg acid a direct chemical relationship between the configurations of the terpenes and of a-methoxyadipic
acid has been established. This work tends to substantiate the relationships suggested by Fredga by the method of quasi-

racemates, and the calculations of Kirkwood and of Eyring.

The problem of the relative configurations of
broad series of natural products is of interest both
to the biochemist concerned with modes of bio-
genesis, and to the organic chemist concerned with
the mechanism of organic reactions. It is of value,
therefore, to attempt to interrelate the configura-
tions of the sugars as typified by the asymmetric
center of type I, and the terpenes which may be
characterized via the asymmetric center of type II.
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Such an interrelationship has been suggested by
Fredga? by use of the methods of quasi-racemates,
and more recently by Lane? by a sequence consider-
ing Walden inversion. A direct chemical correla-
tion is of interest also, since calculations of the
absolute configuration of asymmetric molecules
have been carried out for representatives of both
series, (+4)-2-butanol*~7 (III), (—)lactic acid’
(IV), and (+)-2,3-epoxybutane® (V) as representa-
tive of type I, and of (4)-3-methylcyclopent-
anone®? (VI) as representative of type II.

It is the purpose of the present communication
to report a method for the direct chemical inter-
relationship of these series. The starting point is
cis-3-hydroxycyclohexanecarboxylic acid (VII), in
which there are present two asymmetric centers,
one of type I, and the second of potential type II.
In VII, the relationship of these two centers one to

H CooV
HoﬁéH

VII

lother may be established by the c¢zs-uiu arrange-
ment of the hydroxyl group and the carboxyl group

(1) Presented before the 123rd Meeting of the American Chemical
Society in Los Angeles, March, 1953, Taken from the dissertation
submitted by D, B. D, to the Graduate Division in partial fulfillment
of the requirement for the Ph.D., September, 1952.

(2) A. Fredga, “"The Svedberg Memorial Volume,” Almquist and
Wiksells Boktryckeri, Upsala, 1944, p. 261; see also Acta Chem. Scand.,
1, 361 (1947).

(3) J. F. Lane, Science, 113, 577 (1951).

(4) S. F. Boys, Proc. Roy. Soc. (London), Al44, 655, 675 (1934),

(6) W. Kuhn, Z, physik. Chem., B31, 23 (1936).

(8) J. G. Kirtkwood, J. Chem. Phys., 8, 479 (1937); see G. W. Whe-
fand, " Advanced Organic Chemistry,” John Wiley and Sons, New York,
N. Y., p. 319.

(7) W.J. Kauzmann, J. E. Walter and H. Eyring, Chem. Revs., 26,
339 (1940).

(8) W. W. Wood, W. Fichett and J. G. Kirkwood, J. Chem. Phys.,
20, 561 (1952).

as confirmed by the formation of a lactone.® VII
was prepared by reduction of m-hydroxybenzoic
acid, and purified by crystallization from ethyl-
acetate. Resolution of VII proceeded smoothly,
the quinine salt affording the (-)-isomer, and the
cinchonidine salt the (—)-isomer. From (—)VII,
the degradation proceeded by the utilization of
stereospecific methods for the isolation of the two
asymmetric centers individually. These reaction
sequences are summarized in Chart I.

The conversion of (—)¢is-3-hydroxycyclohexane-
carboxylic acid to (+)cis-3-hydroxycyclohexane-
methanol, (4)VIII, and thence to (—)cis-3-
methyleyclohexanol, (—)X, through the mono-
tosylate (IX), has been reported recently!® by
methods which have been shown to be stereo-
specific.!!  Oxidation of (—)X to (4)3-methyl-
cyclohexanone, (+)-XI, has been carried out by
Macbeth and Mills.? Since (+)XI has been ob-
tained by the degradation of pulegone,!® this
establishes the configurational relationship be-
tween (—)VII and pulegone. By an extended
series of chemical transformations, a relationship
between pulegone and many of the monoterpenes
may be worked out. Such a relationship is sum-
marized by Huckel.!

The second major sequence was the conversion
of (—)cis-3-hydroxycyclohexanecarboxylic acid to
(—)a-methoxyadipic acid, (—)XII, to complete
the interrelationship of the two series. (—)VII,
was converted to methyl (—)cis-3-methoxyeyclo-
hexanecarboxylate, (—)XIII, by a two-step proc-
ess. The acid was converted to the ester by
treatment with diazomethane, and the free hy-
droxyl group methylated by the procedure of
Bonner.!®> Conversion of the ester to the hydra-
zide was accomplished with hydrazine hydrate, and
the hydrazide XIV was subjected to the Curtius
rearrangenient to the isocyanate, which was not
isolated, but converted directly by acid hydrolysis
to (—)cis-3-methoxycyclohexylamine (XV).

When XV was allowed to react with methyl
iodide in the presence of potassium carbonate, an
excellent vield of (—)cis-3-methoxycyclohexyl-
trimethylammonium iodide, (—)XVI, was*ob-
tained. The methiodide XVI was treated with a
suspension of silver oxide in water, and the resulting
solution was distilled after filtration to remove the

(9) W. H. Perkin, Jr., and G. Tattersall, J. Chem. Soc., 91, 480
(1907).

(10) D. S. Noyce and D. B. Denney, THIis JOURNAL, T4, 5912 (1952).

(11) D. S. Noyce and D. B, Denney, ¢4id., T2, 5743 (1950).

(12) A. K. Macbeth and J. A. Mills, J. Ckem. Sec., 205 (1947).

(13) O. Wallach, Ann., 289, 340 (1896).

(14) W. Huckel, J. prokt, Chem., 167, 225 (1941); see Ann. Repts.,

47, 192 (1950).
(15) W. A. Bonner, TEIS JoURNAL, 73, 3126 (1951).
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CHART I calculations of configurations®—# are in
COOH CH,0H CH,OTos agreement with the results of ‘Bijvoet,
/ LiAlH, / TosCl / except for those of Boys which appear
“H - ‘H v 0% H to be consistently reversed. Since
v . (—)wa-methoxyadipic acid has not been
no”/ u HO “H "o/ “H related configurationally to (4 )glycer-
(=) VIL, [a]p —9.84°  (4+)VIII, ab 2.8° IX aldehyde" by a direct chemical method,
one cannot state unequivocally what
g’ CH,N, LiAlH, the configurations indicated by the
2,| CHl Pr:0, 80° k
Ag.0 2L, present work are.
o It is reasonable that (— )a-methm'(y-
i adipic acid has the same configuration
CCOCH; C—NHNH, CH; as (—)methoxysuccinic acid, and in
( / / this case the configurations are as drawn
H - H H in this paper. This is also consistent
¢ with the calculated configurations for
cH,0” “H cH;0” “H HO  “H 3-methylcyclopentanone’? and the con-

(—)XIII, ap —30° (—)XIV, [a]p —24.4°

(—)X, ap —1.76°

clusions of Fredga.?
After this work was completed, there
l appeared a report by Freudenberg? in

/NHz /N=C=O _/CH; which he reported the relationship of
. dihydroshikimic acid, which had been
H ¢ H H related to glucose by Fischer and
¢ ¢ \ Dangschat,?! to 3-methylhexane, which
cH,0” H cH:0” “H g may be related to the terpenes by

(=)XV, [a]p —104° ()X, ap 10.1° known transformeftlons.

Experimental??
‘L (—=)cis-3-Hydroxycyclohexanecarboxylic
+ Acid, (—)VII.—The prepara-
/N(CHs)sI" COOH tion and resolution of this
<, KMnO, COOH acid have been reported pre-
‘H —> Em— = CH,Op-C4H viously.}®

\\/COOH Ozxidation of (—)cis-3-
P P / . CH, Methylcyclohexanol.—Follow-
CH;0/ "H CH:0” "H CH;0” “H | ing the procedure of Macbeth
CH; and Mills!2 oxidation of 2.86 g.
(=)XVI, [a]p —10.6° (—)XVII, (—=)XIr, é of (+)-3-methylcyclohexanol
oD —109° [a]lD —54.2° H, afforded 1.2 g. of (—)3-methyl-
cyclohexanone, b.p. 165°, #2p
OOH 1.4468, «®p —9.40° (homog.

silver iodide. Decomposition began at a bath
temperature of 140°. The product resulting from
the Hofmann degradation was shown to be (—)3-
methoxycyclohexene (XVII) by comparison of its
infrared spectrum with an authentic sample.
XVII was distinctly different in absorption spec-
trum from the other possible product of the Hof-
mann degradation, 4-methoxycyclohexene.

Oxidation of (—=)XVII to give crude (—)a-
methoxyadipic acid, (—)XII, was carried out
following the procedure of Birch, Oldham and
Johnson.!®* The methoxy acid was contaminated
with a large amount of glutaric acid, and attempts
to purify the (—)a-methoxyadipic acid by crys-
tallization were unsuccessful. The mixture of
acids was eventually successfully separated by
employing the partition chromatography pro-
cedure of Marvel and Rand.!”

The absolute configuration of (4 )tartaric acid
has been determined recently by Peerdeman, van
Bommel and Bijvoet.!® The results of all of the

(18) S.F. Birch, W, J. Oldham and E. A. Johnson, J. Chem. Soc.. 819
1947).
¢ (17; C. 8. Marvel and R. D. Rand, Jr., TH1s JoUurNaL, T2, 2642
(1950).

(18) A. F. Peerdeman, A. J. van Bommel and J. M. Bijvoet, Proc.
Kon. Ned. Ak. v. Wet., Ser. B, 64,16 (1951); seealso J. Waser, J. Chem.
Phys., 1T, 498 (1949), and E. E. Turner and K. Lonsdale, ibid., 18,
156 (1950).

1dm.); lit.2 n®p 1.4452, o™p
—11.5°. The semicarbazone was crystallized from etha-
nol-water, m.p. 173-174° dec., [«]?3:5p +30.5° (¢ 0.12 in
ethanol).

In a similar tnanner (—)cis-3-methylcyclohexanol (0.8 g.)
(from (—)cis-3-hydroxycyclohexanecarboxylic acid) af-
forded (+)3-methylcyclohexanone, 0.28 g., o®p +10.1°
(homog. 1 dm.), semicarbazone, m.p. 171-174° dec.,
[@]%D —27° (¢ 0.1 in ethanol).

Conversion of (—)VII to ( —)Methy! cis-3-Methoxycyclo-
hexanecarboxylate.—In a 500-ml. erlenmeyer flask there
was placed 64 g. (0.456 mole) of (—)VII and 50 ml. of ether.
Freshly prepared diazomethane in ether was added until all
of the acid had dissolved and the solution retained the yellow
color evidencing excess diazomethane. After evaporation

(19) p and L prefixes have not been used in this paper, since these
prefixes frequently lead to ambiguity. Tartaric acid

has been related to glyceraldehyde by a number of coon
methods, some of which involve carbon 2 and some I

of which involve carbon 3. Thus (+)tartaric acid H>C<OH
hasbeen assigned to the D series by K. Freudenberg

("’Stereochemie,” F. Deuticke, Leipzig, 1932, p.575) HOPCHH
while it is assigned the L-(+-) configuration by Wohl i

(Ber., 50, 455 (1917)). It should be pointed out, ;
however, that there is no ambiguity in the spatial COOH
representation of (+)tartaric acid as (XVIII) and XVIII

also no ambiguity in the similar representation
of compounds related chemically to (+-)glyceraldehyde.

(20) K. Freudenberg, paper presented at the March 30, 1953, Chemi-
kertreffen, Innsbruck, ¢f. Angew. Chem., 65, 259 (1953).

(21) H. O. L. Fischer and G. Dangschat, Helv. Chim. Acla, 20, 705
(1937).

(22) All melting points are corrected; boiling points are uncorrected.
Analyses are by the Microanalytical Laboratory of the University of
California,



770

of the ether, the residual ester was placed in a one-
liter three-necked flask. Methyl iodide, 500 g. (3.52 moles),
100 g. of glass beads, 100 g. of drierite and 304 g. (1.31
moles) of freshly prepared silver oxide were added to the
flask. To this stirred mixture 500 g. of additional methyl
oxide was added, over a period of 40 hours. Filtration
and distillation through a one-meter modified Podbielniak
column afforded one main fraction of 54.5 g. (71%) of (—)-
methyl c¢7s-3-methoxycyclohexanecarboxylate (XIII), b.p.
(11167)120° (26 mm.), »%p 1.4530, a?p —29.85° (homog., 1
eci.).

Anal. Caled. for CoH;Os: C, 62.77; H, 9.37. Found:
C, 62.31; H, 8.86.

The N-benzylamide, prepared in the usual manner and
crystallized from aqueous alcohol melted 119.5-120.3°.

Anal. Caled. for C3HyNO,: C, 72.84; H, 8.56; N,
5.66. Found: C, 73.16; H, 8.65; N, 5.94.

(—)cis-3-Methoxycyclohexanecarboxylic Acid Hydrazide.
—A solution of 45.9 g. (0.268 mole) of (—)XIII in 35 ml. of
methanol was treated with 25 ml. of 859, hydrazine hydrate,
and the mixture heated under reflux for 12 hours. The
methanol and water were evaporated under reduced pressure
to give 43.1 g. (94%) of crude hydrazide, (—)XIV, m.p.
137-142°. A sample crystallized from ethyl acetate for
analysis had m.p. 143.4-144.4°, [«]¥ —24.4° (¢ 4 in
methanol).

Anal. Caled. for CgH3N,0,: C, 55.79; H, 9.37; N,
16.27. Found: C, 55.87; H, 9.04; N, 16.45.

Curtius Degradation of ( —)XIV.—Crude (—)XIV, 42.5
g. (0.247 mole), was dissolved in a solution which was made
up by adding 43.3 ml. of 6 N hydrochloric acid to 90 ml. of
water. The resulting solution was filtered into a one liter,
three-necked flask which was equipped with a dropping
funnel, stirrer, thermometer, and which contained 300 ml.
of ether. The stirred solution was cooled to 3°; to it there
was added dropwise a solution of 17.25 g. (0.250 mole) of
sodium nitrite in 35 ml. of water. The rate of addition was
adjusted so that the temperature never became greater than
9°. After the addition of the sodium nitrite was complete,
the layers were separated, and the aqueous solution was
extracted with two 70-ml. portions of ether. The combined,
vellow, ether extracts were washed with 15 ml. of cold so-
dium bicarbonate solution, and dried at ice temperatures
briefly over magnesium sulfate. After the addition of 200
ml. of benzene, the solution was distilled slowly through a
short column. The azide underwent rearrangement as
soon as heat was applied, and nitrogen was given off con-
tinuously during the distillation. When the temperature
at the top of the column reached 76° a reflux condenser was
substituted for the column, and the solution was refluxed
until no more nitrogen was evolved. The solution of iso-
cyanate was cooled in an ice-bath, and 150 ml. of concen-
trated hydrochloric acid was added. Refluxing was then
continued for two hours to hydrolyze the isocyanate. The
cooled solution was washed with benzene, and then basified
with cold 6 NV sodium hydroxide solution. The basic solu-
tion was continuously extracted with ether. A considerable
amount of water was carried over in the extraction process,
consequently methanol was added until the mixture became
homogeneous. The solution was dried over magnesium
sulfate, and then distilled through a three-foot modified
Podbielniak column, to afford 8.5 g. (27%) of (—)cis-3-
methoxycyclohexylamine, (—)XV, b.p. 97-98° (45 mm.),
n%p 1.4610, [a]®p —10.4° (¢ 4 in methanol).. The amine
was very basic and absorbed carbon dioxide rapidly.

The benzamide, prepared in the usual manner crystallized
from methanol, m.p. 137.8-138.8°.

Anal. Caled. for C;H;,NO,: C, 72.07; H,8.21; N, 6.05.
Found: C, 71.94; H, 8.12; N, 5.74.

The p-nitrobenzamide, crystallized from aqueous meth-
ano%), had m.p. 171.7-172.3°, [«]??p —15.1° (¢ 1.4 in meth-
anol).

Anal.  Caled. for CHi;sN,O4: C, 60.43; H, 6.53; N,
10.07. Found: C, 60.45; H, 6.41; N, 9.95.

Conversion of (—)XV to (—)cis-3-Methoxycyclohexyltri-
methylammonium JIodide (XVI).—To a mixture of 8 g.
(0.062 mole) of (—)XV and 13 g. (0.094 mole) of potassium
carbonate in 30 ml. of anhydrous methanol, there was
added dropwise over a period of 30 minutes 23 ml. of methyl
indide. The mivture was refluxed and stirred for four hours.
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The solution was cooled and 5 g. (0.036 mole) of potassium
carbonate was added, followed by the dropwise addition of
an additional 23 ml. of methyl iodide. The mixture was
heated under reflux with stirring for 19 hours. The resulting
mixture was cooled, and the methanol and methyl iodide
were removed at room temperature. The precipitated salt
cake was triturated with three 60-ml. portions of chloro-
form. Evaporation of the chloroform afforded 16.5 g.
(889%) of crude (—)cis-3-methoxycyclohexyltrimethyl-
ammonium iodide, ( —)XVI, m.p. 175-177.5°.

A small sample, crystallized from methanol-ethyl acetate
for analysis melted 176.7-177.5°, [a]®Dp —10.6° (¢ 2.6 in
methanol).

Anal. Caled, for CoHpNOI: C, 40.14; H, 7.41; I,
42.42. Found: C, 40.25; H, 7.40; I, 42.42.

Formation of ( —)3-Methoxycyclohexene from ( —)XVI.—
To a solution of 15.5 g. (0.052 mole) of (—)XVIin100ml. of
carbon dioxide-free water, there was added a supension of
24.8 g. (0.107 mole) of freshly prepared silver oxide in 100
ml. of carbon dioxide-free distilled water. The suspension
was placed on a shaking machine and agitated for three
hours. The solution was filtered directly into a 300-ml.
round-bottomed flask, and the precipitated silver salts were
washed well with water. The aqueous solution was directly
distilled. When the bath temperature had reached 140°,
decomposition began, and the alkene steam distilled from
the mixture. When the bath temperature reached 175°,
the decomposition became quite rapid, and the head tem-
perature dropped to 88°. When distillation was complete,
the alkene was taken up in 25 ml. of ether, and the aqueous
solution further extracted with two 10-ml. portions of ether.
The combined, dried, ether extracts were distilled to af-
ford 4.5 g. (78%) of ( —)3-methoxycyclohexene, (—)XVII,
b.p. 134-137°, »n22.5p 1.4630, o??-5p —54.82° (homogeneous
ina !/, dm. tube).

The infrared spectrum showed characteristic bands at
1453, 1396, 1346, 1320, 1188, 928 and 816 cm.™! in the
fingerprint region. Authentic 3-methoxycyclohexene, pre-
pared from 1,2-dibromocyclohexane and sodium methoxide,
showed the same bands, whereas authentic 4-methoxy-
cyclohexane, prepared by the boric acid dehydration of 4-
methoxycyclohexanol,2® showed bands at 1440, 1370, 1352,
1250, 1226, 1184, 1105, 1041, 1008, 925, 914 and 872 cm. 1.

Oxidation of (—)XVII to ( —)a-Methoxyadipic Acid, (—)-
XII.—A solution of 4.0 g. (0.036 mole) of (—)XVII in 15
ml. of iso6ctane, added to 100 ml. of water, was treated with
stirring with a solution of 19 g. (0.097 mole) of sodium per-
manganate in 110 ml. of water at such a rate that the tem-
perature was maintained at 15-18° (about one-half hour was
required for the addition) while a slow stream of carbon di-
oxide was bubbled through the two-phase mixture. The
two phase mixture was filtered with the aid of Celite, and
the filter cake was triturated with dilute sodium hydroxide.
The basic aqueous solution was acidified with ice-cold 18 N
sulfuric acid and continuously extracted with ether over-
night. Evaporation of the dried ether extract afforded an
oil which crystallized on standing. The yield of crystalline
material was 4.0 g. (about 659%,). After two crystallizations
from ether—petroleum ether, the mixture had m.p. 67-85°,
neutral equivalent 79. The neutral equivalent of a-meth-
oxyadipic acid is 88 while that for glutaric acid is 66.

Further purification and separation of the {( —)a-methoxy-
adipic acid from the glutaric acid was effected by the use of
partition chromatography, following the procedure of Mar-
vel and Rand.¥ A column containing 500 g. of silicic acid
and 300 ml. of water was prepared in a tube of 59 mm. di-
ameter, and 40 cm. in length. A solution of the mixture
of acids in 4 ml. of {~amyl alcohol and 6 ml. of chloroform
was carefully placed on top of the column, and elution was
carried out with butanol-chloroform, 8%, 2500 ml., fol-
lowed by butanol-chloroform 99, 2500 ml. Fractions of
500 ml. were collected. Titration of fractions 5 and 8 ac-
counted for 909 of the acidity. Hence fractions 4 and 5
were combined, extracted with sodium carbonate solution,
the extracts washed with ether, and acidified with 509% sul-
furic acid. Continuous extraction with ether afforded a
solution which was dried and concentrated to yield 0.54 g.
of (—)XII. The acid, after one crystallization from ether-
petroleum ether, had m.p. 99.2-99.9°, 0.48 g., [a]%2:D
8—854.2° (¢ 2 in ethyl acetate). Neutral equivalent found

.0.

(23) W. Brapdenherg and A, Galet, THm Jovrnay, T2, 8875 {19560,
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Anal. Caled. for C;H;05: C, 47.72; H, 6.87. Found:
C, 48.04; H, 6.87.

The cinchonidine salt, m.p. 181.8-182.7°, was crystal-
lized from ethyl acetate-methanol.

Anal. Caled. for CuH;0:Ny: C, 70.65; H, 7.37; N,
7.32. Found: C, 70.25; H, 7.81; N, 6.82.

The p-phenylphenacyl ester crystallized from ethanol-
ethyl acetate, m.p. 131-132°.

Anal. Caled. for Cy5H30r: C, 74.45; H, 5.71.
C, 73.86; H, 5.65.

Found:
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The benzyl isothiuronjum salt crystallized from acetone,
m,p. 151.6-152.6.

Anal. Caled. for CuHasOsNS:
Found: C, 52.37; H, 6.31.
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liam A. Klemperer for determining the infrared
spectra, and the Graduate Fellowship committee
of the University of California for the award of the
Abraham Rosenberg Fellowship to D. B. D.
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C, 52.46; H, 5.87.
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Dehydroxymethylation of Primary Alcohols

By HerMaN PINES, H. G. RODENBERG! AND V. N. IPATIEFF?
RECEIVED SEPTEMBER 21, 1953

The dehydroxymethylation of 2-cyclopentylethanol, 1-methyl-1-hydroxymethylcyclohexane and 4-hydroxymethyleyclo-
hexanol was studied at about 190 ° in the presence of a nickel-Kieselguhr catalyst and under 100 atmospheres of hydrogen

pressure.
hexane and cyclohexanol.

It was shown previously® that the dehydroxy-
methylation of primary alcohols proceeds in the
presence of a nickel catalyst and hydrogen according
to the general formula

RCH;0H + H, — RH 4 CH, 4+ H,0

Thus good yields of neopentane were obtained
from 3,3-dimethylbutanol,®® 6,6-dimethylnorpinane
from myrtanol,®® pinane from nopol® and cyclo-
butane from cyclobutylmethanol.3e

In order to determine the applicability of this
reaction, as a method of degradation of primary
alcohols, this study was extended to three other
representative types of alcohols, namely, to: (1)
2-cyclopentylethanol (I), which on hydrogenolysis
in the presence of nickel-alumina catalyst under-
goes a skeletal rearrangement forming methyl-
cyclohexane?s; (2) 1-methyl-1-hydroxymethyl-
cyclohexane (II), in which the hydroxymethyl
group is attached to a tertiary carbon atom;
and (3) 4-hydroxymethylcyclohexanol (III), which
besides a hydroxymethyl group contains also a
secondary hydroxy group.

H.C CH,0H CH;0H
N |
\/ \\/—CHQCHgoH O O
|
OH
I II 111

The experiments were carried out according to
the procedure described previously?® using nickel—
Kieselguhr catalyst and initial hydrogen pressure
of 100 atmospheres.

Compound I underwent 939, reaction at 171-
190° forming, according to infrared spectral an-

(1) Universal Oil Products Company Research Fellow, 1951.

(2) Deceased, November 29, 1952,

(3) (a) V. N. Ipatieff, W. W, Thompson and H. Pines, Tris JOUR-
NAL, T8, 553 (1951); (b) V. N, Ipatieff, G. Czajkowski and H, Pings,
¥b¢d., T8, 4008 (1951); (c) H. Pinus, H. G, Radenberg snd V. N\ Ipa«
tieg, {bid., T8, 6065 (1053).

The respective products in 80-100%, yield obtained from this reaction were methylcyclopentane, methyleyclo-

alysis, methyleyclopentane as the only liquid hydro-
carbon. Compound II underwent over 909
hydrogenolysis at 194° forming methylcyclohexane.
The hydrogenolysis of compound ITI proceeds step-
wise; the dehydroxymethylation occurs at a lower
temperature than the hydrogenolysis of the hydroxy
group attached to the ring. At 174°, 809, of
compound III reacted to form only cyclohexanol.
At 208° the reaction went to completion and the
product consisted of 559, cyclohexane and 409
cyclohexanol.

The present results and those obtained from
previous study show that the dehydroxymethyla-
tion method could be used as an indirect method
for degradation of acids, if the latter are reduced
to the corresponding alcohols.

Experimental Part

Dehydroxymethylation.—The dehydroxymethylation re-
actions were made in a 450-ml. capacity rotating autoclave.
The carbinol, 0.1-0.3 mole, and 109, by weight of UOP
nickel-Kieselguhr catalyst* were placed in the autoclave
and heated in the presence of 100 atmaspheres of initial hy-
drogen pressure, The experimental results are summarized
in Table I. The gases recovered from the reaction consisted,
according to mass spectrographic analyses, of hydrogen and
methane.5 Only about 0.1-0.2%, of carbon monoxide was
formed.

The structures of the compounds produced were deter-
mined by physical constants and infrared spectral analyses.

TaBLE I
DEHYDROXYMETHYLATION OF PRIMARY ALCOHOLS
Conditions
of reacn. Alcohol
Alcohol Temp,, reacted,
Expt. used °C. r % Product formed

1 I 171 19 100 Methyleyclopentane
2 I 190 5 94 Methylcyclopentane
3 I1 194 3 94 Methylcyclohexane
4 II1 174 6 80 Cyeclohexanol
5 ITI 208 [°] 100 556% Cyclohexane

409%, Cyclohexanol

(4) V. N. Ipatieff and B. B. Carson, Ind. Eng, Chem,, 26, 1838
(1934).

(8) The wmnes spectrographic analyses were made by J. B. Grutks,
Universal Ofl Preducte Company,



