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The New Acid Synthesis. II.

The Effect of Hindrance.

Methyl Tertiary-Butyl-

and Methylethylpropylacetic Acids'

By 1. G. Aston, J. T. CrarkEe, XK. A. BUrGEss anND R. B. GREENBURG

The action of sodium alcoholates in ether on a-
bromo-s-alkyl ketones has been shown! to yield
the ester of the tertiary acid, and it has been rea-
sonably established that an ethylene oxide is an
intermediate. The steps postulated in the pro-
duetion of the ester are
R'R™CBr—CO-~R"" + NaOR —

RIR"CBr—-C{OR)(ONa)-~R""" -

5
i

R/(R"}'\C*———C(OR)W»R"' -~ R'R"R’CCOOR (A}
o’
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The ethylene oxide (II) is presumably formed
from the preliminary addition product (I).

In the present paper it is shown that the series
of reactions (A) is of wide generality. The reason
that the initial addition product (I) is formed in
preference to the product of metathesis involving
the bromine atom directly is shown to be steric
hindrance.

When 3-bromo-2-butanone is treated with al-
cohol-free sodium methylate or isopropylate, the
preduct 1s identical with the one of normal meta-
thesis, namely, the 3-alkoxy-2-butanone. This
product could conceivably be produced by re-
arrangement of the alkoxyl group or of the hy-
drogen on the other ring carbon atom. The first
of these rearrangements is possible, but never has
been found to occur when a methyl group can re-
arrange instead. No example of a rearrangement
of the second type has been found, although one
case with a hydrogen on this carbon (4,4-dimethyl-
3-bromo-2-pentanone) has been studied where
such a rearrangement could have been detected.
Thus it seems that the above product results by
normal metathesis. On the other hand, 4,4-di-
methyl-3-bromo-2-pentanone on treatment with
alcohol-iree sodium methylate gives a 73%, yield
of the pure methyl ester of methyl-i-butylacetic
acid.  This shows that the presence of hydrogen
o1 the alpha carbon is not the determining factor,
and indicates that hindraunce to metathesis is one
of the causes of the rearrangement. This reac-
tion product indicates that the rearrangement

{1} The {irst paper of this series appeared in TB18 Journar, 62,
SR (18460,

discovered by Favorskii and Bozhovskii,? in
which a-chlorocyclohexanone on treatment with
alcoholic potassium hydroxide yields cyclo-
pentane carboxylic acid, proceeds through the
mechanism (A) which was the one advanced by
Favorskii.®

While the rearrangement is favored by a hin-
dered halogen, it is retarded by making the re-
arranging alkyl or aryl group larger, as would be
expected. In the latter event the methoxyl group
rearrangement, to give the same product as ob-
tained by normal metathesis, is favored. Thus
when 3-bromo-3-methyl-4-heptanone is treated
with alcohol-iree sodium methylate, a mixture of
the methyl ester of methylethylpropylacetic acid
and 3-methoxy-3-methyl-4-heptanone is obtained.
Under similar conditions e-bromoisobutyrophe-
none gave only o-methoxyisobutyrophenone, as
identified by oxidation.

Experimental

3-Methoxy-2-butanone.—A suspension of methanol-free
sodium methylate in anhydrous ether was prepared by
addition of 37.4 g. (1.17 moles) of absolute methanol to
27.0 g. (1.17 moles) of sodium wire in about 500 cc. of
anhydrous ether, The mixture was stirred for three days
while refluxing, at which time all the sodium had reacted.
QOver a period of two hours with coustant stirring, 103 g.
(0.681 mole) of 3-bromo-2-butanone? was added to the
suspension of sodium methylate in ether. The stirring
was coutinued for twelve hours, and then water was added
to dissolve the sodium bromide and excess sodium methyl-
ate. The two layers were separated, the water layer was
extracted twice with ether, and the washings were added to
the ether solution. After drying the ether layer, fractiona-
tion of the residual liquid gave 27.0 g. (39.19%,) of a color-
less oil, b. p. 87° (740 mm.); #2%p 1.3750.

Anal. Caled. for CH,O(OCH;): C, 58.8; H, 9.89;
OCH;, 30.4, mol. wt., 102. Found: C, 58.5; H, 10.0;
OCHj;, 30.8, 31.1; mol. wt. (cryoscopic in CsHs), 97.5.

Treatment with a solution of phenylhydrazine in 59
hydrochloric acid gave a derivative which, when recrystal-
lized from ethanol, melted at 242° and did not depress the
inelting point of an authentic sample of the osazone of
diacetyl.

{2) Favorskii and Bozhovskii, J, Russ. Phys.-Chem. Soc., 46, 1098
(1915).

(3) Favorskii had predicted this reaction on the basis of the re-
arrangement of a-dichloroketones to a.8 unsaturated acids [Favnr-
skil, fbid., 26, 559 (1804); J. prakt. Chem., 51, 533 (1894) ]

{4) Favorskii, ibid., [2] 88, f41 (1913)
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4,4-Dimethyl-3-bromo-2-pentanone was prepared by the
slow addition of an equimolecular portion of bromine to
methyl neopentyl ketone® at 0°, Carbon dioxide was
passed through the solution to remove the hydrogen
bromide as formed. Fractionation gave a light pink oil,
b. p. 106° (88 mm.). When distilled at ordinary pressures
the compound decomposed.

Anal. Caled. for C;Hy;3BrO: Br, 40.8. Found: Br,
39.2, 39.1.

Methyl Methyl-s-butylacetate from 4,4-Dimethyl-3-
bromo-2-pentanone.—A suspension of methanol-free so-
dium methylate in anhydrous ether was prepared as above
from 20.8 g. (0.652 mole) of absolute methanol and 15.0 g.
(0.652 mole) of sodium wire in 500 cc. of anhydrous ether.
Over a period of two hours with constant stirring, 99.0
g. (0.507 mole) of 4,4-dimethyl-3-bromo-2-pentanone was
added. The stirring was continued for twelve hours and
the reaction mixture worked up in the same way as that in
the preparation of 3-methoxy-2-butanone. Fractionation
of the dried residual liquid gave 53.0 g. (73.0%) of a color-
less liquid, b. p. 95° (150 mm.); #2%p 1.4116.

Anal. Caled. for CG;H;;O(OCH,): C; 66.6; H, 11.1;
mol. wt., 144. Found: C, 66.8; H, 11.2; mol. wt.
(cryoscopic in CeHsg), 143.

Methyl-t-butylacetic Acid.*—Saponification of methyl
methyl-t-butylacetate with 209, sodium hydroxide, fol-
lowed by acidification, ether extraction and distillation,
gave a white solid, b. p. 132° (55 mm.); m. p. 53.5°.

Anal. Caled. for C;H;30:: C, 64.6; H, 10.7. Found:
C,64.4; H, 10.5.

The Acetanilide from the Acid.—The acid chloride was
prepared by treating the dry acid with thionyl chloride,
and the excess thionyl chloride was removed by distillation.
Treatment of a solution of the acid chloride in benzene
with a solution of aniline in benzene gave a derivative
which, when recrystallized from a 50-50 mixture of benzene
and petroleum ether, melted at 112° and did not depress
the melting point of an authentic sample’ of methyl-¢-
butylacetanilide.

3-Bromo-3-methyl-4-heptanone.—Two moles (320 g.,
110 cc.) of liquid bromine were added with ice cooling to
two moles (260 g.) of 3-methyl-4-heptanone without sol-
vent. Fractionation of this product gave 185 g. of ma-
terial (45%) boiling at 88° (22 mm.), #2% 1.4627-1.4630.

Anal. Caled. for CgHy:BrO: Br, 38.8. Found: Br,
38.65.

Methyl Ethylmethylpropylacetate from . 3-Bromo-3-
methyl-4-heptanone.—This reaction was run exactly as
above using 103.5 g. (0.5 mole) 3-bromo-3-methyl-4-
heptanone, 11.5 g. of sodium, 16 g. of absolute methanol and
500 cc. of anhydrous ether. Fractionation of the product
under a pressure of 100 mm. resulted in a single fraction
which boiled at 103-104° and had a refractive index of
1.4181-1.4182.

(5) For the preparation of this ketone in large quantities by the
oxidation of diisobutylene, see Whitmore and co-workers, forthcom-
ing publication.

(8) For a previous preparative method for this acid by oxidation
of 4,5,5-trimethyl-2-hexene see Whitmore and Surmatis, forthcom-
ing publication.

(7) Whitmore and Osborn, unpublished preparation.
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Anal. Caled. for CgHys0,:
C,69.0; H,11.4.

If the product comsisted solely of the corresponding
ester, the yield would have been 75%. However, it seems
likely that a constant boiling mixture was formed con-
sisting of the methoxy ketone and the ester, because a
small amount of a 2,4-dinitrophenylhydrazone (m. p. 139-
140°) was obtained from it by boiling with 2,4-dinitro-
phenylhydrazine and a few drops of concentrated hydro-
chloric acid in 95%, ethanol.

Ethylmethylpropylacetic Acid.—Five cc. of the meth-
oxylation product and 35 cc. of constant boiling hydriodic
acid were refluxed for six hours. The reaction mixture
was made alkaline by adding 159, sodium hydroxide solu-
tion, and extracted with ether. The reaction mixture was
then made acid with sulfuric acid, extracted with ether,
the ether extract dried over calcium chloride and distilled
under reduced pressure, A yield of about 50%, (using the
weight of the methoxylation product as a basis) of material
boiling at 105° under a pressure of 20 mm. was obtained.

C, 684; H, 11.6. Fouad:

Anal. Caled. for CgHy0.: C, 66.7; H, 11.1; neut.
equiv.,, 144.1. Found: C, 67.3; H, 10.6; neut. equiv.,
146.

Ethylmethylpropylacetyl Chloride.—An equal volume of
thionyl chloride was added to 2 cc. of the acid and the
mixture refluxed for thirty minutes on a steam-bath. The
thionyl chloride was stripped off and the residue distilled
under reduced pressure. A yield of about 709, of material
boiling at about 110° under a pressure of 100 mm. was
obtained.

Anal. Caled. for CgH,;0Cl: Cl, 21.8. Found: Cl, 19.8.

a-Methoxyisobutyrophenone from «-Bromoisobutyro-
phenone.—This reaction was run using 211 g. (0.93 mole)
of bromoketone* exactly as above, with the exception that
the sodium methylate was prepared by dissolving 21.4 g.
(0.93 mole) of sodium in an excess of anhydrous methyl
alcohol which was then removed by evaporation and one
liter of anhydrous ether added. Fractionation yielded
115.6 g. [0.65 mole (70%) of liquid b. p. 88-88.5° (14 mm.),
n2% 1.4921].

Anal. Caled. for CyH40,: C, 74.3; H, 7.8; MeO,
17.4. Found: C,74.3; H,7.6; MeO, 17.2,16.7.

It was unsaponifiable and yielded a 2,4-dinitrophenyl-
hydrazone on treatmeagt with 2,4-dinitrophenylhydrazine
and a few drops of concentrated hydrochloric acid in
methanol (m. p. 139-140° after two recrystallizations from
ligroin).

Anal. Caled. for CiyHisOsNa:
Found: C, 57.2; H, 5.0.

The Oxidation of the Methoxylation Product from «-
Bromoisobutyrophenone.—One-tenth of a mole (17.8 g.)
of the methoxylation product was run into a solution of
9.6 g. (0.2 equiv.) of potassium dichromate and 10 cc. (0.36
equiv.) of concentrated sulfuric acid, the mixture kept at
75-80° for one and a half hours and finally distilled
through a one-foot Vigreux column. Thus was obtained
0.035 mole (35%) of acetone as identified by its 2,4-dinitro-
phenylhydrazone and conversion to dibenzalacetone.
From the residue, by ether extraction, was obtained 0.02
mole (20%) of crude benzoic acid as identified by a mixed
melting point.

C, 57.0, H, 507.
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Summary

1. The action of alcohol free sodium methylate
or isopropylate on 3-bromo-2-butanone yields the
product of normal metathesis.

2. The action of alcohol free sodium methylate
on 4,4-dimethyl-3-bromo-2-pentancne gives a
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739 yield of the pure methyl ester of methyl-¢
butylacetic acid.

3. Under similar conditions 3-bromo-3-methyl-
4-heptanone yields a mixture of methylethylpro-
pylacetic acid and 3-methoxy-3-methyl-4-hepta-
none while a-bromoisobutyrophenone yields only
a-methoxyisobutyrophenone.

4. It is hypothesized that when normal re-
placement is hindered, rearrangement occurs
through an ethylene oxide intermediate. The
rearranging group is the alkyl group if this is suf-
ficiently small and the final product is the ester.
Otherwise the alkoxyl group rearranges to give a
product identical with that of normal metathesis.
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The Constitution of Arabo-galactan.

II.

The Isolation of Heptamethyl- and

Octamethyl-6-galactosidogalactose through Partial Hydrolysis of Methylated
Arabogalactan'

Bv E. V. Warre

The water-soluble gum of the western larch,
Larix occidentalis, has been shown to contain d-
galactose and l-arabinose as monosaccharide com-
ponents in 6:1 molecular ratio™®*? and was
tentatively assumed to be a homogeneous polysac-
charide, although more recent studies™®* tend to
discredit this hypothesis. In the first communi-
cation* of the present series it was shown that the
methyl derivative of the polysaccharide, when sub-
jected to complete hydrolysis and simultaneous
glycoside formation, yielded the glycosides of
2,4-dimethyl-d-galactose, 2,3,4-trimethyl-d-galac-
tose, 2,3,4,6-tetramethyl-d-galactose, and 2,3,5-
trimethyl-l-arabinose in the approximate molec-
ular ratio 3:1:2:1, respectively. Furthermore,
the isolation of a relatively large proportion of the
terminal arabo-furanose unit as the crystalline
amide of the corresponding acid strongly suggested
a direct linkage of the arabinose fraction to the
galactose units of the polysaccharide.

(1) Presented in part before the Pacific Intersectional Division of
the American Chemical Society meeting with the American Associa-
tion for the Advancement of Science, Pasadena, California, June 16~
21, 1941,

{2) (a) Wise and Peterson, Ind. Eng. Chem., 22, 362 (1830);
{b) Wise, Hamer and Peterson, ibid., 25, 184 (1933); (¢} Wise and
Unkauf, Cellulosechem., 14, 20 (1033); (d} Peterson, Maugham and
Wise, ibid., 16, 109 (1834),

(3) (a) Peterson, Barry, Unkaul and Wise, THis Jourwan, 63,
2361 (1940); (b) Husemann, J. prakl. Chem., 158, 13 (1940); (o)
Hirst, Jones and Campbell, Nature, 147, 25 {1941).

4} White, Turs Journar, 83, 2871 (1941).

The validity of this assumption might be es-
tablished by the preferential hydrolysis of the
furanopentose unit under mild conditions leaving
a galactan residue of unchanged structure. The
technique has been employed successfully in the
case of xylan,’ and Hirst, Jones and Campbell®
report its application to arabo-galactan, although
the latter authors have not given the experimental
details of their method. In the present experi-
ments a successful partial hydrolysis of larch gum
to arabinose and unchanged galactan has not been
achieved as yet despite numerous attempts under
a variety of conditions. The furanopentose unit
is undoubtedly removed more rapidly than the
galactopyranose residues but the preferential
character of the hydrolysis has not been estab-
lished. Similarly, the preferential aqueous hy-
drolysis of the methyl ether derivative was not
successful and was complicated by precipitation
of the ether in the hot aqueous acid solution unless
alcohol or other diluent was used as solvent. On
the other hand, hydrolysis of the methyl ether in
mrethanol solution with anhydrous hydrochloric
acid proceeded smoothly and in a regular manner.
The reaction products were separable sharply into
two fractions. One of these, soluble in hot pe-
troleum ether (A), increased gradually in yield ap-

) Bywater, Haworth, Hirst and Peat, J. Chem. Sce., 1983 (1937) .



