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acidification with sulfuric acid and extraction with four
liters of benzene yielded 337 g. of a liquid acid mixture.
On fractionation through a 25-plate column there were ob-
tained fractions 1-10 inclusive, 150 g. of trimethylacetic
acid m. p. and mixed m. p. of its anilide 130-131°, and frac-
tions 11-20 inclusive, 109 g. of ¢{-butylacetic acid, m. p.
and mixed m. p. of its anilide 128-129°. The third com-
ponent in the mixture was identified as dineopentylacetic
acid, m. p. and mixed m. p. of its anilide 165-166°

Summary

1. The considerable resistance of 1,1-di-
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neopentylethylene to oxidation has been con-
firmed.

2. 1,1-Dineopentylethylene can be readily ob-
tained in about 159 yields from the oxidation of
crude triisobutylene.

3. The oxidation of 1,1-dineopentylethylene
by chromic acid mixture gives about 25%, of di-
neopentylacetic acid and 50% of unchanged ole-
fin.
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Acylals

By CHARLES D. HURD AND FrRaNK O. GREEN

Ethers, acetals, esters and acid anhydrides all
contain the C-O-C grouping. So also do such
compounds as CH,CH(OCOCH,;); and C.H;-
OCH,0OCOCH;, but these belong to none of the
above four classifications. The general term
“acylal” has been assigned! to compounds of this
class. In general, an acylal function is a C-O-C
grouping wherein one of the two carbons is in the
aldehyde state of oxidation and the other is in the
acid state of oxidation. For contrast, the C~O-C
of acetals is an aldehyde-alcohol combination
and that of esters an acid-alcohol combination.

The present study is devoted to the chemistry
of acylals of these two general formulas

OCOR OR
RCH< and RCH<
OCOR OCOR

Strictly speaking the latter contains both acetal
and acylal functions but it is convenient to refer
to both Itypes as acylals. There is no terminology
for this class of substances as yet, but names com-
parable to those developed for acetals would as-
sist in the visualization of these functional groups.
Systematic names will be used in this paper.

1-Alkoxyalkyl chlorides were used in the syn-
thesis of several mixed acetal-acylals in accord-
ance with the equation

RCH—OR’ + NaOCOR —>» RCHOR’ + Na(Cl
& deor

Except for 1-ethoxyethyl acetate, CH;CH(OC,-
H;)OCOCH3, which Claisen? made by the reaction
of acetic anhydride and ethyl acetal, no simple
mixed acylals above the formaldehyde deriva-

(1) Hurd and Cantor, THIS JOURNAL, 60, 2678 (1938).
(2) Claisen, Ber., 81, 1018 (1898),

tives have been reported. Several such mixed
acylals, CH2(OR)OCOR, were prepared by Fife,
Clark and Garland.® Another substance of this
type which has been reported is 2,2,2-trichloro-
1-ethoxyethyl acetate,* CCI;CH(OC.H;) OCOCHs.
It was prepared by the reaction of acetyl chloride
and chloral alcoholate. A list of the several acetal
acylals formed in the present investigation to-
gether with their physical properties is submitted
in Table I. Analytical results are included also.
All combustions except that for 1-propoxyethyl
propionate were carried out by Mr. Ernest Wash-
burn.

Calculation of the molecular refractivities of
the fourteen new compounds showed close agree-
ment with the values obtained with the Lorenz-
Lorentz formula, M(n? — 1)/d(n* + 2).

Several new reactions of acylals were investi-
gated. Ethylidene acetate was used throughout
since it was the most readily available acylal.
The reactions studied were those with aniline, hy-
droxylamine, and chlorine.

Acetanilide, acetic acid and acetaldehyde were
the products of reaction with aniline. From the
results it is apparent that only one of the two ace-
tate radicals functions as an acetylating agent and
the intermediate hemiacylal decomposes spon-
taneously.

CH;CH(OCOCHjs); + CeH:NH, —>

OCOCH,
CH3CH< } + CeH:NHCOCH,
OH

OCOCH;
CHSCH<O —> CH,CHO + CH;COOH
H

(8) Fife, Clark and Garland, TEIS JoURNAL, 47, 2421 (1925).
(4) Meyer and Dulk, Ann., 1T1, 69 (1874).
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TaABLE I
PHYSICAL PROPERTIES AND ANALYSES

Names °C. B.». mm, n?0p
1-Methoxyethyl acetate 24-25 15 1.3870
1-Methoxyethyl propionate 41-43 18 1.3936
1-Methoxyethyl butyrate 44-45 11 1.3989
1-Ethoxyethyl propionate 51.0-561.5 18 1.3967
1-Ethoxyethyl butyrate 55-56 11 1.4022
1-Propoxyethyl acetate 54-55 20 1.3977
1-Propoxyethyl propionate  54.8-55.2 11  1.4028
1-Propoxyethyl butyrate 67.8-69 11 1.4060
1-Butoxyethyl acetate 69.5-70 21  1.4031
1-Butoxyethyl propionate 70-71 11 1.4080
1-Butoxyethyl butyrate 80-81 11 1.4101
1-Ethoxypropyl acetate 46.3-46.8 14 1.3970
1-Ethoxybutyl acetate 53-54 10  1.4020
1-Ethoxybutyl propionate 66-67 10 1.4070

The course of the reaction with hydroxylamine
was analogous. Acetohydroxamic acid, acetal-
doxime and hydroxylammonium acetate were
characterized as reaction products
3NH;0H + CH;CH(OCOCH;); —> CH,CONHOH +

CH;CH=NOH + CH;COONH;OH + H;0

A procedure for identification of the reaction
products had to be developed. Acetaldoxime was
removed by vacuum distillation and the other two
products were characterized by their difference
in behavior on oxidation. When permanganate
was added to acetohydroxamic acid a brown-
colored solution was formed. Similar oxidation
of hydroxylammonium acetate yielded a colorless
solution. When permanganate was added to a
mixture of hydroxylammonium acetate and aceto-
hydroxamic acid, none of the brown color ap-
peared until all the hydroxylammonium acetate
had been oxidized. The reagent thus acted as its
own indicator. An obscure end-point prevented
quantitative accuracy, but it was shown in five
titrations of hydroxylammonium acetate that
0.32-0.40 g. of potassium permanganate was
consumed for each gram of hydroxylammonium
acetate.

Chlorination of ethylidene acetate was negli-
gible at room temperature, but the reaction was
rapid at 100°. The most abundant reaction prod-
ucts were chloral, dichloroacetaldehyde, acetic
acid, and chloroacetic acid. Some high-boiling
product was formed also, which appeared to be a
mixture of 2-chloroethylidene acetate, CICH,CH-
(OCOCHSz3)2, and 2,2-dichloroethylidene acetate,
CLCHCH(OCOCHS;);. Apparently chlorination
was more rapid on the methyl group of the alde-

——————Analyses, %
Calced. ound

4, Formula C H

0.9736 CyHyiO; 50.84 8.53 50.80 8,45
L9573 CgHi,O; 54.53 9.156 54.37 9.13
.9374  CH.O; 57.52 9.65 57.34 9.72
9399 GH,Os  57.52 9.65 57.40 9.77
19211 CsHypOs  59.94  10.06 59.81 10.11
.9248 C/HuOs  57.52 9.65 57.30 9.80
.9194 CsH,Os 59.94 10.06 59.80 10.31
L9131  CgHisO; 62.04 10.41 61.95 10.40
L9193 CeHpOs  59.94  10.06 59.76 9.99
.9108 CyHis0; 62.04 10.41 61.95 10.50
.9013  CyHyOs; 63.79  10.71  63.67 10.60
L9299 C/HWO;  57.52 9.65 57.62 9.65
.9202  CsHyisOs  59.94  10.06 59.78 10.06
.9133 CeHis0s 62.04 10.41 61.84 10.54

hyde function than on the methyl group of the acid
function.
Experimental Part

Six 1-alkoxyalkyl chlorides were prepared according to
the procedure of Shoemaker and Boord,® by conducting
dry hydrogen chloride into an aldehyde-alcohol mixture
at 0to 5°. Four of the substances were made from acetal-
dehyde, one from propionaldehyde, and one from n-butyr-
aldehyde. These compounds were: 1-methoxyethyl
chloride, l-ethoxyethyl chloride, 1-propoxyethyl chloride,
1-butoxyethyl chloride, l-ethoxypropyl chloride, and 1-
ethoxybutyl chloride, yields averaged 80%. The chlorides
were used without distillation, as recommended by Shoe-
maker and Boord.

Preparation of Acylals

Mixed alkyl acyl acylals were prepared by interaction
of the above chlorides and various sodium salts. Details
for one typical synthesis will be given.

Three-tenths mole (28.6 cc.) of 1-methoxyethyl chloride,
CH;CHCIOCHS;, was chilled to 0° and added all at once to
0.4 mole (32.8 g.) of fused, pulverized sodium acetate.
The mixture was shaken vigorously, whereupon heat was
evolved. The shaking was continued for a few minutes
while the evolution of heat lasted, then the flask was
warmed over a low flame, with continued shaking, for five
to ten minutes longer. The liquid was separated from the
solid by vacuum filtration, with the aid of dry ethyl ether
as an extraction solvent. The ether solvent was removed
and the remaining oil distilled. The first fraction, col-
lected below 29° (23 mm.), weighed 1.08 g. Then 18.84
g. was collected at 20-31° (23 mm.), leaving a liquid residue
of 2.43 g. Redistillation of the main fraction showed the
boiling point of 1-methoxyethyl acetate to be 24-25° at 15
mm. The 18.84 g. of crude product is a 519 yield based
on the methoxyethyl chloride. The liquid residue was not
further investigated. It wasencountered in every prepara-
tion and boiled 40 to 50° higher. The results from this
method are to be found in Table I. Yields were usually
about 509, for the various acylals, but actual yields varied
from 40 to 74%,.

(5) Shoemaker and Boord, THIS JoUrNAL, 88, 1505 (1931).
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Reaction with Aniline

A mixture of 15 g. of ethylidene acetate (b. p. 63—64° at
14 mm.), 10 cc. of dry ether and 10 cc. of aniline was left
for one hour at room temperature. An odor of acetalde-
hyde developed during this period. To separate the acet-
aldehyde from the acetic acid and acetanilide which were
present also, air was drawn through the mixture for an hour
and the air stream was passed through potassium perman-
ganate solution held at about 50°. Then the excess of
permanganate was reduced by sodium bisulfite to manga-
nese dioxide which was filtered off. The filtrate was con-
centrated, acidified with sulfuric acid, and distilled to ob-
tainits acetic acid content. Neutralization of the distillate
yielded 1.5 g. of sodium acetate. From this, p-bromophen-
acyl acetate (m. p. 84-85°) was prepared in the usual way.

The mixture from which the acetaldehyde was removed
was distilled and the first fraction was chiefly acetic acid.
Neutralization and evaporation yielded 5.2 g. of sodium
acetate, identity of which was confirmed as the p-bromo-
phenacyl ester. The higher-boiling part of the reaction
products was chiefly acetanilide (b. p. 170-175° at 18
mm.). Itmeltedat112°; yield 7.8g. From the products
isolated, these yields were obtained: acetaldehyde, 0.8 g.,
17.5%:; acetic acid, 3.8 g., 61%; acetanilide, 7.8 g., 56.5%.

Reaction with Hydroxylamine

An analytical method for the identification of a mixture
containing hydroxylamine, an oxime, and a hydroxamic
acid was developed as follows. The mixture taken con-
tained ethyl alcohol, acetaldoxime, acetohydroxamic acid,
and hydroxylammonium acetate. The first two liquids
were distilled off under diminished pressure and the distil-
late redistilled for the oxime fraction at 110-115°. The
hydroxylammonium ion was oxidized from the solid residue
by addition of potassium permanganate solution (2 to 5%
strength) till a permanent brown color remained. Be-
tween 0.32-0.40 g. of solid potassium permanganate was
needed to oxidize 1 g. of hydroxylammonium acetate.
The acetohydroxamic acid which remained was converted
to benzoylacetohydroxamic acid, m. p. 97-99°, which was
filtered off. The acetate ion in the filtrate, indicative of
hydroxylammonium acetate, was converted to sodium ace-
tate which was characterized as p-bromophenacyl acetate,
m. p. 83-84°,

From a synthetic mixture of acetaldoxime (4 g.), aceto-
hydroxamic acid (5.1 g.), and hydroxylammonium acetate
(6.3 g.) and absolute alcohol (5 cc.) these quantities were
identified: acetaldoxime as such, 509%,; acetohydroxamic
acid as the benzoyl derivative, 20%,; hydroxylammonium
acetate as sodium acetate trihydrate, 249%. The details
used were the same as those listed below. Yields from the
reaction mixture obtained below should be interpreted in
accordance with the yields obtained on the known mixture.

To a mixture of 15 g. of ethylidene acetate and 5 cc. of
absolute alcohol at 0° was added 12.7 g. of pure hydroxyl-
amine base.® The temperature of the mixture rose to 30°.
The mixture was distilled at 15 inm., whereupon 18 cc. of
liquid was collected at 28-32°. Residue (R) will be re-
ferred to later. Redistillation of the 18 cc. yielded 1.6 cc.
of glcohol at 76-89°, 2.8 cc. at 89-112°, 8.5 cc. at 115-120°.

(6) Hurd, "’Inorganic Syntheses,” McGraw-Hill Book Company,
New York, N. Y., 1939, Vol. 1, p. 87.
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Both of the last two fractions contained acetaldoxime and
acetic acid. From the 2.8-cc. fraction was isolated 0.56
g. of acetaldoxime, and from the 8.5-cc. fraction 1.32 g.
This was done by adding wet ether to the fractions and
then extracting the acetic acid into a water layer with dilute
sodium carbonate solution. The ether layer was sepa-
rated, dried over calcium chloride and distilled. Most of
the oxime boiled at 114-115.5° and the yield was 319,

Residue (R) required 8 cc. of 5% potassium permanga-
nate solution to impart a green color, This was performed
in anice-bath. This color changed to brown when warmed
to 25°. The solution was made basic with 18 cc. of 109,
sodium hydroxide solution, then 5 cc. of benzoyl chloride
was added. The mixture was shaken and cooled. There
separated 4.6 g. of solid which was filtered off. The fil-
trate contained acetic acid. It was acidified, distilled,
the distillate neutralized and evaporated to yield 3.6 g.
(249%,) of sodium acetate trihydrate. p-Bromophenacyl
acetate, made from the latter, melted at 83-84°. The 4.6
g. of solid contained 0.76 g. of benzoic acid which was ex-
tracted with hot ligroin. The remaining 3.84 g. (21%) of
benzoylacetohydroxamic acid was dissolved in ether.
From it, crystals separated melting at 96-08°.

Reaction with Chlorine

A rapid stream of dry chlorine was bubbled through 15
g. of ethylidene acetate maintained at 90-100° for four
hours. A reflux condenser was attached to the reaction
flask. From the effluent gas only about 0.5 g. of a cor-
rosive, fuming liquid was condensed by an efficient coil
condenser maintained between —10 and —15° by ice and
salt. The bulk of product, which remained in the reaction
flask, weighed 20 g. Distillation yielded four fractions
(°C., g.): 97-102, 4.7; 102-113, 4.7; 113-115, 4.1; 140-
160, 1.5. The first fraction was viscous, fumed in air, and
was soluble in water or ether. It reacted with 2,4-dinitro-
phenylhydrazine to produce a mixture of substances from
which two products were isolated. One, which was gly-
oxal 2,4-dinitrophenylosazone,” melted at 316-318° (un-
cor.). Other evidence for it was its orange color, its in-
solubility in alcohol, and its negative test for chlorine.
The other substance isolated melted at 2901-293°, and this
was duplicated when an authentic specimen of chloral re-
acted with 2,4-dinitrophenylhydrazine. This evidence
supports the contention that both dichloroacetaldehyde
and chloral were in the first fraction.

The third fraction was composed chiefly of acetic acid.
From it p-bromophenacyl acetate, m. p. 84°, was synthe-
sized.

Ethylidene acetate was chlorinated at 100° as before and
5.3 g. of the chlorinated product was mixed with 6.5 cc. of
n-butyl alcohol. This mixture was warmed on a steam-
bath and left overnight, by which time two layers had
formed. The lower layer (1.25 cc.) was a fuming liquid
which yielded glyoxal 2,4-dinitrophenylhydrazone. Frac-
tionation of the top layer was as follows (°C., cc.): 90-95,
1.25; 120-130, 4.0; 160-176, 0.6; 178-180, 1.8. The first
fraction was a fuming liquid, evidently a chlorinated alde-
hyde. The other fractions possessed pleasant ester-like
odors. Fraction 2 was chiefly butyl acetate. After redis-
tillation (b. p. 120-122°) its saponification equivalent was

(7) Strain, THis JourNaAr, 87T, 760 (1935),
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found to be 119 (caled., 116). The fourth fraction was
butyl chloroacetate. It was changed in 809, yield to
chloroacetamide, m. p. 119—120°, and no trace of dichloro-
acetamide (m. p. 98-99°) could be found.

Summary
The C—0O—C grouping in aldehyde-acid com-
binations is an acylal function. Fourteen new
acylals were synthesized having the general

OR .

formula: RCH< , Wwherein R represents
OCOR

methyl, ethyl, propyl, or butyl radicals. These

were prepared by reaction of a sodium salt with
a 1l-alkoxyalkyl chloride.
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Ethylidene acetate was selected as a typical
acylal for study with three new reactions, namely,
with aniline, hydroxylamine, and chlorine. Re-
action products with aniline were acetanilide, ace-
tic acid, and acetaldehyde. Reaction products
with hydroxylamine were acetohydroxamic acid,
hydroxylammonium acetate, and acetaldoxime.
Reaction products with chlorine were chloral,
dichloroacetaldehyde, acetic acid, chloroacetic
acid, 2-chloroethylidene acetate, and 2,2-dichloro-
ethylidene acetate. The significance of these re-
sults is discussed briefly.
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The Synthesis of 3’,5'~Difluoro-4/~thyronine and 3,5-Diiodo-3’,5’~difluoro-7/-
thyronine

By CarL NIEMANN, ANDREW A. BENSON AND JaMmes F. MEAD

Recent studies reported by Boyer, Evans and
Phillips! have shown marked differences in the
toxicity and physiological behavior of 3-fluoro-
and 3,5-difluoro-di-tyrosine.? In order to pro-
vide suitable compounds for an analogous study
in the thyronine series, we previously synthesized
3’-fluoro-di-thyronine and some of its iodinated
derivatives.? In continuation of this phase of our
work we now wish to report the synthesis of 3',5'-
difluoro-di-thyronine (I) and 3,5-diiodo-3’,5’-di-
fluoro-dl-thyronine (II).4

F
HOO—O———QCHQCHNHz(lOzH I
I
F I
HOQ—O—QCHQCHNchogH 11
¥ i

The synthesis of these two compounds de-
manded as an intermediate 3,5-difluoro-4-meth-
oxyphenol which was prepared in a 3.3, over-all

, . i 74%
yield by a series of reactions: anethole —> 3-

(1) P.D. Boyer, R, J. Evans and P. H. Phillips, Proceedings of the
American Society of Biological Chemists, 35th Annual meeting,
Chicago, 1941, p. xx.

(2) J. English, Jr., J. F. Mead and C. Niemann, TH1S JOURNAL, 62,
350 (1940),
© (8) C. Niemann, J. ¥. Mead and A. A. Beason, ibid., 63, 609
(1941).

(4) This research is being conducted as « codperative project with
Professor Paul Phillips of the University of Wisconsin who has under-
tuken a pharmacological investigation of the compounds reported in
this and earlier comutnnicatinns, 3

86 % .
nitro-4-methoxybenzoic acid ﬂ) methyl 3-nitro-
1% .
4-methoxybenzoate ﬂ> methyl 3-amino-4-meth-
499
oxybenzoate —> methyl 3-fluoro-4-methoxy-
2% .
benzoate —> methyl 3-fluoro-4-methoxy-5-nitro-
92%
benzoate i methyl 3-fluoro-4-methoxy-3-
30%
aminobenzoate 2% methyl 3,5-difluoro-4-meth-
98% . .
oxybenzoate —> 3,5-difluoro-4-methoxybenzoic
1% . . 7%
acid 9—‘7> 3,5-difluoro-4-methoxybenzamide -—Z
86% .
3,5-difluoro-4-methoxyaniline E, 3,5-difluoro-4-
methoxyphenol. A second synthesis, giving an
over-all yield of 9.09% was based on the following
37% .
reactions: o-fluoroanisole — 2-fluoro-6-nitro-
86% ) , 84%
phenol —> 2-fluoro-6-nitroanisole —7> 2-fluoro-
. . 48% ) ) 88%
6-aminoanisole -—Z» 2,6-difluoroanisole —> 2,6-
. : 93% .
difluoro-4-nitroanisole —> 3,5-difluoro-4-meth-
86%
oxyaniline =% 3,5-difluoro-4-methoxyphenol.
This phenol was condensed with triiodonitro-
benzene and the resulting substituted diphenyl
ether converted into 3,5-diiodo-3',5’-difluoro-di-
thyronine (II) by following the general method
used by Harington and Barger® for the synthesis
of 3,5-diiodo-di-thyronine. Partial dehalogenation
of 3,5-diiodo-3’,5’-difluoro-dl-thyronine (II) gave
3’,5’-difluoro-di-thyronine (I).
In the second synthesis of 3,5-difluoro-4-meth-
(%) C. R. Huringtou aud G. Barger, Biochem. J., 21, 169 (1927).



