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(X) in which the position of the nitrogen is estab-
lished by the fact that isoxazolines are not formed
by way of the I,2-addition reaction to the car-
bonyl of chalcones.
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3. We have reported isomeric ethers (VIa)
and (VIb) which react differently and probably
are geometric isomers,
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A Study of the Direction of Enolization of p-Methoxy-p’-bromodibenzoylmethane and
p-Methoxy-p'-ethoxydibenzoylmethane

By R. PErRcY BarNES, THOMAS C. GoopwiN, JRr.,! AND THoMAS W. COTTEN, JR.}

In a previous report to THiS JOURNAL? we have
discussed enolization of 3-diketone. In continu-
ation of this investigation we have made chalcones
(I), aOn), (V) and (VI), and converted them to

?-C2H50C6H4CHO + CH3C0C5H4OCH3-p P
p-CHaoCquCOCHZCHCsH40C2H5-p
VI

p-CHaoCsH4CH=CBrCO CGH4O C2H5-p

Y

V) ~—> p-CH;0CH,CHBrCHBrCOC:HOC:Hs-p
VII

CH;,O—<_ >—c’=CH—ﬁ—
OH.....O

[

their respective dibromides (111}, (IV), (VII)
and (VIII). The dibromides (IIT) and (IV) were
smoothly converted to the completely enolic di-
ketone (XI); the dibromides (VII) and (VIII)
were converted to the 1009, enolic substance
(X11).

The dibroutides (VII) and (VIII) also gave rise
to the a-bromochalcones (IX) and (X), respec-
tively.
p-CHzoCsH4CHO —{" CHaCOCquBr-p —_—

p-CHz—OCsH4CH=CHCOCGH4Br-p
I

p-BrCeH4CHO + CHaCOCsH4OCH3-p —_—
{)-CHgOCsH4COCH=CHCeH4Br-p

I
(I) —> p-CH,0CsH,CHBrCHBrCOC:H,Br-p —>
11
O — — = — C— —_—
cmo—(_ »—c—CH ¢
OH.....0 X1
a
. /— _ *_'\
CHO—{ —ﬁCH—-’C—< SBr
HO
b
{11) —> pCHOCH,COCHBrCHBrCeH Br-p —> XI
v

P-CI‘I;;OC&I‘L‘CHO + C}13COCGH4OC2H5-p —_—
p-CHgoCsE{4CH=CHCOCGH4OC2Hs-p
A%

(1} In partial fulfillment of the requirements for the Master's
Degree.

~:12) R. Percy Barnes and George W. Reed. Jr., THIs Jovryar, 69,
5132 (1947).

OCH, T~

CHSO—<3—ﬁCH=?—©—OC2H5

O...HO
d

(VD) —> p-CH;0C:H.COCHBrCHBrCeH,0C,Hs-p —> XII

VIII

’

p-CHgOCsl“L;COCBI':CHCGH4OC2H5-p
X

It is agreed that g-diketones which are enolic
involve resonance, and that differences in the
terminal groups influence both the equilibrium
and the reaction rate of the resonating forms. In
the case of the enol (XII), in which the terminal
groups, anisyl and phenetyl, are only slightly dif-
ferent, one would predict that the equilibrium
concentrations of the two isomers (c¢) and (d) and
their reaction rates, would not be far different. The
same prediction might be made in reference to
enol (XI), but possibly with less accuracy, since
the inductive effect of —Br is large.

—OCH;............. 1.16
Dipole Moments”{ —OCH;............ 1.00
—Br................ 1.51

These predictions are borne out remarkably,
for each enol (XI) and (XII) gives rise to a mix-
ture of isoxazoles which undoubtedly arise from
the resonating forms (Xla) & (XIb) and (XIIc)
2 (XIId). There isn’t the slightest doubt as to
the non-identity of the isomeric isoxazoles, be-
cause of the manner in which each has been pre-

ared.? )

The chalcones (I) and (II) yield the respective
isoxazolines (XIII) and (XIV), which are oxi-

(3) W.J. Svirbely and J. C. Warner, #bid., 67, 655 (1933).
(4) A. H. Blatt, ¢bid., 83, 1133 (1931).
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dized to the isoxazoles (XV) and (XVI), re-
spectively. The dibromides (III) and (IV) pro-
duce the isoxazoles (XV) and (XVI), respectively.
Similarly the chalcones (V) and (VI) give the
respective isoxazolines (XVII) and %XVIII)
which are converted in turn to their respective
isoxazoles (XIX) and (XX). The dibromide
(VII) and the a-bromochalcone (IX) give the isox-
azole (XIX) while the dibromide (VIII) and the «-
bromochalcone (X) give the isoxazole (XX).

09

l

P-CHgC)C5H4CHCH=CCsH4Br-p

r
NH——O0

XIII

J

(XI) — ‘t’-CH30C6H4C'—'CH=CCGH4BT-p + p-CH30CGH4C=CH—CCsH4Br-p

N———0

XV

f

884)
W
p-CH;0CsH,CHCH=CCH,0C,H;s-p

NH——-O0
XVII

!

(XII) —> $-CH;OCsH,CCH=CCsH,0C,Hs-p p-CH;0CsHC—=CHCCsHOC:Hs-p

(
N—O
XIX

(VII) (1x)

Experimental

The Chalcones (I), (II), (V) and (VI).—These sub-
stances were prepared by the Claisen-Schmidt condensa-
tion reaction.

The Dibromides (III), (IV), (VII) and (VIII).—The
dibromides were prepared by brominating the chalcones
with the calculated amount of bromine in either chloroform
or carbon tetrachloride.

TaBLE [
Analyses, %
Com- M. p., Calcd. Found
pound °C, Color Formula C H C H
I 142-143 Pale yellow CisHisO:Br 60.6 4.1 60.6 4.1
II 152-153 Pale yellow CisH1:0:Br 60.6 4.1 60.6 4.2
v 113 Pale yellow CisH1s03 76.6 6.4 76.7 6.4
VI 109 Yellow CisH1803 76.6 6.4 76.4 0.4
I1I 158-159 Colorless CisH1:0:Brs 40.3 2.8 40.3 2.7
v 164-166 Colorless Ci1sH130:Brs 40.3 2.8 40.3 2.8
VII 100 Colorless CisH1sO:Br: 48.9 4.1 48.8 4.1
VIIT 124 Colorless CisH1sOsBr: 48.9 4.1 48.9 4.1

The «-Bromochalcones (IX) and (X).—Separate solu-
tions of each of the dibromides (VII) and (VIII) in 155 cc.
of glacial acstic acid were refluxed with 27 g. of freshly
fused potassium acetate for two hours. The solutions
turned browuish-yellow. On pouring into large volumes
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p-CHaOC5H4C=CHCHCsH4Br-p
O——NH
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p-CHaOCGH4C=CHCHCGH4OC2H5-p

O-—
XVIII

(VIII)
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of cold water, brown oils separated. The oils were taken
up in ether, freed of acetic acid by shaking with 5%, sodium
bicarbonate solution, washed with water, and dried over
anhydrous sodium sulfate. The ether was pumped off,
and the residual oils allowed to stand ixn vacuo over solid
potassium hydroxide for several days. Viscous brown
oils weighing 8-9 g. resulted.

Anal. Caled. for C;sHsO3Br: C, 59.8; H, 4.7.
Found for IX: C, 59.8; H, 4.8. Found for X: C,
59.7; H,4.7.

Preparation of the Enolic Material (XI): A. From the
Dibromide (III).—A solution of 15 g. of the dibromide
(III) in 160 cc. of methanol was

(1D heated gently on a steam-bath.

After refluxing had begun, a so-

lution of 6 g. of potassium hy-
droxide in 30 cc. of methanol
was added slowly. The mixture
was colorless until over half the
potassiuin hydroxide had been
added, when it became reddish
orange color. Refluxing was
continued for two hours. Then
the solution was chilled and
acidified with dilute hydro-
chloric acid. The 11 g. of yel-
low material obtained was
iiltered, washed and recrystal-
lized from 100 cc. of methanol
and 200 cc. of ether, melting at
150°.

B. From the Dibromide
(IV) .—To a refluxing solution
of 0.5 g. of the dibromide (IV)
in 33 cc. of methanol was slowly
added 0.25 g. of potassium hy-
droxide in 3 cc. of water. The
colorless solution turned light
yellow in color. Refluxing was
continued for two hours. Then
the solution was chilled and
acidified with dilute hydrochloric
acid with stirring. The solid ob-
tained was filtered, washed and
recrystallized from alcohol. The
0.4 g. of crystals obtained melted
at 150°, and mix-melted un-
changed witli tlie material from
X) (A) above.

Anal. Caled. for CisH,30:Br:
C, 57.7; H, 3.9. Found: C, 57.6; I, 3.9.

The almost colorless crystals gave a deep red coloration
with alcoholic ferric chloride. This compound is 1009,
enolic in methanol, as determined by the improved Kurt
Meyer titration method.

Preparation of the Enolic Material (XII). A. From
the Dibromide (VII).—A solution of 2.6 g. of potassium
hydroxide in 20 cc. of methanol was added to a hot solu-
tion of 10 g. of the dibromide (VII) in 50 cc. of methanol
while refluxing. The yellow solution was chilled and
acidified with dilute hydrochloric acid. A yellow sub-
stance crystallized. It was filtered, after chilling and re-
crystallized from methanol to yield yellow needles weighing
4 g.and melting at 96.5°.

B. From the Dibromide (VIII).-——To a hot solution of
10 g. of thic dibromide (VIII) in 60 cc. of methanol was
added a solution of 2.6 g. of potassiumi hydroxide in 20
cc. of methanol while refluxing. Upon acidification with
dilute liydrochloric acid, yellow crystals iinmediately pre-
cipitated. These were then filtered, after chilling, and re-
crystallized froni methanol to yield yellow needles weighing
3 g.and melting at 96°.

Anal. Caled. for C;sHysO4:
C,72.6; H,6.1.

These products mix-melted at 96.5°. This substance
gave a red coloration with alcoholic ferric chloride and was

X1V

|

0——X
XVI

f

(IV)

NH

)

O

N
XX

C,72.5; H,6.1. Found:
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1009 enolic as determined by the improved Kurt Meyer
method.

Preparation of the Isoxazoline (XIII).—To a solution of
5.9 g. of the «,B-unsaturated ketone (I) in 100 cc. of nor-
mal propyl alcohol was added 2.3 g. of hydroxylamine hy-
drochloride in 5 cc. of water. To this solution was added
slowly 4 g. of potassium hydroxide in 20 cc. of water, caus-
ing the light yellow mixture to become a deep yellow.
The solution was refluxed for two hours. On cooling, a
solid separated from the orange-colored solution. The
solid was filtered and washed with water and methanol.
On recrystallization from methanol, 2 g. of gleaming white
leaflets were obtained, melting at 170-171°. Normal
propyl alcohol was used because ketone (I) was obtained
unchanged with similar quantities in methanol.

Anal. Caled. for C,HyO:BrN: C, 60.4;
Found: C,60.5; H,4.5.

Preparation of the Isoxazoline (XIV).—To a solution of
2 g. of the ,8-unsaturated ketone (II) in 170 cc. of meth-
anol was added 1 g. of hydroxylamine hydrochloride in
5 cc. of water. To this solution was added slowly 1.5 g.
of potassium hydroxide in 5 cc. of water. The solution
became slightly yellow. It was refluxed for two hours.
On ¢ooling a precipitate separated instantly., The chilled
solution was filtered and the solid was washed with water
and methauol; 1.4 g. of glistening colorless leaflets was
obtained, melting at 148-149°.

Anal. Caled. for CyjgHsO:BriN:
Found: C,60.3; H, 4.4.

Preparation of the Isoxazole (XV): A. By the Oxida-
tion of the Isoxazoline (XIII).—To a solution containing
0.4 g. of the isoxazoline (XIII) in 25 cc. of acetic acid, was
added 0.2 g. of chromic oxide. The mixture became a
dark reddish brown. The mixture became green when
the solution was heated on the steam-bath to 60° and kept
at this temperature for oue half hour, with occasional
stirring. The mixture was cooled and poured into 500
cc. of cold water. Instantly a light yellow solid separated
from the green solution. The nixture was chilled for one
half hour, filtered and washed with 50 cc. of water. On
recrystallization from 275 cc. of methanol, 0.2 g. of color-
less solid was obtained, melting at 193-194°.

B. From the Dibromide (III).—To a solution of 5 g.
of the dibromide (III) in 100 cc. of hot ethanol was added
2.5 g. of hydroxylamine hydrochloride in 5 cc. of water.
The mixture was boiled five minutes on the steam-bath,
then, while still hot, 5 g. of potassium hydroxide in 5 cc. of
water was added slowly. The solution turned a deep
yellow in color. On cooling a solid material separated.
The mixture was chilled for one hour, filtered, washed with
alcohol and water and dried, yielding 0.6 g., which upon
recrystallization from alcohol melted at 193-194°. It
mix-melted with the isoxazole from the isoxazoline (XIII)
at 193-194 ° with no depression.

Anal. Caled. for CigHp2O:BrN:
Found: C,58.1; H, 3.6.

Preparation of the Isoxazole (XVI): A. By the Oxida-
tion of Isoxazoline (XIV).—To a solution containing 0.4
g. of isoxazoline in 25 cc. of acetic acid, was added 0.2 g. of
chromic oxide. The 1nixture became dark green in color.
Then the solution was heated on the steam-bath to 80°
and kept at this temperature for one-half hour, stirring
occasionally. After cooling the mixture, it was poured
into 500 cc. of cold water. Instantly a light yellow solid
separated from tlie solution. The mixture was chilled for
one-half hour, filtered with suction, and dried, yielding 0.3
g. of crude isoxaznle. On recrystallization from alcohol,
colorless crystals were obtained, melting at 197-198°.

B. From the Dibromide (IV).—To a solution of 5 g. of
the dibromide (IV) suspended in 100 cc. of hot ethanol,
was added 2.5 g. of hydroxylamine hydrochloride in 5 cc.
of water. The mixture was boiled for five minutes on the
steam-bath. Then, while still hot, 5 g. of potassium hy-
droxide in 5 cc. of water was added slowly. The solution
turned a light yellow in color. On cooling a solid material
separated. The mixture was chilled for one hour, filtered,

H, 4.4.

C, 60.4; H, 4.4.

C, 58.2; H, 3.7.
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washed with alcohol and water and dried, yielding 2.5 g.
of colorless crystals, which upon recrystallization melted
at 197-198°. It mix-melted with the isoxazole from the
isoxazoline (XIV) at 197-198°.

Anal. Caled. for C;gH;20:BrN:
Found: C,58.1; H,3.6.

Preparation of the Mixture of Isoxazoles (XV) and
(XVI).—To a hot solution of 2.1 g. of the enolic material
(XI) in 100 cc. of methanol was added 1.25 g. of hydroxyl-
amine hydrochloride in 5 cc. of water. The mixture was
refluxed for two hours and forty-five minutes. On cooling,
a colorless solid fell out that gave a positive ferric chloride
test. At this point 0.5 g. of hydroxylamine hydrochloride
was added to the hot solution and refluxed for an hour.
On cooling, a colorless solid separated. This solid was
filtered, washed and recrystallized from methanol to yield
1.8 g. of colorless crystals melting at 194-195.5°.

Anal. Caled. for CiHp0:BrN: C, 58.2;
Found: C,58.3; H,3.7.
lgéSTixture of pure (XV) and (XVI) melted at 194-

5.5°. :

3-Anisyl-5-phenetyl Isoxazoline (XVII).—A solution of
3.7 g. of hydroxylamine hydrochloride in 10 cc. of water
was added to a hot solution of 10 g. of the unsaturated ke-
tone (V) in 75 cc. of ethanol. A solution of 7.8 g. of
potassium hydroxide in 10 cc. of water was immediately
added to the mixture which was then refluxed for two
hours. A dark maroon solution was formed. The prod-
uct, after recrystallization from ethanol as colorless crys-
talline plates weighed 2.9 g. and melted at 125.5°.

Amnal. Caled. for CsHyeO3N: C,72.7; H, 6.4, Found:
C,72.8; H,86.5.

3-Phenetyl-5-anisyl Isoxazoline (XVIII).—A solution
of 3.7 g. of hydroxylainine hydrochloride in 10 cc. of water
was added to a hot solution of 10 g. of the unsaturated ke-
tone (VI) in 100 cc. of ethianol and a solution of 7.8 g. of
potassium liydroxide in 10 cc. of water was immediately
added to tlie mixture which was theu refluxed for two hours
forming a dark maroon solution. The product, after re-
crystallization from ethanol as colorless crystalline flakes
weighed 4.35 g. and melted at 136.5°.

Anal. Caled. for CsHwO;N: C,72.7; H, 6.4. Found:
C,72.6; H,6.4.

3-Anisyl-5-phenetyl Isoxazole (XIX). A. From the
Isoxazoline (XVII).—A solution of 2 g. of the isoxazoline
(XVID) in 100 cc. of glacial acetic acid was heated to 80°
and 1.34 g. of chromic acid were added. Tle reaction
mixture was stirred for forty-five minutes and then poured
into 400 cc. of cold water. The resulting precipitate was
filtered and washed with a little cold ethanol. It was
boiled witli a quantity of ethanol insufficient for complete
solution and the residue remaining after quickly decanting
off the hot alcoholic solution was recrystallized from ethyl
acetate and subsequently from ethanol to yield colorless
silky needles melting at 139°.

B. From the Dibromide (VII).—-A solution of 2 g. of
hydroxylamine hydrochloride i1 3 cc. of water was added to
a hot solution of 5 g. of the dibromide (VII) in 40 cc. of
ethanol after which a solution of 4.5. g. of potassium hy-
droxide in 5 cc. of water was iminediately added to the
mixture while refluxing. The solution becanie reddish-
brown and a precipitate was formed rapidly. It was
filtered, washed with water and recrystallized from ethanol
as colorless needles to yield 1.9 g. melting at 139.5°.

C. From the «-Bromochalcone (IX).—A solution of
0.57 g. of hydroxylamiue hydrochloride inn 5 cc. of water
was added to a solution of 1.5 g. of the «-bromo kectone
(IX) in 30 cc. of ethanol, after which a solution of 1.4 g.
of potassiuin hydroxide in 5 cc. of water was added to the
mixture which was then refluxed one hour forniing a dark
maroon solution. The product after recrystallization froin
methanol as colorless needles weighed 0.17 g. melting at
138.5°. The above products mix-melted at 138.5-139°,

Anal. Caled. for CisH¢zO3N: C,73.2; H, 5.8. Found:
C,73.0; H,5.8.

C, 58.2; H, 3.7.

H, 3.7.
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3-Phenetyl-5-anisyl Isoxazole (XX). A. From the
Isoxazoline (XVIII).—A solution of 2 g. of the isoxazoline
(XVIII) in 100 cc. of glacial acetic acid was heated to 80°
and 1.34 g. of chromnic oxide was added. The reaction
mixture was stirred for 45 minutes and then poured into
400 cc. of cold water. The resulting precipitate was fil-
tered, washed with water and then washed with a little
cold ethanol. The precipitate was boiled with a quantity
of ethanol insufficient for complete solution. The residue
remaining after quickly decanting off the hot alcoholic
solution was recrystallized from ethyl acetate and sub-
sequently from ethanol to yield colorless needles melting
at 125.5°.

B. From the Dibromide (VIII).—To a hot solution of
5 g. of the dibromide (VIII) in 4Q cc. of ethanol was added
a solution of 2 g. of hiydroxylamine hydrochloride in 3 cc.
of water after which a solution of 4.5 g. of potassium hy-
droxide in 5 c¢c. of water was immediately added to the
mixture., The solution became reddish-brown and the
product precipitated rapidly on refluxing. It was filtered,
washed with water and recrystallized from ethanol as color-
less needles weighing 2.6 g., and melting at 126°.

C. From the «-Bromochalcone (X).—A solution of
0.57 g. of hydroxylamine hydrochloride in 5 cc. of watcr
was added to a solution of 1.5 g. of the ¢-bromo unsaturated
ketone (X) in 30 cc. of ethanol after which a solution of
1.4 g. of potassium hydroxide in 5 cc. of water was added
to the mixture. The solution turned dark red while re-
fluxing for one hour. After cooling, the precipitate which
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was formed was recrystallized from methanol as colorless
needles to yield 0.18 g. melting at 126°,

Mixture of Isoxazoles (XIX) and (XX) from Diketone
(XII).—To a solution of 1 g. of the enolic material (XII)
in 25 cc. of ethanol was added a solution of 0.25 g. of hy-
droxylamine hydrochloride in 4 cc. of water and the mix-
ture was refluxed for one hour, during which interval a
colorless material precipitated. This material recrystal-
lized from ethanol as colorless silky needles weighed 0.54 g.
and melted at 131.6°.

Anal. Caled. for C;sHyyO;N: C, 73.2; H, 5.8. Found:
C,73.3; H,5.7.

The melting points of the mixtures of varying propor-
tions of the isoxazoles (XIX) and (XX) were found to vary
irregularly between 125.6° to 138.6°. The melting point
of a mixture of the isoxazoles, prepared by dissolving ap-
proximately equal quantities—about 30 mg. each—in
ethanol, allowing the solvent to evaporate and then in-
timately mixing was 132°.

Summary
1. We have reported the preparation of two
B-diketones which are 1009 enolic in methanol.
2. We have shown that each §-diketone yi€lds
a mixture of two isoxazoles—each a derivative of
one or the other of the resonating enol pair.
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Hydroxylated Stearic Acids. -

I. Action of Prévost’s Reagent on Oleic and Elaidic

Esters: Evidence for Configuration of the Hydroxy Acids!

By HAarRoLD WITTCOFF AND SIDNEY E. MILLER

The Prévost reagent,? silver iodobenzoate, was
applied to methyl oleate and to elaidic acid by
Green and Hilditch,® who reported that the for-
mer, after saponification, yielded a mixture of the
high and low melting forms of 9,10-dihydroxy-
stearic acids, whereas the latter yielded only the
low melting form.34 Repetition of the work in
this Laboratory has shown, in contrast to the re-
sults of the English workers, that subsequent to
saponification the interaction of silver iodobenzo-
ate and methyl oleate (¢c¢s double bond) yields ex-
clusively the low melting form of 9,10-dihydroxy-
stearic acid. Likewise there results froin methyl
elaidate (¢rans double bond) after similar treat-
ment the high melting form of the dihydroxy
acid. Furthermore, by changing the order of the
addition of the reagents, and by extending the
time of reaction, it has been possible to increase
the yields considerably over those reported by
the previous workers.

(1) Paper No. 75, Journal Series, Research Laboratories, General
Mills, Inc. Presented at the 112th meeting of the American Chemi-
cal Society, New York City, Sept. 15-19, 1947,

(2) (a) C. Prévost, Compt. rend., 196, 1129 (1933); (b) ibid., 197,
1661 (1983); (c) C. Prévost and R. Lutz. ibid., 198, 2264 (1934);
(d) C. Prévost and J. Wiemann, ibid., 204, 989 (1937); (¢) E. B,
Hershberg, Helv. Chim. Acta, 17, 351 (1934).

(3) T.C. Green and T. P. Hilditch, Biochem. J., 39, 1552 (1935).

(3a) D. Swern, G.N. Billen, T. W, Findley and J. T. Scanlan, TH1s

JourNAL, 67, 1786 (1945).
(4) A. Lapworth and E, N. Mottram, J. Chem. Soc., 1628 (1925).

If the benzoxylation proceeds by frans addition
to the double bond as Prévost contends?® then it
follows that low melting 9,10-dihydroxystearic
acid is the threo form and is configurationally re-
lated to elaidic acid whereas the high melting
form is the erythro form and represents the so-
called normal or cis addition of the two hydroxyl
groups to oleic acid.

The above conclusions reached from benzoxyl-
ation studies are in accord with those postulated
by King® from epoxidation experiments. Both
our conclusions and those of King, however, are
opposed to the conclusions of Atherton and
Hilditch® who, like King, employed epoxidation as
a means of postulating configurational relation-
ships. In reading Atherton and Hilditch’s work,
one is impressed with the fact that they have not
taken full advantage of evidence which has ac-
cumulated relating to certain mechanisms upon
which their postulations are dependent. Thus
it has been shown that closure and fission of
epoxide rings proceed with inversion.” Like-
wise, modern theory proposes the {rans addition
of hypochlorous acid to olefins.® Finally, hy-

(8) G. King, ébid., 37 (1943).

(6) D. Atherton and T. P. Hilditch, {bid., 204 (1943),

(7) See, for example, S. Winstein and H, J. Lucas, THIS JOURNAL,
61, 1576 (1939).

(8) L. P, Hammett, “"Physical Organic Chemistry,” McGraw-
Hill Book Co., Inc., New York, N. Y., 1940, p. 148,



