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reaction goes smootbly with a number of furan aldehydes.
Furoin has been oxidiged to furil by air (13) or electroly~
sis (14). HMoureu, Dufraisse, and Johnson (15) have reported
the supposed oxidation of furylbromoethylene with air to
w-bromofuryl methyl ketone. Priebs (18) has oxidiged S-nitro-
2-ethenyl nitrofuran to S-nitro~@-furoic acid with chromioc
acld. Gilman and ¥right {17) have oxidigzed Benitro~furfuryl
alcohol to nitrofurfural by heating to 40-50° for two days
with .aih»;aaa dioxide and 50% sulfuric aeid. |

dethyl groups in the furan serles have been oxi~
dized (172) by bromination %o give the dibromide followed by
bydrolysis to the aldehyde. The drastic conditions of this
me thod, hawa?er, keep it from being general. B.L. %ooley (18}
bas oxidigzed sylvan to furfuraldoxime with NO0l, but it has
been found impossible $0 extend this reaction to other furan
methyl compounds. He has also oxidized sylvan to fureic acid
with selenium dioxide but we have been unable to duplicate
this reaciion.

The oxidizing agent used in these studien is one
that has been applied successfully by W.A. Woyes (18) to the
bengene series, and appears %o be general for the exidation of
furan methyl groups to carboxylic acids. This reagent, po-
tagsium ferricyanide, conmbines power with mildness in a way
which makes it an ideal oxidizing agent in the furan series.
With it suoh compounds as fufuryl aloochol and sylvan have

veen oxidigzed to furoiec acid.



EXPERIMENTAL

Iypioal Oxidation for Yost Iypes of Furan Compounds.

Ozxidation in basiv solution may be used for all
compounds except the nitrofurans which are unstable in the
presence of alkalies. A typlecal oxidation is outlined.

One gram of the compound, 35 g. of potasssium ferri-
¢yanide, and 10 g. of poitagssium hydroxide were placed in a
300 co. flask with 150 co. of distllled water and refluzed
three hours. The solution was filtered hot to remove irom
oxids, and concentrated to one~half the original volume. On
eooling a large gquantity of potassium ferrooyanide orysitallized
and was filtered. This potassium ferroeyanide could be con~
verted to potassium ferrioyanide and used again. The fil-
trate was then acldified with hydrochloric acld in slight ex-
cesg of that required to neutralize the base. It was not
necesgary to use enough hydrochlorie acid to convert the
potassiun ferrooyanide to the acid as hydroferrooyanic acid
was stronger than the organic acids prepared. The acid so-
lution was extracted with ether. Removal of the ether left
the impure organic acid which was purified by orystalliza~

tion. In some cases where the yields were poor it was found



advantageous after boiling two hours to add another 235 g. of
potassium ferricyanide and 10 g. of potaseium hydroxide and
continue the boiling another two hours. Table I gives the

amounts of reagents used and yields of aocld in grams.

- In the case of the furan nitro compounds two equiv-
alents, 34 g. of potassium acetate were used instead of the
10 g. of potassium hydroxide. The procedure was the same as
before with this exeception. The neudrnl type of reaciion,
using potassium aceiate, was also tried with some of the

other furan compounds.,



TABLE I

T Grams  t

Uompda. oxidiged ﬁam@le*acgasaium' Acid obtained

: tTield
1grams :ferrioya-: tgrams
HE gn;&a use ',_7 3

g 1t BO 4

3 1 3 4
31+ 2 t

: :§‘ -3 )

s 1 25 ¢

F. MY ,§§" Ty
; 1 ; % ,#ﬁ"’h&ﬁ furﬁiﬁ : ; .;@5
T gu_g%z T L E0
: % 3 = trofurois : .54
3 : _gb __sfur 1 .2
t 1 3 85 3 orylic % )
] 1%2 3 85 aeryiic i .10
;s 12 1 25 .' T .4

s t 12,5~dicarboxy @

: .%» : . I5 H foran 3 .35
T 1/8 s B0 :éﬁﬁy&re&uaic T .01
‘é T {fur&ia acld _+ .03

*4ll of #h@ﬁe were run in neuiral (a&a above) solution.

The acids were characierized by m.p. and mixed m.p. with an
authentic specimen.

In the ocase of dehydromucic aeid which has no meliing point, the
acid was converted to the dimelhyl ezter and a m.p. and mixed
#.p. were taken.



SUMMARY

1, An oxidizing agent which seems to be general
for the oxidation of furan mefthyl groups has been reported.
A number of fursn ocompounds containing methyl groups have
been oxidized. A number of other furan ocompounds have bsen

oxidizged using the same reagent.
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B, THE BROMINATION OF FURYL METHYL KETONE

ISTRODUCTION

‘The great tendency of furan to undergo nuclear sub-
stitution when treated with a reagent which can effect furan
auclaar substitution has been demonstrated in the cage of
ethyl furylacrylate (20) and 2-furyl pﬁﬁ#yl ketone {21). The
only exception has been ihe addition of bromine %o the side
chain of furyl ethylene (23). In the bromination of furyl
methyl ketone it bgs been shown that the bromine enters the
side chain to give w-bromofuryl methyl ketome. This behavior
may be explained by the theory of 0. F. Ward (23). This
theory assumes enolization of the earbonyl group and addition
to the unsafurated linkage with a final remeval of hydrogen
bromids.

-CH . -0H ~CHBY ~CHBY
| & ——p ) +Bry, —> | — | +  HBr
-C0 ~G0H ~COHBY ~G0
It was expected, however, that the mecond atom of bromine would
gubstitute in the nucleus. This aa# shown not to be the Case
as the dibromination of furyl methyl ketone gives w,w-dibrom~
furyl methyl ketone in 0% yield. It was thought that this
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formation of a chalin substituted compound was caused by the
removal of hydrogen bromide from an addifion product which may
have contained bromine attached to the nucleus. To test this
theory the bromination was carried out at low temperature and
the product trested with alecholic potassium hydroxide before
it reached a point where hydrogen bromide was given off spon~
taneously. Kﬁwavat, a eareful examination of the resotion
product failed to show a compound contalning a bromine atom

in the nucleus.

The nitration product of furyllasthyl ketone (24)
has been ghown to be H-nitro-2-furyl methyl ketone by com~
parison with the product from the reaction of dlazomethane
with 5-nitro-2-furfural (25). This ketone has been charac-
teriged by the preparation of the oxime.
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EXPERIMENTAL

To 11 g. (0.8 mole) of furyl methyl ketone dis-
solved in 100 ce. of carbon disulfide {dried over calocium
chloride) was added 16 g. (0.1 mole) of bromine in 500 eo. of
earbon disulfide. The bromine was added dropwise with stir-
ring at room temperature. The reaction mixture was stirred
15 minutes after the last addition of bromipe. It was then
poured into water and washed with sodium bicarbonate solution.
The carbon disulfide layer was dried and most of the carbon
disulfide removed. The residue was distilled under reduced
pressure. The fraction boiling 120-5° C. at 30 mm. pressure
was collscted and redistilled. The vield of redistilled w
.bremaruxyllm@thyl ketone b.p. 121~3° €. at 20 mm. pressure
was 16 g. This was 0% of the itheoretical amount. The pro-
duot thug obiained was a liquid and will not solidify on
eooling. Other constants are:~
m3®  1.5783;  D3° 1.5785.
iPp3 Calo'd 36.57, Obs. 38.75
However, if this oll were diessolved in pefroleum eiher a%

room temperature and them vigoTrously cooled crystals were
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deposited which after two crystallisations melted constantly
at 36-7° @, |

Ansl.  Oalod. for OgigOgBr:  Br, 43.33

Found: Br, 43,36, 42.31

The above run was repeated except that the tempera-
ture was keot below -15% during the reaction éﬁ& during the
stirring after the reaction. ¥o hydrogen bromide was evolved.
A portion of the product wmas {reated with aleoholic sodium
hydroxide at 0% C. Another portion was treated with pyri-
dine and the rest was allowed %o come up %o room temperature
and evolve hydrogen bromide, Prom none of these fractions

was any compound isolsted which contained nuclear bromine.

| Two grams (0.0 mole) of w~bromofuryl methyl ketone
and 4 g. of calcium hydroxide were suspended in lce water and
1 g. of potassium permanganate in water was added. The
mixture was heated to boiling and filtered. The solution was
then acidified and ether extrsoted yielding 0.4 g. of furcic
acid. Thie was 35% of the theorstical amount. The furoie
acid was identified by its melting point of 129-30% C. and a
mixed melting point with an authentic speeimen showsd no de-
pression.

Three grams (0.015 mole) of w-bromofuryl methyl
ketone was treated with 3 co. of pyridine in 50 co. of dry
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ether and refluxed one hour. The reaction mixture was cool-
ed and a layer of gummy material meparated. A poriion of this
gummy material which was undoubtedly fursoyl pyridinium
bromide was ghan_éiaaolvaé‘in water and treated with sodium
hydroxide at 40°, The solution was then acidified and ether
extracted to give furoic aclid, The furoic acid was iden~
tified by ites melting point 139-130° C. and by mixed melting

point with an authentie specinen.

To 30 g, (0,24 mole) of aluminum chloride in 50 ce.
of garbon disulfide was added 41 g. (0.2 mole) of bromacetyl
bromide in 100 e&,/af ¢arbon disvifide at room temperature.
To this mixture was added 14 g. (0.2 mole) of furan in 50 ce,
of oarbon disulfide. The reaction mixture was stirred for
15 minutes after the addition and then poured into ice-water
to decompose it. The carbon disulfide layer was washed
several times with sodium b&éarbsaate solution, dried, and
the solvent was removed. The residue was distilled and the
fraction boiling at 123-5° ¢. at 20 mm. was eaileeta&, The
yield of w~bromofuryl methyl ketone was 7 g. This was 38% of
the theorsiical amount. ?he 0ily product was orystallized
from petroleum ether. M.P. 36-37; C. It was shown to be the

same oompound as that derived from the bromination of furyl
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methyl ketone as there was no depression of the melting point

when the two were mized.

Thirty-two grams (0.2 mole) of bromine in 50 co. of
carbon disulfide was added dropwise with stirring at room
temperature to 11 g. (0.1 mole) of furyl methyl ketone. ¥%hen
the hy&rag&ﬁ bromide evolution ceased the reaction mixture was
poured into water, washed with sodium bdicarbonate solutionm,
dried, and the solvent removed. The residue was distilled
under reduced pressure. The fraction boiling at 140-150° ¢.
at 15 mu. pressurs was collected. On refractionation the
fraction boiling at 145-7° ¢. at 15 mm. pressure was collected.
The yield of w,w-dibromofuryl methyl ketone was 24.5 g. This
was S0% of the theoretical amount. Other constants are:-

¥85 1.e070. 035 3.0040

¥.R. Caled. 76.2, Obsvd. 81.2

Anal. Caled. for Geﬁ 4%5::3; Br, B2.70
Found: Br, 58.30, 59.37.

Five grame of the ketone was refluxed in ethar with
B co. of pyridine. ¥No salt separated on cooling so the ether
solution was extracted with water and the water extract treat-

ed with sodium hydroxide at 0% ¢, The solution was acidified
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and extracted with ether to give 0.5 g. of furoic acid m.p.
129-30° 0. This was 20% of the theoretical amount. The acid
was ida§§i£iaé by mixed melting point with sn authentioc sample
and showed no halogen teat on fusion wiin sodium,

Five grams (0.02 mole) of the ketone and 10 g. of
caleium hydroxide were suspended in ince-water and treated with
2.5 g. of potassium permanganate in solution. The mixture was
heated, acidified and ether-extracted to give 1.4 g. of acid.
This was 65% of the theoretical amount of furcic acid melting
point 1235-7°. The furoic acid was identified by mixed melting
point with an authentic sample and showed no halogen %est on
fusion with sodium. |

All the other fractions from a dibromination run
were submitted to oxidation in the above mamner but no trace

of a eemgdund containing nuclear halogen was found.

Ethyl 5~-bromofuroate (10) was converted to ethyl
S-bromofuroyl acetate by the Claissen condensation in 34%
yield. The ethyl S-bromofurcyl acetate was hydrolyzed by
dilute sulfuric acid in 80% yield to give S~bromofuryl methyl
ketone. To 30 g. (0.18 mole) of S~bromofuryl methyl ketone
in 100 ce. of carbon disulfide was added 24 g. (0.15 mole) of
bromine at yoom temperature with stirring. The reaction mix-

ture was allowed to stir until the hydrogen bromide evolution
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oeased and wgs then poured into water. The carbon disulfide
was'washadrwiﬁh sodium bicarbonste solution, dried, and the
solvent removed. The residue was distilled under reduced pres-
sure. The fraction boiling 150-56° C. at 19 mm. pressure was
collected. It solidified in thé receiver and then was recrystal-
liged to the constant melting point of $8.5-98.5° 0. The yield
wag 21 g. of w, S~dibromofuryl methyl ketone. This was E0% of
the theoretical amount. .
Angl. Caloed. for Cg 0gBry:  Br, 58.70
Found: Br, 59.961, 58.85.

To 1 g. {0.004 mole) of the ketone and 2 g. of cal-
c¢ium hydroxide suspended in ice-water was sdded 0.6 g. of potas~

sium permanganate in solution. ?ha‘xaaatian mixture was heated,

acldified, and ether-extracted to give 0.235 g. of B~bromofuroie
acid. This was 36% of the theoretiesl smount. The aoid on re-
orystallization melted at 184° C. and a mixed melting point with
an authentic specimen showed no depression.

To 1 g. (0.004 mole} of the ketone was added 1 ec. of
pyridine in ether. The mixture was refluxed one hour and filter-
ed. The residue was dissolved in water, treated with sodium

hydroxide al 486, acidified, and ether extracted to yield 0.5 g.
of acid. This was 70% of the theoretical amount of S-bromo~furoic
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acid. This acid was identified by it melting point and by a
mixed = 1ting point with an authentic specimen.

Eitrofuryl lethyl Xetone.

Hitrofuryl methyl ketone was prepared by the method
of Rinkes {24). This compound was shown to be B-nitro-3-acetyl
furan by the following rea@tie@. Diazomethane in ether waes
prepared by heating 45 g. (0.8 mole) of potassium hydroxide in
200 co. of methyl aleohol with 35 g. (0.2 mole) of nitroso-
methyl urethane in 300 co. of ethyl ether and distilling the
mixture of diagomethane snd ether. To this solution was added
14.1 g. (0.1 mole) of S-nitrofurfural (35). A rapid evolution
of nitrogen took place and, after the completion of the reac-
tian, the ether was removed and the product crystalliged.
Helting point of B-nitro-2-acetylfuran 78-78,5% 0. Hixed with
the nitrofuryl methyl ketone of Rinkes 78-78.5° 0.

Due to the sensitivity of the furan nitro group to
alkall, this oxime was prepared ip acid solution. To B g.
{0.03 mole) of B~nitrofuryl methyl ketone and 4 g. (0.08
mole) of hydreoxylamine hydrochloride in alcohol solution was
added one half ce. of concentrated hydrochloric aclid. The
mixture wag heated to 100° for 2 hours in a closed vessel,
The yield of S-nitro furyl methyl ketoxime, melting point
167-8% ¢., was 6.1 g. This was 93§ of the theoretical amount.
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BUMARY

1. It has been sghown that inm the bromination of
2~furyl methyl ketone the first bromine enters the side
chain. VIt has been further shown that the second bromine
will also enter the side chain.

2+ In the bromination ¢f S-bromo-~2 furyl methyl
ketone the bromine enters the side chain.

3. The nitrofuryl methyl ketone prepared by
Rinkes h&éib&&ﬁ shown to be S-nitro-2-furyl methyl ketone.



C. SYNTHESES IE THX DIFURYL SERIES

IRTRODUCTION

It is significant thai, although a large numbsr of
diphenyl compounds (26) and many pbenylated heterocylic com-
pounds hava~ha¢ﬁ prepared, very little work has been published
concerning the difuryl series of compounds. The chemistry of
the difuryls might be said to have started with Marquis (27),
who isolated the first difuryl, 5, B'-dinitro-2,2t-difuryl, as
a by-product in the nitration of furan im 1905. The structure
of tnis compound was not elusidated at this time. However,
it was definitely proved to be §,5'-dinitro-2,2'-difuryl by
Rinkes (28) in 1931. |

The first work directed toward the preparation of a
difuryl type of compound was that of Eondo and Zusuki (29)
who used the Benary (30) method of ring olosurs. The Benary
synthesis, which involves the condensation of arvlacetic esters
with reactive halogeno aliphatic ethers, aldehydes or ketones
in the presence of a base, yields B-aryl-3-furocic acids. The
wmost logical reaction mechanism which may be gathered from the

literature cited is shown az follows:
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This mechanism sppears plausible for two reasons.
First,ol , P ~dichloroethyl ether reacts in the presence of
water in the following manner {31):

c1 01 C1 OH
Kg-——-ng»ﬁgﬁs + ﬁﬁé§ﬂ _> Eﬁg-—gﬂﬁﬁgﬁg T+ §84G1

?ﬁs ammonium hydroxide wmerely serves as a buffer
to remove the hydrogen ohloride from solution. If the re-
action is unbuffered, the hemi-acetal readily breaks down
to the sorresponding aldshyde. Second, Plancer and
Albini {32) as well as Walterer (33) showed that chlor-
acetaldehyde and ethyl acetoacetate react in the presence
of ammonia in ether solution to form ethyl-Z-methyl~3-
furcate.

If dichloroethyl sther is used in this synthesis,
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obviouely, the reaction must be carried out in aqueous solu~
tion. When the halogenated aldehydes or ketones are employed,
anhydrous conditions must be maintained using ether as a sol~
vent and gaseous ammonia as the condensing agent.

Kondo and Susuki {22) saponified the 3-carboethoxy~-
3y3r~difuryl to get 3,3%-difuryl-3-carboxvlate whioh they
decarboxylated to 2,2%-difuryl. Starting with this 3,2%-di-
furyl, Heichstein (34) has carried out the following series
of reactionsy
HC—CH HC — CH HON HG—-C- ®H HC —0-—H
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¥right (35) has tried the method of coupling the
Grignard reagent with varicus compounds to prepare difuryl
and its derivatives. The coupling of the Grignard reagent to
the corresponding hydrocarbon gives varying ylelds, most of
which are high, Phenylmagnesium bromide, for example, ylelds
88% of the theoretical amount of diphenyl when treated with
anhydrous cupric chloride., ¥When furylmagnesium ifodide is
treated in s like manner, the yield of difuryl is about
5 - 18%. Ferric chloride, azobenzene, and ethylene dibromide
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were tried as coupling agents without success. The difuryl
prepared a@m nitrated in 1% yield to ths 5,5*-dinitro~3,3'-
difuryl of Marquis. 5S-Iocdo~3~furyluagnesium iodide was also
succesafully coupled to 5,5%-diodo~-32,2%~difuryl with an-
hydrous cupric chleoride. 2,5-Dipdoefuran did not react with
sodium but exploded when heated to 140° C. in a sezled tube
with eopper powder.

Burtner (36) was unsuccessful in an attempt to use
the Benary synthesis to prepare HV-bromo~3,3'-difuryled-
furoate. This synthesis was balted by inability to prepare
ethyl S5~bromofuroyl acetate by the condensation of ethyl B
bromo-d-furoste and ethyl acetate with sodium. A small
agount of S5-bromo-2~furyl methyl ketone was the only product
obtalined. |

The following table lists in chromological oxder all
of the difuryls known at the present tine.
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Although optical studies f»}h this compound are not completed,
the resulte should thmﬁéng very interesting light on ithe
structure of the furan ring.



EXPERIMENTAL

Study of S~Bromo-2~furyl Methyl Fetone and Its Coupl:

Before undertaking the preparation of S-bromo-3-furyl
methyl ketone from 2-bromofursn it was thought advisable to
study the opiilmum conditions for the prepaxatiaa of furyl
methyl kebtone from the readily avalilable furan.

Synthesis of 2-Furyl Methyl Ketone from Furan.

Z-furyl methyl ketone has been prepared by Reichstein
{38} from furan and acetyl chloride using anhydrous aluminum
ehloride; stannie ohloride, ferric chloride, or gzine ochloride
as catslysts. Im order o aveid the hydrogen chloride %o
which furan is quite unstable, it seemed best %o use acetle
anhydride {38) instead of acetyl chloride.

Bun 3. A solution of 20 g. (0.4 mole) of aluminum
chloride in 40 cc. of carbon disulfide was stirred and cooled
to 0° ¢. 4 mixture of 10 g. {0.15 mole) of furan, 30 g.

{0.3 mole) of acetic anhydride, and 3 ce. of carbon disulfide
was added dropwise. The reaction was allowed %o come fc room
tempersture and stirred one hour. The reasilion anixture was
then decomposed by pouring onto cracked ice, neutralized with
sodium hydroxide, and steam distilled. The distillate was
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ether exiracted, the extract dried, and the ether removed.
There remsined 3.4 g. of furyl methyl ketone melting at 30«
31° o, aﬁ&v§ﬁiiing at 88-89° C. under 30 mm. pressure. This
was 15% of the theoretical amount. The yield (39) using acetyl
chloride was 11.%8%. |

Bug 8. In this reactiom 24 g. (0.18 mole) of an-
hydrous zinc chloride in 100 cc. of dry ether was treated with
a mizture of 310 g. (0.15 mole) of furan, X g. (0.3 mole) of
asetic anhydride, and 30 ce. of dry ether in the same manner
as in the first run. The yield of E*rﬂxYX methyl ketone was
6:3 g. or 33% of the theoretical amount. The yield (39) us-
ing zinc chloride and acetyl chloride was 34% of the theoret~
iecal,

‘Bun 2. Another run was made in a similar mﬁnner‘ax»
eept that 15 g. (0.1 mole) of ferric chloride in 50 cc. of
oarbon disulfide was treated with a mixture of 10 g. (0.15
mole) of furan, 30 g. {0.3 mole) of acetlc anhydride and 50
ec. of carbon disulfide. The yield by this method was 344
of the theoretical.

Bun 4. 4 mixture of 10 g. (0.15 mole) of furan
with 235 e¢o. of hénzana and 30 g. (0.3 mole) of ascetic anhydride
was cooled and treated with a solution of 40 g. (0.15 mole)
of anhydrous stamnic chloride in 40 cc. of benzene. After
working up in the customary manner ithe yield of 3~furyl methyl
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ketone was 8 g. This was B0% of the theoretical amount. The
yield using acetyl chloride (3%) and stannic chloride was 15%.

Two hundred and twenty-four grame (2 moles) of tech-
nical 2~furcic acid was added %o 600 g. {5 moles) of technical
thionyl chloride and %the mixture was refluxed for eight hours.
At the end of this time the excess thionyl chloride was re-
moved by disiillation at atmospheric pressure and the residue
was vacuum-distilled. There was obdained 2236 g. of 3~furoyl
chloride boiling point 75° at 18 mm. pressure, This was 87%

0f the theoreiical amount.

One hundred and twelve ocublec centimeters (2.2 moles)
of dry bromine {40) was dropped during the course of an hour
into 131 g. (1 mole) of furoyl chloride contained in a 1-
liter round~bottomed flask provided with a grouwnd-glass re~
f1iux condenser. The tubs from the dropping funnel passed com—
pletely through the condenser and reached to within 10 mm. of
the surface of the furoyl chloride. 1% was found advantageous
to add the bromine at room temperature as the reaoiion mixture
became warm during the course of the remction, and the bromine
refluxed during the addition.

After all of %he bromipe hsd been added the flask was
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immersed in an oil bath and heated at 100 - 110° 0. for 4
hours. Approximately 250 cc. of water was added and the mix-
ture poured into an ex¢ess of 204 sodium carbonate contained
in a 3~liter flask. It was boiled under a reflux condenser
until the oily layer completely disappeared. Then ithe solu~
tion was treated with Forit, boiled a short time, and filtered
hot, The warm solution was poured into a mixture of concen~
trated hydrochloric aclid and ice, and the precipitated acids
filtered by suetion. There was obtained 280 g. of mixed acids.

The mixture of S~bromo-3-furoic and 4,5-dibromo-z~
furoic acid was separated by the method of Hill and Sanger (41),
which depends on the difference in solubilities of the barium
galts in dilute adueous ammonia. One hundred grams of the
mixed acid was dissolved in a liter of water containing 5O-80
oc. of concentrated aqueous ammonia., Am excess of a 104 so-
lution of berium chloride was added, which eaused precipita-
t;ea of the barium salt of the 4,5-dibromo-~3-furoic acid.
This was separated by filtration and the acid regenerated by
pouring the barium salt, in the foram of a thick paste, into
a boiling solution of 35 g. of anhydrous socdium gulfate in
500 co. of water, A few grams of Yorit was added, the solu-
tion filtered hot, and poured with siirring into a mixture
of ice and concentrated hydrochloric acid. The 4,5-dibromo~
g~-furoic acid separated in light brown crystals which melted
from 155-18090 ¢,
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The S~bromo-2-furcic acid was obtained by boiling
the filtrate from the barium chloride precipitation to remove
excess ammonia, adding Forlt, filtering, and pouring into oold
concentrated hydrochloriec acid. The erude acid melied 180~
183° ¢. |

When 1.1 moles of bromine was used with 1 mole of
furoyl chloride the yisld of S~bromo-2-furoic acid was 754
and no 4,6-dibromo~-2-furcic acid was lsolated. When 0.6 wmole
of bromine $o 1 mole of furoyl chloride was used, the yield
of S~bromo-2-furolc acid was 35%. Then using the directions
of Johnson (40), 2.2 moles of bromine with 1 mole of furoyl
chloride, the ratio of 4,B~dibromofurcic to S~bromofurocic wes
76% %o 35%. Johneon (40) reported 100% yleld which was im-
probable and bas not been duplicated, our yields running be-
tween 70 and 75%. Using 2.7 moles of bromine to 1 mole of
furoyl chloride, the ratio of 4,5-dibromofuroic to 5~bromo-
furoic acid was 85% to 15% and the total yield was found %o
be 71%. Therefore, it was thought advisable to try 3.3 moles
of bromine with 1 mole of furoyl chloride and the ratlie 4,5~
dibromofuroic to S-bromofurcic acid in this run was 1007 to
0% and the tobtal yield was 57%. Although this accomplished
the purpose of getting all 4,5-dibromo~furcic and no S~bromo~-
furoic acid, there was too large an exXeess of bromine used

and this out the yield down to 5%.
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From the above observations 1t oan be seen that the

correct amount of bromins for the reaction, when only S~bromo-

3-furoic acid was wanted, was 1,1 moles to 1 mole of furoyl
chloride.

A suspension {42) of 19,1 g. (0.1 mole) of S~bromo—
3~-furcic acid in a solution of 27 g. (0.1 mole) of mercurie
ehlorids in 300 ce. of water was boiled in a distilling flask
provided with s condenser, and the oil which steam distilled
was separated, dried, and distilled to give 9.8 g. of Z-bromo-
furan (40) boiling at 102° C. at atmospheriec pressure. This

was 65.5% of the theoretical amount,

A mixture of 98 g. (0.€5 mole) of 3-bromofuran with
100 co. of dry bengene and 56 g. (0.65 mole) of acetic am-
hydride was cooled and treated with a solution of 170 g.
(0,856 mole) of anhydrous stannic ohloride in 200 ce. of dry
benzene at room temperature. The resction mixture was de-
composed by pouring into ice-cold water, nmeutralized with
aodium kyﬂraxi&s, ﬁnd.st@a& distilled. There was obtained
80 g. of S~bromo~2-furyl methyl keione melting point 94° C.
This 18 67% of the theoretical amount.



Nineteen grams (0.1 mole) of G-bromo-2~furyl methyl
ketone was treated with 10 g. of copper powder and heated to
206° 0. {inside temperature) at which point the material re-
fluxed rapidly. The temperature was held at 206° . for one-
half hour. The ocontents of the flask were allowed to cool and
were thoroughly extracted with ether and theafuiﬁh»hens&n@‘
After ramoval of the solvents ihere was obsained only the
original 5-bromo-g-furyl methyl ketome. No difuryl could be
found., |

Kineteen grams (0.1 mole) of the ketone was placed
in a Carius tube with 10 g. of copper and 1 co. of glacial
aﬁe%ia'aéiﬁ@ éﬁ&lﬁﬁg and heated to 200° 0. for one-half hour.
This treatment completely decowmposed the material and no
product was isolated.

A third 18 g. (0.1 mole) of the keione was heated fo
206° ¢. and treated with small portions of activated copper
{43). after treating this reaction mizxture as in the first

run no materisl other than the umchanged ketone was iscolated.

One hundred and thirty grame (1 mole) of furoyl
chloride was brominated with 1.1 moles of bromine as pre-

fiously reported. However, instead of decomposing with
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Decarboxyliatiop of 2,3" Dif £ :

In a small flask containing 10 co. of quinoline {40)
was placed 0.56 g. (0.003 mole) of 2,2%~difuryl-5,5%-dicar-
boxylic acid and 3 g. of copper powder., The flask was heated
to 200° 0. and a large amount of carbon dioxide was evolved.
After removing the copper and then the gquinoline with dilute
acid, there wae obtained 2 trace of compound which was un-
stable to mineral acids. This was probably 2,3'~difuryl bub
the guantity did not permit an identification.

loro .5%‘59 {44) .

Your and four-tenths grame (C.03 moles) of the pre-

viously described ethyl S-bromo-2-furcate (45) was sealed in
a Carius tube with 5.4 g. (0.02 mole) of mercuric chloride
and 10 oc. (0.14 mole) of asetyl chloride. The tube and its
contents were heated $o 110 - 135° 0. for 6§ hours. At the
end of this time, the tube was cooled and the contents ex-
tracted with ether. The ether was removed and the residue
steam distilled to 2.6 g. of crude ethyl B-chloro-3-furoste.
This was 78% of the theoretical amount. The orude product
wae purified by saponification to the acid which was re-
erystalliged. The melting point of S-chloro~3-furoic acld
was 179~180° 0. The acld was then converted to the ester
by treating with phosphorus pentachloride, diseolving in
anhydrous ethyl alechol, and distilling.
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Attempted Coupling of Bhyl 5-Ch
Seventeen grame (0.1 mole} of ethyl S~ohloro-2-

furoate was treated with 10 g. of copper powder and heasted

to 320° €. at which point the material refluxed rapidly. After

being held at thie temperature for 1 hour the materiasl was ex-

tracted in the usual ms
dnother 17 g. {0.1 mole) of the ester was placed in

nner. Xo trace of a difuryl wae found.

a Carius tube with 10 g. of copper powder and 1 oc. of glacisl
acetic agid, sealed, and heated %o aﬁeﬁ'e. for one-~half hour.

After exiraoting and working up in the usual manner, no di-

furyl was obfained.

This ester was prepared by the bromination of 1 mole
of furoyl chloride as previcusly described except that 2.9
moles of bromine were used instead of 1.1 moles as hefore.
The brominated furoyl chloride was added to alcohol, refluxed
over night and distilled. There was obtained 175 g. of ethyl
4,5-dibromo-2-furoate. This was 80% of the theoretical amount
and melted 57-58° C.

Coupling of 4,5~ s ke
Twenty grams (0.07 mole) of the ester and 10 gms.

of copper were heated to 330° g, After the ususl treatment
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only a trace of a possible difuryl was isolated. Tempera-
tures as high as 260° in a sealed tube with 1 co. of glacial
acetic acid failed to give more than a trace of a compound
which it was hoped would be dlethyl 4,4'-didbromo-5,5%-difuryl-
2,3'~dicarboxylate.

In the hope of getting this difuryl 2 g. (0.007
mole) of 5,56%'-difuryl-3,2t~-dicarboxylate was treated with 2 g.
{0.014 mole) of bromine in carbon disulfide solution. How~
ever, careful fractionation of the resulting material result-
ed in the recovery of the original ester and no evidence of a
dibromo compound.

This run was repeated using bromine in boiling carbon
tetraohloride solution but no dibromo produet could be iden-

tified.

Preparstion of 2-Bromo~-S-nitrofuran (28).
Twenty-eight grams of nitric aocid of specific grav-

ity 1.51 was dropped with stirring into 60 g. of acetic an-
hydride at a temperature from -10 to -B° ¢. A mixture of
8.5 g. of 5-bremé~2-furoic, prepared as previously described,
with 60 g. of acetioc anhydride was prepared by warming to
dissolve the acid and then allowing the solution to cool.
This left part of the acid precipitated but in a very finely

divided state. The second nmixture was added to the first in



- 41 -

swall porilons, the temperature being kept as before. The
material was allowed to stir one hour after the final addie
tion and decomposed with a mixture of jce and water. This
solution éaa extracted with three portions of ethar and then
the ether removed to leave a residue which was steam die~
$illed. An oil was obtained which rapidly cryat&llizad to
give 3.5 g. of ary Z-bromo-S~nitrofuran. This was 45% of the
theoretioal amount. The product melted at 48° 0. ang iﬁs

boiling point was 118° 0. st 15 mm. Pressure.

on of 5,5'~Dinitro-2,2%-difur

Method 4. Fight grams (0.04 mole) of 3-bromo-5~nitrofuran
was heated one~half hour with 10 g. @f-@ny@ar powder. The
reaction tube was surrounded by a metal bath which was held
at 200° 0. The contents of the tube were washed with ether,
dissolved in benzene and filtered. After removal of the ben-
gene, there remained 0.4 g. of 5,5'-dinitro~3,2t-difuryl.
This was 9% of the theoretical smount. After several crys-
kallizaﬁia&& from benzene the product melted 213-214° C.
Yethod B. One hundred grams of furan (37) was nitrated in
the ususl manner. After decomposing the nitration mixture
with water, there remained 1.5 g. of a product which was ine
sélubi& in ether. Several orystallizations from benzene
brought the melting point of this product to 213-214° ¢, By
the method of mixed melting points it was shown to be
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identical wiih the product prepared by the firet method. The
yield was 1% of the theoretical amount,

_of o, B -Dichloroethyl Ether.

Chlorine gas was passed into 1500 ¢e, of anhydrous
ether for 20 hours, The mixture was distilled on a water
bath %o 100° C. and the distillate was further chlorinsted.
The combined residues were fractionated. Sailiﬁgkranga 55850
€. at 356 mm. pressure. A 3 degree fraction was taken on the

second fractionation. The yield was 500 gm. ofdl, 3-dichloro-

ethyl ether.

One bhundred cubic centimeters of water was placed in
a l=liter 3-necked flask. One hundred and thirty grams (1
mole) of acetoacetic ester and 143 g. (1 mole) of d_yﬂw
dichloroethyl ether (468) (47) were placed in one dropping fun~
nel and 142 g. (1.8 moles) of pyridine (48) was placed in the
other. The two solutions were allowed to drop into the flask
with stirring so as to finish simultaneously in 1} hours. The
mixture was allowed to stir for 16 hours at 45-50° 0., ex-
traoted with ether, washed with 2350 co. of 30% hydrochloric
acid, dried over sodium sulfate, and distilled. The fraction
boiling 70~100° €. at 20 mm. pressure was saponified to give
45 g. of crude Z-methyl-3-furclc acid. 1I% may be crystallized
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from water or converted directly 4o the ester by dissolving in
anhydrous ethyl alechol and saturating the solution with hydro-
gen aﬁlariéa gas,

Bromination of 2-Methyl-3~furoiec Acid.

In a 800 co. 3-necked flask equipped with a drop-
ping funnel, stirrer, and thermometer was placed 30 g. (0.2385
mole) of 2-methyl-3-furoic (42) acid in 150 ce. of glacial
acetic acid., A small amount of acetic anhydride was added to
the glacial acetic acid to insure anhydrous conditions. To
this was added dropwise at 5° O, 56 g. (0.35 mole) (18 occ.)
of bromine im B0 co. of glacial acetic acid, %hen all of the
bromine had been added, the mizture was stirrved for two
bours and allowed to stand overnight at room temperature.
The mixture was poured into ioce-water, filtered, and dried to
give 34.5 g. of B~bromo~3-methyl-3~furcic acld melting 115~
118° ¢. Thig is 70% of the theoretical amount.

Bixty-one grams (0.3 moles) of S-bromo-3-methyl~3-
furoioc acid was refluxed for 5 hours with 250 g. (2.2 moles)
of thionyl chloride. The excess thionyl chloride was re-
moved at aimospheric pressure. .Th& residue was added slowly
with stirring to 300 cc. of absoluie ethyl aloohol, and re-
fluxed 4 bours. There was obtained on distillation 58 g. of
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ethyl S5-bromo-a-methyl-3-furcate boiling 123~124° at 22 mm.
pressure. This was 83% of the theoretiocal amount,
Saponification equivalent: Cale'd for CgHgO.Br, 333.0
Found, 232.0
Other constants are:

W2 14043 w20 14970; 0B 1388

D 26
%Rb Cale'd 47.47, Obs. 48.83.
ttemnted Preparation of 5,5'-Dimethyl-3, 3t~diearboethox

difuryl.

Fifty grams of ethyl S~bromo-Z-methyl-3-furcate was
refluxed for one hour with 20 g. of copper powder keeping the
bath temperature at 330° ¢. The reaction mixture was allowed
to cool, extracted with ether, and distilled. Thirty-five
grams of the unchanged ester was recovered. There remained a
tarry substance which was saponified with alcoholic potassiwm
hydroxide. Upon acidifying this solution mo difuryl acid was
obtained.

Hercurstion of 2,6-Dimethyifuran {38).

A& solution of 50 g. (0.52 mole) of dimethylfuran
(50) in 250 co. of ethyl alcohel was added ﬁe the mercurating
solution prepared from 135 g. (0.5 mole) of mercuric chloride,
82 g. (1 mole) of anhydrous sodium acetate, and 500 cc. of

water. Precipitation began within one minute and, after
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stirring Zfor 2 days, the reaction was complete. The crude
product, evidently a complex of the type described by Gilman
and Wright (42), was filtered and refluxed with a liter of
ethyl alechol for § hours. The cooled filirate yielded 80 g.
of a light tan erystalline solid melting at 138-140°, fhie

was 45j of the theoretical amount.

Eighty grams (0.25 mole) of the above mercurial was
suapendsd in 500 cc. of water and stirred rapidly during the
slow addition of a solution of 63 g. (0.3 malé) of iodine
and 82 g. (0.5 mole) of potassium fodide in 500 cc. of water.
After the last addition, the mizture was stirred for one hour,
the excess of iodine was reduced with sodium thiosulfate, and
the mixture steam distilled. The steam distillate was ether
extracted. The ether extract was dried over anhydrous sodium
sulfate and the ether removed. Fractionmation of the residue
in an atmosphbere of nitrogen yielded 32 g. of 2,5 dimethyl-
2-iodofuran (36) boiling at 64-85° at 10 mu, pressure. This
was 40k of ihe theoretical amount.

44 08 B0Y *3-- odafur &t} .

Twenty~two grams (0.1 wmole) of the iodo compound and
10 g. of copper powder were sealed in a tube and heated to
180°% 4. for 1/2 hour. Complete decomposition took place and
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bumping if it were left im the flask. The distillate con-
taining the nethyl furfural wes then added along with a solu-
tion composed of 15 g. of sodium hydroxide and enough water
to make 1 to 1 1/2 liters of solution. The contents of the
flask was heated to boiling and boiled for 30 minutes with a
reflux condenser. The sodium salt was then filtered and the
solution concentrated to 350 cc. The concentrated solution
was bolled with Norit a few minutes, filtered, and the acid
formed by pouring into an exvess of dilute hydrochlorie acid.
On filtration 32 g. of S-methyl-2-furoic melting at 106~
1689 C. was isolated, which is sufficiently pure for mos$
purposes. The yield was 11% of the theoretiocal amount based

on the levuwlose residus of the guorose.

Sixty~three grams (0.5 mole) of S5-methyl-3-furoic
acid was dissolved in 350 co. of anhydrous methyl slcohol and
the solution was saturated with hydrogen chloride gas. After
standing over night the aleohol was removed umder diminished
pressure and the residual ester was fractionated in wacuum,
There was obtained 80 g. of methyl S-methyl-3-furcate boiling
at 2301~3° 0. at atmospheric pressure. This is B85% of the

theoretical amount.



abion of Hethyl S5-Methyl-4-iodo-2-furoate.

Jeventeen grams (0.12 mole) of methyl S-methylwd-
furcate was shaken 24 hours in a solution containing 50 ce.
of ethyl aloohol, 40 g. (0.13 mole) of mercuric acetate, and
800 oc. of distilled water., A% the end of this time the solu-
tion was filtered and washed with several quantities of al-
cohol.

The c¢rude mercurial thus obialined was saspandad in
500 co. of cold water and iodine-potassium iodide solution was
added until no more iodine was absorbed after several minutes.
The excess 1odine was removed with sodium thiosulfate and the
mixture ether extracted. After removing the ether, there was
obtained 30 g. of methyl B-methyl-d~iodo-2-furoate. This was
80% of the theoretical amount. After two orystallizations

from methyl alcohol the melting point was constant at 55° ¢,
&2}8}_- Calotd for 373?{}31‘ 3 I, 38.65.
Found; I, 38,30, 38,56.

Several trials were made to couple methyl S~methyle
4~iodo~3-furcate with copper powder at atmospheric pressure
and a temperature of about B00° ¢. Traces that were almost
impossible to isolate were the only result of this method.
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There ?3» it seemed advisable to try higher temperatures in
a sealed tube.

 Twenty grame (0.1 mole) of methyl S-methyl-4-iodo-
3-furoate was heated to 250% C. in a sealed tube with 10 g.
of copper powder and 1 ce. of glacial acetic acid. The miz-
ture was ﬁwﬁ extracted and on removal of the ether there
was obtained 4 g. of dimethy ,m*m»tagagww:?%t&w%ﬁ%wfmg ar-
dicarboxylate melting at 152-5° ¢. This was 30% of wwm .

theoretical amount. After two orystallizations from ethyl

aloohol the melting point remeined constant at 180° ¢.
gﬂh\ Caletd for QW%N. &mwmm mwﬁ 80. *ﬁm mmﬁ 5.04.
Found: (, 80, 41; H, 5.35.

The ester was boilsd with an excess of 204 alccholie
potassium hydroxide, the aloohol distilled, and the residue
acidified to give the theoretical amount of 8,5'-dimethyl~-4,4%-
difuryl-2,2Y~dicarboxylic acid. The melting point was over
300° c.

HBeutrslization equivalent. Cale'd for OygHy a0y, 135.0

Found, 1234.7.

Preparation of Eithyl 2,5-Dimethyl-3-furcate, (51).
Method

. One hundred and thirty grams (1 mole) of ethyl
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acetoacetate, 102 g. (1 mole) of acetic anhydride, and 187 g.
{1 mole) of potassium succinate in a l~liter round-bottomed
flask fitted with a reflux condenger was heated two hours in
a water bath. The mixture was allowed to cool and was dis-
solved in water. The water solution was ether-extracted and
then the ether solution was treated with sodium aarbenéte 80~
lution., This solution was acidified with cold dilute sul-~
furic acid and ether-extracted., The ether solution was dried
over anhydrous sodiwm sulfate and distilled until the ther-
mowe ter registeﬁed 100° at 30 mm. pressure. The residue in
the flask was then treated with 20 g. of copper powder and
heated to 240 - 360° C. in order to decarboxylate the acid.
After decarboxylation the remaining material was distilled
under diminished pressure. The fraction boiling at 83-85° C.
at 6 mm. pressure, or 99«101° ¢, at 14 mm. was ethyl 2,5-di-
methyl-3~furcate. The yield was 17 g. which was 10% of the
theoretiocal amount.

Hethod 2. Twenty grams of sodium was reacted with ethyl
acetonoetate {(52) in the usual manner to form the sodium
galt. This sodium salt was then coupled by means of iocdine
and there wag obtained 50 g. of crude diethyl diacetosuc-
cinate. The crude diethyl diamcetosuccinate from the above
run was dissolved in 100 ce. of concentrated sulfurle acid,

cooled, and allowed to stand over nighi. The next day the
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mixture was poured with stirring into 3 liters of ice-waier.
The water solution was ether exiracted and the ether extract
was dried over caleium ehloride. After removal of the ether,
the product wae distilled under diminished preeaurs, snd the
fraction boiling 158-163° C. at 20 mm. was collected. There
was obbained 35 g. of diethyl 2,5-dimethyl-3,4-dicarboxylate.
This ester was then treated with 2B g. of potassium hydroxide
in 250 co. of ethyl ether and brought to the bolling point.
After removing the aleoohol by distillation, the salt was dis-
solved in water and acidified with hydrochloric aecld to give
35 g. of 3,5~dimethyl-3,4 dicarboxylic acid. The yield was
géaétzaﬁlly gquantitative. This acid was placed in a special
flask having an enlarged side arm, 10 g. of copper powder was
added, and the flask heated in a metal bath until decarboxy-
lation was complete. The noid, which had sublimed into the
gide arm of the flask, was dissolved in socdium hydroxide and
reprecipitated by aeidifying. There was oblained 135 g. efk
3,5-dimethyl~3~furoic acid melting 132~134° C. This was 71%
of the theoretical amount. The acid from two of the above
runsg was dissclved in 2300 cc. of anhydrous ethyl aloohol and
saturated with hydrogen chloride gas. After standing overy
night, the aloohol was removed and the produet distilled
under diminished pressure. There was obtalned 28 g. of ethyl
2,5~dimethyl-2-furoate boiling 83-85° C. at & mm. pressure.
This waémégﬁréf the theoretical amount.



furoate was treated with 50 g. (C.15 mole) of merouric ac~

etate in alcohol-water molution. Crystals appeared in 15
minutes ?ﬁ% the reaction was allowed to shake 12 hours. There
was obtalned 42 g. of the orude mercurial. This product was
suspended in a liter of water and treated with a solution of
27 g+ (0.15 mole) of iodine and 50 g. (0.3 mole) of potas—
slum iodide in 150 co. of water. The reaction mixture was
treated with sodium thiosulfate, ether extracted, and the
ether removed. The solid thus obiained was contaminated
with wvarious inorganioc mercury compounds. Therefore, the
organic mercurial was dlssolved in petroleum ether. After
removal of thie solvent, tha ethyl 2,t-dimethyl~i-iodo~3-
furoate was crysitallized from ethyl alochol. There was ob-
tained 21 g. melting 42-43° €. This was 71% of the theoret~
tcal amount. o
Anal. Caletd for OgHy4041; I, 43.20
Found; I, 43.71, 43.50.

Preparation of 2,2',5
4,4 -difuryl. |
Eleven grams (0.037 mole) of ethyl 3,5~dimethyl-d-

3t~dicarbos thoXy-

todo-3~furonte was heated to 210° C. (outside %emperature)
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with 10 g. of copper powder for 1/2 hour. The inside tempera~-
ture rose to as high as 260° ¢. The reaction mixture wag
cooled, extracted with ether, and filtered. The ether was
removed and the product crystallized from ethyl alachol. There
was obtained 3.5 g. of 3,2',5,5 tetramethyl-3,3'~dicarboe~
thoxy~4, 4'~difuryl melting 81-82.5°. This was 65% of the
theoretical amount. After two further reorystallizations
from ethyl alcohol, followed by a sublimation, the material
melted 81.5-82.58° ¢,

Ansl. Calc'd for clgﬁggag : ¢, B4.67; H, B.60.

Found, C, 64.33; H, 6.56.

The previously described ester was saponified with
strong aleoholic potassium hydroxide, the alcchol removed,
the residue treated with water, and poured into an ice-hydro-
chloric acid mixture. The resulting scld was crystallized
several times from aloohol and melted 280-381° C. The yield

was practical quantitative.

Found, 140.23

Found: €, 58.80; H, 5,34,



SUHMARY

1. 4 number of new compounds in the difuryl series
have besen reported.

2. 1Incidsntal to the coupling reaction to form the
difuryls, a study of the reaciivity of some halogens attached
to the furan ring has been made. The usual seriee I)Br) Cl
hag been found to apply. Negabtive gmups which increase the
activity of the halogen in order of decreasing effsct are: -
~@09§32H5> m3> - C0CH,. One of these groups im a position
adjacent to an halogen greatly increases 1is activity. These
groups when in a S-~position from a 2~halogen increase iis
activity more than when in a 4~position. |

3. 1In an attempt to find a difuryl whioh would
show ths dipbenyl type of isomerism, 2,3%,5,5'~tetramethyl~
3y 3'=difuryl~4, 4¥~dicarboxylic acid has been preparsd.
Optieal studies on this compound will be of interest in
elucidating the structure of the furan ring.
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