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INTRODUCT'ION

Furfural has had a paradoxicel history. Although it is
the most plentiful and most easily available cyclic aldehyde,
it has been little studied. The sudden transition of furiural
from a laboratory curiosity to an industrial co;mmodity ten years
ago, flooded the markets with an aldehyde that was little
understood., Immediately a hope arose that some technical value
might be placed on the new industrial substance., “he early
attempts to develop the substance coa.erclally wmet severe
obstacles. 7These obstacles were atiributable to one fact.
Cbviously, the daily output of tons of furfural fro.a waste
cellulosic 2nd carbohydrate industries could not be utilized sas
the simple unaltered aldehyde.

when attempts were :xade to produce substances using
furfural as a parent mmterial, the disturbing fact was noted that
little was known oif the bshavior of the compound. uxcepting a
few scattered researches, the work on furfural had coansisted
largely of studlies of the aldehyde group, not of the ring, even
as late as 1925. The desand then was for wore knowledge of the
inherent propérties of the ring which cave the characteristic
behavior to furfural.

Undoubtedly, the two greatest esrly drawbacks to a detailed
study of rurfural and the furam ring were the facts that, first,
the materials were difficult and tedious to obtain, and,
second, the disheartening behavior and apparent sensitiveness

of the Turan nucleus. The early literature of furfural and furan
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compounds was one of tars, gums and resins. Under the sli;-htest
provocotion these compounds decoumposed to yileld intract: ble
substances which were indefinite una altogether unde.iratle to
hendles It is no wonder thon that as late as 195 furfural
found itself in an embuarrassing position auaong a host of well
understood and intensively studied compounds.

The first of these obstacles was removed when it was found
that carbohydrate and cellulosic agricultural wastes could be
cheaply and efficiently converted to furfural. ihe second
obstucle rewained but it had to be et and deslt with
determinedly.

Although the early work led to a few developments in the
use of furfural as a base for polymeric and resin substances,
it proved to be a detriment to rapid prozress. It was an unduly
emphasized warnin; to beware of drastic treat.uent, and many
investigators discarded all hope of carrying out certain
reactions where the treatiient was drastic and intensely forced.

+he last Tew years have seen much of this regard reduced
and under certaein well defined conditions it has been found
that furfural end its derivatives are highly stable and under;o
a8 serics of transformations easily and with definiteness.

Among the ordinary reactions which many classes of compounds
undergo, particularly the aromatic cowmpounds, are the nuclear
condensation reactions such as the *riedel-urafts and the
Gattermann~Koch reactions., At the tine thut the present work

was begun neither of these reactions, as they concern nuclear



substitution in furan compounds, had been studied. The alkylated
und acylated products from these reactions would not only be of
value, but they would also be necessary to a completion of the
cheuistry of' luran., It would further offer a meuns of going
frov. crude products or their derivatives to valuable alkyl or
acyl compounds containing the {furan nuclseus.

Not only do these two condensations reyuire the use of
itignly active substances, but the: required active metal halides
us condensing agents and the mineral acids liberated during
reaction had been found to pblymerize end resinify furan
compounds. ihe problem resolved itself into onc of determining
methods whereby the sensitive furfural derivatives could be
brought into contact with the necessafy concdensing; agents
without complete decomposition.

Therefore, it was desirable to know the conditions under
vhich furan compounds were stable and to define the conditions
and concept of decomposition to obviate needless waste and
difficulties.

For this reason this work is divided into two parts. The
first is concerned with the conditions under which furan compounds
are stable and the effect on stability of the various
substituents in the ring. There is also included the attempt
to develop a color reaction for the furan nucleus. If

color test
successfu., a 4 would give a ready .eans for determining the
presence of a furan ring after a series of strenuous transfori-

ations in which the ring wmight open with great facility.
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The second part has to do with the actual condensations and the
products obtained from a series of reactions under various
conditions.

Finally, an attempt is made to interpret the results of
the work in the light that it sheds on the constitution of the
furan nuclsus,

Lven a cursory review of the recent literature smphasizes
the fact that the hope of furan chemistry is by no means disuml.
For out of the chaos of a multitude of reactions that have been
developed during the last few years hus evolved a definite and
expanding furan chenistry. In some respects furan chemistry is

novel and unprecedented.
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PART I
FOLY2uRTZALTON _AND SYABILITINS OF
FUR AND ITS DiRIVATIVES.

HISTCRICAL
Color Reactions,

It 1s of interest that the first furan compound definitely
described was furfural, although furoic acid had been noted
earlier by Scheele (la). \hen DB8bereiner (1lb) distilled bran
with dilute sulfuric acid, he obtained an oil which he noted but
did not investigate. Five years leter Stenhouse (2) studied the
preparation and characterization of furfural. In working with
the compound, Stenhouse carried out a series of condensations.
One of these condensations was with aniline selts (3). He
noted an intense red color when aniline salts and furfural were
allowed to react in aqueous medium. This red compound was
termed a furfuraniline or furalanil. No definite knowledge of
the constitution of this red dye was obteined until Zincke and
Lithlhousen (4) in 1905 found that the compound wss not furalsnil
but an open chain compound. This work led to the conclusion

that the red compound was the result of the following reaction:

2 w o
Qc;{g _i:’;_/—-’:e" I/-C':é/—c= C— f'-.// d/:’/{d// oH
“x u N ook

g O 1Y

(1) ’(a) Scheele, Mem. acad. roy. sciences Stockholm (1780), p. 7C.
“(b) DBbereiner, Anfl., ©

(2) - Stenh?use, J. prakt. Chem., 12, 120 (1837)3 Ann., 35, $01
(1840) .

(3) Stenhouse, Anm., 156, 197 (1870).

{4) Zincke and Mnhlhousen, Ber., 38, 3824 (1905).



This red dianilide of hydroxygslutuconaldehyde condensed in
alcoholic potassium hyidroxide or ucetdc acid solution to yield
i=hydroxy-Ne=phenylpyridintum thgyide. Jhese studies were
contirmed by others (5). Ihigfgxblaincd the color bases of
btenhouse (G) and ochiff's bases (7) prepared from furfural by
condensation with aniline and soms of its derivutives.,

Meanwhilc Basyer (8) had described a color reaction of
furfural, ile found that in general furfurel gave indigo blue
colors with resorcinol and pyrogaellol in the presence of hydrogen
chloride. .he blue compounds were an intense grcen when placed
in water. Baeyer immediaiely suggested thut perhaps these green
bodies were related to chlorophyll. Under certain conditions
{9) of condensation these green compounds possessed an absorption
spectrum similar to chlorophyll. He suggested (9) that the

green compound produced with phenol and furfural possessed the

following structure:

—C-0H

OH

(5) Dieckmenn and Beck, Ber., 38, 41:2 (1905); Xonig, J. prakt.
Chew., 78, 555 (1905), also ibid., 88, 193 (1913]; Fischor

et al, J. prakt. Chem., 100, 105 (1919).

Stenhouse, Ann., 156, 197 (1870).

Schiff, Anp., 201, 355 (1880).

Baeyer, Ber., 5, 26 (1872).

Baeyer, _B_gxo’ m_’ 395 (1877)0

W~ o s
OO
LS Y



It is noteworthy that two of his suggestions have since been
at least partially justified., Jirst, that chlorophyll does
contain & five membered heterocyclic ring; and secondly, thut
the primary condensustion produot of furfural and phenol is
undout:tedly as he suggested (10), although the final products
arc probabtly a group of open chain sldehydes condensed with
phecnol. These open chain sldehydes resulted fro. the ring
opening of furfural in the presence of hydrochloric acid,
These pronounced color reactions of furfural stimulated a
search for a typical color reaction oi' the furen ring. 7The
value of such & reaction ls inestimable, The difiiculty of
demonstrating the presence of a furan ring after a series of
strenuous transformaations is in many cases of enormous
proportions., [For example, in the introduction of iroups by
vigorous reactions such as the rriedel-Crafts roaction, it is
often desirable to deuonstrate that the ring is intact. T‘here
is no simple method lor this. The only course i: to resolve
the unknown product to a known furan derivative, This is well
nigh impossible in some cases since suitable reference compounds
are lacking or there is no method of resolving the products in
question. Ii‘urthermore, there are times when a prelininary
knovledge of the substance in question 1is of fircst iaportance,

fact
This,is especially true now that the furan nucleus or &

(10} rParai, Koschitz, Kudryovtzer_and ‘ashkileison

Kunstoffe, 23, 97 (1933) /Jo.A., 27, 3709 95317
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derivative of it is being found often in naturally occurring
products, notably the so-called fish poisons (1l) such as
rotenone and siailar substances.

So far all attempts to develop a color resotion have been
unsuccessful. The much used color reaction of furfurel with
aniline acetate has been found not to be without exception,
that 1s, there are other substances which will give similar red
colors (12). However, the color reactions of furfural and its
derivaetives have been used for a variety of practical tests and
for a diverse group of' color indicators f'or various purposes,
such as the detection of adulteration in honey (13), bile acids
(14), and proteins (15), as well as indole, pyrrole,
thiophene and carbazole (15).

Attempts to develop color resctions for furan campounds in
general have met uniform defeat, either because there was no
universal test or because other substances gave the same
reaction. Attempts have been made to use vanillin (16), dimethyl
barbituric acid (17), and pine splints (18) to develop a color

reaction for furan compounds. None of these reactions gave a

(11) Larforge, ialler and Smith, Chem. Hev., 12, 181 (1933);
Spath et al, Ber., 66, 749 (1933).

{12) uiddendorp, Reg. trav. ghim., 38, 47 (1919); von Raumer,

ibid., 17, 115 (1909); Ekenstein and Blanksma, Chem. .-
ugekblad, 8, 217 (1809); irdmenn, J. prakt. Chim., 56,
156 (1697) Footnote. : = ’s

(13) PFiehe, Zelt; Untrsuch. Nahrund. Genussmittel, 16, 75
(1908} ﬁ? 383 (1909)7 8

(14) Villet and Lerrien, Coamp. rend. Soc. Biol., 66, 175 (1908}
[ C.A., 3, 1180 (1909)/.

(16) Fleig, ibid., 85, 283 (1908)/ C.A., 3, 429 (1909)7.

(16) Asahina ot gl, Aota Phytochim., 2, 22 (192 Chem. Zent.
95 /37 1694 (19%4)/. r & 22 (1924)/ ’

(17) Akabori, Pros. Imp. iced. (Jepen), 3, 342 (1927)/ C.A., 21,
3185 (1927)/. \

(18) lieyer-Jacobson, "Lehrbuch der omganischen Chemie®, Vol.
£, part 3, p. 50 (1920). Galter LeCruyter Co., Leipzig.
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sultable test for all furan compounds nor were any of them of
such a nature that certain ncn-furanic coimpounds woulcd not glve
identical or closely related color:,

Throughout the experimental portion of the present work
observations were constantly made in an attexpt to find a color

reaction that might be generally applicable to furan compounds,

Polymerizatjion and Stability.

The great ease with which furfural und certsin of its
derivatives polymerlzed attracted early attention., iany attenpts
to industrially develop the enormous annual potential supply (19),
estimated to be over a hundred million tons, had for their
basls the formation of gums and resins. These vere the so=called
polymnerized furfural substances. In truth they were not
polymeri:ed substances but they were products which resulted
when the sterting material was decomposed, That is, these c-celled
polymerized substances upon various treatient as heatin, do not
regenerate the original materiasl. Indeed, the entire furanic
skeleton may be destroyed. :vidence tends to indicate that
there is a high degree of probability that the furen ring
undergoes decomposition.

On attempts to handle some furan compounds,as furiural
and furfuryl alcohol, it was early observed that the material
decomposed seriously under certain conditions to yield intractable

tars and gums. Liumpricht (2C) recorted the resinification

v(19) Barry, Ind. Chem., 6, 479 (1930C).

(20) Limpricht, Ann., 165, 300 (1872).
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of furfuryl ealcohol on attean)ts to distill it and on standing.
He wtes able to 1colute an oil from resinified furfuryl alcohol
~hich on unalysis sug;ested the following reuction:

B(Cade0a) = Hy0 5 CigHyoO4
This seenmcd to indioate that the substence graduclly underwent
resinification with loss of vater. 1ile noted its extrene
sensitivencss to mineraul acids.

~rdmann (£Z) was the first to point out the unusual
phenoicnon of' two iorms of furfuryl alcohol., Cne he found was
soluble in water to ti.e extent ol five per cont, ihe other
was niseible with water in 4ll proportions. 7This water soluble
form appeured to be the unstuble isomer since it wes observed
to change to the insoluble for: on standin; either alone or in
a water solution.

The unusual eace with which furfural and furfuryl alcohol
underwent resinification to hard substances, attracted the
attention of the resin and gum industry (19, 21). lany patents
have been taken out to cover various processes for preparing
moldable and perusnent resinified aaterial. <These have been
prepared generally from furfural or some close derivative or
in some cases from & furan compound together with a substance

as phenol or formaldehyde. ‘i‘hese transformetions have been

¢<(21) Miner Laboratory Bulletin No. 2 (1928). <[his is the
only publication in the nature of a bibliography of
furfural and its derivatives that has been published.
It 1s excellent for leading references.

~(22) Erdmann, Ber., 35, 1846 (1902).



brought about largely through mineral acids or anhydrous salts
such as aluminuu chloride, ferric chloride or zinc halides,

However, no definite atteupts were mede to find the
conditions under which furfural and its derivatives were stable
or to discover what groups accelerated, one way or another,
the decomposition.

It scemed hardly fair to conclude that these decompositions

occurred without system or reason. Indeed, it has been found

that there are definite rules for the behavior of furfural even

when it is decamposing.
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EXPERIMENTAL
Technigue Used.

In studying the conditions under wvhich the various
substances were stable or weres decomposed, observations were
made on the color changes that occurred.

‘he method of study used here was sianilar to that of
Staudinger and Bruson (£3%), It consisted essentially of placing
a small portion of materlal under study in a test tube closed
by a stopper bearing a tube of soda lime., The polymerizing
substance was added to this and the observations were made as
detailed.

The necessity of using clean apparatus can not be over
emphasized. All pieces were cleaned in an acid bath, weshed

five tiuwes with water, then steamed out to reiwve 2ll acids.

Polymerization of Furfural,Inorsanic, Heactants.

‘he furfural used was freshly distilled material. It was
dried by placing it in a desiccator over sulfuric acid.

One cc. of furfural was placed in a clean test tube which
was closed by a stopper bezring a tube of soda line.

The polymerizing substance was then added and the
observations were made as shown in Charts I and III. One drop
of the liguid reactant was added to the furfural from a pipette.
A small fragment, about C.0L gram, of the solid substance was

added by means of a small cpatula.

~(23) Staudinger and Bruson, Ann., 447, 113 (1926).
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Effect of Dilution of Inorgpanic Reactants, Chart II.

In order to determine the effect of dilution, one drop of

the reactant was dissolved in 1l co. of dry, redistilled
chloroform. where the wmaterial was insoluble in chloroform the
smallest piece of solid waterlial which would cause a discolor-
ation in five minutes was added. Cnly the :iore vigorous
resiniflying agents were euwployed in these studies. ‘he
chlorofor:n solutions were added to the furfursl ( 1 cc.) froa

a pipette.

Lffeet of Various Orgenic Substances on Furfural. Chart III.

This was studied in exsctly the same way as for the

inorganic substances,

Effect of Various Heagents on rFurfuryl Alcohol, Chart IV.

This was studied in a way similar to the studlies on

furfural, Freshly distilled material was used.

uffect of Dilution of Reagents on Furfuryl Alcohol., Chart V.

These reactions were carried out by the method used with

furfural.

Time as a Factor in the Stability of Fuprfural and its Derivatives.
Stabllizinz Agents.

It is a general observation that many furan coapounds,

particularly the more sensitive types as furfural and furfuryl
aleohol, darken on standing and in many cases decompose

completely if they stand for e sufficiently long period of time.
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A sories of studies was umade to ascertain under what conditions
and over what period of time these compounds decompose.

41l compounds were freshly purified, colorless uwaterials.
It had previously been shown (24) that sensitive compounds might
be protected apainst oxidation by certain easily oxidizable
substances as hydroquinone und pyrogallol.

In the present study a series of substances was studied in
an attempt to rfind one which cff'iciently prevented blackening
and decomposition,

Observations were also mode in an atteunpt to deteruine what
groups stebilized the furan nucleus in such a way that long
periods of standing caused little or no decomposition.

In each case the material was placed in a tube and either
sealed with or without air present or allowsd to stand in the
laboratory protected froa fuses. Charts VI, VII, VIII, show the
various conditions used, the compounds studied and the

observations made.

iffect of Various Groups on the Stability of the Furan Ring.

Chart IX.

In order tc develop systeuwsaticzlly the concept of stability
and instability it was essential to learn the effect of various
groups when they were introduced into the furan ring. 1o
accomplish this 0.5 gram of thirty-two variously substituted

furans :as placed separately in test tubes and treated with

“(24) Moureu and Dufraisse, Chem. Ind., 47, 619 (1928).
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0.1 gram of reactant. Five reactants were used throughout to
render the observations uniform: A4ll of these substances had
been found tc decompose vigorously Tfurfural and furfuryl
alcohol under similsr conditions. Observations were rirst uade
in the cold, then the contents of the tubes were heated

to boiling and the observations were repeated,

Note on Cleaning Containers.

It is lmperative that all glassware for handling furfural
or furfuryl alcohol, in particular, and furan compounds in
general, be clean and free from mineral acids particularly damp
hydrogen halides., It has been observed that dry hydrogan
chloride is without action on some sensitive furans. <o
ascertain this,a benzene solution of hydrogen chloride was added
to 1 cc. ecach of furfural and firfuryl alcohol., After two hours
only slight darkening had occurred. This is strikins when
compared with the violent decomposition that occurred when
agueous hydrogen chloride was used. To insure cleanliness,
zlassware from the acid bath was washed five times with water.
It was then either steamed out or washed well with dilute alkali.
In either case it was rinsed, drained and allowed to dry,

protected from fuwmes.
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Chart 1.

Lffect of Various Reagents on Furfural.

One drop of reactant wus added to 1 cc. o0i' furiural.
Periodic:
Table : Substance Lffect
Groups ¢ :
Group 1 : sodium chloride : none
: sodium bromide : none
: sodium iodide : rapildly darkened to yellow,
: : 6 hours.
: sodium nitrate none
: sodiuu sulfate none
: sodium hydroxide gradually durk, one hour.
: potassium chloride none
: potassium bronide none
: potassium lodide none
: potassium sulfate none
: potassium nitrate none
: potassium hydroxids : sradually dark, one hour.
+ cupric chloride : rapidly darkened to yellow.
: cuprous chloride : noxn
: cupric nitrate 6Hz0 : slight in 24 hours
: cupric sulfate none
Group 2 : calciuwa chloride (anhyd. ) none
: calcium nitrate 4HgC none
: celeium chlorohypochlorite very slight clouding.
: strontium chloride ol 0 none
: strontium nitrate 4H 0 : none
: barium hydroxide : none
: barium chloride 2,0 : none
: cadmiwm lodide : none
: cadmium chloride ZH,0 : none
: cadmium bromide : none
: cadmiun nitrate 4H,0 : slight in 24 hours.
s mercuric chloride : none
: magnesium chloride 64,0 : none
: zine chloride (anhyd.) : black in 24 hours.
: zine chlorids : none
Group 3 aluminum nitrate 9H,0 : slight in 3 hours. ied in

% 60 S® w8 *% s o3

aluminum chloride 60,0
aluminuwn chloride {(anhyd.
aluminum iodide

boron trichloridse

9 68 68 W' 8o oy

24 hours.
none

black in 30 seconds, resinous.

black instantly, resinous.

immediately bleck with solid

particles.




Inorsanic Reagents, Cont.

Perilodic: :
Table : Substance : uffect
Groups : :
Group 4 : stannic chloride 10,0 ¢ dork 1 minute.
: stannic chloride (unhyd.): black at once.
¢ stannous chloride 2H,0 : dark 2 minutes,
: staunic bromide : light brown to green, black
: : in 24 hours.
: stannic iodide : light brown, black in 18 hrs.
¢ plumbous chloride : none
¢ plumbous iodide : yellow in 24 hours.
: silicon tetrachloride : black imaediutely, solid in
: : 24 hours,
¢ titanium tetrachloride : black at once
s_carbon tetrachloride : no action.
Group S : phosphorus trichloride : green to black resin imacd,
: phosphorus psntachloride: dark 2 ainutes, black 15
: : winutes, resin.
¢ phosphorus tribromide : rreen at first, black resin
: : immcdiately.
¢ phosphorus oxychloride : purple 1 minute, resin £4 hre,
! phosphorus pentoxide : dark 2 minutes, black &4 hrs.
: phosphorus diiodide (PI4): bleck imaséiactely, black
: : &4 hours.
: arsenic trioromlde ¢ red imnedinztely, purple 3
: ! minutes, resin.
: antimony trichloride : deep blue immncdiately, blacg
: ¢ 18 hours, resin.
: antinony pentachloride : black imiuedicetely
: antimony tribroaide ¢ green et once, black liquid
: : &4 hours.
: antimony triiodide : dark 15 minutes, black 1 hour.
: bigmuth triiodide : brown at once, brown 18 hours.
Group 6 : chromium trichloride : darkened in 4 hours.
¢ chromius trioxide : very slizht clouding Z£4 hours.
: sulfur monochloride : black rcsin 48 hours.
: chlorosulionic acid : violent decomposition, fuaues,
: : _resin
Group 7 : bromine : black at once
: lodine :_daxk ot once
Group 8 : cobaltous chloride 6H,0 : dissolved, blue solution

¢ ferric chloride 6H,O

dissolved, black £4 hours.
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Chart II,

Lffect of Dilution of Inorsunic Reagents on Furfural

( 1 oce furfwral)

.
.

Lffect

Reactant

phosphor us pentachloride: 0.001 g. darkened furfural in 5 minutes

phosphorus tribromide
phosphorus trichloride
phosphorus oxychloride
sulfur nouochloride
chlorosulfonic acid
aluninum iodide

arsenic tribromide
antiaony pentachloride
antiaony tribromide
boron trichloride

silicon tetrachloride

0 80 00 40 6V ou 4o s 90 se -

e @5 se 08 ®° a0 o

e =9 oo 0s oo

S drops slight brown 5 minutesz

5 cc. darkeﬁed (purple in 5 minutes)
0.15 cc. dark ysllow S5 ninutes

S drops deep yellow 5 mninutes

0.5 cc. brown in 5 minutes

0.001 g. dark (brown) in 5 minutes
C.5 cc. purple in 5 minutes

5 drops red in 5 minutes

5 drops brown in O minutes

10 drops brown in 5 minutes

£ cc. brown in 5 minutes

LS
Volumes given here refer to voluiies of chloroform solution.

To 1 cc. Of chloroform was added 1 drop of the reactant.

In

cases where the reactant was insoluble in chlorofora, the

smallest piece which produced blackening in five minutes was

used.



Ogagg I;;o

Zffect of Various Organic Resgents on Furfurel.

7

i

diethyl sulfide
formic acid
glycine
o-nitrobenzene
sulfonic acid
p~bromodimethyl-
aniline
picryl chloride

Reagent $ H
acetic acid : none .
agetanide : none :
arsanilic scid : red=-brown 24 hrs.
benzaldehyde : no ochange :
benzoic acid : none :
benzoyl ohloride ¢ black 1 hr. :
chloroacetic aciad : black 24 hrs, :
chloramine-~T ¢ none’ :
dimethylamine : black 24 hrs. :
ethyl mercaptan : none :

quinoline

sodium acetate
sodium foruete
sulfanilic acid
thiophenol '
urea

e @9 99 B2 20 44 me ¢» eo S8 N

yellow 24 hrs.
black 24 hrs.

er o

none .
purple 2 minutes. :

iffect in’

Lffesct, Undiluted Chloroform

none -
none

slight
none

none

none

very slight
none

dark

none

none

dark 24 hrs.

. light brown 24 hrs.

light brown 24 hrs.

black viscous 24 hrsa. black

light brown 24 hrs.

white precipitate
after 24 hrs. :
light yellow at once
no change 24 hrs,
light yellow 24 hrs.
light yellow 24 hrss
none

dark yellow 24 hrs.
brown Jjell mass

* o9 %o oo

pe 2o oo wp ve

slight yesllow
none
none

none
none
none
dark yellow Z£4 hrs,
none

ES
One drop of the undiluted reactant was added to 1 cc. of

furfural.

2
One drop of a chloroform solution was added to 1 cc. of

furfural, This‘golution was made by dissolving 1 drop of the

reactant in 1 cc. of chloroform.



Chart IV,

The Bffect of Reagents on iurfurvl Alcohol.

One drop of reactant was added to 1 ce. of furfuryl alcohol.

In case of solids, a very

small piece was used.

Heagent -

pffect

arsenic tribromide
bismuth triiodide
chromic oxide

phosphorus trichloride

phosphorus tribromide

sodium bromide

se 80 95 ¢° w3 B0 4 ae

sulfur monochloride :
stannic chloride (hydratedk:

stannous chiloride
(hydrated)

zino chloride (hydrated)

plumbous lodide

® e 20 S0 Bt 8 o

light brown
yellowed immediately
none

deep crimson, violent decomposition
at once.

isreen, violent{ decomposition, 1 umin,
brown

green, violent reaction at once
brown 1 hr.

red 2 hrs.

none

none




110 v
Lffegt of tilution of :ea::ents in .heir .Jdotion on suprfuryl islooho .‘
seasent : Ifeot o
aluninua trilodide ; 0eCCS pryum
arsenic tribromnice ; 10 dropw
bisusuth triiodide i C.COO rum
ferric ohloride (anhydrouag) ; C«C03 gruin
rhosphorus ttrichloride ; S drops
phosphorys tribroaide § < drops
phosphoryl trichloride : S drops
suwlfur monochloride : 1 dyxop
silicern teiranhlorice ‘ 1 drop
stannig ohloricde (hydrate) ; CeGCH gran
stannous chloride (hydrate) : C.00H grea

.

‘The quantities here reprssent Lhe awount oi reactunt rejuirec
to darken 1 cc. of furfuryl slcohcl in five alnutes. .or the
substsnces solutle in chlorofor:, 1 drop was dissolved in 1 cc.
of dry chloroform. Jor the substances inwoluble in chlorcror:a

the smallest piece which would darken the furfuryl alcochol in

five nminutes was usede
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Chart VI «
Stabilizers for Furfural.

Ten ec, of furfural was used,and 0.1 gram of stabllizer was added.

Tubes Stoppered Only. A.

Stabilizer : Effect i Time
arsaniliec acid : black ; 11l weeks
p-aminobenzoic acid ; black ; 11 weeks
benzyl alcohol § black ; . 11 weeks
hydroquinone ; red ; 11 weeks
benzaldehyde i black ; 1]l weeks
pyrocatechol § red é 11 weeks

/[control/ ; black : 11 weeks

*Cork stoppers were used.

Tubes Sealed, B.

Stabilizer Effect

« o0 o@ fon e

hydroquinone brown 10 weeks, black 160 weeks.
pyrogallol : brown 10 weeks, black 160 weeks.
i pyrocatechol brown 10 weeks, black 160 wesks.

nitrogen (gas) yellow 10 weeks, clear light brown 172 weeks.

ss 36 &% 20 80 e

air brown 10 weeks, brown 172 wesks.




v
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Chart VIT,

Stabilizers for Furfurvl Alcohol.

One~-tenth gram of stabilizer was added to 10 cc. of furfuryl
alcohol.

Stoppered Tubes. A.

s

Reagent : (4 months) Effect
pyrocatschol % yellow
urea : black
hydroquinone E orange
pyrogallol é orange

[eontrol/ : black

Sealed Tubes. B.

: Effect
Reagent : :

: 12 «eeks : 30 Weeks 150 tieeks
pyrocatechol : colorless golden auber
hydroquinone ; colorless golden : amber
pyrogallol : colorless golden : amber

" feontrol/ : colorless golden : amber
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Chart VIII.
Observations on Time Stability of a Miscellany of

Furan Compounds.*

Compound 0;,3 Cglog Timeg : Final Colox
furfural : colorless : 30 days : black
furfural diacetate : colorless : 112 days : black
furfuryl alcchol : colorless : 30 days + black
furfuryl acstate : colorless : 540 days : light brown
furfuryl methyl ether colorless : 540 days : yellow
alkyl furoates : colorless : 1000 days : straw yellow
alkyl 2-nitrofurocates yellow : 1000 days : yellow
nitrofurfural 1 yellow : 1000 days : red

diacetate : : :
furyl alkyl ketones : colorless : 100 days : brown-black
g-alkylfurocia-acids. : celorless : 1000 days : colorless
2-furoic acid : colorless : 100 days : colorless
chlorofurfural : colorless : 300 days : black
bromofurfural : colorless : 300 days : black
n-butylfuran’ : colorless : 10 days : brown-viscous
furan : ¢colorless : 1000 days : yellow
sylvan : colorless : 1000 days : brown yellow
iso-butylenylfuran : colorless : 1 day : brown-viscous
chloromercurifuran : colorless : 80 days : brown(insoluble)
methyl alkyr : colorless : 1000 days : straw yellow

furoates. : .
nitrofurfuryl alcohol yellow 300 days : yellow-red
S-acetamino~2- : colorless 540 days : colorless

furoic acid :

:(sealed in

furfural diacetate :) nitrogen
:({sealed in

1) air

*
(]

80 days,brown; 150 days,black

a4 @9 pe es ss o1

80 days,black;

e

s s o3

. *These compounds were allowed to stand in stoppered containers
in the laboratory. They were thereby exposed, more or less, to
the definitely acid atmosphere. This acidic nzture of the air

was shown by a plece of woist blue liitmus paper which turned pink.



Shart IX.
S Furan Types.

/C = co0ld; H = heated to a boil; decomp., = decomposition/

$ Ffuren Compounds o
: chloro- : bromo- : nitro- : bromo- ‘b
Reagent : Tfurfural : Turfural : furfural : furfural Y -
s : : : oxime -
phc sphorus dark in u - no chengge; Heand C C = no change 4
Iribromide ;5 min, :H - vellow : no chance  :i - vellow : 8
: ) :C - 1light : . .
silicon : Hand C : green : H and C :C - yellow : C
tetrachloride _: no change ;H - no chance: no change ;i = no ohange :H
phosphorus H and C H and C H and C H
Irichloride : inQ change : no change :nQ0 change el
sulfur H and © H and C H and C ;C - no change . C
noghlor : cha 100 e : ha :H - oren 2 H
H B : no :
arsenic : Hand C :C - dark : C - ghenge :C -~ no change

<K

tribromide : ho chaenge :H « black . H = red :H - darkening .

Compounds (Cont.)

!

|

Heagent :  dinitro- :ethyl amino- :ethyl furyl- : ethyl nitro- :
H Y ;. furoat ¢ _acrylat : fur i
phosphorys : Cand H :C - no change;c - black C and H Lo
tribromide ;.no ghange .H - orange :H . no change i
: :C ) : : 1o
silicon : Cand H : ( no change:C - dark : Cand H :H(
tetrachloride : no chapge ;T ) :H - no change: no change )
phosphor us C and H C - no change;i;‘ - no change; C end H C
iochloride ; no change -H ~ no change:H = no change; no change 1 s
- :C = no change: : :C

sulfur : Cand H A - red to :C - vigorous : C and H :
monoch ;. DO change . lack eaction ; no change .
arsenic .C and H ;C) no change C - brown : C = green G
tribyomnide : no change :Hf ;H = black : H - blaeck H







¢ bromofuryl- :+ p~butyl : n-butyl dlethyl sdshydromucic :
: acrylic acid furoyla»oetic ¢ furyl- rdehydromucate: acid :
: ester : _acrylate : ‘ :
¢ : ‘ :C = no change: :
nge : C - no chenge -C - no change : C - brown H - slightly : C and H :
,:H - brown :H - black ; o~ biagk yolilow , che i
.‘C - pink ;C = pink’ ; C = red 'C - no change C and H ;
nge : H - no chance :H)* red : H)- brown H - no chane: no change :
: e : : S
:Hand C : { no change : ( no change: C and H : Cand H :
- no change «H) : ) :no chenre : _no chanxe :
nge :C - no change ;C - no change ; C « no changeC and H ; C and H :
;. H - brogn H = red : H - black :no _change : _no change
age ;G - darkening ;C - no change ; C - broyn ;G - 1o change;b - no change.
ing :H - darkening :H - brown : H = black :H = black :H - yellow
ro~ furan ; nitrofurfur- : furfural : furfural ; furfuryl :
) : ‘ : amide : diacetate : _hydrazone : acetate :
;C - black : C end H : C - brown :C = black G - purple .
e - : _no change : : : 4¥H - _black s
i) : ' : C = black . . .
:H( no chenge : C and H : around :C - no change: C - black .
g 3 : _qno chanpge s crystals :F H - black .
: : - : C = yellow ;C - red : C - red :
:C -~ yellow : Cand H : with 1 - dark : H - violent ;
8, :B - green ;..ho change ;. blackening . . decomp. :
:C = violent : : : ‘ : :
- reaction : Cand B :C - no change:C - violent : C - black .
) . black :  no_change ;I = no change - reaction . violent .
o G- ppt. forms: C = no'cnangé C ~ black :C = deep red : C - red to :
k :H - no chanee E =~ brown :H =~ black : ‘black
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otability of Other Furan Types (Cont.)

o @

Furan Compounds

Resgent furfuryl ;furfuramide furoamide furcic fu

:met ther : : : agid : acet

:C ~ white ppt.C ~ blackens : ;) : :
phosphoruys : formed :HI - vigorous : _{ no change:C - no change : C =
tribromide ;H ~ black . decomp, ﬂ% i - yellow . H =~
silicon C - red ' :C - black C( no change§ C - yellow : C =
totrachloride :H -~ no change:; H K H)— no_change. H)-

:C : T Ql P C - C
phosphorus ( no change :C « blackens : H( no change: ( no change: H'(
trichlo 2 : : g o) )

: : P C :
sulfur :C - darkened :C - no change: ( no change: C - no change: C =~ |
monochloride :H - red :H = brown  H) i = lizht Qgg_g:_x_ah -

: :C = brown :

:C = no changse:l - vigorous

: C = no chanbe C - 1o chanbe~ C =~

arsenic :
Xribromide ;B = brown : decomp, _:; H -~ darkened; } - brown : H - ;
Compound _ .
Reagent moncethyl :nitrofvrfural ritrofurfuryl sylvan $rif
- denx_gromggate' diagetate  .: alcohol : :"'C am
s H . -
vhosphor us :7{ no change 'C - no change:C - gas, red : C - yellow . CIYVS
tribromide :H) :H - no change:H = blackened;  H o
' :c) :C - light  : ¢) .
silicon : ( no chanze ~c - no change: browm : .{ no change : C =~
tetraghloride .8} - brown ;H - gas,b;own ) . _g__:__}
20l ':n) : : U=
phosphor ys :C( no change :“( no change :C = gas, heat C - no change:
trichloride ;HL H) -.H = _no change: H - no change: B =
in) ta) : :
sulfur :C( no change : ( no change :C - no change: C - vigorous : C =
monochloride :H) H :H - no changze: decomp. -,
o) : :C - dzrkened : . L -
arsenic :( no change :C - no change:H ~ strong C ~ yellow : _
tribromide -H) :H - black decomp, : B : Sl







: : pseudo :
: furylacrylic. furyl n-amyl:

o8 o2 %9 o

5 furoyl furyl methyl furyl propyl
s acetic ester acid : ketone* : ketone _aleohol
: : : N :C - violent :
ange : C = no change :C = nc change:C - no chenge: C = black : decomp. :
W H - black 'H - no change:ld - black I : red :
: : :C = violent
oW c - red gas 'C - red :C - red :C - red s decomp. :
hange-]H = _no cha H - no change:il -~ no _change: : red. :
gl i) : : :C - violent .:
nange:'Hﬁ noe change :H( no change :,{ no change :C -~ no change: decomp.
< ) et A : : : red. :
. : : .0 - vigorous :C - violent :
iange: C - gas, clear:C - red :C - darkened :reaction,heavy decomp.
t brownH « black ¢H =« no change:H - red :1icuid forred; red :
aangze: :C - no change :C - no chanpge:C - no cliange :C - black :C - red :
< S ;~@;r Ted :H = red :H -~ brown : : : 3
. lbrifuryl : furonitrile : nitrofuran : : :
x‘ amine H H : : :
.~ [C = red brown :C - 10 change:¢) 2 : :
»w . lerystals formed : ( no change : : :
: H = black 'H - yellow : % : : :
ange ; c ~ no change -C - no changeo ( no change ; : .
. H - darkened :H = yellcw ) ’ : :
. C = heat ﬁiven' : : :
1enge: H - no change : ; ) 3 :
. : C : - : : :
ous ; C = violent :H( no chenge ;C - no change; : :
e s | reagtion :7) :H - yellow : :
3,*7' yellow : : :
T e ss .C - no change:.C = no change; .
. | .H - yellow .:H - brown . .

H -~ black

: 2
I See page 44
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OBSERVA'WIONS AND DISCUSSICON

Color Reactions.
Throughout the experiments on furan compounds, color

reactions were recorded as shovn in the preceding charts., It
was obscrved that there was no one reagent or related group of
reagents that caused a uniform color change. In some cases no
apperent reaction occurred at all, Some of the more sensitive
furan compounds as furfural, furfuryl alcohol and furfuryl
acetate showed a color reaction when treated with various
substances, A glance at Chart I, Group 5, shows that furfural
gave a green color with phosphorus  tribromide. Chart IV shows
the same color reaction for furfuryl alcohol with phosphorus
tribromide, but furfuryl acetate, Chart IX, gave a distinct
purple with the same reagent. Dinitrofuran and dehydromucic acid
gave no reaction at all with phcsphorus tribromide.

Similar studies by Levine and Richman (25) were not
successful in developing a color reaction. These investigators
attempted to use antimony trichloride to develop color reactions
for compounds containing five-membered heterocyclic rings. They
noticed that certain furan compounds gave color reactions, but
they were not uniform nor were they general for all furan types.
Certain substances, as furfural, gave an indistinet greenish brown
or blue reaction. Furfurs lacetophenone gave a lemron yellow

wiile furonitrile ylelded uno color. Certainly such a variety

(25) Levine and Richman, J. Biol. Chem., 101, 373 (1933).



of color changes for verious furanic substances could not be
offered as a test for the presence of a furan ring.

Levine and Richman further noticed that negatively
substituted furans, as furolc acid or certain derivatives of it,
gave no color reaction. This appeared to be a general behavior
of the negatively substituted furan compounds studised.

In the present work, the report of Levine and Richman has
been essentially verified. Although the work was not repeated
with antimony tricihloride, similar halides were used. The active
halides or phosphorus, silicon, sulfur, end arsenic were
utilized.

The results may be briefly summarized. First, the colors
developed in the reactions varied from none throush the shades
of the spectrun to black. OSecondly, there was no uniforuity of
color change; that is, compounds with certain groups produced
one color while another compound with the same or similar groups
developed entirely different colors. Thirdly, generally the
highly negatively substituted furans as furoic acid or dinitro-
furan and related compounds showed no color reaction.

As will be developed later, the color reactions undoubtedly
appear subsequent to opening of the furan ring. Loewenstein (26)
has recently examined earlier work on ring opening in the
foruation of the Stenhouse-Shiff color bases of furfural. In

extending this work, Loewenstein confirms earlier views that the

{26} H. Loewenstein, Inaugral Dissertation, "Ueber die
Zinwirkung von primfren aromatischen Auminen auf Furfurol®.
Friedrich-Wilhelms-Universitat, Berlin (1931).
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furan nucleus has opened when the colors appear,

Although definite color changes with active metal halides
might suggest the presence of a furan nucleus, it would be a
matter of chance if one were found., Certainly there is no color
test that 1s»even approximately reliable. lany sensitive
compounds narfuranic in nature yield sharp color changes when
treated in various ways such as with active halides of the
metals and metalloids (25). Unfortunately, there is no color
test for the furan ring that wmay be considered an indication of
its presence,

The Po rization of Furfural, Inorganic Reactants.

The term polymcrization is used very loosely here to denote
a change in the physical appearance of the substances in question.
Generally, the substance was said to polymerize furfural if the
material became dark colored, thick, or solid. Otherwise only
the color changes are reported.

Chart I shows that the substances utilized as polymerizing
agents naturally fall into groups when classified on the basis
of their action on furfural. Incidentally thesc groups may be
divided into subgroups according to the Periocdic Table. Grouping
not only simplifies a consideration of the results, but it also
emphasizes the definite Periodic CGroups and Families of compounds
that show marked action on furfural. Thus all group references
refer to Periodic Table Groups.

In Group 1 there was essentially no sction on furfural after

twenty~-four hours with three exceptions. Sodium iodide
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darkened furfural slightly. Alkeli bases and ocupric chloride
had a similar effect.

In Group 2 only anhydrous zinc chloride caused & blackening
and thickening which I'inally formed a hard resin., ‘he other
substances were without action.

In Group 3, salts of two olements were studied, These
were aluminum and boron. The hydrated aluminum selts were quite
iild in their aotion, while the anhydrous substances were
vigporous polymerizing agents. The resins formed were hard,
brittle substances. Boron trichloride caused a vigorous
deccnposition,

On the whole, the hulides of Group 4 caused vigorous and
apparently complete decomposition. The furfural became black
and set to hard masses., In this connection, it is interesting
to note that carbon tetrachloride is the only neutral, nor<olar,
stable halide. Incidentally, this is one of the idiosyncrasies
of' the carbon atom,

The halides of Group 5 behaved in a manner similur to those
of Group 4. In every case the furfural was decomposed and ylelded
hard, black solids as the final material. Varied colors
developed when the reactants were first added, but the ultimte
products were alike,

The substances derived from elements of Group 6 varied in
their action. Chromic oxide was feeble in its effect. Chloro-
sulfonic acid and sulfur monochloride caused violent

decomposi tion,
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The slementary substances of Group 7 are represented by
bromine and iodine. They both caused vigorous decompositions,

In Group 8, cobaltous chloride (hydrated) and ferric
chloride (hydrated) were used. ‘"The cobaltous chloride caused
no decoumposition, It guietly dissolved to form a2 blus solution.
Hydrated ferric chloride caﬁséé a blackening after twenty-four
hours.

The most reactive substances toward furfural appear to be
derived from clements of the middle of the Feriodic Table. 7The
halides of the elements of Groups 3, 4 and 5 were found to be
the most reaoctive. This secems to be particularly true of the

B Families of these groups.

iffect of Dilution of Inarpenic Reactants on Furfural.

Chart II shows the effect of diluting the more reactive

reagents. Sulfur monochloride and aluminwa iodide appear to be
the most reactive substances toward furfursl. The halides of

the B Family of Group S were found to be the most reactive class

of substances.

Effect of Varjious Organic Reactants on Furfural.

Chart III shows thet in general organic substances are
mild in their action on furfural. The active substances were
found to be those substances which contained (1) active halogens

as benzoyl chloride (27) or chloroacetic acid, (2} the

~{27) Adams and Vollweiler, J. Am, Chem. Soc., 40, 1732 (1918).
This article discusses the action of acid chlorideSon

furfural.
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derivatives of mineral acids as g~nitrobenzenesulfonic acid,
(3) those substances which condemse with furfural as urea. It
is interesting to note that sulfanilic acid was neutrél &na had
no effect on furfural, This is in contrast with arsanilic acid
which caused a brown color to develop. 7This brown color may
have developed as & result of condensation of furfural with the

amino group in the more basic arsauilic acid.

Effect of Inorganic Reagents on Furfuryl Alcchol.

The effect of the various reagents on furfuryl alcohol was
quite similar to the effect on furfural, Chart IV shows that the
furfuryl alcohol decomposed vigorously and it generally behaved
in a more violent manner than furfural, This indicates its

extreme sensitivensss, It is apparently less stable than furfural.

ffect of Dilution of Reagents on Furfuryl Alcohol.

The dilution of the reactants only emphasized the
sensitiveness of furfuryl alcohol. TFrom Chart V it is spparent
that only minute quantities of the various substances were

required to produce a discoloration.

Stabilizers for Furfural.
The interesting fact is observed from Chart VI, that the

value of a stabilizer depends on the conditions under which the
compound is placed. Furfural stoppered with arsanilic acid,
p-aminobenzoic acid, benzyl alcoohol, benzaldehyde and without a
stabilizer was found to turn black in eleven weeks. Hydroquinone

and pyrocatechol allowed the furfurasl to darken to a red color.
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However, as Chart VI, B, shows, the stabilizers found to be of
value 1n stoppered tubes were found to be of no value in sealed

tubes. They actuslly accelerated decomposition over a long

period of time. This tact 1s emphasized when it is considered

that furfural sealed with air decomposed less than furfural
sealed with the stablilizing agents. .An atmosphere of nitrogen,
or other inert gas, appears as the best method of stabilizing
furfural. |

However, the polyhydroxybenzenes as hydroguinone,
pyrogallol and pyrocatechol are evidently the best stabilizers
for laboratory purposes when the material must resain in constant

use and unsealed,

Stabilizers for Furfuryl Alcohol.

Chart VII shows that observations made for furfural
stabilizers hold for furfuryl alcobol. Unsealed furfuryl elcohol
quickly blackens., Fyrogallol, hydroguinone and pyrocatechol
markedly prevent discoloration. Fyrocatechol appears to be the
best suvabilizer.

“hen the same stabilizers were sealed with furfuryl alcohol
no effect was noted. There was neither increassd decomposition
nor was there any stabilizing effect, 1t is evident froa this
that furfuryl alcohol may be adequately kept by sealing in clean

containers. It must be protected from acid fumes when oponed.



Lime us & Factor in the otadbility of Furan Com.ounds.

Chart VIII shows the striking facts that, {irst, some
compounds which have been regarded as traditionally unstable
are in ract stable over long periods of time, lor example,
furfuryl mothyl ether; secondly, that tie converse is true,
naaely, that some compounds, which have been used for various
reactions because of their stability under certain conditions,
are guite unst hle when stored for lon: periods, :n exainple of
this latter type is furfursl diacetate. TIhcse facts, which
appeur peculiar at first, are understandsble when it is
considered tiymt the conditions under which the observatiocns are
mrde are necessary to un appreciation cf the concept of
stability.

Althou:h furfural diacetate undergoes halogenation (282)
and nitretion (28b) it is relatively unstable when stored over
any length of tiae. £Lven wien furfural diacetute wuas sealed
with nitrogen, it decomposed more rapidly than did {furfural or
furfuryl alcchol under sisilar conditions. See, Charts VI
und VII.

In genersl the nogatively substltuted furans cre the nost
stable. Apparently, the alkenylfurans and furfuryl cihloride (32)
erc the least stable of all the observed furan compounds.
Similar observations have been made before. iioureu, Dufraisse

and Johnson (29) observed the cextreme instability of rfuryl-

(28) »(a) Gilman and «right, J. Aa. Cuem. Soc., 52, 117C (1930C);
«(b) Gilien end .right, ibid., bg, 4165 (1930).

(29} 1tioureu, Dufraisse and Johnson, ‘ull. cac. chim., 43,
586 (19z8). —



ethylene when it was stored without a stabilizer. l'rom an
examination of Chart VIII, it seems that, in general, 2-nitro-
and 2-carboxylfurans and derived compounds as the nitrile are

the most stable groups of furanic substances, when time is
considered & factor of decomposition. In certaein cases, the
disubstituted furans are more stable tinen the monosubstituted
furans. There may be exceptions to the rule thet 2ll di-alpha
substituted furans are more stable than the corresponding
monosubstituted furans. In cases vhere highly active groups,

as the formyl residue, are attached to quite unstable furun
radicals as in bromofurfural the decomposition may be accelerated.
These facts were observed, however, Iirst, that for a relatively
short time as 6C or 70 days, bromofurfural shovicd less
discoloration than furfural, but secondly, once decomposition
started in the case of bromofuriural, it was much more rapid and
complete than in furfural. This seemed to indicate that

decomposition resulted from secondary effects such as evolution

ol hydro; en halide.

Effect of Various Groups on the Stability of the Ffuran Ring.

Chart IX shows the result of treating a umiscellany of furan
compounds with various substances known to decompose vigorously
furfural and furfuryl alcohol. In this way it was possidble to
reach 8 comparative basis for the concept of decomposition by

acidic substances. Such a scheme of treatwent yielded definite

results.
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As Gilman and Wright (30) have shown that the nitro group
markedly inoreased the stability of furfural, it was to be
expected that the effect of negative groups on the whole would
be one of increased stabllity. UThis was found to be the case,
Unsaturation increases stability tloward time and acidiec
substances. On the basis of this reasoning, halogens become
weakly negative groups. This 1s not unreasonable since halogens
generally increase negativity as measured by ionization constants
and dissociation values in genersl. hecent svidence introduced
by Kharasch and co-workers {(31l) would seem to place halogens as

groups
weakly negative,considering attached halogens as groups,
according to thelr influence on the ease of scission of halogeno-
thenyl nuclel from organo-mercury compounds.

Frowm Chart IX and the evidence obtained from the other
Charts, the various groups may be arransed In a series according
to their effect in increasing the stability of furan compounds.
This series is known to be valid only for the alpha-substituted
furans, but in &ll probebility it is valid not only for the
alpha series of substituted furans but for the beta-substituted
compounds as well. This series refers to stability toward acidic
substances as used in the studles represented in Chart IX. The

groups are arranged in the order of their increasing effect in

x{30) Gilwan and Wright, J. Am. Chem, Soc., 52, 2550 (1930).
(31) . Kharasch and Flemner, J. M. Chem. Soc., 54, 674 (1932).
Leading rcferences on "negativity series™ jnay be obtained
from this articls,
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promoting stability of the furan ring,
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vihere R = alkyl groups,

Tree valence on carbon indicates attachment of furan ring,

The series 1is interesting. It will be observed that the
hydroxyl-containing side chains ocour at the end of the serics
which represents the most unstable compounds. It is generally
true that the methylene group attached to the furan ring causes
en unusual instability. Since furfuryl methyl e¢ther showed a
stability greater than furfural or furfuryl slcoco hol, it iy be
that the unusual instability or some compounds is in part
explained by a tendency to rearrange. This tendency has been
observed for furfuryl chloride (32). That is, the furfuryl
alcohol and ecetate umy show this same tendency to rearrange
while Turfuryl methyl ether does not. This assumed lack of
rearrangement. tendency for furfuryl methyl ether may result from
the greater strength of the bonds in the ether linksage. from
the fact that furfuryl alcohol and furfuryl acetate way be kept

for long periods of time, it is appsrent that no rearrangement

(32) (a)Scott and Johnson, J. Aw., Chem. Soc., 54, 2552 (1932);
. Keichstein and aschokke Helv. Chim. Acta., 15, 1124 (1932);
;.. .. also, see, Kirner, J. Au. Chem. Soc., 50, 1905 (192 )e
(b) Kizhner, d. Gen. Chem.-_(d...: S.R.), 1, 1212 1931)1 Cohe, 26,
5289 (1931




- 48 -
is aotually occurring, but it is possible that under the proper
conditions rearrangemsnt may ocour. This is the ocase with
furfuryl ochloride. It does not rearrangs spontaneously but upon
proper trectment, such as subjection to agueous potassium cyanide,
sone of the products are those Of rearrangemsnt. This theoxy
is not necessarily valid. However, 1t has the advantage of
having more of a basis than the alternative theory which says
simply that the ring is weakened. The theory offered here
attenpts to use the meager facts at hand to explaein an observed
behavior. In this oconnection it is interesting to note that
Kighner (32d) bhas regently desoribed am unstable isomer of
sylvan. It appears that on reductiom of furfurasl by the Wolff-
Kizhner msthod two forms of sylvan mey be obtained. One of
these is the customary methylf uran (1.).. The other compound
appears to be a mixture of 2-methylene~2,5~dihydrofuran (2) and

2«methylene-2 ,3~dihydrofuran (3).

Py He=cH #C— C =By
T [
H<, € ~Cilg Hy=c, < =CH,y e O,C-rcﬁ.

{1) (2) (3)
The unstable forms (8) end (3) easily isomerize to (1)

In the center porition of the series of the stebilizing groups,
the order becomss hazy and indistinot. HNevertheless, the general
schens is 1&11&. It will be observed thaf furfurdl diacetate is
more stable than furfural and that the weakly unsaturated groups
as agrylic radicals are definitely om the side of the series
with the groups which give great stability. As was to be
expeeted the sarboxyl group when attached to the furan ring gives
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great stability to the compound.

Kharasch and co-workers (31) found that the nitrile group
was one of the most negative in their series of electronegativities.
In the present work it has been found thet the nitrile group
gives great protection to the furan nucleus. It is difficﬁlt
to place the mitrile group as the most effieient protecting
group but it appears io rank with, if not above, the nitro
radical in its proteecting influence.

In making this series, it was borne in mind that the
arrangexsnt of the aeries holds only for the present study.
Another series of experiments might entirely change the
arrengement. Indeed, it has mot been overlooked thet the nitro
group, which appears to give great stability im this series, is
the most sensitive group to alkaline reagemts. This is discussed
at greater length in the second poriion of this work under the
heading of “Removal of the Nitro Group®. _

It has bggn notioed that certain furan compounds tend to
undergo degomposition with alkali. Furan and dimethylfuran have
been observed to show marked stebility toward bases. On the
contrary, mitrofurans, a~furyl ketones and ketofuroiec acids, and
furoie acld show instability in the preaence of alkalies. Thﬁs
parts of the preseding table of stadbilizing groups would be
reversed if basic media were used as the test oriteria. Arranged
in order of their stabilizing effect in basic media the groups
should fall in line as follows:

-mo, ( -8 Y -g;a { -goor -R { =
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where R i8 an alkyl group. The free valence bond shows
attaohment of furyl group. This appears to be a reverse of the
series for stabilities in ecidic medja, It is not complete and
it should be further verified by very careful tests,

Perhaps the use of the stability of furan oompounds reached
its height in the identification of the compound in Chart IX
labeled pseudo-furyl n-amyl ketone. In the course of the prepar-
ation of furyl p-amyl ketone by the acid hydrolysis of n-butyl
furoylacetic ester, a product was obtained which appeared to be
the desired furyl n-amyl ketone. Upon treatment as shown (Chart
IX), it was observed to be too stable for the predicted bsehavior
of furyl n~-amyl Ketons, but identical in its behavior with that
of known n=butyl furoylacetic ester, Subsequent re8xaminstion
disclosed the fact that the compound wes indeed unchanged n-butyl
furoylacetic ester. This points to the value that might be

derived from use of a table of stabilities of furan compounds.

Although there is no reastion whioh is a definite indication
of the presence of a furan ring in an unknown compound, there is
e suffiocient number of recorded color changes at hand to aid in
the identification of most known furan compounds by & comparison
with a combination of color changes of a known specimen of the
substance.

Many attempts have been made to develop color reactions for
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a ocertain group of furan ocompounds. Sohsat and Tollens (33)
found as Klinkhard (34) hed earlier found that dehydromusio
acid ylelded a red gelatinous precipitate with ferrioc chloride.
Sohst and Tollens (33) also observed that 2-furoic acid gave a
similar reaotion. Unfortunately, however, Reichstein and
co-workers found that the test was not general, and that it did
not apply to beta-furoie ecids (35) or certain polycarboxy-
furans as furan tetracarboxylic ecid (38). Another attempt to
use a coler reaction for eertain furoic acids was unsuocessful.
V. Meyer {37) used isatin snd sulfurie acid to indicate the
presence of thiophene, He found, however, that similar colors
were daveloped by furoic acid. In a further study of this color
reaction, Yoder and Tollems (38) found that although the violet
color rformed might be indicative of the presence of the furan
ring, other compounds es calcium arabinate gave similer purples.
Incidentally, it mey de that the caicium arabinate underwent ring
closure in the sulfuric acid, under the condition of temperature
used (160 degrses), to yield & furan compound which then gave
the typical violet of the isatin sulfuric acid test. However,
the disqualifying fact sti1ll remeins that thiophene gives a
similar color.

-{33) Sohst and Tollens, Apn., 243, 20 (1888).

+{34) Klinkhardt, J, . Chem., 25, 46 {l882),

‘{85) Reichstein and okke, Helv. Chim. Acts, 15, 268 (1932).

“{36) Reiochstein, Grussmer, Shindier and Hardmeier, Helv. Chim.
Agta, 16, 279 (1933). '

.{38) Yoder and Tollens, Ber., 34, 3461 (1901).
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Thus, 1t appears that the attempts to develop ocoler reactions
for certain classea of furan compounds as acids have failed.
Certainly, in the present work nothing was observed that would
indlcate a color react;on Tor any particular class of furan
sompounds,

The variety of colors that have been recorded in the wvarious
attempts to develop color reactions for furenie compounds has
been one of the greatest handicaps to the sucecessful solution
of the problem., These varieties of colors are particularly
noticeable in the attempt made by Asahine (16) to use vanillin
and concentrated hydrechloric aclid to yield red, yellow and
viclet colors, and in the attempt made by Reichstein (39) to
develop the pine-splint reaction for furan csompounds. This
latter method utilizes concentrated hydrochloric acid. The
colors obtained varied from green through permanganate to red.

These warieties of colers probably result because the furan
ring is opened. The substances which yleld the most pronounced
colors are the more sensitive furean types. In gemeral, the
quite stable compounds do not yisld a color test. An exception
is appsrent in the case of the furan a-carboxylic acids. These
a-furoio acids yield sali-like substances with ferric chloride.
The Bucleus remsins intact.

The unreliability of the aniline acetate test praobably
arises from the fact that the ring opens to yield quite similar

(89} Reichstein, Helv. Chim. Agcta, 15, 1110 (1932).



substances in methylfurfural, hydrexymé%hylfurfural and
furfural (4, 5, 12, 26). Blanksma and Van Eckenstein (12)
definitely showed that furfural end hydroxymethylfurfural
vielded the éame‘red color. In this test the ring has been
shown definitely to open (26). Since strong minerel acids or
highly active ocompounds are generally used 1ln coler tests for
furanic compounde, it 1s undoubtedly the substances which result
from the opening of the furan ring that yield the colors by
sither undergoing condensation and development of chromophore
groups with foreign material as sniline, vanillin, constituents
of the pine-splint, phenol or isatin on the one hand, or by
development of ohromophore greups in themselves on the other hand.
The calor resstions, thersfore, depénd on the instability
of the compound. It has been shown that the furam ring opens
with uncommon ease under c¢ertain diverse conditiomns, such as in
the presence of hydrochlorie acid {40), in hydrogenations (41}, -
and in foroed reactions with hydrazine hydrate (42)., In the
drastic oondifiona generally utilized for production of colors
in tests for the furan ring, the unstable furanic substances
undoubtedly decompose to yield open shaim produets. In general,
the more stable highly negatively substituted furans do not yield
a golor reaction until they are placed under conditions in whieh

v{40) H,P. Peuniscen, Dissertation, Leiden, Holland (1929)
"Snelheidsmetingen Bij Ds Opening Ven Den Furaanring in
Het Oxymethylfurfurol", ' . '
(41) Kaufman and Adems, J. Am. Chem. Soc., 45, 3028 (1923).
e alsc, R. Takamoté17§5 Pharm, See. Japan, 48, 686
C.A., 23, 387 (1928)7.
(42) Seka and Preissecker, nonatsh., 57, 81 (1931)/ C.A., 85,
- 1826 (1931)7.
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they are known to decompose, It seems now that any hope for
developing & general coldr reaction for the fursn nucleus must
have as one of 1ts baseas conditions in which al) furan compounds
are known to decompose to yield substanses which are capable of
produecing definite uniform colors whem these decomposition
products are subjected to the proper treatment. A% the present
time this requirement appears rather hopeless of realization.

The questlon of stability of furan compounds revolves abont
the ease with whioh the furan ring opens. It has been shown
thet the aldehyde group of furfural does not oxidize im air nar
in oxygen. To show this, air and oxygen were s;;owly bubbled
separately through two 25 grem poriions of furfurel for two weeks
after the gas had been dried over sulfuric acid and pessed over
solid sodfum hydroxide. The clear furfural becams black and
vj.scaus,. dhen the reaction was stopped the mmierial was taken
up in ether and extrected with dilute sodium hydroxide solution.
On acidification after concentration amd coeling of the aqueous
portion, no acidic material precipitated. Five grams of furocie
aq;ﬁ_sim;larl,y treatgd yielded a quantitative recovery of the
acid, However, benzaldehyde oxidizes practically quantitatively
to benzoic acid under the same conditions.

An attempt to roeom:r the furfurel from the ether extract
yielded only l@ gram of ruri‘ural. mgsglngicates that oxidation
oocurred W 1n preference to oxidation at the aldehyde
grour. Anigel. ﬁehyda shows a aimilar behavior in that it does not
tmnergo oxidation to the eorres;:onding anisic acid as readily as
benzaldehyde.



Thus any stah!.l.tung substance must act in such a way as
to stabilize the rins and thereby prevent oxidation and ring
soission, In extended studies, Moureu and co-workers (24, 29,
43) found that easily oxidiged substances as hydroguinone,
pyrogallol and resorcinol, as well as the thicsthers and certain
compounds of ocobalt, effectively stabilized the ring. If the
thsory of oxidation 28 propounded by Moureu and Dufraisse (24)
is correct then the antioxidants act by "aceepting” the axygen
and then releasing it. If such a continual cycle of reaoction
bs granted, then it is easy to understand why the antioiidants are
without effect in sealed tube studies such as have been reported
here. See, Charts VI dnd VII. 1If there is no tendency toward
oxidation, and there can be none in the absence of oxygen as in
sealed tubes, then the supposed entioxidant is left free to
either react with the substance under study as it does in the
cass of furfural thereby hastening decomposition or the anti-
oxidant remips idle as it does in the ocass of furfuryl alcohol.

The highly negatively substituted furans are quite
resistant to oxidetion and ring opening and therefore they are
stable under laboratory conditions.

The polymerization of furan compounds is quite indistinctly
understood. The only definite, trus oase of polymerization of
a furan compound has been described by Gilman and Hewlett (44).

. fouren, pugrajase ang azm%.% 8y (3328’”25)’

also aoo, Dufraisse and Nekee, ibid., 1952).
(44) ?%and Hewlett, Jows State Coll. J. §9._sm 8, 18
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This is termed a2 true reversible polymer since by heating the
original material, 2-furfuryl mercaptan, was regenerated, ‘All
other cases of polymerization appear to be sither decomposition
products or polymers of such & nature that they are not reversible.
With sensitive compounds as furfural and furfuryl alcohol, the
reactive aldshyde &and carbinol groups, respectively, probably
enter into the polymerization. It was shown that for furfuryl
alcohol the disturbance is more deepseated than simple molecular

addition (1) or attachment through the addition of double bonds (2).

IH"{ H
peaC Cm—c¥ bopo e B g
W nel I i |
BOCH, C\g,&,,,;" \0,"-03.03 HOCH, c‘o" " H}:O S ~CHgOH
(1) (2)

Allen and Spamagel (45) havs quite recently shown that
certain unsaturated cyecllc compounds, as cyclopentadienone {a),

undergo dimerization to yield a polymer {B) comsisting of itwo
molequles'of the original cyclopentadienone connected through

one pair of double bonds, e v .
O Mt =c-H CoHy-C— €~ G M- & #4-¢ cl:, 7—' ﬁ‘( 4
'] st = =0 l/ ” ——————— ( /- ¢ I
| Xse o I, 4 d
Vs /‘5' c=e=¥ ”c\c/ W2 \C/yf
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[FZ] /677 5 4“:”:5:*" ‘,/:B]
o*'

¥ (45’ Allea and Spanagel, !_c Eo _CA&( §__0_(_3,. ’.ﬁ, 3773 (1933) »
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The structure of (B) was ultimately proven by converting the
dimer t¢ ortho-diphenylbenzens (C).
It is entirely possible that in the polymerization of furan

compounds & similar dimerization maey ocour, Such a transformation

would occur, perhaps, as follows for am alkylfuran:

L »H H H

o __.C‘-// g“-’-‘" H-c— Cc— C=—C
It KR
'P\-C\O, ?{ # \a h\,‘R’_—“

ey

coa” cH
f (Joe— (k7

N Eoskt R

It should be possible to establish this type of dimerization
by converting (D) into either the coumaron (R) or the hydroxy-
isophthalic acid (F). It 1s admitted thet the chances for this
type of dimerigation to occur in furanare minimized by the fact
that it appeers that a dieme and w,f-unsaturation to a carbonyl
groupérs nedessary for a polymerization as above to ocour. Thaet
is, a8 Allen (45) points out, a compound displaying such a
behavior is undergoing a diene syathasié with itself. Furan
possesses an astive diene siructure (47). However, whether or not
furan possesses a double bond of suffielent activity to behaie
as does the ethylenic unsaturation of malelc aphydride in the
Diels-Alder Synthesis (47) is not kmown. It 43 possible, however,
that both rings might add to each other in the‘a,s;position.

x (47) Diels and Alder, Ber., 82, 557 (1929).



In order to determine the naturs of the change that
ocourred in furfuryl alcohol, several studies were made. .hen
furfuryl aleohol was sealed for a long period of tims, there
were no apparent changes in the alcohol except that its
solubility in weter markedly decreased (46).

Fifteen grams of furfuryl alcohol was placsd in a small
flask, The flask was closed by meamns of a cork stopper. After
three months the material in the flask had become thick and
viscous. Solid particles were visidble in the olly material. The
resinous material wes diluted with ether and filtered. A small
quantity of a light brown solid was obtaimed. This solid was
insoluble in water, ether and alcohol. It was solubls in acetone.
Pnritiqationyas efrge‘;ed by sclution in acetone and precipitation
by dilution of the golvex;t' with alcohol. The melting point
finally resshed 118~122°. An attempt to distil the mterial to

regenerate furfuryl alcohol led to comple te decomposition,

By dilution with ether, this same substance was odbtained
:rm t};_a :gsidues from the distillation of furfuryl alcohol and
from furfuryl alcohol that had been treated with a little 5 per
cont aémus hydrochloric acid. By extraeting with acetone and

{46) As mentioned on page 14, this illusive problem of the
change of water soluble furfuryl a&lcohol to water imnsoluble
furfuryl alcohol was rirst shown by Erdmenn (22). The
other properties of the aleohol apparently do not change.
It may be @ phenomencn of dimcrphism similar t¢ the one
Gbagrved by Zemetti and Kerr (J. Am. Chem. S0C., 48, 797

.{1826}) for rfurfuryl furcate.
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diluting with aloohol, this same sudbastance was obtained from
the s0lid oake that formed when furfuryl alcohol weas exposed
to the aoid laboratory atmosphere for two years,
Apal. Calod, for C,gH,,04: C, 69.74; H, 5.46,

Found: €, 69.56, 69,275 H, $.56, 5.33.

The apalysis shows two definite things. First, it shows
that three molecules of furfuryl alecohol combined by splitting

out two molecules of weter:

3 (o]cn.on ——ap CioHas0y +  2H,0

The molecular weight of the resulting compound was not taken
since the main interesi was an indication of the mode of
decomposition. Secondly, the analysis shows that at least pert
of the decomposition 1s not a true polymerization. That is,
the decomposition is not & molecular addition of any type or if
it is, the addition is immedtiately followed by an sliminztion
of water,

This observation is in line with that of Limpricht (£0) as '
has been pointed out above (see page 18 of this thesis). He found
that the oily resinous material from furfuryl alcohol had a
composition whioch might result from the uniom of three molecules
of furfuryl alcohol with the eliminetion of gune molecule of water.
The observation of Limprieht (20), together with the one here,
would seem to indilcate that the alcohol progressively split out
water_after union of three molecules of furfuryl elcohol. The
reservation is made, however, that there is a possibility that



the material reported here did not result from the intermediate
compound reported by Limpricht.

1. 4 review of the literature shows that there is no
adequate color test for the fﬁran ringe. |

2, An attemp? to develop one has not besn successful,
although an indication may be obtained by 2 combination of ocolor
tests.

3. Polymerizatiom in furen chemistry is indistinect.

4. The stabllities of furan compounds may be systematized
and made orderly. '

Se Decomposition of furan compounds may be checksd by usse
of appropriate stabilizers or by adequate sealing in inert
atmospheres. _

6. Furfuryl alcohol decompeoses in such a manner that water
is elimineted.
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EART 11 :
SATION (¥) OF FURFU A TS DERIVATIVES
HISTORICAL

As typlcal condensations, the Friedel«Crafts and Gattermenn-
Koch reactions have becoms of value in synthesizing alkyl and
ac&l derivativeé of various substances. The original
conception was that only aromatice hydrogens took part in a
Friedel~Crafts (48) or a Gattermann-Kooh (49) reaction. The
flood of relatively recent work on‘the Friedel-Crafts reaction
has shown that the hydrogens which enter into this reaction need
not be attached to the aromatic nucleus,

Howaver, the Friedel-Crafts reaction remsins typieelly a
reaction of aromstic compounds, Judging from yields, sase of
substitution and smoothness of reaction. This is true in spite
of the fact that & miscellany of classes of compounds has been
utilized in ﬁhe Friedel-Crafts synthesis. The reactlion has been
applied with varying success to subatitution in open chain
aliphatie eomi)_ounds (80), olefins (51), unsaturated
eycloparaffins (52), saturated cyoloparaffins (53), and the
heterocyclic oompounds as quinoline (54), pyrrole (55) and
thiophens {56). |

(48) Ashdown, J. Ind. - Chem., 19, 1083 (1927).
«(49) Gattermann and Koc Bcr., §Q, 1622 (1897); Gattermann,

ibid,, 3L, 1149 (18987,

«{50) Ungert gg;s, §§, 4867 (1932), von Braun and Kuhn, ibid,, 45,
1267 (1912).

x(51) pivin, Bull. Sog. Imp. Nat. Mosoow, 1, 176 (1208);

’ Chen. gentr., 1810, I, 1335/ Norris and Couch, J. Aum.

Chem. Sos., 42, 2329 (1920)- '

¥{52) Wieland and Bettag,'g%; ?g, 2246 (1¢22).

+{88) Hopff, Ber., 85, 482 (1932) end ibid., 64, 2739 (1931).

v(84) Matswmura, g. Au. Chem. .5 92, 4433 (1930).
% E‘iMr and bolmber&, é. T%%L. . L___, 99 (1928).
56) AR, 439, 78 (1988} ; Stadnikoif, Ber., &l,

2541 (1928).



The Gattermann-Koch reaction has not beenm as intensively
studied as the irisdel-Crafts reaction. In truth, the Gatteramann-
Koch reaction 1s a speciel case of the Friedel«Crafts reaction
by means of which formyl groups are introduced into aromatioc
nueclel (49) using either the hypothetical formyl chloride or
formimine chloride (hydrooyenic acid with hydrogen chloride)
with or without a ocondensing agent. <Juite unscientifiocally and
altogether inaccurately, the Friedel~Crafts reuction has come to
mean the introduction of alkyl or scyl groups inte all types
of compounds by a variety of condensing agents and in a niscellany
of solvents, It would be much more nearly correct to speak of
the glass of Friedel-Crafts reactions. 7There ssems to be no end
to the variety of transformations that may be effected by means
of vigorous condensing agents like aluminum chloride (57). This
helide was the originsl Friedel~-Crafts condensing aegent, but it
is now one of & number of substances that may be used for
erfioiéﬁgoondennations. The confusion that has developed
coneerning the Friedel-Crafts reaotion is an excellent example
of the danger involved in naming reactions after their discoverers.

Throughout the present work the term Friedel=Crafts reaction
will be used to indioate either slkylation or acylation. The
exngot conditions will be indicated where necessary. The
Gattermann~Koch reaction is understood to indicate the intro-
duotion of formyl groups by elther formyl chloride or formimine

chloride,

< {57) G. KrSnglein, "Aluminiumchlorid in der Orgsnischen Chemie",
Verein Deutscher Chemiker, Berlin, 1930.
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Historioally it is worthy of mote that the first Friedel-
vrafts reaction was probably carried out with & furan compound
in 1894. Magnanini and Bentivoglis (58) synthesized 2,5~dimethyl-
S=acetylfuran from succinic acid, acetic anhydride and zine
ohloride. These authors bselleved that the complete condensation
ocourred simultaneocusly to ylield the desired product. 4Actually,
the succinic acid mey have condensed with the acetlic anhydride
to yleld a 1,4-diketone dioarboxylic acid which immediately split
out water and carbon dioxide to yield 2,5~dimethyl furen., This
furem compound and acetic anhydride then underwent condensation
in the presence of zinc ochloride to yleld the 2,5~dimethyl-
J~acetyl furen. |

In 1901, Hill, Phelps and Hale (59) utilized deaydromucyl
chloride to. synthesize a,a”’~didbenzoyl furean. Benzene was used
as a solvent and aluminum éhlorids was the condensing agent.
King (60), in 1927, attempted to condense benzene with furole
acid. He obtained a product which he deseribed as 3~phenyl-
£ ,3=dlhydro=-2-furoic acid.

The firat well defined work on substitution in the furan
nucleus by msans of the Friedel-Crafts reaction was accomplished
as recently as 1830 by Reiohstein (61). In a single short
article he desceribed the synthegls of several furan ketonese.

58) Magnanini and Bentivoglis, Gezg. chim. ital., 24, 435 (1894).
x.(sei £31l, Phelps end Hale, Au. Chen. {., 25, 457 (1901).

60 Eing de Am. Chem. Sce., 49, : .
<(6l) Reiohstein, HelY. Chim. Aota, 13, 356 (1930).
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By hls method he was able tc.isolate furyl methyl ketons
(yield 13 0 34 per cent), 2-msthylfuryl-5-methyl ketone {yield
15 per cent) énﬂ a minute quantity of difuryl ketone.
Simaltansously, Relchstein (62) reported a series of aldehyde
syntheses in furan compounds. He found that in general the
formyl group would enter the furan nucleus easily if the ring
did not contain a negative group or two a-~substituents., More
recently Relchstein has ut;lized this Cattermenn-~-Koech reasction
to synthesize 3 ,5-dimethyl-2«furoic acid and 3-methyl-2-furcic
acid (83) as well as S-isopropyl-2-furoic acid (64).

In general, this earlier work tended to disfavor hope of
utilizing the Friedel~Crafts remetion for the prepsration of
large quantities of acyl or alkyl furem. In fact, no attempts
were made to élkylate a furan by means of the Friedel~Crafts
reaction. All attempts to utilize this reaction were attempts
to acylate furan compounds.

Recently, Gilman and Calloway {(65) have shown that the furyl
alkyl ketones may be obtained in good yields by mesns of the
Fraedgi~0rafts reaction, The novel and surprising observation
was reported that furen ketones, aldehydes and esters undergo
ecylaetion and alkylation. The analogous resctions have not been
reported for the ocorresponding unsubstituted benzene compounds.
This work is discussed at great length under the heading

(62) Rotchstein, meyv. Chim. Acta, 13, 345 (1950).

(63) BHeichstein, Zschokke and Georyg, big.,__gJ 1277 (1931).

(84) Reichstein, Zsehokke, Gehring and Rone, Helv. Chim. Acta,
18, 1118 (1332).

(65) Gilmen and Calloway, J. Au. Chems Sgc., 55, 4197 (1933).
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"Observations and Discussion®,

All in 211, the history of the carefully studied condensation
reactions of furfurel and its derivetives, such as the Friedel-
Crafts end Gattermamn~-Koch reactions, has been a short ome.

The results are meagre and far from complete.

SERVATIO A DISCUSS ¥ LS
Friedel-Crafts Rescticon with Furen,
| Acyletion. It was found that furan could be acylated to

yield alkyl ketones in ylelds of 50 psy cent aﬁd better. Various
condensing agents have been found of value but ferrie¢ chloride
and aluminum dhloride gave superior yields. Aluminum chloride
is undoubtedly the best condensing agent to use for acylation of
furan by acyl halides. It is easily bhendled, gives excellent
results, and it is easily washed from the mixture which results
from the reaction. Aluminum chloride is cheap end it utilizes
acyl halides in acylations. Acyl halides are cheaper than the
eanhydrides used with the less agreesble ferrie chloride. B. V.
Brown (66) in recent studiss bas found that ferrio chloride gives
excellent yields (5 0 per cent) of 2-furyl methyl ketone. By this
means furan ls condensed with acetlc anhydride in carbon disulflide.
It was not possible to introduce the earboxyl group into furan

' - ‘ in the present study
using ethyl chlorocarbonate. Nelther wes it possible, to synthesize

difuryl ketons or furoioc acid using phosgene.

x{886) E. V. Brown, Unpublished Work.
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It was not possible to acylate furan using phthalioc anhydride
or phthalyl ohloride,

fhysiolocioal Aotjon of Furyl Alkvl Ketones.

By the method previously desorided (65) a series of 2-furyl
alkyl kstones was synthesized. These ketones were found to be
generally water insoluble and without hypnotic action although
they were toxic to the experimsntal animals (65). The ketones
studied were the furyl ketones with the followinmg alkyl groups:
methyl, ethyl, n-rropyl, isopropyl, p-butyl and n-amyl. For the
water solubility ol these ketoa?:ta:; experimentsl part. The
behavior shown here w:s not like,the phenyl alkyl ketones which
are hypnotios.

Gilman, Rowe and Dickey (67) have recently determined that
certain earomatic ketones have no hypnotic effect. iethyl pyrryl
ketone was weakly hypnotic in large dcses. The corresponding
furyl me thyl and thienyl methyl ketones were without action.
These latter ketones were found to be toxic to ithe test animsls
{dogs).

The synthesis of furyl chloromethyl ketone was effected in
order to determine its lachrymatory action. It was found to be
& powerful, persistent laochrymetor. It approaches but is not
equal to furoyl chloride in this respect, if one may judge from

& crude comparison.

- (67) Gilmean, Rowe end Dickey, Rec. irav. chim., 52, 395 (1933).

L Y
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It was found impossible to isolate an alkylated furan in
any of the many attempts mede t¢ alkylate directly
unsubstituted furan. 7The failure may be in part due to s brown
coating which always formed om the condensing agent when attempts
were made to alkylate furan. In one case, an atteumpt was made
to use furan as a solvent, but the difficulties were not removed.

No product was obtalned and 80 per cent of the furan was

rescoversd.

A , F 8

As has already been reported (65), methyl furoate may be
acyleted in benzens by acid anhydrides and stannic chloride.
The benzene as a solvent in this ease is interesting. It has
been found that the benzene is actually aocylated but very slowly.
The methyl furoate is acylated much more rapidly. However, an
attempt to acylate methyl furoate with aluminum chloride and
acetyl chloride was not successful even when the reaction was
refluxed for 5 hours. It was not possible to asylate methyl
furcate with phthelic anhydride under the conditions used.

tio it ate.

As has been reported (65), methyl furoate alkylates in the
S5-position to yield alkylfurolc estsers. The ylelds are good
and the reasction is a simple one. Thls offers a means of
obtaining the alkylated furciec acids in quantity from a siuple
furan derivative. There are some limitations to this synthesis,

however. Al) attempts to introduce an alkyl group with less
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than three carbon atoms were not successful. There is no ready
explanation for this peculiarity. However, it may be a function
of the nature of the complex which formed between the sluminum
chloride, alkyl halide and the alkyl furoate, All attempts to
synthesize methyli;ethyl— ori;thylfuroate wore futile. The
attempt to synthesize an alkylated product of methyl furcate, by
alkylating it with ethylene bromide was likewise unsuccessful.,
Another limitation to this synthesis is the strong teﬂdenqy for
the alkyl halide t0 rearrange 1o highly branched compounds so
that 1t is difficult if not impossible to obtein normal-chain
compounds. This is undoubtedly the result of the action of the
active metal halides. The rearrsngement tendency prohibits the
synthesis of n-alkyl compounds. There is a possibility that
these normal-chain compounds are formed in very small yields and
were not observed in the fractiomations.

By means of these alkylgtions of the alkyl esters followed
by hydrolysis to the corresponding acid, an approaech is obtained
to the simple alkyl furans. By fecerboxylation according to
Johnson's (65) method the elkylfurans may be obtained in good
yields. Mgthyl benzoate will not alkylate under siailar
sonditions. '

These alkylated furoio acids were found to have germicidal
action. Of & large group of substances tested, the alkylfuroie
acids gave promise &s the best furan germicides. The
ﬁggg. (?)—5;amy1‘2-fur019 acid possessed a phenol coefficient

of 22. It was observed that as the side-chain became longer
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the more efficient was the acid as a germicide. The high
degree of branching in the side chain undoubtedly lowered the
germicidal activity, Simllar observations on the effect of
length and isouwerization of the side chain have been made for
antiéeptios in general (68).

lethyl furoate was also alkylated with butylene,

The Acylation of Furfural and Fupfural Diacetate.
A1l attempts to acylate furfural were unsuccessful. Complete

decomposition occurred and no furfural was recovered, The same

failures attended the attempts to acylate furfural diacetate.

Alkylation of Furfural.
The attempt to’élkylgte furfural was more suecesstul then

thb attempt to acylate it. In a previous report (65) it has been
mentioned that & product was isolated which analyzed for an
alkyldihydrofurfural or an opened ring product. Evidence
recently obtained tends to show that the produoct may be neither
of these.

The compound obtained upon oxidation of the aldehyde with
silver oxide was an acid. It contained nelther aldehyde, ketone
nor hydroxyl group. Its analysis was close to that expected
for a dihydroiaepropylfuroic acld., However, the acid took up

ons atom of bromine with svolution of hydirogen bromids. This

« {68} Ishiwayas, Z. Lmounit#ts., 40, 429 (1924)/ C.A., 19, 999
(1985)/; Tilley and Schaffer, d. Basct., 12, 303 (1925);
Y. Leonard, J. Am. ided. Assoc., B3, 2005 (1924).
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bromine was not removable by boiling alcoholic potassium
hydroxide,

It has been shown by Hill and co-workers (58) that dihydro
furoic acids will add bromine tc the remaining double bond.,
This feot minimizes the chance thet the acid concerned in this
work is a dihydro compound. The fact that the bromine atom
was not reuovable by hot alcoholic potassium hydroxide is
evidence that the dromine atom is nuclear. "he absence of
ketone, aldehyde or hydroxyl groups minimizes the chances of
this produst being an opened ring substance since analysis shows
that no earbon or oxysen was lost in the transformations. It
is far removed from the present ideas regarding substitution
in furan compounds, to belleve that the goid here 1is
begta~isopropyl-2-furoic acid, but such a structure is possible.

It 18 general knowledge that the nitro group notoriously

prohibits substitution in the benzeneé ring by means of a
Friedel-Crafts reaction. The success that was obtained in
introducing groups into ocarboxyfurans and aldehydofurans as well
as in ketofurans (65), led to hopes that the same ease of
substitution would dbe observed for nitrofurans. Unfortunately,
this was not true. Of a large number of reactions with various
condensing agenis only one gave a definite product. In some
cases the nitrofuren was partly recovered unchanged. In the

one case that a definite reaction did oecur, it was found that

the condensing agent used, titanium ftetrachloride, had removed



- 65 =

the nitro group and had introduced a chlorine atom in its
place. This chlorofuran thenm underwent & normal scylation to
yield as the final product a chlorofuryl alkyl ketone,
All attempts to alkylate nitrofuran were futile.
Attempts to duplicate the above aeylation with methyl

nitrofuroate wers unsuccessiul.

Remova the Nit .

The removal of the nitro group of nitrofuran led to attempts
to determine how general the phenomenon was. As mentioned above
methyl Se~nitro-2-furcate resisted attemptis to remove the nitro
group when the substance was treated with titanium tetrachloride
and propionyl chloride in carbon disulfide solution. ZEven
boiling faiiad to show any effect on the nitro group.

~ Similar attempts to react nitrobenzens, prnitrcanisole or
a~nitronaphthalene were unsuceessful,

The furan nitro group has been generally observed to be
labile. It is removed from dinitrofuran with uncommon ease by
alkeld to yleld nitrites and maleic acid as the principal
produsts {(68). The observation that it is removed from
nitrofuren at 0° by titanium tetrachloride was guite a surprise.
Generally the nitro group is considered stable and difficult to
remove or replace (?70)., In this connection it is to be

observed that E. V. Brown (71) has recently found that the

(69) EBill and white, im. Chem. J., 27, 198 (1902).
%x{90) De Lange, Reg. trav. ghim., 46, 20 (1926).
{71) E. V. Brown, unpublished work.



pitro group is removed from ethyl S~nitro-2-furocate at high
temperatures by phosphorus pentachloride. The lability of the
nitro group attached to thé furan nucleus is of more than
passing importance. This 1ability undoubtedly results from
the extreme negativiiy of the furan ring.

Acylation of 3.4~Dicerbomethoxyfuran.

3 y4-Dicarbomethoxyfuran was found to acetylate to yield
a Z=~acetyl=-3,4-dlcarbomethoxyfuran. This was of interest since
all attempts to carry out other substitution reactions on this

ester have besn futile (72).

A angd 4 tion of &,5~Dica 1] £ .

412 attempts to force a substitution by means of the
Friedel«Crafts reaction with 2,5~diearboethoxyfuran failed.
This ester that is notoriously resistant to substitution in such
reaotions as nitration not only failed to alkylate or acylate
but it was recovered practically quantitatively. '

Sanborn (¥3) found that 2,5-dimethylfuren would acylate

to yield ketones when ferric chloride was used as & eondensing
agent. XIn the present study in an atéempt to utilize stannie
chloride to condense 2,5-dimethylfuran and acetic anhydride,

it waﬁ.taund_that the yiald was 50 per cent. when no particular

(72) Unpublished studies by Kirkpatrick and Burtner.
(73) ?ee, ?ilman end Calloway, J. Am. Chem. Soc., §5, 4204
1935 - '
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caution was used to obtain optimum yields. The yield, no doubt,
can be increased markedlys

In an atteupt to determine the orientation when a
substituent was introduced into & di-alpha-substituted furan
with unlike substituents, Gilman, Calloway and Smith (74) found
that the acyl group entered a position contiguous to a
substituent with optho directing influence in benzene. It was
shown that on acylating ethyl methylfuroate the acyl group
entered the beta-position adjasent to the methyl group.
Oxidation of the acetyl compound to the corresponding methyl-
dibasio acid and subssquent decarboxylation ylelded 2-methyl-
3«furcic acid. This last mentioned oompound proved the
orlentgt;on definitely. 4n attempt to acylate ethyl S5-bromo- or

ohloro~g=furoate was not successful,

A1) attahpta}to asylate or alkylate furfuryl methyl ether
wers unsucesssful. The reaction mixture became black and hard.

No acylated or alkylated product was odbtained.

From severel runs, nothing was isolated except & hard black

tar and a smsll portion of unchanged material.

Ajtempts were made to introduce the formyl group using

(74) Gilmen, Calloway and Smith, J. Am. Chem. S8c., 56, 0000
(1934) [January/.
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liquid hydrogen cyanide and gaseous hydrogen chloride with and
without a condensing agent. Several runs were made on £-methyl-
3=furoioc aoid, ethyl 2~-methyl-3-furoate and 2,5-dimethylfuran.
No aldehyde compounds were isclated although reaction appeared
10 ocour in some cases. This confirms the views of Rélghstein
(62) that negatively substituted furens and di-alpha-substituted

furans do not undergo ascyletion by the Gattermann-Koch reaction.

If ons were to judge from general comsideration of the
Friedel~Crafts reaction in furan compounds, the following series
of condensing agents may be considered to be arranged in order
of their decreasing activity in acylations.

SnCl,) PeCly ) 4101, > TiCl,
As alkylating agents the reverse order probabdbly holds, as follows:
AlCly » PeCl, D> Snll,
It must be admitted that these series probably are not rigid.
48 is true with any series of acotivities, they may vary with
varying reactants as well as with diverse conditions. There is
not enough waterial aveilable to make any predictions concerning
the effect of the various substances in decomposing the reactants.
There qppearc‘t; be material to favor the view that ferric
ohloride has & less deleterious offect omn the sensitive furan
compounds than has aluminum ochleride. 7This view is far from
being verified. '

It is en established fact (see, part I of this thesis)

that similar compounds may exhibit different stabilities when

" . fx,.'



treated with either the same substance or a variety of
substances that cause decouposition.

A series of condensations was carried out to determine
what other metal halides might be used to effect a Friedel-
Crafts condensation with furan. Some free metals were also
usad. It was found that of the substances tried, merocuric
chloride, titanium tetrachloride, metallic zine and tin were
the only effective ones. Sodium chloride, calcfium chloride
end silicon tetrachloride were without effect.

Wertyporoch (75e) has recently reported a study on the
various metal belides as copdensing‘agents in the Friedel;Crafts
reaotion. He found that 1n alkylation of benzene, mercuric
chloride, titanium tetrachloride and stannie chloride among
others were withqut effect even when the reactions wereAheated.

In the_presént case it is interasting to notice that
certain metals are of valus. The two metals which proved of
value in this instance were tin and zinc. The halides of both
these wetels are of value as condensing agents in the Friedel-

Crafts reaction. Peculiarly, eluminum yas without erfect.v

F;;gge;-c;aggg Reaction.

It appsars that in general it is easier to alkylate furan

compounds than to aocylate them. This is true im spite of the
fact that furan itself does not alkylete, The conditions for
alkylation are in general milder than the corresponding
conditioné for acylation. For example, methyl furoate underpoes

(75a) Wertyporoeh, Bers, 66, 123z (1933).




certein alkylations {(65) in good yield at 0°. It does not
undergo ready asylation at that temperature.

The difficulty of introdueing an alkyl group apparently
increases with increasing molecular weight of the alkyl halide,
The isopropyl halides enter with much greater ease than do the
emyl or hexyl halides.

The short-chain alkyl groups have another advantage. As
has been pointed out above, the entering alkyl groups tend to
isomerize to highly branched chains. It is spparent then that
the fewer the carbon atoms the smaller the nuuber of isouers

than can forme.

Relative ;gﬂ;;;tggg_gggggg of Yarious Oroups Present in Furan
on the Friedel~Creftis Rggézigg.

As 18'well known the earbonyl group geuwsrally prohibits
substitution in the benzene nucleus by the Friedel-Crafis
reaction. The nitrq group has sn even umore marked prohibitory
action. That this action is not one of ecomplex formation is
shown by the fact that furanlc esters, aldehydes and ketones
undergo~thelﬁiiedel?grarts reaction (65). Furthermore, certain
benzenoid types oontaining carbonyl groups and activating groups
as the hydroxyl (65, 75b) undergo the Friedel~-Crafts reaction.
Certain derivetives of enisic acid sre examples of this latter

class of compounds,.

(75b) Unpublished work.:



These observations fall in line with those of Kharash
and co-workers (31). These investigators point out the previously
observed fact that such groups as the ocarboxyl and nitro groups
hinder substitution while grougg,?gs anino and hydroxyl promote
substitution.

It seems thed$ from a consideration of the general ease of
furan substitution by the iriedel-Crafts reaction that the
following order represents the relative "interference value",

This series is arranged in order of decreasing inhibiting action.

-No, ) -COOR ) fg-a y (- > _R>(::§.

-?8 =l
[arked inhibit ion7/
@'ctivatiog]

The R reprssants an slkyl group.
The free valence represents attachment of furan ring.

The hydroxyl and amino groups were not studied in this
series, but it is wise to inoclude them since the hydroxy (764)
and aminofuran(s'{(sabxzd their derivatives are now becoming accesuibls.

It will be noticed that the nitro group is the most
fnhidbiting group present. Thus on the left hand side of the
table the aoction of the group is entirely prohibvitory. No
Friedel-Crafts reaction has ever been reported with an aromatic
nucleus containing the nitro group. The right hand end of the

series represents actual activetion of the nucleus.

(76)(q)Unpublished work by Hoehn.
(b) Unpublished work by Burtner.
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Resotions.

The recent suggestion that furan has supsr-aromatic
properties (77, 65, 78, 79) has found support in the alkylation
and acylation of furan compounds (65): The evidence first
offered (77) was the relative ease with which furyl nuclei are
removed f{rom furyl-phenyl-lead compounds: The second list of
evidence obtained was the ease with which furan compounds such
as methyl furoate undergo alkylation, Combined with this
latter fact were the fects that furyl phenyl ketone alkylated
on the furan nucleus and that furan compounds could be acylated
in good yields using benzene as the solvent (65).

More recently (78) the relative sase of nitration in the
faren nucleus as compared to fhe benzene ring in & symmetrical
compound like furyl phenyl ketone hes been offered as additional
evidence of the super-aromaticitiy of furan: Further evidence
has been found in tﬁa ease with which sodium displaces the
alpha-hydrogens (79). '

The point of interest in the present work is the faet that
in the studies on the mcetylation of furan in benzemne as a
sclvent, there 1s formed a smell quantity of acetophenone: It
points to the well known case of relative rates of reaction.

In the previous use of benzene as & solvent for Friedel-Crafis

(77) Gilmen and Towpne BRee. trav. ghim., 51, 1054 (1932),
(78) Gilman and YouRg! I. Au. Chem. Soe., 56, 0000 (1934),
(79) Gilman and Breuwer, J. Am. 58, 0000 (1934).

=

. Soe.,
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reactions in synthesis of furan (61) and thiophene (80)
compounds no mention has been made of the slight reaction of
benzene. This slow acylation of benzene proves definitely that
there is mothing particularly specifie about the acylation of
furan compounds with stannlie ohloride and acetic anhydride and
that the furan compounds react more rapidly than unsubstitute@
benzene. This latter fact indicates that there is nothing
inherently peculiar about the rapld and easy substitution in
furen compounds. Super-aromatiocity as observed in substitution
reactions becomes entirely a matter of relstive rates of reaction.
In this connection, it 1s interesting to note that
Stenhouse (81) was probably the first person to apply the term

arometie to furan compounis.

The general observation in furan chemistry that substituents

always enter an alpha~position if one is open applies to
substitution by means of the Friedel~Crafts reaction. In every
authentically determined orientation in a substance resulting
from alkylation or aeylation of a momo-alpha-substituted furan,
the entering group has beer found to enter the opem alpha-
poeition except possibly in the alkylation ofAfurrural.

The orientation of enlering groups in di-alpha~-substituted

&80{ Btadnikev and Goldfarb, Ber., 8k, 2341 (1928}.
81) Stenhouse, Ann., 35, 303 {1840},
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furans has been discussed above.

No case of nuclear rearrangement has besn observed in
condensation reactions of furan compounds, The Friedel-~Crafts
and Gattermann-Kooh reactions appear entirely reliable im
substitution reaefions ~as8 far as reliability oconcerns the
position of the enterinmg groups. The only noted rearrangement
(65) ocouryved in attempte to alkylate furan compounds. The
rsarrangement, however, confined itself to a change in the
branehing of the alkyl groups. The alkyl group introduced was
alweys found to have the most branched configuratiomr possible.
(See,}élkylation of mMthyk Mroate, page 62) No moveument or
isomerization of s group already present has been found. In no
case was it observed that the alkyl portion of an acyl halide
or ephydride rearranged. Thess obgervations are in line with
the one recently made {82) that the Friedel-Crafts reaction is
ofter sbused in regard to ita unrellability.

It is only fair to meantiom here that the solvent used in
these stufies with aluminum chloride was carbon disulfide. This
liquid seems to be & somewhat specific solwvent for the Friedel-
Crafts reaction, It appears to limlt and inhibit rearrangement
(82), besides glvimg excellent yields of product as compared

to other solvents on the wholee.

< (8%8) Rusioka, Pieth, Reichstein and Ehwann, Hely. Chim. Acta,
18, 275 (1933).



Seneral Teohniaque.

Unless otherwise stated the following general set-ups for
the apparatus were used.

Set~yp No. l. An appropriate siged three-necked round-
bottomed flask was seleoted so that it would be approximately
half-filled with reaotion mixture. The flask wes supported by
a ringstand. One neck of the flask bore a reflux condenser
which led through & 6 inoh caleium chloride tube to a suitable
trep. The middle neck ocarried a wmeroury sealed mechaniocal
stirrere. The third neck was fitted with a dropping fumnel or
other suitable means of adding the reactante,

Cooling was effeoted by an 1ce bath. Heating was obteined
by means of a water bath on a warm hot plate.

Sarning. 7There is extreme danger of fire in handling
certain solvents as carbon disulfide near hot objects.

Sgt=yp No. £ The reaction was placed in & suitably sized
wide~mouthed Erlenmsyer flask clesed by & rubber stopper dearing
a caloium chloride tuba., It was found that heating at a
constant temperaturs for a long periocd of time could be effected
easily by placing the flask on a drying oven. The flask was
placed on the necessery and suitable heat insulatiom as asbestos
squares end cork rings.

In every cass where the Erlenmeysr flask was used, Denzens
was ths solvent. The procedure used was as follows: The:

required asount of bengene was placed in the flask and the other



reactants added. The condensing agent, stannic chloride in
these cases, was added last with or without cooling as the case
demanded. The flask was shaken during the rapid addition of
the oondensing agent. It was added from a dropring funnel

mounted in a two-~holed rubber stopper which ecarried a ¢alcium

chloride tube.

arat £ R Alkyl Ketones.

The preparation of the furyl elkyl ketones was carrisd out
as recently deseribed (83). The furan was prepared in accordance
with the newly desoribed rapld method (84). It was dried ower
caloium chloride end distilled. Incidentally, furan may be
distilled from phqspho:us pentoxide.

The following preparyation of 2-furyl chloromethyl ketone
gives the genéral directions for acylationm of furan with aeyl
halides. ‘ | .

Using set-up No. 1, 22.6 grams (0.2 mole) of freshly
distilled chldroauet?l ochleride was added dropwise with stirring
Yo 26.8 grams (0.2 mole) of aluminum chloride in 250 cc. of
earbon disulfide previously dried with caloium chloride. A&fter
the reaction had stirred at room temperature for 20 minutes,
the flask was cooled to 10°c, end 13.6 grams (0.2 mole) of furan

was added over é. ‘ten minute period with stirring. There was a

83) Gilmen and Cellowsy, J. Am. Chem. Soc., 55, 4200 (1933).
84) Gilman and Lousinian, Reg. irav. g¢him., 52, 156 (1933).
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vigorous evolution of hydrogen ghloride, The iee bath wes
removed and the mixture was stirred for 5 minutes at room
temperature., The materisl was then poured ovér oracked ice
(hood) and the solid materiel wes quiokly filtered off by
suoction. The residue on the filter was washed with two portions
of ocarbon disulfide. The sarbon df#ulfide layer wes rapidly
separated from the agueous portion;‘&ried over sodium sﬁlfate;
and the solvent was removed by distillation on & water bath,

The residual oll was fractionated under reduced pressure.
There was obtained 6 grams of am oil which boiled at 127128° /27
mn, This was 20,7 per cent Oof the theoretical amount.

A5, 1340} mp , 1.5091, It solidified in the ice box.

Anpl. Calod. for C, HgO0,C0L: Cl, 24.86. Found:
Cl, B4.99., _
This anhatanne is a powerful lachrymator, It produses intense
burning of the membranes of the eyes and of the nose. It burns
the skin without blistering.

Following the same general directilons, atteupts were made
t0 asoylate furan using phthalyl ohloride, phthalio anhydride,
and ethyl chlorocarbonate. These reactions were unsuccessful.
In the case of the phthelyl chloride and phthalic amhydride, an
almnat_quan&@tativa yield of phthalic acid was obtainéd, With
ethyl chlorocarbonate a smell quantity of the acyl halide was
éﬁiéined. | |

Attempts to agylate furan using ethyl chlorooarbonate with
the following condensing agents were also futile: stannio
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chloride, ferric chloride, and phosphorue pentoxide (8S5).

Attt ,ed P : tone.

In an attenpt to acylate furan with carbonyl chloride to
give either or both difuryl ketone or furoie acid no acylated
product was found. Using set-up No. 1. in a tenth-mole run as
above, to the aluminum chloride end carbon disulfide,carbonyl
chloride waes introduced for 20 minutes at OQC. The furan was
then added dropwise. The reaction became brown. There was no
evolution of hydrogem chloride. Alter fouwr hours at room
temperature the reaction was worked up by hydrolizing with
oracked ice., The gseparated, washed and dried carbomn disulfide
left no residus when distilled from e water bdath.

4 re-run using benzens as the solvent and stannic chloride
as the condensing agent had the same outcome as the previous
Trun. ‘ |

In:ancther run using 200 co. of dry furan as the solvent
and one-tenth mole of aluminum chloride as the condensing agent,
160 ec. of furan was recovered. No higher fractions or solid
appeared.

; F Al'e‘ :
’ A series of furyl alkyl kelones was prepared according
to the above directions which are essentlally those recently

published (85) for the same ketones. The solubilities were

determined in a relatively crude style dut it was am attvenpt to

x (85) Steinkopf, Apn., 430, 105 (1923).

W
‘V“

¥\



deteraine a limiting faotor for use in studies on physiological
action of the ketones.

One-tenth zram of the various ketones was placed in a
1 x 7 inch test tube. Water at 30°0 was added until the ketone
disappeared on shaking. The solubilities expressed in per cent
are as [ollows: furyl methyl ketone, 1.25; furyl ethyl ketone,
1,0; furyl p-propyl ketone, 0.5; furyl isopropyl kstone, 0.5;
furyl g-butyl ketone, 0.2; furyl p-amyl ketone, 0.05.

It was hoped that as the alkyl group became longer and
water solubility decreased the inoreased lipoid solubility would
promote hypmotic action. The results were disappointing.
Although the toxicity of these ketones (see, page 80) indicates
physiologieal action,it is not & hypnotie effeot.

e Alkylation of Furen.

411 attempts to alkylate furen were futile., It was found
that in attempts to alkylate furan no alkyl group could be
introduced whether it contained a completely saturated carbon
ohain ,as in the butyl halides, or an unsatursated portion as a
cardomethoxy group as in ethyl chloroacetate.

Using set-up No. 1, 18.5 grams (0.2 mole) of p-butyl
bromide and 13.6 grams (0.2 mole) of furam were added together
to 26.6 grams (0.2 mols) of aluminum chloride umder 200 cc. of
carbon disulfide cooled to -15 C. Addition was dropwise and
with constant stirring. No hydrogen chioride was evolved. The
i0e-salt bath was removed and the reaction was allowed o siand

at roor temperature for 2 hours.



There sesmed to be a pellisle formation around the
particles of aluminum chloride. This was apparently & complex
of a probable polymeric structure. It was brown im color and
did not show any change on subsequent hydrolysis of the reaction.
It decomposed leaving a residue when hested to a high
temperature, |

The contents of the flask were poured over 200 graas of
eracked lce, and made alkaline. The mixture was then placed in
a 2 liter round~bottomed flask and the volatile ligquids were
removed by distillation by the steam generated in the flask,
The organic esolvent layer was separated from the agueous layer
and dried over sodiur sulfate.

Freotionation through a 12 inch column yielded omly a
liguid which hoiled between 43-48 . It was impossible to
separate any fractions om repeated fractionation. The lasi
portionr, & cc., of the distillete was added to 10 grams of
mercuric chloride, 15 grams of sodium acetate and 200 cc. of
water agﬂ 15 ce. of alcohgl, shaken vigorously, and allowed to
stand for 24 hours., Ko ?recipitate formed. This was a good
indication that there were no mono alkyl furan bodiés present.
Evidently no alkylation osourred in this reaction.

A similer set-up was used as for the previous run. 4 large

surplus of furan served as the diluent.
To 100 cc. of furam, in a(set-np Ro. 1) three-necked balloon

flask surrounded by an ice bath there was added 9.25 grams (0.l
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mole) of p-butyl ohloride. Thirteen and three-tenths grams
(G.1 mole) of aluminum chloride was then added in small portions
with vigerous stirring. No hydrogen chloride was evolved.

The ice bath was removed when all of the aluminum chloride
had been added and the reaction wes heated on the water bath
for two hours at e gentls reflux, There was a neglible
evolution of hydrdgen chloride.

The mixture was worked up as in the previous run. Practically
all the liquid rraotioaated’pelow 33 . There was a =mall
quentity, 4 graws, which boiled 45~77°/atm. This was butyl
halide, probably rearrangemeﬁt products. Thesg yilelded the wide
range of boiling points.

No fraction which m;gh$‘have been a butylfuran was isolated.
Attempts to prepare mesrcurials of the higher fraction were
futile.

In the usual ssi-up there was placed 26.6 grems (0.2 mole)
of aluminum ¢hloride and 75 cc. of carbon disulfide. To this
was added 12.8 grams (0.1 mole) of ethyl chloroacetate.  An oily
complex termad._

~ There was now added dropvise (with cooling to 15°) 8.8 grems

(041 mole) of oold furans The reaction turned black and evolved
a very small qnantity of hydrogen chloride. 4s soon es. ths;
furan wes edded; the reaction mixture was poured over 206 gﬁéms
or,cfaqkqd.iqg:and worked up as in the runs with methyl furoate.
Two grams of ethyl ehlorogcetate were recoverad.
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Three attempts were made to reduce the activity of the
alunminum chloride by using nitrobenzene (86). One run was made
as in the latter case except that 0.2 mole of nitrobenzene was
allowed to react with the aluminum chloride. To this mixture
was added 0.8 xinola of furan and 0,2 mole of butyl halide, No
alkylated product resulted.

The quantities of nitrobenzene were increased until the
solvent uwsed was pure nitrobenzene. This d:.d not help matters.

No alkyleted furam was obtained in any case.

Although several methods have been described for the
preparation of alkyl esters of furoie acid (87, 88, 89), there
was no method which gave rapid results om & large scale
ecntinuous progess., As the result of 28 experimsnts the
following was found to give the best, quick results for larce
quantity preparations of etghy]_. and methylfuroates.

~ Two hundred and twenty-fcur grams (2 moles} of commercial
furolc acid was mixed with 480 grems (15 moles) of methyl |
aloohol. Fifty grams (0.5 mole) of concentrated sulfurle acid
was added and the mixture was refluxed for five hours. The
condenser !as ﬁoseﬁ by a calocium chloride tubs, After cooling,
the mixture- ias steam distilled. The excess alcohol was saved

X g’ﬁg Boaenmnd and uohulz, Arch. Fharm., 3&§ 808 (1927).

Hill and Sylvester, Am, Cham. Je, g, 204 (1904).
x{88) Zanetti and Beckmann, J. Am, oy 48, 1067 (1926).

l Q&Lﬂ*
x{89) Gennari, Gagzz. chim, 1 ital., 24, 246 1894

-



- 83 -
to be re~used after drying. The ester was separated from the
aqu;ous portion of the distillate and dried over sodium sulfate.
The drying agent was filtered off., The ester amounted to 57
to 65 per cent of the theoretical amount, It was oconstant
boiling so that redistillation was unnecessary.

In ocase it 1s desirable to dlstill the estex it may be
distilled either under diminished pressure or at atmospherie
pressure. 1lt boils &t 1810/760 mn, It is not necessary to dry
the ester if it is to be distilled. The moisture passes out
with & small quantity of ester as the first fraotion. This

fraction may be combined with the next run,
In the case of ethyl furcete the distillate was cooled and

the solid ester was filtered off and dried over sulfuric acid
in a desicocator.
Acviakion of Nathyl Furgate.

It was found impossidle to acylate methyl furoste by acyl -

halides and aluminum chloride or by acid anhydrides and
aluninum chloride. A typical run follows:

Using aot;up No. 1, 0.1 mole of acid chloride or acid
anhyiride was added dropwise with stirring to 28.6 grams (0.2
mole} of aluminum ohloride in 250 ec. of dry carbon disulfide.
After the reaction stood for 20 minutes there was added dropwise
12.6 grans (0.1 mole) of meth;l furoate., The reaction was
allowad to stir for two hours. It was then heated o a boil
for from five hours to two days. There was e very slow
evolution of a small quantity of hydrogen chloride. The materiel
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was poured over cracked ice and the aqueous layer separated and
discarded after extracting with carbon disulfide. The solvent
layer was washed with water amnd sodium bicarbonate solution.
It was then dried over sodium sulfate. Removal of the carbon
disulfide by distillation on a water bath yielded methyl furoate
which bolled at 80-83 /17 mm.

Attempts were made to acylate methyl fureate with aluminunm
chloride as follows.

Ac ag: ~ Number reactions Product per cent
methyl furoate 70-95

methyl furcate 80-~90

acetyl chloride

acetic anhydride
methyl furoate 90
mathyl furocate 80

propionyl ohloride

propionlc anhydride
benzoyl chloride methyl furoate 90
furoyl chloride

-ethyl chlorocarbonate

methyl furoate 85
methyl furoate $5

carbonyl chloride methyl furoate 50

phthalic anhydride

(o AR I . T L R

{ methyl furoate 80
{ phthalie acid 60

It was finelly found thatferric ohloride and stannic chloride
would acylate esters of furoie acid (85), The stamnic chloride

was superior to the ferric chloride.
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Alkylation of Methyl Furoate.

As has been reported (85), it wes foumd that alkyi halides
contalning more than two carbom stoms alkylete methyl furoate
with ease. In some ocases the alkylated products were obtained
in good ylelds,

Methyl and ethyl holides were found to yield red residues
but no alkylated esters. In the case of methyl furocate this red
product was worked up. All indications were that it hed the
following structure (85).

ﬁﬂ&—-cuv

i u
CE..-S-g- c\o/c -COOCH'

A7

In all, six experiuments were carried out using the
following resgents with aluminum shloride and methyl furoate.

' ' ‘ Recovered
Alky: helide Solyent ©Ereduyct methyl furoate
methyl chloride CSy Ajsbove 30 per cent
methyl chloride Goopet. ether - 70 pexr cent
methyl bromide C8s Alebove 40 per cent
ethyl shloride and bromide CS, red gum 35 per cent
ethylene bromide C8g red gum 40 per cent

Alkylation of methyl furoate by butylene to yield a small
quantity of wethyl S-isrt.-butyl-R-furocate (65) was carried out

along the general linss for related reactions in benzene
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cheuistry (90, 9la). Four check runs were made varying minor
details. However, the essentials are represented as follows:

Using set-up No. 1, 13.6 grems (0,2% mole) of technical
butylene (91b) was slowly distilled through anbyarous calcium
chloride into a rapldly stirred .wixture of 260 cae. of dry
ocarbon disulfide, 26.6 grans (0.2 mole) of aluminum ochloride
and 12.6 grams (0.1 wole) methyl furocate. hen all the butylene
was added the material in the flask was hydrolized by cracked
ice and the carbon disulfide layer separated. The solvent layer
was washed with water and sodium bicarbonate solution, dried
over sodium sulfate and distilled. After the carbon disulfide
was removed, the remaining oil was fractionated throuch a
column at reduced pressurs. There resulted from this diatil-
lation, by three fractionations, 1.5 grams of am ester boiling
at 109-115 /15 un. Hydrolysis by potassiun hydroxide yielded
a suall quantity of an aoid which melted at 96-98 . A mixed
melting point of this acid with kmown 5~tert.-butyl-2-furoic
acid gave a melting point of 101-102’. The melting point for
S-tert.-butyl-2-furoic acid is 104 .

From the mother liyuors of recrystalligation of the above
acid there was obtained a few crystals of an acid which melted
at B?~89°._ This may have bsen an 1s9-, 8¢c.-, or p-butyl-

2~furola sacid.

«{90) Balsohn, Bull, . shim., /27 3}, 539 (1879).
{91) (a) M11ligan ond Resd, g. AR. Chem. Soc., 44, 206 (1922);
(b) Ohio Chemical and Manufaoturing Co., Cleveland, Ohlo.
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ation of iet Furcate with B Chloroacetate.

Using the set-up No. 1, 12.6 grams (0.1 mole) of methyl
furoate and 12.3 grams (0.l mole) of ethyl chloroacetate were
added rapidly to 40 grams (0.3 mole) of aluminum chloride in
100 occ. of carbon disulfide. The reaction was stirred rapidly
during the addition of the hallde and the ester.

After standing for twenty~four hours the material in the
flask was refluxed for eight hours. The reaction mixture was
then poured upon oracked ice and the carbon disulfide layer
separated. The aqueous portion was extracted twice with carbon
disulfide. The combined extracts were washed with water, then
with sodium becarbonate and finally dried over sodium sulfate,
After removing the solvent by distillation the residuel oil was
frectionsed. There was ebtained 6 grams of methyl furoats,
B.P. 80Q85°/19 mn, and 3 grams of ethyl chlorcacetate, B.FP.
144-147°/atm. pressure. No higher fractions were obtained.

A tic 3 .

In an appsratus according to set-up No. 1, 100 grams
(0.33 mole) of stannie chloride was =dded dropwise over a four
hour period to 500 ec. of dry, thiophene free benzene contzining
133 grams (1.5 moles) of acetic anhydride and 48 grams (0.5
mple) of furfural., The contents of the flask were kept at OOC.
The solution became blasok at onece and showed & pro.ressive
decomposition until at the end of the reaction, the flask was
filled with a black, hard resin. This resin was scraped from
the flask and vigdrously agitated with cracked ice. The
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agueous portion wes separated after filtering off the tarry
material, The benzene layer was washed with water and sodium
acetate solution. After drying, the benzene was distilled off.
It left approximately 0.5 grem of oily residue which did not
oxidize with silver oxide. Another run produced similar
results.’ A run using furfural diacetate in place of furfural

gave the same negative resulte.

The A. ation of Furfural.

As has been previously shown (65) furfursl gives an
anomalous result when alkylated with an alkyl halide end aluminum
chloride. The product appears to be a case of abnormal
orientation. That 1is, the alkyl group evidently has entered
a beta~position although anm alpha-position was open. The

investigation is belng continued. The results will appear

slsewhere.

The nitrofuran used in these experiments was prepared from
furan (84}, nitrated according to the directions of Marquis (92).
Set-up NHo. 1 was used throughout these experiments. One

typical run is given. The other runs ere summarized for sake

of brevity.

«(92) Marquis, Bull. sce. chim., 29, 276 (1903).
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Using set-up No. 1, 13.3 grams (0.07 mole) titanium
tetrachloride was added dropwise with vigorous stirring to 8
grams (0.07 mole) of nitrofuran and 6.5 grams (0.07 mole)
propionyl chloride in 100 oc. of carbon disulfide. The resction
was kept at Oac during the addition of the titanium tetrachloride.
While the condensing agent was being added, bydrogen chloride
was evolved and brown vapors were given off. The brown vapors
were nitrogen tetroxide.

When the reaciion subsided, the mixture was allowed to
stir at room temperature for ten minutes. It was then poured
upon oracked ies, acidified with hydrochloric aeid, and the aguecus
layer separated, extracted onoe with carbom disulfide and
disoarded., The combined carbon disulfide layers were washed
with water and them with sodium bicarbomate solution. The solvent
was removed by steam distillation. The residusl 0il was steam
distilled to yield 2 grams of white erystals. After
recrystallization from aleohol and water these orystals melted
at 52;54?. The melting point becams constant at 5500.

It was found that these crystals eontained no nitrogen.
‘They contained chlorine and a ketone group.

. éﬂgz, Caled. for CyH,0,Cl: Cl, 22.4. [Found:

el, £2.9.

Since the analysis agreed for a chlorofuryl ethyl ketone,
the 5;ohlarofuryl-2;ethyl ketone was prepered as follows.

Five grems (0,034 mole) S-chloro-2-furoie acid prepared
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by the method of Hill and Jaokson (93) was deocarboxylated
aocordin,; to the :ethod of Johnson to obtain S~ghlorofuran (94).
To avoid loss the H-chlorofuran vas not isolsted. It was token
up in 100 ooc. of benzene. The benzene solution was washed
three tiwes with water, onoce with sodiuxn dbicarbonate solution
anJd then dried over snhydrous sodium sulfate at Ooc. After
drying the sodium sulfate was filtered off, and the benzene was
placed in an apparatus &coording to set-up No. 8. The soclution
was ohilled to o°c. To the cold solution was added 5.2 grams
(0.04 mole) of propionic anhydride and later 10.4 grams (0.04
mole) of stannic chloride. The ice bath was removed and the
reaction wes allowed to stand at room temperature for 3 hours.
It was then poured upon oracked ice and the benzene layer
separated, After washing with water and sodium bicarbonate
solution, the benzene was removed by steam distillation. The
residue on steanm diatillatiap yielded 1 gram of a ketone melting
at 55°. A mixed melting point with the ketone prepered from
nitrofuren by titanium tetrachloride showed no depression.

Using other condensing agents and various conditions, all

atteupts to acylate or alkylate nitrofuran were futile. =&

sunmnary of these follows.

(98) BHill and Jaoksom, Proe. Am. Acad. Apts. Sci., 24, 320 (1888).
¢ (94) Shepard, Winslow and Johnson, J. Am. e?iﬂgbg_"i," 52, 2083

(1930) .



Condensingz sgent Hallide or anhydride Froduct Fer cent

aluminum chloride acetyl chloride nitrofuran 30
aluminum chloride proplonyl chloride nitrofuran 1C
aluminum chloride isopropyl chloride nons none
stannic chloride acetic anhydride none none
stannic chloride propionioc amhydride none none
mercuric chloride propionyl chloride nitrofuran 70

In order to determine whsther or not this removal of the
nitro group by titanium tetrachloride was general for furan
compounds, & run waa made using 17,1 grams (0.l mole) of methyl
nitrofuroate., The run was earried out as for the runm above with
titanium tetrachloride, nitrofuran and prapionyl chloride
except the reaction was refluxed for three hours. Sixteen grams
or 94 per cent of the methyl nitrofurocate was recovered.

A further compariscon was made to determine if the corres-
ponding benzene types behaved in a similar menner. Runs were

made using titanlum tetrachloride on the following compounds

containing the nitro group.

- Soupeiid g a : ot
,nﬁuitroaniscle 93 per cent p-nitroanisole
aQnitronaphthelene 94 per cent a~nitronaphthalens
nitrobenzane 95 per cent nitrobenzene

The 3,4~dicarbomsthoxyfuran was prepared ascording to



recent directlons of Reiechstein and co-workers (3s8).

Using set~-up No. 8, 39.0 grams (0,15 mole) of stannie
chloride was added with shaking to 100 c¢c. of dry, thiophene
free benzene which contained 9.2 grams (0.05 mole) of
3,4~81lcarbomethoxyfuran and 5.1 grams (0.05 mole) of 'acetioc
anhydride. The reaction was allowed to stand at ooc for one
hour. It was then poured upon cracked ice and the benzene
layer was separated. Three portions of benzene used to extracf
the agqueous porticn were combined with the original benzene
layer. The entire benzene extract was washed with water, then
with sodium bicarbonate solution. The benzene was distilled
off and the residue was reorystallized from hot water to a
constent melting point of 108 C after boiling with e small
quantity of charcoal. The yiseld was poor. Two grams of material
was obtained. _ , .

| ‘Apal. Calod, for CyeHsoO4: €, 55.07; H, 4.47.
Found: €, 52.82, 52.63; H, 4.20, 4.15.
Three smaller runs with minor veriatioms failed to improve the

yileld., No stteupt was made to alkylate 3,4~dicarbomethoxyfuran.

Thepe attenpts were futils,

Two attempts'to alkylate this eater with isopropyl chloride
according to directions for alky;ation of methyl furoate ended
in a 90 per cent recovery of Z,5~dicarboethoxyfuran. The
reactions were refluxed. Aluminum chloride was used.

An sttempt to acylate this compound using the directions
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for aoylation of methyl.furcate (85), except the reaction was
o
heated for four days at 65 0, ylelded 70 per cent recovery of

£ ,0=dicarboethoxyfuran,

Uaing set-up No. 2, an attempt was made to aoylate ethyl
5-ohlaro-z~furoata (93) according to the directions for the
acylation of 3,4~dicarbomethoxyfuran except that the reaction
was heated to 60 for 18 hours, The product was worked up the
same way except the material which remeined after removal of
the benzene was distilled. It boiled at 104~110/16 mm. Fifty~
three per cent of the ester was yecovered. EHydrolysis or the
ester ylelded en aclid whioh when reorystallized once from hot
water melted at l?ﬁo. A mixed melting point with known S-chloro-
2=furolio acid showed depression. The liquors from which the
acid was crystalligzed were extraoted with ether, The acid

-]
obtained when the ether was yemoved melted at 172 . Vacuum

sublimation failed to yield a fraction which was not 5-ohloro-
2=furoic aoid by mixad melting point.
Bthyl Sebromo~2-furoate behaved the same way (?1).

~ In a 500 ec. threse~-nesked balloon flask there was plaoced
13.3 grams (0.1 mole) of aluminum chloride in 50 cc. of oarbon
disuifide.

This was cooled to 0° by means of an ice bath. Bleven and
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two~tenths grams (0.1 mole) of alpha-furfuryl methyl ether and
9.25 grams (0.1 mole) of p~butyl ehloride were added dropwise
from a dropping funnel to the reaction mixture over a period of
one howr. The reaction was stirred vigorously by means of a
motor stirrer with & merocury seal. The third neck of the flask
was oooupied by a liopkins condenser closed by & calcium chloride
tube.

There was no evolution of hydrogen chlorids and the
reaction became dblack,

After two hours, the material was seraped from the flask
and poured over cracksd ice. The mixture was then extracted
three times with BROO cc. portions of ether, The ether extract
was then dried over sodium sulfate eand the ether was removed by
distillation, There wes obtained 1.3 grens of a liquid bdoiling
at 132-156" /atm, pressure. It was alpha~furfuryl methyl ether.

The exaot same run was repeated except stannic chloride
was used instead of aluminum chloride, and benzene was used as

the solvent. Nothing was recovered on diatillation exoept

. bengene.

This run was made exmctly as for the corresponding run with
alpha;rugrnryl methyl ether -except 100 occ. of carbon disulfide
was used.

Two grams of alpha;rurfunyl acetate were recovered. Bolling
point 174~180 .



Using the ordinary set-up as described for the above runs,
7.9 grama (0.1 mole) of acetyl ochloride was added to 13.3 grams
(0.1 mole) of eluminum chloride under 100 ¢c, of carbon
disulfide, After allowing the reaction to stir for 15 minutes,
there was added 11,2 grams (0.1 mole) of alpha~furfuryl methyl
ethgr, dropwise, atﬁor cooling the reaotion flask and its contents
to =15 . The alphe~furfuryl methyl ether was added over a
period of 30 minutes, '

There was an evolution of hydrogen chloride.

The reaction was allewed to stir for 15 minutes, It was'
then poured over oracked ice and the mixture was steam distilled.
The distillate was extracted with ether. The ether was
dried over sodium sulfate and removed by distillation. Nothing

was obtained except oms drop of acetic aoid. Boiling point
approximately 120‘.1 o

The residue fxom:thp'stsam distillation was likewise
extracted and treated, HNothing was isclated.

This was run exsctly as in the preceding experiment.
One gram or_rurruryl acetate was obhtained, and it distilled

between 175-180 .

In en attempt t0 introduce the formyl group into several
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disubstituted turans, the Gattermenn-Kooh reaction was utillized.
Using set~up No. 1, 10.1 grams (0.3 mole) of hydrogenm
cyenide was added dropwise to 23.1 grams (0.15 mole) of ethyl
2-mothyl=3~furcate and 39.9 grams (0.5 mole) aluminum chloride
in 300 ec, of oarbon disulfide. Dry hydrogen chloride ges wes
passed into the flask during the entire reastion. The delivery
tube barely touched the earbon disulfide. After allowing the
reaction to stir at 0° for one hour, it was stirred at room
temperature for two hours. The mixture was then poured onto
erascked ice and the cerbon disulfide layer separated, washed
with water ané sodium bicerbonate solution, dried over sodium
sulfate and the solvent removed. There resulted an oll which
did not give an aniline ecetate test nor yleld a complex with
sodim bisulfite. Hydrolysis yielded an acild which melted
at 100-101 « 7The mixed melting poimt with known 2~methyl-
a-rumie aam was 101 Ce .
4 duplicate run was made with the same result. One run was
made with stannic ehloride. No aldehydo compound was obtained.
In 2 run using a-methyl-s-rnraic acid, an oily product was
obteined. It poasqa_sed a penetrating odor and it was a
powerful Rahrymtor. Upon bolling with water this oll ylelded
| 2;-mbthyl_-5-rnr9:lc acid. This oil may bave coniained the
%pgthylﬁ}:_tmyl chloride. In & run using the acid with
- gtamnic chloride only & gamny mtragtgble material was obtained.
In three sttempts to acylate 2,5-dimethylfuran no products
were obtained. except & small quantity of 2,5-dimethylfuran.
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This reaction, however, gave promise of yielding an aoylated

product if the proper conditions were found.

Sinoce furan compounds undisrwent the Friedel-Crarfts reaction
with such ease, it was thought possidle to find a condensing
agent that would be quite mild. It was suggested that possibly
furen would undergo acylation without a oondensing agent. This
idea resulte@ from the connection between ease of substitution
in the alpha~position and activity of the corresponding
hsdrogens; Actually it is not known how closely connected the
two phenomena are., Im the present study it was found that
certainly a condensing agent was noces;ary and only one was
found to be of valﬁs that could be classed as mild in action,
It was not studied further,

Using a battery of acetylation flasks with ground mouths
to accommodate reflux condensers, a series of rumns was made,
In each flask was placed 50 cc. of furan, 9.3 grams (0.l mole)
of propionyl chloride was added and the condensing agent (0.1
mole) was added. If mo reaction ocourred the reaction wes
refluxed for ome hour. After hydrolysis by cracked ice,the
material was steam distilled from an alkeline solution. The
furen was caught for future use. Any bigher fractions were
saved snd treated with semioarbazide hydrochleride and sodium
.a§¢$atq~_ It a aéﬁiqarquane formed 1t wes riltgred off and
identified by melting point and mixed melting poimt with furyl



- 98 =
ethyl ketone semiocarbazone (85). The following condensing

agenta were studied and the results are shown:

Qi value No yalue

mercuric chloride mersurous ohloride
titaniun tetrachloride silicon tetrachloride
metallic zinc sodium chloride
metallio tin caleiun chloride

lumbous chloride
/A1l salts were anhydroug/ P
After refluxing for 2 days it was foumd that no ketone
was formed in a run using propionyl ochloride and furan with
the adove directions except no oondensing agent was used., A

similar run without & condensing agent in which propionic

anhydride was used was likewise fruitless,

Although several papers have appeared in which denzene was
used as a solvent for acetylating furan (61) snd thiophene (80)
oompounds, no mention has been made of the small quantity of
aoetophenone which forms. It was noticed in the present work
that the odor of acesophenons was always prevalent when working
up a run in which benzens had been used as a solvent. 4 run
was made to determine whether or not stamnic chloride would
acetylate benzene. = S

Using set-up No. 2, 10.2 grama (0.1 mole) of acetie
anhydsride was added to 25 oo, ‘or benzens, To this mixture was
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added 52 grams (0.2 mole) of stannic chloride. The resation
wae heated to 60° for 8 days. The mixture was then poured into
water. The benzgene layer was separated, washed with water,
sodium acetate solution and sodium biocarbonate; dried over
sodiun sulfate; and the benzene removed by distillation on a
water bath, The residus was distilled. One gram of meterial
was obteined, It boiled at aoo-zoz’/atm. pressure, It ylelded
a semicarbazons whioh recrystallized rrom.aloohol;water to

melt at 198° with decompoaition.A Mixed melting point with known

]
acetophenone semicarbazone: 198-802 .

~ SUMMARY _
A study of the Friedel~Orafts and Gattermann~Eoch reactions

as applied to furfurel and ite derivatives has led to rules of
definite behavior for these substances, The surprising fact
is notlced that although furan compounds, on the whole, are
notoricusly sensitive to mineral acids and drastic treatment,
they generally :ithstand the conditions used in condensation
resations aa studied here.

Anlipteresting_phaso qf this wprx is tha meagre information
that 1s available cn the constitution of furan. As has been
discussed before (98) there are possible formulas which asoribe
5gpg§_qgsaturattqn to thq puelaar oxygen atom, The evidenose

gernsred in the present work tends to show that 1f this oxygen

(95) Gilmen and Wright, Chem. Rev., 1L, 324 (193B).
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is unseturated, the unsaturation is turned toward the center
of the ring. It is general knowledge that ethera form complexes
readily with such substances as anhydirous eluminum-, ferric-

or staanic chloride. It appears that the ring oxygen in furan
compounds has no sueh effect. It was found thst one mole of
aluminum chloride was added moleoularly to &n ester such as
methyl 2~furgate., This is evidence that the nuclear oxygen does
not add the meial halide, since all known ester groups will
readily add one umole of aluminum chloride. On the assumption
that the aluminum chloride adds only to the lateral functionsal
groups as carbonyl, the evidence points to an absence of
effeotive unsaturation on the bridge oxygen. This would
perhaps give credence to the view that the structure of furan

may be represented as follows: _
ﬁ;ﬁ-————?gf
H—G\\\fci;/,xkdi

That is, the unsaturation of the oxygsn is turned toward the
center of the ringe
The genaral observations on the Friedal-Crafts and

Gattermann-Koch . reactions are sumarized as follows:

1, Puran may be aoylated in good yields, but it has not
boan diroctly alkylated.

2. untngh furoate uniargoea ready acylation arnd alkylatione.

3+ Furfural may de alkylated, but it has not been
auccoogtalii acylated.
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4. The sensitive furfuryl methyl ether and furfuryl
acetate have not been acylated or alkylated.

O, Substitution can be effected in the beta-position,

6. Nitrofuran undergoes acylation simultaneously with
replacement of the nitro group by a halogen atom. Nitrofuran
resisted all attempts to acylate or alkylate it when the
nitro group was not removed.

7. 4 highly negatively substituted furan as 3,4-dicarbo-
methoxyfuran undergoes acylation while 2,5~-dicarboethoxyfuran
does not.

8. Negatively substituted or di-alpha~substituted furans

do not undergo the Gattermann-Eoch reactions,
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