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INTRODUCTION
Furfural was first prepared in 1830 by Débereinerl

while treating suger with sulfuric acid and manganese dioxide

- in order to prepare formic acid. He noted a yellow oil in
g‘his distillate which because of its odor and method of prepar-

| atlon was called the "artificial oil of ants." From this date
until the year 1922, furfursl was a laboratory curiosity found
only in the more fortunate laboratories where cost was not an
item to be considered., Much of the early work on this compound
was done on furfural obtained by fractionation of the high boil-

ing residues from the destructive distillation of weod3 of var-

ious kinds.

Ki:l.lt.effe.'n"'3 states that in 1922 the price of furfural
was $6.50 to $30,00 per pound. Soon after, the investigations
of LaForge and other54 with corn cobs and Brownlee and other35
with oat hulls caused the priece of furfural to fall to 15 cents
per pound in May 19263. Mains and LaForgee have published speci-

Ticatlions for e plant which could mamfaecture furfural from

1 Dobereiner, ANN., 3, 141 (163%).

2 Hill, Am. Chem. J.; 3, 53 (188l-2).

~3 Xilleffer, Ind. kng. Chem., 18, 1217 (1926), '

4 LaForge, Chem. Age (H.Y.), 28, 532 (1920); C.A., 14, 3761
(1920); LaForge, ind.Eng. chem., 1%, 1084 (1921); 15, 499
(1923); 15, 105 (1933); Mains and LaForge, ibid., 16,

356 (19247, S '

Brownlee, Ind. Eng. Chem., 19, 422 (1927); Miner, Trickey
and Brownlee, Chem. lict. Eng., 27, 299, 362 (1922).

(o1}
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corn cobs at a total cost of 6,15 cents per pound. It is
quite possible that if the demand were lerge enough the price
of production could be appreciably reduced.

The amount of furfurael used at present is "about

- 8,000,000 pounas"v. Because of its low cost, the ease with

which 1t baffles one and its great variety of as yet unexploit-
ed reactions, furfural is attracting research workers and indus-
trislists in ever increasing numbers.

Any organic compound in order to be of commercisl
significance mst be obtainable in large quantities and at a
price which will enable it to compete with other compounds of
similar chemical and physical properties. There are in the
United States large cuantities of untouched raw materiasls for
the production of furfural in an inexpensive manner, AL pres-
ent as far as is known, all the furfural of commerce is pro-
duced from oat hulls5 or from corn cobsé. Oat hulls and corn
cobs are apparently the only raw materials that have been
studied for the production of furfural from the commercial
point of view., It 1s well at this time to call attention %o

the following facts. There is much difference between the

6 Mains and LaForge, Ind. Eng. Chem., 16, 356 (1924).

7 Ve are indebted to Mr. He. T. Herrick, Principal Chemist in
Charge, Color and Farm Waste Divislon of the United States
Department of Agriculture, Bureau of Chemistry znd Soils at
washington, D. C., for the gbhove information and for the
quentities of farm waste materials,
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amount of furfural that can be shown to be formed from a pento-
san containing raw material by one of the many methods for its
produciion, and that economically obtainable in & commercial

process. Hueh of the literature on the production of furfural

~is old. The determinations recorded were made with analytical

methods not equal to those used at present.

Table I contains a list of waste9 agricultural mster-
lals avallable in large quantities. This Table also shows
literabture references when possible to the theoretical and
commercial yields of furfural. The materials listed are for
the United States.

An inspec¥ion of the Table will show that furfursl
can theoretically be produced in large quantities. It 1is safe
to say that the present price of furfural can be materially
reduced 1f the demand for it were large enough. A compound
potentially available in the amounts noted is surely woarthy of

study from an economical point of view,

8 Pervier, Ind. Eng. Chem., 15, 1167, 1205 (1923), These
articles contain a very excellent review of the literature
of the analysis of pentosan meterials for furfural with
pertinent references. Association of 0fficial Agriculture
Chemists Methods (1920} p. 96. '

9 The term "waste agricultural materials® is used advisedly,
because there are some who maintain that these materials
are worth more to the agriculturist as a soil and plant food
than as a commercial commodity.




TABLE I

Av. Annual |% rurtural | % Furfural] Yieid in Tons|¥ield In Tons
Souree "Yield .on cooon : on . on
in Tons. Comm.Besis| lLab.Basis Comm.Basis Lab.Basia-
Corn stalk"?‘ 100,000,000 1 . 16,8180 | 16,210,000
Cereal. ;aws’ 115,000,000 § 14 H : | - 16, 5“0,000
gorn cobs’ ] 20,000,000 T Q,8L8 16,5 32_; liQOO;OOO D4 300, 000
Oat hulls’ 3,000,000 “12.@:0 1 20, *% T 378,000 600, 000
Cotton stalks’ 009,000 C L s o
Cottonscod Mulis’ ""éoo,ooo B4 ie 51,300
¥lax straw’ 2, 200,000 ~ 4,5 i 515,000
Peanut DuLls? 70,000 4 “EOTE B, 066
Sugar cang bagasse ng , 000 / ‘ig.s 18 "14.0 goo
Best pulp ' 415,000 | ; ' il 64,525
Wheet Ausksi? 160,000 | b 7 1638 11,456

10

11
12
193
14

15
18
17

18
19

Sweeney and Crei
Ingineering Department of Iowa State College.
Stone, Bero' 24: 3019 (1891)0
U. S. Department of Agriculture, Year Book,1930,p.686..
wheat in this country is about 806, 508, 000 bushels and the yleld of husks is

1ton,

about 0,4 pound per bushel.

20 Brownlee,

21

’ v Ind#
Reference givi the

Chem., 15, 1057 (1923).

. Chem., 19, 422 (1927), .
yield of furfural from cotton stalks has not yet been found.

Thesis, Iowa State COllege Chemical Engineering Department, Ericson,?%§§”¥qﬁ&q
ments with Furfural Yields from Corn Cobs and Oat Hulls, p. 13 and 23.
Smith, J. Chem, Soc., 65, 479 (1894).

LaForge end Nains, Ind. #ng.
Miner, Trickey and Brownlee, (hem. Meu. EngZe, 27, 299 (1922),
The yield of furfural given is an unofficlel statement by Mr. Arnold of the
Chemicsl Engineering Department of Iowa Statse College..

DeBelsunce, Bull., mat. grasses, (1926) 1; C.i., 20, 2230 (1926).

Browne, J. All, Ghell, 30C«, £6, 1221 (1904)

{unpublished)., This work was done by the Chemical

The yearly yleld of




OTHER SOURCES
The materials listed in the Table are thought to

be those mest easily cbtained in large quantities. There

. are however many other sources a few of which are worth noting

here.

Rice husks, when treated with 30% sulfurie acid
gave a yield of furfural equal to ‘%22. Furfural is a by-
product of the sulfite process in the paper industry. In
the condensate from each ton of pulp there was shown to be
present 2.2 to 3.3 pounds of furfura.lgs. Furfural cen be pro-
duced from esparto straw in a yield of 12.8%, and from jute
fibver in a yield of 5.2%24‘. Any pentosan containing material

is a potential source of furfural.

22 Scurti and zay, Staz, Sper. Agar. Ital., 952, 2'78 (1919);
Colioy 14, 3673 (1920).

23 Bergstrom, Pepienfabr., 12, 1040 (1914); Cea., 9,149(1915).

24 Cross, Revan end Smith, Ber., 28, 1940 (1895),




PREPARATION OF SOME UNSATURATED KETONES AND FURYLACROLEIN

INTRODUCTION
The compounds whose preparation will be deseribed
. were synthesized in connection wi‘ch a serles of studies on the

l,4~-addition of varlious groups to conjugated furan ketones,
and in a series of foxicity sbtudles with insectsl.

Leuck and Cejkéz have published en excellent set
of directions for the preparation of furfuralacetone using
furfural, acetone and dilute sodium hydroxide in water.} The
yields ave between 60% and 66%. Schmidt®, and Glaisen®, end
Claisen and Pondefs have prepared furfuralacetone in a similar
menner, but have not reported thelr yield of the compound.

Furylacrolein is the most difficuls of the compounds
studied to prepare in good yields. Ivanove, using a method
which will be described in detail in the Experimental Pari,
reported a yield of 70%. In no case has a yleld higher than
51% been obtained. Fiequently yields as low as 20% were ob-

tained. In runs in which freshly distilled furfural was used

H

4 great veriety of furan compounds have been prepared in
this laboratory by Gilman, Hewlett, "right end Dickey and
their properties as insecticides have been studied,

Leuck and Cejka, 0rs. 3 7, 42.

Sehmidt, BeT., 147“574“%@9 {1881).

Glalsen, BeT., 14, 2468 {1881},

x Claisen and ronder, Ann., 223, 137 (1884).

Ivanov, Bull. Joc. chem., (4) 35, 1658 (1924),

%mﬁmm
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in place of the commercial product there was not a noticeable
increase in the yield of furylacrolein. A number of modifica~
tions of Ivanov's original directions were tried but the
Yields were not improved., Kbnig? has prepared furylacrolein
. in 61% yields by adding a 40% water solution of acetaldehyde
to furfural in water with dilute sodium hydroxide at 0% Two
equivalents of acetaldshyde to one of furfural were used.
Schmidta, and Rbhmerg have prepared furylacrolein by warming
a mixture of furfural and acetaldchyde with dilute sodium
hydroxide to 500-60°, HNo yields were reported by these authors.
Konig and Heylo prepared furylacrolein by mnning acetaldehyde
into furfural in the presence of small quantities of alkaline
condensing agents. Thelr yields were not reported.
Furfuralacetophenone was prepared after the direc-
tions of Kosbemecki and Podrejansky™ with yields of 90%.
The original authors did not report their yields. Semmlerlz
has prepared furfuralacetophenone in practically quantitative
yields by condensing furfural with acetophenone, using sodium

12
ethylate as the condensging sgent. Semmler  repeated the work

Konig, Ber., 68, 2009 (192D).
Schmidt, Ber., 13, 2342 (1880).
; Rohmer, Ber., 31, 283 (1898).
#10 Konig and Hey, Ger. pat., 330, 358 (1918); C.h., 15 ,2102(1921).
11 Kostanecki and Podrajansky, er., 29, 2248 Ti896),
"12 semmler, Ber., 39, 726 (1906); ibid., 42, 2356 (1909).

eocoqq
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10

- of Kostaneckl and Podrajansky , but failed to give the yield

that he obtained,

13
Kasiwagil has prepared furyl-l-methyl-4-pentene-l-
one-3, furyl-l-pentene~l-one~3, amd furyl-l-methyl-2-pentene-

- 1=one-3, in good yields by adding dilute sodium hydroxide to

a mixture of furfursl snd the desired ketone in water.

13 Kasiwagl, Bull. Chem. S50C. Japen X, 90 (1926); Cele,20
5004 (Lope)a— o0 &29. depam, 4, St
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| | ~ EXPERIMENTAL PART ’
Furfuralacetone, (C,H,0CH=CHCOCH,).- Furfuralace-
tone %as prepared after the directions of Leuck and Cejkal.

The reaction was carried out in a 5-1. flask equipped with a

. mechanical stirrer, thermometer and cooling-bath. To 385 g.

(3.8 moles) (235 cc.) of 954 commercial furfural in 3-1. of
water was added 500 g. (8.6 moles) (630 cc.) of acetone. The
reaction mixture was cooled to 10° and 75 ce. of 3%% sodium
hydroxide was added. After the sodium hydroxide was added
the mixture was stirred for four hours and was then made
slightly acid to litmus by adding 350 cc. of 10% sulfuric acid.
The mixture then separated into two layers which were separat-
ed by the aid of a separatory fummel. After separation the
furfuralacetone was washed with water and distilled., There were
obtained 314 g. of furfuralacetone boiling at 114°-118°/10 mm.
or a yield of 644, A small amount of furfuralacetone cen be
obtained'by extracting the water residue with ether. 4 large
number of runs gave equally good yields.

| An undetermined smount of difurfuralacetone can be
obtained by distilling the high boiling residue after the
furfuralacepéne has been distilled off.

Furylacrolein, C H 0CH=CHCHO)}.- lst. Run. This
compound was prepared after the directions of Ivanong To

96 go (1.0 mole) of commercial furfural snd 1000 g. of crack-
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ed ice was added 30 g. of 20;4% sodium hydroxide and the reaction
mixture was stirred for five hours and was then neutralized
with dilute acetic acid. The liquid furylacrolein waes separat-

ed from the water in a separatory funnel and was well washed

with water, The water residue was extracted with ether and

the ether extract washed with water and added to the i‘urylacro-
lein fraction. There were obtained 62 g. of furylacrolein
boiling at 97°/10 mm. or a yi’e]-fd of 51% « A series of runs
gave ylelds varying between 20% and 51%. Furylecrolein when
pure is a white crystalline compound melting at 51° and if
protected from the atmosphere will hold its color for several
months.

Sﬁdl. Pun. Run Ho. 1 was repeated as described ex-
cept that the reaction flask wes immersed in an ice-baeth. The
vields from 3 runs were 41%, 455 and 50f%.

Srd. Run., Run No. 1 was repeated as described sube
stituting pure, freshly distilled furfural for the commerciel
product. The yields from two runs were 4075 and 45% respective-
ly.

| 4th. Ruﬁ. To 96 g. (1.0 mole) of commercial farfural
in one liter of water in a %-l. flask cooled $0-10% in & bai;%
of ice and salt was added 88 g. (2.0 moles) of acetaldehyde |
which had been previously cbled to 0°. To this mixture was
“of & 20% sod-

added drop by drop over a j od of one hour, 3(_)' @.

ium hydroxide solution. ;‘3"5 mixture was stirred for-six hours
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from the beginning of the addition of the sodium hydroxide
and was worked up as previously described, By this method
the yields from two runs were 355 and 464 respectively.,

Sth,Run. Run No. 4 was repeated using 288 g. (3.0

- moles) of commercial furfural and 264 g. (6.0 moles) of acet-

aldehyde in three liters of water, To this mixture cooled %o
0° was added, drop by drop, over a period of two hours, 90 g.
of 20% sodium hydroxide. The reaction mixture was stirred for
six hours from the beginning of the addition of the socdium
hydroxide. It was then worked up ia the usual manner and the
yield was 36.5%.

There is no obvious reason why the yield of 70%
reported by Ivanove was not checked. A number of other investi-
gators in this laboratory14 have been unable to obitain a yield
of furylacrolein greater then 51%.

In every run there was left in the distillation flask
a large smount of a high boiling compound or compounds. The
weight of this material was such as to eliminate the possibil-~
ity that an apprecisble amount of furfural had not condensed

5 with the acetaldehyde, It is quite possible that an appreci-

able asmount of the furylacrolein formed resacted with one or
more‘maleeules of acetaldehyde to give the high boiling sube

1z Giiman, Hewlett and Brown have repeated Ivanov's work and
have obtained results comparable tc those reported by
us,
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stance and thus decreased the yield of furylacrolein. In some
workK in connection with the attempted 1, 4-addition of ammonia
and aniline with fuifuralacetophenone, using dilute sodium

hydroxide as the condensing agent, it was found thatl furfural-

.acetophenone polymerized 0 give a high melting solid. The

t . time necessary for this polymerization was fourteen days. It

is believed that a similar polymerization may have taken place
in this preparation.

Furfuralacetophenone, (C(HsOCH=CHCOC Hg)o~ 1st. Run.
Furfuralacetophenone was prepared after the directions of

11
Kostaneckl and Podrajemsky . The reactlon was carried out in

‘a 2-1,, 3-neck flask equipped with a mechanical stirrer and
' dropping funnel. To 96 g. (1.0 mole) of commercial furfural

dissolved in one liter of 95% ethyl alcohol was added 120 g.
(1.0 mole) of acetophenone. This solution was then cooled in
a bath of cracked ice, and 60 g. of 10% sodium hydroxide was
run in over a period of two hours., The reaction mixture was
kept in a bath of ice ard stirred for twelve hours affer the
addition of the sodium hydroxide, The reaction product was
poured into two liters of water and made acid to litms paper
with acetic acid. A heavy red oil soon precipitated which
was separated from the water fraction in a separatory funnel,

and was well washed with water. The yield of furfuralaceto=-

| phenone boiling at 187°-190°/11 mm, was 179 g. or 90%.

Furfuralacetophenone when pure has a light
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yellow color and is guite stable,
Znd. Rune A second run using the quantities and
procedure described asbove was carried out in methyl aleohol

over a period of ten hours instead of twelve hours. The

vield was 158 g, or 80%.

Srd. Run, A third run using 3 times the quantities,
but the same procedure was carried out as previously describe
ede In this run ethyl alcohél was used as the solvent and
the time was the same as in the first run. The yield was 538
gs or 90%. It is quite possible that the yield of furfural-
acetophenone can be increased by using pure furfural. The
distillation of furfuraslacetophenone is facilitated by using
an oil-bath, but care mst be taken to prevent superheating.

Furylel-methyl-4-pentene-l-one=3, {C,H;0CE=CHGOCHE

CH3CHgz) e~ This compound was prepared after the directions
of Kasiwagils.~ A mixture of 9.6 g. (0.1 mole) of furfural
and 25.8 ge. (0.3 mole) of methylisopropyl ketone in 250 ce.
of water was treated with 10 g. of 10% sodium hydroxide, The
sodium hydroxide was added dropwise with stirring to the mix-
Tture cooled on an ice-bath, and the stirring was continued
for seven hours, A%t the end of this time the reaction mixture
was made acid to litmus peper with acetic acid and was worked

up in the usual manner. The yield of furyl=l-methyl-4~-pentene~
l-one-3, boiling at 153-136°/18 mm, was 9.6 g. or 60%. The

. ketone is & clear yellow, stable compound,
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{C HsOCH=CHCOC gHg ) o~ This
compound was prepared after the directions of Kasiwagild,
Thirty grams of 10% sodium hydroxide was.added with stirring
t0 2848 go (0.3 mole) of furfurael and 64.8 g (0.9 mole) of

.ethylmethyl ketone in 750 ce. of water. The reaction mixture

was cocoled o 0° before the addition of the sodium hydrexide
and was stirred at 0°-5° for seven hours. At the end of this
time the reaction mixture was mada‘acid to litmus with acetic
aclid und tlie ketone was separated and worked up in the usual
manner. The yield of furyl-l-pentene-l-one-3 boiling at 90°-
95°/2 mm, was 42 g. or 9%, The ketone is a clear yellow
stable compound. |

Furyl-l-methyl-2-pentene-l-one~3, (C,H;0CH=CCH4

COC gHg )e= This cerpound was prepared after the directious of

: Kagiwagils; TO 2849 Ce (0.3 mole} of furfursl and 77.4 g.

{0.9 mole) of diethyl ketone in 750 cc. of water cooled to
0°-5° was added with stirving 30 g. of 10% sodium hydroxide.
The reaction mixture was stirred in the ice~bath for seven

hours end was then made acid to litmus paper with acetic acid.

. The resulting ketone was separated and worked up in the usual

§ nanner, The yield oY furyl-l-methyl-Z-pentene-l-one-3 boiling

; 13
at 135°=136°/12 mm. was 49.2 ¢. or 60%. Kasiwagi™ failed to
report the yield of this compound. Ve were eble to check the
yields reported by him for the other two compounds dexeribed

above,
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SUMMARY
A description of the»methods of preparation of‘
furfuralecetone, furylacrolein, furfuralacetophenone, furyl-
1-methyl-4~pentene-l-one~3, furyl-l-pentene-l-one-3, and

'furyl-l-methyl-Z-pentene-l—one-S have been given.

The resulis of some studies on the synthesis of

furylacrolein and furfuralacetophenone are reported.
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- THE PREPARATION OF SOME ESTERS OF TETRAHYDROFURFURYL ALCOHOL,

FUROIC ACID,4~FURYLACRYLIC ACID
AND SOME STUDIES ON FURFURYL ALCOHOL
INTRODUCTION

The halogenated esters of memy aliphatic acids are
knowm to be,of value as insecticides and as fumigantsl. A
sgarch of the literature has failed to uncover the report of
a study in this field of chemistry with esters of the furan
series, As this field is practicelly untouched, any halogen=-

| ated ester of the furan series would be worth studying.

Heny organic esters are of value as perfume bases,
and for this reason the preparation of eny new ester containing
the saturated or unsaturated furan ring is of interest. Gilman
and Wrightz'have prepared a series of esters of S~furylacrylic
acid which are potential commercial perfumes and flavoring
extracts.

Furfuryl aleohol has proven to be unstable in the
presence of mineral ascids and the halogen substituted acetic
acids. This property of furfuryl elcohol has eliminated as

methods of preparation many of the common methods of esteri-

. fication. Tetrahydrofurfuryl alcohol is quite stable with

Ethe reagents mentioned above which is in shaerp contrast with

furfuryl alcohol.

kT Roark and Cotbom, Ind. Eng. Chem., 20, 515 (19267,

H
H

;
i
i
|
;
g
3
i
i

2 Gilman and Wright, Iowa State College J. Sei., 3, 1C9
(1929); 90&0, _2_?_’ 5995 l,l-.929).
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Wissell and Tollens® have prepared furfuryl acetate
by the action of acetic anhydride on furfuryl alcohol. In
the same study they prepared furfuryl benzoate by treating
furfuryl alcohol with benzoyl chloride and dilute sodium hydrox~-
° have prepared esters of furfuryl
alecohol in good yields by the action of the secid anhydride on
the aloohol in benzsne, Zanetti6 has prepared furfuryl furoate
using the Schotten and Baumann reasction which involves the
addition of an acid chloride to a dilute sodium hydroxide sol-~
ution of the alcohol.

The esters of furoic acid are easily prepared by
the action of the acid chloride on various aromatic end ali-
phatic alcohols as described by Zanettis. Hill and Jackson7,
and Zenetti and Beekmanns have prepared various aliphatiec
esters of furoic acid using sulfuric and hydrochloric acids as
catalysts. In general the yields are good.

Mﬁrekwaldg has shown the peculiar effect of hydro-
gen chloride on g-furylacrylic ascid which eliminates this

acid as a catalyst for esterification purposes. Marckwaldlo

© wissell and Tollems, Ann., 278, 501 (18907.

4 Zenetti, J. Am. Chem. Soc., 47, 535 {1925).

5 Miner Drgo mo" _?_, 44

6 Zenetti, J. L. Chem. Soc., 47, 1452 (1925).
7 Hill and Jackson, Am. Chem. J., 18, 24 (1890).
8
9
1

Zanettl and Beclmann, J. Am. Chem. Soc., 48, 1067 {1926).
Marckwald, Ber., 20, 281% (1887).
0 Marckwald, Ber., 21, 1404 (1888).
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has showm that ethyﬂdgffurylécryléte can be prepared in une-
satisfectory yields by the setion of coneentrgted sulfuric
acid on A-furylacrylic acid and ethyl alcohol.

Gilman and Pickensll-prepared the hydrochloride of
A4 ~diethylamino-ethyl B-furylacrylate by the action of the acid
.chloride on the alcohol in benzene solution in a yield of 78%.
In a paper published sinee this work was completed Gilman and
Wrightz have prepared the‘gfprqpyl and furfuryl esters of
Gfurylacrylic acid in good yields by adding =z benzene solu-
tlon of the alcohol to a solution of the acid chloride in ben-
zZense.

Furfuryl alceohol when treated with monochlqroacetic
aeild and dichlorocacetic acid or their acid chlorides, literal-
ly exploded. This was true when dilute solutions of the alcos
hol in dry benzene were used. 7The method of Ferns and Lap-
worth, and Einhornlg in which an alcohol was added to an acid
chloride~-pyridine complex in a suitable solvent was investi-
gateds This method waes tried with monochloroacetyl chloride
and with dlchlorocacetyl chloride but in each case tar was the
only producte.

Gilman end Brown;ﬁ have prep&red tetrahydrofurfuryl

IT Gilman ond Diokens, J. Am. Chem. Soo., 47, 245 (19%5).

12 Terns and Lapwortih, J. Chen. 506., 101, 2735 (1912);
Einhorn, Ann., 301, 95 (1B808).

13 Gilman and Brown in unpublished work in this lsboratory.
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p~toluenesulfonate using the method of Hahn and Wait erM, andn
Gilmsn and Beabert®. The yield of the steble ester was 93%.
Ferns and Lapworthle’ and Gilmen and Béaberl4 have developed an
excellent method for the introduction of uikyl and alkyl-aryl
groups into the benzene ring by treating the esters of p-tolue-
" nesulfonic acld with various substituted arylmagnesium halides,
The application of the method developed by these authors would
be of great assistance in synthesizing furan compounds not now
known. |

A number of attempts were made to prepare furfuryl
i—toluenesulfonate after the directions of Gilman and Beaber15
but in no case was a trace of the desired ester obtained, The
method of Ferns and Lapworth, and Einhornlz proved to be egual-
1y unsuccessful even though a reaction took place as indicated
by a rise Iin temperature of the reaction mixture. Ferns and
Lapworthlz reported & similar result from the attempted pre-
paration of berizyl p-toluenesulfonate. They explained the

{ non-formation of the desired ester by the following equations.

£ 0 CH
HC” MCH \ HC™ SCH

BVl | +cEL)SCl— | |
IKKN/CH g HC, CH

+ 74 Hahn and Walter, Ber., o4, 1581 (19213.

' 15 Gilmen snd Beaber, J. Am. Chem, Soc., 45, 839 (1923);
; ibid., 47, 518 (1925).
. 16 Terns end Lepworth, Proc. Chem. Soc., 28, 18 (1912).
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The above equatiomns postulate the formation of the
ester which then reacts with pyridine to form 2 water soluble
complex which would be lost under the conditions the reaction
was worked up. It is possible that a similar thing happened
with furfuryl sasleohol.

Sodium furfurylate was prepared by heating furfuryl

; aleohol with sodium or by heating furfuryl alcohol and sodium

% in toluene. The sodium furfurylate was characterized by treat-
é ing it with acetyl chloride to prepare furfuryl acetate® in a

§ yield of 75%. wWhen sodium furfurylate was treated in ether

z with p-toluenesulfochloride a vigorous reaction took place and

% & white water soluble precipitate was formed. The ether solu-
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tlon was then distilled and yielded a colorless stable iiquid
which had the beiling point reported by Zanett117 for di-g~
furfuryl ether,

This compound did not contain sulfur and could not be

- hydrelyzed with boiling aleoholic potassium hydroxide. Ferns

and Lapworth12 prepared dibenzyl ether by treating potassium
benzylate with p-toluenesulfochloride in benzene. They have

proposed the following mechanism to account for the formetion
of dibenzyl ether,

0 H ¢ =
! i f
CﬁaD-S CL +( >~c7' —ox——;ca,@—-?-—o c—
/
H I
o B H H

- (2) CE, s o—c Q DC"OK**-}OC-O"C o o+

H

S -0K
4

It is quite possible that the dl-otfurfuryl ether

isolated was formed in a similar manner.

17 Zanettd, J. Am, Chem. SOC., 49 1061, 1065 (1927).
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Gangloff and Hendersonls have reported the formation
of & black crystalline solid when furfural was treated with
anhydrous aluminnm chloride in the cold. This complex was un-
] stable. Several abttempts were made to condense furfuryl alco=-
- ‘hol with benzene using enhydrous aluminum end zine chlorides
as the condensing agents. In ecach case a vigorous resction

took place which became vioclent as the temperature rose, Tar

was the only product.

- 16 Gengloff =nd Hendersonm, J. io. Chom. Soor, 30, 1484 (1917).
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EXPERIVENTAL PART

Reagents.
The acid chloridesend acids used in the preparation

of the esters were C., P, materials. All of the solvents used

-were dried over sodium.

The furoyl chloride and @-furylacryloyl chlorides
were prepared after the direetions of Gilman and Hewlettlg in
the yields reported by them, It was found that furoyl chloride
if distilled under reduced pressure is water white and will
remain so indefinitely., This method will prevent +the slow
decomposition of the acid chloride.

All reactions unless otherwise stated were carried
out in a 3-neck flask equipped with a mercury seal stirrer,
dropping funnel end Hopkins condenser. The Hopkins condenser
and dropping funnel were protected from the atmosphere by
means of calecium chloride tubes.

The trimethylacetyl chloride used was prepared from
trimethylacetic acidzo. The reection was carried out in a
S-neck flask equipped with a mercury seal stirrer, dropping
funnel and Hopkins condenser. To 30.6 g. {0.3 mole) of
trimethylacetic acid in 60 ce, of anhydrous ether was added
with stirring 46.1 g. (0.36 mele) of thionyl chloride over a

*I9 Gilman and Hewlett, lowa Stabte COLIeme J. SCl., &, 27(1929).
20 We are indebted to Mr. A. B. Zoellner of this laboratory
for the trimethylacetic aecid,
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- period of one hour., The heat of reaction caused the ether 1o
reflux and when the reaction had subsided to the point at
which no refluxing of the ether took place the resction mix-~
ture was warmed on & water-bath for one hour. The product
was distilled after removel of the ether and low boiling de-
composition products. There were obtained 14.8 g. of tri-
methylacetyl chloride boiling at 105.5°-107°/740 mm, ©r &
vield of 41%. The acid chloride is a stable compound of pun-
gent odor,

Tetrahydrofurfuryl iscetate, {(C H,GCHL,0C0CH; ).~

éeventeen and three-tenths grams {0.22 mole) of acetyl chlor-
ide were dissolved in 78 ce. of boiling benzene. To this boil-
ing solution was added with stirring over a period of twe
bours 20+4 g. (0.2 mole) of tetrahydrofurfuryl alcohol in 50
cce 0f benzene., Iiydrogen chloride vwas evolved from the start
of the reaction and the sclution turmeéd a greenish blue color.
The reaction was heated for four hours from the first addition
of the alcohol, After the benzene was distilled off the
resulting product was teken up in ether and washed with 5%
sodium bicarbonate, and then dried over anhydrous sodium sul-
fate. The ether solution was then distilled. The yield of
tetrahydrofurfuryl acetate® boiling at 51°-62°/4 mm, was

2342 Se¢ Or 8045%. This compound is water white and stable and

has & slight fruity odor, and flat taste.

21 Zanetti, J. Am. Chem. Soc., 50, 1821 (1928). This work
] was published shortly after our work was completed.
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The following esters were prepared as described'for
tetrahydrofurfuryl acetate; tetrahydrofurfuryl benzoatezl,
. (C H,0CHR,0C0C (Hs ), Setrahydrofurfuryl 4 -furylacrylate
(C.H,0CH,0COCH=CHC ;H,0), tetrahydrofurfuryl cinnamate,
'(C‘H,OCH,OGOC(CH,},) and 2-chloroethyl £-furylacrylate {C,H,0
COOCH,CH,C1)., The analyses and physical constants of these
compounds will be given in Table II. The esters named are
stable with the exception of Z-thoroethyl/Q:furylacrylate whilch
decomposed to a tar at room temperature in two weeks. Tetira-
hydrofurfuryl acetate and 2~chloroethyl furcate were the only
esters prepared with a pleasant odoz.

Tetrahydrofurfuryl Monochlorocacetate, {C.H,0CHL0CO

CHgzCl).~ This compound was prepared after the general direc-

8
7, and Zanettl and Beckmann . Forty

tlons of Hill and Jackson
and elght-tenths grams (0.4 mole) of tetrahydrofurfuryl alco-
hol and 37.8 g. {0.4 mole) of monochloroacetic acid were
added to 100 cc, of benzene saturated with dry hydrogen chlor-
ide. The solution was treated with hydrogen chloride from
time to time over a period of fifty hours, Xfter the benzene
had been distilled off the residue was taken up in ether and
washed with 5% sodium bicarbonate and dried over anhydrous

sodium sulfate, The yleld of tetrahydrofurfuryl mpnochloro-
acetate boiling at 101°-104°/4 mm. wes 35 g. or 49.%). The
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compound is & stable water white liquid of pungent taste and
practically no odor. IV is soluble in ether, alcohol, and
benzene and insocluble in water., The analysis and physical con-
. stants for this ester are given in Table II.

Tetrahydrofurfuryl Dichlorocacetate, C,H,O0CH,0CO

CHCl,).- This compound was prepared exactly as described for
tetrahydrofurfuryl monochlorcacetate, ‘The yield of tetrahydro~
- furfuryl dichloroacetate boiling at 1062108°/4 mm, was 49.5 S
or 58.1%5. The compound is a stable colorless liquid of prac-
tically no odor but a sharp taste, It is soluble in alcohol,
benzene and ether and insoluble in water. The analysis and
physical constants of this ester will be given in Table II.

L 2=Chloroethyl Furoate, (C HsOCO0CHZCHLCLl).~

Twenty-six and two-tenths grams {(0.22 mole) of furoic acid
were dissolved in 100 cc. of benzene with 16.2 g. (0.2 mole)
of ethylene chlorohydrin., The reaction mixture was satursted
with‘dry hydrogen chloride gas and this was continued inter?
mittently for five days. After the henzene was distilled off
the product was taken up in ether and washed with 5% sodium
bicarbonate., The ether solution was dried over eanhydrous
sodium sulfate and distilled, The yield of 2-chloroethyl
furoate boiling et 116-117°/4 mm, was 2.8 g. or 8%. 2-Chloro-
ethyl furoate is a étable water white liguid. It is soluble
in alcohol, ether and benzene and insoluble in water. The

compound has an odor similar to ethyl furoate but not so




strong. It has a sharp pungent taste. The analysis and physe-

ical constants for this ester are given in Teble 1T,

Actlon of the Chloroacetic Acids and Acid Ghlorides

on Furfuryl Alcohol.- Mono and dichloroacetic acids reacted

.vielently with furfuryl alcohol vhen added to the aleohol, or

to the alcohol in dry benzene., The alcohol was completely decom-

posed. The acid chlorides reacted with explosive violence
with the alcohol or with the alecohol in a dilute benzene solu-
tion22,

Reaction Between Mono- and Dichlorocascetyl Chloride

and Furfuryl Alcohol in a Pyridine-Chloroform Sclution.- The

reactions noted above indicated that it would be necessary to
carry out any esterification of furfuryl alcohol with the acid
chloridesin an anhydrous basic medium such as pyridine.
Twenty-two and sixz-tenths grams (0.2 mole) of mono-
chloroacetyl chloride were added in small porticns to a well
cooled solution of 18.2 g. (0.23 mole) of pyridine in 50 ce.
of anhydrous chloroform. To this solution was added 19.6 g.
(0.2 mole) of furfuryl alcohol in 25 cc. of chloroform over
8 period of one hour at 25° It was noted that the solution
became a deep brown color. After the addition of the acid
chloride the solution was heated for five hours at 70%75°

on a water-bath. The reaction mixture was then allowed to

2z Gllman and Hewlett in this leboratory, after the above
observation treated sodium furfurylate with monocchloro-
acetyl chloride in toluene. The alcohol was completely de-
composed.
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stand at 25° overnight and diluted with 100 cc. of chloroform.
The black solution waes then washed 5 times with water. There
was mich decomposition material and it was necessary to filtex
the solutlon., It was then well dried over anhydrous sodium
sulfate and the chloroform removed on a water-bath. After the
| removal of the chloroform there was a small amount of a black
liquid. An attempt was made to distil the liquid at 4 mm.

but it exploded. The experiment was repeated using a 300%
excess of pyridine in place of a 15%excess. Tho same results
were obtained.

Twenty-nine and four-tenths grams {0.2 mole) of
dichloroacetyl chloride were added in small portions to a well
cooled solution of 63,2 g« (0.8 mole) of pyridine in 50 cc.
of chloroform. To this solution was added over a periocd of
one hour 19.6 g. (0.2 mole) of furfuryl alcohol in 50 cc, of
chloroform. The reaction was started at 25° and turned black
with the addition of the alcohol. There was evidence of a
reaction as shown by the evolution of heat, The reaction mix-
ture was heated for five hours on a water-bath at 70°=75° after
the alcohol had been added. It was worked up as previously
described, As soon as all the chloroform was removed the
reosidue exploded. These experiments indicate that if the mono-

and dichlorocacetyl esters of furfuryl alcohol were formed they

are unstable, end that the alecohol is very unstable in contact

gwith the acids and acid chlorides.
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Sodium Furfurylate, (C,H;0CH ONa ).~ sanetti® has
described an attempted condensation between sodium ethylate
and a solution of sodium in furfuryl alcohol. Zanetti éexpress-
ed the opinion that sodium furfurylate had been formed and men-
tioned his intention to prepare and prove the presence of this
1 compound. A search of the literature has failed to show fur-
ther mention of the reasction between furfuryl alecochol and
sodium,

The sodium was prepared for use by cutting it up into
small pieces in a tared beaker containing anhydrous ether or
benzene. Two and three-tenths grams of sodium (0.l atom) were
added portionwise to 9.8 g. (0.1 mole) of furfuryl alechol in
a 50 cc., Erlenmeyer flask., The flask was eguipped éith a
Hopkins condenser and nrotected from the atmosphere by a
caleium chloride tube. A vigorous resetion took place with
the evolution of hydrogen and heat. Towards the end of the
reaction the mixture set to a solid and it was necessary to
apply heat to cause the reaction to continue. It was estimat-
ed that approximately 70% of the theoretical emount of sodium
was used. The solid that was formed was of a deep red color
which deepened with heating.

This method was modified by the use of toluene,
Toluene was chosen because its boiling point is above the
melting point of sodium. It was hoped that this would facili-

tate the reaction., The reaction was carried ocut in a 250 cce.
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S-neck flask equipped with & mercury sealed stirrer and
Hopkins condenser. Nine and eighi=-tenths grams (0.1 mole)

of furfuryl alcohol and 50 cc. of anhydrous toluene were
placed in the reaction flask. The sodium cut in small pieces
.was added to this solution and a vigorous reaction took place.
After the reaction had abated the mixture was heabed to boil-~
ing until hydrogen ceased to be evolved. All of the sodium
was not added. The amount of sedium used was approximately
80% of the theoretical. It was desired to test the stability
of sodium furfurylate aﬁd its possibvle value in the synthesis
of esters of furfuryl elcohol, VWith these points in mind the
reaction mixture described above was exposed to the atmosphere
and 7.8 g. (0.1 mole} of acetyl chloride was poured in. =%
vigorous resction took place and the mixbure darkened. The
mixture was warmed for one-half hour after the reaction had
subsided. It was then washed with water and distilled. The
yield of furfurylacetate boiling at 84-859/25 mm. was 10.5 g.
or 75%.. By the use of a more refined technique the yield of
esters from sodium furfurylate should be improved,

Some Studies on the ittempted Preparatiocn of Furfuryl

p-Toluenesulfonate, (C,H,00H,0-80,0,H0Hz=p)e~ The following

reaction was carried out after the directions of Hahn and

Walterls.. Twenty-two and four-tenths grams {0.4¢ mole) of fine-

1y powdered potassium hydroxide was added in 0.5 g. portions

to 38.1 g. (0.2 mole) of dry p-toluenesulfo chloride and 19.6 g.
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{0.2 mole) of furfuryl alechol dissolved in 500 cc. of enhye
drous ether. The ether solution was eooled to 0° before the
addltion of potessium hydrozide, which was addsd over s neriod
of three hours, The temperature of the resction mizture was
kept between 0°-4° and for ten hours from the time of the first
| eddition of potassium hydroxide. It was noted thet the roace
tion mixture turned a grey color towaerds the end of the recce
tlon. Afbter the resction mixture had been poured into iced
water, it wes oxbracted with ether. The ether layer after
seperation was washed with weter and then dried with potassium
carbonate. It was found very difficult o separate ihe ether-
water leyer due %0 a considersble amount of decomposed moter-
ial andé & very troublesome colloids This was overcome by
filtering on & Puchner funnel, The ether was removed on &
water-bath and a considerable amount of a wvellow llquid remain-
eds The ligquid soon decompesed $0 a resine

4 second experiment was carried out as desoribed for
the previous one, The dry other solution wes treated with
phenylmapnesiun bronide as desecribed by Gilmsn and ﬁeaberl5.
There was o reaction between the supposed sster snd the
Grignard reagent and a vwhite precipitate wos formed. After
the resctlon was ocompleted iL was hydrolyzed by pouring into
cold water conbaining o smaell smount of acebtiec aclids The
 hydrolyzed mixture was sxtracted with ether and distllled,

lappaxently no products were formed cther then diphenyl.
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A third experiment was carried out as deseribed.
The resulting oil was analyzed for sulfur by the carius method.
The results showed that the oil was a mixture, probably of P~
toluenesulfonic acid, p=toluenesulfeo chloride, furfurvl

alcohol, and traces of furfuryl p-toluenesulfonate if formed.

| The amounrt of sulfur found to be present was 4.39% against the

theoretical of 12.72%.

A fourth experiment was carried out as deseribed
except that the reaction mixture was filtered and not washed
with water as it was thought that water might have caused the
decomposition of the ester if formed. A sulfur analysis show-
ed 2.,20% sulfur. This experiment indicates that the ester was
not formed as a sulfur analysis of the product should show more

approximately the theoretical amount of 12.72%. A number of

Tuns were made in which the reaction time was varied from ten

to thirty hours. There was no evidence of the formetion of
furfuryl p-toluenesulfonate.

One attempt was made to prepare furfuryl p~toluene~
sulfonate by heeting the alcohol and p-toluenesulfo chloride
in dry benzene,; Nineteen and six-tenths grems (0.2 mole) of

furfuryl alcohol ani 38,1 g. (0.2 mole) of p=toluenesulfo

‘chloride were dissolved in 100 ce, of benzene. The solution

was refluxed and the furfuryl alcochol decomposed to a tar.

Hydrogen chloride was not evolved.,

A pumber of attempts were made to prepare furfuryl
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p~toluenesulfonate affer the directions of Ferns and Lapworth,
and Einhornlz. To 381 ge (0.2 mole) of p-toluenesulfo
chloride in 50 ecc. of anhydrous chloroform was added with
stirring 23.7 g. (0.3 mole) of pyridine. The chloroform solu~
-tion was cooled in an ice~bath before the addition of the
pyridine, After the addition of the pyridine the lce-bath was
removed and the mixture was allowed to warm to 25°, A solu-
tion containing 19.6 g« (0.2 mole) of furfuryl alcohol and
7¢9 g« (0ol mole) of pyridine in 25 ec. of chloroform was run
in slowly. The temperature of the reaction mixture rose from
25° to 60° and the mixture turned brown. At the end of two
hours the reaction mixture was heated %o bolling for four
hours and poured into water, and extracted with chloroform.
It was dried over pobtassium carbonate and distilled. The only
product was a small amount of tar. A second run was carried
out on an ice=-bath and not refluxed. The result was the zame,
A series of runs using both methods failed to produce a trace
of the desired ester,

p-Toluenesulfo chloride reacted vigorously with sod-
ium furfurylate. The sodium furfurylate was prepered as des~
cribed in fthe first method and suspended in anhydrous ether.
¥hen the sodium furfurylate from 8.6 g. (0.1 mole) of furfuryl

alcohol suspended in 50 cc. ether was treated with 19.0 £.
(0.1l mole) of p-toluenesulfo chloride in 50 cc. ebther a vigor-

ous reaction took place and a white precipitate formed, After
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the resction had subsided the mixture was washed with water,
dried and distilled. The ether solution ylelded a small
amount of furfuryl slecohol and p-toluenesulfo chloride.

A second run containing the sodium furfurylate from
49 go (0.5 mole) of furfuryl alcohol suspended in 250 cc.
{ ether was treated with 92 g. (0.5 mole)} of p-toluenesulfo
chloride in 250 cc. ether. After the Tirst vigorous reaction
had subsided the mixture was refluxed for two hours. The
ether solution was washed with water and 5% sodium bicarbonate
and dried. After the ether was removed on a water-bath the
resulting product was distllled. 4 yield of 8 g. of a light
vellow liquid wes obtained boiling at 110°-112°/6.5 mm. This
compound did not contain sulfur and could not be hydrolyzed
by boiling it with alcoholic potassium hydroxide.

Ferns and Lapwcwthlg prepared dibenzyl ether by
treating potassium benzylate with p-toluenesulfo chloride in
benzene and explained the formastion of the ether as discussed
in the Introduction to this study.

It is believed that the compound is di-€-furfuryl
eﬁher and formed by a similar geries of reactions as that ad-~
vanced to explain the formation of dibenzyl ether. Z&nett117
has prepared di-f-furfuryl ether by the action of x~furfuryl
bromide and iodide on the alcohol in presence of potassium

hydroxide, and reported its boiling point as 101°~102°/2 mm,

No further information was cbtained to prove the identity of




the compound.

Reaction Between Furfuryl Alcohol, Benzene end

Anhydrous Aluminum and Zine Chlorides.- HNineteen and six-

tenths grams (0.2 mole) of furfuryl alcohol were dissolved in
‘B0 g» (0.84 mole) of anhydrous benzene, and 3o this solution
wasg added 26.6 g. (0.l mole) of anhydrous aluminum chloride at
room temperature. The reaction mixture was stirred and after
a short time the btemperature of the reaction mixture rose and
a violent reaction took place with decomposition of the alcohol,
Ter was the only product.

zine chloride was substituted for aluminum chloride
in the reaction just desceribed with similar results. Tar was

the only product.




TABLE II

CONSTANTS AND ANALYSES OF ESTERS OF FUROIC ACID,

B ~FURYLACRYLIC ACID AND TETRAHYDROFURFURYL ALCOHOL

: 20 Analysis
Ester Yield Be P d Carbon Hydrogen
20
Calgc. Found Calce. ﬁg.i’ound
Petrahydrofurfuryl acetate] 80.5% | 61-62/ 45mm.] 1.0587
" benzoate] 72.8% |164-166/5mm.| 1,1239 .
, ~ 64,95 6420
" B -furylacrylatel 84,74 1163-167/4mm,|1,1450 64.83 64.90] 6.36] 6.24
72400 8475 |
" cinnemate] 77,5% [180-181/4mm,.]1.1199 72.3% 72.14] 6,94 | 6.81
137-158/40.5 64,36 9.80
" trimethyl acetate] 79.0% mm. |0,9764] 64.44 64.,12| 9.75 | 9,53
, 20.01
" monochloro acetate| 48,8 |[101-104/4mm.}1,2282 19,84 20 A_go
31.84
" dichloro scetate] 58.1% |[106-108/4mm.] 1.%095] 3l.64 31,62
19,95
2 ~ Chloroethyl _ furcate! 8.0% [116<117/9mm.]1,2952 20,33 20,05
_ 4-furyl- 17.56
2 - Chloroethyl acrylate| 80.0% |130-132/4mm.[1.2343 17.68 3n.50
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SUMMARY _

A number of esters of tetrahydrofurfuryl aleochol,
~furylacrylic acid and furoclc scid have been prepared with a
view to their utilization as insecticides, fumigants or per-
fumes, The attamptéd preparation of mono-and dichloroascetyl
esters of furfuryl alcohol and of furfuryl p-toluenesulfonate
has been discussed. ’

Sodium furfurylate has been prepared and charscter-
ized.

Several experiments with furfuryl alcohol and anhy-

drous zinc and asluminum chlorides have been deseribed.
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SOME STUDIES (N THE PREPARATION OF XETONES CONTAINING
THE FURAN RING AND THE MONO=-AND DIHYDROXYBENZENES

INTRODUCTION

This study was carried out in order to prepare some
Turan ketones containing one or more hydroxyl groups for physe-
iologlcal studies and as insecticides.,

Phelps and Halel were the first to prepare a ketone
containing the furan ring by means of the Friedel-Crafts reac-
tion. They prepared 2,5-dibenzoyl furasn in a yield of 96% by
the action of dehydromucyl chloride on benzene in the presence
of snhydrous aluminum chloride.

Marquisz prepared 2~benzoyl furan in a similar man-
ner using furoyl chloride, benzene and anhydrous aluminum
chloride in a yield of 85%,

Gilman and Hev:latt5 by the method of Phelps and Halel
prepared a number of 2-benzoyl furans in which the benzene ring
contained various substituents.

Renshaw and Naylor4 treated pyfcgallol with furoic
acid and anhydrous zinc chloride and obtsined a red-brown sub-

stance. The structure of the substance was not given.

1 Phelps and Hale, Am, Chem, J., 20, 445 (L90Ll).
2 Marquis, Ann. chim, phys., (8) 4, 196 (see 276) (1905).

~ S Gllmen and Hewlett, lowa State College J.Sci., 4,.27 (1930).
4 Renshaw and Naylor, J. Am. Chem. Soc., 44, 862 (1922).
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Kostenecki and Podrajansky5 prepared furfuralaceto-
phenone by the action of a 10% sodium hydroxide sclution on
an alcoholic solution of furfural and acetophencne. W%We were
unable to prepare this compound by the action of furylaeryloyl
chloride on benzene in the presence of anhydrous aluminum
chloride.

D6bner6 prepared p~-hydroxybenzophenone by heating
benzoyl chloride end phenyl benzoate with zine ehloride at
180°. He also prepared the mono-substituted benzoyl ketones
of catechol, resorcinol and hydroguinone using the same method,
and the dibenzoste of each phenol, A reaction was carried out
between phenyl acetate, benzoyl chloride and zine chloride.
The reaction that took place is illustrated by the following

eguation. A ketone was not formed.

0
! (ZnCl,)
< ~0-C~CHg+ { p=C=Cl —  GH,C~CL +(>—0-0<>
" (Heat) " f
0 0 0

In %his stuﬂy the diacetate and dibenzoate of cate-
chol and hydroquinone were used. The reaction products were
worked up in such manner as to hydrolyze any esters formed,

The desired ketones were not obtained,

X 5 Kostanecki and Fodrajensky, Ber., £9, 248 (1806).
*6 DObner, Ann., 210, 246 (18817,
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Komarowsky and Kostanecki? assigned the following
structure to the ketone prepared by Dia'bner6 by the action of
benzoyl chloride on resorcinol dibenzoate in the presence of
zine chloride with the aid of heab:

OH

- OH

~C -<ZZ>

0
They prepared the compound using the method of Nenckl and
Siebier® by heating equal parts of benzoic acid, rescrcinol
and zinc chloride to 160°. The structure assigned to the com~
pound given above was the basis for the structure given to
2,4=-dihydroxybenzoyl furan. _

A reaction was carried out using phenol, furylacry-
lic acid and zinc chloridea, with results described in the
Experimental Part of this paper.

Behn9 and others have used nitrobenzene as a solvent
in the preparastion of ketones by means of the Friedel-Crafts
-reaction, Hinegardner and Johnsonlo used nitrobenzene as a
solvent in the preparation of chaulmoogrylresorcinol by means

of the Friedel-Crafts reaction, They did not use carbon di-

X7 Komarowsky and Kostaneckl, Ber., 37, 1997 [1894).
*8 HNenckl and =siebier, J. rakt. Chem., (2) 23, 147 (1i88l1).

9 Behn, Chem, Zentr., (1898), 1, 1223.; Ger. pat., 95, 901 (1897)
rdl., "B, 143 (18 97»1900)) Klarmann, J. All. Chem. S Soc., 48
(1926), Bartlett and Garland, ibld., 49, 2008 (1927).

*L0 Hinegardner and Johnson, ibid., 51, 1503 (1929).




- 41 -
sulflde as a solvent when free resorcinol was used but employ-
ed the 1,3-dimethoxybenzene insiead. They ébtained a mixture
of the dimethyl ethers of chaulmoogrylresorcinol.

In this study similar reactions were carried out
between furoyl chloride, l,3-dimethoxybenzene and aluminum
chloride using carbon disulflde and nitrobenzene as solvents.
In both cases one ether group was removed and the resulting
product was completely soluble in sodium hydroxide. The
position of the ether group is now known, It was found possible
to prepare 2,4-dihydroxybenzoyl furen in carbon disulfide from
furoyl chloride and resorcinol in the presence of aluminum
chloride. One or more of the hydroxyl groups were esterfied

in a small fraction of the producte.
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EXPERIMENTAL PART

Chemicals.‘ |

The various phenols used (phenol, resoreinol, cate-
chol, hydroguinone) were C. P. chemicals. All solvents were
dry and pure., The furoyl chloride and furylacryloyl chloride
were prepared as described by Gilmen and Hewletts. The alum-
inum chloride employed was the C. P. sublimed chemical. 4ll
the esters used in this study were freshly crystallized from
elcohol ard then dried.
Aﬁéﬁr&tus.v

All the reactions leading to the farmation of
ketones or esters were carried out in a B-neck balloon flask
of suitable size. 1In every case the flask was equipped with
a mercury seal stirrer, dropping funnel and Hopkins condenser
when needed. The dropping funnel end condenser were protect-
ed from moisture with drying tubes filled with anhydrous cal-

cium chloride,
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Reactions Between Phenol and Furoyl Chloride _

lst. Run. A solution of 32.6 g. (0.25 mole) furoyl
chloride dissolved in 75 cc. of carbon disulfide was added
dropwise over & period of three hours to a mixture of 18.8 g.
(0+2 mole) of phenol and 57 g. (0.214 mole) of sluminum chlor-
ide in 100 cc. of carbon disulfide. The eddition was carried
out at room temperature and e slow reaction started at once as
was evidenced by the evolution of hydrogen chloride. The mix-
ture was stirred at room temperéture for six hours and was then
heated on & water-bath to refluxing for thirty hours. Hydrogen
chloride gas was evolved slowly to the end of the reasction.
After removal of the carbon disulfide on a water-bath the re-
sulting yellow mass was hydrolyzed with cracked ice and then
steam distilled. The water residue was extracted with ether
and the ether solution was dried and distilled. The yleld of
phenyl furocate boiling at 136-139°/3mm, was 12 g. or 3L.%%.
This compound is a yellow oil which when crystalllized from
petroleun ether melts at 42°., This compound was identified by
an analysis and a mixed melting point determination with the

| compound previously prepared by Hewlettll. They prepared the

ester by the action of furoyl chloride on a water solution of

sodium phenolate.

11 From the Ph.D. dissertation of A. P. Hewlett (1930).
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~ dnal. Caled. for C,,Hg04:C, 70.19; H, 4.29. Found:

69.98 4,48
Cs» vo.10% H» 4,390

There was some unchanged furoyl chloride, phenol and
considerable tar in the waste material,

A high bolling fractlon remained in the flask after
the phenyl furoate had been distilled off, After the identifi-
cation of the first fraction as phenyl furcate it was thought
that the high boiling fraction might have the following struc-
ture:

HG — CH | HC — CH
B -c-0( >-c-n i
; i o’
0

This compound after one crystallization from a mix-
ture of benzene and petroleum ether (b.p.40368°) melts at 84°.
It is a white crystalline compound and stable., With this
structure in mind the substance was hydrolyzed with alcoholic
potassium hydroxide, The alkaline solution was saturated with
carbon dioxide and extracted with ether., After drying, the
ether solution was evaporated and yielded a white solld which
was recrystallized from hot benzene. The yield of 4-hydroxy-
benzoyl furan, (HOC,H,COC,Hs0), melting at 163-164° was 5.9 g.
or 15.86. 4-Hydroxybenzoyl furan is a white crystalline

stable compound and scluble in alcohol, sether and in hot ben=-

zene and carbon tetrachloride,
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Anal. Caled. for C,,Hg0z: C, 70.19; H, 4.29.
round: ¢, 8333 ; m, 440 .

The water solution from which the 4-hydroxybenzoyl
furan was removed was acidified and shown %0 contain furoic

aeid., HNo other compound was isclated.

Identification of 4~Hydroxybenzoyl Iuran.-

The methyl and ethyl ethers were prepared after the

directions of Hierslz. In this method the phenolic body is

treated in a cold sodium hydroxide solution with & calculated
amount of the desired alkyl sulfate. The methyl ether melits
at 60° after two crystallizations from hot benzene. It is a
white erystalline stable compound. The ethyl ether melting
at 70° was identified as 4-ethoxybenzoyl furan. It had previous-
1y been prepared by Gilman and Hewlett® and was identified by a
mixed melting point determination with the compound prepared
by themn.

4-ﬁethoxybenzoyl furan wes oxidized to 4-~methoxy-
benzoic acid by means of a neutral potassium permanganate solu-
tion. One gram {0.00495 mole) of the ether was added to 20 cc.
of water in a 50 cc. Erlenneyer flask equipped with a reflux
condenser., Small crystals of potassium permanganate were

added from time to time over a period of twenty-four hours

12 Hiers, 0Tg. Syfle, 9, 18.
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until the solutlion remmined colored. This'solution yielded =
vhite ecrystalline compound melting at 184°, It was further
identified as 4-methoxybenzoic acid by a mixed melting point
determination with an authentic sample of the acid. By this
K means the furan ring was proved to be in the 4~position with
respect to the hydroxyl group.

4-Hydroxybenzoyl furan was further identified by the
preparation of the oxime of the ethyl ether as described by
Gilman end Hewlett . The oxime melting at 145° is a white
crystalline compound. A mixed melting point determination was
made with this compound end the compound prepared by Gilman
and Hewlett’5 and there was no depression in the melting point.

Bnd. Run. Run No. 1 was repeated using a slight ex-
cess of phenol as follows. Twenty and seven-tenths grams
(C.22 mole) of phenol and 27 g. (0,101 mole) aluminum chloride
were added to 75 cc. of carbon disulfide. To this mixture was
added dropwise over a period of three hours 26.1 g. (0.2 mole)
of furoyl chloride dissolved in 50 cc. of carbon disulfide.
The reaction was carried out and worked up as before, A& yield
of 58,5% of phenyl furoate was obtained. No trace of

HC —

CH
T b |
HG\D/C - g(:::>*0 - g -Ac\g/CH could be found. Considerable

unchanged phenol and tar were the other products_of the reac-

HC—CH

tion. It ls possible that the yield of phenyl furoate was re-
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duced by hydrolysis during steam distillation. Furolc acid
in traces could be iseolated from the water solutiom.

The two runs previously deseribed have shown thet
4-hydroxybenzoyl furan was not prepared in satisfactory yields
by the method used., The next step was to block the hydroxyl

group with an easily removed radical,

Reaction Between Furoyl Chloridq.énd Phenyl Benzoglte.-

Twenty-nine and seven-tenths grams (015 mole) of
phenyl benzoate were dissolved in 75 cc. of carbonvdisulfide
containing 20 g. (0.075 mole) of aluminum chloride, To this
mixture was added dropwise with stirring over a period of three
hours 19.5 g. (0.15 mole) of furoyl chloride dissolved in 50 cc.
of carbon disulfide. The reaction started slowly at room temp-
erature and darkened. The reaction mixture was stirred for
four days asnd was then poured on cracked ice and steam distill-
ed. There was mach furoyl chlorids and tar present,s The water
residue was extracted with ether and the ether solutlion was
dried and esvaporated, The residue was hydrolyzed with aleocholic
potassium hydroxide and saturated with carbon dioxide and ex-
tractéd with ether. After drying, the solution was evaporated
and crystallized from benzene. There was obtained 2.0 g. of
. 4-hydroxybenzoyl furan melting at 163>164°, The yield was 7.1%.

The previous experiment was repeated after the direc-
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tions of Hinegardner and Johnson}o. Twenty-nine and seven=-
tenths grams of phenyl benzoate were dissolved in 75 ccs Of
nitrobenzene containing 20 g. (0,075 mole) of aluminum chlor-
ide.s To this mixture was added dropwise with stirring over a
:' period of three hours 19.5 g. (0.15 mole) of furoyl chloride
dissolved in 50 cc. of carbon disulfide., There was but little
reaction at room tempsrature. The mixture was then heated on
a water-bath at 45° for nine hours and at 85%90° for thirty
hours, The black reaction mixture was then poured onto crack-
ed ice and steam distilled to remove the nitrobenzene and other
volatile impurities. After the water residuse had cooled it
was extracted with ether and worked up as previously described.
The yield of 4-hydroxybenzoyl furan was 8.8 g. or 3l.8h. The
other products of the reaction were furoic acid, furoyl chlor-

ide, phenol, benzeic acid, phenyl benzoate and tar,

Reaction Between Furoyl Chloride and Phenol in Hitrcbenzene.-

The previous experiment was repeated substitutling
phenol for phenyl benzoate, Eighteen and eight-tenths grams
(0.2 mole) of phenol and 27 g. (0.101 mole) of aluminum chlor-
ide were added to 100 cc. nitrobenzene, 7o this mixture was
added dropwise with stirring over a period of three hours a solu-
tion of 26.1 g. (0.2 mole) of furoyl chloride dissolved in 50
cc. of nitrobenzene. The reaction flask was immersed in an

ice=bath for six hours. The ice~bath was then removed and
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the reaction mixture was stirred at roonm temperature for thir-
ty hours and at 60°-65° for three hours. Hydrogen chloride was
evolved slowly throughout the resciion. After hydrolysis the
reaction product was steam distilled end extracted with ether.
" The ether solution was dried and evaporated, and the product
was crystallized from benzene. The yield of 4-hydroxybenzoyl
furan was 9.2 ge Or 24.5%. After removel of the 4-hydroxyben-
zoyl furan the residue was distilled end there was obtained
21.6 g. of phenyl furoate or a yield of 57.5%. The other
products of reaction were phenol, tar, furoyl chloride and

furoic acid.

Attempted Preparation of the Oxime of 4-Eydroxybenzoyl Furan.-

Three attempts were made %0 prepare’the oxime after

the method of Goldschmidt and Zemolit®

« The ketone was
dissolved in water containing enough sodium hydroxide to react
with the hydroxyl group. To this solution was added two
equivalents of hydroxylamine prepared by neutralizing the hydro-
chloride with the calculated amount of sodium hydroxide. The
reaction product was neutralized with dilute acetic acid and
the product was identified., A fourth attempt was made as des-
eribed above except that the reaction was carried out on a
water-bath at 50° for tem hours. In every case no trace of the
desired oxime was found.

Two attempts were made to prepare the oxime after

the directions of Hinegardner and Johnsonlo. In this method
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the ketone was treated with the desired quantity of hydroxyl-
amine hydrochloride in anhydrous pyridine and warmed on a
water-bath et 70° for tem hours. The reaction product was

then poured into water, filtered and crystallized from benzene.
- It was shown to be the unchanged ketone.

The preparation of the oxime of 4-ethoxybenzecyl furan

has been previously described.

Preparation cf 2,4~Dihydroxybenzoyl Furan.-

1st, Method. A solubion containing 65.5 g. (0.50

mole)} of furoyl chloride dissolved in 100 c¢c. of carbon disul-
fide was added slowly to a mixture of 55 g. (0.50 mole)of
resorcinol and 67 g. {0.25 mole)of aluminum chloride in 500 cc.
of carbon disulfide., The acid chloride was added over a per-~
iod of four hours with stirring. After the addition of the
acid chloride the reaction mixture was stirred at room temper~
ature for twenty-four hours end at its boiling point on a
water-bath for twelve hours, Most of the carbon disulfide was
removed on a water~bath and the resulting heavy mass was hydro-
lyzed by adding cracked ice and steam distilled. The product
was treated with alcoholiec potassium hydroxide to hydrolyze
any ester groups present and‘recovered by treatment with car-

bon dioxide. The yield of 2,4-dihydroxybenzoyl furan melting

at 1235-124° gpter 4 crystallizations from hot benzenme was 8L.6
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S« OT 80%, ,It is soluble in dilute sodium hydroxide and in
hot benzene, carbon tetrachloride, chloroform and slcohol.
244~Dihydroxybenzoyl furan is a yellow crystalline compound
and stable, ‘ ‘ - S
Anal. Caled. Tor CaaHg0s: G, 64.68; H, 3.95.
Found: C, 64.72, 64.78; FE, 4.01, 4,08, ,
2nd, Method. A solution containing 26,1 g, {0.2 mole)

of furoyl chloride in 75 cc. of nitrobenzene was added drop-
wise with stirring over a period of one and five-tenths hours
t0 a solution containing 22 g. (0.2 mole) of resorcinol and

26 2+ (0.098 mole) of aluminum chloride in 100 ce. of nitroben-
zene. The reaction started at room temperature and was allow=-
ed to continue at this temperature for two hours, It was then
heated on a water-bath for one hour. AL vigorous reaction then
took place as was evidenced by a vigorous evolution of hydrogen
chloride gas. The reaction nmixture was hydrolyzed by pouring
onto cracked ice. It was then steam distilled and worked up as
deseribed for the previous preparation. The yield of 2,4-di-
hydroxybenzoyl furan was 16.1 g. or 7%. It is believed that
the yield can be im@roved by heating the reaction mixture ab

a temperature lower than 70° as considerable tar was formed in

the reaction described above.




Attempted Preparation of the Oxime and Proof

of Structure of 2,4-Dihydroxybenzoyl Furan.-

The compound was proved to contain two active hydro-
15

gens using the ZerewitenoffL4 method, This determinatio
- was caxried ocut by treating 2,4~dihydroxybenzoyl furan in n-
butyl ether with methylmagnesium iodide in n-butyl ether. The
reaction nixture was warmed to complete the reaction. The
active hydrogen eguivalents from two samples of 02015 g. and
02106 go welight were 1.95 and 2,00, respectively.

Six attempts were made to prepare the oxime after
the directions of Goldschmidt and Zanolils. The Xetone wes
recovered unchanged. In each case 2 equivalents of hydroxyl-
amine hydrochloride and 4 of sodium hydroxide were used. The
time of reaction varied from one day to one week.

One run was made as desceribed above keeping the reac-
tion mixture at 50° for ten hours on a water-bath.

Two runs were made using the method of Hinegardner
‘and Johnsonlc. The ketone was heated with 2 equivalents of
hydroxylamine hydrochloride on a water-bath at 80°=70° for ten
hours. HNo oxime could be detected. A third method usinug
sodium carbonate to neutralize the hydroxylamine hydrochloride

was tried. The ketone was dissolved in 95% ethyl aslcohol and

- I&  Zerewitonoit, Ber., 40, 2020 (1807

15 This opportunity is taken %o express our appreciation to
Mre Re Jo Vander wWal and Mr. R. E. Fotherglll for thelr
kindness in determining the active hydrogens reported in
this study.




- B -
twy acuivalents of the free hydrosylanine wore added in sulfie
alent slechel %o Just keep the kotone in solution., This solu=
Plon was woried up efter Touw days with the vpunl negetive
reaults Threc abttemis were made to prepare cach of the senie
- garhazone and phenyl hydrasons devivwwiives. The reaction mize
tures wmere alloved to stand o weel and then worked up. e
resulis wore negative in every casc,

In sbttempting to mrepare the ozise of é=hydroxybhone=
=0yl furan £ wvas found necessayry to cthylaote the phonol groupa.
“hen this wss dong the ozime wue nrepegrad vwith e&aeﬁ. 25 4 i1

this point in nind 4% vos proposed %o corry out the following

reantions:
s ;
B
(C8, & I H
ﬁ
‘OGE & hbisg
B HA Y?ﬁ pbi}—> IR i3
=k In ileohol) =g

43




| - 54 -
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Two attempts were made to carry out the reactions pro-
posed by Scheme I as follows: A solution of 26.,1 g. (0.2 mole)
of furoyl chloride in 75 cc., nitrobenzene was added dropwise with
stirring over a period of one hour to a solution of 27.6 g.

{0.2 mole) bf 1,3-dimethoxybenzene and 26 g. (0.098 mole) of
aluminum chloride in 100 cc. of nitrobenzene, The reaction
mixturé was cooled on an ice-bath during the addition of the
acid chloride solution, and for two hours afterward. After

the time noted had elapsed the ice-bath was removed and the re-
action allowed t0 proceed at room temperature for four hours.

A vigorous reaction took place with the addition of the acid
chloride and continued to the end of the reaction. The mix-

ture was poured onto cracked ice and steam distilled. after
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" the water residue had cooled it was extracted with ether. The
ether sclution was extracted with 80% gsodium hydroxide and dis-
tilled.

One and four-tenths grams or 5% of the 1,3-dimethoxy-
.bengene used was recovered. 4 small amount of tar was left in
the distillation flask, The alkaline sojution was treated with
ecarbon dioxide and & yellow crystalline compound was precipitat-
ed. A portion of this compound or mixture of compounds was
erystallized 4 times from petroleum ether (b.p., 40°=60°)s It
melts between 75°-829,

The presence of one or more hydroxyl groups was prov-—
ed by the solubility of the substance in sodium hydroxide. If
one methyl group has been removed there is no way of showing
which one with the evidence at hand. It is believed thet if
two methyl groups were removed some of the compound prepared
by the action of furoyl chloride on resorcinol in carbon disul-
£i1de would have been obtained. There was no trace of a compound
melting at 133°-124° though it would be difficult to separate it
from the other compounds present if formed. The yield calculat-

ed on the basis of one of the following formules

Q~CH, OH
HC—CH HC — CH
OCHf & or OCH; I' Il was 39.2 g. or 90%.
G

¢ —GC ¢C C
8 \0/C 6 o’

The above experiment was repeated using carbon disul-
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fide as a solvent with the same result. However, as this syn-
thesis was carried out for the purpose of ildentifying 2,4-di-
hydroxybenzoyl furen the product of the above reactions was not

analyzed., One attempt was made to oxldize the compound with

. neutral potassium permanganate. The compound was destroyed.

An attempt was mede to carry out the reactions pro-
posed by Scheme II after the method of HierslS. Twenty and
four tenths grams (0.1 mole) of 2,4~dihydroxybenzoyl furan was
dissolved in 400 cc. water with 8g. (0.2 mole) sodium.ﬁydrozide.
The solution was cooled to 5° and 12.6 g. (0.1 mole) of dimethyl
sulfate was run in., APter the addition of the dimethyl sul-
fate the resction was stirred at 5° for one hour and then heat-
ed to boiling for fifteen hours. A compound was obtained which
was soluble in sodium hydroxide. This compound was crystal-
lized from petroleum ether (b.p., 40°-60°). It melis between
75°.82° and caused no noticeable lowering in a mixed melting
point determination with the compound obtained from the reac-~
tion between furoyl chloride and 1,3-dimethoxybenzene in the
presence of aluminum chloride. The yield was 90% of the
theoretical if ealculated on the basis that one hydroxyl group
was methylated. An attempt was made to methylate the partly
methylated compound as described above without success.

The compounds prepared after Schemes 1 and II were

slightly soluble in boiling petroleum ether (b.p., 40°-60°) and

soluble in boiling benzene, carbon tetrachloride and alcohol




and seluble in cold ether and sodium hydroxide,

Reaction Between Catechol, Furoyl Chloride and
Aluminum Chloride in Carbon Disulfide and Hitrobenzene.-

A solution of 32.5 g. (0.25 mole) of furoyl chloride
in 100 ec. of carbon disulfide was added dropwise with stirring
over a period of three hours to a mixture of 27,5 g. {0.25 mole)
catechol and 37 g« (0.139 mole) of aluminum chloride in 200 ce.
of carbon disulfide. The reaction started slowly at room temp-
erature and was heated on s water-bath5to the boiling point of
carbon disulfide for forty-eight hours. After the carbon di-
sulfide was removed on a water-bath the resulting white mass
was hydrolyzed with cracked ice, steam distilled and allowed
to evaporate, The product was epparently in solution, but
separated as the water evaporated. This substence once pre-
cipitated was very slightly soluble in boiling water. The
substance is of & greenish blue color. It is soluble in
acetone, sodium hydroxide, alcohol and ether and slightly solu-
ble in benzene and carbon tetrachloride. This compound could
not be crystallized from any of the solvents menticned or
combination of them, and separated from solution in an amorphus
condition,.

The compound will dye cotton cloth a color much like

that of the furan analogue of malachite green.

/ ' Four runs were made using 11 g. (0.1l mole) of cate-
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. chol, 13 ge (0.1 mole) of furoyl chloride and 13 gs (0.048
mole} of aluminum chloride as deseribed above. Ths product
from each run was similar to that obtained and described in the
first run. The yield of material was 80% of the theoretical
'.for ketone formation. A number of fusions on platinum foil
failed to show more than a trace of aluminum. The product could
| not be hydrolyzed with alcoholic potassium hydroxide or 10%
’ hydrochloric acid.

Two reactions were carried out as described, substitu-
ting nitrobenzene for carbon disulfide as a solvent. The reac-
tion proceeded rapidly and was completed in two hours. The pro-

ducts were similar to those previously deseribed.

Reaction Between Furoyl Chiloride and the
Diacetate and Dibenzoate of Catechol.-

Four experiments were carried out using the diaéetate
and dibvenzoate of catechol in carbon disulfide and nitrobenzene,
| respectively. All of the’reactions were carried out and their
| products worked up as described in the following experiment.
| Ninsteen and five-tenths g. (0.15 mole) of furoyl chloride in
25 cc. of carbon disulfide were added to 21 g. (0.15 mole) of
catechol diacetate and 20 g. (0.075 mole) aluminum chloride in
50 cc. of carbon disulfide, This mixture was heated to boiling

for four days on a water-bath., After most of the carbon disulfide

had been removed the product was hydrolyzed by adding cracked
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lce and steam distilled. The resulting black mass was removed
from the water residue with ether and the ether evaporated. The
products of reaction after hydrolysis with alcoholie potassium
hydroxide were found to be acetic acid, ecatechol, furoic acid and
- %ar, All materials were identified by mixed melting point deter-
minations with authentic samples. When nitrobenzene was used as
& solvent the temperature of the reaction mixture was 70°, The
amount of hydrogen chloride gas evolved in these experiments

was small, Not a trace of the green substance was found.

Reaction Betwsen Hydroguinone, Furoyl Chloride

and Aluminum Chloride.-

lst.Method. A solution containing 26.1 g. (0.2 mole)

furoyl chloride dissolved in 75 ce. of carbon disulfide was
added slowly to a mixture of 22 g, (0.2 mole) hydrogquinone and
86 gs (0.,0975 mole) of aluminum chloride in 100 cc., of carbon
disulfide., The acid chloride was added at room temperature and
the reactlon started at once and proceeded slowly for four days.
After removal of the carbon disulfide on & water-bath the pro-
duct was hydrolyzed with cracked ice, filtered and dried. The
resulting white solid was crystallized from boiling benzene
and melted at 193°-195°., It is a white semi-crystalline solid
and soluble in sodium hydroxide, |
The substance was hydrolyzed with sodium hydroxide,
and the products of hydrolysis were hydrogquinone and furoic acid.
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. No trace of the expected ketone could be found. If the com=

pound be represented by the following formule

HC — CH 16
r0-<__y-0 = ¢ - é’:\ /(l'}lH
| g C
it should give one active hydrogen as determined by the Zerewlt-
enoff14 method. This determinationl5 was carried out as previous-
ly described, The active hydrogen equivalents from two samples
of>0.2099 g. and 0.2165 g. weight were 0,95 and 0.97 respective-
1ly. . A |
‘Anal. Caled. for 6;1380¢: Cy B4,.,68; H, 5;95.
Found: C, 65.17, 65.01; Hs 3,67, 3.75,
The yield of the ester was 34.3 g. or 84%.
Hewlettll has prepared hydroguinone difuroate by the
action of furoyl chloride on a water solution of hydroquinone
in dilute sodium hydroxide. The compound melts at 200°% A
mixed melting point determination with his compound and the
supposed hydroquinone monofurcate showed a melting point lower-
ing of from 7°-10°. Hewlettll was uneble 1o prepare hydro=-
quinone monofuroate by his method.
énd.Method. The reaction described inm lst. method
was repeated using nitrobenzene as the solvent, The reaction
was completed in three hours at room temperaturs. After the
8 The saponification equivalent was determined and found %o
be 184.8 and 188,1 against the theoretical value of 204.06.

The solutions were so highly colored as to obscure the end-
point of the titration.
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reaction mixture had been poured on cracksd ice it was steam
distilled and treated as previously described. The product
was ldentified with that previcusly described. Hydroguinone
monofurcate was obtained in a yield of 80%. There was consider-

.able tar formed which can probably be prevented with cooling,

Avtempted Preparation of a Xetone gontvaining

the Benzene or gubstituted Benzene Ring and the

Furylacryloyl Groupe.-

A solution contalning 31.3 g. (0.2 mole) of furyla-
c¢ryloyl chloride in 150 c¢c¢, of carbon disulfide was added drop-
wise with stirring over a period of five hours to & mixture
containing 18.8 g. {0.2 malé) of phenol and 27 g. (0,101 mole)
of aluminum chloride in 200 ce. of carbon disulfide. The reac-
tion mixture was cooled with a freezing mixture of ice and salt,
and was stirred for five hours in the bath. It was noticed
that the reaction mixture turned a'deep red cclor when the
first few drops of furylacryloyl chloride solution were added.
After the carbon disulfide had been removed on a water-bath
the reaction mixture was poured onto cracked ice. 4 black
carbonaceous nmasgs was the result, The produgt was extracted
with ether and worked up in the usual manner. One grem of =&
red c¢il was obtained which did not give an oximel3. This oll
decomposed to & resin on standing.

A second atbtempt was made using the same amount of
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materials at a temperature of ~5° to -10°, ZInough calcium car-
bonate was added to react with the hydrogen chloride theoretic-
ally formed in the reactiocn. The results were as described in
the first experiment.

A third run using ferric chloride was carried out as
deseribed in the Tirst experiment, Carbon and tar were the pro=-
duets of the reaction.

in attempt was made to prepare furfuralacetophenone
from benzene, furylacryloyl chloride and aluminum chloride, 4
solution containing 21 g. (0,134 mole) of furylacryloyl chlor-
ide in 50 cc. of benzene was added dropwise Withlstirring over
a perlod of seven hours to a mixture of 21 g. (0,078 mole)
aluminum chloride in 150 ce, of benzene, The reaction flask
was immersed in an ice-bath and & stream of well dried nitrogen
was passed through the reaction mixture to remove as mch as
possible of the hydrogen chloride that was formed. The reaction
mixture was worked up as previously described and the results
were as before,

| One attempt was made to condense furylacrylic acid
with phenol after the directions of Nencki end Siebiers.
Twenty-geven and six-tenths grams (0.2 mole) of furylecrylic
acid and 18.8 g. (0.2 mole) of phenol were heated to 160° in

en Erlemmeyer flask with 30 g. (0.22 mole) of anhydrous zinc

chloride. A vigorous reaction took place and a heavy red tar

was the only product. This tar resisted all attempts ab




crystallization.

One attempt was made to condense furylacrylic acid
with phenol in & sealed tube at 180°-190°. Eighteen end eight-
tenths grams {0.2 mole) of phenol and 27.8 g. (0.2 mole) of
. furylaerylic acid were mixed and heated in a sealed tube at
180°-l90° for forty-eight hours. The products isolated were
phenol, furylacrylic acid and a small amount of tar.

SUMMARY

Phenyl furoate was prepared in zood yields from
phenol and furoyl chloride by Friedel-Crafts reaction in earbon
disulfide and nitrobenzene.

4-fydroxybenzoyl furan was prepared in a yield of
15.8% when phenol was treated with an excess of fureyl chloride
in carbon disulfide. 4-Hydroxybenzoyl furan was obtained in a
yield of 7.1% when phenyl bemzoate was treated with furoyl
chloride and seluminum chloride in carbon disulfide. when the
reaction was carried out in nitrobenzens the yield of 4-hydroxy-
benzoyl furan was 31.8%. 4-Hydroxybenzoyl furan was prepared
in a yield of 24.5% when phenol was treated with furoyl chlor-
ide and aluminum chloride in nitrobenzene. In the same reac-
tion the yield of phenyl furcate was 57.5%.

2,4-Dihydroxybenzoyl furan was prepared in a yield

of 80% when resorcénol was treated with furoyl chloride and
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aluminum chloride in carbon disulfide. When nitrobenzene was
used as a solvent the yield was 79%. The position of the ketone
group has not heen established.

Bydroquinone monofuroate was prepared ln a yield of
. 84% when hydroquinone was treated with furoyl chloride and
aluminum chloride in carbon disulfide. vhen the reaction was
carried out in nitrobenzene the yield of the ester was 80%.
All attempts to prepare a ketone from the diacetate and diben-
zoate of hydroquinone failed.,

Catechol falled to yield either ester or ketone.
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SOME STUDIES ON THE ATTEMPTED PREPARATION OF
P-AMINOBENZOYL FURAN

INTRODUCTION

It was desired to prepare p-aminobenzoyl furan for
some physiological studies and as a possible insecticide. This
compound would be valuable as a basis for a series of dyes con-
taining the furan ring and for.synthetic'purposes.

The introduction of ketonic groups into a benzene
ring which contalns an amino group cen be effected by a variety
of methods,

Knnckelll has prepared a number of p-substituted
acetanilides by treating acetanilide with the desired acid chlor-
ide in carbon disulfide in the presence of a large excess of
aluminum chloride. The free amine can be easily obtained by
treating the acetanilide with dilute hydrochloric ascid, follow-
ed by sodlum carbonate. Good yields are reported for this
methqd.

D6bner2 has made use of a similar method in an ingen-
ious menner. p-Aminobenzophenone was prepared by hydrolyzing
the compound formed by treating phthal-anil with benzoyl chlor-
ide end finely powdered zinc chloride at 180°. The phthal-anil

-1 EKunckell, Ber., 33, 2641 (1900).
- & Dbbner, Ann,, 210, 246 (see 260) (1881).
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used was prepared in practicelly quantitative yields by treat-
ing aniline with phthalic anhydride. Torrey and Rafsky5 have
repeated the work of Dobner® and have described an improved
method for working up the product of the reaction.

Clarke and Esselen4 have prepared'gramindbenzophenone
by hydrolyzing the product obtained by treating benzanilide at
200°-210° with benzoyl chloride and zinc chloride, The maximum
vield reported vas 42%. Chattaway5 has reviewed the literature
of the preparation of ketones by the action of acid chlorides
on aniline at high temperatures with or without 2ine chloride
as a catalyst. The preparation of p-aminobenzophenone in

good yields is described.

several attempts were made to prepare p-dimenthylamino-

benzoyl furan after the directions of Hurd and Webbe for
p~dimethylamincbenzophenone without success.

Hitrobenzene has been used as a solvent in Friedel-
Crafts reaction by Behn? and others. This method was tried

without successe.

Torrey end narsky, d. Ji. Chem, 5oC., 02, 1489 {1910).
Clarke and &sselen, J. Am, Chem. Soc., 83, 1135 (1911).
Chatbaway, J. Chem., Soc., 85, 586 (L1904).

HU.I‘G. and ‘\":ebb,' _O_Z-‘_g- Sy .y -Z.’ 24,

Behn, Chem. JentX., T%%QB), I, 1223, Ger. pet.,95901 (1897).
Frdl., 5, 143 (1897-1900)):,Klarmann, J. Am. Chem. 50¢.,48,

791 (1926); Bertlett and Garlend, ibid., 49, 2098 (1922);
" Hinegardner and Johnson, ibid., 51, 1503 (1929).

@@ o el




EXPERIMENTAL PART

Apparatus.-

All Friedel~Crafts reactions were carried out in a
3-neck balloon flask of suitable size equipped with a dropping
funnel, mercury seal stirrer and Hopkins condenser, The con=-
denser and dropping funnel were protected from the atmosphere
with drying tubes filled with enhydrous calcium chloride.

gp:gylaniiide, {C HzOCONHC Hg ) o~ This compound wes

prepared after the directions of Baumg. The reaction was

carried out in a 250 cc. Erlenmeyer flask equipped with a
dropping funnel, reflux condenser and drying tube. To 6l.4 g.
(0,66 mole) of freshly distilled aniline was added 39 g. (0.3

mole) of furoyl chloride-9

over a period of three hours. After
the first vigorous reaction had subsided the reaction mixture
was heated to 130° until no more hydrogen chloride was evolved.
The product was dissolved in hot 95% alcohol, treated with
Norite and allowed to crystallize. The yield of furoylanilide
melting at 123° was 50 g. or 90%.

Dhthal-anil, (C,H,Cg0gNCH, ).~ This compound was

prepared efter the directions of Dobner~. To 18,6 ge (0.2

mole) aniline in al50 cc. Erlenmeyer flask was added with

vigorous shaking 29.6 g. (0.2 mole) of phthalic anhydride.

8 Baum, Ber., o7, 2949 (1904). |
¥ 9 Gilnmn and Hewlett Iowa State College J. Scl., 4, 27 (1929).




- 88 =

Avvery vigorous reaction took plece and water was evolved. The
solid product formed was heated on a hob-plate at 210° for one
hour to complete the reaction. A practically quantitative
yield of phthal-anil melting at 204° was obtained. This com~

pound was used without further purification.

Reaction Between Acetanilide

and Furoyl Chloride in Carbon Disulfide.-

The following experiment was carried out after the
directions of Knnckelll. To 26 g« (0.2 mole) of furoyl chlor-
1de and 38 ge {(0.142 mole} of finely powdered anhydrous alum-
inum chloride in 50 cc. of carbon disulfidelo was added with
stirring 13.5 g. (0.1 mole) of acetanilide in 20 cc. of carbon
disulfide. The acetanilide was added over a period of three
hours at 34°, Hydrogen chloride was slowly evolved throughout
this period. After the acetanilide had been added the reac-
tion mixture was hested tc the boiling point of carbon disul=
fide on a water-bath for three hours. Hydrogen chloride was
evolved rapidly during this time and & heavy red aluminun
chloride complex separated. The reaction mixture was poured
onto cracked ice and steam distilled. After the residue had
cooled it was extracted with ether to remove both solids and

liquids from the water., 4 part of the ether extract was evapor-

Y0 The carbon disulride used was well dried over anhydrous
calcium chloride and filtered.
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ated and refluxed with 15% hydrochloriec ascid for five hours.

The hydrochloric acid solution was worked up and yielded aniline

and tar. An investigation of the steam distillate revealed

analine. The ether fraction not hydrolyzed waes eveporated and
hydrolyzed with 10% alecholic sodium hydroxide and ylelded ani-

line and tar. Acetic acid, furoic acid and traces of furoyl
chloride were isclated from all weter residues.

4 second run was mede as described excepi that the
reaction mixture was refluxed for eight hours. After hydroly-
sis the nroduct was Tiltered and the filtrate was extracted with
ether and added to the solié that had been removed by Tiltxetion,
The ether was removed and the residue was hydrolyzed with 15%
hydrochloric acid at 90°-95° for five hours. After the solu-
tion had cooled it was neutralized with dilute sodium hydroxide
end extracted with ether. The ether was removed on a water-
bath and the residue was distilled under reduced pressure.

After the aniline present had distilled over there remained in
the distillation flask a small amount of a solid compound. This
material erystallized from boiling water in the form of thin
vellow plates. It melts at 140° without decomposition and is
stable. This compound conbtains nitrogen and is soluble in
dilute hydrochloric acid.

A bhird run was carried out as follows: To 19 8.

{0,1 mole) of Turoyl chloride and 19 g« {0.071 mole) of alum-

4num chloride in 25 cc. of carbon disulfide was added 13.5 g
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{0.1 mole) acetanilide in 20 cc. carbon disulfide at 34°,
This mixture was stirred at 34° for eight hours and worked up
as previously described using the hydrochloric acid method of
hydrolysis. 4 few erystals of the 140° compound were obtained.

A fourth run was carried out in which the furoyl
chloride was added to a mixture of acetanilide and aluminum
chloride. To 6.8 g. (0.05 mole) of acetanilide and 24 g. {0,089
mole) of asluminum chloride in 50 cc., of carbon disulfide was
added 13 g. (0.1 mole)} of furoyl chloride in 20 cc. of carbon
disulfide, The reaction mixture was refluxed onr a water-bath
for forty hours @nd hydrogen chloride was svolved slowly through-
out. After hydrolysis of the aluminum chloride complex the pro-
duct was hydrolyzed with hydrochloric acid es vreviously de-
scribed. The products were sniline, tar ond a trace of the
140° compound. The reaction just described wes repeated end re-
Pluxed for eight hours instead of forty with similar resultis.

It wes thought to be of interest %o investigate the
product from the reaction between scetanilide, furoyl chloride
and zluminum chloride after the reaction product had been pour-
ed onto eracked ice. With this in mind a run was made like
that described in the previous paragraph. The reaction mix-
ture after hydrolysis with cracked ice was filtered end the
s01lid materisl thus obtained was dried and crystsllized from
benzsene, There was obtained two fairly well defined grey

amorphous solids. The first fraction melts between 150°-160°
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and the second between 186°-197° without noticeable decomposi-
tion. Repeated recrystalliizations from'bénzene failed to im=-
prove the melting points reported. The two solids were combin-
ed and hydrolyzed with 15% hydrochloric acid and ylelded tar,
 aniline and e trace of the 140° compound.

Two general methods have been deseribed in whiech
acetanilide in carbon disulfide was added %o a mixture of alum-
inum chloride end furoyl chloride, and in which furoyl chloride
in carbon disulfide was added to a mixture of acetanilide and
sluminum chloride in carbon disulfide. It was thought to be
of vealue to add aluminum chloride portionwise to a solution of
aeetanilide and furoyl chloride in carbon disalfide. To 13.4
g. (0.1 mole) of acetanilide and 19,5 g. (0.15 mole) furoyl
chloride dissolved in 50 ce. of carbon disulfide ﬁas added 30
ge {0.112 mole) of aluminum chloride portionwise with stirring
over a period of six hours. After the aluminum chloride was
added the reaction mixture was refluxed for thirty hours.
Hydrogen chloride was evolved throughout the reaction. The
reaction mixture was poured onto cracked ice and hydrolyzed
with 15% hydrochloric acid as previously described. The pro-
ducts of reaction were aniline, tar and a trabe of the 140°

compound .
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Reaction Between Acetanilide, Furoyl Chloride and

Aluminum Chloride in Nitrobenzene.-

The following reactions were carried out after the
generael directions of Behn, and others?.

To 24 g. (0,089 mole) of aluminum chloride and 13 .
(0el mole) furcyl chloride dissolved in 5C c¢ec. of nitrobenzene
vas added with stirring 6.8 g. (0.05 mole) of acetenilide
dissolved in 20 cc. of nitrobenzene. As practically no hydro-
gen chloride was evolved at 30° the temperature of the reaction
mixture was raised to 80° for thirty hours. At 80°%the evolu-
tion of hydrogen chloride was rapid during the first part of the
reaction but decreased as time progressed. The black reaction
mixture was cocled and poured onto cracked ice and steanm dis-
tilled until all the nitrobenzene was removed. It was then
vorked up as previously deseribed and hydrolyzed with 15%
hydroehloric acid. The products of the reasction were tar and
a small amount of aniline. ’

The reactioﬁ just described was repeated and the
temperature of reaction was kept between 70°-71° for eight
hours. After hydrolysis the reaction products were worked
up in the usual manner. There was obtained tar, aniline and a

trace of the 140° compound.
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Reaction Betwsen Furoyl Chloride, Phthel-snil

end Zipe Chloride.-

This reaction was carried out as deseribed by Dobnera.
Thirteen.grams-(o,l mgle) of furoyl chloride were added to a
mixture of 22.3 g. (0.l mole} of phthal-anil and 0.4 g. of
anhydrous zinc chleoride. The reactlon was carried out in a
150 cc. Erlenmeyer flask immersed in an oll-bath equipped with
e reflux condenser, thermometer and drying tube. Vhen the
temperature of the reaction mixture reached 120° small quanti-
ties of hydrogen chloride were evolved. The reaction mixture
was heated at 180° for eight hours and a sample was removed
and crystallized from aleohol and proven to be unchanged phthal~
anil by & mixed melting point determination with the known com~
pound. Apparently much of the furoyl chloride was decomposed
by the zine chloride present Jjudging from the decomposition
material formed,

The experiment Jjust described was repeated with

sinilar results,

Reaction Between Furoyl Chloride, FPhthal-anil

and Aluminum Chloride in Nitrobenzene.-

TO 6.5 &e (0.65 mole) of furoyl chloride and 1ll.2 g.
(0.05 mole) of phthal-anil dissolved in 30 ce. of nitrobenzene
was added 16 g. (0.06 mole) of aluminum chloride., The temper-

ature of the reaction mixture was slowly raised to 80° and
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kept at that temperature for eight hours. Hydrogen chloride
was evolved slowly and the mixture turned dark, The reaction
product was poured onto cracked ice, steam distilled to re-
move the nitrobenzene and other steam volatile solids.

Afber the solids present were removed by filtration
the mother liquor was extracted with ether and the ether ex-
tract added to the solids. The ether was removed on a waterw
bath and the residue was hydrolyzed by boiling with alccholic
potassium hydroxide, and when worked up yielded aniline,

phthelic acid and mueh tar.

Resetion Between Aniline, Furoyl Chloride and

Zipne Chloride.-

This reaction was carried out after the directions
of Chattaway5¢ Twenty-six grams (0.2 mole)} of furoyl chlor=~
ide were added dropwise to 9.3 g. (0.1 mole) of aniline. The
reaction was vigorous and seemed to go in two steps, the
second taking place at 150°, After the reaction product had
been heated at 160° on en oil-bath for one hour to complete
the reaction 1 g. of finely powdered zinc chloride was added
slowly at 160%. A vigorcus reaction took place with evolution
of hydrogen chloride and production of a black tar. The result-
ing mass was boiled with alcoholic potassium hydroxide for ten
hours, cooled and extracted with ether and dried over sodium

sulfate, It was distilled and yielded g small amount of ani-
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line, There was much carbonaceous material not soluble in
ether. The reaction just described was repeated with similar

results.

ab High Temperatures.-

The reaction described above was repeated without
the use of zine chloride and was heated on an oil~bath at 180°
for twenty~-four hours. There was obtained tar and aniline,

A second attempt gave similar results.

Condensation Reaction Between Furoylanilide,

Dimethyl) Aniline and Phosphorous Cxychloride.-
This reaction was carried out after the directions of

Hurd and %’febb6

in & 150 cc. Erlenmeyer flask equipped with a
dropping funnel, thermometer and dryipg tube for the dropping
funnel., Ten and four-temths grams (0.06 mole) of pure phos-
phorous oxychlofide were added t0 9.4 g. (0.05 mole) of furoyl-
anilide and 20.% g. (0.158 mele) of dimethyl aniline cooled

to 30° in a water-bath. When the phosphorous oxychloride was
added the temperature of the reaction mixture rose to 39°,

Heat was then applied by mesns of the water-bath until the tem~
perature of the reaction mixture rose to 94°., The water-bath

was then removed and the reaction mixture was heated with a

smoky flame to 105° at which point a vigorous exothermic reac-
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tion took place end the temperature rose to 180°, while the
exothermic reaction was taking place the flask was thrust as
quickly as possible into an ice-salt mixture. After the reac—
tion had subsided it was heated on a water-bath at 90° for five
hours and worked up as described by Hurd emd Webbq Taxr was the
product.

A sscond run was warmed to 103° at which point the
temperature rose quickly to”1;5° where it remalined for three
minutes and then started to fall., The reaction mixture was
then warmed by means of a free flame to 119° where a second
exothermic reaction took place and the temperature quickly rose
to 132°, It was then cooled in an ice-salt bath to 105° and was
heated on a boiling water-beth for three hours. The reactlon
mix ture was worked up as described by Hurd and Webﬁaand vielded

a small amount of furoylanilide, aniline and much tar.

SUMMARY

tcetanilide has been treated with Duroyl chloride in
thenpresence of aluminum chloride as a catalyst in carbon disul-
fide and nitrobenzene as solvents, under a wariety of conditions.
A trace of a compound melting atb 140° hes been obtained. Enough
of the 140° compound was not obtained for an analysis.

Phthal-anil has been treated with furoyl chloride in
the presence of gine chloride at 180°s Tar was obtained.

Phthal-anil was treeted with furoyl chloride in nitrobenzene at
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80° in the presence of aluminum chloride., Tar was the only
product of the reaction.

Aniline was treated with two equivalents of furoyl
chloride at high temperatures with, and without zinc chloride
as a catalyst. Some decomposition took place as shéwn>by the
’ formation of tar.

Dimethyl aniline was condensed with furoylanilide
using phosphorous oxyehl@ride as the condensing agent. A

vigorous decomposition reaction took place.
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THE ATTEMPTED PREPARATION OF 2~FURYL=-O-AMINOACETIC ACID
AND SOME STUDIES ON FURYLACROLEIN.

INTRODUCTION

It was desired to prepare 2-furyl-Saminoscetie acid
for some studies on the physiological properties of the com-
bound end to extend the synthetic possibilities of furfural.

Furfurel is the least costly of all organic aldehydes
and obtainable in large quantities. It is therefore quite
natural that any attempt to prepare an amino acid which con-
tains the furan ring should_use furfural and correspondingly
inexpensive lnorganic salts.

A review of the literature has disclosed the follow-
ing references to furan o-amino acids. ‘Sasakil has prepared
d 1, (furyl-2)-c=alanin in good yields. TFurfural was condens-
ed with glycine anhydride in acetic anhydride in the presence
of anhydrous sodium acetate. The condensation product was
reduced with sodium amalgam and hydrolyzed with barium hydrox-
ide to give the acid named above,

Posner< treated ethyl CG-furylacrylate with hydroxyl-

amine as described by him and obtained & 20f yield of the

Scamino acid. Flatow3 prepared the acld by the action of

-1 sasaki, Ber., 54 205 (1921
. 2 Posner, Fmm., 389, ?see 10%5’(1912).

. 3 Flatow, Zeit. Tur E_ysiol. Chem., 64, 367 {1910).
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hippuric acid in acetic aphydride in the presence of anhydr-

ous sodium acebate,

reduced and hydrolyzed.

The product of the condensation was then

Grénacher® obtained the ofemino acid as shown by

the following equations:

HC - CH . H (Acetic acid ) BC — CH

LA B + N - C=0 I v H | I
HC _C = C=0 ! I (solution ) HC _ /C-Ccc\ C=8

S=C_ CH, S 0 s
S .
{Rodanin) {Quantitative)
0=C —NH

HC — CH | (#1kell) HC - CH

Y r H } " 0 H
HC C-C=C_ C=S BC_ ,C -C =G - COOH

A4 57 0 H §

HC - CH HC -CH

u n H v v H
HC_ . C-C = C - COOH + NH,OH HC_ C-C~C=COOH

0 H : 0O H (Reduction )
—_—
HC -~CH
I Yy HH
HC _ G=C~C = COOH
07 H NH,

0=C — NH

In svery case the compound was reported to be stable

and resistant to an alkaline medium,

¥ith these points in mind

there 18 no reason to prediet that 2-furyl-Ot-amincacetic acid

onece formed would be unstable.

A series of attempts were made

4 Granacher, Helv. Chem. icta., 5, 610 (1922).
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to prepare the éexa by the eciion of potassivm cyenide snd
emmoniuns chloride on furforsl afier tho divections of Zelincky
and a&aﬁnﬁmffﬁq In no ceas woas 4 trace of the desired conme
pound obtained and apparently the product of roscbion wae uyne

- abobla.

mmsﬁmﬁ hae shom thet dvy hydrvopen cyonide in

other snlit B,5-3imothyifuren fo give scetonyl scetons. This
being toue the resulis obbained by ue are b storbiling. Runde,
seobt and Jtmnamg and f’ﬁiﬁﬁﬂ%ﬂiﬁﬁ have showm that 2-Muryloces
tonttrile undergoes irssrrangoment o form Sesothyl-i~eyonciupsn
vhich on hydrolysis gove D=melhylforoic scids It is not fme
poasible thaei the intoruedliote compound fomed would eayvonge
as filusirated by the felleving eountions:

- OH { HB,01) MO —CB

U R ¢ + HOH u . i ( earrangement)
. G =0=4g —_—— /3""5"’ —_—

G “v B

B — CH Hw( — L

noon B’ (Bydrolysie) T i
e C=0 =~ 3 —_— I0~e]  [e(wl3E
Wiyg T S T

Lovoyvor we wore nol bl o Icolalc eiltier of the
porpounds proposed, bat 41d oblnin ¢ sonll ancuntof Surpin
maliine a3 156%.
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EXPERIMENTAL PART

Action of Sodiﬁm Cﬁanide aﬁ& Aﬁﬁbniﬁm chieride
o Pupfurel mud Furylecrelein.-

1st, Run. This run was cerried out after the direc-
tions-cf zelinsky and Stadnikorfz. A11 reactlions were carried
out in 3-=neck flask of sultable size equipped with a mercury
seal stirrer and dropping funnel. To a saturated splution of
S5¢4 g. (0.092 mole) of sodium cyenide and 5.0 g« {0.094 mole)
of smmonium chloride in water was added with stirring Be2 &
(0.094 mole) of furfural in 23 cc. of methyl alcohol. A4 Vvigor-
ous reaction took place as was shown by the evclution of heat
and the precipitation of a heavy viscous oll. The reaction
mixture was allowed to stand over night and then decanted after
which the oil was treated with 50 cc. of 10 % hydrochloric acid.
The product was hydrolyzed and worked up as described by Zelin-
eky and Stadnikoff> and yielded amorphous carbon and tar.

zhd. Eﬁn. The reaction Jjust described was repeated
using furylacrolein in place of furfural snd 50 cc. of methyl
alcohol, A red oil began to separate as soon as the furylacro-
lein was added and continued for three hours., The wajer was
decanted as before and.the resulting red oil was refluxed with
a slight excess of dilute (5%5) alcoholic potassium hydroxide
for five hours. Lfter the reaction product was cool it was

treated with cold dilute hydrochloric acid until neutral and
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extracted with ether. The ether solution yielded a small
amount of an amorphous substence which could not be crystal=-
lized. There was much tar formed in the hydrolysis resction.

rd. Run. Run No. 1 was repeated exactly as describ-
ed except that the reaction was run in ice and hydrolyzed by
bolling with 5% alcdholic potassium hydroxide for six hours.
The resulting solution was cooled and treated with cold 5%
hydrochloric acid and extracted with ether and the ether extract
Yielded a small amount of a yeilow amorphous substance which
could not be crystallized. L second attempt gave a similar
result.

4th, Run. The run Just described was repeated. The
resulting red oil was hydrolyzed by boiling for five hours with
the calculated amount of 5% hydrated barium hydroxide in 50%
alcohol. After the reaction mixture had cooled it was treated
with the calculated amount of 0.2 N. sulfuric acid. The
precipitated varium sulfate and tar was Tiltered out and extract-
ed with ether. The ether solution yielded a small amount of a
yellow crystalline compound from alcohol, This compound was
shown to contain no nitrogen and melts at 135°, whieh is the
melting point of furoin. LA nmizxed melbting point was not Taken
as an authentic sample was not available, o other substance
was found to be present. 4 fractional eveporation of the water
residue from the ether extraction failed to yield any other com-
pound. This experiment was repeated as described with similer

results,
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5th. Run. The red oil ffbm g run carried out as in
Ho, 3 was treated with the caleulated amount of hydrated bar-
ium hydroxide in 50% alcohol at room temperature for six days.
It was then treated with 0.2 N. sulfuric acid ss in Ho. 4.

The products were tar, cerbon and & small amount of a red oil

- which soon decomposed.

6th. Run. The red oil from a run carried out as in
No. 3 was refluxed with a two equivalents of 10% acebtic acid
for five hours. After the resulting black solution had cool-
ed it was Tiltered {o remove the tar and neutrclized with
cold dilute sodium hydroxide and extracted with ether. Tar
was the only product.

7th. Run. The red 0il from a rTun carried out as in
No. 3 was allowed to stand with two equivalents of 10%
alcoholic potassium hydroxide for ten days and worked up as
previously described. Tar was the only product. Furyle
acrolein was treated as described in runs 3, 4, 5, 6 and 7

with similer results.

SUMMARY
Turfural and furylacrolein have been treated with
sodium cyanide and ammonium chloride to yield a red unstable
01l. These o0ils have been treated with a variety of hydrolyz-
ing agents under a variety of conditions. The desired g(~amino

acids were not isolated.
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Some Prgposed heseiions.- Amonium formate is &

comparatively inexpensive reagent. Leucls:am}‘a and others have

prepared a weriety of wrimery secondery and teri:-iaivy amines by
heating aldehydes and ketopes with mmwonium formate. ?I&llaahw
has given an excellent discussion of this method end the pre-
paration of a mmver of amines from various sldehydes snd
ketones. Howeven,this method when zpplied to furfursl lends
t0o decomposition. |

mgnomem has prepared o veriety of primary and
secondiary amines in good yislds by treating the sldeiyde or
ketons in absmolute sleghel with the caloulaied amount of dyy
ammonis for the formetion of the imine. Tinely divided
nickel wmas then added and the resetion product was shesken with
hydrogen under cne ebmosphere pressure. hen furfural is treat-
ed with dry ammonis in sbsolute alcohol hydrofuramide is formed.
The reduction of this compound will be described in the sxperi.
rental Part of this study.
?ﬁi-g;&maclﬁ
benzemide in absolute alcoheol with nickel. The yield of the

prepared bengyleamine by reducing hydro-

amine was 27.5%

18, 2188 {3ess).

* 13 vWallach, juhe, 3463, 04 {100D}.

- 14 Mlgnonec, Commb. Tend. 172, 283 (1921),
1% ignonae, Commbte rend.,d7i, 11a8 {1920},
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EXPERIMENTAL PART
Hydrofuramide, {((C,H;0CH)sN,)e~ This compound was

prepared after the directions of Hartley and Dobbiels. To
96 g. (1.0 mole) of cormercisl furfural in 1000 cec, of water was
added an excess of ammonia_water. Heat was evolved during the
Tirst part of the reaction. After sbanding for fifteen hours
the whole mass had crystallized. The crystals were filtered
out on & Buchner fummel and well washed with cold waﬁer and
dried. There was obtained e yield of 80 g. or $0% of hydrofur-
amide melting at 1172118°, The product was slightly yellow in
color but sufficiently pure for the work at hand,.
Furylnitrosthylene, (C HgOCH=CHNO;).~ This compound

was prepared after the directions of Bouveault and wahllv. The
reaction was carried out in a 1000 ce, 3-neck flask equipped
with a mereury seal stirrer, dropping funnel and protected from
moisture with a drying tube, Five-tenths mole of sodium
methylate was prepared by adding 11.5 g. (0.5 atom) of sodium
to 120 cc. of absolubte methyl alcochol. Torty-eight grams (0.5
mole} of furfural and 30.5 g. (0.0 mole) of niiromethane
dissolved in 200 cc. of absolute methyl alcohol were added drop-
wise over a pefiod of four hours to the sodium ethylate cooled
to -3°, Some difficulty was encauntered in hydrolyzing the

sedium salt to Turylnitroethylene. A part of the material wes

16 Hartley and Dobbie, J. Chem. Soc., 73, 598 (1898),
17 3Bouveault and ¥ahl, Compt. renG., 135, 42 (19028).
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removed and treated with 10% hydrochloric acid at 0° and de=
composition took place. EHowever when 19% HC1l was used under
the same conditions nc decomposition took place and furyl-
nitroethylene was obtained as a bright yellow solid. The com-
pound was erystallized from petroleum ether (b. p. 40°-60°)
and melts at 74°- 75°, After crystallization the yield was 41
g. or 60%. The yield was low beceuse considerable was lost in
orientation experiments with hydrochloric acid as described
above. Bouveault and Wahll7 did not report their yield or the
strength of the hydrochloric acid used in hydrolysis of the

sodium salt.

Reduction of Furfuraldoxime.- To 1l.1 g. (0.1 mole)
of furfuraldoxime dissolved in 50 ce. of 95% ethyl alcohol was
added 0.05 g. of platinum oxide éatalyst of Adams, Voorhees and
Shrinerla. The theoretiesl amount of hydrogen for the formation
of furfuryl amine was added in ten hours. hfter the solution
had been Tiltered to remove the catalyst it was distilled,

There was recovered 50% of the furfuraldoxime and oils that did
not have a definite boiling pcint, No trace of furfuryl amine
was found. A second run gave similar results.

Reduction of Furylnitroethyléne.- Thirteen and nine-~

tenths grams (0.1 mole) of furylnitroethylene were dissolved
in 75 cce. of 9% ethyl alcohol and to this solution was added
015 go 0of platinum oxide catalyst and a trace of ferric chlor-

ide. The sclution was shaken with hydrogen for two hours and
v 18 Adams, Voorhees and Shriner, 0rg. Syn., 8, ©2.
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at the end of this time the theoretical amount of hydrogen had
been added for the formation of furylethylamine. when the reac-
tion bottle was opened in order to filter out the catalyst a
~ strong odor of ammonia was noted, and the solution was black.
. The alcohol was distilled off and an attempt was made to distill
the black residue uﬁder 4 mm. pressure., A violent explosion
took place.

A second attempt wés_made using the quantities report-
ed above in a solution conmtaining 50 cc. of 954 alcohol and
50 cce of glaocial acetic acid. In this run 65% of the theoret-
ical amount of hydrogen was absorbed in ten minutes and then
no further reduction could dbe caused to take place after the
catalyst hed been reactivated, The solution was neutralized
with sodium carbonate and extracted with ether. After the
ether solution had been drled over anhydrous sodium sulfate it
was distilled. There was obtained a small amount of furyl-
nitroethylene and tar,

Attempted Reduction of Hydrofuramide with Nickel .-

The nickel catalyst was prepared by precipitating nickel as
the hydroxide from the nitrzte with sodium hydroxide. The

resulting nickel hydroxide was washed with water and heated
to give the oxide which was reduced in a pyrex tube at 300°

with a stream of hydrogen.

- To 26.8 g. (0.1 mole) of hydrofuramidelg suspend -

19 The hydrofuramide used was prepared by adding freshly
distilled furfural to an absoluite alcohol solution of dry
ammonia in excess. Hydrofuremide prepared in this
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ed in 75 cc. of absolute alcohol was added 5 g. of nickel
catalyst. The mixture was shaken with hydrogen under one at-
mosphere pressurs for forty—eight hou:s. Ho reduction tock
places 4 second run using 26.8 g. (0.l mole) of hydrofuramide
fw was treated with hydrogen in 150 cc, of absolute alcohol as be-
fore. Ho reduction took place. The third run was carried out
in 150 ec. of 95% alcohol under forty-five pounds pressure with
the quantities used in the second run and no hydrogen was ab-
sorbed.

neduction of Hydrofuramide with Platinum Oxide

Oatalyst.~- To a solubtion of 55 g. (0.205 mole) of hydrofur-
amide in 150 cc. of glacial acetic acid and 25 cc., of 95% ethyl
alcohol was added 0.3 g. of platinum oxide catalyst. The mix-
ture was shaken with hydrogen and (0.615 mole) of hydrogen was
added in four hours, after two reactivations. After the black
solution had been filtered to remove the catelyst it was
neutralized with dilute sodium carbonate and extracted with
ether. The ether solutiocn was washed with water, dried over
sodium sulfate and distilled. There was obtained 21 g. or 38.2%
of trifurfuryl amine boiling at 133-138°/1 mm. Trifurfuryl
amine 1s a yellow oil of slight odor and gquite stable,

The hydrochlorlide was prepared as described by Zanetti
end Beckmann6 and checked the melting point reported by them.
This is also true for the boiling point of the emine. Two

menner melts at 121° and is a beautiful white crystalline
compound with a yellow tinge.




A st o s Rt et e AR s

- 91 - |
grams of the amine were dissolved in 25 cec, of anhydrous ether
and precipltated with dry hydrogen chloride. The ether was
decanted from the white solid and it was then crystallize& from

g mixture of absolute ether and sbsolute ethyl alcohol., It is

é a white crystalline compound melting at 156=157° and quite

stable even in the atmesphere,

The picrate of trifurfuryl amine was prepared by
treating a dilute solution of the amine in ether with a concen-
trated solution of pleriec aeid‘in ether in excess. A heavy
vellow crystalline solid was precipitated which was recrystel-
lized from 95% ethyl alcohol. The picrate0 is stable and

. melts at 132°,

Two additional runs were made as described snd the
vields of trifurfurylamine obtained were 38.3% and 37 respec-
tively.

2nd, Run. The reaction deseribed in Rum No. 1 was
repeated in 200 cc., of 95% ethyl alcohol. No hydrogen was
added after ten hours. A second attempt gave the same result.

Sr&.vaun. Thirty grams (0.112 mole) of hydrofur-
amide was dissolved in 200 cc. of 95% ethyl alcohol with the
theoretical amount of hydrochloric acid to form the hydrochlor-
ide and shaken with hydrogen as before. No reduction took

pl&ce )

20 A description of this compound has not been reported in
the literature.
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4th. Run, Run No. 2 was repeated in ether with a
negative result,
S5the Run. Twenty-six and eight-tenths grams (0.1

mole) of hydrofuramide were dissolved in 100 ce. of acetic an-

_ hydride and shakern with 0,3 g. of platinum oxide catalyst and

hydrogen. The theoretical emount of hydrogen for the formation
of trifurfuryl amine was absorbed in three hours. iost of the
excess acetic arnhydride wes removed on a water-bath under 15 mm.
pressure. The resulting heavy tar was treated with sodium car-
bonate and worked up as described inAprevious experiments. 1Ijo
trace of any amine could be detected. A second run gave the
same result,

Reduction of Hydrofuramide ¥With Sedium.- PFifty

grams {0.186 mole) of hydrofuramide was added to 800 ce, of

95% ethyl alcohol in a 2000 ce. 3-neck flask equipped vwith a
mercury sesl stirrer and Hopkins condenser. Thirty-seven grams
(1.58 atoms) of sodium were added as rapidly as possible with
stirring. After the reaction was complete the reaction solu-
tlon was made slightly acid with dilute sulfuriec acid and the
alcohol removed under reduced pressure. Tae product was made
slightly alksline with scdium hydroxide and extracted with
ether, After the ether solution had been dried over anhydrous
sodium sulfate it was distilled. An intractable tar was the

result.
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Reaction Between Furfural and Ammonium Formate .-

Tne following reactions were carried out after the direetions
of ﬁallachls. Eighteen and eight-tenths grams {0.2 mole} of
freshly distilled furfursl were placed in a 250 cc. balloon
-flask with 40 g. (l.56 moles) of ammonium formate, The flask
vas eguipped with en air condenser and drying tube. The reac~
tion mixture was heated on an oil-bath at 11¢°, for five hours,
cooled and extracted with ether to remove eny free amine vub
none was present. After this operation the tar-like residue
was boiled with 10% alecholic potassium hydroxide and worked up.
Nc¢ amines were present. All of the furfural was decomposed.
The first experiment was repeated as described, using

40 cce. of glacial acetic acid as a solvent. Tar znd carbon

rere the products of the reaction. A third run was carried out
at 180° with negative results. All the runs described were check-

ed with similar results.

SURMARY
All attempts to prepare furfuryl amine and furyl ethyl
amine from furfuraldexime and furylnitroethylene failed.,
A number of unsuccessful attemnts were made to prepare
amines from furfural and ammonium formate.
Hydrofuramide was reduced with hydrogen snd platinum
oxide as a catalyst to trifurfuryl amine in yields of 38) in a

mixture of alcohol and scetic acid. The reduction could not be

effected in ether or 95% alcohol.
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PRFPARATION OF ETHYL 5-NITROFUROATE
AND SOME CF ITS DERIVATIVES

INTRODUCTI ON

Marquisl has prepared methyl S-nitrofurocate snd ethyl
o-nitrofurcate by nitrating the esters in acetic anhydride.

The free S-nitrofurolc acid is easily obtained by treating the
ester with hot 50% sulfuric acid.

Klinkhard® prepared S-nitrofuroic acid by wamming
dehydromucic ecid with a mixture of ten parts of sulfuric acid
and one of nitric,

Priebs5 nitrated furylnitroethylene with fuming nitric
acid to obtain S-nitrofurylnitroethylene which was oxidized
with chromic acid mixture to S-nitrofurocic acid.

Hill and Palmer4, and Hill and White5 have prepared
S-nitrofuroic acid by treating S-~sulfofuroic acid with fuming
nitric acid at 609,

Gilman and Wright6 have prepared S-nitrofuroic acid
by oxidizing S-nitrofurfural.

The nitrofuroie acids prepared by the six methods men-

tioned are idemtical aend the position of the nitro group is

1 Marquis, Compt. rend., 137, 520 (1903); Ann. chim. phys. (8)
4 196 (1905).
¢ 2 11nkhardt Je prakt. Chem., (2) 25, 41 (1882).

X3 erebs, ggg., 18, 1362 (1885 ).

4 Hill and Dalmer, Am. Chem. J., 10, 380 (1888).

v 5 Hill and Vhite, ivid., 27, 193 (1902),

-6 Gilmen and yright, g L bm. Chem. S0C., OS2, 2550 (1930).
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generally acecepted as 54, though not definitely proven as yet.
o=Nitrofuroyl chloride wes prepared in this study by
treating S-nitrofurovic acid with phosphorous pentachloride
after the directions of Marquisv. A series of attempts was
made to prepare the acid chloride by t:eating S-nitrofurcic acid
with thionyl chloride, without success.

Several attempts were made to prepare S-nitrofuroic
acid by nitrating furoic acid with fuming nitric acid in acetic
anhydridel. In every case violent decomposition reaetions took
place when the reaction mixture was poured onto ice.

Ethyl S5-nitrofuroate was reduced with aluminum amol-
gam after the directions of narquISY. Thg vields obtained were
below those reported by Marquis. However, Gilman and @righte
in this lsboratory have remedied the difficulty. Several attempts
were made to prepare ethyl S-aminofuroate by reducing the ester
in 955 alcohol with hydrogen and platinum oxide es a catalyst
without success. Gilman and Wright have repeated this work and
report similar results, but when absclute alcohol is used a

good yield of ethyl S-aminofuroate is obtained.

7 Marquis, Ann. chim. phys., (8) 4, 196 (1905).
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Avparatus. All nitration reactions were carried out
in a three-neck balloon flask of suitable size equipped with a
mercury seal stirrer, dropping funnel and thermometer. The
dropping funnel and thermometer were protected from moisture
with a drying tube filled with &nhydrous calcium chloride,
Ethyl Furoate, (G4HSOCOOCaH,).— The ethyl furoate

8 ,
used was prepared after the direectlons of Leimbach « Three

hundred thirty-six grams (3.0 moles) of commercial furoic acid
were dissolved in 1350 ce. of 95% ethyl alcohol in a three
liter flask fitted with a two hole rubber stopper, glass tube
and calecium chloride tube., Thevalcohol solution was saturated
with dry hydrogen chloride and treated intermittently at room
temperature over a period of two deys and distilled to remove
most of the alechol. After the residue hed been dissolved in
ether it was washed with dilute sodium bicerbonate followed by
water and dried over anhydrous sodium sulfate. The solution
was then heated on a weter-bath to remove the ether and distill-
ed with a free flame and the fraction boiling between 193°-196°
/740 mm, wes collected. The yield was 852 g. or 60%.

A second run using furoic acid crystallized from
carbon tetrachloride, and absolute alcohol was run as described

for the previous experiment. The yleld of ethyl furoate was

8 Leimbach, J. prakt. Chem., (2). 65, 20 {1902).
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340 g. or 81%. There is some decomposition in the two reac-
tions described as proven by the formation of carbone. Marquisv
reported an 82% yield of ethyl furocate from & run similar to
the second reported above.

Ethyl 5-Nitrofurocate, (N0,C,H,0C000:H;)es~ This com-

pound was prepared after the directions of Marquisg.‘ The
nitrating solution was prepared by adding 350 Se (SpeellBl)
{5445 moles) of fuming nitric)acid fo 560 g. (5.49 moles) of
acetic anhydride dropwise with stirring over & period of three
hours. The acetic anhydride was ccoled to =10° with a bath of
ice and salt. To the nitrating solution was added dropwise
with stirring 140 g. (1.0 mole) of ethyl furocate in 210 g.
(2.0 moles) of acetic anhydride over a period of two and one-
half hours, During the time of addition and for three hours
afterward the temperature of the reaction mixture was not
aellowed to rise above =5°, The reaction mixture was poured
onto cracked 1099 in a 4-] Erlenmeyer flask immersed in a mix-
ture of ice and salt, 4 milky white emlsion was formed which
settled out as a yellow oil over a period of six hours, After
the ice and water had been decanted the oil was treated with
pyridine until the mixture was no longer acid to litmus paper.
The dark colored crystalline solid that was formed was dissolv=-

ed in boiling alcohol, treated with Sorite and filtered through

T Lpoul 2.5 Kilos Of ice wWere used.
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a hotewater fumel. A beaubiful yellow orysialline compound
separated on cooling the solubion. Hthyl S-nitrofurocate
ineli;s- at 101° mithout decompesiticon. The yield was 110 8. op
60% of the theoreiical. lﬁarguisv reported a yleld of 851 from
50 ge {0857 mole} of ethyl furocate. . number of runs were

made with similar resmlis.

S~1dtrofurcie Acid, {0,0,H,0000% )« This compound
was prepared as gdeseribed by :awquis}?. Thivty-five grams

{04162 mole) of ethyl S-nitrofurocate were added in small pore
tions to 200 cee. of 5G) sulluric scid heated Ho 136%. The
ester dissolved rapidly iz the sulfuric acid and as soon ag the
solution was complete 400 cce Of cold weber wes added and the
vhole cooled in sn ice~bath. After the mixture was cold 1t was
oxtracted with other, and the ether wes ramoved on & water-bath.
The resuliing yellowish vhite solid was crystallized from boil-
ing water, snd the yield was practieslly quantitative., IV is

a stable compound melting at 165°.

p-itrofuroyl Chloride, (H0,0,1iz00C1)e~ This come

pound was prepvered alber the direcetions of zzamuis?. To 187 e
{Ced2o melé) of S-~nitrefuroie acid in g small balloon flask was
added 3048 go (0e1C mole) of phosphorous pentachloride. The
resotion mixbture was protected ivom the atmosphere with & cale~
cimn chloride tubes After the phosphorous pentachloride was
added the resction sterted &t onse snd hydrogen chiloride was

avolved, The reaction miztwre was heated on e weber-dath until
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the hydrogen chloride ceased to escape and the phosphorous
oxychloride was distilled off under reduced pressure. ifter
the phosphorous oxychloride had been removed the oily product
was crystallized from a mixture of petroleum other {b.p. £0°-
60°) and chloroform. The yield of the pure compound melting
et 38° was 5.7 g. or 30%10.

Reection Between S5~Nitrofuroic Acid and Thionyl

Chioride.~ Thirteen end one-tenth greams {0.11 mole ) of
thionyl chloride were added dropwise t0 15.7 g. {010 mole) of
S=nitrofuroiec acid suspended in 200 cc, of dry benzene., The
reaction mixture was heated tq boiling for four hours but no
hydrogen chloride was evolved.

A second run using the quantities given above was
carried out in ether in which S5-nitrofuroic scid is soluble.
The reasctlion mixture was refluxed for six hours without more
than a trace of hydrogen chloride being formed,

Reactbion Between Furoic scid and Nitric seld in

SRR .

scetic Anhydride.~ This reaction was carried out after the
directions of Marquis7 Tor ethyl S-nitrofuroate., The nltrat-
ing solution wasfprepared by adding 70 g. {(spe. &8 1.51) {1.09
moles) of fuming nitric acid to 112 g. {1.08 moles) of acetic
enhydride cooled to -5° over a period of two hours. Twenty-

four grems (0.2 mole) of furoic acid dissolved in 42 g.

10 The yield reported canvbe raised as the resction was carried
out but once. Marguis’ failed to report his yield,
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(0«40 mole) of amcetic anhydride were added over a period of
two hours to the nitration mixture. The reaction mixture was
kept below -5° and stirred for four hours after the addition
of the‘furoic acid. No color change took place during the re-
action, A small portion of the reaction mixture was removed
with a pipette and run onto ice and a violent reaction took
place with complete decomposition of the product. A second
run gave a similar result.

Bthyl b-aminofurcate, (NH,C Hs0C00C Hg)e~ The

reduction of ethyl S-nitrofurocate was carried out after the
directions of Marqu157 who reported a yield of 52%. The alumi-
num amslgam used was prepared after the directions of Wislicanusll.
Aluminum foil of the thickness of a thin sheet of paper was cut
into strips 0.5 cm, wide and 3.5 cm. long. These strips were
placed in an Erlenmeyer flask and treated with a dilute solution
of sodium hydroxide until a vigorous evolution of hydrogen took
place after which the hydroxide was quickly decanted and the
aluminum washed well with water, 95% ethyl alcohol and abso-
lute ether~2. 4 5% solution of mercuric chloride was added
after the ether was decented. If the operations are carried

out rapidly end thoroughly with a good grade of aluminum foil

a very active aluminum.amalgam can be prepared.

- 1L Vislicenus end Keufmenn, Ber., 28, 1383 (1895).

12 The ether employed was that atv commonly used in preparing the
Grignard reegent. It had not been dried with sodium.
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Fifteen grams (0.08lL mole) of ethyl S-nitrofurocate
were dissolved in a mixture of 250 cc. ether and 75 ce. 95%
ethyl alcchol. The solution was trested with 5 g. (0.18 atom)
of aluminum amalgam prepared as previously des;é'r-,ibed. A very
vigorous reaction took place upon adding the amalgam which was
controlled by using an ice-~bath, The evolution of hydrogen
diminished after a short time and the mixture was allowed to
stand for eleven hours. The formation of a large amount of a
red precipitate was noted. After the mixture was filtered the
ether and aleohol were removed on a water-bath and the result-
ing gummy residue was crystallized from a mixture of three
volumes of benzene and one of 95% ethyl alcohol,. There was
obtained 3.3 g. of ethyl S-aminofuroate melting at 95°, or
a yield of 21%. There was considerable material left which
did not crystallize, There was recovered 12.5% of ethyl-
S-nitrofuroate., Ten runs were made with similar results. The
Tred ‘precipitate was shown to contain aluminum and resisted all
attempts at hydrolysis, -

Cétaly‘bic Redﬁction of Ethyl S-Nitrofuroate.- The

catalytic reduction of ethyl S-nitrofurocate was carried out

as deseribed by Adems and Cohenls using the platinum oxide

catalyst of Adams, Voorhess and shrinert?,

13 Adems and Gohen, OTE. Syh.; 8, 66.
A4 Adams, Voorhees and sShriner, Org. Sym., 8, 92.
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Nine and two-tenths grams (0.05 mole) of ethyl
S-nitrofurcate were added to 150 cc. of 950 ethyl aleohol with
043157 g of platinum oxide catalyst. The mixture was sheken
with hydrogen at room temperature and the theoretical amount
© of hydrogen was absorbed for the formation of ethyl S-amino-
furocate in five minutes. After the theoretical amount of
hydrogen had been added the reduction was stopped and the
alcohol was removed on a water~bath. The resulting black vis-
cous tar was treated as previously described. No ethyl S-amino-
furoate could be obtained. Several additional runs gave similar
results, Gilman and ¥right in this laboratory have obtailned
similar results in 95% alcchol but have pbtained good yields of

the desired compound in absolute alcohol,

STMLLRY |

Ethyl S-nitrofurcate, S-nitrofuroic acid, S5-nitro=-
furoyl chloride have been prepared as previously described,
S-Nitrofuroic acld was shown to be inactive towards thionyl
chloride.

#thyl S-aminofuroate was obtained in yields of 21%
by reducing ethyl S-nitrofurcate with aluminum amslgan.
Several attempts tc prepare ethyl S-aminofurocate by the
catalytic reduection of ethyl bD~-nitrofurocate failed.

Two unsuccessful attempts were made to prepare 5=

nitrofuroic acid by nitrating furoic acid in acetic anhydride,
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THE ATTEMPTED FREPARATION OF A DI-NITROFURFURAL

INTRODUCTION
HISTORICAL., Gilman and ﬁrightl have prepared S5-nitro-

furfural diacetate by nitrating furfural diacetate® and furfural3
in scetic anhydride. Marqu184 has prepared ethyl and methyl
S=nitrofurocate by nitrating the esters in acetic anhydride.

S has nitreted furan in acetic anhydride and

‘Marquis
obtained 2-nitrofuran. In the preparations mentioned the teche
nique is the same in that the nitration reactions are carried
out in acetic enhydride, poured onto cracked ice and the ring
closed with pyridine.

Klinkherat® has prepared S-nitrofuroic acid by
warming dehydromucic acid with a mixture of ten parts of con-
centrated sulfuric acid and one of concentrated nitric acid.
The formation of some 2,5-dinitrofuran was reported.

H11l end Palmer , and Fill and white® have prepared
S9=nitrofuroic acid, 2-nitro-Se-sulfofuran and 2, O-dinltrofuran

by the action of fuming nitric acid on S-sulfofurocic sdcid,

Attention is called to the fact that the reactions reported

Glimen and Wright, J. Am. Chem, S0C., 52, 2550 (1950 -
Gilman and Wright, Iowa State College JeScle, 4, 35 (1929),-
Gilman and wright, “J;o _.!}__Ig.oChem. SOC., D2, 4165 (1930).
Marquis, . Chim. phys., (8) 4, 196 (1905); Compt. rend.,
137, 520 (1%03).
Marquis, Compt. rend., 132, 140 (1901), ibid., 134, 776
(1902); ibid., 135, 505 (1902); ibid., 157, 520 (1903).
Klinkhardt, J. prekt. chem. (2) ~25, 41 (1682).

Hill end Palmer, Am. Chem, J., 10, 380 (1l888).

Hill and white, ibid., 27, 193 (1902).

MO O e
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by Hill and coworkers did not sive substitution reactions with
the fursn ring other than on the 2,5~positions.

Priebs? has nrepared Senitrofuroic acid by oxidige
ing the nitration product of farylnitroethyleme with chromic
acld mixture,

IHEORYTIOAL. Cilman and i?e‘rightm have reviewed the
literature of the eddition of bromine to conjupsted systems,
especially, benzene, anthracene, phenanthrene, pyridine, furan,
thiophene anmd pyrrole, end heve proved the mreliminary sddition
of a méleenle of bromine to one of the conjugated systems of
ebhyl furylacrylete. One molecule of hydrogen bromide is then
removed and ethyl S~bromofuvrylseryliate is Tormed,

Gilman and 'f.;’ri.gght}‘ have isolated the intermediate
compound which is formed when furfursl or furfural diacetate
is nitrated in acetic anhydride. This compound conforms with
that ascribed by ?;iarquisé' to the 2-nitrofursn ring fission pro-

duets and can be illustrnted by the following formules:

EC - CH : HC — CH
N onH_0C - CHyg {0, ) " y H |
HC  C=~CC © —> O NC € = ¢ {0C0CH,), (Pyridine]
O\ (cHC0),0 1+ ) |
0C = CH, 0 OH
Q !
c=0
\
(a) o,
¥ —cq

N y B
150G b/c - ¢ {{00C0CH, ),




I this ezplenabion de true the nitrsiion of the
furan ring is oot 1,4-addibion bnb substitution. The Tollowe
inz equation fllostrabtes the pitretion of furfural discetabo
by l.4-nddition and sliminetion of waber:
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This explenciion is open o atbock for soyersl res-
sons, nomelys Yhel fo the entelyst that couses the acelic neid
to add to the other oxyren in the furen zing, ond oY  in i%
that ghen Senltrofurfusel discelabe Is twreabed wilh fuy
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nitric acid in acetic anhydride the intermediate compound noted
ebove is not formed. The explanation of the nitration of fur-
fural diacetate and ethyl furoate would be much simpler if the
intermediate nitration produet had been proven to have the
following formila for obvlous reasons:
H H H
NOgC =C=C=C=C - (0C ~ CHy)p
H
0=N=0
If the 1l,4-addition explanation is correct the fail-
ure to obtain a dinitrofurfural diacetate is nol surprising
but if the explanation proposed by Gilman and Wright™ and
Mﬁarquis4 is correct the formation of a dinitro body is a matter
of reaction conditions or ring stability. The matter of
steric hinderance is one of whieh little is kmown in connection
with furan chemistry., The reaction is complicated by the reac~
tion between acetic anhydride and nitric acid to form tetra~
nitromethane acetic acid and water. It is not impossible that
the addition of acetic acid takes place to the l,4~-addition

product between furfural diacetate and nitric acid represented
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BEPERIMENTAL PART

Apparatus. All resctions vhere necessary were earri-
ed out in a J~neck flask eqﬂm}e& with a dropping funnel, mer-
cury seal stirrer and thermometer.

Fuarfural Diecetate, (G,H,0CH{OCOCH,)a)e= This com-
pound was nrepared after the directions of CGilman mnd ‘fx‘righ’i:g.
The yields obtained from o large number of runs varied between
40% snd 765, There was no obvious reason why this wes s5o.
Lttention is called te the fset thet the flesk from shich the
erude furfurel {iacetate ls to be distilled should be free of
minerel aclds« The yleld can be improved by careful drying of
the orude product which can be done in the atuosphere on paper
or vwagte clotha Iﬁ filtering and washing the erude product

& plece of old laborstory towel cut to it & Tlehner funnel is
-far superior to paper or gless wool as g Pilter bass,

. The use of sodium carbonate is nob necessary. It
was found convenient bto pour 100 g. o 200 g, portions of the
Iiguid into cold water and siir v‘igaro:isly. The water was
decanted through the filter snd the process repeated nnbil
the furfural dlacetate had solidified, After sheking the
material vigorously with several guantities of water pour the
s01id furfural discetate onto the cloth filter. 7he crude
Turfurel discetate itself should not be pounred omte the filser
until it hes solidificd,.
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Tetrenitromsthane, (C(HO,)s)e~ This compound was

.prepared after the direciions of chai;mwayu. Thirby-one
grams {0.5 mole) of absolute nitric acidl® gere pleced in s
200 cca. Erienmeyer flask Titted with & one hole rubber stopper,
burette, and the burette was probected from moisture with @
caleium chlovide tubso. Fifiy-one grems (0.5 mele) of acetie
anhydride were added in 2 go. portions to the nitric scid.
The temperature of the reschiion mixture vas not sllowed 0
rise above 20-25°, when all the ascetic snhydride had been
added@ the burette was removed and the flesk was covered with
ar inverted beaker Tor seven days, poured into 20C cc. of
cold water and steam distilled fo remove the tefiramitros
methane, The tetranitromethone was washed with water and dried
over snhydrous cveleium chlorids. There was obteined 19 proms
of pure tetranitromethane or a yield of approximately 80%.
Bemitrofurfural Diacetate, (HOC E 0-~CH{0C0CHs) ) e~

This compound was preparsd after the directions of Gilman snd
'f;rightl. The nitrating miyture was prepered by adding drop-
wise 87.4 ge {1.08 mole) of funming nitric scid (Sp.gT.l.H1)

0 986 gs (2.8 moles) of aceiic anhydride chilled to ¢°,

£ solutlon of 99.0 g. {050 mole) of furfural dlacetate in
102, ge (1,0 mols) of acetic enhydride vwas added slowly to the

11 Chattaway, J. Chems Soc., 97, 2089 {1910).

12 “The nitric meid was vrepared by treating nitric acid (sp.
’*l% ?ﬂnwith concentrated sulfuric accid {SD.&1.84) end
ais’ 3'- LiNZe
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nitrating mixture which was not allowed to rise above =5°,
The time required for the addition was about thirty minutes,
after which the mixbture was stirred Por three hours and poured
onto one kilo of eracked ice. A 40% sodium hydroxide solu-
tion was added With_vigqrous stirring until the precipliation
of the oil was complete, The water layer was decsnied and a
volune of pyridine equal to that of the oll was added with
crushed lce, The yield of S-nitrofurfural diacetate melting
at 92° from hot alcohol, was 49 g. or 40%.

The ring fission compound was obtained as described
by Gilman end wrights It melts at 106%- 107°,

Attempted Nitration of the Furan Ring With Tetra-

nitromethane.~ The following reactions were carried out after

the directions of Schmidt and Fischerls..

Four and eight-tenths grams (0.05 mole) of furfural
and 395 g. {0.050 mole) of dry pyridine were dissolved in
10 cc. of absolute alcohol. To this solution chilled to 0°
was added 9.9 g (0,055 mole) of tetranitromethane %ith stirring
in 10 cc. of absolute alcohol over a period of thirty minutes.
The reaction mixture was stirred for eight hours at 0° and for
twelve at 25°, At the end of the time mentioned the reaction
mixture was poured into cold water and extracted with ether,

After the ether solution had been dried it was distilled and

yiéided.é'sméii quantity of water soluble oils. A second run
v13 Schmidt and Iisbher, Ber., 53, 1537 (1920).
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gave similar results. &

Six and nine-tenths grams (0.05 mole) of furylacry-
lic acid and 3.95 g. (0.05 mole) of pyridine were dissolved
in 20 cc. of dry écetone. To this solution chilled to 0°
was added 9.9 g. (0.055 mole) of tetranitromethane in 10 cc,
of acetone with stirring over a period of three hours. ALfter
the tetranitromethane had been added the reaction mixture was
stirred at 0° for eight hours and at 25° for tem. It was then
poured into water and extracted with ether., The ether solution
was treated as above and yielded a small amount of unchanged
furylaerylic acid and water soluble oils., A second run gave
similar results.

Furfural diacetate was treated as described for
furylacrylic acid, Most of the dlacetate was recovered un-

changed,

ﬁitrétion 6f2§urfuféibniécétéfé,- This reaction was
carried out after the directions of Gilman and Wright% except
that the amount of nitric acid was doubled and the temperature
of the reaction mixture was allowed to rise to 17°%.

The nitration mixture was prepared by adding drop-
wise with stirring 35 g. (0545 mole) of fuming nitric acid
(spegr.l.51) to 28 g. (0.274 mole) of acetic anhydride coolsd
to =5°, To the nitreting mixture was added 9.9 g. (0.05 mole)
of furfural diascetate dissolved in 11 g. (0.108 mole) of

acetic anhydride, over a period of fifteen minutes. The tempez-
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ature of the reaction mixture was allowed to rise to 5° at the
end of two hours and kept at 17° for two hours, After the
resulting red solution had been poured onto crushed ice i%
was worked up as desceribed for the preparation of S5-nitrofur-
fural diacetate, The product was erystallized from alcohol
and proved to be S-nitrofurfural diacetate by means of a mixed
melting point determination. The yleld was 26%.

Furfural diacetate was nitrated in acetic acid after
the general directions of Qrtonl4. To 949 8.(0.05 mole) of
furfural_diacetate in 34 g. of glacial aceti¢ acid was added
10 g {0155 mole) of fuming nitrie acid (sp. gr. 1.51) in
10 g. of glaclal acetic acid. The temperature at the start of
the reaction was 25° and rose to 35° when half of the nitric
acid had been added and was then cooled to 26°, After the rest
of the nitric acid had been added the temperature rose to 45°
end the solution was stirred at that temperature for three hours
and poured onbto crushed ice., The product was worked up as
previously described. There was obtained a small amount of a
sweet smelling walter soluble yellow oil.

Severad attempts were made to nitrate furfural di-
acetate after the directions of Menkel5. A solution of 9.9 g.
{0.05 mole) of furfural diacetate in 10 g. of acetic anhydride
was added to a mixture of finely powdered (Cu(NO;)..3H 0) in

14 Orton, J., Chem, goc., 8L, 806 (1962),
15 Menke, Rec, trav. chim., 44, 141 (1925), .
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285 g. of acetlc anhydride at 0°, After a short time a reac-
tion started that soon became so vigorous as to remove most of
the reactants from the flask.

The reaction was repeated as described with use of a
moxre efficient cooling-bath. After standing at -2° for several
hours the reactlon mixture was removed and warmed to 25° and
finally to 80° on & steam-bath. The residue was poured into
cold water end extracted with ether which after evaporation
vielded furfural diacetate and a small quantity of a yellow oil
soluble in water.

One attempt was made to nitrate furfural diacetate in
anhydrous nitrobenzene. To 9.9 g. {0.05 mole) of furfural
diacetate 1n 20 cc. of nitrobenzene was added drOpwise with
stirring 6.5 g (0.10 mole) of fuming nitric acid {sp. gr. 1.51)
in 5 ce, of nitrobenzene., The reaetion was started at 25° end
then cooled to 0° for eight hours. After the reaction mixture
Bad been poured onto cracked ice it was neutralized with
pyridine and steam distilled to remove the nitrobenzene, The
water residue was extracted with ether and the ether was re-
moved on & water-bath. As the residue was & liguid it was
distilled %o give some low boiling oils and furfural.

One run using the quantities given above was carried
out in carbon tetrachloride at room itemperature. The reaction
product was poured onto cracked lce and treated with pyridine

until neutral, after which the residue was extracted with ether,
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dried and distilied. The products were low bolling oils,
furfural and furfural diacetate. A second run was carried out
at =5° and worked up as deseribed with similar results.

An ettempt was made to nitrate furfural diascetate in

f_ carbon tetrachloride in the presence of phosphorous pent-

oxide, Nine and nine-tenths grams (0.05 mole) of.furfural
dlacetate were added to 25 cces Of anhydrous carbon tetrachlor-
ide which contained 7.1 g, (0.05 mole) of phosphorous pent-
oxide, To this mixture chilled to -5° was added with stirring
6e5 o {0.10 mole) of fuming nitric acid (sp. gr. 1.51). After
five hours the oily black reasction mixture was poured onto
cracked ice, and neutralized with dilute sodium hydroxide (10%).
A small quantity of pyridine was then added and the blsck mix-
ture was extracted with ether, The ether extract yielded tar.

Attempted Hitraﬁiéﬁ of 5—N1frofurfﬁréi-Diéééﬁate.-
The following experiment was carried out after the direetions
of Gilman and Wrightl for the preparation of 5-nitrofurfural
diacetate, and is a rather significant experiment. _

The nitration mixture was prepared by adding 17.5 g.

(0.27 mole) of fuming nitric acid (sp.gr.l.51) to 28 g.

©(0.27 mole) of acetic anhydride cooled to =5°, To the nitrate-

ing mixture was added dropwise with stirring a solution of 1l
ge (0.045 mole) of S-nitrofurfural diacetate in 28 g, (0.27
mole) of acetic anhydride over a period of thirty minutes.

Approximately half of the reaction mixture was poured onto
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crushed ice three hours after the addition of the last of the
S-nitrofurfural diacetate, A white erystalline solid separat-
ed at once which was proven to be S-nitrofurfural diacetate
by means of a mixed melting point determination. The rest of
the reactlion mixture was allowed to stand for an additional
fifteen hours in an ice-box and worked up as described for the
first half. The recovery of S-nitrofurfural diacetate was
practically quantitatives

S=Niltrofurfural dliacetate was nitrated in carbon
tetrachloride with negative results. To 1.0 g. (0.004 mole)
of S-nitrofurfural diacetate in 5 cc. of anhydrous carbon
tetrachloride was added 0.3 g» (0.0046 mole) of fuming nitric
acid {sp. 8¢« 1.51) In 5 ce, of carbon tetrachloride in a 20
cCe pyrex tube, The tube wes sealed and the mixbture was
shaken for twelve hours. Considerable gas was formed which
escaped with force when the tube was opened., The contents
were poured onto crushed lce and the acid was neutralized with
10% sodium hydroxide after which a few drops of pyridine were
added. After the solution had been extracted with ether the
ether extract was dried and worked up. There was obtained a
smell amount of decomposition produets and S-nitrofurfural
diacetate, which was identified by & mixed melting point
determination,

The experiment just deseribed was repeated with simi-

lar results,
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Hitration of S-Nitrofurfural Diacetate With a Mix-

ture of Concentrated Nitric and sSulfuric Acids in Various

gsolvents.~ To 1 gs {(0.0041 mole) of S-nitrofurfural diacetate
in 5 ce, of anhydrous carbon tetrachloride was added a mixture
0f 0% 2+ {0.0046 mole) of fuming nitriec acid (sp.gr.l.5l) and
0.6 g. {0.,0058 mole) of concentrated sulfuric acid (sp.gr.l.84),
The resultiﬁg mixture was sesled in & 20 cc. pyrex text tube
and shaken for twenty-one hours at 25° and at the end of this
time some white crystalline substance had separated out.

The tubc was opened and the substance was placed on & porous
plate., It decomposed slowly in the air. A meliting point was -
taken and the substance started to soften at 156° and melted
with decomposition at 170°-174°, The substance was soluble in
water, When treated with pyridine it changed to an oil which
could not be erystallized. A part was put onto crushed ice,
treated wiﬁh pyridine and an uncrystellizeble oil was the
result. A second run gave similer results.

One attempt was made to nitrate S-nitrofurfural di-
acetate in acetic anhvdride with a mixture of concentrated nitrie
and sulfuric acids. To 5.4 g. {0.0223 mole) of S-nitrofurfural
diacetate in 40 g. (0.392 mole) of scetic anhydride at 25° was
added with stirring 4.9 g. (0.048 mole) of concentrated sulfuric
acid {sp.gr.l.84). The temperature of the reaction mixture rose
t0 54° and was then cooled to 0° with a mixture of ice and salt.
Three and four-tenths grams (0.054 mole) of fuming nitric

acid ( sps gr. 1.51 ) was then
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added to the reaction mixture. The evolution of fumes of
nitrogen dioxide took place followed by a violent reaction
which removed most of the reaction mixture from the flask.
After the residue had been treated with crushed ice it was neu-
tralized with dilube sodium hydroxide and treated with pyri-
dine. The products of the reaction were tar and a small amount
of S~nitrofurfural diacetate which was identified by a mixed
melting point determination.

The reaction just déseribed was repeated with the
same quantities of materials as follows. After the sulfuric
acid had been added to the S-nitrofurfural diacetate coqled to
-100 the nitriec acid was rTun in at the same temperature. Ko
decolorization of the reaction mixture took place, but an exo-
thermic reaction took place as was shown by a rise in the
temperature of the reactilon mixture to 0. ifter the reaction
mixture was stirred for eight hours at -5°-0° it was poured
onto erushed ice and the white solid which separated was
filtered out on a Buchmer funnmel. This solid was proven to
ber5-nitrofurrural diacetate by means of a mixed melting point
determination. After the S-pitrofurfural dlacetate had been
removed the ice-cold residue was neutralized with 10% sodium
hydroxide and treated with pyridine and extracted with ether.
No further material could be isolated.

An attempt was made to nitrate 5-nitrofurfural

diascetate after the directions of Menkels. One gram (0.004
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mole} of S-nitrofurfural diecetate was treated with 1.5 g.
(C.006 mole) of (Cu(NO,),.3H,0) in 5 g. of acetic anhydride at
50° for seventy-two hours. Practicelly qaanﬁitative recovery
of the S-nitrefurfural diacetate was effected.

Phen SB-nitrofurfural diacetate wes heated with
fuming nitric acidvin nitrobenzene in a sealed tube at 80°
the'tube exploded with violence. Twelve andéd two-~tenths grams
(0.05 mole) of S-nitrofurfural dlacetate was treated in a
sealed tube with 20 cc. of nitrobenzene and 6.4 g. (C.10
mole) of fuming nitric scid (sp. gr., 1l.51). The tube was
heated in a furnace to 80° at which temperature & violent
explosion took place.

Resction Between 5-Nitrofurfursl Diacetate and Fum-

inz Mitric Acid, and s Hixture of Nitric and Sulfuric Acids.-

TFour grams (0.009 mole) of S-nitrofuraldiacetate was treated
with 6.4 £« (0ol mole) of fuming nitric acid (sp. gr. 1.51)
at room tempersture for two hours. The reaction mixture was
poured onto crushed ice, neutralized with 10% sodium hydroxide
and pyridine. No S-nitrofuefural diacetate could be recovered.
Small guantities of water soluble oils were extracted from
the water residue.

Four grams (0.009 mole) of S-nitrofurfural diacetate
was treated with a mixture of 3.5 g._(0.054 mole) of fuming
nitriec acid (sp. gre. 1L.51) and 5.5 g. (0.054 mole) of concen-

trated sulfuric acid (sp. gr. 1.84), The mixed acids were




= 118 =~
addeC to the diacetate in cn Irlemmeyer flask immersed in a
bath of ice and selt. It was noted that the S-nitrofurfural
diacetate.disselvea without apparent decomposition in the
mixed zcids. The reactlon mixture wes then placed in a water-
bath and its temperature raised to 70° over z period of one
hour. Lt the end of this time the reaction mizture was poured
onto crushed ice and worked up as previously desgribed. There
was obtained a smszll quantity of Senitrofurfural.

A third reszction using the quentities given above
was quickly heated to 160° and poured onto crushed ice to
guiet the violent reaction that was teking place. The com~
pound was completely destroyed.

4 fourth run was carried out and heated to 105°.
There was obtained & small quantity of a white erysﬁalline
solid melting at 120°, This gompound was water soluble and
did not contein nitrogen.

One attempt was made %o nitrate the ring fission
product with nitriec acid (sp. gor. 1.2) but the compound de-
composed.

SUMNARY

L series of attempts have been reported in an

endeavor to prepare & dinitro derivetive of furfursl. XNo

evidence was found of the formation of the desired compound.
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