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INTRODUCTIOR

Furfural was first prepared exactly one hundred years
ago, In 1830 Dobereiner (1), while preparing formic acid by
the action of sulfuric acid and manganess dioxide on sugsr,
noticed that s yellow oll separated from his distillate, This
0ll, on acoocunt of its odor and method of preparation, was
given the nsme of "artificial oil of ants”, Later Stenhouse
{2), by treating oatmaal.nnd sawdust with sulfuric acid, was
the first to prepare an apprecisble quantity of this oil, BHe
determined the physical properties and composition of the oil
and gave to 1t the formulas CgHu0g., Fownes (3), five yeers
later, secured en oil by the distilletion of bran with sul-
fuaric acid, He found this to be identiecal with the oi1l of
Stenhouse and, on sccount of its method of preparation, sug-
gested the name furfurol (furfur-bran, oleum-oil), Ultimate-
1y when the aldehyde character of the substance had been
demonstrated, it received the name of furfural,

Cahours (4) also obtained furfural by the distillation of
wheat with sulfuric aclid while Stenhouse (5) prepared oils
from various vegetable sources and found them all to be sim-

ilar, However, Stenhouse (5) secursd from seaweeds an oil

{1) Dobereiner, Ann,, 3:141 (1832),
{2) Stenhouse, Ann,, $5:301 (1840).
(Sg Fownes, Ann., 54:52 (1845),

-(4) Cahours, Ann,, £9:82 (1849),
(6) Stenhouse, Ann,, 74:279 (1850).
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which he assumed to be an isomer of furfural and to which he
gave the name fucusol, Later Maguenne {6) and Tollens (7)
found fucusol to be & mixture of furfural and methyl furfural,
After the preparstion of furfural from various substances such
as cane suger (8), wood (9), glucose (10) and numercus other
substances, 1t was found that, 1n goneral, pentoses snd pen-

tosans were the substances ordinarily producing furfural,

structure.

IAmpricht {(11) after a study of the action of the halo-
gens on furfursl, proposed the formula

B-I-wzﬁﬂ
However, Pawlinoff {(12) established the absence of an hydroxyl

group in furfural by the use of ginc ethyl reactions, Baeyer

(13) proposed the following three structuresfor furan, giving
preference to I,

HG==CH HG— HG~
HG— HG  g-H S
I. II.

(6) Maguemne, Ber,, 22:751 (1889),

A7) Tollens, Ber. : 3062 (1889),
(8) Volckel, Anm,, 85:59 (1853),
(9) Helll, Ber., 10:936 (1870),

(10) rischer;"xhn gzg 64 (1895),
(11) LAmpricth'Ber., 1211 (1869),
(12) pawlinorf, Ber,, 17:967 (l884),
(13) Baeyer, Ber., 10:(1)358 (1877).
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Muoh evidence has sccumulated in favor of formmla IX, MNarke

wald (14) prepared furylacrylic acid from furfural, by meens

of the Perkin condensation snd from this prepared a keto acid
having the structure nooccngcaggcazangceea (15), Assuming

formale II is correct, the action may be expressed as follows:

HeCCH _
, CHxCOOH — xoga ’§Bﬁu COOH
ITo = TThu, — = Foe

. | '
Tollens (16) and Macuenne (17) determined the structure of

methyl furfural by its synthesis from isecdulcide by dehydra-~
tion, thus

'H H
BOI I;?ﬁ ,
X _
o, C-0 HO P gn
{Isocduleide) (ﬁbthyl furfural)

The finsl proof of structure is due to Harries {(18) who
synthesized furan directly from succinic dlaldehyde and water.

T .
h e TS T
Hp- 1’83 BC £H

Bp-C—Cog
OB
(Sugcinie) {Furan)

(15) Markwald, Ber,, 21:398 (1888),
{16) Tollens, Ber., 1143 (1900),

(14) Markwald, Ber., g:z&n {1887).
(17) Maquenne, Ann, Chim, FPhys., (6), 22:76 (1851).
{18) Herries, Ber,, 3331388 %1901-.
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The formmla for furfural, which 1s now accepted universally is,

B --‘-33

However, 1t wlll probably be found that thls structure does
not explain the exact reactions of furfural and its deriva-
tives any more sccurately than the Kekuléd formmla does for
benzens.

A very popular method of showing the structural rela-

ticnship of furan to other c¢ycliec compounds is as follows:
‘ <

Tt L I
nﬁ H " (1
(Benzene) {Thiophen) {Pyrrol) {Puran)

This, however, should not be'taken too literally as a marked
difference in activity end stability of these compounds and
thelr derivatives is evident,

lesding literature references to work in furen dhémistry
may be found in the various texts on organic chemistry; Meyer
Jacobson, "Lehrbuch der Organischen Chemlie"; and Beilstein,
"Handbuch der Organischen Chemis”, A cemplete bibliography
of furan chemistry up to 1889 is given by Adolf Bender, "Deas
Furfursn und sein Derivate”, while e bulletin, "Furfural and
its Derivatives”, published by the Miner Laboratories, Chicagpo,
Illinois gives & bibllography up to 19256, For later work, one
should consult the abstracts of tﬁe Americen and British Chem-



46al Soccleties,

Sourges.

Agricultursl waste products are the sources of furfural
in this country., Any pentose or pentosan containing material
mey be used for the commerclal msmufascture of furfural,

Among these waste meterials are corn stalks, corncobs, oat
hulls, peanut hnlla; cottonseed hulls, beet pulp, sugar cane
pulp, rice bran, rice chaff, and wheat, oat, rye end flax
strew, At the present time the commercial mamufacture of
furfursl has been confined to the use of corncobs and oat
hulls, which give a reletively high yleld of furfural, Prac-
tically all of the furfural manufactured in this country, at
present, 1s produced from oat hulls, This does not mean that
other materlals are not sultable for furfural production but
can be explained by the fact that the Quaker Oats compahy has
gontrol of the patents and the supply of oat hulls is more
than sufficient to meet the present demand for furfural, Oat
halls are slso supplied at all times of the year snd storage
is unnecessary.

It is interesting to follow the development of furfural
mamifacture, In 1920 furfursl was quoted at thirty dollars a
pound and it is doubtful if 50 pounds of it were used in this
ecountry during that year (19), In 1924 furfural wes guoted
at twenty-five cents a pound and Meins and LeForge (19) pub-

(19) Mains and LaForge, J, Ind, Eng, Chem,, 16:356 (1924).
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lished specifications for plant which could mamfacture fur-
fural from corn cobks at & total cost of 6,15 cents per pound,
At the present time, furfural 1s quoted at ten cents per pound,
which makes it the cheapest of sldehydes and therefore desir-
able for many purposes,

The possible supply of furfural in this country is prac-
tisally unlimited, the amount being manufesetured st the
present time depending only on the demand for that meterial,
In the year 1929, 1,500,000 (20) pounds of furfural were pro-
duced in this country, To menufacture this quantity of fur-
fural required only a part.of-ths supply of oat hulls, The
anmaal oat hull supply in thia country is about 220,000 tons
(21) snd the yleld of furfural from oat hulls is 20%, This
would mean a pessible production of 88,000,000 pounds of fur-
fural eaeh'year from the oat hull supply alone, The yearly
yield of corn in thils country is about 2,622,189,000 bushels
(22) and figuring 14 pounds of cobs to the bushel, the yearly
yield of corn cobs is about 5,645,556 tons, Figuring a yleld
of 10% furfurel (23) from corn cobs, the anmmsl production
from that source alone would be 1,016,200,080 pounds of fur-
fural, The total annual production from corn cobs and oat
hulls alone would be 1,104,200,080 pounds while the demand in
1929 was only 1,500,000 pounds, At ten cents per pound the

ieo} Unofficial. :
21) Ri?er, ?rickey and Brownlee, Chem, and Met, Eng,, 27:209
1922

(22) U.3, Department of Agriculture, Year book, 1930, p,626.
(23) LaForge, J, Ind, Eng, Chem,, 15:499 (1923).




value of the possible annual yleld from corn cobbs and osat
hulls alene would amount to$11,042,000 from farm waste pro-
ducts, We also have an annual acreage of 81,141,000 in comm
whieh, st an average of 1,5 tons per aere, will produce
147,027,000 tons of corn stalks {22), 1In addition to the=se,
we have large guantities of other farm waste products,

Since the production of furfural from agricultural waste
products is dependent upon the demand for that compound, the
problem is to f£ind uses for furfural, At the present time,
furfural is being used as & substitute for the more expensive
formaldshyde 4in resins of the bekelite type, in insecticides,
fungicidesz and as an embalming fluid, It 1s used in the pro-
duction of varnish resins and as a solvent for varnish resins
and cellulose éaters (19), Other uses for furfural are being
continually developed,

This 13 a part of the work being done on utilization of
agricultural wastes at Iowa State College, In this work the
problem of utilization of furfural 1s being attacked from the
chemieal point of view, Numerous new compounds have been
prepared from furfural, These compounds are to be used as
insecticides, funglicides, antliseptics, entipyretics, dyes,
sweetening agents, snd for the synthesis of more valuable and

more useful compounds,



5-BROMOFURYLACETENYLMAGNESIUM BROMIDE

HC—CH
B }-Cz0-NgBr
Introduction.

There 1s a wide demsnd for Grignard reagents containing
tha furyl grouping in the synthesis of mumerous compounds,
¥oureu, Dufraisse and Johnaon (1) were sucecessful in the
preparation of furylacetenylmagnesium bromide by the action
of furylacetylene on ethylmagnesium bromide, ¥This Grignard
reagent was treated with carbon dioxide to produce furylpro-
piolic acid, The furylacetylene was sscured in very poor
yields by bromination of furylethylene and treatment of the
resulting fnrylbromoethylenn with potasshm hydroxide, The
furylethylene was secured simmltaneously with the preparation
of furylacrylie acid,

There 1s a possibility that better results may be obtain-
ed by use of b-bromofurylacetylene, which was first prepared
by Gilbson aﬁd Kehnweller (2). The method used by Gibson and
Kahnweliler (2) consisted of brominating furylacrylic sacid and
treating the resulting S-bromofuryldibromopropionic acid with
water to produce S-bromofurylbromoethylene, The S-bromofuryl-
bromoethylene was then treated with alcoholic potassium hy-
droxide to produce impure B-bromofurylacetylene, ¥No ylelds
are given, but they may safely be assumed as being poor, and

“{1) Moureu, Dufraisse and Johnson, Ann, Chim,, (10)7:1 (1927).
—(2) Gibson and Kahnweiler, Am, Chem, J,, 3o:514 (1890),
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the compound was never secured in a pure condition, However,
the copper salt was prepared and analyzed, The following re-
actions serve to illustrate this method of Gibson and Kehn-

_Be0-3-0n (2B%2) mI:/I-c--c _on

Br Br

26—cH
aj\ I _(Bg0) s
-c--g-— -
% THBr-cop) groBr
H
_ fi-Cecr {A18.K0B) W

In the preperation of S~bromofurylacetylene we have used
the method of Gilman and Wright (3), which consists of bro-

weller (2).

H "

minating furylacryloyl chloride to produce a substance, com-
pound (I), which evolves hydrogen bromide to produce S~-bromo-
furylbromoaeryloyl chloride, This intermedlate product,
compound (I), 1s formed by addition of one moleculs of bromine
to the ethylenic linkage and the addition of one molecule of
bromine to the ring, There 1s evidence (3) that l-4 addition
takes plsee in the ring, although other forms of addition are

possible, The bS-bromofurylbromoacryloyl chloride, compound

— {(3) @ilman and Wright, J, Am, Chem, Soec,,53:33% (1930),
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{I1}), is treated with dilute equecus sodium hydroxide to pro-
duce S5-bromofurylproplolic acid, compound (III), which in tum
is converted by steam distilliation to S-bromofurylacetylene,
eompound (1V),

The following reastions serve to 1llustrate this method
for the preparation of S-bromofurylscetylens,

HEH
HQ CO-CsC-(-C1 a**C*— -Gl
Br Br

{Gonpannd I)
(-2EBr) g 2 Br {¥eoH) g
-~3B G=-CEC-C-0H
{Compound II) {Compound III)
-CECH
{Compound 1IV)

During the decarboxylation of S«bromofurylpropiolic acid
{(compound III), small smounts of S~bromofurylbromoscrylic
acid, S-bromofurylecrylic acid, and S5~bromofurylmethyl ketone

are alsc formed,

Farylacryloyl Chloride, (CgHgOCH=CECOC1l, Thls compound
was prepared by the method described by Gilmsn and Hewlett (4),

- {4) Gilman and Hewlett, lowa State College Journal of Science,
4:31 (1930),
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A solution of 178,5 g. (1,5 moles) of thionyl chloride in
BOO c¢, of dry benzene was added to 138 g, (1 mole) of furyl-
scrylic acid, contained in a round-bottom flask, The mixture
was refluxed for three hours, the benzene distilled from a
water-bath and the residue distilled under reduced pressure
(water-pump), The yield of furylaecryloyl chloride boiling

at 145° at 30 mm, pressure was 141 g, or 90%,

5-Bromofurylbromoseryloyl Chloride (3), BrC BgO0CH=CBrC0OCi,
In the preparation of this compound, there 1s an absolute

_necessity for using pure furylacryloyl chloride. The furyl-
aeryloyl chloride was redistilled, the first and last 10-15%
being rejected, Two hundred thirty-two grams (1.5 moles) of
pure furylacryloyl chloride was dilssolved in 920 ¢c, of dry
earbon disulphide and a solution of 480 g, (6 atoms) of bro-
mine in 280 e¢c, of carbon disulphlde added slowly, Abgut one-
hslf hour was required for the additior of the bromine, The
solution was then refluxed for three hours and the carbon di-
sulphide removed with aid of a water-pump. The thick oily
residue was then hested under about 30mm, pressure at 100° for
four hours, at the end of which time evolution of hydrogen
bromide hed practically ceased, The residue was then distil-
led under reduced pressure to yield 450 g, or 96% of crude
S-bromofurylbromoacryloyl chlorids boiling at 190°-195° at

24 mm, pressure snd melting at 69°-70°, The pure material
boils at 182°-183° at 21 mm, pressure and melts at 72°, 1In

8 subsequent run using 78,25 g, (0,5 mole) of furylaeryleyl



chloride in 307 ¢c. of carbon disulphide and 160 g, (2 atoms)
of bromine in 93 cc, of carbon disulphide, the yleld of 5-bro-
mofurylbromoacryloyl chloride boiling at 181°. 185° at 21 mm,
pressure and melting at 69°- 70° was 145 g, or 92%,

5-Bromefurylpropiolic Acid (3), BrCgHp0C3C-CO0H, Four

hundred fifty grams (1,44 moles) of crude S-bromofurylbromo-
acryloyl chloride was melted and poured into a solution of
9000 cc, of water containing 180 g, (4.5 moles) of sodium
hydroxide, This solution was then heated to 70°-80° and the
mixture stirred at that temperature for four hours, KNorite
was then added and the mixture flltered with suetion and al-
lowed to cool, The solution was chilled with ice and care-
fully acidified with hydrochloric acid, The S-bromofuryl-
proplolic acid was filtered and dried to yield 215 g. or 69,5%
melting at 127°, This acid may be purified by crystalliza-
tion from a mixture of alcohol and water, but the ioss is
great, Thirty grams of the e¢rude acid was plsced in 50 cc,
of alcohol and warmed to 70°, Water at 70° was added until
the mixturs just becsme turbid and was then flltered and al~-
lowed to cool, As the solutlon cooled, an oil with the odor
of 5-bromofurylacetylene separated out, Just as the first
orystals were formed, the solution was decanted from the oil
and then cooled to yleld 10 g. or 50% of pure 5-bromofuryl-
propiclic acid melting at 142° (3). 1In a second run using
157.25 g. (0.5 mole) of 5-bromofurylbromoseryloyl chloride
and 3000 cc, of water centaininglsc g. (1.5 mole) of sodium
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hydroxide, the ylsld of S~bromofurylproplolic secid melting at
127° was 60,5 g, or 69%,

S-Bromofurylacetylene (3), BrC4Ho0C2CE, One hundred
fifty grams (0,7 mole) of crude S5-bromofurylpropiolic acid

was suspended in 1000 cec, of water and subjected to steam dis-
tillation, The steam distillation was continued until a clesar
distillate was secured, This distillate was then c¢oocled and
extracted with ether, The ether solution was dried over sod-
jun carbonate and the ether removed by distillation from a
water-bath, The residue was then distilled under reduced
pressure to yield 35 g, or 29,4% of S-bromofurylacetylene
bolling at 63%- 64° at 24 mm, pressure, Care should be taken
not to distill over any higher boiling material, The resldue
in the distillation flask solidified wupon cooling, This solid
was crystallized from aleochol to yield 4 g. of material which
was identified as S~bromofurylmethyl ketone, This materisl
melted at 94° and a mixed melting point with the S~bromo-
furylmethyl ketone of Gilman and Wright (3) showed no depres-
sion, On account of the high vepor pressure of the 5-bromo-
furylmethyl ketone, 1t was found necessary to redistill this
constant boiling S-hromofurylacetylene two or three times to
completely separate the two,

A solid residue remained in the flask after the steam
distillation was complete, This was removed by filtration

while still hot, This residue was disscolved in asmonium



hydroxide and scidified with hydrochlorie acid to yleld 15 g,
of seld which wes ldentified, by mixed melting point, as
5-bromofurylbromoserylic acid, This material melted at 174°
while & mixed melting point wlth S~bromofurylbromoacrylic
acid, prepared by the method of Gibson and Kahmweiler (2), was
176°, The pure acid melts at 178°%- 179°,

The hot aqueous filtrate from above was chilled to yield
10 g. of acld melting at 140°-145°, Repeated recrystalliza-
tion from water indicated that this acid was a mixture of
S-bromofurylbromoacrylic and S5-bromofurylacrylic scids, Finsl-
1y, 2 g. of S-bromofurylbromoacrylic acid melting at 176°,
mixed melting point remeining unchanged, and 5 g, of 5-bhromo-
furylacrylic acid melting at 174°, mixed melting point remaine
ing unchanged, were secured from the mixture, It is evident
that these two acids end the S5-bromofurylmethyl ketone are
produced ffem S«bromofurylpropliolic acid during the steam
distillation, as Gilman and Wright (3) have secured the same
substences under similar conditions by use of pure S~bromo-
furylpropiolic acid,

In two subsequent runs using 107.5 g. (0,5 mole) of
. 5=~bromofurylpropiolic acid, the yields of S5-~bromofurylscetylene
were, respectively, 56,8 g, or 28% and 60,9 g, or 30%.

D1(5-bromofuryl )diacetylens, BresHg0-C2C-CiC-0HgC4Br,
Thie compound was previously prepared by Glbson and Kehnwell-

er {2) who followed the method used by Baeyer and Landaberg
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(6) for diphenyldiacetylene, Two grems (0,0117 mole) of
5-bromofurylacetylene was added dropwise with shaking to a
solution containing en excess of ammonlacal cuprous chloride,
The copper salt was immediately formed as a yellow solid,
which was separated from the liquid by filtration, The cop-
per salt was suspended in 50 cc, of water and s solution of
0,5 g. (0.0117/mele) of sodium hydroxide in 5 ce, of water
added, To this mixture wes then added a saturated solution
of 3,8 g, (0,0117 mole) of potassium ferricyanide in water,
This mixture was then allowed to stand for twenty-four hours,
At the end of this time the mixture was filtered and the pro-
cipitate extracted with 50 cc, of hot aleohol, Upon cooling
the alcohol Salntion the dibromodifuryldiacetylene crystal-
1ized in the form of smell plates which melted at 126°, This
exactly checks the melting point given by Gibson and Kahnwell~
or (2), The yleld of di(S-bromofuryl)diacetylene was 1 g,
(0.003 mole) or 50%.

S-Bromofurylacetenylmagnesium Bromide, BrO4H,0-C3CMgBr.,
This Grignard resgent was prepared by treatment of an ether
solution of ethylmagnesium bromide with 5~-bromofurylacetylene,
A solutien of 10,8 g, (0.1 mole) of ethyl bromide in 100 cc.
of anhydrous ether was added to 2.43 g, (0.1 atom) of mag-
nesium, After the reaction was complete & solution of 11 g,
{0.0645 mole) of S5-bromofurylacetylene in 50 c¢c, of anhydrous

{5) Baeyer and Landsberg, Ber,, 15:57 (1882),
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ether was slowly added, The mixture beceame warm enough to
esuse free refluxing of the ehter and gas was evolved;\ This
solution gave a violet color when tested for the Grignard re-
agent by the method of Gilmen and Schulze (6).

The sbove solution was cooled with an ice-salt mixture
and treated with carbon dloxide in the usual manner, The mix-
ture wes hydrolyzed by pouring onto cracked ice and adding
the calculated quantity of dilute sulphurie acid, The ether
layer was separsted and washed with 50 cc, of 5% sodium
hydrexide, The water layer was separated and ascidified with
hydrochloric acid to yield 5 g, {0,014 mole) or 21,8% of S-bro-
mofurylproplolic acid melting at 140°, A mixed melting point
with pure S~bromofurylpropioclic acid was found to be 142°, the
pure acid melting at 143°,

G-Naphthalide of S-Bromofurylproploile Acid, CjoH7NHGO-
C=C«C4Ho0Br, A solution of ethylmagnesium bromide was pre-

pared by addition of a solution of 5,45 g, (0.05 mole) of
ethyl bromide in S0 c¢c, of anhydrous ether to 1,5 g, (0,062
atom) of magnesium, After the reaction was complete, the solu-
tion was separated from the unchanged magnesium end a solutlion
of 6,84 g, (0,04 mole) of S~bromofurylacetylene in 50 ce, of
ether then slowly added, The mixture beceme warm and evolu-
tion of gas was evident, After the evolution of ges was com-

plete, a solution of 8,45 g, (0,05 mole) of G-paphthyliso-

(6) Gilman and Sehulze, J, Am, Chem, Soec,, 47:2002 (1925).
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cyanate in 50 cc, of ether was added dropwise, A gummy
material settled out of the sclution, This mixture was stir-
red for one hour snd hydrolyzed by pouring onto ilce and am-
monium chloride, The resldue in the flask was washed out viﬁh
benzene and sadded to the hydrolyzed mixture, The ether-ben-
Zene layer was then separated, dried end the solvent removed
by distillation from a water~bath., The pesidue was then
crystallized from a water-alcohol mixture to yileld 7 g, of
materisl melting at 135°, This material was then recrystal-
1ized from alecchol-water mixture and finally crystallized
twice from benzene to yield § g, (0,014 mole) or 35% of
material melting constantly at 150°,

Analysis, Calculated for CynHpgBr¥Og: Br, 23,53,
Found: Br, 23,46,

Reaction of S5-Bromofurylethinylmagnesium Bromide with

Triphenyl ILead Chloride, An unsuccessful attempt at prepara-
tion of triphenyl-b~-bromofurylacetenyl lead was made, A solu-
tion of ethylmagneslium bromide was prepared by the addition
of 10,9 g. (0.1 mole) of ethyl bromide in 100 ec, of anhydrous
ether to 3 g, {0,123 atom) of magnesium, After the reaction
was complete, the ether solution was deeaéied from the undis-
solved magnesium and & solution of 15,39 g, (0,09 mole) of
S-bromofurylacetylene in 100 cc, of ether added slowly, After
the evolution of gas was complete, this solutlon was added
dropwise to a suspension of 25 g, (0,045 mole) of triphenyl
lead chloride in 100 cc, of benzene, (The triphenyl lead
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chloride was prepared and purified by the method described by
Gilman and Robinson (7)), A slight heat of reaction was ob~
served when the Grignard reagent was added to the triphenyl
lesd chloride, This mixture was gently refluxed for twe hours
and hydrolyzed with ice and ammonium chloride, After hydrol-
ysis the mixture was filtered to remove 3 g, of triphenyl
lesad c¢hloride, which after recrystallization from alcohol
melted at 204°, mixed melting point with triphenyl leed chlor-
ide remsining unchanged, The ether<benzene layer was separat-
ed, dried and the solvent removed by distillation from a water-
bath, The residue was then crystailizad from alcohol to yileld
15 g, of triphenyl lead chloride melting at 200°, mixed melt-
ing point with pure triphenyl lead chloride being 204°, Thus,
18 g. or 72% of the triphenyl lead chloride was secured un-
changed, Upon concentration of the alcoholic solution, after
removael of the triphenyl lead chloride, 5 g, of a tarry
material separated out upon cooling. This tarry material re-
sisted all attempts at crystallization,

Apparently triphenyl lead chloride does not react with
S-bromofurylethinylimegnesium bromide in the expected manner
under the conditions of this experiment,

Smmary.
A description of the methods for ths preparstion of furyl-

acryloyl chloride, S5-bromefurylbromcaeryloyl chloride, 5-bro-

(7) 8ilman and Robinson, J, Am, Chem, Soc,, 51:3112 (1929).




mofurylpropiclic acid and S5-bromofurylacetylene have been
given, ©Upon steam distillation of 5-bramofurylprogiolia acid,
moderate ylelds of S5-bromofurylacetylene are secured along
with small guantities of S«brpmofurylmethyl ketone, The resi-
due from the steam distillation consists of & mixture of
5-bromofurylacrylic and 5-bromofurylbromoserylic acids,
5-Bromofurylacetenylmagnesium bromide hes been prepared and
charasterized by conversion to S5-bromofurylpropioclic aeid and
also to the a-naphthalide of S~bromofurylpropiolic acid., Ap-
parently triphenyl lead chloride does not react in the ex-
pected manner with S-bromofurylacetenylmagnesium bromide un-
der the conditions of this experiment,
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1~F§R§L—3~GELOROPRO?AKE AND 1~TETRAHYDBO?5HYL~3~G§LOROPEOPAKE.

Antroduction.

The prepsration of furyl-alkyl halides 1s of interest
because of their possible synthetic value, Kirner (1) pre-
pared a=-furfuryl chloride and has used this compound in many
interesting syntheses, The chlorine 4is ssaid to be very active,
but no mention ls made as to its action on magnesium, In this
iInstance, it 1is Interesting to reeall thet a-furfuryl chloride
has glven us the first definite example of molecular rear-
rangement in the furan series, Runde, Scott and Johnson (2)
have definitely shown that a-furfuryl chloride, by trestment
with sodium cyanide followed by alkealine hydrolysis of the re-
sulting nitrile, is converted to S5-methyl furoic acid and not
to the expected 2-furylacetic acid,

Dox and Jones (3) prepared tetrahydrofurfuryl bromide
while Gilman and Brown {(4) have prepared tetrahydrofuryl ;?
chloride and iodide, Also, Gilman and Dickey (5) have recent- ‘
1y prepared methyl-l-tetrahydrofuryl-3-bromopropane, In this
study, l-furyl-3-chloropropane and l-tetrahydrofuryl-3-chloro-
propane have been prepared and the actlion of these substances

on magnesium determined, The former is inactive toward msg-

{1) Kirner, J, Am, Chem, Soc,, §0:1955 (1928).
2/{2) Runde, Scott and Johmnson, J, Am, Chem, Soc,, %:1284 (1930).
{3) Dox and Jones, J, Am, Chem, voc,, ¥ 1928).
(4) Unpublished results,
{(5) Gilman and Dickey, J, Am, Chem, Soc,, §2:2144 (1930),
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nesium while the latter reacts vigorously with formastion of
R¥gX in 90% yilelds,

1-Furyl-3-chloropropane was prapared from the correspond-
ing asleohol by the method used by Kirner (1) in the prepara-
tion of Gefurfuryl chloride, 1l-Tetrahydrofuryl-3-chloropro-
pane 1is best prepared hy the action of thionyl chloride on
tetrahydrofurylpropyl alcohol, the latter being prepared by
the reductlon of furylacrolein by the method of Adams and
Bray (6). While there is a possibility of the alcohol or
the chloride or both belng splitting products, this does not
seem probable, Furylacerolein is split upon reduction (6) and
in every case the normal splitting products, the heptane-
diols, are isolated, These bodies, however, boll much higher
than the compound which we assume to be tetrshydrofurylpropyl
alcohol, We have observed, however, that the reaction does
not stop, as stated by Adams and Bray (6), when 4,2 to 4,4
molecular egquivalents of hydrogen have been absorbed, We
have not however, made any attempt to determine the maximum
smount of hydrogen that can be absorbed, It 1s naturslly as-
sumed that further absorption of hydrogen would increcase the
amount of splitting products, It 1s also possible that the
action of thionyl chloride or the resulting hydrochloric acid,
upon the alcohol, might lead to splitting, On the basis of

the high yield of product obtalned and upon the analysis of

(6) Adems and Bray, J, Am, Chem, Soc,, 49;2101 (1927).



this produet, sueh splitting would seem improbable as the re-
sulting molecule would contain elther two or more atoms of

chlorine or oxygen (from water splitting),

1-Furyl-3-Chloropropane, KI-—
B ~CHoCHoCHaC1

l-Furyl-3«chloropropane was prepared from furylpropyl alcohol
by the method used by Kirmer (1) in the preparation of a-fur-
furyl chloride, A mixture of 63 g, (0,5 mole} of furylpropyl
alcohol, 300 e¢c, of aphydrous ether and 67 g, (0,85 mcle) of
pyridine was treated with 89 g, (0,75 mole) of thionyl chlor-
ide, The thionyl chloride was added dropwise with vigorous
stirring, After about an hours time the mlxture began to
darken and was then removed from the flask and the ether solu-
tion washed repeatedly with water, The ether layer was sep-
arated, dried over sodium sulfate and distilled, The yisld
of l-furyl-3-chloropropane boiling at 60° at 5 mm, pressure
.was 14 g, or 20%. This compound is a colorless liguid with
pleasant odor, It distills without decomposition but darkens
rapidly upon standing. dgg 1,0813; ngs 1,4730,

Anelysis, Cslculated for CyHgOCl: €1, 24,57, Found:
€1, 24,73 and 24,49,

This compound is inactive towsrd magnesium, 1 g, of the
substance dissolved in 15 e¢c, of anhydrous ether giving a
negative test for RMgX efter having been heated with 0,5 g.

of activated 12,5% copper-megnesium alloy in a sesled tube



st 100° for 12 hours, The halide was recovered unchanged,

- Eight grams of the halide disaolved in 100 ce, of enhydrous
ether gave a negative RMgX tesat after having been refluxed
with one gram of copper-magnesium alloy for 7 days.

Furylpropyl Alcohol; C4HzOCHoCHCHgOH, This compound
was prepared by reduction of furylecrolein (7), according to

the method of Adams and Bray (6), with hydrogen snd platimume-
oxide platinum blsek (8), To s solution of 61 g, (0.5 m@le)
of furylscrolein in 200 cec, of absolute alechol was addad

0.5 g. of platinum oxide and 0,1 g, of ferrcus sulfate, This
mixture was reduced at 2 <« 3 atmospheres pressure and the re-
action was stopped when 3 molecular equivalents of hydrogen
had been absorbed, The time required for the reduction was

8 hours snd the catalyst was resctivated twice during the re-
action, The ease of reduction depends upon the degree of
purity of the furylacrolein and upon the sotivity of the cata-
lyst, After the reduction, the alcohol solution was filtered
from the ¢atalyst and distilled to yleld 89 g, or 55% of furyl-
propyl alcchol boiling at 90°-91° at 4 mm, pressure. The
a-naphthyl urethan melted at 49° which 1s in agreement with
that reported elsewhere (6).

(7) X8nig and Hey, Frdl,, 13:110 (1927),
-{8 ) Adeams and Shriner, J4, Am, Chem, Soe,, 45:2171 (1923),
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1-Tetrahydrofuryl-3-Chloropropans, H ‘-Iag
Bj £2-cH0RaCH01

Hethod 1, Various method of preparation of l-tetrahydro-
furyl-3-chloropropane were used, The first method conslsted
of treating the corresponding alcohol with thionyl chloride
in ether solution in the presence of pyridine (1), To a solu-
tion of 65 g, (0,5 mole) of tetrshydrofurylpropyl alcohol in
300 e¢, of anhydrous ether and 87 g, (0.85 mole) of pyridine,
was added 69 g, (0,75 mole) of thionyl chloride, After ad-
ditlion of the thionyl chloride was complete, the mixture was
stirred for one hour and then washsd repeatedly with water,
The ether layer was separated, drled over sodium sulfate and
distilled to yield 35 g, or 487 of l-tetrahydrofuryl-3-chloro-
propane boiling at 75° at 4 mm, pressure, when distilled from
a steam~bath,

This compound is a colorless liquid of characteristic
odor, It distills without decomposition and remalins colorless
after long standing, dag 1,0425; nS° 1,4540,

Anaslysis, Calculated for CrnH3;0Cl: Cl, 23,90, Found:
¢1, 23,74 and 23,76.

Method 2, A solution 1f 13 g, (0.1 mole) of tetrahydro-
furylpropyl slcohel in 100 c¢, of anhydrous ether was satﬁrat-
ed with dry hydrogen chloride under reflux over & period of
three hours, The mixture, which had become black, was then
distilled under reduced pressure to yield 5 g, or 34% of
l-tetrahydrofuryl-3-chloropropane bolling at 75° at 4 mm,



pressurs,

Method 3, Same as method 2 except that a few drops of
concentrasted sulphuric acid was added a&s catalyst, A greater
smount of decomposltion appeared to take place, however, the

vield of chloride boiling at 75° at 4 mm, was 7 g. or 47%.

Method 4, Same a8 method 3 except that a small smount of
anhydrous zine chloride was added as catalyst, The yleld of
chloride boiling at 75° at 4 mm, was 7.5 g, or 50%.

Method 5, Same as method 4 except that the benzene solu-
tion wes washed with water and dried before distillation, The
water layer became darkly colored while the benzene layer be-
came less darkly colored, The yleld of chleride boiling at
75° at 4 mu, was 7.7 g. or 52%,

Method 6, The best conditions for preparation of l-tet-
rahydrefuryl-3-chloropropane was found to be by treatmenﬁ of
& boliling benzene solution of the alcohol with the calculated
quantity of thionyl chloride,

l1st Run, A solution of 13 g, (0,1 mole) of tetra-
hydrofurylpropyl slcohol in 100 ec, of dry benzene was
pleced in & 260 ce, three-neck flask equipped with re-
flux condenser, mercury-sealed mechanieal stirrer,
dropping funnel and provision for sucking a rapid
stream of dry air through the reaction flask, the top
of the reflux condenser being the exit peint, The
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purpose of the air l1s to remove the reaction products
(BC1 and S0,) as repldly as possible, After heating the
contents of the flask to vigorous boiling, the passage
of air through the apparatus was started and 11,9 g,
(0.1 mole} of thionyl chloride was asdded dropwise over a
period of 15 minutes, The mixture was then refluxzed for
one-half hour and distilled under reduced pressure from
8 steam-bath, The yield of chloride boiling at 75° at

4 mm, pressure was 12,2 g or 82%,

2nd Run, 7This run was the same as the first except
that 130 g. (1 mole) of the alechol in 500 ce, of dry
benzene was used and 119 g, (1 mole)} of thionyl chloride
was edded, The yleld of chloride boiling at 76° at 4 mm,
was 122,5 g. or 82,58. A small amount of higher boiling
material (5 g, ) was secured, This material boiled over
a range of temperature, 100-120° at 4 mm, and probebly
consisted of some unchanged alcohol, some chloride and
some decomposition products,

3»d Bun, The conditions for this run were the same as
above except that 1,2 times the calculated amount of
thionyl chloride was used, PFrom a 0,2 mole run using
26 g, (0,2 mole) of tetrahydrofurylpropyl slcochol in
150 ¢e, of benzene and 28,56 g, (0,24 mole) of thionyl
chloride, the yield of chloride boiling at 75° at 4 mm,
was 19 g, or 64%,

4th Run, The conditions of this run were the same as
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above except thét 0,8 of the calculated ampunt of thionyl
chloride was used, From a2 0,2 mole run using 26 g,

(0.2 mole) of alcohol in 150 cc, of benzene and 19 g.
{0.16 mole) of thionyl chloride, the yleld of chloride
boiling at 75° at 5 mm, was 12 g, or 40,5%.

Thus it appears that the better method for the preparation
of l-tetrahydrofuryl-3-chloropropane conslsts of treating s
bolling benzene solution with the caleculated samount of thionyl
chloride, provision belng made for removal of as much of the
gaseous reaction produets as rapldly as poazible, Thionyl
chleride seems to cesuse some decomposition of the sleohol as
is shown by the darkening of the solution and by the decreas-
ed yield when excess thionyl chloride is added, Thus it is
possible that one molecule of thionyl chloride causes decom-
position of two or more molecules of the alecochel, in which
event an excess of thionyl chloride over the unchanged alco-
hol may exist, It is to be remembered thet the yleld bsased
on thionyl chloride would also be 82%,

Tetrahydrofurylpropyl Alecohol, C4HwO(CHp)z0H., The tet-
rehydrofurylpropyl alcohol (6) was prepsred by reduction of
furylaserolein in the manner describsd for furylpropyl alco-

hol, except that the reaction was continued until 4,4 molecu-
lar equivalents of hydrogen had been absorbed, From 122 g,
{1 mole) of furylscrolein, 1 g, of platinum oxide and 0,2 g,
of ferrous sulfate in 200 cc, of absolute aleohol, the yield
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of tetrahydrofurylpropyl alcohol boiling at 108%105° st 4 mm,
pressure was 77 g, or 60%, The higher boiling fraction con-
sisted of 25 g, of heptane-diol-l-4, boiling et 127°-129° at
4 mm, pressure, JThe 3-b-dinitrobenzoic ester of tetrahydro-
furylpropyl sleohol melted at 66° which is in agreement with
that recorded elsewhere (6).

Tetrahydrofuryl-n-propylmegnesium Chloride, A solution
of 29,7 g, (0,2 mole) of l-tetrahydrofuryl-3-chloropropane

in 200 cc, of anhydrous ether was added dropwise to 5 g, (0.2
mole) of powdered magnesium (80-200 mesh) and 0,5 g, of acti-
vated 12,5% copper-magnesium alloy in & 500 ec, three-neck-
flask, equipped with mercury-sealed mechanical stirrer, drop-
ping funnel and reflux condenser, A few drops of the solu=-
tion were added at first and the contents of the flask warmed
gently until the reactlon started, Stirring was then started
and the remasinder of the solution added dropwise over a perloed
of one hour, At the end of the reaction a 5 c¢cc, portion of
the solution was withdrawn and titrated, the yield of RMgX by
titration being 91,61%.

Tetrahydrofuryl-p-butyric Acid, The above solution of

tetrahydrofuryl-n-propylmagnesium chloride was coocled in an
lce and salt mixture and treated with dry carbon dloxide in
the usual manner for preparation of aclds from RMgX, The
product was hydrolyzed with dilute sulphuric acid and the

ether layer removed, This ether solution of the acid was then
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extracted with a solution of sodium hydroxide and the water
layer removed, acidified and extracted with ether, The ether
solution was dried and distilled, The yleld of tetrahydro-
furyl-n-butyric acid boiling at 145° at 5 mm, was 15 g, or
47,.5% of the original helide,

This acid ia a colorless liquid with faint unpleasent
odor. Solubility in water at 25° 1s 5%, d2e 1,2286; ng> 1,4572,
The nesutralization equivalent was 165,

Analysis, Caloculated for CgHy403: C, 60.,76; H, 8,86,
Found: C, 60.89 and 60,72; H, 8,66 and 8,69,

Tetrahydrofurylpropyl Thiccyanate, HoG-~CHo

nat_ ¢ C-g-c-8-cH

HHH
There is a possibility that tetrahydrofurylpropyl thiocyenate

may prove useful as an insecticide,

This compound wes prepared by the action of tetrahydro-
furylpropyl chloride on‘potassium thiocysnate in sbsolute
alcohol., 14,86 g, (0.1 mole) of tetrahydrofurylpropyl
chloride, 14,5 g. (0,15 mole) of potassium thiocyanate and
80 c¢c, of absolute ethyl aleohol were sesled in a tube and
heated at 120° for twelve hours. At the end of this time the
tube was opened and the potassium chlerlide removed by flltra-
tion, The alcohol was then removed by distillation from &
water-bath and the residue trested with 100 ¢c, of snhydrous
ether, This cansed precipitation of the remainder of the
salts, This sclutieﬁ was flltered and distilled to yleld
17 g. or 99,4% of tetrshydrofurylpropyl thiceyanate boiling
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at 138° at 8 mm, pressure,
This 1s a colorless liquid with characteristice odor,
n30 1,4800; a3® 1,0660, | |
Analysis., Celeulated for CgHysONS: S, 18,71, Found:
S, 18.93 and 19.16,

Summary.

l-PFuryl-3-chloropropane and l-tetrshydrofuryl-3-chloro-
propane have been prepared and described, The former is in-
active toward magnesium, while the latter is quite reactive,
Tetrahydrofurylfgrpropylmagnesium chloride has been prepared
and characterized by 1ts converslon to tetrahydrofuryl-n-
butyriec acid., Tetrshydrofurylpropyl thiocyanate has been pre-
pared and desaribed,



5~-CHLOROPUROIC ACID

There is a wide demand for S-chlorofuroic acid in the
snythesis of many valuable compounds, Hill end Jackson {1)
first prepared this compound by the setion of dry chlorine
on ethyl furoate, Upon this basis, it seems possible tha;
S~chlorofurolc scid may be successfully prepered by the
action of chlorine on furoyl chloride, Also, in view of the
preparation of S-shlorofurfural, by Gilman and Wright (2),
by the action of sulfuryl chloride on furfural discetate, 1t
seemed reasonable to expect that 5-chlorefurecic acld might be
prepared Dy the action of thils reagent on furoie acid, furoyl
chloride or ethyl furcate, It also seemed possible that in
this manner 5-chlorofuroic acid might be secured without the

formation of other chloro-acids,

SHSAAE Sk b o

For identification purposes, we first prepared 5-chloro-
furoie scid by the method of Hill and Jacksen (1), Twenty-
eight grams (0,2 mole) of pure ethyl furoate was placed in a
flask and warmed gently with a low flame untll a temperature
of 1§5° was registered by a thermometer, which was placed in
the liquid. A slow stream of dry chlorine gas was then pas-

(1) H111l and Jackson, Am, Chem, J,, 12:22 (1890),
(2) See p.86, THIS THESIS,




sed through the liguid until the gain in weight of the flask
corresponded to substitution of one hydrogen atom by chlorine,
The contents of the flask was then sllowed to cool and was
addéd slowly to an excess of a saturatsd solution of sodium
hydroxide in aleohol, When the action was complete, the sod-
jum salt was filtered and dried, This was then dimsolved in
a small amount of water and acldified iith.hyﬁrcdhlorie acid,
The acld thus precipitated was filtered and dried, In order
to purify this material it was dissolved in twenty times its
welght of water by sddition of a slight exceass of ammonium
hydroxide, A solution of barium chloride was then added as
long as precipitation took place, This mixture was filtered
and the solution chilled, by placing the flask in ice, and
acidified with hydrochloric acid to yield 8,8 g, (0.6 mole)
or 30% of S-chlorofurocic acid melting at 177°, Hill and
Jackson (1) report a yield of 38% melting at 177°,

Ethyl ?ureate, C4Hz0C00CoHE, Ethyl furcate may be pre-
pared by condensation of furoic acid withethyl alechol by use

of sulphuric or hydrochloric acids, Hill and Jasckson (1) re-
port a yield of 68% by heating a mixture of three parts of
furcic scid and three parts of sulphuric acid {(sp. gr. 1.84)
in five parts of absolute alcohol, After heating on a water
bath for four hours the mixture was cooled and the ester pre-
clpltated by addition of watar, The ester was then wasghed
with a dilute solution of sodium carbonate, dried by exposure
to air and distilled, HAll snd Jackson (1) considered this



method to be more convenient than the hydrochlorie acid method,

Marquis (3) secured 2 yleld of 82% of ethyl furoate,
boiling at 196,76° (corr,) at 759 mm,, by treating a solution
of furoic acid in four parts by weight of absolute sloohol
with hydrogen chloride gas, The gas was passed through the
solution at room temperatue for 2-3 hours and the alcohol then
removed by distillation from a water bath, The residue was
poured onto cracked ice and neutralized with dilute sodium
carbonate solution, The precipitated ester was then dissolv~
ed in other, dried and distilled, ‘

Perhaps the most convenient method for the preparation
of ethyl furoate is by the reaction of furoyl chloride on
ethyl alcohol, When furoyl chloride is hested with an excess
of absolute ethyl alecchol, it is converted quantitstively to
the ester, A solution of 65.25 g, {0.5 mole) of furoyl chlor-
ide in 150 cec, of absclute ethyl alcohol was refluxed for two
hours and distilled.,. The larger portion of the alcohol was
removed at atmospherlie pressure and the residue distilled un~
der reduced pressure, The yleld of ethyl furoate boiling at
85° at 15 mm, end 105° at 40 mm, and melting at 34° was 68 g,
or 98§, From a second run, mede under exactly the same con-
ditions, 130.5 g. (1 mole) of fuﬁqyl chloride in 300 cc, of
absolute alcohol gave & yield of 137 g. or 98% of ethyl furo-
ate bolling at 85° at 15 mm. pressure and melting at 34°,

{3) Marquis, Ann, chim, phys,, (8) 4:256 {(1905).
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In & third run mede, under exactly the same conditions except
after removal of most of the alcohel at atmospherie pressure,
the solution was diluted with water to give guantitative yleld,
Thirteen grams of furoyl chloride was dissolved in 30 c¢e, of
gbsolute aleohol and the mixture refluxed for twe hours, At
the end of this time most of the alcohol was distilled off at
atmospheric pressure, The residue was diluted with 100 cec,

of cold water, which caused precipitation of the ester in the
form of 2 white solid, This materiel was filtered with suc-
tion, washed thoroughly with 100 ce, of water and dried in a
vacuum desiccator to constant weight, to give 14 g, or 100% of
ethyl furcate melting at 34°,

Furoyl Chloride, C4H30C0Cl., Furoyl chloride was pre-
pared by Lies-Bodart (4) by heating & mixture of 2 moles of

phosphorous pentachloride and one mole of furoic acid at 100°
and then distllling the mixture at atmospheric pressure,
Franklend and Aston (5) found this method to give very poor
vields, but clalm practically s quantitative yleld by use of
an especlally designed plece of apparatus in whieh chloroform
was used as a solvent, In thls manner two moles of phosphor-
ous pentachloride was treated with one mole of furoie acid,
the furoic acid being added by the principle of constant ex-
traction, The resulting sclution was then distilled under

(4) Lies-Bodart, Ann,, 1001325 {(1856).
(5) Prenkland and Aston, J, Chem, Soe,, 79:515 {1901}.




reduced pressure, the furoyl chloride boiling at 66° st 10 mm,
pressure,

Winslow {68) fellowing the method of Frankland and Aston
(5) secured a yield of 70% of furoyl chloride, boiling at 70°-
76° at 20 mm, pressurs, and secured a yield of 52,5% by the
action of thionyl chloride on furoic acid, Two hundred fifty
grams (2,1 mole) of thionyl chloride was dissolved in 250 g,
of carbon tetrachloride and 250 g, (2,22 molea) of furciec
acid added in 20 g, portions to the boiling solution, The
mixture was refluxed for two hours after asddition of the furoie
acid was complete and then filtered and distilled, The yield
was 137 g, (1,05 moles) or 507 of furoyl chloride, based on
thionyl chloride, boiling at 71°-74° at 19 mm, pressure,

The method used in this laboratory, for preparation of
furoyl chloride, is that described by Giluman snd Hewlett (7),
- To 112 g. {1 mole) of furoic acid, contained in & round-bottom
flask was added a solution of 178,5 g, (1.5 mole) of thionyl
chloride in BOO cc, of dry benzene, After ten hours reflux-
ing, this mixture was cooled, flltered and distilled at at-
mospheric pressure to yleld 98 g, (0,75 mole) or 75% of furoyl
chloride bolling et 176°, A long period of heating is evi-
dently necessary as similer runs, made exactly as desaribed
above, gave ylelds of 50% and 65% after heating for three and

five hours respectively,

{6) K, R, Winslow, Thesis, Cornell University,
{7) Gilman and Hewlett, Iowa State College Journel of Science,
4:29 (1930),
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§-Chlorofurcyl Chloride, 01G4H,0C0Cl, A 65,25 g, (0,5

mole) portion of furoyl chloride was placed in a flask and
ons gram of iron powder added, The mixture was heated at
100° and a stream of dry chlorine passed through, The mixture
graduslly became yellow in color and finally began to darken,
becoming deep red in color, At this point, without determina-
tion of incresse in weight, the reaatio£ was stopped and the
mixturs fractionated &t 10 mm, pressure, The fraction boil-
ing at 92°-110° at 10 mm, was collected and refractionsted to
yield 55 g, or 66% of material boiling at 92°-956° at 10 mm,

Ho constant boiling fraction could be separated from the
higher boiling material, which formed no amide, A small
smount of the fraction boiling at 92°-95% was dissolved in
ether and ammonis gas passed through, The amide thus secured,
when orystallized from alocohol, melted at 154° which eor-
responds to the melting point given by Hill end Jackson (1)
for S-chlorofuryl amide, A small amount of the 5-chlorofuroyl
chloride was disasclved by refluxing with & slight excess of
104 sodium hydroxide, The resulting solution was just neut-
ralized with hydrochlorie acid and concentrated by evapora-
tion, The resulting solution was then cocled and made acld
with hydrochleric scid to yleld an scid melting st 177°, A
mixture of this acid and that prepared by the method of Hill
and Jackson (1) melted at 177°, A 16,5 g. (0.1 mole) portion
of the above S5-chlorefuroyl chloride was dissolved by re-
fluxing with 50 cc, of 10% sodium hydroxide, This solution



was chilled in ice and acidifled with hydrochlerle acid to
yield 8 g, or 54% of S~chlorofurcic acid melting st 177°,
There does not seem to be much preference between the prepara-
tion of S-chlorofurolc acid from the acid chleride and from
the ester., 1In each case the over-all yleld, based on furoic
acld a2 the atarting point, is about the same, %The yield
from the acid chloride would be 35,64% while Hill end Jack-
son (1) secured 38% from the ester. The ylelds of acid
chloride and ester, from the acid, are sbout the same, There
is rno apparent advantage of either method cver the other.

Action of Sulfuryl Chloride on Furoic Acid, A solution
of 11,2 g. (0.1 mole) of faroic acid in 50 ce, of chloroform

was trested with 27 g, (0.2 mole) of sulfuryl chloride., The
mixture was refluxed gently for three hours end the solvent
end sulfuryl chloride removed under reduced pressure, The
white residue, which became gummy, when gxpoaed t0 alr, was
erystellized from hot water to yield 8 g. of unchanged furoie
acid, No other products of resction could be isolated, A
11,2 g. (0.1 mole) portion of furoic soid was then sdded to
27 g. (0.2 mole) of sulfuryl chloride without solvent, and the
mixture gently warmed until all the furolc acid hed dlssolved.
This solution was then gently hested for one hour and final-
1y dissolved in 50 cc. of chloroform, The solution was ccoled
and the crystallizged material again orystallized from chloro-
form to yield 3 g, or 20% of S-chlorofurocic acid melting at
176%-177° and mixed melting point with S-chlorofuroic acid by
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the method of Hill and Jackson (1) remsining unchanged, The
chloroform solutions were concentrated by evaporation and
finally the chloroform removed under readuced pressure to leave
e large amount of s gummy mass which could not be crystal-
lized and from which no constant boiling fraction could be
separated by distillstion, This materisl dissolved in elkall
te give a dark colored solution, Upon acidification of this
solution, no precipitation occurred, This solution was made
8lightly alkaline with ammonium hydroxide eand barium chloride
added without precipitation teking place., The nature of this
material is asx yet unknown,

By treating furolie acid with sulfuryl chloride, we had
hoped to find a method for sscuring S-chlorofuroic acid to the
exclusicn of other chlorofurocic acids, This indeed seems to
be the ea#a, as no other chloro-acids have been isolated from
the reactlon product, However, the very low yield of S-chloro-
furolc acid makes the method undesirable,

Action of Sulfuryl Chloride on Ethyl Furcate, There

seemed to be a possibility that ethyl furoate might be suc-
ceasfully chlorinated by treatment with sulfuryl chloride,
With this 1dea in view, two runs were made in which ethyl
furoate was treated with two molecular equivalents of sulfuryl
chloride,

First, 70 g. (0.5 mole) of ethyl furcate was dissolved in
200 ce¢. of carbon disulphide and 135 g, (1 mole) of sulfuryl
chloride added, Thls mixture was refluxed for five hours and,



-45-'

after removel of the solvent from a water-bath, the residue
was distilled under reduced pressure to yleld 65 g, of un-
changed ethyl furoate boiling et 85  at 15 mm, preasure, A
small amount of decomposition materiel remsined in the dis-
tillation flask,

Second, 70 g, {0.5 mole) of ethyl furocate was added to
135 g. (1 mole) of sulfuryl chloride, without solvent, and
the mixture refluxed gently for five hours and distilled,
After the aulfuryl chloride had besn removed, the receiver was
changed and 35 g, or 50% of the ethyl furoate, boiling at 85°
at 15 mm, pressure, was recovered, The residue in the flask
was a dark tarry material which decomposed upon attempted dis-
tillation,

Evidently sulfuryl chloride does not react upon ethyl
faroate in the ezpeéted menner, under the conditions describ-
ed.

Action of Sulfuryl Chloride on Furoyl Chloride., An un-

succesaful attempt at chlorination of furoyl chloride with
sulfuryl chloride was made., Thirteen grams (0,1 mole) of
furoyl chloride was added to 27 g, (0.2 mole) of sulfuryl
chloride and the mikture refluxed gently for five hours and
then distilled, Ten grams of unchanged furoyl chloride, boil-
ing at 176° was recovered and a small amount of tarry materisl
remained, This residue decomposed upcen attempted dlstills-
tion,
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Summery.

§~Chlorofurclic acid was prepared by the method of Hill
and Jeckson {1} snd also by hydrolysis of S-chlorofuroyl
chloride, There seems to be no grest adventege of either of
these methods over the other, - 5-Chlorofuroyl chloride may de
prepared by the action of chlorine on furoyl chloride, Sul-
furyl chloride reacts with furolc acid, in the ebsence of a
solvent, to produce S5~chlorofurcic acid, but the yield is not
satigfactory. Fur&yl chloride end ethyl furoate do not ap-
pear to react with sulfuryl chloride, under the conditions of

our experiments,
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LACHRYMATORS OF THE FURAN SERIES

Furoyl chloride is a marked lachrymator snd is very un-
plessant to handle on sccount of this preperty, This sug-
gested the poasibility of other furen derivatives having simi~
lar properties, With this in view we have prepared, in ad-
dition to furoyl chloride (1), tetrahydrofurfuryl chloro-
acetate, tetrahydrofurfuryl lodo~acetate and S-chloro-furoyl

~ghloride {2), The phyaiolbgie#l §roperties of these substances
are listed bslow, | |

Furoyl Chloride, Pure compou#d on the skin of man gives
no reaction, As lachrymator, 90,0035 mg. per liter, gave
alight irritation, Iethal point for mice is grester then
2.5 mg; per liter, on 10 mlnute exposure,

Tetrahydrofurfuryl lodo-Acetate, Pure compound on the
skin of men gave redness, As lachrymator, 00,0035 mg, per liter
gave slight irritation, Iethasl point for mice, 10 minute ex-
posure, is greater than 2,5 mg. per liter, ‘

Tetrahydrofurfuryl Chloro-Acetate, Pure compound on the
skin of man gave no reaction, As lachrymator, 0,0065 mg; per
liter gave lrrlitation but no lachrymation, Lethal Point for
mice, 10 minute eiposure, is greaster than 2,5 mg, per liter,

5~-Chlore-Furoyl Chloride, Pure compound on skin of man
gave no reaction, As lachrymetor, 00,0060 mg. per liter gave

{1) See p.38, THIS THE3IS,
(2) See p.40, THIS THESIS,
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slight lachrymation, Lethal Point for mies, 10 mimite ex-
posure, was grester than 2,5 mg, ,

It is known that ehlorefﬁataphanens lachrymates in 194
seconds at a concentration of 0.0004 mg, per liter,

Exporizental.
Tetrahydrefurfuryl Chloro-Acstate, CgH7O0CHaO0COCHECI,
This compound was previously prepared by Gllman and Dickey

(3). 4 33,9 g. (0.3 mole) portion of chloro-acetyl chlorids
was added dropwise to a boiling solution of 30.3 g, (0.3 mole)
of tetrahydrofurfuryl alcohcl in 250 c¢c, of benzene, The re-
sction was sarried out in a fhree~nack flask squipped with
mechanical stirrer, reflux condenser and dropping funnel,
After refluxing until evolution of hydrogen chloride ceased,
the benzene was removed under reduced pressure and the ester
distilled, The yleld of ester boiling at 110° st 5 mm, pres-
sure was 52.5 g. or 99%,

Tetrahydrofurfuryl Iodo-icetate, C4lnO0CH40COCHaI, This

compound was prepared by treating an alcoholle solution of
tetrahydrofurfuryl chloro-acetate with sodium iodide, A
35,7 g. (0.2 mole) portion of the chloro-ester was dissolved
in 200 cc, of alechol and 30 g, (0.2 mole} of sodium lodide
added, The mixture was warméd, with vigorous stirring, for
two hours and the aleohol removed under reduced pressure,

(3) Unpublished results,
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After the removsel of the alechol 80 co, of dry ether was ad-
ded, This cansed the separation of sodium salts, The solu-
tion was then filtered and distilled, The yileld of tetra-
hydrofurfuryl iodo-acetate bolling at 130° at 5 m», was 35 -
or 654, This is a colorless liquid whieh darkens upon
standing,

Anelysis, ¢Cmleulated for CypH31031: I, 47,21. Found:
1, 46,99, 47,14,

SEIRArY.

¥hile furoyl chloride, S-chloro-fureyl chloride, tetra-
hydrofurfuryl chloro-ascetate and tetrahydrofurfuryl iodo-
acetate are unquestionably lachrymstors, they are very much
less powerful than substences like chloroacetophenone, Tet-
rahydrofurfuryl chloro-scetate and tetrshydrofurfuryl icdo-

acetatec have been prepared and described,
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The Priedel-~Craft reaction is a very lmportant one for

the synthesis of many interesting and wvalusble compounds, At
the present time no work has been reported upon the Friedel-
Cruft reaction as applled to aecyl furyl compounds, However,
Relchstein (1) has succesafully applied the Friedel-Craft re-
action with furen and methyl furan in the synthesis of 2-acetyl-
furan, S-methylacetylfuran asnd other interesting compounds,

Furclc Aeid, To a sclution of 11.2 g, (0.1 mole) of
furoic acid in 200 eg, of earbbn disulphide was added 13.35 g.
{0.1 mole) of aphydrous aluminium chloride, A solution of

11.3 g. (0.1 mole) of chlorcacetyl chloride in 50 ece, of car-
bon disulphide was then sdded dropwise and the mixture re-
fluxed for two hours, A small amount of hydrochloric acid
wag evolved, The mixture was then poured onto coracked ice
and the carbon disulphlde solution separated from the water
layer and washed with 50 cc, of 108 sodium hydroxide solu-
tlon, The sodlum hydroxide solution was then acidified to
yield 5 g. {0,044 mole) of unchanged furoic acid, The ecarbon
disulphide solution was distilled from a water-bath to remove
the solvent, A small amount of tarry material, which re-

(1) Reichstein, Helvetica Chim, Act,, 13:356 (1930),
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slsted attempted erystallization and distillation, remsined,
Unsuccessful attempts at preparation of an oxime from this
tar were mede, It was, therefore, assumed that this reaction
either did not go or did not go in the sxpected marmer with
furoic acid, ¥o varlistion in the order of addition of re~

actants was made,

Puroyl Chloride, Thirteen grams (0,1 mole) of furoyl
chloride wes dissolved in 200 c¢c, of carbon disulphide and
13,58 g. (0,1 mole) of anhydrous sluminium chloride sdded,
To this mixture was then added 11,3 g. (0.1 mole) of chlerc-

scetyl chloride in 50 c¢c, of esarbon disulphide, The mixture
was refluxed gently for three hours, a small smoumt of hydro-
chloric acid being evolved, The mixture wes poured onto ice
and the‘earbon disulphide solution separsted and dried, This
solutlon was then distilled from a water-bath to remove the
solvent, Only a tarry material, which decomposed upon at-
tempted distilletion, remained, Attempts to convert this

material to an oxime were not successful.,

Ethyl Puroste, Twenty-eight grams (0.2 mole) of ethyl

furoate was dissolved in 300 ¢c, of carbon disulphide and
26,7 g. (0.2 mole) of anhydrous aluminium chloride added.

To this mixture was then added 22,6 g. (0.2 mole) of chloro-
acetyl chloride end the solution refluxed gently for three
hours, The mixture waa then poured onto ice and the carbon
disulphide solution separated snd dried, The c¢arbon disul-
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phide was removed by distillation from a water«bath and the
residue distilled under reduced pressure to yield 22 g, (0.186
mole) of unchanged ethyl furcate boiling at 105° at 40 mnm,
and melting at 34°. In addition to this s smsll emount of
tar remeined, Attempts to convert this tar to an oxime were

not successfal,

Suary.

Unsuccessful attempts at condensation of chloroacetyl
¢hloride with furcic acid, furoyl chloride and ethyl furoate
were mede, No evidence of a Friedel-Craft reaction were ob-

served,
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ANTISEPTICS OF THE FURAN SERIES

Meany well known antiseptics and germicides are esters,
and many of the more importent cnes are phenolic estefs.

Thus 1t seems that esters of the furan series may prove wvalu-
able as sntiseptics or germicides, With this idea in view,
two groups of esﬁers have been prepared., The first 1s a
group of phenolie esters of furoic and furylacrylic aeids,
This group includes the furoic and furylacrylic esters of
phenol, gualaocol, p-ocresol, m-cresol, resorcinol, cetechol
and hydroguinone, Of these, only phenol furcate (1) and re-
sorcinol difuroate (1) have been previocusly described, Also,
for methods of comparison, the previously deseribed resorci-
nol, eatechol and hydroquinone esters of cinnamic {2) scid
have been 1hcluded.

The second group of esters includes the salicylic and
oxallc esters of the furfuryl aleohols, Of these, tetrshydro-
furfuryl oxalate, tetrahydrofurylpropyl oxalate and tetra-
hydrofurfuryl saliecylate were successfully prepared, Unsuc~-
coessful attempts at preparation of fnrrhryl oxalate, furyl-
propyl oxalate, furylallyl oxalate end furfuryl salicylate
were made,

All attempts at preparation of the formic esters of the

{1) Beum, Ber,, 37:2051 (1904).
(2) mnhgen‘i;"ﬁhesmul de Chimie, 17:110 (1925); C. 1916 (1),
P. 209,
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sbove algohols, resulted in complete decomposition,

Prelininary tests of the antiseptic property of these
compounds is now in progress, The results of these teats will
be reported st a later date,

Experimental.
I, Phenolic Esters of Furcic and Furylaerylic Aeilds,

Phenyl Furocate, GgHg0CO0C4Hs0, This compound was prepared
by the action of furoyl chloride on the sodium salt of phenol,

A 9,4 g. (0.1 mole) of phenol was edded to BO ce, of water
and 4 é. {0,1 mole) of sodium hydroxide sdded, To this solu~
tion was added, with stirring, 13 g, (0.1 mele) of furoyl
ehloride, An oil immediastely settled out, The mixture was
then extracted with alcohol free ether, dried over ecalcium
chloride and distilled, The yield of phenyl furocate melting
at 42° and boiling at 145° at 44 mm, pressure was 17.7 g. or
4%, The melting point given by Baum (1) 1s 41,5°,

This ester 1s a colorless solid which darkens slightly
upon standing, It was subjected to hydrolysis snd the seid
identified by mixed melting point,

Analysis, OGaloulated for Cy1HgOz: H, 4.85; C, 70.21,
Found: H, 4,46 and 4,42; ¢, 69,80 and 70,186.

Phenyl Furylacrylate, CgHgOCOCH=0HC4H:0, This substance
wes prepared by the method deseribed for phenyl furoste, by

the use of 9.4 g, (G;ixmele)ﬁaf phenol, 4 g, (0,1 mole) of
sodium hydroxide and 15;65 g.fio,l mole) of furylacryloyl
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chloride, The yleld of phenyl furylaserylate boiling st 185°
at 4 mn, pressure was 10 g, or 47%,

A better method for preparation of this ester consistsa
of refluxing furylaseryloyl chloride with phenol in benzgene
solution, A 9.4 g. (0.1 mole) portion of phenol and 15,65 g.
(0.1 mole) of furylacryloyl chloride were sdded to 250 cc, of
dry benszene and the mixture refluxed for two hours and distll-
led. The yield of phenyl furylserylate boiling at 185° at
4 mm, was 18 g, or 84%, This ester was subjected to hydrolysis
anl the acld identifled by mixed melting point,

Analysis, Calculated for C3asHyo0s: H, 4.67; C, 72,88,
Found: H, 5,02 and 4,87; €, 72.36 and 72,78,

Guaincol Purcate, 0-CHz0CgH;00004HZ0., This compound was
prepared by the method deseribed for pvhenyl furcate, using

12,4 g. {6.1 mole) of guasiacol, 4 g, (0,1 mole) of sodium
hydroxide and 13 g, (0,1 mole) of furoyl echleride, The yleld
of guaiacol furoste melting at 76° and boiling at 175° at 5 mm,
pressure was 18 g, or 82,5%. |

This ester was aaponified,'the saponification equivalent
being 225, and the scid identified by mixed melting point,

Analysls. Caleulated for CyoHy004: H, 4,59; ¢, 66,085,
Pound: H, 4,74 and 4,78; C, 65,92 and 66,19,

Guaiacol Purylserylate, o-GHz0CgH,000CH=CHC4H:0. This
ester was prepared by the methods deseribed fer phenyl furyl-
acrylate, The action of the amcid chloride upon the sodium
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selt gave a yield of only 337 while refluxing with the secid
chloride in benzene solution gave much better results, 4
15,65 g, {0.1 mole) portion of furylacryloyl chleride in
200 oc, of dry benzene was refluxed with 12,4 g, (0,1 mole)
of gualacol for two hours and distilled, The yield of
guaiacol furylscrylate bolling at 210° at 6 mm, pressure and
melting at 105° was 17 g, or 70%. ‘The ester was hydrolyzed
snd the acid identified by mixed melting point,

Aralysis, ©Galeulated for Cy¢HygD4: H, 4.82; C, 68,85,
Found: H, 4,70 end 5,12; G, 69,23 and 68,29,

p-Gresol Furoate, p-CH3CgH40C0C4H30, This ester was pre-
ptréd by the method deseribed for phenyl furcate, using

10.8 g. (0.1 mole) of p-crescl, 4 g, (0.1 mols) of sodium
hydroxide and 13 g, (0,1 mole) of furoyl chloride, The yield
of pe-gresol furoate melting at 55° and boiling at 152° at
5 mm, pressure was 18 g, or 64%,

Analysis, Calculsted for CygHig0s: K, 4,95; €, 71.28,
Found: H, 4,956 and 4,82; C, 70,83 and 71,66,

R-Oresol Purylacrylate, p-CHzCgH4O0COCH=CHC4Ex0, This
ester was prepared by refluxing & mixture of 15,65 g, (0.1}

mole) of furylaeryloyl chloride with 10.8 g, (0,1 mole) of
p~eresol in 200 e¢c, of dry benzene, The mixture was refluxed
for two hours and distilled under reduced pressure, The
vield of p-cresol furylasrylate melting at 75° and boiling at
195° st 6 mm, preesure was 15 g, or 71%., The saponification



equivalent was determined as 213 and the acid was identifled
by mixed melting point,

Analysis, Calculated for CGyg4H3190n: H, §5,26; €, 73,68,
Found: H, 5,31 and 5,51; G, 72,88 and 73,56,

m-Cresol Puroate, m-CHaCgH40C0C4H30, This ester was pre~

pared by the method desecribed for phenyl furcate, using 13 g,
(0,1 mole) of fureyl chleride, 4 g. (0.1 mole) of sodium
hydroxide and 10.8 g, (0,1 mole) of m-cresol. The yileld of
m-¢rescl furoate melting at 39,5° end boiling at 155° st 5 mm,
was 19 g, or 90%. The eater was hydrolyzed and the scid
identified by mixed melting polnt,

Analysis, Csaleculated for CyoHyn0s: H, 4.95; G, 71,28,
Found: H, 4,96 and 4,90; ¢, 70,95 and 70,62,

u~Cresol Furylserylate, m~CH3zCgH4OCOCH=CHC4 B3z 0, This

ester was prepared by refluxing a mixture of 15,65 g, (0.1
mole) of furylacryloyl chloride with 10,8 g. (0.1 mole) of
m-e¢resol In 200 ce, of dry benzene for two hours. The yleld
of m-cresol furylaerylate boiling at 185° at 5 mm, pressurs
was 15 g, or 61%., This compound 1s s colorless liquid,
524 1,0728, ngf 1,5980, The ester was hydrolyzed and the asid
identified by mixed melting point,

Analysis, Calculated for Cy4H320s: H, 5.26; C, 73,68,
Found: H, 5,45 end 5,39; C, 73,96 and 74,00,

Resoreinol Furoaste, m~{C4H30C00)pCgHg., Attempts were made

to sscure the half ester by treatment of resorcinol with equi-
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molecular guantities of furoyl chloride in the presence of
potassium hydroxide, in aqueous sodium earbonate and by re-
fluxing in benzene solution, In 81l cases the same compound
was secured, The properties of this compound indicate the
formation of the full ester,

The better method of preperation consists of sddition of
26 g, (0.2 mole) of furoyl éhloride to a well stirred solu-
tion of 11 g, (0,1 mols) of resorcincl in 50 ce, of water
containing 11.2 g, (0,2 mole) of potassium hydroxide, The
ester éeparates a8 a s80l1lid which maey be filtered off and
crystallized from alcchol, The yield of resorcinol furoate
melting at 130° was 5 g, where 0,1 mole of furoyl chloride
wes used and 11 g, or 374 where 0,2 mole of furoyl chloride
was used, The melting point of this compound as given by
Beum (1) s 128°-120°,

The saponificetion equivalent was determined as 147
which would indlcate the full e¢ster,

Analysis, Galculated for CygB3g90g: ¥, 3.35; €, 64,43,
Pound: R, 3,19; C, 64,10,

Catechol Furoate, 0-(C4H30C00)pCgH4, Attempts at prep-
aration of this compound by the methods described for re-
sorcinol furocate were not successful, However, by heating at
100° & mixture of 26 g, (0.2 mole) of furoyl chloride and
11 g, (0,1 mole) of catechol and orystallizing first from
benzene and then from aleohol the ester, melting at 116°, may
be secured in 10 g, or 344 yleld, The saponification equiva-



- 57 -

lent was determined as 145, which corresponds with that of the
full ester,

Analysis, Osleculated for CygHypnOs: K, 3,35; C, 64,43,
Pound: H, 3,81; €, 64,73,

Hydroquinone Furcate, p-{C4H30C00)pCgH,., Attempts at
preparation of this compound by the action of furoyl ehloride

on hydroquinone in the presence of potassium hydroxide re-
sulted in & very low yield of substance melting at 199%, Re-
fluxing hydrogquinone with furoyl chloride in benzene solution
resulted in no veaction, However, by heating dirsetly a mix-
ture of 26 g, (0,2 mole) of furcyl chloride and 11 g, (0,1
mole) of hydroquinone just below the boiling point of the
furcyl chloride (176°) until the mass besame solid, better
results were obtained, The s0lid mass was extracted with
benzene, then with aleochol and finally crystallized from
acetons, The yield of hydroquinone furocate melting at 200°
was 8 g, or 26,9%, The saponification equivalent was deter-
mined as 150 which would indicate the full ester, Mixed
melting point with hydroquinone was 600. “The ester was
hydrolyzed and the aclid ldentified by mixed melting point,

Analysis, Caleulated for CygHig0s: H, 3.35; C, 64,43,
PFound: H, 3,81; €, 64,59,

Resorcinol Furylecrylate, m-(0H)(C4Hz0CHEsCHCOO)CgH,.

This ester was secured by'action of furylaeryloyl chloride on
resorcinol in benzene solution and the product secured seens

to be the half ester, when one equivalent of the scid ohlor-



1de was used and the full ester when two equivalents were
used (see p. 59), In & typlcal run, 15,65 g. (0.1 mele) of
furylacryloyl chloride snd 11 g. (0,1 mole) of resorcinol
were dissolved in 200 ¢c, of dry benzeme and the mixture re-
fluxed until evolution of hydrogen chloride ceased, About
one-half of the benzene was then distilled off and the resi-
- due chilled, the ester erystallizing on ¢ooling, This
material melted at 126° and further crystallization from ben-
gene raised the melting point to 128°, The yield of this
material was 8 g, or 35% ba#éd on formation of the half sster,

The saponification equivalent was determined sz 208 and
211, the moleculsar welight of the half ester being 230, The
low values for saponification equivalent are probably due %o
error in titration, The solutions after saponification were
highly colored and in order to see the end point it was neces-
sary to dllute the solutlons considerably and to place a
strong light behind them,

Analysis, Calculated for CppHjig0g (full ester): H, 4,00;
G, 68.57. Caleculated for CyzH;n04(half ester): H, 4,35;
¢, 67,83, Pound: H, 4,50 and 4,78; C, 67,85 and 67,94,

Hydroquinone Furylacrylate, p-{OH)(CgHs0CH=CHCOO0)CgHy.
This ester was prepared by the method deseribed for resorci-

nol furylecrylate, the same product being obtained with one
or two equivalents of the acid chloride; 15,85 g, (0,1 mole)
furylacryleyl chloride with 11 g. (0.1 mole) of hydroguinone



in 200 ec, of dry benszens to yleld 7 g, or 30,4% of material
melting at 173", A mized melting point with hydroquinone wes
145°, Saponification equivalent was determined as 208, the
molscular weight of the hslf ester being 230, The saponifica-
tion equivalent could not be determined with great accurscy on
account of the dark color of the solution,

Analysis, Calculated for CyzH3n904: H, 4,35; €, 67,83,
Found: H, 4,34 snd 4.,19; 6, 67,50 snd 68,32,

Catechol Furylasrylate, o-{CgB30CH=CHCOO)CgHOH, This com-
pound was prepared by the method dessribed for hydroquinone
furylaerylate, the half ester being secured in all ceses, A
solution of 15,65 g, (0.1 mole) of furylaeryloyl chloride and
11 g. (0,1 mole) of ¢atechol in 200 e¢c, of dry bensens gave
8 g, or 35% yleld of material melting at 152°, A mixed melt-
ing point with catechol was 118°, The saponification equiva-
lent was determined as 208 with the same difficultles descrided
in the case of hydroguinone furylacrylate,

Analyeis, €Calculated for CysHyng04: H, 4.35; G, 67.83.
Found: H, 4,72 and 4,74; G, 67,64 and 67.76. |

Besorsinol Di-Furylacrylate, m-(C4HzOCH=CHGOO }CgHy,
Elsven g, (0.1 mole) of resorcinol wes refluxed wiﬁﬁ»sl.s g
{0.2 mole) of furylacryloyl chloride in 250 ce, of dry ben-

gene until evolution of hydrogen chloride ceased, MNost of the
benszene was then distilled off snd the residue allowed to
erystallize, This masterial when recrystallized from alcohol
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to constant melting, melted at 112° and gave s mixed melting
point of 95° with the previously described half ester, Yield,
12 g, or 34,3%, Mixed melting point with resorcinol was 949,
The saponification equivalent was determined as 165, the
theoretical saponification equivalent for the full ester be-
ing 175, The dark color of the solution mede titrstion 4if-
fieult,

Anslysis. Calculated for CggHy.0q: E, 4.00; G, 68,57,
Found:H, 4,25 and 4,23; ¢, 69.23 and 69,08,

Hydrogquinone Ginnamate, This previcusly described (2)
compound was prepared by warming 11 g, (0,1 mole) of resorei-

nol with 33.3 g. (0.2 mole) of cinnamoyl ehloride until =
solid mass was formed, One hxmdred cubic centlimeters of
acetone was then added and the mixture refluxed for three
hours, The mixture was then allowed to cool and the eater
filtered off to yileld 30 g, or 54% of ﬂaterial‘mclting at
189°, This melting point is ir sgreement with that previous-
ly reported (2},

Resorcinel Cirnmamste, This sompound (2} wes prepared by
the method described for hydroquinone cinnamate, The yield

from 11 g. (0.1 mole) of resorcinol and 33,3 g. (0.2 mole) of
cinnamoyl chleride was 18 g, or 40%, This substance when
erystallized from aleohol melted st 120° and the melting point
remained unchanged when recrystallized from acetone, This
melting point is in agreement with that previously reported
().



II, Oxalic and Salieyliec Esters of Furfuryl Alcchols,

PFurfuryl Oxalste, 3everal unsuccessful attempts were

made et preparation of furfuryl oxalate, To 9.8 g, {0,1 mole)
of furfuryl alechol was added 4.5 g. {0,056 mole) of anhydrous
oxglie aeld at room temperature, The mixture graduglly dark-
ened and rapid decomposition took plaee, leaving only & car-
bonous residue, A second attempt was made under the same con-
ditions except that 50 oc, of anhydrous ether was used as s
solvent, The mixture darkened in color but after two hours
standing at room temperature, distillation under reduced pres-~
sure was sttempted, After the solvent had been removed, with
aild of a water-pump, and the temperature raised slightly,
violent decomposition took place, Attempts at preparation of
the ester by treatment of 9,8 g, (0.1 mole) of the alcohel in
50 cec. of anhydrous ether with 6,35 g, (0,05 mole) of oxalyl
chloride resulted in the formetion of a dark colored solution
which de;cmpaned upon attempted distilletion at 10 mm, pres-
sure, The same result was secured upon sttempted preparation
of the ester by the actlion of oxalyl chlorlde on the sodium
salt of the alcohol, both with and without 2 solvent, The
same results were also obtalned upon treatment of furfuryl
alcohol with a pyridine-oxalyl chloride complex, To 12,7 g.
{0,1 mole) of oxalyl chloride was added dropwise a solution
of 17,4 g. (0.22 mole) of pyridine in 200 ¢e, of dry chloro-
form, To this mixture was added dropwise, with stirring, =
solution of 19,6 g. (0,2 mole) of furfuryl slecchol in 50 ce¢,



of chlorecform, The mixture gradually derkened and finslly
became black, After two hours stirring at room temperature,
the mixture was thoroughly washed with water and dilute acetic
acid and ripally again with water, The chloroform solution
was separated, dried over sodium sulfate and the solvent re-
moved with aild of a water-pump, A dark viscous residue re-
mained in the distilletion flask, Upon attempted distillation
of this residue at 4 mm, pressure violent decomposition took
place, resulting in a sudden explosion which shattered the
containing flask, The product of decomposition was scattered
over the room, taking fire as it touched the alr, No further

attempts at preparation of this compound have been made,

Tetrahydrofurfuryl Oxalate, (C4H70CH20C0)g., Tetrahydro-

furfuryl oxalate was prepared by the method used by Wahl (3)
in the preparation of various esters of oxalic acid, A 8,4 g.
(0.0824 mole) portion of tetrahydrofurfuryl alechol was dis-
solved in 6 g. of benzene and 3 g, (0.,0333 mole) of anhydrous
oxalic acid added to the resulting solution, To this mixture
was then added 1,79 g, (0.0183 mols) of concentrated sulfuric
scid and the mixture stirred at room tempersture for 10 hours,
The solution was then washed with a small smount of dilute
sodium bicarbonate solution, dried over sodium sulfate and
distilled, The yield of tetrahydrofurfuryl oxalate bolling

(3) Wahl, Bull, soe, chim,, 35:304 (1924); Bull, soc, chim,,

» *y
- 37:718 (1925),
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at 205° at 4 mm, pressure was 5 g, or 58,4%, based upon oxalie
acid,

In s second preparstion, 30.6 g, (0.3 mole) of tetrahy-
drofurfuryl alcohol was added to 9 g, (0.1 mole) of anhydrous
oxalic acid and the mixture heated at 120° for 12 hours, The
mixture was then distilled to yield 16 g, or 62%, based on
oxalic acid, of tetrehydrofurfuryl oxalats boiling st 203° at
4 mm, pressure,

This ester is a colorless liguid with little odor,
dfﬁ 1.1835; n§5 1.4650, The saponification equivalent was de-
termined as 127,5, the theoreticsl value being 129,

Anelysis, CGalculated for CyoH3glg: €, 55,81; H, 6,98,
Found: €, 55,79 eand 56,05; H, 7.21 and 6,77.

Tetrahydrofurylpropyl Oxalate, {C4B7OCHQUHLCHQOC0 ) g, At~
tempts at preparation of the oxalic ester of tetrshydrofuryl-

propyl alechol (4} by the sction of anhydrous exalic acid were
not successful, Signs of decomposition were evident and com-
plete decomposition resulted upon attempted distillation at

4 mm, preasure, We were, however, successful in securing thias
compound by the astion of oxalyl chloride upon the sodium salt
of the sleohol, Thirteen grams (0,1 mole) tetrshydrofuryl-
propyl alcohol was dissolved in 50 ec, of dry benzene and 2,3 g.
(0,1 atom) of sodium added, .This mixture was refluxed until

noe further reaction was evident, The small particle of un-

{4) See p,31, THIS THESIS,
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used sodium was then removed snd 6,35 g. (0,05 mole) of oxalyl
chloride was added dropwise with vigorous stirring., The mix-
ture was refluxed for two hours, flltered and distilled to
yield 8 g, or 51% of tetrahydrofurylpropyl oxalate boiling at
210° at 3 mm, pressure,

This ester is a‘ealcrless liquid with 1ittle odor,
a2%1,1045; nZ® 1,4675. The saponification equivelent was de-
termined as 157,09, the theoretical wvalue being 157,

Analysis, Calculated for Cygpg0s: €, 61.15; H, 8,25,
Pound: €, 60,63 and 61,00; B, 8,61 mnd 8,14.

Furylpropyl Oxalate, Attempts asv preparaiicn of the ox~
alic ester of‘furylprépyl alcohol (5) were unsuccessful, all
of the methods sbove desecribed belng attempted, In every
case, violent dscompositlion took place upon attempted distil-

latlion under reduced pressure,

Furylallyl Oxalate. Furylallyl alcohol was prepared by
the method of Adems snd Bray (6)., To a& solution of 61 g,

{0.5 mole) of furylacrolein in 200 cc, of absolute ethyl al-
echol was added 0.5 g, of platinum oxide catalyst (7) and
0.05 g. of ferrous sulfate, The mixture was reduced at 2 - 3
atmospheres prssgsure and the reaction was stopped when one

molecular eguivalent of hydrogen had been ebsorbed, After re-

(8] See p.2v, THIS TEESIS. o
6) Adams and Bray, J. Am, Chem, 8og,, $£9:2101 {(1927),
{7) Adems and Sehriner, J, Am, Chem, Soo,, 45:2171 (1923),
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duetion, the alcohol solution was separated from the catalyst
by filtration and the solution distilled under reduced pres-
sure. The yleld of furylellyl aleohol boiling at 108°-110° at
4 mm, pressure was 50 g, or 64,5%,

Note: Freéhly distilled furylacrolein is alightly yel-
low in color and darkens rapidly unless kept in an ice chest,
If this materisl is crystallized from petroleum ether (b,p.
40°.60°) & material 1s secursd which remains practioslly
colorless sfter long standing at room temperature, This
erystallized materlal, however, ga#e no better yiseld eof slco-
hols upon reduction, '

~ All attempts at preparation of furylallyl oxalate by the
above described meihods resulited upon complete decomposition,
elther durling the reaction or upon attempted distillation of

the reaction products under reduced pressure,

Tetrahydrofurfuryl Salicylate, o-{0H){C4qH70CHo0C0)CgH,,
Tetrahydrofurfuryl salicylate was prepared by the sction of
the acid chloride on tetrahydrofurfuryl alcohol, The salleyleyl
chloride was prepsred by the method of Adams and Ulieh (8) by
the action of oxalyl chlorlde on salicylic acid, A 13.8 g.
{0.1 mole) portion of salicylic acid was dissolved in 50 oe¢,
of dry benzene and 31,8 g, (0,25 mele) of oxelyl chloride ad-
ded dropwise with stirring, The mixture was refluxed gently

for two hours and the excess oxalyl chloride and benzene ro-

A8) Adams and Ulich, J, Am, Chem, Soc,, 42:604 (1920).




moved by distillatlion under reduced pressure, Ko attempt was
made to distill the saliceyloyl chloride,

The crude sallicyloyl chloride was added to e solution of
10.2 g. (0.1 mole) of tetrahydrofurfuryl alcohol in 100 cc, of
benzene and the selutlon refluxed until evolution of hydrogen
chloride ceased, The mlxture was then distilled to yleld 15 g.
or 78% of tetrahydrofurfuryl salicylate boiling at 166° at
5 mm, pressure,

This eater is a colorless liquid with a very plessant

g54

odor, d3t 1,1831; ub® 1,5217,

Analysis, Galculated for 01231434: ¢, 63,26; H, b6,77.
Found: €, 63.25 and 83.57; H, 5,92 and 5,94,

Furfuryl 8alieylate, Attempts to secure this ester dby

the method deseribed for tetrshydrofurfuryl salicylste were
unguecessful, complete decomposition taking place upon at-
tempted distlillation at 4 mm, pressure, The same results were
secured when a solution of the mleochol in chleroform weas
treated with a chloroform solution of the pyridine-acid chlor-
1de complex, a 10% excess of pyridine belng used,

Bummary.

The furyl and furylacrylic esters of phenol, gualacol,
p~cresol, m-erescl, resorcinol, catechol and hydroquinone have
been prepsred and described, Also for methods of comparison,
the previcusly prepared cinnamic esters ef hydrogquinone and
resorcincl have been prepared, In general, the furolc esters



may be prepared in very good yields by the Schotten-Baumann
reaction, This method, however, is not so desirable in the
ease of the furyiaerylic esters, it being preferable to re-
flux the acid chloride with the phenoliec body in benzene solu-
tion, 1In some ceses it is necessary to heat directly a mix-
ture of the acid chloride and the phencl, In the case of tha
dihydroxy benzene compounds, the full ester only is secured
with furoyl chloride while the half ester may be formed with
furylaseryloyl chloride, In the case of resorcinol only was
it possible to secure both the full and half ester,

Tetrehydrofurfuryl salicylate, tetrahydrofurfuryl oxa-
late and tetrshydrofurylpropyl oxalate have been prepared and
described,

Unsuccessful attempts were made to secure furfuryl sal-
icylate, furfuryl oxslate, furylpropyl oxalate snd furylellyl

oxalate,
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INSECTICIDRS OF THE FURAN GROUP

At the present time no correlation exists betwsen the
chemical constitution of compounds and their power to met as
insecticldea, Substesnces which are good germicides may be
also good Insectlgeides, but thls is not necessarily the ecase,
The method follewed by the memufacturers of insecticides, in
their search for new and better insecticides, is simply to
test everything, With this idea in mind, the action of a
series of fursn compounds on flies has been determined, The
preparation and properties of these compounds have béen pre~
viously desecribed in this series,

One hundred flies that have been raised under optimunm
conditions, and whose resistance to the solvent has been de-
termined, are placed in a test chamber, Mo flles are used in
which e check, with the solvent alone, shows over 5% down.

The chamber 1s & cublcal room six feet on a side, with
windows on two sides, well lighted and previocusly well aersted,
Twelve cubic centimeters of the solution to be tested is
sprayed in at the top of the eelling, from a standsrd atom~
izer, at @& pressure of 12 pounds, ZExactly 10 minutes after
spraying, the inactive flies on the floor sre counted, at the
end of 30 minutes the chamber 1s opsned and the inective flies
plcked up, pleced in gages with food and water and observed
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at the end of 24 hours, In case nesrly all of the flies are
down at the end of 10 minutes, the chamber 1s then opened,
Under these conditions a good pyrethrum spray will down all
of the flies in less than 10 minutes and at the end of 24
hours from 20Z to 30% will have recovered.

The results of teats with furen compounds 4is given in
the following table.

Compound isonc,z 8ol- %’Iﬁ :93533:24
: ¢ vont,:min, :min, :hours
Bydroquinons menofuroate . 3 ix0ye0; *,§ 25 : —
Hydroguinone difurylacrylate ;8 ix : 12: 41: 20
m~Cresol furylacrylate : 8 ix%0ge0; 1. 5: -
m-Cresol furoate 24 ‘X 12 Pos1i —
FPhenyl furylacrylate 2% X . &2 82 a7
Phenyl furoate ; 2% :x%E10% a3 i 57 : 28
p-Cresol furvlaerylate : 4 ix : 48 i 50: 48
Guaiscol furoate : 2% :x%%®. 15 s3: 17
Resoreinol difurcate : s x40, 30 m : —
Guaiacol furylacrylate . 8% X00§%0; 6. 30 —
Hydroquinene difuroate ;3 x6ON#0. 2. 19:
p-Cresol furoate P of 200 g7 a1: @
Hydrogquinone ¢innamete S :Mo 7 . 24 7
Resorcinol furylacrylate of '360;40 3 17 ~ -
Benzoylfuran (1) : 4% :x%0x®0; gp . g5 : 58
Tetrahydrofurylpropyl thlo-
cysnate $ tK : 100 :

, I 32
and Hewlett, lows State College Journal of celenes,
T 4:29 {1930). o
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In the above teble, S represents s saturated solution the
concentretion of which 1s less than 2%, X represents kerosene;
H, eyclohexanone; N, high flesh naphtha, %Thus, K§°!43 repre-
sents 607 kerosene and 40% naphthe,

SUEEArY.

A desoription is given for the method of testing the
action of compounds on flies, A teble is given in which the
action of 16 furan compounds is listed, ¥one of these com-
pounds is remarkably good and some have little if any effect
et all, The more active compounds are shown to be tetrshydro-
furylpropyl thiocyanate, benzoylfuren, the p-oresol snd the
phenyl esters,



THE PREPARATION OF FURFURAL DIACETATE

Purfural discetate 1s in demand for the preparation of
various substituted furfurals, such as S~chlorofurfural and
S-bromofurfural, The purpose of this study was to determine
the optimum conditions for preparation of furfursl dlacetats,
using the method of Gilman and Wright {(1).

The method consists of treatment of furfural with acetle
axhydride in the presence of stanmnous chloride dihydrate,
SnGlge2Ho0, Following the method of Gilmen and Wright (1) it
was found that improved ylelds of furfural diacetate were
secured by use of a larger quantity of catalyst and by keep-
ing the temperaturs of the reaction mixture as low es posszible
during the reaction, Thus by the use of four grams of cata-
lyst to four moles of furfural, and a slight excess of acetic
snhydride, ylelds as high as 78% of furfural diacetate from
technical furfural were secured by sllewing the reastion mix-
ture to stand in the open during the severe cold spells of
winter, Under these conditions, practically all of the fur-
fural dlacetate crystellized, thus making the product easier
to work up. .

¥aturally, the preparation of furfural dilacetate in warm
westher snd also in warmer climates is desirable, We have

{1} 6ilmen end Wright, Jowa State College Journal of Science,
4:35-368 (1929),
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found that good ylelds of furfural discetate may be secured by
allowing the reaction mixture to stand in an slectris refrig-
ersator and that moderate ylelds masy be secured by uss of s
large amount of catalyst at a higher temperature and over a
shorter interval of time,

The mixture after reaction consists of a mass of coarse
crystals of furfural dlacetate and some liquld, the whole mix-
ture being very dark in coler, The crystals are separsted
from the liquor by filtration with suetion, The separated
liquor is then shaken with sufficlient water to cesuse 1t %o
8011dify and then is filtered through the crystal mat alreedy
present in the filter, This affords rapid filtration, The
material is then dried and distilled., The stennous chloride,
however, during the water treatment is hydrolyzed to the basic
thloride which is insoluble and which seems to csuse aome de-~
composition upon distillation., In vases where very large
guantities of catalyst were used, complete decomposition has
resulted upon attempted distillation, Therefors, it seems
desirsble to remove the catalyst by crystallization of the
materlal before distillation, In omses where more than one
gram of catalyst per mole of furfural is used, the erystal-
lization is necessary, in other cases it 1s optional, In all
cases whers orystallization 1s used a better yleld and a purer
produst is obtained, Carbon disulphide has been used as the
solvent in erystallization of this material, as it ls almost
eemploteiy miseible with furfural diacetate at the boiling
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point of cerbon disulphide and the solubility is very low at
0°, PFrom the same run, 323 g, of crude materisal geve 205 g.
ef very pure furfursl discetate by crystallisation from carbon
disulphide end subgequent distillation, while the same welght
of erude material gave 272 g, of less pure product by direct
distillation, In this run three grams of catalyst had been
used to four moles of furfural,

In a1l cases the acetic anhydride used was 95% pure sand
the weights given will represent the astual weights of this
material used while the number of moles will be based upon the
scetloc anhydride eontent, In cases where crude furfural is
used, this materisl will be mssumed to contsin 95% furfural,
Typisal runs will be described while the dats socummlated in
this work will be given in tables I and IT,

Nethed I, Three grams of stanncus chloride dihydrate
digsolved in 384 g, (4 moles) of freshly distilled furfural,
This solution was placed in an ice and selt mixture and cool-
ed to -8° to -10°, 1 solution of 459 g, of 95% acetic an-
hydride (4.27 moles) was also cooled to -8° to -10% and was
then poured into the furfursl, This was thoroughly mixed and
allowed to remain in the freezing mixture for one hour and
was then placed in an electric refrigerator and allowed to
stand for 48 hours, At the end of this tims, practically all
of the materisl was crystellized, The mass was broken up and
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the crystals separated from the liquid by filtration through
& Blichner funnel, The separated liguid was then shaken with
two liters of water and the solid thus formed was filtered on
top of the erystals in the funnel, This mass was thoroughly
washed with water end sucked as dry as possible, and was then
removed from the filter and drled on porous plstes, The
welight of the erude dry matorial was 647 g. (This material
may be distilled directly or may be subjected to crystalliza-
tion frem earbon disulphide and subsequently distilled or re-~
erystallized from carbon disulphide)., In this run the crude
muter&ai wes divided into two equal portions of 323,56 g. each,
The first was distilled directly under reduced pressure to
yield 272 g. or 68,65% of furfural diacetate boiling at
140°-144° at 20 mm, The other portion was dissolved in 500 e,
of boiling carbon disulphide, filtered and ceceled in cracked
ice, This material was them filtered end sucksd free of car-
bon disulphide, The slightly colored product was dilstilled
to yleld 205 g, or 74.5% of entirely colorless materlal boil-
ing at 145°-144° at 20 mn, pressure,

Method 1Y, The object of this method is the preparstion
of furfural discetate without use of a refrigersator and also
to avolid the loss in time by allowing the materisl to stand
for 48 hours, Also, since scetic anhydride 1s more expensive
than furfural, it is desirable to uase an excess of furfural
rether than an excess of acetlc anhydride,

A series of runs was made using s large amount of cata-
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lyst, and sdding the acetic anhydride to the furfural st room
temperature, The produst of reaction was worked up as describ-
sd sbove, It was found, however, that mmch decomposition took
plagce upon distillation and crystallization from cardbon di-
sulphlde before distillation was found necessary., If the
amount of catalyst is cut down te a minimum, 2 g« DOPr mole,

the meterial may be distilled directly, but the ylelds ere
wuch poorer when the erystellization 1a not used.

4 typiecal run 1s given, Right grems of stannous chlor-
ide dihydrate was dissolved in 384 g, (4 moles) of distilled
furfursl contained in a flask equipped with mechenical stir-
rer, dropping fumnel and thermemeter, The flask was placed
in & vessel of water and 408 g, of 95% amcetic anﬁy&rida
(3.8 moles) added dropwise with stirring, The sddition of
the acetic anhydride was reguleted 3¢ thet the temperature of
the mixture remeined at 20°-30°, After the sddition of the
agetliec anhydride was complete, the mixture was stirred. for
two hours. It was then poured into a large flask and was
sheken with water until the -;nass solidified, about three
1iters of water being used, This mixture was then flltered
with suetion, washed and dried, 7%he dry material was dis-
golved in 800 ce. of carbon disulphide by sdding efbon di-
sulphide and heating it to its boiling point under reflux
condenser, This solution ims then flltered and cooled in
eracked 1ice, The furfurgl dlscetate was separated by filtra-
tion, dried and distilled, The yleld of furfural dlacetate
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boiling at 143°-144° at 20 mm, was 380 g, or 50,51%, based on
the acetic anhydride,

Table I,
¥ethod I,
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F represents furfural; A, aceti¢ anhydride; P, furfural di-
acetate,
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Two methods are described for the preperation of furfursl
dimcetate in good ylelds, During very cold weather or where
an 1ce box 1s availsble, the first method ia more desirsble,

It is found prefersble to crystallize the c¢rude product be-
Pore distillation,



NITROFURFUBAL DIACETATE AXD NITROFURFURAL

Jntreduction.

Fitrofurfural may prove to be a very useful compound in
the mamufacture of dyes and many other valusble compounds,
This compound wae first preparéd by Gilman and Wright (1) by
nitrating furfural diacetate in aeétic anhydride, The direect
prodnn§ of this nitretion is assumed, by Gilmen and Wright
(1), to be an intermediate ring fission compound which, when
treated with pyridine, is converted to nitrofurfursl di-
acetate, The nitrofurfural is secured from the dilasetate by
hydrolysis with sulfuric acid,

It 12 of interest to note that nitrofurfural diacetate
may slso be prepared directly from furfural by the method
described by Gilman and Wright (1) for nitration of furfural
dlacetste, The yleld of nitrofurfural dlasetate from the di-
roct nitration of furfursl in acetic anhydride 1s practically
the same as that sscured by nitration of furfurel diacetate,
However, if the yield in both cases is referred basck to fur-
fural, the yleld by direct nitration of furfural will be found
superlor to that secured by nitration of furfural dlacetate,
In sddition to this, the neceasity for the preparation of fur-
fural dlacetats is avoided,

X{1) Gilmen and Wright, J, Am, Chem, Soc,, 52:2550 (1930).




REitrofurfural Diacetate, HO5CgHp0CH(OCOCHz)g. A nitrat-
ing mixture was prepared by slow addition of 175 g, (2,76
moles) of fuming nitric acid {sp., gr. 1.5) to 860 g, (5.8

moles) of well chilled ecetic arhydride, the temperature of
the mixture being kept at -5° during the sddition of the nit-
rie acid, A solution of 06 g, (1 mole) of freshly distilled
furfursl in 210 g, (2 moles) of acetic anhydride was then ad-
ded drepwise to the nitrating mixture, the temperature being
kept below -5° during the addition and during three hours
subsequent stirring, The mixture was then poured onto 1 kg,
of eracked ice snd a satursted solution of so&im hydroxide
added with vigorous stirring until the solution was faintly
but dlstinetly alkaline to litmus, During the addition of
sodium hydroxids, ice was added from time to time to keep the
tempersture down, an excess of ice being kept In the mixture,
The water layer was then decanted from the heavy oll which
separated out., The oll was as nearly as possible freed from
the wator layer mnd dissolved by addition of pyridine, dJust
enough pyridine is sdded to completely diszolve this oil,
Ususlly, no vigorous reaction occcurs when the pyridine is ad~
ded, however, in some cases the action has deen known to be-
come quite vigorous, If this occurs, it may be checked by
addition of cracked ice, If lce ls added, a larger amount of
pyridine will be required to dissolve the oil, After stand-
ing for about one hour the solution was diluted with about



three volumes of water and then allowed to stand over night,
The solid nitrofurfurasl diacetate was then separated from the
solution by filtration and dried to yield 100 g, or 41% of
material melting at 85°, This material was erystsllized from
alcohol to yield 80 g, or 33% of pure nitrofurfural diacetate
melting at 92°, The yleld secured by Gilman and Wright (1)
by nitration of furfurel discetate was given as 407 of
material melting at 87°,

Fitrofurfural, KNitrofurfural was prepered by hydrolysis
of nitrofurfural discetate by thz.msthgd of Gilmen and Wright
{1). Eighty grams (0,33 mole) of pure nitrofurfursl dlacetate
was suspended in a solubtion of 100 cc, of concentrated sulfurie
a¢id in 356 ac, of water and the mixture refluxed for 15
minutes in an atmosphere of carbon dioxide, The mixture was
then chilled in lce, nitrofurfural crystallizing from the
solution, This was ssparated from the solution by filtration
and dried., The nitrofurfural may be recrystallized from pe~
troleum ether {(b,.p. 4o°~§6° ) or may be distilled, After file

tration, the sbove solution was extracted with ether, the

- ether extract dried over sodium sulfate and the solid nitro-
furfural added to this ether solutien, The whols was then
distilled to yleld 38 g, or 80 of nitrofurfural boiling at
152°-154°% at 11 mp, pressure and melting at 33°-34°,

SUnary -
Fitrofurfural dlascetate may be secured elther by the



- 88 =

nitration of furfural discetate or by the direct nitration

of furfural in agetlc anhydride, The yields are about the

seme by either method, but the use of furfursl itself is an
advantage in that the preparation of furfural diacetste is

avoided, MNitrofurfural may be prepsred from nitrofurfural

diascetate by hydrolysis in sulfuric seid,



- 83 -

PREPARATION OF SECONDARY AND TERTIARY PURYL CARBINOLS
BY USE OF THE GRIGNARD REAGEN?

Hale, McNally and Pater (1) found that the Grignard re-~
agent reacted smoothly with ethyl furoate to produce the ex-
pested tertiary ¢arbinocl in good yilslds, 1In this manner they
prepared, among others, diphenyl furyl carbinel, 1In the re-
action of phenylmagnesium bromide on ethyl furoate, very l1lit-
tle diphenyl wae formed, Their attempts, however, at prepar-
ation of secondary furyl carbincls by resstion of furfural om
the Grignard reagent were not successful, When phenylmag-
nesium bromide and bensylmagnesium chloride were treated with
furfurael only coupling products, diphenyl and dibenzyl, re-
spectively, were formed, o
| Peters and Flscher (2), however, found that the Grignard
reagent reacted norwallj with fuarfursl snd were successful in
preparation of phenyl furyl carbinol and a number of other
secondary furyl carbinols, No mention is made, however, as
to the amount of coupling products formed,

We have followed the work of Hale, MoKally and Pater (1)
in preparation of diphenyl furyl carbinol and that of Peters
and Fischer (2) in preparation of phenyl furyl cearbinol end
agree with their resulta except that our compounds seem to be
more ateble than has been previously indicated, We have also

{1) Hale, McNally snd Pater, Am, Chem, J,, 35:68 (1906),
(2) Peters and Pischer, J, Am, Ohem, §cc., 12079 (1930).
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prepared the phenyl S~chlerofuryl and phenyl 5~bromofuryl
earbinols and have sttempted the preparation of di-tert,butyl
furyl carbinol, In 8ll cases where phenylmegnesium bromide

was used, the usual amount of diphenyl was formed.

Experlmental.

Diphenyl Furyl Carbinol, (CgBg)gC{O0H)C4Hz0., DPiphenyl
furyl carbinol was prepared by the method of Hale, McHally
and Pater (1) by the action of phenylmsgnesium bromide on

ethyl furoate, The OGrignard reagent was prepared by addition
of & solution of 34,54 g. {0.22 mole) of bromobenzene in

200 gc, of anhydrous sther %o 6 g, (0,25 atom) of magnesium,
After the reaction was complete, a solution of 14 g, (0,1
mole) of ethyl furoate in 50 ce, of anhydrous sther was added
dropwise with vigorous stirring, After two hours refluxing,

& positive test for Grignard reagent was secured, This mix-
ture was then hydrolyzed by pouring onte ice and the ealculat-
ed guantity of 10% amcetic acid, The ether layer was then
separsted, washed with sodlum carbonate sclution and dried
over anhydrous sodium sulphate, The ether was removed by dis-
tillstion from s water~bath and the residue subjected to steam
aistillation to yleld 1,15 g, or 5,41% of diphenyl melting st
70°, The residue in the flask was then extracted with ether
and dried over anhydrous sodium sulphate, The ether was
sucked off with the zid of & water pump and the 80lid residue
erystallized from petroleum ether, {b.,p. 30°«60%) to yield
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18 g, or 75% of diphenyl furyl carbinol melting at 92°, Bale,
MoNally and Pater (1) report a yield of 70% of material melt-
ing at 92,5° (eorrected),

Contrary to former work (1) reported on this compound, de-
compoaition appears to take plsce very slowly, The appearance
and melting polint remained unchanged at the end of one week
and noticeable decomposition began at the end of fifteen days,
At the end of thirty days about one-hsalf of the original
materisl was recovered unchanged by erystsllization from pe-
troleum ether, (b.p, 30°-60°), At the end of six months the
whole mass had become plastic and gould be moulded in the
fingers, while at the end of two years only & hard resinous

inscluble material remained,

Fhenyl Faryl Carbinol, CgHgCH{OH)C4H30, Hale, McNally
and Pater (1) attempted the preparation of this compound with-

out success, Upon this basiz, the statement is made that fur-
fural does not react normally with the Grignard resgent,
Peters and Piseher (2) have prepared phenyl furyl carbinol by
the reaction of furfural on phenylmsgnesium dbromids,

We have duplicated this preparation of Peters and
Pischer {2), The phenylmagnesium bromide waas prepared by ad-
dition of a solution of 18,84 g, (0.12 mcle) of bromchbengane
in 150 c¢e, of anhydrous ether to 3.6 g, (0,15 atom) of mag~
nesium, After the reaction was complete a solution of 9,6 g,
{0.1 mole) of freshly distilled furfural in 50 e¢c, of anhy-
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drous ether was added dropwlse with stirring., %his mixture
was refluxed for two hours and then alloysd te stand over
night, It was hydrolyzed by pcurihg onto ice and adding the
ealculated amount of 10% aseetic soid, The ether layer was re~
moved, washed with sodium bisulphite sclution to remove any
unchanged furfural and dried over sodium carbonate, The ether
was then removed by distillation from a water-bath and the
regidue in the flask subjected to steam distillation to yleld
0.5 g. (0.,00325 mole) or 2,71% diphenyl melting at 70°, The
residue in the flaask was then extracted with ether, driled
over sodium carbonete and disiilled under reduced presaure to
yield 4,5 g, or 25,99 of material boiling at 128°-130° et

5 mm, pressure, Peters and Fisacher (2) report & yleld of 26%
of material boiling at 122°-125° at £ mm, and 138°-142° at

10 mm, pressure, This materlal remsined unchanged for 2 - 3
days but at the end of a week it had completely changed to a
dark gummy mass,

Di-tert, Butyl Puryl Carbinol, (Tert, C4Hg)gG{OE)C4H30.
Attempted preparation of this compound was made by treatment

of othyl furoate with tert, butylmagnesium chleride, A solu-
tion of 46,25 g. (0.5 mole) of tert, butyl chloride in 5 moles
of anhydrous ether was added slowly to 12 g, (0.5 atom) of
magnesium, After the reaciion was complete, & solution of

28 g. (0,2 mole) of ethyl furcate in 50 cc, of ether was ad-
ded slowly After reluxing this mixture for two hours, a posi-
tive test for the Grignerd resgent was secured, It was then
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hydrolyzed by pouring onto ice and sdding the cslculated
quantity of 10% acetie acid, The ether solution was separated
and dried over snhydrous sodium sulphate, The ether was then
rémnvéd‘by distillation from a water-bath and the residue
subjected to steam distillation, A yellow o0il which collected
in the distlilliate was assumed to be di-tert, butyl furyl car-
binol, The steam distillate was extracted with ether snd the
ether solution dried over sodium salphate and distilled under
reduced pressure, The yisld was 10 g, of materiel boiling #t
80°-85% at 1 mm, pressure, This is @ yollow substance with &
pinene odor, di‘ 0,9486; ng4 1,4749, Analysis'would indicate
this materlial to be & mixture of sveondary and tertlary car-
binols, A light red tar which remained as s residue in the
'+ flask after steam distillation was dissolved in ether and the
solution dried over sodium sulphate, Upon evaporation of the
ether, 11 g, of & red resinous materizl with a very pleasant
odor remained, This material has shown no tendency to
eryatallize after two years standing, Both products of the
reaction are stable end no apparent change has taken place in
either sompound over a pericd of twe years, The above liguld
wag analyzed for sarbon and hydrogen, _
Analysis, Oalculated for CyzHog0p {tert, earbinol): C,
74.29; H, 10,48, Galculated for UgHy40s (see, earbinol): C,
70,13; B, 9,09, Caloulated for G)gHps0x {ether): c, 72,72;
H, 9,09, Caloulated for CgHyglp (ketone): €, 71,05; H, 7.89.
Pound: €, 73,56 and 73,45; B, 9,87 end 9,73,
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Attempts at preparation of the tertiary carbinol by
action of furoyl chloride on tert., butylmagnesium chloride
gave spproximately the same results, A solution of tert,
butylmagnesium c¢hloride was prepared by addition of a solu-
tion of 46,25 g. (0,5 mole) of tert, butyl chloride in 5 moles
of ether to 12 g, (0.5 atom) of magnesium, After the reac-~
tion was complete, a solution of 26,1 g, (0,2 mole) of furoyl
chlorids In 100 ¢c, of anhydrous ether was slowly added, The
mixture was then refluxed for two hours and hydrolyzed by
pouring onto ice and adding the calculsted queantity of 10%
noetic scid, The ether solution was removed, dried over an~-
hydrous sodium sulphate and the ether removed from s water-
bath, The residue was then subjected to stesm distillation
to yleld 9 g. of material boiling at 80°-85° at 1 mm, pres-
sure, 7The residue in the flask was dlssolved in ether and
dried, On evaporation of the sther solution, 18 g, of &
1light red viscous material remained, This viscous substance
had éhe appearance of the resincus material sesured by action
of ethyl furoste upon tert, butyimagneaium chloride,

Phenyl S-Bromofuryl Carbimol, CgHgCH(O0H)C4Hg0Br. This
gompound was prepared by the agtion of phenylmagnesium bro-
mide on 5-bromofurfurel, S-~Bromofurfural was previously

prepared by Gilman end Wright (3) who describe three methods
of securing this material,

X(3) Gilman and Wright, J, Am, -Chem, Soc,, 52:1170 (1930).
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Twe of the methods of Gilman and Wright (3) were used in
preparation of the bromofurfural, The first of these con-
sists of treating s solution of furfural discetate (4) in
carbon disulphide with bromine at low temperature, A solu-
tion of 396 g, (2 molea) of furfursl dizcetste was added to a
flssk contsining 700 cc, of dry carbon disulphide and this
mixture cooled with ice, A solution of 640 g, (8 atoms) of
bromine in 200 ec, of dry carbon disulphide was then slowly
added, The rate of addition eof the bromine solution was seo
regulated that the temperature of the mixture remained at
about 10°, The time required for the addition of the bromine
solution was usually about 30 minutes, The mixture was then
atirred for three hours, at the end of which time the mixture
'waa filtered to remove 80 g, of a white solid which 4s in.
soluble in earbon disulphlide, At the present time the compo-
sition of this material is unknown, however, further work is
being done on this compound, The carbon disulphide solution
may then be worked up in either of two ways., Typical runs
will be described,

First, the filtered carbon disulphide solution wes
cautiously added to 400 g, (4 moles) of powdered calcium car-
bonate which had been previously moistened and covered with
water, This mixture waszs allowed to stand until the vigorous
reaction was complete and then subjected directly to steam

(4) See p,71, THIS THESIS,
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distillstion, The distillastion flask should net be filled
more than one-fourth full as a vigorous fosming begins as
the Iaét of the carbon disulphide passes over, After =11 of
the carbon disulphide is removed, ths temperature rises
repidly to 100° and pure 5-bromofurfural is collected in the
steam distillate, The distillate is best condensed by run-
ning water over the receiver, the use of water in the con-
denser 1s to e avoided because of clogging the condenser,
Care must be exercised that the distillate is completely con~-
donsed as Se~bromofurfural has & very high vepor pressure and
is eanlly lest in this manner, The yield of S-bromofurfural
melting at 82° was 110 g, or 31.43%. This method givez a
very pure product, but the steam distillation iz tedious.
Second, the carbon disulphide was removed by distilla-
tion under reduced pressure and the residue subjected to
stesm dlstillation, After the remowvel of the carbon disul-
phide, the volume of the residus iz estimated and three or
four volumes ef water added prior to the introduction of
steam, Thes steam is passed through very slowly so as te
raise the temperature gradually until the distillation begina,
Unless these Mntions are t&ken; violent decomposition
takes plase at about 70°, In case a violent resction should
cecur, this may be checked by addition ér eruciked ice, After
standing for a timé the steam distilletion may proceed as be-
fore, The decomposition is probably e¢aused by the high con-
centration of hydrogen bromide in the aqueous layer. The
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larger volume of water reduces this concentration,

Probably the more convenient method for preparation of
S-bromofurfural is by the action of 2 pyridine~-bromine com~
plex on furfursl discetate (4) dissolved in a mixture of
chloroform and carbon disulphide (3), The pyridma-bramine
complex was prepared in a two~gallon bottle by slow additlon
of 640 g. (8 atoms) of bromine to a mixture of 800 cc, of
chleroform, 800 ec, of dry csrbon disulphide and 316 g, (4
~moles) of pyridine, After addition of the bramine was com-
plete, the pyridine<bromine complex was broken up by means
of & rod and a solution of 396 g, {2 moles) of furfurel di-
scetats in 800 ec, of chloroform added, This mixture was
agitated by shaking, on & machine, for three days and then
subjected directly to steam dilstillation, The passage of
steam was regulated so that the gmrbon disulphide and chloro-
form passed over smoothly, As the last of the solvent pas-
sed over the temperature rose quickly and pure S-bromofurfursl
was ¢ollected in the distillste, ¥o precautions are neces-
sary in this steam distillation except to provide for come-
plete condensation of the vapors, The yield of S-bromofar-
fural melting at 82° was 150 g, or 40%, OCarbon disulphide
appears to be necessary in this bromination as similar runs
in which the earbon disulphide was replaced entirely by
ghloroform gave no bromofurfural,

The phenylmagnesium bromide was prepared by addition of
a soluticn of 18,84 g, {0,123 mole) of bromobensene in 150 ce,
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of anhydrous ether to 3,8 g, {(0.15 stom) of magnesium, After
the reaction was complete, a saturated solution of 17.5 g,
{0.1 mole) of S~bromofurfural in ether was slowly sdded, This
mixture was then refluxed for two hours and allowed to stand
over night. After standing, a color test for the OGrignard
reagent indicated excess of phenylmagnesium bromide, This
mixture was hydrolyzed by pouring onte ice and adding the
caloulated quantity of 10% acetic scld, The ether layer was
separated, washed with sodium bisulphite solution te¢ remove
any excess aldehyde and dried over anhydrous sodium carbon-
ate, The ether was then removed by distillstion from a water-
bath and the realdue subjected to steam distillation teo yleld
0.45 g. or 2,4% of diphenyl melting at 70°, The residue from
the steam distillation was dissolved in ether, drled over
sodium carbonate and the ether removed by distillation from s
water-bath, This residue was then crystallized from petroleum
ather, (b.p. 30°-60%), to yield 6 g, or 23.6% of a white
erystalline material melting at 128°, Upon further orystal-
lization from petroleum ether the melting point remained un-
changed,

. Analysis, Oslculated for Cy3HgOgBr: Br, 24,60, Found:
Br, £4.38 and 24,11,

A gsecond run under the aame conditions gave 6,2 g, or'
24,5% of material melting at 128°, This material graduslly
darkens on stending end evolves hydrogen bromide, At the end
of three days the material was quite dark, At the end of one
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week, the decompoaition appeared to be complete, The dark

mass was them crystallized from petroleum ether, (b.p. 30°-60°},
to yield 0,2 g. of a white orystalline s0lid which melted
sharply &t 862 and gave a negative Beilstein test for halogen,
Purther work will be reportsd on this compound at a later date,

Fhenyl S~Chlorefuryl CGarbinol, CgHgCH(OH){C1C4Hp0), This
compound was prepared by the action of phenylmegnesium bro-
ﬁide on S5-chlorofurfural, The S-chlorefurfursl was prepared

by the method of Gilmen and Wright (5) by the sction of sul-
furyl chloride on a solution of furfural dilacetate (4) in
carbon disulphide, A 198 g, {1 mole) portion of furfural di-
acetate was dlssolved in 1000 cc, of dry carbon disulphide
and to this mixture was sdded 270 g, (2 moles) of sulfuryl
chloride, The sulfuryl c¢hloride used was not freshly distil-
led, The fleak was equipped with a long reflux condenser and
the mixture allowed to stand for three or four hours without
heating, The mixture was then gently refluxed from a water-
bath for an additional seven hours and the carbon disulphide
then removed by dlstillation from a water~hath at atmospherie
pressure, The residue in the flask was then heated under a
pressure of ebout 30 mm,, using a water pump, ﬁntil the temperw-
ature of the vapor passing over was 600. At this point most
of the hydrogen chloride and sulphur dloxide had been driven

out and the residue was then distilled at 10 mm, pressure,

(5) Unpublished results,
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The frestion boiling st 60°-85° at 10 mm, pressure contained
the S~chlorofurfural in sddition to some furfursl and some
high boiling material, Thieg fraection may then be refraction~
ated under reduced pressure or subjected to frasctiocnal steam
distilletion, The steam distillation gives & more stable
product and is therefore more desirable, The steam distil-
late was collected in four rractioné, the recelver being
changed when about one~fourth of the wlume of the original
liquid had collected in the distillate, These frastions were
then cooled by placing in ice, the last two fractions solid-
ifying completely and erystals appearing in the first two,
These weré then filtered through Buchner funnels and the con-
- tents of the funnels allowed to come to room tempersture,

As the contents of the funnels reached room tempsrature, scme
of the material melted and dripped through into the filtrate,
This 01l waz collected and sgain subjected to steam distilla~
tion in the manner sbove deseridbed, The yield of 5S5-chloro-
furfural boiling at 70° at 10 mm, and st 92° at 30 mm, pres-
sure and melting at 35° was 39,2 g, or 30%,

The phenyl S5~shlorefuryl carbinol was prepared by exactly
the same method as that descridbed for S~bromofuryl phenyl
earbingl. A solution of 18,84 g, (0,12 mole) of bromcben-
gene, 3,5 g, (0,15 atom) of megnesium and 13 g, {0,1 mole) of
S-chlorofurfural gave a product which was c¢rystallized from
petroleum ether, (b.p. 40°+60°), to yield 5 g, or 24% of &
white crystalline compound melting at 113°, The melting point
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of this campaugd remained unchanged upon reerystallization
from petroleum sther,

Analysis. Calculated for UyyHgOeGl: €1, 17,07, Found:
€1, 17,28 and 17,19,

This compound seems to be much more atable than phenyl
Sebromofuryl carbinol, as no signs of desompoaition were evi-
dent until after 10 days standing, This compound, however,
gradually darkened, with evolution of hydrogen chloride, and
finally after standing for 30 days was c¢rystallized from pe-
troleum ether to yleld 0.2 g, of a white crystalline solld
melting at 86°, This compound gave s negative Bellstein test
for halogen and mixed melting point with the compound secured
by decomposition of phenyl 5-bromofuryl e¢arbinol showed no

depresasion,

Smuary.

The previocus preperatlions of diphenyl furyl carbincl and
furyl carbinol have been duplicated, Impure furyl di-tert,
butyl earbincl has been prepared and described, Analysis
would indicate that this material was a mixture of the second-
ary and tertiary alcohols, A light red viscous material of
very pleasant odor was &lso isolated as = product of the re-
action of both ethyl furvate and furoyl chloride with terg,
bﬁtylmagnesium c¢hloride, |

Fhenyl S~bromofuryl snd phenyl 5~chlorofuryl carbinols
have been prepared and described, It i3 of interest to note
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that these two compounds underge decomposition with the fore
mation of identical, halogen free, compounds,
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DYES OF THE FURAN SERIES

Introduckion.

Various types of dyes, prepared from furfurasl, have been
reported in the literature, Fischer (1) in his study of the
reaction of aldehydes on tertlary amines, condensed furfural
with dimethylaniline, in the presence of zinc chloride, to
produce the furen analog of melachite green, later, Renshaw
and Naylor (2) repeated this work of Fischer and reported the
furan analog of malachite green, tetramethyldiaminodiphenyl-~
furylmethane, as giving upon oxidation a stable dye, This
dye gave gray-blue shades on silk, wool and mordanted cotton,

Fumerocus investigators have studied the resaction of fur-
fural on amines, Persor (3) in the year 1860 noticed the for-
mation of a red color when a solution of aniline in acetic
acld was added to a water solution of furfural, 3Stenhouse
(4) observed the formation of a red colored solution upon ade-
dition of furfural tc a conecentrated solution of aniline
hydrochloride in alcohol, Upon steanding, this solution was
found to deposit & mass of purple crystals, the analysis of
which indisated the addition of one molecule of aniline and
one molecule of aniline hydrochloride to one molecule of fur-

fural, without the elimination of water, Ko constants are

{1) Pischer, Ber :1626 (1877); Ann,, 206:141 (1883),
| (2; Renshaw snd Weylor, J, Am, Chem. Soc., 44:862 (1922),
gi)'Parsaz, Rep, chim, appl,, P.220 II§33).

Stenhouss, : {1870).

——— ¥



given for this compound,

Iater, a number of investigators (5) assumed that the
conmpound of Stenhouse was formed by the addition of one mole-
cule of aniline hydrochloride and one molecule of aniline to
one molecule of furfural, one molecule of water being elimi-
nated, Dieckman and Beck (6) found that this colored compound
of Stenhouse and others (4,5) could also be produced by the
action of cysnogen bromide and aniline on f-hydroxypyridine,
thus showing this colored compound to be S-hydroxyglutacon-
aldehydedianilide hydrobromide, MNixed melting point of the
gompounds prepared by the two methods, sniline and aniline
hydrobromide on furfural and cyanogen bromide end aniline on
f~hydroxypyridine, indicated that these two compounds were
identical, Alsc these compounds when heated with alcohol,
acetlic acid or nitrobenzene were eonﬁefﬁed to the same com-
pound, 3-hydroxy-l-phenylpyridinium bromide, The p~hydroxy-
glutaconaldehydedianilide hydrobromide and hydrochloride be-
ing colored compounds, dyeing red on cotton, wool, silk and
artificial silk, while the pyridinium salts are colorless,
The following reactions indicate the formation of these com-
pounds, '

(5) Zineke and Mulhsusen, Ber,, 38:3824 (1906); Konig, J, prakt, Chim,
69:105 (1904); 1bid, TZi555 (1905), ’ ’
{6) Dieckmann and Beck, Ber., 38:4122 (1905).



BE—

H -—3—5 + PheNHp + PheNEgeHBr —r E{
— NBr
0 BrCHE «» SPh'Hﬁg  ——— [::J (::] (::)

OH

( p-hydroxy- (3~hydroxy-
glutacon- l-phenyl-
aldshyde-~ pyridinium
dianilide) bromide, )

ﬁahead and Harris (7) prepared the furan snalog of
benzoflavine or dimethyldiaminofurylseridine hydreochloride,
which was found to dye cotton, silk, artificlsl silk and wool
8 rich brown color the fastness of which could not be dis-
tinguished from benzoflavine, Lederer and Lederer {(8) report
the formation of brown dyes by heating furfural with alkali
sulfides while Konig (9) prepared a series of azomethin dyes
by treatment of furylacrolein with smines, Konig (9) expleins
the formastion of these dyes by the following reagtion,

{7) Mshood end Harris, J Am Ghem. Soc,, 46:2810 (1924).
(8) Lederer and Lederer, Aust,, 7 Aug,10, 1916),
{9) XKonig, J. prakt, Chim., 88: 193 (1913),
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L
In our work on dyes of the furan serles, we have pre-

pared the S-~bromofuryl and the 5~chlorofuryl analogs of mala-
chite green and, for methods of comparison, have duplicated
the preparation of the furyl analog by the method of Renshaw
and Naylor {2). In order to establish with certainty the
presence of a furan ring in the compound of Renshaw and Ray-
lor (2), we have prepared what appears to be the same compound
by the astion of p-dimethylaminophenylmagneeium dbromide on
othyl furoate, While the compound thus produced and the dye
base obtained by oxidation of the tetramethyldisminediphenyl-
furylmethane of Renshaw and Kaylor appenf to be identiesl, no
stable derivatives of either could be secured, The dye base
and its verious salts all decompose without melting, Anslyses
of the platinum salts and the colors produced on fibers, by
the zinc chloride double saltza, would indlecate that these
compounds sre identical, The H~chlorofuryl and S~bromofuryl
analogs of malachite green are much more stable thah the furyl
analeg and give much better colors, These compounds dye blue
on silk, artificial silk, wool and mordanted cotton snd a
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variety of shades ranging from a light blue to & purple may be
secured by varying the concentration of the dye bath,

The nitrofuryl snslog of malachite green was prepared by
condensation of nitrofurfural with dimethylaniline in the
presence of zine chloride, Under these conditions, we were
unable to isolate the leuco base but oxidized the reaction
product in the ususl manner to the dye base, The dye base was
separated as the zine chloride double salt which dyes blue on
8ilk, artifieial silk, wool and mordanted cotton., The dye
base was isolated from the zinc¢ chloride double smlt and this
compound and 1ts salts were found to decompose without melt-
ing. The platinum salt was prepared and enalysis for plati-
mm eagresd with the theoretical wvalue for the nitrofuryl
snalog of malachilite green, It iz interesting to note, however,
that a erystalline compound, which appesrs to be the leueo
base of the nitrefuryl snalog of malachite green was secured
by merely mixing dimethylaniline with nitrofurfural, in the
absence of a condensing agent, and allowing the mixture to
stend for several days, Water is eliminsted during the re-
action and it was found possible to secure the same compound,
in poorer yields, by heating the mixture wifh or without phos-
phorous pentoxide as a dehydrating agent,

At first, it was thought possible that this cempound
might be p-hydroxy-nitroglutsconaldehydedianilide which would
be anslogous to the cempounds previously (4,5,6) formed from
furfural, This compound, however, does not exhlbit the
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properties of the glutsconaldehydedisnilides, The compound
is an orange erystalline material which is insoluble in water
but dissolves in strong scids to give a c¢olorless solution
which may be neutrslized to precipitate the original compound,
Analysis of the base for csrbon and hydrogen and analysis of
its platinum salt for platinum agree with the theoretic value
for the leuco base of the nitrofuryl snalog of malachite
green, Oxidation of the compound with lead dioxide or treat-
ment with strong alcoholic alkall lead to the formation of a
dye, The hydrochloride and the zinc chloride double salt of
this base, dye blue on silk, srtificial silk, wool and mor-
danted cotton and analysis of its platinum salt for platimm
agree with the theoretic walue for the dye base of the nitro-
furyl snalog of malachite green, The base and its salts de~
compose without melting,

It is to be remembered that H1ll and White (10) secured
8 highly colored compound by the aetiog;er aniline or aniline
salts on nitrofuroic acid and demonstrated the fact that the
nitro~group was involved in the condensation, However, in
the case of the compound secured by the action of nitrofur-
fur§1 on dimethylaniline, analyses would indicate that the
nitro group was not involved 1n the condensation, In order
to demonstrate this fact more clearly, dimethylanlline was
treated, under the same conditions, with nitrofurfural dl-

(10) Hill and White, Am, Chem, J., 27:201 (1902).
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acetate, oethyl nitrofuroate and the intermediate ring scis-
sion eompound secured by nitration of furfurel or furfural
discetate in acetie amhydride (11). In ell thres cases the
original compounds were recovered unchanged, except in the
case of the ring scission compound which was recovered as
nitrofurfural disestate, dimethylaniline having produced the
same conversion as has been previously demonstrated with
pyridine, These results would indicate that dimethylaniline
did not undergo condensation with the nitro group nor d4id it
cause ring sclasion, In order to demonstrate more clearly
the probablility of pars condensation with the aldehyde group,
nitrofurfural was treated with p-bromodimethyleniline, No
signs of reaction were svident and the originel meterials were
recovered unchanged,

An unsuccessful attempt was made at prepsration of the
tetrahydrofurylpropyl sanelog of malachite green by the re-
action of tet#ahyérofurylprcgylmagnesium chloride {(12) on
Hichler's ketone, tetramethyldiamincbenzophenone, Only s
gummy mass, which resisted all attempts at crystallization,
was secured, This msterisl did not form colored salts with
hydrochloric scid, acetic acid, zinc chloride or oxalie acid
and no further work on this compound was sttempted,

In view of the conversion of furfural tc p-hydroxy-
glutaconaldehydedianilide and the corresponding pyridinium

{(11) See p.79, THIS THESIS,
(12) See p.32, THIS THESIS,
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aalt, it seemed possible that these reacticns might be used
with substituted furfurals to determine accurately the posi-
tion of the substituted groups, Thus S«chloreofurfural,
S~bromofurfural and S-nitrofurfural should be converted to
S-hydroxy-6«~¢hloro, 3-hydroxy-6-bromo- and 3~-hydroxy-6-nitro-
l-phenylpyridinium bromide, respectively, This, however, does
not seem to be the case as during the condensation of sub-
stituted furfurals with sniline and aniline salts, the sub-
stituted group is lost, Thus, in the esse of nitrofurfural
with sniline and aniline hydrobromide, the mixture became
quite warm with vigorous evolution of gas snd the only product
isolatad was a green tar which resisted all attempts at
erystallization, When S-chlorofurfurel was treated with
aniline and aniline hydrobromide an orange colored crystal-
line mass was sscured, Anslysis of this compound demonstrat-
.6d the absence of chlorine and it was found possible to pre-
pare the same identical compound, as shown by mixed melting
point, by treating S5~bromofurfural with eniline and aniline
hydrobromide under the same condltions, Analysis of this
compound for bromire would indicate the condensation of one
molecule of the substituted furfural with one molecule of aniline
ardd one molecule of aniline hydrobromide with the loss of a
molecule of halogen acid, It is also sssumed that one molecule
of water is lost during the condensation, but analysis would
indicate that the compound formed contained one molecule of
water of crystallization, No mention is made in the litera-

ture of hydroxyglutaconaldehydedianilides crystallizing with
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water, but the fact that pyridinium selts contain water of
ocrystallization has been thoroughly demonstrated (5,6), It
i1s also to be remembered that the snalyses of Stenhouse (4)
d4d not show 10ss of water during the condensstion, It is
very probable that the compound of Stenhouse contalned one
molecule of water of crystallization,

Thet ﬁhe’halagen of the ring is the one which is lost is
¢learly shown since the c¢ompound formed by the action of
S=-¢chlorofurfural on aniline and aniline hydrobromide was
shown to contain no ¢hlorine and alsc since under the same
conditions, S-chlorofurfural and S-bromofurfural lead to the
formetion of one and the same compound, This loss of the
halogen of the furan ring might have been expected for two
reasons, First, the helogen in the S-position 1s attached at
the point of attask, the ring scisslon taking place between
the 5-carbon atom and the oxygen of the ring, Second, while
the halogen substituent in the furan ring is remarkably- in-
active, it may become lablle under the influence of ring
scigsion, The loss of halogen scld in the case of the 5-bromo-
furyl- and S-chlorofuryl-phenyl e¢arbinols (13) has been shown
and is assumed to be the result of inecressed sctivity of the
helogen aton dueyto the influence of the phenyl or hydroxyl
group, sacglorofurfural,whgn treated with aniline and aniline
hydrochloride gives rise to an analogous compound which is

{(13) See p.93, THIS THESIS.
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shown by enalyslzs to contain only one atom of chlorine,
Neutrslization of & water solution of these compounds causes
precipitation of a material which contains no hslogen, Thus
the halogen conteﬁt of these compounds is shown to be ionizable
halogen,

While these compounds are evidently not analogous to the
hydroxyglutaconaldehydedianilides sscured from furfursl, they
seem to be very good dyes, They are slightly soluble in
water, giving rise to & yellow sclution, and readily dye'silk,
artificial silk, wool and cotton in beautiful golden-yellow
shades, These dyes are stable and ere apparently quite fast,

In addition to the facts already stated, the fact that
these compounds are not converted to pyridinium salts when

heated with aleochol, acetic amcid or nitrobenzene leads to the

suggestion of the following structure for these compounds,

4
cl (/-—-88 + PheNHo+*HBr + 2Ph*NHp —o

+ Phe ‘Ea'acl
KeHBr-Hs0

Evidently this readtion can not be used to determine the
position of substituted halogen and nitro groups in furfural,
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unless we assume that only those groups in the S~poaition can
give rise to compounds of this type. At the present time
there 13 no basis for such an assumption, It would, however,
be of interest to apply this reaction to S-methylfurfural and
to furfurals containing substituted hslogen atoms in poslitions
other than the S~positions, At the present time, substituted
furfurals in which the halogen atom is in a position other
then the S-position are unknown,

Since, in our preparation of the furyl analég of mala-
chite green or tetramethyldiaminodiphenylfurylmethane, we have
used p-dimethylaminophenylmegnesium bromide, 1t is of inter-
est at thlas time to review the previous work on this Grignard
reagent,

The preparation of p-dimethylaminophenylmagnesium bromide
seems to be diffieult and the ylelds are uncertain, Ehrlich
and §a¢hs (14) elaim to have secured s quantitative yield of
this Grignard reagént by the use of magnesium which hed pre-
viously been activated by treatment with ethyl bdromide,
Powdered magnesjum was placed in the reaction flask, covered
with anhydrous ether and ethyl bromide added, This was allow-
ed to react for a few minutes and then the flask chilled by
placing 4n ice water, The liquid was then decanted from the
“megnesium and a solution of p-bromodimethylaniline in anhy-
drous ether sdded. Although & quantitative yield of the
Grignard resgent is claimed end although methylviclet and

(14) Erhlich and Sachs, Ber., 36:4296 (1903).
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malachite green were prepared from this reagent by treatment
with NMichlerts ketone and ethyl bensoate, respectively, no
yields of these dyes were given and thelr formation sgseems to
have been aassumed merely by the color of the products, No
derivatives, no constants and no analyses are given,

Baeyer (15)prepared the o-, m-, and p-dimethylamino-
rhenylmegnesium fodides by the use of magnesium which had been
previously activated by heating with iodine, He found the
o-iododimethylaniline reacted easily while the reaetion of the
p-~iododimethylaniline was slight and the formation of tarry
materials resulted, The Grignard reagent from the ortho com-
pound was treated with the methyl ester of smthranilic aeid
to give tetramethyleo-diaminobenzophenone the melting point
and enalysis of which are glven, Nothing was sccomplished
with the pars ecompound exeept to carry out the color reactions
of Erhlich and Sachs {(14).

Hurd and Webb (16) claim to have secured p-dimethyl-

aminophenylmethyl carbinol in 85% yileld (crude) from magnes~
ium p-bromodimethylaniline and an excess of acetaldehyde,
The details of preparation, constants, derivatives and anal-
ysls are not given in the paper, However, we have & private
communication from the asuthors in which the details are giv-
en, “?hrea grams of magnesium (0,12 mole) and a little (few
drops) of ethyl bromide with 25 eg, of absolute ether gave

15) Bs , B 2 & 1908
§1s§ 2 = df%gti é%. éhem.)SGc., 49:546 (1927),
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rise to a vigorous reaction, Then 20 g, (0,1 mole) of p-
bromodimethylaniline in 100 cc, of absolute ether was added
and the mixture heated for 2,5 hours, In this operation a
large share of the magnesium disappeared”,

This Grignard solution was then treated with an excess of
acetaldehyde which was generated by heating paraldehyde with
sulphuric acid, The scetaldehyde was passed over calcium
chloride and condensed in a tube, from which it was allowed
to distill slowly into the flask containing the Grignard re-
agent, the latter being cooled in sn ice and calcium chloride
mixture, The aldshyde was passed into the Grignard solution
during the courss of thres hours, The mixture was sllowed to
stand over night, It was then hydrolyzed with dllute sule
phuric acid and the ether layer removed and evaporated, yileld-
ing about four grams of a semi-solid, The water lajer was
made ammoniscal, extracted with ether, the ether layer re-
moved, dried snd evaporéted. Fourteen grems (0,085 mole) of
aolid remained, The melting point of this substance was 43° -
48° while the pure product melts at 60°, The method of puri-
fieatien.gnd yield of pure product is not given,

qurlain and Dull (17) preparsd p-bromodimethylaniline
and from it secured the Grignard reagent by the method of
Erhlich and Sachs (14), A quantitative yleld of the Grignard

reagent 1z claimed but the method of determining the yield 1s

{(17) Chamberlain and Dull, J, Am, Chem, Soc,, 50:3088 (1928),




- 110 -

not given, From 12,6 g, (0.0625 mole) of p-bromodimethyl-
aniline and 15 g, of Michler's ketone was secured 9 g, of
erude product, Nine grams would represent 0,0226 mole or 36%
¥ield provided this product was the pure methyl violet car-
binol base, The earbinol was purified by crystallization
from alcohol, the yleld and constants for this pure substance
not being given, It is of interest to note that in the prep-
araﬁion of the above Grignard, the magnesium entirely dis-
solved, This, however, is not strange as 1,3 g, of magnesium
(0,0625 atom) was used with 12,5 g, p-bromodimethylaniline
(0,0625 mole) and the magnesium was activated by addition of
. an ether solution containing 8 g, (00,0735 mole) of ethyl brﬁ-
mide. The volume of ether used was not given, but after the
ethyl bromide had reacted for three or four minutes, the bulk
of the ligquld was decanted, It seems to us that this would
necessarily mean that quite a bit of ethyl bromide probably
remained in the flask and that a quite a bit of the magnesium
would be reacted upon by the ethyl bromide during three or
four minutes contact,

Thus 1t would gseem that although it is possible to pre-
pare p-dimethylaminophenylmagnesium bromide, by activating
the magnesium with ethyl bromide, and to prepare p-dimethyl-
eminophenylmagnesium iodide by the use of magnesium which has
been previocusly activated by heating with iodine, there is no
definite data as to the rate or extent of these reactions,

It is significant that Baeyer (15) detected a marked differ-
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ence in reagtivity toward magnesium of ortho, para and lodo-

amino compounds and that the reaction products of the p-di-
methylaminophenylmagnesium iodide were not suecessfully
erystallized,

We have sttempted to secure definite dats upon the ap~
proximate rate of reaction and ylelds of the Grignard reagent
from p-bromodimethylsniline and magneaium,

Our first step was to attempt to duplicate the results
of Hurd and Webb (16), Following their method as ocutlined
above we were able to secure 13 g. of materlal melting at
40°-48°, Attempts to purify this materisl were not success-
fal but 5? steam distillation of the preduct, we were able to
recover $ g, of p-bromedimethylaniline which would mean that
our maximum possible yield of the tertiary alcochol was 48,5%.,
Moreover in these runs a large part of the msgnesium did not
dissolve in 2,5 hours nor after an interval of 100 hours,
Attempts were next made to prepare this Grignard reagent with-
out the use of ethyl bromide, Activated 12,5% copper-magnes-
ium alloy was found to be entirely inactive, It was found,
however, that p-bromodimethylaniline will resct wlth magnes-
jum in the presence of one equlvalent of magnesions lodide
and that in such cases the addition of ethyl bromlde is not

necesssry,

E-Dimzﬁhylaminophanylmagneainm Bromide, The p-bromodi-
methylaniline used was that furnished by the Eastman Kodak
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Company, only the technieal grade being obtainable, This
materisl usually has 'a light blue ¢olor, Two methods of puri-
fication were used, first, crystallizatlion from dilute alco-
hol to constant melting point,/ This gives 2 colorless product
melting at 55°, Second, by distillation under reduced pres-
sure, The crystsllization is tedlious and distillatlon under
reduced pressure is found to produce a compound of the same
degres of purity. No difference was noted in the activity

of materlial which had besn c¢ryatallized, distilled or crystal-
lized and distilled, p-Bromodimethylaniline was found teo
boil at 105° at 2 mm, and 130° at 10 mm, end distills to give
a colorless product melting at 58°,

In all of the following runs the equipment used consist-
ed of 500 ec, three-neck flasks equipped wiﬁh Hopkins reflux
condenser, mercury~-sealed mechanical stirrer and dropping fun-
nel, The runs made over long periods of time were protected
with an oil trap (18), The mesgnesium used was 80 - 200 mesh
and the alloy used was 12,5% copper and was 200 mesh, Where
activated alloy is mentioned, we refer to 12,54 copper-mage
nesium slloy of 200 mesh which had been previously activated
by heating with iodine, All runs wereO,l moleruns, Where the
amount of Grignard was determined by titration, the acid
titration was used, An excess of acid was added to the hydro-

lyzed sample and the excess acid titrated with standard alkall,

¥(18) Gilman and Hewlett, Rec, trav, chim,, 48:1124 (1929),
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It was found that the presence of p-bromodimethylaniline did
not interfere with the snd-point, In standardization of acid
and base, the same values were secured in the presence of
p-bromodimethylaniline as were secured when this substance was
absent, '

Run 1, Thres grams (0,123 mole) of megnesium and 0,5 g,
of activated alloy were placed in the reasction flask and
covered with anhydrous ether, Ten drops of ethyl bromide
were then added and after s few minutes a solution of 20 g,
(0.1 mole) of p-bromodimethylaniline in 100 cc, of absolute
ether was added to the mixture. The mixture was then stirred
and refluxed, From time to time small portlons were withdramn
and the Schulze test (19) for Grignard resgent applied, A weesk test
was secured after 28 hours and s strong test after 50 hours,
The pressnce of p~dimethylaminophenylmagnesium bromide may be
detected 1n the presence of small amounts of ethylmagneslum
bromlde due to the difference in color, the former giving an
intense violet coloration due to the formation of methyl violet
by the interaction of the Grignard reagent with Michler's ke~
tone, At the end of 145 hours the mixture wes hydrolyszed with
dilute sulphurie acid, then made slkealine with eammonium hy-
droxide, after addition of ammonium echloride, and the ether
layer distilled., Seventeen grams or 85f of the p-bromodi-
methylaniline boiling at 105° at 2 mm, and melting at 55° was

/{19) @ilmen and Schulge, J, Am, Chem, Soc,, 47:2002 (1925),
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recovered unchanged,

Run 2, Three grams (0,123 mole) of magnesium and 0,5 g,
of activated alloy werse placed in the reaction flask and s
solution of 5 ¢c, of ethyl bromide in 25 e¢c, of anhydrous
ether was added, After the reaction was well started the
flask was chilled and the ether solution siphoned off and s
solution of 20 g, (0.l mole) of p-bromodimethylaniline in
200 c¢c¢, of anhydrous ether added, After 50 hours of reflux~
1ng'a negative Schulze test was secured, 4 few drops of
ethyl bromide were then added and a strong test secured after
50 hoﬁrs. This solution was then cocled in an ice and salt
mixture and treated with carbon dloxide by the usual method,
Vie. were not successful in isclating the corresponding acid but
did recover 15 g, or 75% of p-bromodimethylaniline melting at
55°, |

Run 3, Three grams of activated alloy was placed in the
resction flask and a solution of 20 g, (0.1 mole) of p-bromo-
dimethylaniline in 200 cec. of anhydrous ether added, A nega-
tive test was secured after 24 hours refluxing, A few drops
of ethyl bromide were then added and s positive test ssecured
after 48 hours, After 100 hours the solution was hydrolyzed
by the usual method and 16 g, or 80% of p-bromodimethylaniline
melting at 55° was recovered,

Eun 4, One gram of activated alley and two greams of
magnesium were added to the reaction flssk and covered with

25 ec, of ether conteining & few drops ¢of ethyl bromide, Af-



~ 118 =

ter the reaction started s solution of 20 g, (0,1 mole) of
p~bromodimethylaniline in 100 cc, of ether was added, A
strong Schulze test was secured after 24 hours and after 90
hours the mixture was treated with an excessz of acetaldehyde
according to the method of Hurd and Webb as described in a
private communication from those authors, The flask contain.
ing the Grignerd reagent was fitted with a tube to admit the
ges; an apparatus for generating acetaldehyde was attached to
this tube, This apparatus consisted of a flask conteining

20 g, (0.34 mole) of paraldehyde and 1 cc, of 6K sulphuric
acld; also a condenser; a drying train filled with calcium
chloride; an air inlet protected with a calcium chloride tube
and a tube in which to liquefy the ecetaldehyde, The alde-
hyde was slowly passed into the Grignard during the course of
three hours, This gave rise to a grey-blue precipitate, The
mixture was allowed to stend over night snd was then hydrolyzed
with 8 cc, of sulphuric acid in 100 cc, of water snd 100 g, of
fine ice, The water layer was made ammoniscal, extracted with
ether and the ether solution dried and evaporated, The result-
ing meterial was dried in a vacuum desiccator, The yleld was
13 g, melting at 40°-45° as compared to that sscured by Hurd
and Webb who obtained 14 g, melting at 43"-48?. We were not
succesaful in purifying this material but upon subjecting it

to steam distillation recovered from it 5 g, of p-bromodimethyl-
aniline melting at 55°, This reduces the poséible amount of

tertiary carbinol to 8 g, as a maximum which would represent



- 116 -

a yield of 48,5%.

Run 5, Two grams (0,085 atom) of magnesium was placed in
the reaction flesk and covered with 25 ce, of ether, Eight
grams (0,063 atom) of iodine was then added in small portions
with stirring, After the color of iodine diseppeared 3 g,
(0.123 atom) of magnesium and a solution of 20 g, (0.1 mole)
of p-bromodimethylaniline 1n 100 ce, of ether were added, A
negative teat was secured after five hours, A few drops of
ethyl bromide was added and a negative test sscured after
five hours, After 10 hours a feeble test was secured, After
66 hours refluxing the mixture was treated with acetaldehyde
and worked up as dese¢ribed above, Thirteen grams of material
melting at 40°-43° was secured, This material was subjected
to steeam distillation to yield 6 g, of unchanged p-bromedi-
methyleniline melting at 556°, This reduces the maxiwum pos-
sible yield of tertiary carbinol to 42,5%,

Run 6, Three and one-half grams (0,15 atom) of magnesium
was placed in the reactlon flask, covered with 25 ce¢, of an-
hydrous ether and one gram of 1odine added in small portions
with stirring, After the iodine color had disappearsd, a
solution of 20 g. (0,1 mole) of p-bromodimethylsniline in
125 ce, of anhydrous ether was added, After five hours re-
fluxing a negative teat for the Grignerd reagent was secured,
Five drops of ethyl bromide were then added and after 10
houra refluxing a positive test was secured, After 50 hoursa

refluxing the mixture was hydrolyzed in the ususl menner and
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15 g. or 76% of unchanged p-bromodimethylaniline melting at
55° was recovered,

Bun 7, One gram of activated alloy was placed in the re-
action flask and covered with 28 cc, of ether, One grsm of
iodine was then added in small portions with stirring and,
after the disappearance of the iodine color, three grams of
actlvated alloy and a solution of 20 g, (0,1 mole) of p-
bromodimethylaniline in 100 cc, of ethser were added, After
24 hours refluxing, a negative test for the Grignard reagent
was secured and the p-bromodimethylaniline was recovered un-
changed,

Run 8, Four grams of 12,5f copper-magnesium slloy was
placed in the reaction flask and covered with 25 cc, of
ether, Twelve grams (0,005 atom) of 1odine was then added in
small portions with stirring, After the lodine color had dis-
appeared, 4 g, of slloy and a solution of 20 g, (0.1 mole) of
p~bromodimethylaniline in 100 cc, of ether was added. A poa- |
itive test for the Grignard reagent was secured after six
hours refluxing and after 50 hours refluxing & § cc, portion
was withdrewn and titrated, The yleld of OGrignard reagent
based on the titration value was 40%, This solution was
treated with ethyl furoste as will be described later in this
paper,

Run 9, Four grams of activated alloy was refluxed with
a solutien of 20 g. (0,1 mole) of p-bromodimethylaniline in

100 ee, of ether for 50 hours without evidences of reaction,
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The solution geve a negative test for the Grignerd reagent and

the p-bromodimethylaniline was recovered unchanged,

Run 10, Two grams of alloy were placpd in the reaction
flask and covered with 25 cc, of ether, MNour grams {0,031
atom) of lodine were then added and after the reaction was
complete a solution of 20 g, (0,1 mole) of p-bromodimethyl-
aniline in 100 cc, of ether and 3 g, (0,123 atom) of magnes-
ium were added to the mixture, After 60 hours refluxing, &
negative test for the Grignard reagent wes secured and the
p~bromodimethylaniline was recovered unchanged,

Run 11, The same conditions were used as in Run 10 ex-
copt that 8 g, (0,063 atom) of 1odine were used, At the end
of 60 hours refluxing a negative test was secured and the
Pp-bromodimethylaniline was recovered unghanged,

Bun 12, Pour grams of alloy were added to the reaction
flask and covered with 25 cc, of ether, Twelve grams (0,005
atom) of lodine were then added in smell portions with stir-
ring. After the iodine color had disappeared, 4 g, of alloy
and & solution ef 20 g. (0.1 mole) of pebromodimethylaniline

in 200 cec, of ether were added, Ten cubic centimeter portions

woere withdrawn and titrated at different intervals of time
with the fellowing results,
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Time of refluxing in days ¥Yield of Grignard

1,354
20, 45%
£6,.86%
37.77%
37.75%
37.75%

HO-TLNM

We were unable to find a sultable derivatlive for this
Grignard reagent and finally decided to check the titration
yields by hydrolysis and separation of the dimethylaniline
frem the p-bromodimethylaniline, The solution was hydro-
lyzed with ammonium chloride and & sufficient quantity of am~
monium hydroxide added to dissclve the magnesium, The ether
layer was separated, dried and the ether removed by distil-
lation from a water-bath, The residue was then subjected
to steam distillation which gave a rough separsation of the
dimethylaniline from the p-bromodimethylaniline, the dlmethyl-
aniline steam dlstilling with greater esse than the p-bromo-
dimethylaniline, The steam distillaete was extracted with
ether and the ether solutlon distilled at atmospheris pres-
surs, Thus 3.9g. or 32% of dimethylaniline boiling at 195°
was secured, The pierate, melting at 1619, was prepared and
a mixed melting point with the pierate prepared from dimethyl-
aniline of lmown purity showed no depression, The picrate of
p-bromodimethylaniline was found to melt at 140° while = mix-
ture of the two picrates melted at 110°,

Bun 13, The conditions of Run 12 were duplicated, The

following titration values were secured st the stated inter-



vals of time,

Time of refluxing in days Yie 1d of Grignard

o 23, 624
3 26,599
w 34,254
24 39.50%

This run gave 4.1 g, or 34% of dimethyleniline boiling
at 195°, The plerate melted at 161°,

Furyl Analog of Mslachite Green (Tetramethyldiamino-

diphenylfurylmethane), O4Hx0CH-p-(CgHaN(CHg)p)a, For purposes
of comparlson, this compound was prepared by the method of

Renshaw and Naylor (2) by condensation of furfurel with di-
methylaniline in the presence of zine chloride, Forty-eight
grams (0,5 mole) of furfursl, 61 g, {0.5 mole) of dimethyl~
aniline and 34 g. (0.26 mole) of powdered anhydrous zinc
chloride were mixed and heated in e poreelaln dish, with fre~
quent stirring, on a water~bath for four hours, The mass was
then melted by the addition of hot weater and transferred to

s flask, where 1t was subjected to steeam distillation until
no more dimethylaniline psssed over, A dark gummy mass re-~
mained as a residue in .ihe distillation flask, This was dis-
solved in dilute hydrochloriec acid and filtered, A tarry
material remsined on the filter paper, The filtrate was
cauticusly neutralized with 10% sodium hydroxide to precipi-
tate & gumvy mass, ,Thls mess was redissolved md repreci-
pitated several timeglfinally giving a solid preciplitate which
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was dried and orystallized from petroleum ether (b,p, 40°-60°)
to yield 11 g, or 6,9% of & slightly yellow erystalline com-
pound melting sharply at 87°, Renshaw and Haylor (2) give no
yields or melting point while Fischer (1) gave the melting
point of the leuco base of the furyl analog of malachite |
green as 83°,

This leuco base was then oxldized to the ecarbinol base
by the usual method empleyed with malachite green, Ten grams
of the leuco base was dissolved in g8 quantity of dilute hy-
drochloric acid, corresponding to 2,7 g, of hydrogen chloride,
The slightly red solution of the leuco hass was then diluted
with 800 ce¢, of water and 10 ¢c, of 40% acetic meid added,
The solution waz cocled to 0° by placing in lce and a thin
paste\af 7.5 g« ©f lead dioxide in water was slowly added
with stiriking, The stirring was contimied for two hours and
the lead Adloxide removed by filtration. The lead in solution
was precipitated by the addition of 10 g, of sedlum sulfate
in 50 cc, of water and the resulting lead sulfate removed by
filtration, The solution was then heated to boiling amd 15 g,
of sodium chloride added for each 100 ce, of dye solution,
While this solution was still hot, a saturated solution of
8 g. of zine chleoride was added. Upon cooling, this solntion
deposited 6 g, or 30% of dark blue solid, This solid 1is
goluble in water, glving & highly colored solution which dyes
grey on Siik and blue on artificisl silk and wool,

A solution of the zinc chloride double salt was made
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distinctly alkaline with sodium hydroxide and extracted with
ether, On eveporation of the ether, a small amount of dark
s0lid remeined, Attempts at crystallization of this solid
carbinol base resulted in decomposition, This base and 1ts
salts were found to decompose without melting,

Preparation of a compound which seems to be identical
with the one just deseribed was accomplished by the astion of
ethyl furoate on p-dimethylaminophenylmagnesium bromide., The
solution of thes Grignsrd reagent was prepared from 20 g,

(0.1 mole) of p~bromodimethylaniline by the method previocusly
described in this paper, This solution gave a titration wvalue
of 40% Grignard resgent, The contents of the flask were chil-
led by placing in ice and = solution of 7 g. (0.05 mole) of
ethyl furoate in 50 ec, of ether added slowly with stirring,
The mixture was then allowed to stand at room temperature

over night and was hydrolyzed with ice and ammonium chleride,
sufficient quantity of ammonium hydroxide being added to dis-
solve the magnesium, The ether solution was then separated,
dried and the ether removed by distillstion from & water~bath,
All mttempts at purification of the resulting gummy msss by
crystallization were unsuccessful, Purification by dlssolv-
ing in acid and neutralizing by alksli was also unsuccessful
due to the interference of the excess p-bromodimethylaniline,
Finally, the residue wes subjected to steam dilstillation to
remove the excess ethyl furocate and p-bromodimethylaniline,
This distillstion resulted in partial decomposition of the
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substance, The residune in the distillation flask was dis-
solved in dllute hydrochlorie aclid snd precipitated by ad-
dition of sodium hydroxide, The s0lild thus obtained decon~
posed upon attempted crystalllzatlion and the base and its
salts decomposed without melting, The base was then redis-
solved in dilute hydrochloric acid and warmed, The solution
turned red in coleor, Fifteen grams of sodium chloride for
each 100 e¢c., of solution was then added and while the solu-
tion was still warm a saturated solution of 6 g, of zine
chloride was added, Upon cooling, this solution deposlted
1 g, of a dark blue solid which haed the appearance of the
compound sgecured by condensatlon of furfural with dimethyl-
aniline, This solid dissolved in water and dyed 811k, arti-
ficlal silk and wool in the same shades as the furyl analog
of malachite green as prepared by condensation of furfural
with dimethylanliline, Analysis of the platinum sslt of the
carbinol base would indleate that this compound was the furyl
analog of malachite green,

Analysis, Caloulated for CoiHggOpNoPtClg: Pt, 26,1,
Found: Pt, 26,42 and 25,77.

Totramethyldieminodiphenyl-5-bromofurylmethene {5-Bromo-
furyl Analog of Malachite Green), BrCgHpOCH-p-{CeH4¢N(CEz)g)s.
This compound was prepared by the condensation af S~bromo-

furfural (20) with dimethylaniline in the presence of anhy-

{20) See p.88, THIS THESIS,
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drous zinc chloride by exmctly the same method as thst des-
eribed for the furan analog of malachite green, A mixture of
87,5 g. (0,5 mole) of S-bromofurfural, 181,5 g, (1,5 moles)
of dimethyleniline and 54,5 g, (0.4 mole) of zino chloride
gave & product which was crystallized from petroleum ether
(b.p. 40°-60%) to yield 21 g, or 12.9% of the leuco base
melting at 132°, This compound is s slightly yellow crystal-
line substance and is quite stable, Twenty grams or 23% of
unchanged S~bromofurfural was recovered during the stean
distliliation,

Analysis, Calculated for CoiHpsBrNps0: Br, 20,05,

Found: Br, 19,88 and 19,75,

The leuco base was oxidized to the dye in the usual man-
ner, Five grams of the leuco base was dissolved in 20 cec, of
water containing 1,4 g, of hydrogen chloride, This sclution
was diluted to 400 cc. and 5 ce, of 40% acetic acid added,

The solutlion was then ¢ooled with ice end a paste of 3,7 g, of
lead dioxide in water gradually added with stirring, The mix-
ture was stirred for two hours and the excess lead dioxide
filtered off, The lead 1in solutien was then precipitated by
addition of sodium sulphate solution containing 5 g, of sod-
ium sulphate in 25 ¢c¢, of water, The solution was then f£1l-
tered and heated to bolling, Fifteen grams of sodium chlor-
ide was then added to each 100 ce, of dye solution, and to
this solutlen, while still hot, was added a saturated solution
of 4 g, of ginc¢ chloride, TUpon c¢coling, this solution de~
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posited 4 g, or 60% of a brown solid, This dys salt 1s quite
soluble in water, giving a deep Dlue sclution, snd dying in
blue shades on silk, artificial silk, wool and mordanted cot-
ton, Thiz dye 1s more stable than the furyl analog of mala-
chite green and appears to be fast,

The carblnol base was secured from a soluntion of the dye
salt by addition of sodlum hydroxide and extraction with
ether, The ether solution was then extracted with dilute
hydrochloric acid end the acld solution neutralized to pre-
cipitate the base, This compound and its ssalts were found to
decompose without melting, The platinum salt was preparsd
and analyzed for platinum,

Analysis, Calculated for CoyHasBrHgOsPtClg: P, 23,65,
Found: Pt, 23,61 and 23,60,

Tetramethyldisminodiphenyl«S-~chlorofurylmethane {5-Chlor-
ofuryl Analog of Malachite Green), C1lC4Hg0CH-p-(CgH N(CHy)n)sn.
This leucc base was prepared by the method just described for

leuco base of the S-bremofuryl analog, by the condensation of
S-chloreofurfural {21) with dimethylsniline in the presence of
anhydrous zinc chloride, Thirteen grams (0,1 mole) of chloro-
furfural was mixed with 24.4 g. (0.2 mole) of dimethylaniline
end 5 g, of anhydrous zinc chloride, The mixture was hested
over s water bath for four hours and subjected to steam dis-

tillation to remove excess dimethylanlline and the unchanged

(21) See p,93, THIS THESIS,
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S-chlorofurfural, The residue was then dlssolved in dilute
hydrochloric acid and the base precipitated with sodium hy-
droxide, This was dried and crystsllized from petroleum
sther (b.p. 40°-60°) to yield 5 g. or 14,1% of leuco base
melting at 117°,

Anslysis, Calculated for CpiHgsClNo0: €1, 10,01,
Found: €1, 10,11 and 10,09,

The leuco base was oxidized to the dye by the method
deseribed for oxidation of the leuco base of the S-bromo-~
furyl analog, ©One gram of the leuco base dissolved in 4 ce,
of water, containing 0,3 g, of hydrogen chloride, end diluted
with 100 ec, of water was cooled with 1ece and treatsd with
0,5 ece, of acetic acid and 1 g, of lead dloxide to yileld 1 g,
or 73% of the dye salt, S”1‘1:113 salt is quite soluble in water
to give & dark blue solution which dyes silk, srtificial
silk, wool and mordanted cotton in blue shades, The dys
seems to be stable and fast, The carbinol base was prepared
by the method used to secure the carbinol bsse of the S~-bromo
analog, 7This compound and its salts dscompose without melt-
ing, The platinum selt was prepered and anslyzed,

Anelysis. Caleulated for g HpgClNgOnPtClg: Pt, 25,00,
Found: Pt, 24,96 and 24.93.

Tetramethyldiaminodiphenylnitrofurylmethane (Nitro-
furyl Analog of Malachite Green), NOpG,H,0CH-p-{CgH4N(CHx)g)o.

This compound was prepared by the method described for the
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S-bromofuryl anaslog of malschite green, A mixture of 14,1 g,
{0.1 mole) of nitrofurfural {(11), 24.4 g. (0.2 mole) of
dimethylaniline and & g, of anhydrous ginc chloride was heat-
ed over s water-bath for four houra, The excess dimethyl-
aniline was removed by steam distillation to leave a tarry
mase ag & residue in the distlllation flask, This ter was ex-
tracted with dilute hydrochloric acid and the acid solution
carefully neutralized with socdium hydroxide causing precipi-
tétion of & tarry materisl, However, by repested precipita-
tions a dark colored solid was finally secured, Attempts at
erystallization of this solid from alcohol and from petroleum
ether (b.p. 40°-80°) resulted in decomposition, No further
attempts at purification of this materisl were made, This
crude material was oxidized by the method deseribed for the
oxidation of the S5-bromofuryl analag; the same proportions
being used."J The yield of dye salt secured was 5 g, or 10%.
This compound, when treated with weter, partielly dissolved
but some insoluble materisl was formed, The dye =solution was
found to produce blue colors on silk, wool, artificial silk
and mordanted cotton, This dye 1s less stable and less fast
than the bromofuryl and chlorofuryl analogs and appears to be
of about the same stabllity as the furyl analog, The plat-
inum salt was prepared by the usual method and analyzed,

Analysis, Calculated for Ca3HpsNa04PtClg: PL, 24,65,
Found: Pt, 24,22,

What appears to be the leuco base of the nitrofuryl
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analog of malachlte green was secured by merely mixing nitro-
furfural with dimethylaniline, It was noticed that a red
color formed when nitrofurfural was added to dimethylaniline,
In order to investigate the nature of the red colored material,
a mixture of nitrofurfural and dimethylaniline wes allowed to
stand for an indefinite length of time, %The mixture finally
set to s crystelline mass which was orystallized from slcechol
to producs an orange-red corystalline material,

In order to determine the length of time required for the
formation of this compound, 28,1 g, of nitrofurfural was dis-
solved in 24,4 g. (0.2 mole) of dimethyl aniline snd the mix-
ture tightly corked and set aslde, At the end of seven days
the mass wes c¢rystallized from alechol to yield 17 g. or
23,5%, based onléimgthylaniline and assuming condensstion of
two molecules of dimethylaniline with one molesule of nitro-
furfural with elimination of one molecule of water, This
compound melted at 135° and reerystallization ffo& aleochol
falled to ralse the melting point,

This eompound was found to be distinctly basic in nsture,
dissolving in dilute acids and being precipitated unchanged
upon addition of slkali, The substance is quite stable toward
alkali, remaining unchanged when warmed with 50¢ sodium hy-
droxide, whlle upon being heated with aleocholic mlkell and
then precipitated by addition of water to the alcoholic solu-
tion, & blue =s0lid was formed., This blue s0lid dissolved in
aclds to give a blue solution which dyed silk, srtificial
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silk and wool in blue shades,

The stability of this compound toward slkall would indi-
cate that the nitro group had been evolved in the reactlon,

A nitro group atteched te the furan ring is known te be very
unstable toward alksll {10) and it was at first suspected
that this compound wes analogous to that secured by Hill and
White (10) by the action of nitrofuroic acid on sniline,
These workers were able to demonstrate the fact that thelr
compound was formed by condensation of the nitro group with
the amino group of aniline, In our case, however, we have s
tertiary amino group involved and the result of anslyses in-
dicate that only one molecule of water was lost in the con-
densation, The faect thet water 1s lost during the condensa-
tion is easlly demonstrated as droplets of water may be ob-
served on the walls of the containing flask during the re-
action, Also, we were able to secure this seme compound by
heating a mixture of nitrofurfural and dimethylaniline for
one-half hour at 110° and also by treating a mixture of nitro-
furfural and dimethylaniline with phosphorous pentoxide, The
yields by these methods were very poor as much decomposition
took place,

In order to determine whether or not the nitre group
alone was involved in the reaction, we treated dimethylaniline
with nitrofurfural discetate, ethyl nitrofurcate and the in-
termediate ring scisgsion compound produced in nitration of

furfural or furfural dlascetate in scetic anhydride (11), 1In
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the above cases no reaction occurred, elther on long standing
at room temperature or upon heating the mixtures, except that
the ring scission compound was converted into nitrofurfural
dlacetate, The nitrofurfural diacetete, melting at 92° and
mixed melting point remaining unchanged, and the ethyl nitro-
furcate, melting point 100° and mixed melting point remaining
unchanged, were recovered, The ring scission product was re-
covered as nitrofurfural diacetate, melting at 92° and mixed
melting point remsining unchanged, It is evident that the
nitrc group in these compounds is not affected by dimethyl-
aniline, although this compouni does have the same reaction
as that previously described (11) with pyridine upon the ring
scission compound, In view of these facts, it seems probable
that the aldehyde group 1s involved in the resction,

As evidence in favor of para condensation with the alde-
hyde group aa sgainst eny possible reaction between the amino
and nitro groups, it was found that p-bromodimethylaniline
does not react with nitrofurfural, elther upon standing or
upon heating the mixture at 120°. The p-bromodimethylaniline
was recovered unchanged,

Thus it seems that the rgaction must have been one of
para condensation with the aldehyde group and analyses of the
base for carbon and hydreogen and enaslysis of its platinum
salt for platinum would indicate this to be the case, It is,
however, of interest to note that dimethylaniline does not
react with furfural or with S-bromecfurfursl under thess con-
ditions, We can only explain the reaction of nitrofurfurel
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In this manner by the fact that in this compound the aldehyde
group is extremely reasctive, A possible explanation of the
stability of the nitre group, in the base produced by the
action of dimethylaniline on nitrofurfursl, i1s that of steric
hindrance, produced by the two p-dimethylaminophenyl groups,
thusa preventing the enolization of the nitro group,

It was at firast thought possible that this compound might
be analogous to the hydroxyglutaconaldehydedianilides (4,5,6)
but these compounds ere dyes while our compound dlasolves in
acid to giie a colorless scolution, In addition to this, at-
tempte at preparation of p~hydroxynitroglutaconaldehydedian-
1lide by the action'of nitrofurfural on sniline and aniline
hydrobromide indicete that these compounds are unstable, Our
base was analyzed for carbon and hydrogen and its platiﬁum
galt for platimum with the following results, The formlas
on which the calculations are dbased are that of the leueo
base of the nitrofuryl anslog of malachite greem and its plat-
inum salt,

Analysis, Calculated for CpyHpaNs0x: G, 69,04; H, 6,30,
Found: €, 68.66 and 68,93; H, 6,27 and 6,42,

Caleulated for CoyBo2N303+HgoPtClg: P, 25,19, Found:
Pt, 25,60,

This base was oxidized in the usual manner with lead di-
oxide, producing & substance which hed the appesrance of the
compound secured from the condensation of nitrofurfural with

dimethylanlline in the presence of zinc chloride, PFive grams
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of the base waa dissolved in 20 c¢c, of water containing 1.4 g.
of hydrogen chloride and the resulting solution diluted to
400 cc, with water, This solution was cooled with lce and a
paste of 3,7 g. of lead dioxide in water slowly sdded with
atlrring, After two hours additional stirring, the excess
lead dioxide was filtered off end the lesd removed from the
solution by addition of sodium sulphate, The lead sulphate
was filtered off and the filtrate heated to the boiling point
and 156 g, of sodium chloride added for each 100 ¢c, of solu-
tion, A saturated solution of 4 g, of zimc chloride was then
added and the solution allowed to cool, A black solid set-
tled out on cooling, This substance was only partly scluble
in water, giving a green solution with & dark solid suspended,
The solution was filtered and was found to dye silk, artifi-
cilal silk, wool and mordanted cotton in blue shades, The
platimum salt wes prepared in the usual manner and analyzed
for platinum,‘the result of this analysis agreeing with the
theorsetic value for the nitrofuryl anslog of malachite green,

Analysis, Calculated for Cp1HpsNzO4PtClg: Pt, 24,67,
Pound: Pt, 24,85, '

Reagtion of ‘Aniline and Aniline Salts with Substituted

Purfurals, In view of the preparation of p~-hydroxyglutacon-
aldehydedianilides, by the reaction of furfursl on a mixture
of aniline and aniline salts, and the subsegquent conversion

of these disnilides to 3-hydroxy-l-phenylpyridinium salts
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{4,5,6), it seemed possible that these reactions might be of
value in determination of the position of substitunent groups
in substituted furfursls,

With this idea in view, & solution of 13 g, (0.1 mole)
of S-chlorofurfural in 80 ce, of alcohol was sdded to a solu-
tion of 9,3 g. (0.1 mole) of aniline and 17,4 g, (0,1 mole)
of aniline hydrobromide in 80 ¢c, of alechol, The mixture
was allowed to stand at room temperature for six hours, at
the end of which time a mass of orange colored crystals had
formed, Thils crystal mass was separated from the sclution by
filtration and recrystallized from alcchol to yleld 27 g, of
a crystalline compound melting at 145°, The compound melts
with decomposition end for that reason is not introdueed in-
to the melting point bath until the latter has resched a tem-
perature of about 130°. Mixed halogen analysis of this com-
pound indicated the absence of chlorine, If the halogen sub-
stituent of the furan ring was really lost during the reac-
tion, it seemed possible that the same compound might be
secured, in the same manner, by the usge of S~bromofurfural,

This indeed proved to be the case, A solution of 17,5 g.
(0.1 mole) of S«bromofurfural in 200 cc. of aleochol was added
to a solution of 9,3 g, (0,1 mole) of aniline and 17,4 g,
(0,1 mole) of aniline hydrobromide in 80 ¢c. of alechol to
yield 27 g. of an orange colored compound which melted at
145°, The melting peint of a mixture of this compound end
the compound secured from B-chlorofurfural was also 145°,
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thus showing these two substances to be ldentical, Halogen
analyses of the compound from both socurces also agree, Halo-
gen analyses would indicate the combination of one molecule

of the substituted furfural with one molecule of aniline and
one molecule of anlline hydrobromide with loss of one molecule
of halogen acid, It is also asssumed that one molecule of
water was lost ‘in the condensation, but that the resuliing
gompound conteined one molecule of water of erystellization,
It is to be remembered that the analysis of Stenhouse (4) did
not show loss of water and compounds of this type do freguent-
ly contain water of ecrystaellization,

Anglyeis, Cslculated for CynHyigPrEs0-Hg0: Br, 22,16,
Found: Br, 22,16 end 21,94, Found: G1, none,

Agsuming the formumla for this compound to be as given
above, the ylelds of this substance from the two socurces
would be 77%. A

‘ As a check on these results,AQ solution of 13 g, {0.1
mole) of chlorofurfural in 80 cc, of alcohol was added to a
solution of 9,3 g. (0,1 mole) of aniline and 12,9 g, (0.1
mole) of aniline hydrochloride in 80 cc, of sleochol to yleld
20 g. o; 65% of an orange colored compound melting at 158°
with decomposition,

Analysis, Caloulated for CynHy5C1Ng0*HpO: €1, 10,87,
Found: 11,04 and 10,97.

Attempts st determination of the water content éf these

compounds by heating at 100° over a period of two hours re-
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sulted in partial decomposition,

Although these compounds are evidently not analogous to
the hydroxyglutaconaldehydedlanilides, they seem to be very
good dyes, They are only moderately soluble in water but
produce & yellow color, which seems to be quite fast, on silk,
artificial silk, wool and cotton, Por the proposed struéture
of these compounds, see the introduction to this chapter.

An unsucceasful attempt was made at preparation of the
nitro analog of these compounds by the action of & solution
of 14,1 g, (0.1 mole) of nitrofurfural in 150 ec, of alecchol
to a solution of 9,3 g. (0,1 mole) of aniline and 17.4 g,
{0.,1 mole) of aniline hydrobromide in 80 cc¢, of alcohol, The
mixture became warm with rapid evqlution of gas and deposlted
a green tar which resisted all attempts at crystallization
from alecohol, Thus it is evident that this reaction can not
be used to determine the position of the substituted groups
in the nlitro and halogenated furfurals which cawpounds ere known,

Atterpts at converslon of these compounds to pyridinium
salts were unsuccessful, Hesting wlth alcochol, acetic acild
and nitrobenzene caused some decomposition leading to the
formation of a green tar, but in every case the only crystal-

line compound recovered was the unchanged originsl compound,

2étrahydrofurylpropy1 Analog of Malachite Green, An un-

successful attempt at preparation of the tetrahydrofuryl-

propyl anaslog of malachite green was made by treating tetra-
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hydrofurylpropylmsgnesium chloride with Michler's ketone,
tetramethyldiaminocbenzophenons, A golution of 37,2 g. (0,25
mole) of tetrahydrofurylpropyl chloride {12) in 200 cc, of
anhydrous ether was added to 7,3 g, (0.3 atom) of magnesium,
After the reaction was complete, the ether solution was de~
canted from the unchanged magnesium and treated with a satura-
ted solution of 53,686 g, (0.2 mole) of Michler's ketone in
anhydrous benzene, This mixture was then stirred at room
temperature for four days and hydrolyzed by pouring onto ice
and the calculated quantity of dilute sulphuric seid, The
ether-benzene layer was separated, dried over sodium sulfate
and the solvent removed under reduced pressure, A gunmy
semieolid residue remained. This residue was light green in
color, All attempts at crystallization of this material were
unsuccesaful, This material dissolved in acids to give
colorless sclutions which had no properties of a dye, Xo
further work was attempted on this compound,

p-Dimethylaminophenylmegnesium hromide may be prepared
in ylelds as high as 40% by the action of p-bromodimethyl-
aniline on magnesium, using one equivelent of "magnesious
1ocdide, Ususlly about 5 - 7 days refluxing is required for
s maxbmm yleld, This Grignard reagent was used in prepara-
tion of the furyl analog of malschite green, the extremely
poor yvields of the dye being possidbly due to 1ts instability
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end the difficulty of purification,

' The 5-chlorofuryl, Sebromofuryl and the nitrofuryl
anaslogs of malachite green have been prepared and described,

A compound which appears to be the leuco base of the nitro-
furyl analog of malachlte green may be prepared in good ylelds
by merely mixing nitrofurfural with dimethylaniline in the
absence of & condensing sgent,

When substituted furfursasls are treasted with a mixture of
aniline and anliline salt, the substituted group 1z lost and
the resulting compounds were not sonverted into pyridinium
salts after the mamnmer of the known hydroxyglutaconaldehyde-
dlanilides, The compounds thus secured from 5-chloro and
5-bromo furfural ﬁre yellow dyes,

An unsuccessful attempt was made at preparation of the
tetrshydrefurylpropyl analog of malachite green by the action
of tetrahydrofurylpropylmagnesium chleride on Michler's ke-

tone,
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ANTIPYRETICS OF THE FURAR SERIES

Jatroduction.

The purpose of this study was the preparation of fursn
compounde of the phenscetin, aceto-p-phenetidine, type in
which the aceto- group is replaced by the furoyl group.
Phenacetin and some of 1itas analogs are known as very efficient
antipyretics, For purposes of comparison, in order to de-
termine the effsct of replacement of‘ﬁhe aceto by the furoyl
group, we have prepared furoylanilide and furoyl-p-pheneti-
dine, A study of the antipyretic property of these compounds
iz now in progress and the results will be reported at a

later date,

Bxperimental.
Furoylanilide, C4HzCO*NHCgHg. This compound was previous-

ly prepsred by Baum (1) by the action of fureyl chloride on
aniline, Exact yields were not given, Furoylanilide is most
convenlently prepared by addition of one molecular sgquivalent
of furoyl chloride to two molecular equivalents of aniline,
65 g. {0,5 mole) of furoyl ehloridey£eing added dropwise into
8 well cooled flask containing 93,1 g, (1.0 mole) of aniline,
The flask was then fltted with a reflux condenser and warmed
over a water~bath for one<half hour, At the end of this time,

cold water was added and the mixture filtered, This solid

(1) Basum, Ber,, 37:2951 (1904).
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materisl was then crystallized from alcochol to yileld 60 g, or
64% of material melting at 123,5°, This melting point exactly
checks that previocusly given for this compound (1),

Puroyl-p-phenetidine, C4H3000.NHCgHy-p~0CsHs, To a well
cooled flask eontaining 54.8 g, (0,4 mole) of p-phenstidine

was added 26 g, {0,2 mole) of furoyl chloride, The flask was
then equipped‘wiﬁh reflux condenser, heated over a water-bath
for one-half nour, treated with cold water and filtered. The
86114 product was ¢rystallized from alechol to yileld 30 g,
or 65% of material melting at 135.5°,

Analysis, Caloulated for CyaH1«NO3x: C, 67,53; H, 5,63,
Found: €, 67,.95; H, 5,85,

Summary.
Furoylanillde end furoyl-p-phenetidine have been pre-
pared and deseribed, |
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SULFUR COMPOUNDS OF THE FURAN SERIES

Antroduction.

in recont years use has been mede of furfuryl merceptan
and a number of its analogs in the production ¢f synthetie
coffee flavor, For this reason numerous patents, covering
the preparation of these compounds, have been granted (1),
In this connection it is alsc interesting to note that fur-
fural end furfuryl alcohol have been isolated from coffee
end chicory (2),

In connection with other work, Gilman snd Hewlett (1)
have preparsed furfuryl mercaptan as en intermediste product
in the preparation of chlero-alkyl furfuryl sulfides,

The preparation of tetrshydrofurylpropyl thioccysnate has
been previously described in this thesis (3).

Experimental.
Tetrahydrofurylpropyl Mercaptan, C4BnOCEoCHpCHoSH, Tetra-
hydrofurylpropyl mercaptan was prepared by the asction of

tetrahydrofurylpropyl chloride (4) en thiourea, the rosult-
ing compound being treated with smmonium hydroxids, A mix-
ture of 14.85 g, (0.1 mole) of tetrehydrofurylpropyl chlor-
ide, 7.6 g. (0,1 mole) of thioures and a few drops of water

was placed in a flask and warmed gently on a& hot plate untll

1) Gilman and Bewlett, J. Am, Chem, Soc,, §52:2141 (1930),
2) Reichstein and Beittor, ﬁer.‘“ﬁg“ﬁia‘Ilsso

(3) See p.33, THIS THESIS,

(4) See p.2s, THIS THESIS.
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the water had besn removed by evaporation, The heavy viseous
residue was then tresated with an excess of ammonium hydroxide
at room tempsrature, After standing for a time the mercaptan
settled out as a heavy liquid, The mixture was then extract-
ed with ether and the ether solution dried over sodium sulfate
and distilled to yleld § g, or 34% of tetrahydrofurylpropyl
mercaptan boiling at 85° at 10 mm, pressure. This compound is
a colorless liquid with an extremely unplsasant penetrating
odor, 425 1,0006; nJ* 1.4807,

Analysis, Calculated for CnHy4380: S8, 21,92, Pound:
3, 21,60,

Tetrahydrofurylpropyl FPhenagyl Sulfide, C4HnOCHaCHoCHo-
S-CHoCO+CgHg, Tetrahydrofurylpropylthiomagnesium bromide was
prepared by the action of tetrahydrofurylpropyl mercapten on

ethylmegnesium bromide, The ethylmagnesium bromide was pre-
pared by additioen of a solution of 3,8 g, (0,035 mole) of
ethyl bromide in 25 cc, of ether to 1 g, (0,04 atom) of mag-
nesium, After the reaction was complete, the solution was
decanted from the unused magnesium snd a solution of 5 g,
{0,034 mole) of tetrahydrofurylpropyl mercaptan in 50 ce, of
ether added, A vigorous reaction took place and a solid pre-
cipitate was formed, To this mixture was then added a solu-
tion of 5,78 g. (0,034 mole) of phenscylchloride in 26 ¢c, of
ether, During the addition of the phenacylchloride, the mix-

ture became warm and free refluxing of the ether resulted.
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This mixture was then refluxed for two hours and hydrolyszed
by pouring onte eracked ice and the calculated gquantity of
dilute sulfuric soid, The ether solution was separsated,
dried and distilled to yleld 3 g, or 33,4% of materlal which
distilled with decomposition at 210°-218°% at 10 mm, pressure,
Redistillation of this compound resulted in partial decompo-
sition and, for that reasom, 1t was found impossible to purlify
the substancs,

This compound is a liquid with 2 slight odor of tetra-
hydrofurylpropyl mercaptan, 624 1,0741; ng4 1.5410,

Analysls, Calculated for CigHopSOp: S, 11,89, Found:
8, 13,56 and 13,45,

Furfuryl Phenscyl Sulfide, C4BEgO0CHp-S-CHsCO.CgHg. This
compound was prepared by the action of furfurylthiomagnesium
bromide (1) on phenacylchloride, A solution of 65,456 g, (0,5
mole) of ethyl bromide in 25 cc, of ether was added to 1,2 g,
{0.5 atom)} of magnesium, After the reaction was complete,
the solution was decanted from the unussed magnesium end 5 g,
(0,044 mole) of furfuryl mercaptan sdded, A vigorous reactim
resulted with separation of a s0lid preeiplitate, This mix-
ture was then diluted by addition of 100 e¢c, of ether and a
solution of 6,8 g, (0,044 mole) of phenacylchloride in 25 cc,
of ether added, This mixture was then refluxed for two hours
and hydrolyzed by pouring onto 1ce and the calculated amount
of dilute sulfurie acid, The ether lsyer was separusted, dried
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and distilled to yield 2 g, or 19,7% of s compound which dis-
tilled with decomposition at 185%-190° 8t 10 mm, pressurs,
It was found impossible to purify this compound by redistil-
lation, This compound is s liquid with a slight odor of fur-
furyl mercaptan, d3% 1,0725; ngt 1,877s,

Anelysis, Caleulated for CygHyoSOp: S8, 13,78, Found:
3, 15,07 and 15,18,

Summsry.

Tetrahydrofurylpropyl mercaptan has been prepared and
deseribed, Attempts were msde at preparation of tetrahydro-
furylpropyl and furfuryl phenscyl sulfides, These compounds
distill with decomposition and were not secured in a pure con-

dition, For this reason, analyses for sulfur run guite high,



SOME CORRELATIONS OF CONSTITUTION WITH TASTE
IN THE FORAN SERIES

Intreduction.

For the correlation of constitution with sweet taste in
ths furan series, see (Gilmun snd Hewlett (1) and Gilmen and
Dickey (2).

Although much work has been reported in the literature
on the correlation of pungent taste with chemiesl constitu-
tion, no such correlation has been attempted with furan com-
pounﬁ&. The proof of the structure of cspsicin, B8-methyl-
nonenovanillylmethylamide, the pungent principle of cayenne
pepper, by Kobayashi (3) and the study of piperine deriva-
tives by Staudinger and Schneider (4) have led to a very
definite correlation of pungency with constitution of ncid
amides,

These studies have shown that the piperine molecule may
be varied conslderably without destroying the pepper taste,
An essentisl factor is the amide-~like union of piperidine
with an sliphatlic-aromatic acid, the grouping PheCHgCHoCHCHoCO.
K(CHoCH, )o0H seeming te be of lmportasnce in the production of
pepper taste, It 1s found that in the case of piperidides of

acids which do not contain the phenyl group, and also those

{1) Gilmen and Hewlett, Iowa State College Journal of Science,
4:27 (1929).

{2) Gilmen and Dickey, J, Am, Chem, Boc., 52:2010 {1930},

{3) Kobayashi, Sc¢i, Paper ins, Phys Thom search, §:166;
Nelsoen, J., Am, Chem, Soc,, 11118 (1919).

(4) Staudinger snd Schnelder, Ber., p6:699 (1923).

V————cv—————
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which contain a partially saturated ring, the acute pepper
taste disappesrs (5).

In the case of vanillylamides, it was found that & free
phenolic OH group in the fatty-aromatlc aclid interfered with
the pungeﬁcy while it was necessary in the fatty-srcmatic
emine, It was also shown that only a single methylene group
may be present in the fatty-aromatic amine portion of the
compounds, |

Por the purpose of determination of the effect of the
furan ring upon the pungency of acid amides we have prépared‘
furoylplperonylmethylamide, furoylvanillylmethylamide and
furylacryloylvanillylmethylamide, All three of these oém»
pounds are entlrely without pungent taste, |

Faroylpiperonylmethylamide, CHgOgp:CgHaCHoNHCOC HL0,

Piperonylmethylamine was prepared by the method of Mannich
and Kuphal (6), A solution of 25 g, (0,15 mole) of piperonal
oxime in 100 ce, of aleohol was warmed to 50° and 600 g, of
5% sodium amalgum slowly added, A solution of 50% acetic acid
-was added from time to time to keep the mixture acid, the tem-
perature of the mixture being kept at 50°-70°, The alcchol

wag removed by distillation from & water-bath and the residue

{5) Ricoomenni, Atti, Aced, Lincei, (V) 33:145 (1924); C,4,,
18:2900 (19247,
(6) Mannich and Kuphal, Ber,, 45:318 (1914),
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dissolved in s minimum smount of water, The solution was
then made alkeline by sddition of solid sodium hydroxide, an
oil preclplitating, This was extracted with ether and the
ether solution dried and distilled to yield 20 g, or 88% of
amine boiling st 135°-137° at 12 mm, pressure,

The amide was prepared by addition of 13 g, (0.1 mole)
of furoyl chleoride to a mixture of 15,1 g, (0,1 mole) of
piperonylmethylamine and 50 ce¢, of water containing 10,6 g.
(0.1 mole) of sodium carbonate, Upon shaking this mixture,
& 8s0lid separated out, This solid was orystaellized from
alcohol to yleld 15 g, or 61% of Ffuroylpiperonylmethylamide
melting at 1089. This compound is tastaiess in the selid
form and has a slight bitter taste in alcoholiec solution,

Analysis, Calculated for CyzHyiNO4: €, 61,803 H, 4,72,
Found: ¢, 61,54; H, 4,87,

Puroylvanillylmethylamide, 1-CgqHz0G0»NHCHp~5~CHg0~4-0H~
Cgls. This eompéund was prepared by the asection of furoyl
chleride on vanillylmethylamine hydrochloride in the presence
of aqueous sodium carbonste, The vanillylmethylamine hydro-
chloride was prepared by the method of Nelson (3), To & solu~
tion of 3.1 g. (0.02 mole) of vanillylmethylamine hydrochlor-
1de in 25 cc, of water was added 2,6 g, (0.02 mole) furoyl
chloride and 0,2 g, (0,02 mole) of arhydrous sodium carbonats,
After shaking until the materlal solidified, the solid was
filtered off and crystallized from alcohol te yleld 3 g, or
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61% of the smide melting at 165°, This cempound is practical-
1y tasteless and has no pungent taste,

Analysis, Calculsted for CyaH;2NWO04: C, 62,71; H, 5.26,
Found: €, 63,16 and 62,90; H, 5,55 and 5,13,

Furylacryloylvanillylmethylamide, 1~C4HxOCHsCHCOs*NHCHo-3-

CHz0~4-0H~-CgHz., Furylacryloylvanillylmethylemide was prepared
by the action of vanillylmethylamine on a furylscryloyl
shloride~pyridine complex, To a solution of 3,95 g, (0.05
mole) of pyridine in 50 cec, of ether was sdded 7,3 g. (0,05
mole)} of furylaeryloyl chloride, A vigorous reaction result-
ed and & solid seperated out, To this mixture was then added
an ether solution of 7 g. (0,05 mole) of venlllylmethylamine,
The mixture was then refluxed for two hours, washed with
water and the ether sclution dried, The ether was removed by
evaporation and the residue crystallized from alechol to
yield 7 g. or 50f of the emide melting at 140°, This compound
has practically no taste and has no pungent taste,

Analysis. Calculated for CygHygNO4: ©C, 65,94; H, 5.49.
Found: €, 65,52; H, 5.26,

Symmary.
Furoylpiperonylmethylamide, furoylvanlillylmethylamide
and furylscryloylvanillylmethylamide have been prepared snd

described. These compounds have no pungent taste.
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