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Al though cultivated cronsg and natural vegetation were the
first sourceeg for a large number of chemleals -~ consider
the dye and nharmaceutical industries - the ready avail-
ability of netroleum has overshadowed these originsl
sources in recent years. In splite of this fact one can
easily see the wisdom of a long range r@gaéreh gragraa
desligned to ﬁtilize tha preduets‘et am# soil to supplement
the coal and petroleum sunply. Bueh a develomment should
also tend toward the stabilization of our farm econony by
the creation of a steady de&and for farm érapa.

To be of economlic imnortance in the ehamie&l industry
a compound must be readily availéble from reasonably cheap
raw materials and must offer some desirable nhysical or
chemlcal préaﬁrty which ﬁakes 1t of practicsl interest.
Hence the develovment of our asgricultural resources as \
chemical intermedistes must of neceesity follow these two
1ihea of study: (1) the design of practical methods of
production of chemical comnounds and (2) the study of their
properties to determine the potential value of the com-
pounds to industry. |

The vresent 1nvast1gaticﬁ wasvunéartaken to study two
conmpounds along the 11nés mentioned above, 8a8l1d compounds
being furfuryl alcohol and 2= valerclactone. These sub-
stances al though not structurally related have quite a lot

in common. Both are obtained by the reduction of nroducts



e

Qbﬁained in the acid hydrolysis of carbohydrates, the
furfuryl aleahel being ultimately derived from the pentose
fraction while the lactone originates from the hexose
fraction. The steps necessary to vproduce furfuryl al-

cohol from a pentose sugar sre sketched in below.

; H |
HO S Q leno +3H,50
,,',.1.;{2(; 0 i
H | |

0

H

[ H,

0 ’ Catalyst

A number of various mechanisms have been vromnosged for
the formation of levulinie secid from the hexose sugars
(or materials which can be hydrolyzed to hexoses). The

molecnlar reaction i known to be:
ﬁ+
iE 3y ¥ - ¥ $3 {3 ) R REE - +F -
¢ 2{03}&&(99}&3(03} H{@H}f?{@ﬂ)?ﬁ@—fﬁg5ya

CHy - ﬁ‘- CHoCHpCOOH + HCOOH 4 Hy0

O

Reduction of the keto grouvr in 1pvu11nie acid with
subsequent dehydration leads to the formation of 2-valero-

lactone.



e : A0 He
Gﬁg {; aad Cﬁﬂ - Gﬁz e G" h"E _—ﬁ
[ M1
O
H ‘ 43 | «-K?@
GE:& ? - {}EE - &HE - 07— 0OH —_—
OH

Further reduction of furfuryl slcohol and 2-valer-
lactone (followed in the lstter case by additional de-~
hydration) leads to the nroduction of 2-methyl tetrahydro-
furan in both instances.

The two parent compounds in this series, furfural and
levulinie acid, are at present obtained respectively by
the dilute aeié.hyﬁrﬁiyaiﬁ of corn cobs and corn starch.
An industry based on the first is thus denendent on waste
products for its raw materliel while the second utilizes
one of the world's principal cereal grains. The cost of
the furfural raw material is thus chiefly the cost of col-
lecting and shinping the bulky wastes. In contrasst to
thls the corn starch 1e¢ obtalined from a graln whose price
finctaét&a widely in accordsnce with world demand. It is
this instablility in the »rice of agricultural products
which a2 long range research vrogram might hope to correct.

A combination of the two industries might well be utilized



to advantage with the bulk of production being shifted
from one to the other dernending on the relastive cost of
the raw materisls. |

Ag part of the overall nrogram the nresent investiga-
tion was aaﬁertakéa to provide practical, economical pro-
cesses for the production of furfuryl slcohol and 2-valero-
lactone. In aé&iti@n‘soms of the resotions of furfuryl
alcohol and almsaly r@lateﬂ‘eamﬂonnﬁg were invegtipated on
an exploratory basis with the hope that grounds for addi-
tional ataﬁy‘aleng tﬁgae lines might be established. Such
studles shéulé eventually result in commercial outlets for

the new compounds prepared.



II. MATERIALS AND SPECIAL APPARATUS

The furfursl used for this invesgtigstion was s tech-

nical grade supplied through the courtesy of the Quaker
Oats Company. In each case the product was dletilled at
reduced pressure in a nitrogen etmosphere, the first 10%
, and the last 20% orf thé material being discarded. Tetra-
hydrofurfuryl alcohol and furfuryl amine also supvlied by
the ngker Oats Company were used without further purifi-
eation. | | |

Chemicals for the nreparation of the comper chromite
catalyst were reagent grade supnlied by the General
Chemical Company. o
‘ Raney nickel was vrepared by a standard procedure from
the powdered alloy.

Activated charcosl for the catalyst gappert wase 4*16
mesh nafite A {American Norite Company, Inc.) or nuchar
{(%est Virginia Pulp and Paper Company).

Glass beads, algo used as a catalyst snngart, were
smooth Kimble Brand solid beads, 6 mm. slze.

The apparatus used 1& the vavnor rvhase hydrogenations
is described in detall below and is shown in Figures 1 and
2. Liguid phase hydrogenations for the most part were made
in a 500 ml. rocking bomb of standara design {(Parr



Instrument Co.). A motor driven booster pump (American
Instrument Co.) enabled one to use pressures higher than
those encountered in commercial hy&regan’eylinégra. A
3.85 1liter rocking bomb with a covper lining wase used for
the oroduction runs in the Z2-valerclactone estudies.
$§ané&rd rractices were followed in the liquld vhase
hydrogenations., Some details are glven in connection with
the individual experiments for points not sdequately
covered by the above explanations.

Chemicalse uced in the reaction studies with the furan
&erivatives were either reagent grade or sultsably purified
technical materials.

Levulinic acid was obtained as a technical grade from
Esstmen Kodek Company. In some experiments it was found
necessary to purify this material by dstillation at re-
duced pressure.

Melting m@iﬁ%z‘ware taken with the aild of a Fisher-

Johng miero block. All values given are uncorrected,



III. PRODUCTION OF FURFURYL ALCOHOL

- In the course of his studles on the vproduction of 2-
methyl furan, Holdren (1) noted that measurable guantities
of furfuryl slceohol were formed after a given sample of
catalyst had been in use for several é&ys. However, the
yield of both methylfursn zmd furfuryl alcohol then
dronped off ranidly and the eatalyst was rather cquickly
deactivated. The formation of furfuryl alecohol in this
study may be explained by assuming that the catalyst at
the top of the bed became comnletely deactivated by the
Wegh surface temperature reﬁul%igg from the reaction.

The effac%iva-beﬁvleng%h =ag thereby decreased. ﬁnﬁoubteﬁw
1y this 5bnrning’aa§* of the torn layer of catalyst waae
accommanied by a decrease in the setivity of the rest of
the catalyst down the tube with »a aéﬂsaqaent reduection in
surface temperature of the eatalyst film. Hence both the
contact time and the resction temverature were decreased
with a resulting increasse in the yvield of furfuryl al-
cohol .

S8ince the vprocedure now uséd for the commercial nro-
duction of furfuryl aleohol involves a bateh process and
the use of high prersure equivment, it was of interest to
follow up thie lead mentioned in ﬁmlar&a*s.sreviens work.

A research program was set up to provide a continuous



varor phase procesgg which ¢ould be oneranted at atmosnherio
pressure. Such s procedure would eliminate the need for
expensive high pressure equipment, enable one to use low
pressure hydrogen and require less rigld supervision than
the 1iquid nhese method. All these factors are important

in determining the cost of producing furfuryl alecohol.
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A. Historieal

1+ Yepor phese hydrogenation

A great number of workers hove interested themselves
in the hydrogenation of furfural. Careful study of the
outstanding rnapers on the subject, however, shows that the
problem wae in many cases complicated by the variety of pro-
ducts obtained and sleo in some instances by incomnlete con-
version of the furfural. HMuch of the earlier work in these
hydrogenation studies was npatterned after the procedure of
Sabatier (2) both a8 to the nature of the spraratus used
and the preparastion of the catelyst. Thies is of course
understandable in the light of the enormous amount of work
whiceh this great ploneer contributed to the field éf cata-
lytiec hydrogenation.

Padoa 2nd Ponti (3) used a reduced nickel catalyst to
obtain a nroduct consgisting »principally of furfuryl slcohol
and amall quantities of more highly hydrogenated derivatives.
The reaction tempersature was about 190° ¢. At a reaction
temperature of 2?@0 C. the furfural vapor was converied to
furan and carbon monoxide.

A patent i1ssued to Ricard and CGuinot (4) clasima the

use ef a metallic copper catalyst supported on asbestos,
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pumice, silica or the like to nroduce methyl furan and
furfuryl slcohol. With a fresh catalyst at 140° C. these
investigators state that methylfuran is formed %o the
extent of about 10 to 20% of the furfuryl alcohol yleld.
They Separsted the methylfursn by distillation, steam
digtilled the unreacted furfural and recycled in order fo
obtain comnlete conversion. A kilogram of copper was re-
vorted to retain 1ts sctivity for several days of con~
tinuoue orneration. Excess hydrogen waé recommended, and
the yleld of methylfuran increased with the temmnerature.

Furfuryl alcohol waeg the only reduction vreoduct iso-~
lated when furfural vanor and excess hydrogen were passed
over & reduced nlckel catalyst at 2@@“’&. or over Tinely
dlvided copver metal at 215° C. (5). The maximum yleld
of furfuryl alcohol (5%) was obtained with the nickel
catalyst.

Lazier (6) has patented the use of a reduced nickel
ehromate catalyst for the varnor phase lydrogenation of
furfural. The abstract of this patent does not mention
the products obtained.

Tetrahydrofurfuryl slcohol has been prepared in ylelds
ranging from 80 to 9542 by the wvanor nhase reduction of
furfural in the presence of & large excess of hydrogen and
in the optional vpresence of an inert material (e. g. al-

eohol). The catslysts mentioned were Ni, Cr and Cu (7).
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Small amounts of amyl aleohol and 1,5-nentanediol were
identified as by-vroducts of the resction.

| Lazier (8) has also natented a process for producing
tetrahydrofurfuryl slcohol using a reduced copper chromate
catalyst at 70 to 300° €. and several atmosnheres preesure.
The materiasl was thought to be gaseous at the moment of
reaction.

In a more recent natent (9) Rittmeister has disclosed
a rather extensive study of a variety of catalysts includ-
ing niekel, nickel-chrome, nickel-conper snd copper-chrome
with or without carrier. These catalyste were tested with
furfural in the vapor vhase st temperatures of 130 te
230° €. in the presence of 20 to 500 times the theoretieal
amount of hydrogen. Furfuryl alecohol, tetrahydrofurfuryl
aleohol and pentanediols were the nroducts obtained - the
amounts of these three components varying with the catalyst
and the temperature of the resction. Note the large excess
of h&ér@geﬁ used to remove the heat of the reaction.

Copper chromite and related types of catalysts have
been the subjlect of a series of matents olaiming the hydro-
genation of a number of organic compounds (10, 11, 12).

An I. G. Farbenindustrie pvatent (13) clalms the pro-
duction of a 79% yleld of furfuryl slecohol from technical

furfursl using a metallic copper catalyst at atmospheric
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pressure, Unreacted furfural was recovered in 3% yleld
and eyclopentane compounds maﬁe}np 11.5% of the product.
The nresence of the cyclopentane fraction is undoubtedly
due to impurities in the furfursl as 1t 1= difficult to
understand its formation from furfural. The revort indi-
cates that catalyste derived from other metals are soon

ﬂa&ativa@&é under the eanﬁiti@nsiaf the exneriment.

2. Liguid nhase hydrogenation

From the standpoint of yleld of furfuryl aloohol ob-
tained in the nrocesses described in the literature the
liouid rhase nrocedures offer the best method of reduc-
ing fﬁrfural. This ecan be n&rtially sxylaineé.by the fact
th&@ surface temmeratures are readily controlled in the
liguid »hase while suahliﬁ not the ease in the vanor rhese,
particularly when the reaction is carried out at elevated
tenmeratures. Consequently, the vanor phase rgéuctieﬁ
generslly proceeds beyond the furfuryl alcohol stage. The
~unsaturated ring may also be attacked under the more drastic
conditions eaﬁeeiglly if a nickel catalyst 18 used. These
factors ééntxﬁbnt& to tre formetion of a variety of pro~
ducts with a resulting decrense in the yleld mf‘furfuryi
sleohol. The fact that furfuryl slcohol 18 now made
cﬁmmeraiglly’by 8 liqauid éhage high.@fesgura’prceegs is

further testimony to th@ faet that the vanor rhase nrocedures
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previously described have not been too gatisfactory.

A rather large number of references are avallsble for
the liguid phase reduction of furfural to furfuryl aleohol.
Mention will be made only of those Investigatimes in which
furfuryl aleohol was one of the principal producte ob-
tained. | , ; ,

Using a platinum oxlide catalyst and stornping the re-
action when one molecular eaguivalent of hyéregén had been
absorbed, Kanf&ann and Adams (14) were able to obtaln
almost quantitative ylelds of furfuryl aleohol. Further
reduction saturated the ring and subsequent cleavage re-
gulted.

A German patent (15) e¢laims the production of high
yields of tetrahydrofurfuryl alcohol with a sunported
nickel ecatalyst at 40 %o 100 azmaaphares'ﬁf‘hyﬁrmgan Dreg-
sure and temperatures of 1@6 to 150° ¢. ,

Farfuryl aleohol and 4-5% butyl alcohol (18) are
listed as thefgﬁineimal nroducts obtained by reduetion with
a nickel catalyst at 130 to iﬁ@g €. PFurther reduction of
the furfuryl slecohol gives di- and tetrahydrofurfuryl al-
cohol and finslly tetrabydrofuran, methyltetrahydrofuran
and butyl alecohol (17).

One of the more practical procedures for making
furfuryl sleochol in the l1iguid phase involves the use of a
copper chromite estalvet. Connor and Adkins (18) revort a

quantitative conversion to furfuryl aleohol at 100
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atmospheres of hydrogen pressure and a temperature of 150°

C. A similar vprocess has slso been used as the basis ®r
a small plant designed to prﬁégce.farfuryl alecohol {19).
The effeet of decomposition ﬁemyerat&re aﬁ the activity
of the catalyst is @ainﬁeﬁ out in ﬁhis article.

A comparison of several types of catalysts -~ inelud-
ing met@la and metal oxides - showed that the éﬁkins chro-
mite catalyst was the %etter~@f the group tested for the
hydrogenation of furfural. The conditions for this study
involved an initial hydrogen pressure of 100 atmosvheres
and s maximum reaction temperature of Eﬁe g. (20).

Menzel (21) made a study of the comparative activity
of a number of metal oxides f@r the eatalysls of hydrogen
absorption by furfural. Apparently ne distinction was
made betwsen hydrogen vhich rescted with the aldehyde
group and that which entered the furan nucleus. {However
the nature of the catalyst used would indicate initial
attack of the carbonyl group.) The greatest total amount
of hydrogen was sbsorbed with a copper-chromium oxide
catalyst prepared from the nrecipitated carbonates.

A eﬁnﬁﬁr catalyst supported on zinc oxide has been
tested by Graves (22) for the reduction of furfural to
furfuryl aleohol. Examples given in this natent Lindicate
yields of furfuryl slcohol ranging from 53.5% to 70.5%
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with 82 to 7.3% of the furfural being recovered unchanged.
Furfuryl alcohol ané 9.6% unchanged furfural were obtained
when a nickelmaébalt alloy is used as s catalyst for the
r@ﬁﬂﬁt&oﬂlaf furfurel at high,ﬁr@ssara.‘Afhg‘gat&iyst was
aatix&teﬁ by the ocustomary nrocedure aﬂaé for Raney nickel
(23).
| Réaenti& a comparative study wae made with a series
of metala, metal alloye and metal oxides gg eatalysts for
hydrogenation of the esrbonyl group as well as the furan
nﬁgleus {Eéi.» For the hydrogenation of both functional
groune nickel nroved to be the best catalyst tested. Nickel-
cobalt and nickel-iron alloys were also effective in the
faéaetien‘tarmathyifaraﬁ and tetrahydromethylfuran. Gemé'
par‘@hramite at'hﬁgh temnerstures gave a mixture of glycols.
| Léfranggia {25) has comnared the effect of various
promoters and stabilizers on a auprmﬁe exiéa-aétalyst used
in the reduetion of furfural to furfuryl aleohol. He re-
vorte that the mixture Cus0 - Grgas-« Ca0 was more setive
thﬁﬁ conper chromite (Cf. Adkine) for the production of
furfuryl alcohol. A recent patent cleims the nroduction
of high ylelds of water white furfuryl alcohol using e
cuprous oxlde catalyst with setivated slumina as a oro-
moter (26).
Cobalt, ahrami&m or molybdenum enhance thé sotivity of

Raney nleckel for the hydrogenation of furfural aceording teo
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Paul {(27). A concentration of 3 to 10% of the added metal
was sufficlent to rroduce & highly amctive ecatalyst.

In the ligzht of the above survey 1t can be seen that a
wide varliety of catalystes and conditions have been tested
for the hydrogenation of furfural. In genersl, the nickel
catalysts may initiate rezection at the aldehyde group or
in the ring -~ in the sequence given or simultaneocusly de-
pending on the conditions of the experiment. The various
copper catalystes are a little more seleetive in nature
particularly 1f the resection tempersture is not too high.
One could exnect that a seleetive eatalyst which would be.
effeetive at moderately low temneratures would be the ideal
to strive for in the vnroduction of furfuryl salcohol.

In addition to the lack of selectivity pointed out
above, nickel catalysts possess the dleadvantage of being
sensitive to atmosvherie oxygen and trace amounts of im-
purlities {(e. g. minersl acide and their salts). Since
copper chromite 18 esglly prepared, stable in alr snd not
resdlly polsoned and since a lesnd had already been obtalned
by Holdren's previousg work, 1t seemed wise to explore all
the possibilities of using this catalyst before attempting

a general catslyst survey.
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B. Experimental

l. YVapor nhase hydrogenation of furfursl

&. Deseription of the hydrogenation svparatus. The
apparatus used was a modification of that desceribed by
Holdren {(1). A sketeh of the unit is shown in Figure 1
and sn actual photograrh in Pigure 2. The numbers used
in deseribing the a»paratus in this section refer to
the nhotograrh in Figure 2. Furfural was added from the
feed uﬁitz to the vagar&zerg where 1t was mixed with the
hydrogen gas stream and led into the resetor %uba.g This
chamber, heated by s surrounding furnace, was 40 em. in
length and 31 mm. in outeide dlameter. A thermometer
placed into the catalyst bed (vrior to filling) indicated
the average temverature. Two other thermometers showed
.the temnerature of the heating Jacket 10 em. from either
end of the furnace. From the reactor tube the product and
excess hydrogen passed through the water eseied,sgndensar#
where most of the product was condensed. The gas stream
continued through the dry ice-acetone trspa where the
smell amounte of methylfuran and water were removed. A
small dlaphragm wnﬁp,g using a nelr of ground glsss check

7
valves, was used to circulate the excess hydrogen. Rate
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Figure 2. Laboratory Hydrogenation Unit.
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a8
of elreculation was Iindicated by a carillary flow meter.

Hydrogen consumption could be determined by the difference
in readings taken from the meter'~ which connected to the
hydrogen supply through a Hoke valve;il A by~pass valva?
enabled one to change the rate of gas c¢irculation with a
fixed length of stroke by the nump.

The feed unitl wag constructed from a synchronous
motor whieh through a series of changeable gears drove the
ground-glass plunger of a 50 ml. "B-D Yale-Lok" syringe
(Becton, Dickinson & Co.) dﬁwﬁwarﬁ at a constant rate.
ﬁhaﬁgiﬁg the gear ratio gave a series of constant feed
rates whieh could be varied at will.

o
The v&yarizer~ was constructed from & plece of pyrex

tubing 31 mm. in outside diameter. Nichrome resistance
wire was used to heat the &&ﬁﬁﬁﬂ vortion of the tube.
'Priar to sealing off the lower end of the furnace the por-
tion to be heated was packed with glass wool. A hydrogen
inlet near the bottom of the glass wool allowed the gas to
be premhaated hefore contacting the furfursl which dripped
ontoe the upper surface of the wool. A 2 em. section at
the bottom of the tube weas left empty and uncovered in order
to be able to detect the nresence of any furfursal which
wag not swept out by the hot gas s2tream. For a feed rate
of 23.1 grams per hour 1t was found that & temverature of

o
140-150 €. in the upper part of the glass wool was
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sufficient to comvletely vanorize the furfursl as 1t entered.
A 3 em, section of 8 mm. pyrex tubling wes sealed to the
unper portion of the vanorizer. A hole was blown into
the side of this tube (prior to the meking of the ring
senl) and the lower end was senled off and gulléé out to
give a small rod-like pr@}aatimn which touched the unper
~surface of the glass wool. The hypodermic needle was led
into this small tube through & rubber storple and the tip
of the needle extended into f:he gmall pool of furfural.
This nrevented the formation of gas bubbles in the needle
{from the pumn strokes). As the furfural overflowed down
the tiny rod it was spread onto the large surfsce ares of
the glase wool and immedistely varorized. An exlt tube
neayr the top of the furnace carried the mixed vapors of
hydrogen &ﬁé‘furfﬁ?ﬁl into the catalyst tube.

Alternate but less sstisfactory modifications of the
unit shown in Figure 1 involved: (1) the use of a dropning
funnel to iIntroduce the furfurazl directly onto a 10 cm.
layer of glase beads at the top of the catalyst bed (or
directly onto the catalyst when glaes beads were the ecar-
rier used); (2} the use of two 20 liter bottles to intro-
duce the hydrogen by water dlsvlscement. ‘Xt ghould be
noted in.aa@sing'ﬁhaﬁ introduction of the furfural directly
into the catalyet bed without preheating offere sn advantage
in that the vapor-liguld eaquilibria gives a cooling effect
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near the top of the bed. It ig here that deactivation of
the eatalyst by bigh surface temperatures is most likely

to occur,

~b. Preparstion of the catalyst. As indiocated above

it was desirable in this study to obtaln a very asctive
eatalys% g0 that the reaction could be carried out at the
lowest poesible temperature. 8Since the catalyst vrerared
by Holdren asppeared to be gquite setive st the beginning of
each run 1t seemed advisable to start out with his general
procedure snd then introduce any modificstione that might
become necessary. From previous work (28) it was known
that the use of caleium ag a stabilizer, precinitation of
the complex chromates from a neutrsl solution and decom-
position at a controlled tempersture {(192) all tend to en-
hance the sctivity of a chromlte catelyst. Hence narti-
cular attention wae pald to these pointe in the prepara-
tion.

A large bateh of catalyst whieh was used for many of
the exveriments to be deseribed below was prenared in the
following manner. A solution of 822 g. of Cul(NO,),
3Hy0 and 62 g. of Ca(NOz), 4K 0 in a tsti;}. volume of
1800 ml. of aqueous medla was heated to 80 C. and added
with stirring to an egual volume of solution containing

302 g. of (NH4)p Cry, Oy and 400 ml. of concentrated
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ammonlia. (A test with the ammonia at hand showed this to
be the volume necessary to leave the mother licuor at a

rH of 7~ as indicated by test with Hydrion naper). The
complex chromates were flltered off and dried at about 75°
C. for 24 hours. The material was then nulverlized and de-
composed in a rotary kiln, previously deseribed by Holdren
{1). Decomposition temperature was read from a thermometer
the bulb of which was placed in the catalyst at the point
in the kiln where maximum decomposition oeccurred (about

10 em. from the unper end of the kiln). For maximum acti-
vity of the catalyst the temperature as read in this msnner
should not rise above ssaa C. and 1s nrefersbly kent as
near to 3@@8 C. as is possible and etill allow for decomno-
sition of most of the chromate in one vass., After one pass
through the kiln the brown powder was placed in a porce-
lain erucible in 50 gram portions and heated in an a&r'bath
until the temperature in thre nowder rose to 1%6—2@09 G.
Leaching with 1200 ml. of 10% acetlc scid, washing thorough-
1y with water and drying at ga. 105° €. comrleted the pre-~
paration of the catalyst. When dry the catalyst was
thoroughly pulverized with the ald of a mortar and pestle
{this step i# quite important when the glass beads are used

as a ecarrier). The yield of dry catalyst was 288 grams.
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&. Testing of the catalyst sctivity. The hydrogena-

tion of the aldehyde grour in furfural proceeds in two
steps which 18 normal for the reduction of asldehydes in
general: |

l l Tt ) -
\o/lﬁm e j > | Jzza
, Catalyst No’ CHoOH Catalyst o 3

Each of these resactions 12 highly exothermic and thls fact
combined with the elevated temperstures smwioya& in much

of the earlier work resulted in the formation of consider-
able quantities of methylfurasn. In the early part of this
investigation 1t was essential to have some means of esti-
mating the activity of a given catalyst for the reduction
of ?arfural. The production of high ylelds of methylfuran
under the conditions deseribed by Holdren (1) was taken as
the best messure avallsble. It was then reasoned that with
high catalyst activity the operating conditions could be |
made lese ﬂraatie {low temperature and shorter contact
time) and the reaction stonved at the furfuryl alcohol
stage.

Beveral small batches of catalyst were prepared from
the procedure given above. Thecse 3ll gave good ylelds of
methylfuran at a temperature of 230-250° C. with a contact
time greater than one second and a hydrogen to furfural

ratio greater than 25 to 1. Then the large batch of



material deseribed ahove was nrenared and tested for
'méthylfuran nroduetion.

In the first test with this sample of catalyst a 30
cm. bed of the oharcoal surported chromite (ratio of
catalyst to é&rr&er'lwéfl) wag covered with a 5 om. lgyar
of glass beads. The measured void space was 103 co.
{62% of the bed volume). Two runs were made with this
packing and esch time the water laver smelle&.strmnglﬁ of
amyl aleohole. The addition of furfural to the fresh
catalyst caused s 40° ¢. rise in ihe ﬁaﬁter of the bed.
These facts and the falir ylelds of methylfuran obtained
were indiecative of the desired activity. Table 1, Columns
1 and 2, summarizes the results of these two testis.

After the ahéva experiments were comvnleted the re-~

action tube was emntied and refilled with fresh catalyst

Tab&all

Catalyst Activity as Evidenced by
Methyl furan Production

Furfursl Feed Oontact Ho/furfural Catelyst % Yield

added Rgte time in ratio temp. Methyl-~

gm8. g./hr. gec. (eaatgr of furan
: — — bed) .

1-50 10 10 C1/r 230-40 70.5

2..39 11.2 1.7 76/1 220 77.2

323 5.8 0.97 111/1 180-5 82.8
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to a depth of 15 om. (52.4% voilds) and covered with a 10
cm. layer of glaes beads. A 23 gram sample of furfural
was hydrogenated to give the results in Table 1.

4. Analysis of reaction products. Since the ulti-

mate sim of this investigation was to develop a pro-

cess which would be sultable for adaptation to commer-

aiél production of farfuryllalc@hﬁl a practieal method

of control and assay wae needed. FRarly in the study 1t
was decided that the proper goal to strive for was complete
conversion of the furfural - with the production of small
guantities of methylfuran Aif necessary. A glance at the
nhysieal proverties of furfural, furfuryl alecohol and methyl-
furan lmmedistely shows the wisdom of this choice. The
boiling point of furfural 1s 161.7° C. while furfuryl al-
cohol boils at 170.2° €. Methylfuran, of course, i8 a
much lower boiling vroduct (65Q ¢.). Hence i1f complete
conversion is obtained the small amount of methylfuran can
easily be sevarated, and the residue can be sold as a
technical product without a distillation. If the separa-
tion of furfural from furfuryl alcohol by aistiilati@ﬁ be-
comes necessary an efficient column is needed (29). Pre-
sumably small guantities of furfursl could be "blown off"
with steam but thie heating would be exnected to result in



some darkening of the alecohol and would also involve a
drying rrocess to remove the excesz walter.

The above discussion emnhasizes the need for = method
of sssay for small guantities of furfural. A number of
procedures have been worked out: (1) sleetrometrie titra-
tion of an agueous solution with bromine in presence of
HC1 and HEgCl, {20); (2) wmeasurement of the refractive in-
dex of a distilled mixture of furfursl snd furfuryl alcohol
(29); (2) reaction with excess bisulflite and back titra-
tion with a standard lodine solution (31); and (4) re-
action with aniline, ete. t» mention s few of the more
rel;able-mathads. Two of these procedures were combined for
this study. 1In all of the 50 g. runs the ultimate anslysis
was acecomnlished by distillation of the furfural-Turfuryl
aleohol zractién in a nitrogen atmosnhere at reduced »nres-
sure and measurenent of the refractive index with an Abbe
refratometer. The nercent furfural could then be read
dlrectly from a grarh (29). This nrocedure gives » low
recovery due to mechanical losz but is relatively accurate
and has the advantage of giving a praetieal %in hangt
value.

.~ In the large runs (e.z. No. 4 in series F, snd No. 14
in series F-109-161) weighed aliquots were veriocdically re-

moved for bisulfite lodine titration gince thils vrocedure has
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the advantasge of being faster. The combined fractions were
later distilled and corrected for the aliguots removed for
titration. , | '

Mechanical losses are greatest in the first run of a
given series of experiments. The avnaratus was alsgﬁed and
dried before the beginning of each series and since the pro-
duct was removed simply by siphoning off from the trap there
wae a8 consélderable loss here (estimated by washing the con-
denser and traps with a solvent to be 2-3 grams maximum). In
the subseguent runs of a given series the loss due to hold
up in the apparatus becomes much smeller. A relatively
constant lose is encountered in all the runs in the dlstilla-
tion. From 15 distilliatione picked at random the average
weight of residue left in the distillation flask was 2.1
grams. An additional gram {(estimated) would be held up in
the'Vigr@ax column and the condenser. For a fifty gram
samrle of furfural this represente a mechanleal loss of
furfuryl aleohol of 6.2%.

In order to compare the two methods of furfural assay,
three samples were plicked covering a wide range of furfural
content. After distillation the refractive index was read
and the furfural content taken from the graph mentioned
above. The three samnles were then sent to the Chicago
Laboratory of The Quaker Oats Company and bleulfite-ledine

titrztlione were made. The results obtained are compared



below in Table 2.

Table 2

Analysis of Furfural-Furfuryl Alcohol ﬁixtures

4 Purfural as shown by:

Sample Refractive Bisul fite-iodine
' ‘ Index Ti{itration
Series B No. 2 0.0 0.40
‘Serles E No. 3 5.2 5. 926
Series ¢ HNo. 3 29.0 28 .51

| These valﬁes and others obtained in this laboratory
ghow that the bisulfite-iodine tltration tende to give
8lightly higher results for fﬁrfﬁégl eontent than the
refractive index measurement. This is particulsrly true
when the furfursl eontent is low {22 or less).

The mathylfaran fraa%1@aAahtaiagﬁ.ia these studies
wa8 separated by distillation of the wet material through
a 51aLaan head. Thue the results reported for this con-
stituent will also be somewhat low due to mechanical loss
in the ﬁistillation. In the course of dunlicating this
~work in the Quasker Oats Research Laborstory 1t was noted
ﬁﬁ&t methyl furan recovery from a dry synth&tiakéixture of
furfursl, furfuryl aleohol and methylfuren is quite 1:3@:-%.

¥Private communication with Mr. Samuel Swadesh, Quaker Oate
Research Laboratory, Chicago 16, Illinoils.
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(It should be noted in vassing that sll the samples in
this investigation @ere d1stilled wet - 2-3 g. of Hy0
per 50 g. sample). Due to the bigh«iﬂtersélﬁbility and
the wide aiffarenﬂe in boiling naimt& the presence of
some intermediate materisl is apparently needed.

In addition to the measurement of physieal oonstants
the furfuryl alcobol was further i1dentified by conversion
to the solid K -napthylurethan by a standard procedure
{?2). Reerystallization from sleohol gave s derivative
melting at 1390 C. The previously reported value isg
133° o, {(=3),

e. Detaslled description of a samnle experiment. A
conplete axperiment iﬁ ﬁh& vanor ﬁh&ﬁa hydrogenation of
furfural will now be described {&ﬁn'ﬁa. 4 in Series ¥),

The catalyst tube had »reviously been packed in the follow-
ing manner. A Vﬁlﬁ&é of glase beads (Kimble glass, 6 mm.)
sufficient to i1l the catalyst tube to a depnth of about 37

om. w&é boliled in a2 nitric-sulfuric aé&é mixture and

thoroughly rinsed in dietilled water. The wet beads were
then spread out in . single layer in s large evaporating
ﬁish.' A the catalyst was snrinkled over the bheads in
amall smounts the beads were mixed wiﬁh avsﬁgtala. This
was continued with the osensional addition of amgll ammﬁnts

of water'(as neceseary) until 211 of the desired catalyst



(30 g. in thie experiment) had been added. At the end

of this procedure the cztalyst should contaln Just suf.
ficient water to hold 1t to the beads - an excess resultis
in loss of catalyst. The material was then transferred
to the resction tube whieh contained the catalyst ther-
mometer, supported by a noteched cork to allow gas passage.
Drying of the catalyst in a hydrogen atmosvhere givee a
catalyst nreparation ready for use. The sys tem was then
placed under about 1.5 om., of hydrogen pressure as indi-
cated by the mercury manometer; the circulation rump was
started and dlel settings were made on the several variacs
to gilve the anproximate temperature readings desired (a-
bout 100° €. in the catalyst bed and 140° C. in the top
gsection of the vaporizer for this experiment).

A 50 gram sample (0.521 mole) of freshly dlstilled
furfural was placed in the syringe and then all Joints
were naraffined to make the system gas-tight. Gear ratios
from the 10 r.p.m. synchronous motor were set to dsliver
23.1 g. of furfural per hour to the vaporizer. The travs
»ere cooled with their resnective media (ice for the fur-
furyl alcohol trap and dry ilce-acetone for the methyl-
furan trap). Yhen equilibrium had been established in the
circulating gas stream readings were taken on the several

thermometers, flowmeter, gasometer, ete. and the motor on
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the feed unit was started. Table 3 shows the various read-
ings taken during the course of the experiment. Furnace
temreratures were taken from thermometers with tips 10 en.
rfﬂm the top and bottom of the jacket, and the thermometer
in the catalyst bed was 15 om., from the bottom of the 38
em. bed of ecatalyst. Hydrogen elreulation during the
course of the experiment was maintained at 3500 ec. per
minute. |

Table 3

Operation Data for Samvle Exveriment in the
Vavor Phase Hydrogenation of Furfural

Time Furnace T.OC. Catalyst Furfural Hydrogen meter

Top Bottom T. °C. level in readings in
Syringe liters
ee. 4
%148 08 o7 99 44 13.75
3:55 102 101 109 41 14.55
4:15 100 101 115 35 16.2
4:35 96 26 112 28 18.3
4:50 97 08 111 24 19.8
5:15 100 100 113 15 22.2
5:35 100 101 115 8 24.3
6:02 - - - O 26.75

6:3 - - hacd hae ‘85'35




The trans were emptied at the close of the éxpar%meﬁt
and 53 g. @r material w&ﬁ obtained ( = Iittle‘water is
carried over from tha meter). Bistillatien of the Draéuet
was started through a 42 om. Vigreux s@lama at atmesﬂheria
pressure. No fraction was obtained boiling below 65° C.
{hence no measureable gquantity of methylfuran was produced).
The remainder of the distillation wae made at reduced rres-
sure in a nitrogen atmoephere. At a pressure of 23 mm. s
produet fraction b.p. ?7~$1ﬁ C. was obtained welghing 47.8
g: Five readings on an Abhe refractometer gave an average
ggg 1.4881 eaquivalent to =2 furfural content of 2.5% (29).

A residue of 1.4 g. was left in the Adlstilling flask end
s fore-run of almost 2 cc. {water) was obtained. These
data lead to the following yiﬁlés; eslculated as "in hand":
Methylfuran - - - - Negligible '
Unreacted furfursl - 2.4%
- Furfuryl alcohol - « 91.4%

At the end of the series of exveriments 94 cc. of water
was requlred to fill the vold spsce in the #at&iyat“beﬁ.
For a e¢irculation rate of 55&@‘@6/&. trlis gives a contact
time of |

1 -

94 ec x 80 Sec/MiIN ¥ e = 1.6 sec.
° /m1 3500 cc/min.

Eiﬁce the volume of hydrogen sbsorbed indicated that 1little
or no methylfuran could have bheen formed the usual dlstil-
lation through the Clatsen head was not attempted.




for the experiment described above.

Aésuming an average te&ger&tura of 35° C. and a baro-
metric pressure of 720 mm. {ecorrected for aqueous tension)
the moles of hydrogen circulating ver hour may be found

from?

" FEO mm. 22,400 cc/mole

3500 ée/& x 80 m/hr x Sax

8.15 moles H, per hour.
This value divided by the furfural feed rate glves

the mole ratio:
: ' - 233.8

f. Bummary of vapor phase hydrogenation runs. In
the nages that follow a descrintion will be given of
the various exneriments carried out in sn effort to find
the orptimum conditionsg for the continuous vapor rnhase hy-
drogenation of furfural to furfuryl slecohol. The individual
experiments are listed as part of a series, those experi-
ments in a given series'haviﬂg ali been made with » given
catalyst nacking in the seaquence listed in the table for
that series.

Series A through E were made using c&araaal a8 the
aarrier with.a constant ratio of catalyet to casrrier (1.5/1)
in all the fillings. In this groun (A-E) the furfurasl was

added to the resction chsmber from a dropring funnel and the
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hydrogen was measured inte the unit from a 20 liter bottle.
In series ¥ glass bends were used a8 the carrier - this be-
ing the only eh&nge'in.the set up from that usged in A-E.
Beginning with Series G and throughout the rest of the in-
vestigstion the unit shown in Figure 1 was employed.

In none of the exneriments did the catslyet ever be-
come comvletely 1naetivated. Fresh catalyet was used for
each series merely to give ﬁ better comparison in the
studies on bed length, contact time, gas to feed ratio,
ete. Using a fresh sample of catalyst for the individual
series serves to elliminate any doubt due to possible de-
activation.

Unless otherwise indicated all of the experiments were
made with a 50 gram (0.521 mole) sample of freshly distilled
furfural.

Series A. A samvnle of chereoal supported catalyst
was prepared from 10.5 grams of Cu-Ca-Cr catelyst and 7.5
g. of charcoal. The 11 em. bed had a void svace of 40 ce.
In the packing of this tube the thermometer tip was placed
Just slightly above the center of the bed. Addition of
furfural to the freah catalyst gave a 50° temperature
surge in the center of the bed. This initial temvperature
rise amounted to only ﬁﬁﬂ in the second exneriment and 10°
it the third. The decrease may be sccounted for either by
the lower feeﬁ rate or by deactivation of the catalyst.
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Table 4 gives the pertinent data for this series of
runs, |

Series B. A catalyst bed of 7.5 om. length was pre-
pared from 5 g. of chareosl anﬁ 7.5 g. of the Cu-Ca-Cr
catalyst. A 10 em. layer of glass beads was used to pre-
heat the furfural. Voild space in the bed amounted to 28.5
cc. The thermometer tip for this series was nlaced in |
the eenter of the bed. In the first axpefiﬁﬁnt 8 &ﬁa c.
temnerature surge was abserveé.V'fe keep the temperature
down to the level desired in this series low feed rates
~and high rates of gas flow were essential. Tward the
end of the serles the feed rate could be incressed indl-
cating a glight decrease in catalyst setivity. ?ahla 4
contains the pertinent data for the four exneriments with
this packing.

Series C. A catalyst sample prepared in the usual
fashlion was placed in the catalyst tube to a depth of 5.5
ocm. {void space 16 cc. - 53%). Upon the initial addition
of furfursl s 40° rise in temperature was noted. By de-
ereasing the contact time and lowering the temmerature
thie series of experiments shows that the methylfu ran
produetion ¢ould be cut down to p&rﬁiaaable valuaé but
8 consliderable guantity of furfural then passes thrnugﬁ

unchanged as the summary in Table 4 indicates.



In connection with the data in Table 4 there are
seversl indleations that are brought out by the results ob-
tained with these seouting experiments. The temperature
surge which came as the result of the additlon of furfural
et the beginning of an exveriment was found to decrease in
going down the series. This is very probsbly due to a
decorense in activity of the catzlyst caused by the high
surfece temperatures (a éﬁﬁ ¢, surge within a 5 om. bed of
catalyst which 18 being "washed® with 4 liters of gas per
minute must represent a phenomenal inerease in temnerature
on the catalyst film). One should also note that slthough
the contact t&mé”$§ aguite short and the hydrogen to fur-
fural ratio 1is high (for eooling effect) the yields of
methyl furan are stlll anprecisble in the temperature range
'150-178° ¢. Although shortening of the bed length (in
geries B and C) decreases the vield of methylfursn 1t re-
sults 4n inaémnl&ta convergion of the furfural. Hence in
the light of these voints one must conclude that the re-
lationshlp between feed rate, contact time, hydrogen to
furfural retio and bed mm 18 quite complex at this
range of temrerature. Although by studying each of these
variableg independently of thé others one might eventually
hone to find a set of c¢onditione vhich would selectively
produce high ylelds of furfuryl sleohol the ylelds of



Table 4

ﬁeria& A, B and C
Vaper vhase Hyﬁrngeaat*@n of Furfural

| ?éeﬂ,‘&@ntaaz Hs to ?&mn

% Farfural Regavereé after

_ af Farfarai
Rate time in furfural Catalyst Furfuryl Distillation as:
g/hr. gec. ratio bed Ale. mix- Unreacted Methyl- Purfuryl
o {cegter} ggre Furfursl furan Alaohol
o¢, ‘ | , |
1 20  0.56  32.3/1 - 175:¢5  1.4964 0.0 49.8 25,5
2 25  0.56 18.8/1  190#2  1.4880 0.8 52.9 26,8
3 20 0.85 32.,4/1 169-72 1.4906 6.4 VYegligible 72.0
18.8 0.86 35 @/1 1?0*5 1.4930 9.2 9.4% 59,4
mﬁ 70,85  28.2/1  160-73 6.6 . 25.8 _ 53.2 8
1 10-15 C.61  42.5/1 65 1.4963 0 24.6  49.9
2 12.8 0.61 51/1 168.70 1.4878 1 12.9 65.6
3 14.7  0.42 85,4/1 lﬁﬁa?ﬁ 1.4811 8.4 11.7 82.4
g,__]._g __0.56  70/1 70 1.4950 12,4 8.8 53,7
1 9.1 0,22 107.5/1 16@~2 1.4873 0.5 14 686.5
2 10.8 0.22 81/1 15?«8% 1.4961 16.8 7.3 66.7
4 13.4 0.22 ?3.4/1 169»?? 1.5011 26,0 9.4 . 58,0
ﬁ..._liﬁ 3 .L0.22 73.5/1 178-84 1.4977 16,8 6.4 52.8

Part of methylfuran samnle los?t in éisti}latien._



methylfuran sre etill bigh at 155-180° C. Hence, the
obvious inference 1g to lower the temmerature and hove
that the other fasetors will cesse to be so eritieal.

Note that this lowering of the temperature mesne decreag-
ing the fTurfursl content of the gae stream {(1f only one
vhase is maintained). Hovwever, since the hydrogen is
‘rﬁeﬁreulaﬁeﬁ this dnes not materially influence the
economics of the nrocess., ‘

Series D. ¥With the above thoughts in mind the
eatalyst bed was repacked with fresh catalyst to be tested
at temneratures considerably below the bolling point of .
furfural. From a 22.5 gram samnle of Cu-Ca-Cr catalyst
and 15 grameé of charcosl sunport a catalyst bed of 20 em.
denth was obtained {67% volds). As usuzl a 10 em. layer
of beads wag placed on top of the catalyst. BSince it
was declded to test the setivity at 135-140° C. equili-
brium was established with the jJacket temperature a2t this
vailne. However, the addition of furfural 2t a feed rate
of about 12 g/hr. cauged a %ﬁg temnerature rise in the
center of the bed.

In these and other similar exnerimentes with the
chiarcnel carrier below the bHolling point of furfural it
was noted that ss8 much as 2-5 minutes elapsed between the
time when furfural was dropved onto the glase baads {asbout

the same temperature as the catalyst bed) snd the
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appearasnce of condensate on the walls of the condenser
below the reaction tube. This indicated the need for a
pre-vapori zer furnace and 1n conjunction with other data
also showed that the ocontact time aalaulataﬁ on the basis
of the vanor phase alone wag not very relisble. SBupposed-
1y liguid furfursl or lioculd furfuryl alcohol was tranped
within the vores of the charecoal and held there for con-
siderable lengths of time, thereby resulting in the forma-
tion of more methylfuran than would otherwise be antiecl-
pated.

In run number 4 in this series about C.5 gram of the
catalyst was washed off into the product. This materisl
wag not flltered off prior to distillation. The catalyst
(or some other material) caused considerable decomnosition
of the furfural-furfuryl sleohol fraction. When it be-
came evideént that the material was paigmerizing the diatil»
lation was stonped. The 15 gram residue was a black
viscous oll. Removal of the catalyst prior to distillation
in later rune sliminated this difficulty.

It should be noted that lowering the reaction tempera-
ture to about 125° C. makes it possible to increase the
contact time several fold and still obtain only relatively
low yields of methylfuran (compare runs 3 and 5 in this
gseries with Series C.).

Table 5 glves the remainder of the data needed to



Table B

Series D and E
Vapor phase Hydrogenation of Fupfural

Féﬁﬁ %mﬁt&ét Ho to Temp, of Furfural % Purfursl R&eﬂvgreﬁ after

Rate time in f%r?ural Catzlyst furfuryl Distillation as: _
g/hr, gse, ratio bed ale. mix- Unreascted HMethyle Furfuryl
{center) ture Furfural furan Al cohol
og, - §0 | |

1 11.75 1.12 82.5/1 1%8-53 1.4860 4] 27.9 52.9

2 9.3 1.12 108/1 127-43 1.4865 0 11,8 82.8

3 10.9 1.69 64/1 128-%1 1.4885 2.8 2.8 7.8

4% Q.4 1.12  108/1 126-%4 1.4895 17.3 1.2 45.8

5 8 1.12 121/1 1%6-44  1.4895 4.4 1,2 83.0

E,

1 8.8 1.54 113/1 122-3%1 1.4871 0.5 11.8 68.2

2 12.8 1.54 7/1 118-26 1.4868 0 9.2 88,2

3 13,6 1.54 71/1 112-15 -1.4891 4.8 0.5 88.4

g 21.5 1.54 48/1 116-28 1,4919 10.4 0.2 82.0

; O.4

16.7 1.54 58/1 125-71 1.4900 8.0 82.4

fiee note above.
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complete this series,

Series E. For this series of experiments a catalyst
bed of 25 om. was used with the customary layer of glass
beads. The thbrma&atar tip for recording the catalyst
temperature was placed in the center of the bed. At the
temnerature aelﬁat@&,fér these runs the Teed rate could
be stepped up to 20 g/hr., without too great a temperature
surge. However the data show that such a feed rate was
too high for this bed laﬁgth. (Probably some liguid fur-
fural was flowing through the catalyst bed and acting as
a "buffer® or coolant). In this connection note the data
for runs 4 and 5. Run number 2 in thls series was the
first experiment to spproach the gosl set up at the be-
ginning of the study - 1.e. complete conversion of the
furfursl with vield of methylfuran not in excess of 10%.

See Table 5 for the data obtained from the five

experiments with this samvnle of eaﬁslyst.

Effect of the catalyst carrier on furfuryl slechol
production. At this stage of the investigation consider-
able thought was given to the catalyst earrier. In addi-
tion to the matter of "hold up" within the pores of the
charcoal mentioned above, the high rates of feed and
hydrogen circulation (needed to eool the catalyst surface)
began to remove messurable quantities of the ehromite

catalyst from the charcosl supnort. Since the results
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were beginning to show promise the 1ife of the catalyet
and poesible reganeratiaa'ar recovery began to be of
interest. Hence 1t was thoﬁght that the use of an im-
pervious earrier might enable one to allow the catalyst to
wash through, filter off the catalyst from the vroduct,
wash to remove adsorbed furfuryl aleohol and feed the
catalyst back into the top of the bed - either as a
suspeneion in the feed or as the dry materisl from a

worm feed unit. A 80l14id catalyst support would not intro-
duce posmible catalyst voisone or impurities and would per-
mit flushing off the catalyst at will with a jet of water
or methylfuran. If chosen with the proper care 1t would
also afford better heat conduetion than the charcoasl and
thus assist in the cooling of the catalyst surface. Glass
hellces, ﬁaahig'rlngs~ar glosse beaés‘wera all considered
a8 materials for use. A preliminary test was maﬁﬁ with
smooth 6 mm.. i{imbls'glaas ‘baa&é, and it was found that by
~avolding exaesa'msisturavﬁhe catalyst ocould be made to
stick to the wet beade. Transfer of the heavy paste to
the eatalyst tube and subsecquent drying gave an encrusta-
tion which adhered ramérkably well so long as the tube

was not shaken or flooded with liquid. As might be
expected the particle size of the catalyst influences

its adhesive properties. |

The remainder of the experimentes described below all
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uﬁ&lized the Kimble glass besds as a ecarrier. The data
indicate thet all of the pronosed advantages mentioned
above are gained thereby.

Series F. A 30 gram sample of the calecium staballzed
coprner-chromite catalyst wag sprinkled over a sufficient
volume of wet beads to give s catalyst bed 34.5 cm. deep.
The thermometer tip was nlaced 10 em. from the bottom of
the bed. In this series the furfurasl feed was drovned
directly onto the urper portion of the catalyst - no
layer of glaes beads was vresent to act as a vrehester.
The first 3 runs were made with 50 gram samples of fur-
fursl and the resulte shown in Table € are more or lese
self exvlanatory. Run No. 4 was made with a 400 gram
samnle of furfursl over a continuous 24.25 hour neriod.
The first 300 grams of materlal was almost gquantitatively
converted to furfuryl alechol. Emptyling the trggs after
this vortion of the run wss comnleted gave 291.5 grams
of product (some hold un in system since machine was not
stopped). Distillatlon gave 283 g. of furfuryl slecohol
D.p.pg 78-84° C., N0 1.4871. During the hydrogenation
of the last 100 grams of furfural the feed rate incressed
to about 20 g/hr. (due to leakage sround the stopecock),
and the temperature was thereby lowered to 1346 C. in-

£
stead of the desired 130-4 . Hence some furfursl



pagsed through unchsasnged. The velueg shown in Table 8
are the average for the entire run.

Experiment ﬁa..s in the series showe thst the
catalyst was still sctive at a temperature considerably
below the bolling voint of furfural.

The rate of hydrogen circulation wae the same for all
of these exveriments {about 4250 ce. per minute)., With a
vold space of 94 co. (measured at the end of the series)
this gives a caleculated contact time Tfor the Vaﬁér of
1.22 seconds. However since the unper portion of the bed
was actually used to vanorige the furfural the calculated
value can be used only as a maxiwﬁm for the wvapor.

When the bed was filled with water to determine the
volds 1t was noted thet the catalyst surface was coated
with a f1lm of material not wet with water. This is un-
doubtedly a decomposition nroduet or a polymer from fur-
fural or furfuryl alcohol. B8hould this film become suf-
ficlently thick to inactivate the catalyst washing with
methyl furan or other solvent might become necessary.

Table 6 gives the data nertinent to this series of
runs,

Use of pre-vaporizer unit. At this point in the in-

vestigation the arparstus was comrletely rebuilt to elim-
inate some of the mechanical Ailfficulties that had been

encountered in the vrevious studies. The catalyst tube



Table 6

Series P
Vapor phase. Hyﬁragenati@n of ?urfur&l

?aad csntaet Hy zm ﬁat ?@mn. Pnr?ural % Purfursl Ree&vareé after

Rete time in furfural (10 em.from furfuryl Pistitlation as: (
g/hr. gec.®' ratio ba%tam of gle.mix- Unreascted MNethyl- Furfuryl
' bed) ° ¢C. %gga Parfural fursn  Alcohol
ﬂ‘g :
1 15 1.32  64.8/1  124.7 1.4861 0  Negligibvle 89.2
% %5.4 '1.$§ 63/1 12530 1.4868 1? . Gs.1 92.2
W 1.32 - 1. 48¢ Neg: b / ,
9‘ l,g 48.6/1 126-9 1 4559 eglig 1&@@12%1&19 av,.2
4 16.5 1.32 58.8/1 124-74 L 2.4 0.4 94.6
5 12.5  1.32 ?.7/1 142-6 ’1.&$$6 0 8.8  B0.2

#See note above.

rAY



and rnrﬁaee were lengthened to 40 em., the sﬁall vaporizer
unit ﬁ&s added and a "Precislon® wet test meter was ob-
tained to meter the hydrogen directly from a Hoke valve on
the aunniy tank. ?hg sutomatic feed aﬁit‘waa aisa in-
stalled. ?hﬁaﬁ changes gave‘the unit sketched in Figure
1 and this apparatue wae employed throughout the remainder
of the work. |

Series G. The catalyst samrle of 32 grams was sup-
ported on a volume of glass besds sufficlent to gilve a
bed denth @f.aﬁ om. Two F1fty gram @artiana of furfural
were hydrogenated in the unit to "get the feel® of the
anparatus. Hydrogen circulation was started at 4200 cc/min,
with a feed rate of about 12 gfhr. S8ince the temperature
was varied over a rather wide range and other variasbles
were nmtkhﬁid,at a constant value the product from these
two runs was not distilled. However, in each case more

than the theoreticsl amount of hydrogen was absorbed.

In the course of these and later experiments it be-
came evident that feed rates could be stevrped up without
apprecisble temperature surges, and that so long as the
tenmperature was kept down to 1%@~&359 C. suech variables
a8 contact time and hydrogen %o rurrursl ratio were not
too ecriticel.
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Series F-108-161. At this voint in the study thought

was being given in the Chicago Laboratories of The Quaker
Oats Company to the vrossible utilization of thie process
for commercial production of furfuryl sleohol. It was de-
clded to builld a larger unit there utilizing a metal re-
sotor tube as the first step in the transfer to pilot
plant operation. Bince the validity of the test in metal
ag compared to glass involved the necessity for working
with & catalyset of known setivity and since 1t was of
interest to the Ames Laboratory to know how essily the
catalyst vreparation could be dunlicated, 1t was agreed
that a catelyst ssmnle would be prepsred by the Chicago
group and then tested in the Ames apparatus.

This series of experiments was made with Quaker Oatse
Laboratory catalyst sample F-.l108.161. A 30 gram portion
of the material was suspended on a volume of 6 mm. glass
beads sufficient to give a bed denth of 39 em. in the re-
actor tube (31 mm. outside diameter). It should be noted
that this 1&&@%& of catalyst bed representsg a substantlal
incresse over that used in the earlier experiments. Also
the use of the vaporizer adds to the effective length
since the %top portion of the bed is not cooled by the
veporization of the furfural.

Several preliminary experimentes with this catalyst
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indlcated 1t to be comparsble in activity to the Ames
catalyset. Hence 1t was used for a number of experiments
to determine the optimum condltiones for the production
of high ylelds of furfuryl aleohol. Two large runs were
also made to get an estimate of the catalyst 1ife {Nes.
9 and 14). A total of 2050 grams of furfural was hydro-
gaﬁatga,ﬁ#er this 30 gram samnle of catalyst for a con-~
version ratioc of 68 to 1. Experiment 14 (b) shows that
the catalyst was still gulte aective at a temperature at
1east 10° C. below the boiling noint of furfural (as
evidenced by thg connlete hydrogensilon of the furfural
and the production of a considerable quantity of methyl-
furan).

Table 7 shows the summarized data for thie series
of experiments. The runs were sll made In the sequence
listed. Runs 1 to 5 inclusive are adequately described
by the results in the table.

In experiments 6, 7 and 8, an attempt was made to
determine the effeet of contact time and hydrogen to fur-
fural ratio on the temperature fiesded to comrletely hydro-
generate the aldehyde group to the alcohol. The hydrogen
circulation was cut down so that the furfural feed entered
the catalyst tube as s saturated vapor. During part of

the time tﬁa ton layer of catalyst {sbout 0.5 em.) was
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actuslly wet with furfural. Condensation odaurraﬁ to some
extent at the cork at the bottom of the bed indicating
saturation of the exit gas etream. Note the unususlly
low tempersture used in experiment 8,

Rﬁﬁ Bo. 9 in this series was made over a continuous
35 hour period. The reaection was started with a catalyst
temperature of 1206 C. During the addition of the first
200 grams of furfural the temperature was gradually ralsed
to sbout lgsﬁ.ﬂ. since the theoretiecal amount of hyédrogen
was not being sbsorbed. As Judged by hydrogen up-take,
the resction was avparently going to completion in the
range 128-132° ¢. When the dlstillation was made, however,
1t was learned that this middle fraction, about 300 grams,
contained about 6f unreacted furfural. During the last
part of the run the temperature was set at 136*1466 C. A
tiny lesk was later found in the dlanhragm of the pump.
The accumulation of inert gas in the eirculating stresm
may have also been a factor. This inert gas could come
from decomposition of the furfural, from nitrogen in the
smzll elr leaks or from impurities in the hydrogen gas (see
note on experiment 13).

The next three experiments (10, 11 and 12) were run
to determine whether or not the catalyst was losing 11s
activity. As the data show a light increase in remction

temperature or contact time was sufficient to csuse complete
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conversion of the aldehyde.

Run No. 13 wae made after the system had been thorough-
ly swept out with hydrogen. 'The operating conditions were
then fixed to simulate as near as ocossible those noted in
the latter part of 9 in this series. The unreacted fur-
fural was negligible and a 2.6% yileld of methyl furan was
obtained. |

A 650 gram samrle of furfural was hydrogenated in
experiment No. 14. Bisulfite-iocdine titrations were used
to monltor the reaction during the 29 hour period. These
values for unreacted furfural were found to be slightly
higher than those indicated by refractlive index measure-
ments subsequent to dlstillation - particularly when the
concentration of furfural is 1% or 15&3. This is in accord-
ance with the findings of Dunlop and Trimble (31) that the
method 18 leaset accurate for low concentrations of fur-
fural.

The total recovery values for this run are a l1ittle
lower than would be expected for thls size sample due to
the fact that the product was collected and distilled in
geversl batches.

At the end of this and other series when the catalyst
tube was taken down %to messure the void space 1t was found

that an organic film covered much of the catalyst surface.



~ Table 7

Series F-100-161
Vapor. gh&&e Hyéragenatisn of wurfural

No, Stze of ?ee& Catalyst Contsct ﬁyﬁrmgan % Furfursl Recovered after
run in  Rate Temp. time in to Pistillation as:
gremsg  g/hr, °¢. gee, furfursl Unrescted Methyl Furfuryl
ratio Furfural furasn Alcohol

50  12.6 125-%1 " 77/1 Negligible 5.1 78.5

1 1.48
2 50 12.86 118-20 1.48 ?7/1 Negligible Negligible 90.1
3 50 23.1 120-5 1.48  42/1 0 Negligible 92.1
4 50 22.3 118.21 2.38 27/1 5 1 88.3
B 50 2%.4 120-30 2.92 20/1 0 15.4 76.5
6 518] 23.1 105-9 2.92 20/1 Regligible 1.2 22.2
7 50 23.1 102-4 2.92 14/1 8.7 Negligible 85.8
8 50 12.8 98.101 4,37 25/1 -0 .~ Negligible 91,2
9 &GQ 2311 11?"‘4‘5 lt%g : %@/1 8:2 g 1 @7:5 '
10 50 23.1 143.6 1.48 40/1 0 10.5 84.2
11 850 231 126.728 2.26 26/1 "ngligible 3.2 £8.8
12 50 23.1 134-8 1,785 %8/1  Negligible 25.8 60.2
13 50  23.1 132-7 1,49 40/1 Trace 2.6  89.0
14a 550 23.1 137-43 1.40 40/1 . 0.33 8.28 88,2

140 100 22.1 14851 1.49 40/1 0o 14.96 79.5

£g
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This was shown by the fact thet the catalyet was not easily
waet by water. The @aterﬂwhiahgwas drained from the tube
{(after measuring the yﬁida} was acidie (nH 4.9 féé the
Sefiaﬁ Skzsﬁﬂlﬁl). In the iight.at thése facts 1t migh§
become n&eassary in production rﬁﬁa to wash the c¢atalyst
with methylfuran (or other sﬁiﬁab&e solvent) after large
quantities of furfural had been put through the unit. Such
a procedure should remove the polymer or decomposition
products responsible far the film.

Series H., A sample of oaleium stabilized eopper
chromite catalyst which had been rrepared by the author
‘on July 23, 1943 was on hand in the laboratory. Although
no attention had been paid to the pH of the mother liquor
in the precirpitation of the complex chromatesg the material
had béaa rather cargfﬁlly decomposed in small batches in
s casserocle. ?his catalyst wag prepared for the liguid
phase reduction of 2-valeroclactone to pentanediol-1,4 and
was noted to be gqulite amctive gt that time. Eehne it was
of interest to test this material as s oatalyst for the
vapor vhase hydrogenation of furfural.

4 A 30 gram portion of the catalyst was suspended on a
volume of glass beads sufficient %o give a bed denth of
%8 em. (thermometer tip 15 cm. from bottom of the bed).
The particle size of this catalyst appeared %o be somewhat



Table B

Beries H
Vanor nhase Eydrogenation of Purfursl

No. Size of Feed Catalyst (Contaect Hydrogen & Furfurel Recovered after
run in  Rate Tgmg, tine in to ; Distillation as:
' sec., furfural Unreacted Nethyl Furfuryl
ratio Furfural furan Alcohol

grame g/hr.

50 23,1 126-33 1.37  29.4/1

2 50 28.1 120.33 1.11 49.2/1 0 4.7 89.2
3 50 23.1 112-7 1.11 49.2/1 2.6 Negligible 93.5
4 50 23,1 109-185 1.61 33.6/1 2.4 Negliginle 91.4
8 50 23,1 139-41 1.37 29.4/1 Trace 2.4 20.1

gg
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larger than the regular catslyst described above, and it
was noted during the series of experiments that the
material washed down a little more than usual.

‘81ince nothing unusual was encountered during the
series the date are shown in Table 8 without further com-
ment,

Beries I. Thie series of experiments was made with a
sample of Hooker Chemical Co. cstalyst dated Avril 4, 1945,
Holdren has vpreviously found that this catalyst wae not
”satiﬁfaetary for the @?ﬁﬁuﬁﬁiﬁn of m&%hylfuraﬁ‘(l). At
the higher temgaraﬁﬁr@s at whieh his studies were made
the catalyst was reduced to the red cuprous state. In
accord with previousg studles this was assumed to be due
to the absence of the alkaline earth aanatitaent.

SBeveral experiments were made with the FHooker chromlte
catalyet for the production of furfuryl alcohol {(note
Table 9). A 31 grsm vortion of the catalyst was placed
on a sufficient volume of glase beads to give s bed depth
of 38 om. The thermometer tlp wae mounted 15 om. from
the bottom of the bed. All the experiments in this series
were made with the feed rate, contact time and hydrogen
to furfural ratio esgentiaslly constant. After the catalyst
had been drlied the first three experiments were made with-
in a2 two day period. Then the catalyst stood in the reactor
tube for 37 days at about 120° C. The system was closed
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during this verlod but the hydrogen atmosnhere was not
renewed during this time. Gradually during this inter-
val the lower half of the ecatalyst bed turned to an olive
green color. Thies color was distincetly different from
the customary reddish cuprous form of the reduced cats-
1yet. However, experiment 4 shows that there was definite-
1y a decresse in activity of the catalyst. During the
course of this run (No. 4) the catalyst regsined the
brown color excent for a small section of the tube at the
lower end of the furnace. Test No. 5 shaweé a definite
increase in activity over the nreceding run.

In conclusion 1t may be sald that although this
catalyst ié eanable of catalyzing the hydrogenation of
fnrfﬁral it g definitely inferior to the catalyst des-
eribed above, particularly with resnect to gtability and
length of 1ife. A slightly higher temperature is sleo
necessary to give complete conversion of the furfural
to mrfuryi aleohol.

'ﬁeriag‘g. Throughout the course of this investiga-
tion 1t was noted that of the several variables involved
the reaa%ién temperature more than any other factor |
determined the ratlios of the three products analyzed for:
unreacted furfural, furfuryl alechol and methylfuran.
Hence it was of interest to compile a series of data with

other variables constant and the temnerasture of rezetion
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spread overvthe range chogen for study. Bince the catalyst
1tgelf is8 one &f the variables 13?@1?3& a series of runs
was made with the sa§e~tube naeking while the temrerature
was varied from about 108° ¢. to 160° ¢. during the course
of study. |

Preparstion of the reaetor tube was made in the feilaw-
ing manner. Thirty gfa@s of the standard chromite cata-
lygt {ef. p. 23) was suspended on the glaﬁs beads in the
ueusl manner to glve a finished beldepth of 35 cm. After
the catalyst had been dried in a hydrogen a tmosphere the
feed unit was set to deliver 23.1 grams per hour and the
hydrogen circulation was adjusted to 4100 ec/min. These
values were maintained for the entire series. Fifty gram
samnles of dlstilled tazfﬁfal were used for the experi-
ments. The reaction temmeratures shown for the series
were within 1 to 2° ¢. of the value 1isted - the two de-
gree variation coming at the beginning of the run (if 1t
varied to that extent). |

Each of the prgénat &aﬁgleg was w@fke&)np in the pre-
goribed manner and the ylelds are thus the usual “i#
‘hanad" caleulation. |

Table‘lﬁ and Figure 3 show that anﬁef the conditions
chogen for these ﬁX§$r1&@ﬁ¥$ the optimum reaction tempera-

O
ture would be about 1358° €. A 10" C. increase in this



‘rable 10
| Series J

Effeect of Reaction Tempersture on the Ratio of
Produocte Formed in the Hydrogenation of Furfural

Feed Rate Contact H, to  Catalyst % Furfural Recovered after
g/hr. time in furfural Tgmp. Distillation as: |
gea. ratio ¢. Unreascted Nethyl Furfuryl

{Average) Furfural furan Alcohol

® N O o e G

22.1 1.15 29.4/1 ' 103 16.4 0 66.3

2%.1 1.15 39.4/1 118 9.2 0 81.1
23,1 1.1 39.4/1 124 6.1 0 86.1
23.1 1.16 20.41 1% 0.96 0.7 93.0
23.1 1.15 39.4/1 137 0 19 9.2
23,1 1.15 39.41 145 0 5.85 o1
23,1 1.16 29.4/1 152 0 8.2  86.2
23.1 1.15 39.4/1 158 0 10.8 82.5

08
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Relationship Between Tempersature and the Products
Formed in the Hydrogemation of Farfural.
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value would still give 90% recovery of furfuryl alecohol.

It should be noted in passing that by inereasing the
contaet time 1t would be poseible to lower this optimum
reaction temperature - note runs 6 and 8 in Series F.109-
181, Prom the standpoint affaatglyst 1life 1t 418 certain
that the lower temmerature would be desirable. A low re-
action temperature also cuts down the nossibility for
methyl furan production but necessitates careful control
to insure complete conversion.

Similar detalled studies could be made with the
other variables involved - such a8 bed length, bed dla- |
meter, hydrogen to furfural ratlo, contact ﬁime,‘ete, ﬁﬁW*'r
é#ér,~siﬁ¢¢ such data ig of chief value only for the design
of a pilot plsnt and since such a unit would almost cer~
tainly be made from metal, the data obtained in glass would -
ﬁéiaf 11%t1e value. This 1s evident when one conslders »
the difference in heating units, heat capscity of the
ﬁygtem, tube dlemeter and depth, feed rate, ete. between
a sma11 laboratory apparatus of glaes and =& metal unit de~
gigned to simulate a production design. It has been shown
in other experiments in this study that contact time is
not too eritical, particularly when glass beads are used
a8 a carrier and the vaporizer is employed to introduce
the furfural as a vapor. Hydrogen to furfursl ratio is
impgrtant prinecipally as a safety factor in c¢ooling the
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catelyst surface snd thereby holding down the methyl furan
fmrﬁatiﬁn. However so long as this 18 kept ) 25 to 1 no
.serious difficulty 1s encountered with feed rates up %o

223 g/hr. A greater ratio may be desirable with higher
feed rates snd a greater tube dlameter than those employed

in this study.

Effect of recyeling the product. The experiments
deseribed above have ghown that one passe through a cata-
1yst bed of ordinary length is sufTicient under the nroper
conditions to give complete hydrogenation of furfural to
the desired nroduct. In setting up a praégéﬁicn unit of
this type 1t would also be natural to regulate the ovnerat-
ing conditliones such that one pass would be suffieient. How-
ever, there are occaslions when mechanlaeal difficulties re-
sult in the production of low-grade product. For this
reason 1t was of Interest to know what results could be
exvected Trom the second pass with a gamnle of furfuryl
alcohol - particularly the yleld of methyl fTuran and the
yéssible réainifieatian of the aleohol in the vaporizer.

Forty-nine gresms (0.5 mole) of distilled furfuryl al-
cohol was nassed over the oatalyst sample used for Series
J. The catalyst temperature was 133~158@ C., feed rate
23.1 g/hr. and gas circulation 4100 cc/m. Little or no
furfuryl alecohol was lost in the vaporizer and the pro-
duct eollected (50 g.) was water white. Distillation gave
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8 2.9% yleld of methylfuran.

Thie dats indlestes that recveling of the product
when neceggary would be feasible and that the yleld of
methyl furan produced on the second nase just about corre-
sponds to what would be exnected from doubling of the
contact time on the first nass {(note that the first nass
gave about 1.5% methylfuran at this temperature in Series
J).

2. Attempted 1lquid prhase hydrogenation of furfural at

atmosrherie pressure.

A gss tight apparatus was set up for ceireculating
hydrogen through = suspeﬂsién of the Cu-Ca-Cr catalyst
at 1 to 2 em. of hydrogen pressure. A three neck flgsk
was fitted with a hydrogen inlet tube which reached to
the bottom of the flask. A mercury manometer was fitted
to the other side neck and a condenser with a suspended
thermometer was placed in the center neck. Hydrogen at
the rate of Ca. 2000 ce/min. was then blown through the
hot 1iquid (130-135° C.). The furfural earried out by
the Hg sondensed and returneé to the flask. The hydrogen
was led from the tor of the condenser through a dry lce-
acetone trap, thence to a flow meter end back to the pump.

A "T% tube connected the gas line to a2 20 1liter bottle.
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filled with hydrogen.

A B0 gram samnle of freshly dietilled furfural and
a 20 gram sample of the chromite catalyst were nlaced in
the resction flask described sbove. Hydrogen cireulation
va8 continued for one hour. No meassuresble gusntity of
gag was absorbed.

Repvetition of the szbove experiment using 40 grams of
distilled furfursl and 10 grams of alr dried chareoal
sunported catalyst gave no gae absorption 1n'a period of
1 hour and 40 minutes.

These experiments indicate that the resetion does nd
occur in the 1lquid phase. Hence in those experiments
where the 1iquid furfural is added directly to the top of
the catalyst bed the materisl must first vanorize or at
least spread out to a molecular film on the catalyst sur-
face. At the instant of reaction the molecule of furfural
1s aﬁﬁﬂuﬁtééiyvaamylexsé.by‘ﬁhe eatalyst. Hence 1t makes
1little difference whether we assume that the &aleeuie goes
into this exelted state from the vanor nhase or from a

molecular film.
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IV, PRODUCTION OF 2.VALEROCLACTONE

A. Review of the Fertinent Literature

natural rubber was cut off a number of nossible raw
materials for synthetic substitutes was being considered.
One prrocess which received considerable attention at Iowa

State College involved the following set of reactions:

+Ho
CHz CO CHo CHo COOH CHzCHCHoCHp
3 27 TRaRey ¥T7>  °|  °
0 — €0
P2, o GHCH, CH, CHy 20

CHaCH ¢ CHCH : CHp + CHp ! CH CHy CHE : CHp

The resctions were all renorted in the literature
but the yields were for the most part less than 80% and
the procedures desoribed were cumbersome and obviously
not sulted to commercial praénetian. Preliminary studles
were made on each of the resctions in turn and a sample
of pentadiene~l1l,3 was obitalned. The hydrocarbon was

copolymerized with acrylonitrile by the emulsion technique,



67

and a sample of rubber-like material was obtained. As a
result of the preliminary work 1t was concluded that pro-
duction of synthetic rubber by this process would be |
expensive and 1@pr@ﬁtieal. Eb%ever, the production of
Z2-valerolactone and pentanediol-1,4 for use as fine
chemicals 1s feasible.

| There are a number of methodes by which 2-valero-
lactone has been prepared. In keeping with the general
regearch nrogram dealing with the utilization of agri-
cultural products 1t was of interest to consider levu-
linic acid as the starting materisl. (Levulinic acld
is avallable commercially from the dilute acid hydrolysis
of corn starch).

Among the methode described for the reduction of
levulinie acid to Z-valerolactone may be mentioned.tha
vapor vhase reduction at 8569 C. over a nickel catalyst
(%4). HElectrolytic reduction with s mercury or lead
eathcde (28), treatment vith sodlum in absolute aleohol
(36), or sodium smalgam in 95% alcohol (37) have also
been used to hydrogenate levulinic acid to Z2-valero-~
laetone. Somewhat more nractical procedures include the
catalytic reduction »ith s platinum eatalyst in ether
solution (7%8) and reduction of the sodium #alt with a
nickel catalyst in slkaline solution (39).

Of the methods mentioned above, the catalytie
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reductions in liquid phase seem best sulted to commercial
production. Because of the high mstm:z cost of the
platinum catalyst and the hazards involved in hsnéling
large quantities of ether thia reaction seemed leaa
practical than the reduction of the sodium salt. Allen
and his co-workers (39) used a Raney nickel catslyst in
alkaline solution. Using an autoclave at a temmerature
of 75° C. gné a hydrogen nressure Gf 2500 p.s8.1. these
workers were able to abﬁaiﬁ an 84% yield of 1/~h3drﬁky~
valeric scld after neutrallzation and ether extraction of
the neutral solution. By addinp excess ECl and reflux-
ing for 15-20 minutes before the ether extraction is
made the hydroxy acid may be converted to the correspond-
ing lactone. |
The proof of structure for 2-valerolactone was
given quite early ﬁy Hesserschmidt (40) and Wolfr (41).
Some of the reasctions and derivatives of 2-valero-

lactone have been studied in these laboratories {42, 43).
B. Experimental

1. Reﬁnetiag of levulinic acid in alkaline solution

The experiment described above (39) was reveated

uging a technieal grade of levulinic acid. One mole of
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the sodlum ealt was prepared from the acid and the re-
quired amount of sodium hydroxide in agueous solution.
This prepar-tion with 12 g. of Raﬁey nickel catalyst
(44) was hydrogenated in the 500 ml. bomb, with an initial
hydrogen pressure of 1825 p.s8.1. and a reaction tempera-
ture of 118~138$ t.  About two hours time was regulired
for completion of the reamction. Recovery of the r»roduct
in the manner deseribed above gave 72 g. of Z-valero-
lactone b.p.1$~ﬂﬁwﬁﬁa C. Thies revresents 72% of theory.
Since the caleium salt of levulinic acid is quite
goluble (45) the exneriment described sbove was rereated
using this cheaper alkalli. Execent for the limitation on
the amount of matariai that ean be kept in solution no
appreciable difference was noted when this salt was sub~
stituted for the sodium commound. It was also noted that
a Cu-Ba-Cr catslyst (28) could be used to give low yields
of 2-valerolactone. For example 0.5 mole of the caleium
salt in aqueous solution wee hydrogenated at a reaction
temperature of 200-26° C. and an initlal hydrogen pres-
sure of 1190 p.B8.1. %0 give = 42% yleld of Z-valero-
lactone b.p. 5 88-95° C. Undoubtedly increasing the
initial pressure would boost the yleld considerably.
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2. Attempted reduction of technical levulinic acid with-

out solvent

The reactions of levulinie acid indlecate that it
exists chiefly in the lactol form (46). If this is the
cagse then 1t should be posaible to reduce the acid in the
presence of a chromite catalyet to pentanedlol-1l,4. A
. reduction of this nature was attempted using 0.5 mole of
teehnieal levulinie aeid and 11 grams of ﬁmmﬁa«&r~aat&»
lyst in the 500 ml. bomb. The hydrogen pressure avail-
able was aqulte low {only 850 ».s8.1.), and at a2 reasction
temperature of 230-4° ¢. only a small amount of hydrogen
( 100 p.s.i. drop in pressure reading) was absorbed
during & 3 hour reriod. At the end of this time the
catalyst had been comnletely reduced to the red cuprous
form.

Some vanor nhase reduetions were also attempted with
the technleal acid using Raney nickel suspended on glasse
wool and a reduced nickel catslyst (47). The levulinic
acid was carried through a horizontal catalyst tube
(heated to 250-265° C.) by bubbling hydrogen through the
not 1iguid (kept at 130-210  C. devending on the feed
rate desired), In these experiments h¥virogen was ab-
sorbed for a few minutes and then suddenly the resctlion

would stop. 2-Vslerolactone and angellcea lactones were
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identified ne products of the reaati@a.

With 2 Raney nickel catalyst and a water solution
of technical levulinie acld hydrogenation in the bomb gave
a yield of 30% of %évaler@}aatone. Eight houre were re-
quired for this degree of conversion on a 0.5 Q@lé samnle
of the acid. |

Negative re&al%g'wers aﬁtaina& when Q.E %mlé of the
acid was treated wlth hydrogen in the nresence of a cata-
lyst ﬁrﬁparaé.by,grinﬁing together 0.7 g. Cuy0, 0.375 g.
V50, and 0.7 g. Ca0. The maximum y?ﬁsaure attained was
2240 p.s8.1. a2t the reaction temperasture of ﬁﬁse C. The

reaction time was sbout 3 h@ﬁrsyatltha teﬁ@eratare stated.

3. Reduction of nure levulinic scid without solvent

The above ekp@rimentg indicated that seme material
present as an impurity in the teehnicsl asecid might be
polsoning the catalysts. Hence a samnle of the technical
acld wae purified by distiliatiah through a Vigreux

- o
column at reduced pressure (b.p., about 134 C.) and sub~

1
seguent erystallization. One mole of the purified aecid
with 10 g. ﬁf‘ﬁanay nickel catalyst @as hydragen&tea in

the bomb. The initial pressure of 1720 p.s.i. ineressed

to 2100 at a reaction tamparaﬁura of 200 C. (Running

the reaction at this temperature resulte in the dehydration
of the hydroxy seld in the bomb - thus eliminating the
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necessity for further ireatment sfter the reduction is
completa) Reactlon was quite rapid - the pressure having
drovped to 1280 p.s.1. in forty minutes. A 94% yield of
2-valerolactone (b. p. 823*%}@ C. @ 10 mm.) was obtained by
distillation of the fiitareﬁ product. Pure Z-valero-
lactone was obtalned by another distillation through a
Widmer column. The pure material had the.faliawing

physical constants: b.p. _ 57.5-58° G., N°O 1.4718,

28 20 B |
H'p 1.4300, 47, 1.0500. Previously revorted constants

‘are b.p., 78° C., gﬁg 1.4301, _g%l.msea (z7).
In two later exveriments the acid wase d1stilled but
net crystallized before reduction. Yields of 94% and 97%
~of theory were obtained with one mole of starting material..
To obtain larger gquantities of the lactone for exneri-
mental use (42, 43) s 3.85 liter, cooper-lined bomb was
used to reduce 5 mole portions of the purified acid.
Yields were comparable to those given above, 1.e. ) 94%
of theory. In the experimente ﬁiﬁh the large bomb it was
learned that reduction would oceur with pregsures as low
ag 170 p.8.1. The reaction of course waé mach slower
and with large guantities of acld the catalyst loses much
of 1ts setivity during the long reaction pericd. Good
yields %éra obtained, however, githyinitial pressures of
 5§® p.8.1. The percent of catalyst by weight need not ﬁe
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grezter than 2 - 3.

The exverimental work on the production of 2-valero-
lactone in exceilmk yvields was comrleted in October,
1943. 1In the course éf,anpzyiag for a natent on the
process 1t was learned that a prior application had been
f11led embodying essentislly the same nrocedure. This

natent was granted January 30, 1845 (48).

4. Produection of pentenediol-l,4.

After 1t was found that good yieldse of Z-.valero-
lactone could be produced by reduction of the nure
levulinie in the presence of Raney nickel 1t was of
interest to repeat the reaction using a chromite cata-
lyst. If such s resction were aueeeﬁérul the vnroduction
of pentanediol-l,4 would bhe possible in one step from the
levulinie acid.

A 0.5 mole samnle of the distilled acid in the presence
of 5 g. of Cu-Ca~Cr catalyst wae hydrogenated in the small
bomb. The initial hydrogen preesure was 1590 p.s.i., and
a reasction temperature of 83?;?20 C. wasg maintained for 4
hours. Distillation of the filtered product gave a 62%
yield of 2-valerolactone (b.p., 95-100° C.) and 21%

yleld of pentanediol-1,4 (b.p... 120-124° c.).

10
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Later it‘was shown that incressing the pressure
gave s better yleld of the glycol (44% yield of pentane-
ﬁlal»l,é and 11% yiéld of 1&¢taﬂé were Obﬁainaé). ﬁvaanw
@i&arabla'qﬁ&ntity of Q-methyltetra&yd#afurah wag also
formed by dehydration af the glyeol at the reaetiﬁn
tam@aratﬁra éf z00° ©. (42}, indicating that the actual
conversion ﬁe the glycol was much better than the yield
obtained. |

Pentanedlol-l,4 was identifled by converelon to the
bis-A -naphthylurethan by &gating on a steam bath with
the required amount of A -naphthyl isocyonate for 1
hour. After cooling the waxy rroduct was washed with
two small portione of retroleum ether. The rezaection
vessel had to be scratched vigorously with s glass rod
to induce crystallization. Reorystallization from a
95% aleohol solution gave a product melting at 127° C.
The previously renorted value is 128.5-120° ¢. (49).

5. Preparation and reduction of (J-sngelicalactone
, _ E £ ,

An ggrlie#'iﬁveatig&tion has shown that by slow
distillation of levulinic acid a partial dehydration may
be effected to give s product conslsting of water, un-
changed levulinic aeld and a mixture ofd -~ aﬂa(?*angeliaaw
lactones. Neutralization with xzeeg, washing with Ké?
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and distillation giveaa(-anasliaal&atmne b.n.gg 51° ¢.
and t}:taé ~4gomer b. “Peog $3 ¢c. {50).

Hydrogenation of these compounds with g vlatinum
catalyst in alcohol solution has been shown to give
valeric acid from the X -isomer while the @ -isomer 1is
converted to 2-valerolactone (51),

The suthor smé interested in determining whether
or naﬁ@wmgﬁiea&aﬁtgﬁe might be hydrogensted in the
presence of a chromite cotalyet to pentanediol-l,4 {the
reaction going through 2-veleroclactone as an intermediate).
Hence a samnle of the desired lasctone was prepared by
the procedure described above. The yield for a 3.45
mole sample of levulinic secid distilled from a Vigreux-
modified Clatsen flask was 20.7% af@ -angelicalactone
b.p.5 65-75° C.

In an attemnt to improve the yield of the lactone
some nreliminary tests were made with dehydration catalysts
in a tube heated to 5@9«38@@ C. PFor examrle one such cata-
lyet was prepared by mixing 1 g. of red phosnhorus with
enough wet acild-washed kiase};gﬁm’ to 111 the catalyst
tube (12 inches long and 30 mm. 1.4.)., The paste was
soread into a thin layer, dried and cut into small cubes.
When levulinic acid was passed over this catalyst (50 g/hr.)
at ame-s%ﬁ C. the yleld af@-angelmalaamm varied from
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24 to 50% devending on the temperature (the higher yield
being obtained at the higher temverature),

Another catalyst prepared in a similar manner from
1 g, red vhosvhorus and 5 g. of Hagﬂﬁaé,,lﬂ ﬁge gave a
 36% yield of the desired lactone at 340-50° ¢, Markea de-
composition occurred with this catalvet above 400° €.,
and smell quantities of a low boiling compound with a
very gungeﬁt odor were obitsined. The compound was a very
potent lachrymator and was presumed to be methyl-vinyl
ketone or a related commnound.

For the reduction of angelicalactone the regulsar
copper chromite catalyet was used without solvent. 1In
one experiment the initisl hydrogen pressure was 1600
p.8.1. and the reasction temperature of 175-200° €. was
maintained for about 3 hours. For this 65 g. {0.664 m.)
sample 15 g. of the catalyet was emoloyed. Distillation
of the filtered product gave a 60% yield of 2-valero-
lactone b.p., 75-85° C. and 11.5% of pentanedlol-1,4
b.p.g 110-122° C. |

Somewhat higher proportions of the glycol were ob-
tailned by raising the reaction temperature. For example,
a 0.684 m. sample when hydrogenated at 33@~&80 €. in the
presence of 15 g. of catalyst gave a 32% yield of 2-valero-
lactone b.p.g 80-95° C. and a 35% yleld of pentanediol-1,4

b.p.. . 95-108° ¢.

0.5
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V. BSOME FURAN REACTIONS RELATED TO POLYMERI ZATION

On the basis of consumption the chief commerecial out-
let for furan derivatives scems to be in the vlastics in-
dustry. Furfursl has some advantages over formaldehyde in
the prepsration of the nhennl-aldehyde resins. Thig fact
coupled with the shértage of formaldehyde hag resulted in
an incressing demand for furfursl within the past few years.
Furfuryl slcohol 18 also gsining favor in the resin field,
and a cheaper method of msnufacture will almost certainly
cause o sharp increasge in the demand for thils compound.

Purfural 1s used in the petroleum industry because of
its ability tn'g1v¢ preferential extrsotion. The nurifi-
cation of lubrieating oils and the senarstim of the butene
fraction for th§ preparation of butadiene-1,3 for the
rubber industry are two of the maln uses here (52).

In a recent addresg before the French Chemical Society
Paul has summarized a '‘arge number of potential uses of
furfural and 1ts hydrogenstion nroducte in organic eynthesis.
Among the vroduetsg which can be derived from furfural a8 a
raw material might be mentioned the 1,4~ and 1,5-d1ols,
1,4,5-%triols, 1,% and 1,4-ventadienes, a number of com-
nounds in the »yridine and plperidine series and the several

hydrogenation vroducts formed by reduction of the aldehyde
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grour and/or the furan nucleus. This survey slso indicsates
the nregsent production and the notential aquantities of
furfural available from various sources. A rather exten-
give literature survey is included (53).

Recently the Du Pont Company has announced vnlans to
utilize furfural as the starting material in the synthesis
of adiponitrile, an intermediate used in the w eparation of
nylon (54), This represents one of the first major uses of
a furan derivative as a chemical raw material for the nro-
duction of commerelially useful intermedistes. Continued
study should develop other uses which eventuaslly may vlace
furfursl in a poslition comparable to that now held by
benzene in the aromatic series.

The study of the chemical proverties of the furan
nucleus 18 comnliczted by the strong tendency to polymerize
and produce tars in the presence of a wide variety of re-
agents. For one who has not worked with these derivatives
it 15 sometimes Aifficult to avpreciate the eamse with which
this polymerization 1s initiated, particularly when the
nucleus is positively substituted. Of course one must not
assume that the problem is beyond solution. Once we sare
able to understand the mechanlem by which the polymerizs-
tion occurs then it will be much easier to predict what

steps should be taken to prevent such resction. Although
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the study of the fursn rolymers would be comnlex and time-
consuming this in the end might easily be the shortest vath
to the solution of the problem of preventing tar formstion
in the synthesis reactions patterned from the benzene analog.
As a part of the long range study on the proverties and
votentisl uses of the furan derivatives some preliminary
studies were made to determine the course to follow in
future atééy of the problem. These exploratory investiga-
tions included (1) the reaections of methylfuran with metal
halides (polymerization, mercuration snd Friedel-Crafts re-
action) and (2) some ”eyannethylatign“ derivatives of fur-

furyl and tetrahydrofurfuryl slcohol.

A. Review of the Pertinent Literature

1. Resins from Z2-methyl furan

Moet of the reactions of Z-methylfuran ¢arried out in
the presence of acidic materials have resulted in the forma-
tion of some resin - the amount devmending on the conditions
of the exneriment. Atterberg (55) renorted that bromine
reacts violently with Z2-methylfuren. In addition concentrated
hydrochloriec acid or dry hydrogen chloride in ether caused
vigorous nolymerization. Bromine water gave a soluble sub-
gtance which could be ether extracted. Under the conditions

of his experiments Z2-methylfuran did not recact with acetie
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anhydride, alkall or sodlum,

Harries in 1898 reported that concentrated sodium hy-
‘dfoxiég caused palyﬁerizatiﬁn of 2-methylfuran. He found
that the yellow color which develons in methylfufan on
standing could be destroyed by the adéitién of emall quan-
titiee of amlecoholie HC1 (58). |

Gaseous hydrogen 1odide reacts violently with Z-methyl-
furan to give iodine, water and carbon (57).

In a later investigation it has been shown that both
bromine and hydrobromic acid produced black nolymers at
room temperature and at —103AG. {58).

The use of metal halides (e. g. AlCly4 ar~?eﬁls) to
polymerize furfural or a furan derivative is covered by a
patent (59). No deserivtion of the resin or the method of
preparation 1s.mnntiened'in the abstract. PFurfuryl alecohol
and related furan derivatives are also the subleet of a
regin natent using hydrochloric aeié ag the polymerization
catalyst (60).

All of the reported sttempts to carry out Frledel-
Crafts regetieaa with 2-methylfuran hsve mentioned the for-

mation of tars and resins as a by-product.

2. M¥ercuration of Z2-methyl furan

Faran snd a number of 1ts derivatives have been found
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to mercurate normally to give the corresponding c¢hloro-
mercurl comnound (61)., 2-Methylfuran reacts with one
equlivalent of merecuric chloride and two egquivalents of
sodiunm acetate to give an intermediate of the type postulat-
ed by Steinkopf (62} for the nroduct formed from mercuric
chloride snd 2,5-8imethylthionhene. If this complex is

bolled with aleohol S-methyl-2-chloromereurifuran 1s ob-
| tained. Usling four equlivalents of sodium acetate glves
the mereari&lréirsetly in 50% ylelds.

2-Methyl furan alse undergoes metslation resctions.

Foy example ethyl, phenyl aﬁé.hsnzyl godium all react to
give on suhsenueﬁt carbonation poor ylelds of S5-methyl-
furoic acld. Lithium, sodium, 4% sodium amslgam, sodamide
and sodium hydroxide failed to resct at 60-100° G. (63).
Later studles showed that 17 and 29% ylelds of 5-methyl-
furoic acid eould be obtained by using n-butyl lithium
and phenyl 1ithium resvectively (64).

S. Friedel-Crafts reaction with Z-methyl furan

Furyl ketones have long been made from unsubstituted
furan. The ease of slkylation of négatively gsubgtituted
furans hns been used as a basis for attributing “suver- ’
aromatic® nrorerties to the furan nucleus (85, 68, 67, 68).
In contrast to the similar alkylations of the benzene

nucleus molecular equilvalents of the eatalyst are needed
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(due to the formation of an oxonium salt or other type of
complex with the furan nucleus). Recently it has been
ghown that catelytle quantities of hydriodie acid, or
fused zinoc chloride (69) are effective catalyets for the
acetylation of unsubstituted furan. The 76% yield of 2-
acetyl furan obtained with the hydriodic acid catslyst re-
presénts the best yvield rerorted to date. Two Russian
investigators have found that the furyl ket&na.may be pre-
pared in ylelds up to 65% by adding SnCl, in a solvent to
a dilute eolution of furan snd scetlc anhydride in ben-
zene {70).

The yields of kXetones nrepared from Z-methylfuran by
the Frieﬁelwcrafté reaction are gulte low. Reichstein (71)
r&garta& that SnCl, in benzene and ZnClp in ether were the
best combinations of catslyst and solvent to use. Russian
investigators obtained a 28% yield of the deslred ketone by
reactim of Z-methylfursn and acetyl chloride in the presence
of aiaminum chloride me the catalyst (72). S8tearcyl chloride
and 2-methylfuran in the nresence of aluminum chloride
catalyst gave methylfuryl hentadeecyl ketone in unstated
vield (73),
4. ‘'Cysncethylation' of furfuryl aleohol and related
compounds

Christian (42) hes nreviously reviewed the addition of
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slcohols to the double bond of acrylenitrile'in the presence
of a basic catalyst {e. g‘ 40% mqueoug potassium hydroxide
solution or 38-40% trimethylbenzylammonium hydroxide).

A rather extensive study has recently been made of the
addition of alcohole to the olefinic linkage of alkyl
acrylates (74). | '

Untermohlen (75) has reduced tetrahydrofarfuryl-oxy-
proplonitrile in liguld ammonla (see review in 42) with
‘Raney nickel as a catalyst to Y -tetrahydrofurfuryloxy-n-
propylamine in 55% yield. |

B. Experimental

1. Polymerization of Z-methyl furan

Stennlc chloride. Stannie chloride forme a solld addi-

tion produet with 2-methylfuran. If the anhydrous c¢hloride
is added to a small samnle of Z-methylfuran the solid pro-
duct settles out of the 11quza.' Shaking causes the material
to redissolve and polymerization of the whole mass begins -
the rate denpending on the amount of SnCl, added. If cooling
is not zoplied the highly exothermic reaction proceeds very
rapidly and a dark brown to black nolymer results. By
diseolving the Z2-methylfuran in & dry solvent (e.g. ﬁﬁﬁl3)
the addition nroduet may be filtered from the cold solutions.
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The product is not pure as some polymer adheres to the
particles. After the nroduct is washed with chloroform and
dried 1t may be redissolved in 2-methylfuran. Polymeriza-
tion is initiated very elowly by catalytic quantities of
thlis dried comnlex. Bnecific examples will be described
below.

A B0 cc. sample of freshly distilled Z2-methylfursn was
cooled in a water bath to 18° C. Then 1 cc. of anhydrous
SnCl, (General Chemical Co.) wae added Aropwise with shaking
while the small flask was cooled in z stream of oold water.
An orsnge colored s0lid precipltated as the stannie chloride
was added. This produst slowly redissolved. After 30 min.
the flask was removed from the e¢ooling bath, stonpered and
allowed %o stand overnight at room tempgratarw. The poly-
merization wag not nroceeding very ranidly so 1 cc. more
of the stannic chloride was added in the manner described
above. After four days standing at room temperature the
polymer was €0 viscous that 1t flowed quite slowly. The
material wae then removed from the flask and “milled® by
pulling with the fingers in a dllute hydrochloric acid
golution to remove the catalyst. This *milling" caused the
polymer to become gquite plisble. It could be melted (about
40° C.) without avpreciable darkening. Due to the residusl

unsaturation and laseck of prover milling and plasticizing
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the resin aged quite badly - bsecoming brittle on long stand-
ing in alr or on solidificstion after melting. (Probably
some catalyst was left in the nolymer too.)

Aluminum chloride. When finely powdered anhydrous

aluminum chloride is added to s samrle of dry meithylfuran
- the polymerization is faster then with stannic chioride.
Polymerization of couree tends to stert arcund the grains
of the catsalyst and 1f the mixture ig not stlrred consider-
able ﬁarkeﬁiﬁg-af,%ha product will result due to overheat-
ing around the catalyst surface. By careful addition of the
catalyst and by keeping the material cooled, however, an
amber colored resin similar to that described above may be
obtained.

Ferrie chloride. About 0.5 g. of ferric chloride (not

completely anhydrous) was added to B cc. of Z-methylfuran.
Heat was evolved Qg the crystals became coated with a brown
sticky film. As the mixture was stirred the salt was
gradually taken into the organie phase. If ecooling 18 not
anplied the material sets to a dark brown resin within 15
minutes. By croling the tube the reaetlion is slowed down
with a resulting decresse in the intensity of the color of
the resin.

Iodipne. Tke addition of 0.5 g. of lodine (Eerﬁk,‘
reagent grade) to 5 cc. of dry Z-methylfuran resulte in the

immediate formation of a2 dark tar around the fl&kén of
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l1odine. If this tar is broken un and susnpended (without
cooling) the whole gquantity of material sets to a black
glass within 15 minutee. Cooling the reasetion media delays
the resetion, but the resin is 8t111 quite dark.

Crhloral. To a 5 ee. portion of 2-methylfuran one coc.
of chloral {Eastman Kodak Co., stabalized with hydroquinone)
was added. At first there was no evidence of resoction.
After sbout 20 min. a greenish yellow color began to form
in the solution and the color darkened to amber within a
few hours. At the end of 48 hours the material was a
viscous oil.

Boron trifluoride. Boron trifluoride gas (Ohlo Chemi-

cal Co.) was bubbled into a 5 cc. sample of Z2-methylfuran
which had been dried over Calcium Carbide. A strarx color
developed within a minute, heat wae liberated =nd the
matek&al began to polymerize. The caplllary delivery tube
plugged up gulite readily, indleating ranid volymerization
near the higher concentration of the gese. After about 5
minutes the addition of gas was stopped. Within 30 minutes
the‘material was qulite viscous and after standing overnight
the amber resin wes a very brittle solid.

Zinc chloride. A 50 ce. sample of 2-methylfuran was

treated with 1 g. of powdered zinc chloride (1f the material
has been freshly fused cooling should be arplied). The
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granules soon became coated with a waxy film and after
gtirring for some time the inorganic salt was assoclated
withiaaffiaient organic matter to give a homogeneous
material. After standing for 10 days at room temperature
{with oceasionsl shaking until all the zine chloride hae
dissolved) the viscosity of the solution is about like
that of a heavy vgrnish. The resin was a very light amber
color.

Thirty seven grams (0.45 mole) of the nolymer des-
cribed sbove was mixed with 49 g. (0.59 mole) of 38%
formaldehyde (Merek), 4 ce. of concentrated hydrochlorie
acid and 100 co. of dloxane. The material was refluxed
for one hour. Then the Qediﬁm was mgﬁa alkaline with 10%
sodium hydroxide aznd the resin was pulverized in the
elkaline suspension. After drying for two days at 80° C.
the resin weigheé 46 g. - the increase in welght corresponds
te 0.3 mole of formaldehyde. The polymer wae insoluble in
most of the common organie solvents and was infusible.

Alkalil. There seeme to be some confusion in the litera-
ture regarding the effect of alkall on 2-methylfuran (55,
56, 63, 76). Two of these pavere renorted no rolymeriza-
tion with alkall while the afher two state that a reaction
takes nlace.

A 10 ce. sample of Z-methylfuran (light straw color)

was mixed with 10 ecc¢. of concentrated ammonium hydroxide
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in & small flask and shsken vigorously. An amber color
formed almost immediately and a rather stable emulsion
formed which d1d not break for sbout 24 hours. When the
layers separated the color was practically 21l in the
aqueous phase and the volume of 2-methyl furan was essen-
tially unchanged.

To o 5 cc. samnle of 2-methylfuran a 2 ce. portion of
5 N.NaOH was added. (The methylfuran had been allowed to
stand until 1t was dark brown in color.) When the tube was
vigorousgly shaken for s few minutes, most of the color was
extracted into the agqueous ghas@; A second extraction with
the alkalil removed more color leaving the organic fraction
a light orsnge color.

In another exvperiment a 200 cc. sample of amber colored
2-methylfuran was shaken with 50 cc. of 40% potassium
hydroxide. The layars'wera‘aéyarateéﬂtmast of the color
zoing into the agueous phase) and s fresh vortion of alkall
was added. A samnle of Z-methyl furan was then distilled
from the alkaline suspension in a nitrogen atmogphere. The
d41stilled fraction was mixed with half its volume of 40%
KOH and refluxed for four houre in s nitrogen atmosvhere.
At the end of this time only a very faint straw color was
present in the slkaline solution; the methylfuran was
gt1ll water white.

Unpublished data has slso been obtained with alcoholie
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alkall whiech indicates that Z2.methylfuran is not poly-
merized by this reagent (77). .

The sbove data indicate that 2-methylfuran is stable
in the presence of alkali, and that the acidic nolymerie
materials formed as a result of sutoxidation are merely
extracted Into the alkaline solution. These "indicator®
acids {(78) are undoubtedly the materiale whieh Harries
(56) found could be deeolorized by the addition of alcoholic
HC1 to colored Z-methylfuran.

2. Friedel-Crafte reaction with 2-methyl furan
2. Attempted alkylation.

Aluminum chloride catalyst. To 200 ce. of dry
carbon disulfide in a three-neck flask there was added
26.6 g. (0.2 mole) of anhydrous aluminum chloride (Mereck).

The suspension was stirred and cooled to z? C. Then s
salntian of 16.4 ¢. {G.S mole) of 2-methylfuran and 18.5

g. {@2 mole) of isobutyl chloride in 20 cec. of éarbfm
ﬁisuiriﬁa'was added dropwise over a perlod of 1.5.hﬁura,
During the addition of the reagents to the catalyst and

for 30 minutes afterward the solution was kept at O -~ 2°

C. and protected from atmosnherie moisture. Then the solu-
tion wag allowed to warm up to room temperature and stirred
for thirty minutes longer. Hydrolysis with eracked ice,
extraction wi?h ether and drying according to scocepted
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practise far_this tyne of experiment completed the reaction.
¥hen the solvent and unreacted reagent were removed by
distillstion 16 g. of a dark brown tar was left. No attempt
was made to aletill the residue.

Repetition of the sbove experiment ueing equimolar
auasntities of Z2-methylfuran, n-butyl bromide and anhydrous
aluminum chloride (Géneral Chemiecal Co.) gave only a tar
which d1d not d1still st 270° C. (bath temperature) at
14 mn., pressure.

Chlorosul fonie secid. Chlorosulfonie escid and

monohydric alcohols have been used to alkylate benzene and
other aromatic hydrocarbons in yieldse of about 40% for the
monoalkyl derivative with varying smounts of the voly-
substituted compound being produced as a by-vroduet (79).
This procedure was duplieated with Z-methyl furan and iso-
propyl slecokol. A 720 g.,(0'5 mole) esample of isonronyl
slecohol, 200 ce. of dry CCl, and 45 cc. (0.5 mole) of
Z-methyl fursn were cooled Lo -5% ¢. in 2 three-neck flask.
Then 0.5 mole {65 g.) of distilled echlorosulfonie acld in
an equal volume of CCly wae added dropwise with stirring
and cooling over & pericd of two hours. During this period
1t was evident that the fursn derivative was ravidly being
converted to a tar. After warming to room tempersture

the resin was already so0lid and black in color. No attempt
wag made to recover any product from the brittle sponge-like

material.



21

Boron trifluoride. Boron trifluoride has also

beea use& a8 a catalyst to initiate a2lkylation of benzene
by monohydrie aleohols (80)., An attempted alkylation of
2-methyl furen was made with tris reagent and n-butyldbromide.
A 2.3 g. samvle of the gas was dissolved in 20 cc. of dry
ether and added to 0.2 mole guantitites of ZS-methylfuran
“and the bromide in 180 cc. of éry ether. To keep the
medlium anhydrous 5 g. of powdered calelum carbide was
suspended in the ether. When 1t was evident that no re-
sction wa# ococurring Bﬁg gag was bubbled into the solution
for 0.5 hour. The only product resulting from the trest-

ment was a polymer.

b. Acylation.

Stannie chloride catalyst. Using a standard prn«l
cedure for Priedel-Crafts reaction 0.2 mole of Z-methyl furan
was.aééed to a solution of 0.2 mole each of aéetyl chloride
and stannic chloride in 200 ce. of dry carbon disul fide at
0-5° ¢. The mixture was stirred for one hour at room
temperature after the temmerature had previougly been kepnt
at G~5ﬁ C. for 1.5 hourse. Hydrolysis with cracked ice and
hydrochlorie acid, extraction and distillation gave 16%
of the expected ketone. ‘

In a second experiment one mole of stannlc chloride
diluted with 50 ce. of dry benzene waes added dropwise over

a period of 2.5 hours to a solution of 0.5 mole of benzoyl
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ehloride {Merck, reagent grade) and 0.5 mole of Z-methyl-
furan in 150 ce. of bhenzene. During this time the tempera-
ture was kept below 10° C. After standing overnight at
room temnerature the material was hydrolyzed with ice and
gteam digtilled to attemnt to separate the product from
the hard tar which formed during the resction. A good
yield of benzole aﬁiakesegm distilled but no ketone was
recovered. The air dried brittle resin welghed 150 g.
(indicating that some stannic chloride might still be

present),

zinc ehloride catalyst. One mole of scetic an-
hydride (b.p. 133-8° C. at 730 mm.),0.5 mole ef-2~methy1»,
fursan and 2 g. {0.015 mole) of fused zinc chloride (powder-
ed under dry solvent) were mixed at 0-5% ¢. and stirred
for one hour ét this tempersture. After ﬁtirring for
another hour at room temperature 200 co. of water was
sdded. Subsequent to hydrolysis, ether extraction and dis-
“tillation of the dry solution an 8% yleld of the expnected
'ket@ne was abtained.(b.p;gs 90-6° ¢.). Five grams of an
amber resin wae left in the distilling flask.

Repetitioh of the experiment using 3 g. of ZnCl, and
gtirring the reaction mixture for 3.5 hours at room
temperature also gave an 8% yleld of the ketone (b.p.g
63-6° C.). The resin from this experiment welghed 25 g.
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Hydriodic mcld catalyst. The catalyst for the
exveriments described below was prepéreﬁ‘by distillation
of the preserved material (General Chemical Co., sp. gr.
1.50) in an atmosphere of carbon dloxide. Small ampoules
were filled and sealed under COg.

One mole of acetic snhydride (b.p. 132-6° C.) =nd 0.73
mole of 2-methylfuran were cooled to -15° C. Then three
0.5 ml. portions of hydrlodic acid were added avér a period
of 10 minutes. When the temperature was allowed to warm
up to QQ'G. after the addition of the catalyet there wae a
rayié,Jump tc~lea‘c. A dry ice-ascetone bath was used to
keep the temperature below 159 ¢. for 0.5 hour. Btirring
was continued for 30 minutes atl room @a@peratur&, and
200 cc. of water was added with gtirring. Separation of
the Qfgaﬂig layer, extraction of the aqueous phase withv
ehloroform, washing the combined organic fractions with
104 Nay CO, to neutrality, and with 10% Nao Bq 0 to destroy
the iodine, and distillation of the drlied solution gave
9.7% of the'5—mat§ylw2»fur§1&ethyl ketone b‘p‘l.ﬁ 80-5° ¢.
A viscous brown reein (52 g.) was left in the dletilling
flask.

’In & seoond experiment 1 ec. of the hydriodic seld
eatalyst in 10 ce. of acetic snhydride was added dropwise

to a sgiutien of 0.5 mole of 2-methylfuran in one mole of
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acetic snhydride at 2° ¢. Stirring was continued for 1.5
hours at az temperature less thgn 56 ¢. and then for 8
hours at room temperature. Recovery of the product by the
nrocedure described above gave an 8.9% yield of the ketone
(bePey oy 1ess %ﬁuﬁﬂg C.} snd 36 g. of black polymer.

Identification of the S5-methyl-2-furyl methyl ketone
obtsined in these studies wae made by preparation of the
semicarbazone from standerd proceduree. ~he derivetive
melted at 185-6° ¢. The rreviously rernorted value is
190-1° ¢. (7).

2-Furyl methyl ketcne. One mole of ecetic an-

hydride (b. p. 134° C.) and 0.5 mole of furan (Eastmen
Xodsk Co., white label) vere mixed and cooled to -1@0 .
Then 1.5 ce. of the hydriodlc aecild catelyst was added in
two portione, The temnerature wase kept at Q»&Q C. for 45
minutes and then allowed to warm to room tempersture {(with
occasional cooling to keen below %0° G.}; After the re-
a@ﬁianvw&s thought to be complete 1t was left unattended
for a short time. Later the temmerature was found to be
50% ¢. As 2 result considerable rolymerization occurred.
The vroduct was steem dliestilled to serarste from the tar.
Separation of the organic nhase and extraction of the
dlstillate with chloroform was followed by washing the
combined fractions with 10% Ne, € Oz and 10% Na, S, 0.
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2-furyl methyl ketone b.p.1g 61-4° G,
2,5 Dimethyl-3-furyl methyl ketone. To = three-

neck flaek containing 200 cc. of dry carbon disul fide there
wae added 15.7 g. (0.2 mole) of fresghly digtilled acetyl
ehloride and 52 g. (0.2 mole) of anhydrous stannic chloride.
The solutlon was cooled to 2= ¢. and 19.2 g. (0.2 mole) of
2,5-dimethylfuran in 25 cc. of ﬁﬁg wag andded dropwilse over
a veriod of Gﬁ&rhﬁu?. Stirring was continued at 2-56 C.
for one hour and at room tempersture for 0.5 hour. Hy-
drolysis with eracked lce and hydrochlorice acld, separation
of the organie matériél by ether extrection, neutralization
. with sedium carbonste solution and éisﬁillatian of the
dried exbrect gave 17 g. of 2,5-dimethyl~3-furyl méthyl
ketone b. p.,; 76-82° €. (61.5% of theory). Yields of 42%
{65) and "exceeding 50%% (68) were vpreviously renorted.

The oxime, prepared by & tandard procedures, melted 2t 76~
77° ¢. A previously revorted value is 78 GC. (65).

Se. HMercurstion of Z2-methyl fursn

S-Methyl-2-chloromercurifuran. A sample of 5-methyl-

Z-chloromercurl furan was vprepared for study from a pre-

viously deseribed procedure (61). The yield of product

obtained from a 0.5 mole gamnle of 2-methyl furan wasg 44%
(m.p. 170-2 €.).
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The above procedure uses merouric chloride as the
mercurating agent. If the acetate is substituted for the
chloride the Z2-methyl furan is polymerized. For example
21 g. of 2-methylfuran in 50 cc., of sleohol was added
with stirring to a solution of 79.5 g. (0.25 mole) of

mercuric acetate and 136 g. {1‘§9193 of KaﬁgﬁEag‘Sﬂ_ﬁ

2
in 1.5 liters of water. After one minute the solution
became cloudy, and a sticky resin hegan to collect on the
gtirring rod. Gradually more of the resin formed, and
mercurous salts and finally free mercury collected at the
bottom of the besker. This difference 18 undoubtedly due
to the difference in negativity between the acetate radi-
cal and the chloride ion (the mercury atom in the 5-
methyl-2-acetoxymercurifuran being very close to the
mercurous stata). Solubility relationships may also enter
“the plcture. |

5,5'-Dimethyl-2,2'-d1 furyl mercury. The procedure

previously used to prepare 2,2'-difuryl merocury was fol-
lowed (61). Fifty-nine grams (0.236 mole) of Nay, 8,0,.5H,0
was dissolved 1in 225 ce. of distilled water and 37.5 g.
(0.118 mole) of slightly impure S-methyl-2-chloromercuri-
furan was added all at once. The mixture was shaken
vigorously in an erlenmeyer flask for 10 minutes and then

allowed to stand for eight hours with oceaslonal shaking.
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The preciplitate (dark gray) was filtered and leached

with alcohol. ¥Yield of the product was 14.5 g., m.p.
9&»9$a_§. Becrystallization from alcohol-water solution
gave a product melting at 101-3° ¢. (shining nlates which
tend to clump together). The compound is insoluble in
water but soluble in acetone, alcohol, Z2-methyl furan and
related golvents. On standing in a closed brown bottle
the material slowly denosits small amounts of free meroury.
The decomposltion products are senarated wlth difficulty
from the original material {as many ag six or seven re-
érystalliz&timns from diluted alecohol containing suspended
‘norite may be reouired to raise the melting point from
35~@o$ C. back to the original value of 101-3° C.). It
would be interesting to determine whether 5,5'-dimethyl-
2,2%'~d1 furyl might be prepered by reducltion of the corre-
sponding E@ﬁg eompguna‘w&ﬁh g mercury electrode.

Eeversal attempts were made to prepare the Ry Hg com-
pound directly from Z.methylfuran and a mercuric salt.
Some of the ﬁxmerim@nta gave low yielde of the desired
compound. In one exveriment 684 g. (0.2 mole) of merouric
acetsnte {Reagent grade, Genersl Chemical Co.) was added in
small vortione with shaking to a solution of 0.25 mole of
2-methylfuran in 300 cc. of methyl alcohol. At the end of
the addition a test with 104 sodium hydroxide showed the

absence of any lonie mercury. The solution was filtered,
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made slkaline with ammonium hydroxide, diluted wlth an equsal
volume of water and chilled in an ice bath. 3d&itién of the
ammeonia zave first a gray and then a white precipltate.
Leaching of the filtered solid, and recrystallization from
ethanol~water solution gave 1.5 g. of 5,56'-dimethyl-2,2%-
difuryl mercury m.v. 1@0»1@ C The compound gave 8 negative
test for chloride.

“Anal. Caled. for CypH,,0.,Hg: Hg, 55.3
Found Hg, 54.5, 54.6 (Bg S from alkaline solution).

In an attempt to follow the course of the mercuration
nf'zﬁmethylraréﬂ in methanol solution a quantitative
titration of the libersted acetic scild was made in the fol-
lowing manner. To 0,25 mui& of 2-methylfuran in 300 cc. of
methanol there was added 64 g. (0.2 mole) of mercurle
acetate in emall guantities. The solution was then dlluted
to 500 ce. with methanol snd thoroughly mixed., Five cc.
aliquots were removed at various intervals for %1t§at1@ﬁ
with staﬁ&&rd tenth nomal sodium hydroxide. A sample
removed after one hour gave firat‘meraﬁrﬁas ecompounds and
then free mercury making the end point impossible to de-
termine. After 32 hours and 72 hours 5 ce. sliguots re-
auired 30.4 ce. and 30.1 eec. fssnaativsly of the standard
alkali. No free mercury was formed in either of these re-

actions. Based on the mercurlic acetate taken (0.2 mole)
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the data above indicate that 0.38 mole of acid was liberat-
ed (caleulated as acetic acid).

From 0.1 mole of mercuric chloride, 0.4 mole of
sodium acetate and 0.2 mole of Z2-methylfuran in 200 cc. of
methanol none of the Ry Hg compound was isoiazea. Instead
a 38%Z yleld of the 5-methyl-Z2-chloromerocurifuran was ob-
tained (m.p. of crude 125-30° C.).

Reaction of S5-methyl-2-chloromercurifuran with H Cl.

Thirty grams (0.095 mole) of the compound was susnended in
bolling water. Then 75 ecc. of hydrochloric acid (1:1) was
added dropwise. The Z2-methyl furan wss distilled from the
flask a8 it formed (a2long with some water). An B84% yileld
wag recovered.

S-Methyl-2-furyl methyl ketone. It was found that re-

action of B-methyl-2-chloromercurifuran with acetyl chloride
gave low ylelds of the expected ketone. For example 0.1

mole of S5-methyl-2-chlorcmercurifuran was suspended in 100 ce.
of scetone. Then 0.1 mole of freshly distilled aceiyl chlo-
ride was added dropwliee. The mixture was atirred for two
houre at lﬁa C. and then allowed to stsnd overnight at room
tgm§eratura. Recovery of the product by t&e usual vrocedure
for Fledel-Crafts reaction gave 3 g. of the ke%one, b.p.ls
78-86" C. (24% yield). The semicarbazone melted st 186° C.
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4. BSome derivatives of J-furfuryloxypropionitrile
2. B : g _ ; e

S _Furfuryloxypropionitrile. Following the procedure

Ay

of Bruson and Reiner (81) the compound wase prepared in

, ‘ o | .
B0-00% yields b.p., 105-9 €. The physiesl constants for
the compound have been previously rsﬁertgé (82, 83}.

@_«%e%rﬁhgdrafarfgrylggypr@@1031triig, Trie compound

has been @rsvi@usly prepared, but the rhysical constants
gseem to be listed only in the aaﬁaat literature (84, 75).

. From a 2.25 mole reaction using 40% getassiam hydroxide as
the catalyst an 82.5% yleld of product was obtained (99.5%
1f corrected for the recovered tetrahydrofurfuryl alcohol).
The physical constants of the vroduct redistilled through

o o0 20 20

(=Furfuryloxy-n-propylamine. The procedure previously
reviewed by Christian (42Z) was followed. A 6 g. sample
of Raney nickel catelyst (44), and 100 g. (0.6632 mole)
of -fﬁrfurylaxypraﬁianiﬁrile were placed in the 500 eco.
bomb which was then chilled to -50° G. After 40 cc. of
li@ﬁiﬁ ammonia had been added the bomdb was gulckly séaled
and charged wlth hydrogen to a pressure of 3700 p.s.i.
{2§Q C.}. Hydrogen sbsorption began st about 1@00 C. and
w&a;§@m§15t$>inrsﬁ min. S8lightly more than one mole of
hydrogen was absorbed. Filtration of the catalyst and
distillsation of the filtrate #nd the mathanal washings
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o
gave 82 g. (80%) of the expected amine b. p., 76-9 C,
The material was purified by a second distillation through
a Widmer column. Physical constants for the pure amine

20 ., 2 . .
p 1-4845, 4~ 1.049.

were b. D.z 83-4" C. n |

\-Furfuryloxy-n-prooylemine 18 miscible with water in
sll proportions and 18 quite soluble in all the common
organle solvents. It exhibits the characterietic odor of
gmines only faintly. Concentrated hydrochloric acid,
acetyl chloride snd similar reagente reasct violently giv-
ing a black tar. Execert for this polymerization by the
acidic materials the resctions appesr to be normmal for a
primary amine.

Becasuse of 1ts interesting vproverties this amine was
used for the preparation of several other materials to be
deseribed below,

Y -Tetrahydrofurfuryloxy-n-propylamine. Using the
method described above for the furfuryl derivative this

amine was prepared by hydrogenation of 0.5 mole of the
corregponding nitrile, 5 g. of Raney nickel catalyst and

35 eo. of liguld ammonia. The yields obtalned from two
such runs were 88% and 91% (using an initial hydrogen npres-
sure of about 4000 p.e.i.). Untermollen obtained this
compound in 55% ylelds (75). Purificstion of the amine
wag accompliehed by & second distillation through a Widmer
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o 9
previously repvorted values are: b;p.l 5 74-5 C., n g

20
1.4608, d,, 1.0010.

Y -Furfuryloxy-n-propylemine hvdérochloride. The hydro-
chlorlde wase obtalned by adding dry HCl gas to the amine
in enhydrous ether at -20° ¢. When the cold solution was
poured into the funnel to filter the eorystals ranidly
turned to a Tagoup®., Addition of ecold concentrated hydro-
ehloriec acid to the amine in cold anhydrous ether gave an
oll. Polymerization began as soon ag the materisls warmed

un to room temnerature.

Phenylthiocurea from Y-furfuryloxy-n

Equal volumes of the amine and vrhenyl isothioccyanate were
| mixed in a teet tube. Heat was evolved and after the
main rwaﬁtlaﬁ wag complete. the tube was warmed gently.
Chilling in an 1ce bath csused the product to crystallize.
Recrystallizetion from an alcobhol-water solution gave
sparkling needles, m.p. 72.5-73%.5° C.

Ansl. Cealcd. for €, 5P g0N8: N, 9.656. PFound:
N, 2.85.

- agrine. Attempnted preparsation of this compound by the pro-
cedure desceribed for the furfuryl ﬂerﬁvativ& gave a reaction,
but the product wag s gum that eould be puilaﬁ into long
thresds. All attempts to obtain the urea in a erystalline
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form falled.

Balte of Y-furfuryloxy-n-vropylamine. Several organic

acid salts were prepared from the amine in the following
manner: equlivalent gusntities of the amine and the acld
( reagent grade) were mixed in a small beaker with cooling.
Bufficient absolute alcohel was added to make a paste

and the materiasls were thoroughly mixed. The solvent wae
then evancrated in a vacuum desiccator. Purlificsation was
sccomnlished by reorystallization from the solvent indi-
cated for the individual compnounds. The salts were all
extremely soluble in water. Bome were delidquescent and
some showed a tendency to assocliate with the solvent to
give gels on cooling. All excent the oxalate were quite
soluble in alecohol, and 211 were of course relatively in-
soluble in ether and the neﬁwnalar solvents, Recrystal-
113&2&9@& had to be made from anhydrous solvents unless

otherwise noted. Note Table 11 for the partinent data.

Some salts of Y-tetrahydrofurfuryloxy-n-propylamine.
The galts were nrepared in 3-4 gram quantities in the
manner described for the furfuryl derivatives. Crystal-
line derivatives were obtained only in a few instances
because of the tendency of the salts to form gums and
gels. The presence of small traces of water wae frequently

sufficlent to produce a gum from a material which was
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Table 11

Some Salts 9&“(4Fﬁrfurylaxy—a~mropyiamins

Salt Solvent for B. D % Nitrogen

Reerystallization © C. Caled. Found
Malonate 7 - , gum - -
Benzoate Ether-Ethanol 80-2  5.06 5.22
Oxalate o8% Ethanol 188-91 7.00 7.08
Succinate Ether-Ethanol 94~-5 6.55 8.71
Glutarate | ; | gum - -

3, 5-Dini tro-~ ;
benzoate Ether«Ethanol 129-30

Malente Ether-Ethanol 147-9

being crystallized. Table 12 shows the salts prepared.

Polymerization of Y-furfuryloxy-n-propyl smine. A

0.1 mole sample of the amine in 50 e¢c. of water was re~
scted with a slight exceme of concentrated hydrochlorie
acid while the solution was stirred and cooled in an ice
bath. Then 0.1 mole of 37% formaldelyde was added (ﬁemper&—
ture below 25° ¢.). After stirring for two hours {the
solution was covered with a layer of foam during this time)

the material waa'allﬁwea to stand for 48 hours at room
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Table 12

Some Balts of Y-Tetrahydrofurfuryl-

OXy-n-nropylanine
Salt Solvent for m. p. % Witrogen
Reerystallization © C. Celcd. Found
Benzoste - gun
8
Oxalate waxy solid
Succinate Ether-Ethanol 31*5ba
3,5-Dinltro- 1
benzoate Ether-Ethanol 133-4 11.22 11.59
&a&e&té

waxy aaliéc

a. The material darkened in a vacuum desicecator
and could not be recovered when recrystal-
lization was attempted.

- b. HMelting point of the erude. The salt was

gulte deliquescent and was not recovered
from solution.

C. k?ary deliguescent. Readlly forms a gel.



106

temmerature. Next the amber solution was stirred and
heated to 40° C. A gel formed which included all of the
water. Neutrallization of the hydrochloride with sodium
hydroxide solution gave arwhita curd qgulite similar in
appearance to latex. The material was epongy and held
large quantities of water. I% was ground 1n a mortar
. »1th strong alkali to remove all the acid. Then the
product was washed with water and soaked in absolute al-
cohol several times to dlsplace the water. Evanoration of
the alceohol in a vacuum deslccator gave & light vellow
brittle matariai which swelled when added to waﬁﬁr'again.
The dry product weighed 15.9 g. 8Solution of the material
could not be effected with the common organiec solvents,
- S8ince the materiasl could not be purified it was not anslyzed.
The sbove experiment was repeated Lo obtalin a sample
of the polymer of lower molecular welght. After 18 hours
the reaction was storped and excess alkall was added. The
polymer wag a light amber colored oil (sp. gr.) 1). After
washing with water it was dissolved in 50 cc. absolute
alecohol and with 4 g. Raney nickel was hydrogenated in the
bomb (3700 p.s.i., initial, reaction temperature 167° €. max.).
About 0.2 mole of hydrogen wae absorbed. The hydrogenated
pely&§rfwaa sn almost water white viscous oill that flowed
with d1fficulty. It did not d1still below 100° C. at one

mm, It was soluble in water and reacted wlth concentrated
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HC1l without darkening. This material might find application
a8 a plasticirer. Bince the reaction proceeds rather slow-

ly a2t room temperature the degree of polymerization could

be controlled to any desired state.

@wfurfurylﬁxyprO@ionitrile when treated with s few drops of
concentrated hydrochlorie acid at room temperature darkened
immediately, began to char and in s minute or two the re-

- action was gquite violent. Further attemnpte at acld hydrol-
yvelg of this compound seemed futile.

A 46.5 g. (0.2 mole) sample of the @Ltetrahyérefuru
furyloxypropionitrile wes mixed with 60 g. (0.6 mole) of
concentrated hydrochloric scid. Heat was evolved and the
mixture became homogeneous. After stirring for 10 minutes
tlte solution was hested to ?ﬁe C. for 5 hourse. Then the
temperature was ralsgsed to ﬁéa ¢C. for 45 minutes. Toriy coc.
of water was added to diesgolve the ammonium chloride. Ex-
~traction wlth several vortions of ether and dietillation
at reduced pressure gave 27.5 g. of material with a neutrall-
zation equivaelent of 218. Hence the yileld was 42%.

?hs experiment was reveated using 0.5 mole of the
nitrile. Stirring of the renctantes wae continued for 1.5
hours at a&ﬁ C. and 1 hour at gﬁ-leﬁa C. The vproduect was

recovered by evanoration to dryness on a water bath in vacuo,
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filtering to sevarate the ammonium chloride and distilla-
tion of the filtrate and acetone maahingg. Distillation
gave a fraction of 54 g. b.p.z 11?*55 c. (¥, B, 202,
hence 53.4% yleld).

The two sampleg of aeld deseribed above were combined
and distilled three times through a 25 em. asbestos wrapped
Vigreux column, the middle fraétioﬁ being saved each time.
The third distillation gave a product h.p.l or less 135~
135.5° C., N°J 1.4614, aﬁz 1.154, N, E. 180. (The ealou-
‘lated value for the neutralization eguivalent 18 174).

- There wae some evidence that the compound may have been
aeagmpusiagzslightly,dnring the distillation.

Seversl attempts were made to prepare a cerystalline
derivative of thn‘@—tetrahyﬁrafurfurylexyvrop&mnie aclid
{(2). Tre only solid derivative obtained was the pP-bromo-
phenacyl ester. This derivative was low meltiag’(sﬁwéﬂo
¢. for the corude) and a%hemyte& reerystallizat;an by solu-
tion in a small quantity of 95% alcohol and cooling te
-30° ¢. gave only gels from whleh the product was reaavered

only as an oill. Attemnted nrevaration of the p-bromoanilide

and p-toluide gave viscous oils.

23 : Attempted hydrolysis et the
farfuryl ﬁerivativa with 24% sodium hydroxide under gentle

reflux gave a brovn viscous olly material which formed as
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large quantities of ammonia gas were evolved. Acidificeation
of the cold materisl ga:ve a 80l1id carbonaceous tar. The
experiment was abandoned. |

A similar experiment with the tetrahydrofurfuryloxy-
propionitrile gave after acidification, filtration to re-
move the €alt and distillation 3 g. of material {from 0.5

mole of the nitrile) b.p.. . 80-110° €., N. E. 207, 208.

0.8
Ammonias gas was evolved in this exneriment slso.
The gbove data indicate that slkaline hydrolysis of

these materials ia not practieal. This is in aéearﬁ with

the vrevious work by Christian with some related aliphatie
derivatives (42).

: gttewpta to pre-
pare s eolld iminoester hydrochloride (85) of the furfuryl
compound gave a black tar at *3&9 C. Condensation of the
tetrahydrofurfuryloxypropionitrile with thioglyeollic acid
an&‘ary hydrogen chloride (reference 22, page 170) gave a
yelléw viscous oll which did not crystallize after stand-
ing for four dsye in the refrigerator. _ ;

Reaction of the tetrahydrofurfuryl derivative (0.25
mole) with n-butylmagnesium bromide (0.84 mole and 0.25
mole) gave a stleky polymer in both cases. In the seecond
experiment 3.5 g. of the nitrile was recovered unchanged.

None of the expected ketone was obtalned after hydrolysie.
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VI. DISCUSSION

Apvarently the production of high ylelds of furfuryl
aleébni by the vapor phase hydrogenation of furfural is
denendent on at lesst three factors: (1) the aet&vitﬁ of
the catalyst, (2) the reaction temmerature - more specifi-
cally the temperature on the aaialya% surface, and (3)
the use of a non-porous carrier. Other factors such as
egﬁtaeﬁ time, hydrogen to furfural ratio, feed rate, and
bed depth of the eatalyst are not to be neglected. How-
ever, the use of a very aetive esatalyst, which enables one
to work at a relatively low tempersasture, and a non-porous
carrier, which oprevente "hold-up® of the reactant and
serves to ocool the e&talySt surface by conduction, seems to
meke the last group of variables less critical.

It 1g entirely possible that when larger units are
considered for the vanor phase produoction of furfuryl
alcohol the use of the vapor-liquid eguilibria (by addition
of liguld furfural or the super-saturated vapor) as a
coolant for the tor seetion of the catalyst bed may be
necesgsary. This or other cooling devices may be reguired
to hold down the surface temperature of the catalyst when
large dlameter tubes are employed. These surface tempera-
ture~sérges not only result in the production of higher
yields of Z2-methylfuran, but shorten the catslyst 1ife as
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well .

~ After long use a given catalyst was found to be
coated with = water-insoluble material that anpeared to
be acldic in nature. Although this avparently bhad no
effect on the catslyst aetlvity up to converslon ratios
of 68 grams of furfural to one gram of catalyst longer use
might give complete coating of the catalyst surfaee.’ In
suck cages flushing with 2-methylfuran or az similar solvent
would be necessary to remove this organiec film.

The polsoning of a Raney nickel catalyst by impurities
present in the teehnieal levulinic asecid is8 not surprising
in view of the method used to pr@par& the material, l.e.
mineral acild hydrolyeis of corn stareh. The fset that =a
calcium stabslized corper chromite catalyst wag reduced
in the »nresence of the technical 2¢id suggests that traces
of the freé mineral acld might have been present.

Friedel-Crafte scylation of 2-methylfuran reaulted in
much lower yielde then were obtained by similar reactions
with furan end 2,5-dimethylfuran. In unsubstltuted furan
not only is the ring resonance undisturbed by the presence
of a subgtituent radical but also two equal nositions are
avallable for reaction with the aoylating reagent. Al though
2,5-dimethyvlfuran 18 readily susceptible to ring ovening
this compound does not ssem to polymerize so readily as 2-

methylfuran. 8ince 511 the eatalysts which were tested for
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acylation of Z-methylfuran were shown to nolymerize the
compound at room temperature it seems that the lower
vields of ketones may be a result of the difference in the
two resction rates, i.e. polymerization vs. acylation.

The fursn mercurials might serve as a good intermedliate
to use in the study of the furan nolymers. Cleavage of
 the carbon-mercury bond should serve to direct the course
of the reaction.

In view of the negative results obtained by Christian
(42) with the slkaline hydrolysis of (3-slkoxyproplonitriles
it was not surprising that similar results were obtalned
»1th the corresponding furan derivatives dlscusesed above.

Preparation and purification of s0lid derlivatives in
theéz~tetrahydrerurrurw1exypra91@31trile geries seem to
be complicated by the high solubility of the compounde and
also by their assoclation with volar solvente. These eame
propertiees are apparently somewhat lesg pronounced in the

corresponding furfuryl derivatives,



113

- VII. SUMMARY

1,  PFurfuryl alcohol has been produced 1n overall
yields greater than 90% by one pass of the mixed vapors
of hydrogen and furfural over a staballzed copper chromite
catalyst. The process 1is simple, economioal and cansble
of adantation to commercial production.

2. In the unit desecribed 68 grams of furfuryl salco-
hol were produced for each gram of catalyst used. The
catalyet was 8till active at a temperature below 150° c.

3. -For maximum catalyst life and minimum production
of 2-methyl furan the reaction temperature is kept b@law '
140° c. Reduction was observed as low as'lﬁﬁa c.

4., A non-porous carrier {e.g. glase beads) has
definite advantages over activated charcosl as a catalyst
support.

§. When the other variables are held constant the
yield of Z2-methylfuran wasg shown to increase with the re-
action temperature.

6., 2-Valeroclactone has been produced in excellent
yields by the low pressure (500 p.s.i.) reduction of levu-
linle aclid over a Haney nickel catslyst without solvent.

7. Levulinic sacid has been hydrogenated over a copper
chromite catalyst at high pressure without solvent to glve
an 80% combined yleld of 2-valerolactone and 1,4-ventanediol.



114

8. 63~Angellca lactone hae been reduced at high
pressure over az chromite catalyst to give 2-valerolactone
and 1,4-pentanediol. |

9. Some of the reactions of 2-methylfursn have been
reviewed. These included polymerization by metal halides,
Friedel-Crafts reaction and mercuration.

10. {/uFﬁrruryloxynnwprcpylamlne haa been produced in
good yields by the reduction of the corresoonding pro-
pionitrile in 1iquid ammonis. The yleld of Y-tetrahydro-
furfuryloxy-n-propylamine has been improved from 55 to
90%. Several salts of these amines were prepared.

11. An interesting polymer wae formed by the resction
between Y/-farruryloxynnmpra@ylamine and formaldehyde.
The reaction is easily eontrolled to give a pr@ﬁuct:which
is of pvotential value as a plasticizer or an lon-exchange
resin.

12, The acld and slkaline hydrolysis of @-mrfuryl-.
oxyproplonitrile and the corresvonding tetrahydrofurfuryl
derivative have been studied. Alkaline hydrolysis is
impractical. |
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