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FURAN COMPOUNDS

INTRODUCTIOR AND HISTORICAL

The productlon of partlally reduced furan compounds
from the ?arent fur&n;cmmpaunaa,by reduction has not been
gpecifically investisated. The sinzle example of such a
reaction i1s the preparation of dihydrodehydromucic acid
from dehydromucic &eid by*raﬁuaﬁion with sodium amalzam
or electrolytically*. Komatsu and Nasumotd® represent the
courgse of hydrogenation of furfural in the presence of a
nickel catalyst by the following schemes
HC—CH HC—OCH f’8&’ - HeGC—CHg

(1600« || (180°)
165 (85 atm ﬂaﬁ\ _CHCHaOH

atm) HC /ccﬁﬁsﬁ

(80 atm)\\iiﬂ 50*) //7%9G ﬁ&m?}g(3ﬂﬁ°)

ﬁ3===?ﬁ’ - |HaG—CHa
|1 || o
ﬁg{}\ _CHOHaOH HeC\ CHCHg|
¢! . o

The support for this scheme comes from curves of the rates
of hydrozenatlon of the compounds investisated except that
dihydrofurfuryl aleohol was not independently hydrozenated
and it may well have been a mixture of furfuryl alechol
and tatéahydrmfurfuryl aleohol. In no other cases have
dihydrofurans been shown to occur as products or intermed-
lates,

1 Hill and Whesler, Am. Chem. J., 25, 463 (1901},

2 Komatsu and Mesumoto, Bull. Ghem. Soc. Jap., 5, 241 (1930).
L8. A., 2k, 5TI8 (1930)/.




The partial hydrozenation, by Bray and Adame? of
B=furylacrolein {(C4Ha0-CH=CH~CHD) in ethyl aleshol solution
with platinum oxide catalyst has led to results srmewhat
different fron thaa@ obtalned by complete hydrogenation.
If the hydrogenation was stovpped at the additiosn of three
moles of hydrogen, y-furylpropyl aleohol and some )y-tetra-
hydrofurylasllyl alcohol were formed. WNo pure products
gould be i1solated when one or two moles of hydroszen werse
added, The maximum amount of hydrogen abgorbad wag 4.2
to 4.4 moles, y-tetrahydrofurylpropyl alechol and a hep-
tanedlol being formed. The authors believed it improbable
that dihydrofurans would %éviaalatéﬁﬁ

Other e@nﬁiti&aa of reduction such as non-catalytic
methods, vapor phase catalytle hyﬁr@g@n&ti;ﬁ and aspecifie
catalytic action are known to lead to partial reduction in
‘some cases, The literature on the reduction of furen com-

pounds wasg examined with this in mind.

Non-catalytic Reduction,

2«Phenyl-S-methylfuran* and l-phenyl-3-furylpropanes
have been reduced by the use of sodlum and aleohol to 2-
phenyl~S5-methyltetrahydrofuran and l-phenyl-3-tetrahydro-
8 Bray and-Adams, J. Am. Chem. Soc., 49, 2101 (1927).

4 Paal, Ber:s; 17, 2756 {1%55
& Semmler, Ber., 39, 726 {1@05)
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8  Law, J. Chem. Soc., 8@, 1517 {1906;.

7  Ingerscll, Orianic Syntheses, John Wiley and ﬁsna, Inc.,
Hew York f“ii:a,y, 1932, Coll. %1, I. p. 306, ,

8 fTakamoto, J. Pharm. Soc. Japan, 48j 136 (1928). [ C. A.
22, 2354 (192814 -

b ﬁﬂ&him &ﬁﬁ. ﬁ&himtﬁ: - ‘Ayv ?mmw ;@QE}, &EE g %,391’
400 (1917). L €. A. 11, 2557 (1977) | '
x” Fijum’ J» mew 993. __.Q é#

29, 412 T1926 |
3% Takamoto-and- Hirmﬁashi, J. Pharm. Soc¢., Japan, 48, 446
(1928) .[C. -A. 22, 3409-(1928)_/.
12 Carter, 4. &m,f<h$m* 3ac., 5@; 2299 (1928).
i3 Yoder aﬁg'f"fiens “Ber., 3%, 3462 {12?1%* N

5?‘&: Nty

Japan, 51 L A5
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furylpropane respectively. 1In view of the fact that ethy-
lenie double bonds conjugated with a carbonyl double bond
are more susceptible to ?&ﬁﬁcﬁiﬁn by metals and metal come
binztlons than are simple or conjusated ethylenic bonds it
is surprising to find that some sab@axylia aclds of furan
listed inyfa@1$ 1 are not reduced by non-catalytic methods,
This may be explained by thexﬁiminiﬁﬁ@d aromaticity of the
 alkyl and aryl substituted furans. None of the compounds
of fable I undergoes nuclear reduction with the reducing

agent namod.

Hoble Metsl Catalysis.

Noble metal catalysis in the redustion of furans was
firat omployed by Bargellini and Farteglans®®, Furfural-
o=~gcotyl~pyrrole was hydrogenated iIn alcolpl solution in
the prasence of a pal;aﬁium&%iéak catalyst, One malekaf
hydrogen was added. No ring reduction occurred. Furole
acid in water solutlon hydrozenates very slowly with & col-
loidal palladium catalyst, the product beinz tetranydro-

furoic acid*s, z?m?@trahy@r@fﬁrﬁl@r&g&mﬁia acid may be
oroduced in good yvields from the hydrogenatlion of S-furyl-

propionic zeld in zglecial acetic acid with s platinum black
catalyst®, g-Purylgerylic acid digsolved in sodium car-
bonate and hyﬁvegen&t&a'in,thﬁ’@r@ﬁaﬁga:ar palladium sponge
a8 E&rrallini a&ﬁ ﬁarﬁaviaﬂa,%f-f*

ke %ianh@ua aﬁa 3&?@@, ﬁar.g 36 1527 (i?l-a*
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yialda,Butatrahy&rafurylprsﬁianic acld*7?, Furfuryl al-
eohol and furfural have been hydrozenated without a solvent
but freguent additions of fresh catalyst (palladium on char-
coal)} were necessary to complete the hy&r&gan&tianﬁ‘in five
days*®, TPFurfural yislded about 50% of tetrahydrofurfuryl
alecohol, Also, the hydrogenation of furfuryl slcohol in
water suspenaion with a eolloidal palladium catalyst was
axtremely slow.

Upon the development by ﬁdama*? of the platinum oxide-
platinum black eatalyst its use became more general than
the more difficultly prepared noble metal catalystes, EKauf-
mann and Adams®? first employed it in the furan series, the
reduection products of furfural belinsg the most extensively
gtudled. It could be almost guantitatively hydrozenated
to furfuryl alcohol which in turn was hydrogenated to tet-
rahydrofurfuryl alcokol, 1,2-pentanediol, 1,5-pentansdiol
and n-amyl alcohol, The ylelds were in the order glven,
much the larzer fraction being tetrahydrofurfuryl alechol,
Furfurslacetone, furcoin, furoic acid, ethyl furcate ond
B~furylacrylic acid were hydrozensted with much the sanme
results,. PFuraln and furfursl acetone were readily hy-
drocenated to the corresponding saturated alcohols in good
yields, Furoic acid wazs slowly hydrosgenated to itetrahydro-
17 windaus and Dalmer, Ber., 53, 2304 (1920).

8 Wienhaus, Ber., 53,1656 (1920).

19 pdams and Shriner, Ji Am. Chem: Soc., 45, 2171 (1923).
29 Kaufmann and Adams, J 3m. Ghﬁm. g@@.,““i 3029 (1923).
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mole of hydrozen is added. Adkins®* has pointed out that
the solvent may alter the course of a hydrogenation. Fur-
furelacetone hydrozenated by Adams* method undergoes three
gompeting reactions: (1) addition to C=C, (2) addition to
ngw, and (3) resinificstion. One mole of hydroszen was
added to furfuralacetone in petroleum ether, 4n athyl al-
cohol, and in ethyl acetate., The largest yield of 4-furyl-
butanone~2 and the largest recovary of distillate were ob-
tained from nydrogenatiosn in petroleum ether, so the first
reaction is favored, Ethyl alechol favored resinification
ags indicated by a low yield of 4«furylbutenone~2 and low
total recovery. The total recovery from these hydrﬁganau
tions with one mole of hydrogen was 68 to 877, and 45 to
65% wag identified, indicating that the hydrogenations were
complex. |

Karyione®® has mads & rather esxtended study of the
hydrogenation of furan derivatives which includes some thres
dozen compounds, The results in a Tew cases appear 1o be
at variance with the findings alrsady noted, Platinum and
palladium catalyste in various forms were employed, usually
in acetic acid, acetlc anhydride or ethyl ether medium,
The rate of hydrogsnation of a few compounds was determined.
Furylethylene mave a smooth hydrogenation eﬁrv@,whieh ine
dicated simultaneous hydrogenation of ring and chalin whereas
24 Adkins, Diwoky and Broderick, J. Am. Chem. Soc., 51,

3438 (1929).
25 Karyimm&, J.;P- “1 (1925).

oS TEieY; T ety g*, 1, 2376
J




the hydrogenation curve for gtyrene showed a dlstinct break
at the point of additlon of one mole of hydrogen, indicat-
ing complete chain saturation prior to nuclear reduction.
@~Furylacrylic acld gave a quantitative yleld of g-furyl-
proplonic acid on the additlon of one mole of hydrogen.
The compounds studled were grouped into four classes ace
cording to thelr esase af'hy@ragaﬂatimaz first, e&mpﬂunds'
having the CHp~ or CH= groups in the alpha-position (furyl-
ethylens, furfural acetone, Turylphenylmethane, and fure
furyl alechol) ware the most resdily reduced; second, com-
pounds h&v&#g the mg— zroup in the alpha-position {(furyl
methyl ketone, furyl phenyl ketone, Turpin, furlil, and
ethyl furoylacetate} were a@m&%hat less readlly reduceds
third, furfurél and itis éeriv&&ivﬂﬁ; fourth, furaic‘aeid
and 1ts derivatives (ethyl furcate, fursmide, g (?)-nitro-
furoic acid, and dehydromucic acid and its dimethyl ester)
wers roduced with diffliculty. In each cassc the main pro-
duct was the tetrahyiro derivative. 2,5-Dimethylfuran-3-
. earboxylic aecid, 2,5~diphenyl-furan-3-carboxylic acid, and
2,5=-8iphenylfuran-3,4-dicarboxylic acid warefﬁat reduced.

Puran derivatives aantainiﬂg,ﬁitfﬂgan may, arbitrar-
ily, ba treated at the same time.

Furylethylanine®® and furylpropylamine®” are reduced

86 Takamoto, J, Pharm. Sce. Japan, 48, 366 (1928). [ C. A.,
22, 3162 (1928 ' '

#7 Takemoto, 1bid, 48, 686 (1928). [ C. A., 23, 387 (1929)77.
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by platinum oxide and hydrogen at atmospheric pressure to
the corresponding tatrahydr@faryi'ﬁarivaéives; ﬁn further
hydrozenation at 1.5 to 2.0 atmosphares pressure the rings
are ruptured to form y~hydroxyhexylamine and »-hydroxyhep-
tylamine, respectively. This affords a very good example
of the effect of pressure on the ease of hydrogenation.
Williams®®»3% hag hydrogenated furfural oxime, furfuryl-
amine and Turonltrile in various solvents and with various
pletinum and palladium catalysts. Furfural oxime in abso-
lute ether in the pregence of palladium on charcoal is
hydrogenated to difurfurylamine, In acetie acid solution
the oroduct is moatly water soluble resinsg with some pri-
mary furfurylamine. In aleoholie hydrochloric ascld solu-
tion, 27¢ of primary furfurylamine and 177 of primary
tetrahydrofurfurylanine are isclated along with some une
identified substances. Primary furfurylanine in absolute
ether wlth the same catalyst does not hydrogenate; in glaclal
acetlc acid with platinus oxide catalyst 1t is reduced in |
nine hours to 60% primary tetrahydrofurfurylamine with 18%
unchenzed, In alceoholle hydroehlorde acid solutlion with
platinum oxide catelyst 817 of the reduced amine is formed
- in the same time with 147 unchanced. In aleoholic hydro-
chlorie acid solution with palladium on charcoal catalyst
bvut 457 of the reduced amine is mh%gimaa in thirteen hours

%6 Willtams, Ber., 60B, 2509 (1927).
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with a 427 recovery of the original sompound, Furonitrile
in glacial acetic acid solution with palladium on charcoal
eatalyst gives 507 resins but in alcoholic hydrochloric
acid solution good yields of @?i$ary furfurylamine are
formed., Alkall destroys the activity of the catalysts.,
Hydrofuramide hydrozenated by Adams® method vields 387 of
trifurfurylanine?®, BEthyl 5-nitro«2-furcate may bhe cata-
lytically reduced to ethyl S-acetamino-2-furoate®®, The
Rogenmund rezction has been applied to the acid chlorides
of the furan series with success. 4-Carbomethoxy-2-furoyl
¢hloride in dry xylene is hydrozenated in the presence of
palladium on barium sulfate to 4-carbvomethoxy-2-furalde-
hyded®,

In contrast to the tendencies already noted with
other catalysts a platinum black catalyst mctivated wlth
palladous chlorids produces sylvan from the hydrogenation
of Turfuryl aleohol in ethyl aleohol solutions®, and a
palladiun oxide-palladium black catalyst causes furan to

be hydrosenated nearly quantitatively to tetrahydrofuranss,

Vepor Phase Hydromenation,

Padoa and Ponti®* were the first to apply catalytic

28 31lman and Dickey, lowa State Coll, J. Sei., 5, 193 (1931).
32 Gilman and %righzi‘igiéﬁ* 5, 87 (1931). ‘
32 %11ma?, Burtner and omith, J. Am. Chem. Soc., 55, 403
1933) . - ' o ‘

33 %§11§§ki,.Packanﬁcrff and Packendorff, Ber., 7B, 300
33 Starr and Hixon, J. Am. Chem. Soc., 56, 1596 (1934).
9+ Padoa and Pontl, Atti. r. accad. Linesi, (5), 15, II,

610 (1906). | |
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mathods to the hydrogenation of furan derivatives., They
pasped furfural vapors over a nickel catalyst at 160°,
The main product was furfuryl alecohol, whieh hydrosenated
in turn by the same nmethod, zave sylvan, tetrahydrosylvan,
a~methyl-n-butyl aleohol and methyl propyl ketome, At
hizher temperatures (270°%) the products were furan and
carbon dioxide. Pringsheim and Noth?® hydrogenated fur-
furyl aleohol over nickel at 170°%, finding, besides the
hizher boilinz fraction which contained tetrahydrofurfuryl
alcohol, furan and very small smounts of sylvan. EKotake
and Fu}ita®® obtained furfuryl alcohol together with 4 to
5% of n~butyl alcohol from the hydrozenation of furfural
ovar nicksl at 130-150°, while Van Peursem®? and Brown,
*ilman and Van Peursem®® found only furfuryl alcohol in
amounts up to 5% amﬁlaying‘raﬁuc@é coopper and alckel cat-
alysts at temperatures of 175 to 275%.

Purylethylcarbinol behaves similarly to giva a vari-
ety of producta., As expgcted the main product was tetra-
hydrofurylethylearbinol accompanied by lesser amounts of
dipropyl ketone, a mixture of o-(n-propyl)furan and o-(n-
propyl)tetrahydrofuran, and a very small amount of a glycold®,
38 Pringsheim and Noth, Ber., 53, 114 (1920).

36 Fotake and Fujite, J, Chem. Soc. Japan, 51, 354 (1930).
L8 A, 25, 3649 (To3T) 7, —

37 Van Peursem, Proc. Jowa Acad. Sel., 37, 225 (19%0).

32 Brown, Gilman and Van Peursem, jows state Coll. J. Seci.,
6, 133 (1932). ,

"
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From the hydrogenstion of furan at 170° Bourzulgnon&o

obtained tetrahydrofuran with some n~butyl aleohol and some

hydroearbong, probably a mixture of butane and sthane. Fifty

groms of furan yielded 6 grame of tetrahydrofuran from a
total recovery of 34 zrams of liguid products. A nickel
eatalyst was employed., The hizh temperature necessary for
the nicksl catalyst to becone activa §r3bab1y aocounts for
the hydrosenolysis observed in thelr use since a smooth
hydrozenation of sylvan vapors to tetrahydrosylvan ls obe
asrved in the following work.

Vapor phase hydrogenations with metals of the plat-
inum groun are infr@quﬁntly'amglmyaé. Zalinaki and Schule
kin®** have employed one of the least active of this group,
nanely, osmium, in the vapor phase hydrogenation of asylvan
and compared lts sctivity to thaet of & similar glatinum
eatalyst. Below 100°, 207 platinum activated charcosl or
197 platinized asbestos have very little effect upon sylvan
vapors. At 1607 a four fold repstition over platimum ace
tivated charcoal resulted in a‘mixtar§~af tetrahydrofuran,
testrahydroeylvan, butane-2-0l and pentane-2-ol. Sylvan was
v&p&riz&ﬁ at 80-82¢ and carried over 257 osmium activated
- asbestos by & siream of hydrogen. On repestition there was
1ittle change of refractive iﬁﬁax;vthﬂﬁ@fgra the hydrogena-
4¢ Boursuignon, PBull. éaam gg;g;(ggggﬁ, 22, 89 (1908).

41 Zelinskl and Sohuikin, Compt. rend. acad. scl. U.R.S.3.,

H.8., 60 (1933). [ C. A., 28, 2002 (193%) 7.
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tion was specific and complete. The product consisted

wholly of tetrzhydrosylvan.

Hizh Pregsure, Temperature Hydrosenation,

According to patent Information furfural may be hy-
drozenated under pressures of 50 to 100 pounds at tempera-
~ turss of Eﬁ‘té 150® employing & nickel catalyst*®; and a
hizh yleld of tetrshydrofurfuryl alcohol is claimed from
the hydrogenation of furfursl over a sunported nickel
catalystﬁsﬁ Pressures of 40 to 13Q &ﬁmGﬁ§h$P8ﬁ and tem-
peratures of 100 to 150° are specifisd, At t@m@eratmras.
hizher than‘l5aﬁ mixtures of pentanedliols are Tormed,

A number of furan derivatives have been hydrogenated
by Adkins and co-workers, Furfuryl alecohol in the presence
of o copper chromite catalyst, at 100 to 150 atmospheres
pressure and 150 to 200%, gives 707 pentanediols, 10%
n-amyl alcohol, some tetrahydroasylvan and some tetrahydro-
furfuryl alcohol®*, Furoic acid was not attacked under
these conditions, Disthyl furfural scetsl, under the Ine
fluence of a supported nickel catalyst and a promoter,
gives 75 to BOZ of dlethyl tetrshydrofurfural acetalss,

4% §, I.-du Pont de Nemours and Co., British patent 337,296.
49 é;%gé§iérg§£§iggiﬂéifééi%ﬁén patent 555,405. [/ G. A.,

- 26, 5102 (1932)_7. - |

44 Adkins and Connor, J. Am. Chem:-Soesr, 53, 1091 (1931).

48 ?@ver§, Connor and Adkins, J. Am. Cheum. Soc., 54, 1651




normal primary aliphatic amines were found to be the best
promoters,. Without a promoter the product was tetrahydro-
furfuryl ethyl ether. A molecule which affords the pos-
sibilities of ring or cheln saturation, reduction of the
functional group, and hydrogzenolyals of the rianz or chaln
is afforded in B-furylacrolein, This waavhyarmg@nated in
the presence of nickel on kiesslmuhr, Ransy nickel, and
copper-chroniun oxide catalystgﬂ The products depend upon
the catalyﬁt employed and the tempersture as illustrated

by the following table%®s

Table II

T - ¥

Lyst K 1 3

H 4 p= 3
tNickel on Kieselguhr :1160° _:§~Tetra drafurylpFQQ* :
4 t + anol 3%@ and 1,5«Di~ ¢
H t © + oxoctahydroindene 33%:
;E&ﬁey nickel $160° ,;Bﬂfatrmhy&raruyylprayu :
$ t +  anol 65% ?
:Raney nickel 123° :ﬁfggrglprami@nalﬁaﬂy&e t
' s t
sCopper-chromium mxi&a*laﬁ«l?ﬁﬁzﬁwﬁurglprapannl 7271 :
iCopper-cluoniun 0x1461200°  iHeptansdlols 497 :

%6 Burdick and Adkins, J. Am. Chom. Socg., 56, 438 (1934).
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EXPERIMENTAL

The partial hydrosenstion of furan was attempted,
employing Adams” platinum oxlded® and Raney nickel®” as
reprasentativaes of the noble metal and iron group cata-
lysts. The hydrogenstions ware carried out in an Adams
type hydromgnation &?pa?&t&ﬁ*ﬁ.az approximately 3 to 6
atmoepheres Drogoure. |

The reactlon mixtures w@rs fractionated throuzh a
distillation apparatus of the total condensation partial
take-off type having a columnm with 33xl.4¢m. packed secw-
tion gaak@d‘@ith zlaes helixt® A/ﬁsublé Jacket with
heating coil in the annular space was provided,

The furan used was prepared by the decarboxylation
laf'furmia acid according to the directlons of @ilmen and
ILousinian®® and had the following physical constants: b.p.
32%; n®oD 1.4162; 4%3, 0.908.

Acetlc seid solvent. Flatinu

poritions of furan, each in 100 ce. of glacial scetic acid,

#7 Adkine, J. Am. Chem. Sog., ﬁﬁk 4116 (1932).

48 Voorhoas aﬁ@"&ﬁ&mﬁ,“&r%&mia Syntheses) John Wiley and
aﬂﬁﬁu, Iﬂﬁ’u* 1932; 3611. Vﬁl i, Ta 580

&8 ;ilﬁan, Pariter and Laushliin, J. Anm. 6ham. ﬁ@ﬁ., 55, 2795
1933). -

59 33lman and Lousinian, Rec. irav. ghim., 52, 156 (1933).
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were hydrogenated and combined., One-half gram of platinum
oxide was employed for all four rums. The hydrogenations
were interrupled afler oné molecular equivalent of hydrogen
had beon absorbed. Hach reduction regulred sbout 3 hours
with 3 or 4 reasctivations of the catalyst. Reactivations
were accomplished by svacuation of the sontainer, f£1lling
1t with oxygen and shaking for 5 minutes?o,

The combined solutions were distilled to remove low
boiling meterial., The residue wazs then coolesd and neu~
tralized with sodium hydroxide and extracted with ether,
The ether was then romoved through the fractlonating column
and the residue fractionated. By thls procedure the fol-
lowing fractions were obtained: (1) 31-35%, 93.5 z.; (2)
35-74%, 28 .3 (3) 75-89%, 17.2 g.; (&) 90-118%, 11 z.3
{5) 118-123%%, 45 ;. The first fraction 1z almoat pure
furan and repressnts 46.8%¢ recovery. The second fraction
woe refractionated to yleld 15 s. of materlal, b.p. GR-64%;
n®®D 1,4050; 4%, 0.888, and which 414 not absorb bromine,
The physieal constants identify 1t as tetrahydrofuran,
b.p. 63-64% n®°D 1,4076; 4%: 0.888°%%, Fractions (3) and
{4) were not resolvable into closer boilinz fractionsz,
Fraction {5) was identifisd as butyl scetste by hydrolysis
and preparation of the 3,5-dinitrobenzoate of the butyl

alecohol, b.p. 64%. This &ﬁﬂ&ﬁﬁ>af wutyl alcohol represonts

5% Henniszer, Amn. chim., (6), 7, 211 (1886).
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13,27 of the furan used,

The dloxan sol-

vent was subjected to hydrogenation to remove any unsat-
urated material and then fractlonated through the column,
that portion boiling from 392.5° to 101° beins retained,
Thirty-four zrams of furan in 125 co,. of dioxan with 0.5 z.
of catalyst required 2 hours to absord one mole equivalent
of hydrogen. One reactivation was necesgsary. Tho same
catalyst and solvent were used for a second 34 7. portion
of furan. The products were mctionated into three fraa~
tions: (1) 31-40°, 27.5 z.; (2) 40-64%, 2.5 3.3 (3) 64-
101°, 35 g. Fraction (3) was refrectionated, ylelding:
{(1a) 45-70°, 3 z.; (2a) 70-98°, 68 z.; (3a) 98-101°, 22 gz.
No considerable amount of reduced furan could be present.
The dloxan remaining wes fractionated yiél&lﬁg: {1b} 102~
108°, dloxan; (2b) 108-112°, 1.5 z.; (3b) 112-113°, 3 1.3
residue 10 z. PFraction (3b) was ldentified as butyl alcohol,
The residue, distilled from a smell flask, boiled gradually
over the range 113° to 210°. |

Dioxan solvent., Ransy catalyst, DNinety-two srams

of furan in 100 c¢. of dioxan with 16 g. Raney nickel cate
alyst was hydrozenated at 3 atmospheres, 1§ hours being
reculred for the addition of one mole e@uivalaﬁt of'h3~
~drozen. The followlny fractionas were taken: (1) 30~40°,
32.5 3.3 (2) 40-59°, 5.7 3.3 (3) 59-95°%, 37 z.; (4) 95~

100%, dloxan., Fraction (3) was refractlonated: (la)
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#?aﬁa’,'ﬁAga;f(Qa}féaaé?‘;”ﬁﬁ %. The range of physical
“constants from the first to the last parts of fraction (2a)
wors, n%oD 1,4065 to 1,&9?5;'ﬁ?g&'siss?‘ga 0.8392; identify-
ing it as nearly pure tetrahyﬁréfur&&f' Fraction (1) repre-
sents & 357 recovery of furan and fraction (2a) represents

a 387 recovery of tetrahyirofuran.

proximately 15 ec, of the alaahﬁl sugpension of Ranay nlckel
catalyst was introduced into the hﬁﬁrmg@natzﬂn battle, the
aleohol distilled in a stream of mtmf@n and then 150 ee,
of &eaahﬁdrsn&gh&h&lanﬁ~aéé@d. This was shaken with hydro~
gen for a time but no hydrogen was absorbved, The furan
(5&.@ g.}qwaa added and the hydrogenation conducted at the
t@ép@r&turﬁ of stesm to incresse the velocity. About 6
hours were regulired to introducs one mole eguivalent of
hydrogen. The reaction mixture was then fr&ationa;eﬁ,
yielding two large fractions: (1) 31-42°, 20.3 z.; (2)
42-59°, 3.8 3.3 (3) 42-65.5°, 28.9 g. Distillation ceased
at thiz point and resumed at 112.5°, Between 112.5° and
115°%, 1 =z, was racai?eé and identifled as butyl a¥eonol.
The temperature then rose rapidly to the bollinz point of
the solvent. Fraction (3} zave 26.5 g. of pure tetrahya§a~
furan on refrasctionation, or 457 of the furan ussed., Frac-
tion (1) is 35,87 of the orizinal amount of furan.

No solvent, Rane: aa%&l'sz*a.ﬁgggiét@ hydrozer

A smell amount of furan (8 z.) was hydrogenated at room



temperature, at 90 pounds pressure, and in the pressnce
of 2 z. of Raney nickel catalyat,. Fifteen minutes were
required for almost exactly 2 mole equlvalents of hydro-
gen. to be absorbed, The hydrogenation stopped suddenly
at this point, Indicating e sma&th~hyﬁﬂsgaﬁakian to tetra-
hy&r@furam, A 1&r@ér amag&t of furan wag then hjﬁrmgea&t@d
- with ths same catalyst. One bour was required to satursate
45 g, of furan, approximately 1.9 moles being absorbed.
Fractionation of this product gave: 42.61°% 2.7 g.; 61~
65°, 41,8 . and 2.3 z. clear residue, The larze fraction
represented an 887 yield of tetrahydrofuran; n®®D 1,3073;
n®8, 0.885.

Wl @diwgti% A 1like amount of furan was

hydrogenated to the extent of one mole equivalent, odbtain-
ing: (’i} 31.5-40%, 21.5 z.3 (2) 40-56°, 3.4 z.; (3) 56~
65°, 18.5 z. Fraction {3) was redistilled to give 17 zZ.
of tetrashydrofuran, n%°D 1,4071, The furan recovered was

47,87 and tetrahydrofuran obtained 36,67 of the furan used.

Furan and dihydrofuran were hydroszensted in the

pregsence of platinum oxide, Raney nickel and colloidal
palladium catalysta. Dioxan, n~hexane and ethyl aleohol
ware used as asolvents. The hydrosenations were performed
8t a constant pressure of approximately t%a~at&¢a§h@ras;

the epparatus used being similar to that described by
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Fuskat and Knapp®®. The mercury Tilled gas burette was
zradusted in centimeters and calibrated by two Independent
methods: Tirst, by weighing the water contained hy the
burette; and second, by hydrogenating a weizhed amount of
malelic acid in the agp&rﬁtu& and oheerving the volume of
hydrsozen absorbed., The two methods ama;zé@; within 2%,
Reney nickel is ﬂﬁaraﬁ suapended in ethyl ale&h&lg
To obtain » sanmple for hyﬁfﬂgam%tiaa the alechol was re-
moved &nﬁ@r‘r@ﬁucéﬁ oragasure in s stream §f hydrogen and
wiih a stream of hydrozen flowin: throush the container,
a small flat-bottomed tube of approximataly 1 cc, capacity
lowered Into the cénﬁain@r,ka'aamgia of egtalyat ﬁut into
it wiiﬁ a iang a@atula'aﬁ&’tha‘tubé closed with a rubber
&ta@par stuck onto the end of 2 wire., The sample tﬁus
obtained was welished and ér@agaﬁ into the hyﬁréganati@n
bottle, It was Impossible to tske exactly 1 g;-af catae-
1?5% in this manner, To make the rates of hydrozenation
of d4ifferent ax?@fim@nts eamyaéa&l@, a£&at1y~ﬁ,Ql times
the améunﬁ nf catalyst in molss of substance to be nydroe
| genated was taken for hg&ﬁaﬁﬁnatian and the amount of
hydrocen absorved, as observed, was reduced to that amount
hat would have been absorbed by 0.01 mole. These values
wefe vlotted azainst time to obltain th@'curves of tho

rates of hydrozenation shown on pages 36 to 39.

s2 Muskat and Knapp, BDer., 64, 779 (1931).

R
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The dioxan solvent used was the same as that used
in previous hydrogenations {p. 23). Commercilal n~hexane
waa subjected to hyﬁr&g@n&tiam,$ﬁd;fractiaﬁatiaﬁ, that
portion boilinz over the ranze 64-67° beinz retalned for
use, Commercial 9%5¢ ethyl alcohol was used,

The fursn mgéﬁ was described on page 21. Dihydro-
furan was prepared from sryﬁhvitalﬁig bep. 67%; a*§ 0.9503,

Furan in dioxan, Platinum ca

{0.01 mole) in 26 cec, of dioxan with 0.1 2. of platinum
oxide catalyst was hydrogenated at an initlal pressure of
807 mm. of mercury.

Time Buretie resdinz  Hp absorbed
(min, ) , {em.) {ec.)

) 0.05 0.0
1 1.0 345
3 3.5 20.8
é ) 9 £ a ;59 &Q
8 14.5 97.0

11 21.7 YL

13 25.7 175

19 34 b 236

35 48,7 354

41 50.9 349

46 52.3 359

Platinum catalyst. (Fiz, 21.

Dihydrofuran wacs hydrosenated under the same conditions

Dihydrofuran in dioxan,

ag in the vrevious experiment.
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Time - Burette reading Hy absorbed
{min.) {em.) {ee.)

(@,Ql@é? mﬁla) in 25 ce, dioxan with 1, @6? %+ of Raney
nickel catalyst was hydrogensted at an initial yressure
of 819 mm,

Time Burette reading H, absorbsd e¢c. Hp/0.01 mole
{min,) {onm. ) {ec.)

3 13,5 20.8 19.5
5 15.7 31.0 29.1
8 18,6 56.0 51.7
1 21.2 . Th,O 9.5
15 24,2 R 95,0 89,0
18 26.8 113 106
23 - 29.0 : 128 i=0
0 135 137
«5 139 130
8 148 139
4 159 149
37 T 168 158
he 37.3 186 175
61 ko 208 195
84 43,3 228 214
181 447 237 222
112 45.3 241 226

Dihydrofuran {0.01062 mole} in 25 cc, dioxan with 1,062 g.
Raney nickel catalyst was hydromsnated at an initlal pres-



sure of 820 mm,

Time  Burette readinz H, absorbed cc. He/0.01 mole
{min,) {om.) {ce.}

3 1§w§ 23.0 ' 21.3
5 16,7 42,0 40,0
T 20.5 73.0 69,0
8 22,3 , 85,@ 80.0
12 27.8 , 12 3.15 \
13 28.6 129 121
1h 29.1 132 124
18 3.3 139 131
24 307 435 135
37 3104 148 139
128 33.9 165 155

(0.01 mole) in 25 co. gfﬁax&n@ with 1,007 z. Raney nickel
catalyst was hydrogennted a2t an initisl pressure of 820 mm.

Tino - Burette reading - Hyg absorbed
{min.} {om.} (cc.)

4] 9.8 0.0
3 10,6 545
‘ 6 ’ 13. 9 ' }»1‘&3
' 40 8.8

20 17.0 50 O
30 20,1 ?1¢Q
45 2%.9 98.0
50 25,1 106
T2 293 135
32 156

95 2% - 3
148 35,7 186
203 39.1 203
240 39.8 208
293 40.8 212
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Furan {(0.01 mole) in 25 ce. of ethyl alcohol wass hydro-
genatald in the »ressnce of a colloidal palladium catalyst
prapared from 2 cc, of 17 palladium chloride and 2 co, of
12 zmum arabic aceording to the dlrections of Tkita and
¥eyer®®, Initial pressure was 8520 mm.

Time aurﬁtt@:rwgﬁisgg Hg absorbed
{min.) {em.) {ce.)

12.1 14,2
14,8 33
17.6 53
20,3 T2
22,8 89
25.4 T
29.2 133
3.4 142
. 32.8 A57
10 35.0 173
11 3? 1 '188
14 'zz.z.,? zaa
15 ‘ 427 227
17 43,5 232

%wﬁ@mwmwwg
s

2~&e@ﬁylﬁur&m4waa propared from furfural hydrazone
by the method of Relchsatein®*, The physical constants of
this preparation weret b. p. 63-54%; n®%D 1,4328; 4%

53 gkita and Yeyer, E'?;,<~ﬁp -3590-(1912) .
54 Reichatein, Helv. Chim. Actas, 13, 347 (1930).
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0.928. According to Hushes and Johnston®%: Ab* pe 6%.1%;
n®%p 1.4335; 4% 0.9132, Fifty-two and one~half grams of
Z2-methylfuran wés hydrogenated in the presence of 5 gz,

of Remey niaxazyeatalyst, ong half hour beinz raquired for
the absorption of one mole equlivalent of hydrogen. No
gsolvent was uged and considerable heat was evolved during
the hydrogensation,

The reaction mixture was fractlonated, the whole
distilling over the range 66-79.1°% Only a partial sspa-
ration into Z2-methylfuran and 2emethyltetrahydrofuran ap-
peared to have been accomplished, 2Methyltetrahydrofuran
has the Tollowinz physlieal é@ﬁs%&mtﬁa be p. TT-78°%; a©
0.87485%; and the only known dihydroderivative, 4,5-d4~
hydro-2-methylfuran: b. p. 82°; 4®8, 0,0018%7, 4, 5.D1~
hydro-2-methylfuren reacts with wars water to form Y=
‘hydroxypropyl methyl ketone®7?, The dAistillate and residus
obtained above were boiled with water for 8 hours and the
water 1ay§r tested for ketones with vhenylhydrazine, No

ketons test sppeared.

B

drozenation of 2,5-dimethylfuren, Reney eatalyst,

Pifty and one-half grama of 2,5-dimethylfuran (b, p.
92-93%; n®°D 1.4400) was hydrogenated without s solvent

58 Hughes and Jahnataﬁ, J. Am, Ghﬁm, “,“g, 53, 45 (1931).
se Lipp, Zer., 22, 25569 "(18 @%
5 Sabatisr and ﬁ:iaz_}.n@, ‘é’ . % r " mssa f.l%’?}.
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in the‘@?ea@nca»af 3.5 . of Raney nickel ﬁat&lyﬁﬁ, A
tempsrature of 100° was maintained., BEizht hours was
required for the absorption of one mole eguivalent of |
C hydrozen.

The réaatisn mixture distilled over the range 38°
to 97°%, most of it between 91° and 94°, The index of re-
fraction of the distillate was nearly constant, varying
between 1§%239‘aa§ 1.4220 at 20°. The»phyait&l sonstants
of 2,5-dimethyltetrahydrofuran are: b, p. 90=92%; nd7D
1.4051; a*7 0.833%2, The boiling point has been P&@&Pt@i
elsswhere as 92-94% 39, §3° 80  ang §3.95° 61
89 Duden and Lemms, Bors, jﬁu 1336-(1902).

mys,

89 Behal, Ann; chim. phys, fﬁ}: 16, 203 (1889).
1 Wurtz, 1bid., (%), 1’?‘23 (18677,




DISCUSSION OF RESULTS

The partial hydrogenation of furan, 2~methylfuran
and 2,5-3imethylfursn in the presence of Raney nickel
catalyst results in tetrshydro derivatives, No dihydro
derivatives are forned and little or no hy&r&g&ﬂ@lg%ig
ogours,
| Furan, hydrogenated in the presence of Adams* plat-
inun oxide catalyst, vields tetrahydrofuran and butyl
aleohol, the latter resulting from ring seission. No
dihydrofuran has been detected. |

- The relative rates af,hydragenaﬁion of furan and
dihydrofuran determined under various conditions of 3ai~
vent and catalyst are i1llustrated graphiecslly in Flizures
1 to 4 1nalu&1vw,.‘$n sach caﬁﬂfﬁihyﬁrmfuraﬂ 1s hydrozen~
ated more rapidly than is furan; conssquently, barring
gpecific catalytle effects, no aihgﬁrafuraﬁgwaulﬁ be
expected from tﬁa~cat&1ytia radustion of furan., Addition-
al interesting facts are illustrated by these hydrozenation
surves, All of the curves of the hydrozenation of furan
are smooth, showing that there are no consecutive resc-
tiong., Ourve I, Figure 1 and Curve I, Plzure 3 show that
two moles of hydrogen are absorbed by furan in the presence
of Baney nickel catalyst and in aith@r'éi@xan or n-hexane

solvent, whereas, in the presencs of platinum oxide cat-
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alyst and in dioxan solvent, three moles of hydrogen
are absorbed at an even rate (Curve I, Figure 2), In
alcohol solution and in the presence of a colloidal pale
ladium catalyst only two moles of hydrogen are absorbed
vy furan (Figure 4).

Ko exsct conclusion can be drawn concerning the
atage in the reductlon of Turan, 1in the presence of plat-
Inum oxide catalyst, at which ring scission gecurs, In
dioxan (Curve I, Figure 2), dihydrofuran absorbs only
one mole of hydrogen and furan absorbs three moles, in-
dicating the furan rinz and not the dihydrofuran rinsg is
opened, However, in n-hexane solvent (Figure 3) dihydro-
furan absprbs twice as much hydrogen in the presence of
platinum oxide eatalyst ss in the presence of Raney
nickel catalyst, indleating ring opening of dihydrofuran
or tstrshydrofuran. Reductlon in n-hexsne geems not to

ba completa.
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SUMMARY

The work which has been done on the reduction of
furan and furan derivatlives has been reviewed, with
partlcular observations on the probabllity of dihydrofur-
ans being produced. , .

Furan, awmethylfuﬁan‘ﬁnﬁ,z,ﬁwaimatﬁylfnran have
been hydrogenated to yi@lﬁ tetrahydroderivatives and
in some cases rins scission products,

The rates of hydrozenation of furan and dihydro-
furan have besn determined and compared., Under the
conditions stulled dihydrofuran was hydrogenated more

rapidly.
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DIBENZOFURAN COMPOUNDS

INTRODUGTION

The redusztion of dibenzofuran and derivatives has
not been systematically studled; In fact, ﬁﬁ.%ﬁ&@ﬁ%& has
besn made to reduce dibenzofuran derivatives: Dibenzo-
furan me been reduced non-catalytically to tetrahydro-
dibsnzofuren and eatalytically to perhydrodibenzofuran.
Since the »rimary purposse of this research is the pro-
duction of partially reduced dibenzofurans, wwwdmaﬁm;ﬁmuw
concarned with such compounds will be reviewed,

Honigachmidte® reduced dibenzofuran to tetrahydro-
divenzofuran with the ald of sodium and ethyl alcohol,
This product could not be further reduced by sodium and
amyl alcaohol nor was it changed by heating to 250° with
«w%&%waﬁna 5eid®®, The same product was obtailned by

¥ayer and Krieser®* by employinz sodium and ecycloh
as the reducing asent. TFbel®® also synthesized tetra-
hydrodibenzofuran from sodium phenylate and ehlorocyclo-
hexanol by ring closurs. He was able to prove it to be
1,2,3,4«totranydrodibenzofuran by ozonization and sub-
mmmﬁwﬁw hydrolysis 1o s-salicoylvaleric sclid, Cullinsne
nad Padfisld®® claim to have hydrozenated dibenzofuran

a8 magwmmaﬁﬁwﬁﬁ. Kaﬁm&mw,w 22, 561 (1901).

63 Hénizschmidt, ibld.; 2 :M,:mmw (1902} .

84 mw%@w.@ﬂwxﬁwww%mﬁerQﬁqa B, 1659 (1922).
8% Ebel, Helv. Ghim. Aota, ;aw;m;mwwmww*

%ii

8 Cullinsne and Padfield, J. Chem. Soc., 1133 (1935).
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in &ry acetic acid and in the presence of a platinum
black eatalyst to obtain 2 97¢ yield of tetrahydrodi-
benzofuran. DRifferent results from a like experiment
are reported in the experimaﬁtgi part, Only pesrhyiro-
dibenzofuran could be obiained,

By using a smaller amount of sodium in the reduc-
tion of dibenzofuran HSnizschmidi obtalined some material
having a higher bolling point than tetrahydrodibsnzofuran
and which melted at 43°, He advanced the possibility of
this being a dihydrodibenzofuran but 414 not odbtain fur~‘
ther evidence of its identity. Careful characterization
of a2 similar material, by #ilman, Smith and Cheney®”,
showed 1t to be impure dibenzofuran,

*é@ﬁ&hyﬁ?ﬂéi@ﬁmﬁ@furan ig not oroduced by the re-
ductlion of divenzefuran. J. v. Braun®® @rﬂﬁaréd it by
heating o~hydroxybivhenyl to 230° with nickel salis and
hydrozen under pressures, obtaining §G% vislds, Iden-
tical materisl was obtainsd by Tbhel®® from tetrahydro-
divenzofuran by hydrozenation at atmospheric nressure in
the prasence of z platinum-palladium black catalyst.
Derivatives of v. Braun’s hexghydrodibenzofuran heve
been shown by Filman, 9mith and Cheney to be identieal
with gimil&r derivatives of tetrahydrodibenzofuran., The
latter authors admit the §rnhaﬁiliﬁy of the existence of

&7 3ilman, amith,anﬁ Qhaaay, J¢ Ame LugE. D30C., 52; 2095

(1935).
®8 J. v. Braun, Ber., 558, 3764 (1922).
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the parent haxahydraﬂiﬁaﬁzafnréﬁ‘hu%yheliéva that it
suffers oxidation by the reazents used to prevare the
ﬁeyivativea‘

Parhyd r@éihanszuran results fr@m the hydrosenation
of dibenzofuran at 125-140° and 2550 atmasyhareg in the
,géasanc@ of a supmorted nickel catalysts®,

Hydrozenation at hizher temneratures and vressures
leads to a variety of products., @g&ﬁ&”“ hydrozenated
divenzofuran over nicksl at 200-280° and 100 atmospheres
of hydrogen to obtalin cymiakﬁxyzmgalahaxanal and bleyeloe
hoexyl. At S&G‘ the produets were benzens, phenol, o-
phonylvhenol and bivhenyl. ﬁy&rmg@uatiaﬂ at A400-410°
with & molybdenunm sulfide ceztalyst yields benzene, cyslo-
hexane, methyleyelopentane and bieyclohezane” ., Tpntiev
snd Orlov”@ 414 not i1dentify the products of Berginiza~
tion (destructive hydrozenation) of dibenzofuran in the
presence of iron, conper and saluninum oxide aatalyata;
Orlov”® aid determine that the dibvenzofuran rins was not
&fféat@i"hy Serzinization,

Passed over calcium hydride at 450° several times,

divenzofuran lossas oxygen o give a small #ﬁa&ﬂ of dl-

&Jtv., lﬁk

8% Stenser, Zermen ?atent 566 782, ﬁf?hs%*
1, 1686 fi%?;%;}’

lr,, 7. No. 1,

, sci,*?eaa. ﬁt., 3@ fiﬁfﬁ*~ '; G Aa 2?; 1 3ﬁ €1§33)~7
72 Ipatiev-and Oriov, Der., 523, 593 {1959) .

s Orlov, Bar., 642, 2631 (157

74 Fuchs, Der., ﬁ 2599 (1928).
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phenyl?4, ‘

Reduction by means of alkalil or alkaline earth
mataels 4ilgsnlved in liguid ammonies has not bHaen nrevi-
| ougly annliasd to dibenzofuran rnor ta;its darivatives
tut hag been successfully used In the partisl reduction
of other aromatic nuclel simiiar to Albenzofuran., It
seemad probable that the method of reduction would be
applicahle 1o the Aibenzofuran seriss and 1% has met with
partial success,

Haphthalene reacts with sodfum in liquid ammonia
to zive tetrahydronaphthalene and sodamide, The ploneer
work of this type was nerformed by Lebeau and Pleoon?s,
'ﬁﬁy the usas of sodium in liguid ammonis as tha reducing
%géﬁtwﬁhay prepared tetrshydronavhthalens, dlhviroan-
thraaanég»@atrahyﬁraphaﬁanthran@, tetrahydrodinhenyl
and éibanzyl.wfﬁmylgﬂa, benzane, toluens, cymene an? tar
pinene were noi“aitaakaé, Fluorens and indene wesrs not
roducsd but farmaéﬁﬁsdium subgtitution profucts, ¥Woos-
ter and Smith”® determined that sodium in liquid ammonia
formed a 1,%;3,&~t@£fﬁs@&iu@ g314tion produet with naph-
thalene which was 757 ammonolyzed in 1iquid ammonia
aalutiun; at the boliling ovoint of the splvent, to form
tatrahydronsphthalene and sodamide. Schlubach”” pre-

74 Puchs, Ber., 618, 2599 (1928)., -
78 Lebeau and Pleon, Compt: rend., 157, 223 (1913).

78 Wooater and Smith, J. Am. Chem. Soc., 53, 179 (1931).
77 Schlubsch, Ber., 48, 13 (1913).



pared the sodium addition compounds of dimethvlvyrons,
banzophanone, stilb@nefanﬁ nephthalsne and isolated them
by evavoration of the ammonia and washing off the excess
unsaturated compound with the proper solvent, The reac-
tlons were sszaled tube r@aetiangvtakin% nlace mostly at
room temperatures, Naphthalsne formed a brown addition
product unstable at thils temperature, It‘ﬁaaampa@eﬁ part-
1y to t@t@ﬁhyﬁran&@h@h&i@n&«an@ nartly to hish molecular
welsht hydrocarbons,

A bestter nlcture of the type of resctions to be exe
pected from the action of matals in ligquld ammonia solu~
tion on certain unsaturated compounds, and prohadbly aro-
matic compounds as well, can be had Trom the reaction with
phenylated olefins, This has receilved much attention and
has been summarized by Wooater and Ryan”®, Ths usual re-
action is reduction; but nolymerization, cleavams and
partiﬁl‘aﬁditian have been noted as shown by the following
exampless

Ggﬁguﬁwﬂﬂﬁ-—é> CaHglaHg and ﬂa}ymwwq

(Colly)gC=0Hy —> (OaHy)pONally and gcﬁﬂﬁ)g@mmr]

(Cafs)el=C(0gHgla —> (OgHg) aCNallal{lsHe)e and

(CoHglaHla or (CgHglelNa,

(CoHy) o0=C=0(Callg)a + 2 Na {820k (g u ) sonman(o,i,),

Reduction and polymerization both occur Iin the reaction of

78 Wooster and Ryan, J. Am. Chem. Soc., 56, 1133 (1934).
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naphthalene with sodium In 1iquid ammonia. When the react-
ion of aromstic comnsunds with metals in liguid ammonia
racelivas greater atterition the other types of reaction may
be noted as, for example, the partial addition of sodium

to dibenzofuran to sive a dihydrodibenzofuran,

Alkall metals are frequently of ssrvice in the re-
duction of aromatic compounds, the reduction ocourrinz by
hydrolysis of the intermediate alkall metal addition com-
pound?e, A trial experiment of thisg kind with dibenzofuran
and Iithium in bollinz dioxan resultsd in cleavaze of the
ather bridse, Thie type of reduection was not, therefore,

purasusd fTurther,

79 Sohlenk and Bergmann, Ann., &5 ; 1-97 (1928).
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EXPERIMENTAL

Catalytic Reductions

The low pressurs hydrozenation experiments ware carried
out in the Adams hydrogenstion spparatus already mentioned.
The high pressure, high tempersture hydromenations were per-
formed in an Adkins®® type of apparatus menufactured by the
Pary Instrument Company of ¥olins, Illinois.

A 50O ce, bombd of stainlesms steel was used without a
liner, It w&a'atanéarﬁizﬁé by hydrogenating in 1t a known
amount of acetons in ﬁhﬁ‘yraaanga;af Ransy nickel oatalyatd®
It W&a found that the amount of hydrozen abaorbed by the
acatons could be caloulasted to asree with the experimental
value within one ver cent.

The fractional distilliation apparatus vreviously used
was found to be unsatisfactory for the distillation of vis-
gous hizh boiling neteriale under reduced pressure, A column
desizned to handle small amounts of such materials was con-
structed from 2 ons meter zlasa tube of 6 mm. tore. This
was packed with a single wifaisgiral of No. 22 nichrome wire
wound 6 turns to the inch., The colum was encased 1n an

electrically hestsd, double walled zlass case.

89 Adkins and Cramer, J. Am. Chem. Soc., 52, 4349 (1930).
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Hydrozenation of Dibenzofuran,

It was found necessary to free commercial dibenzofuran
of eatalytice paiémﬂa before employing 1t in hydrogenation
experiments, This was sccomplished by dlstilling it from
sodium, either at atmospheric pressure or under roduced pres-
sure. It was then recrystallized from alcohol and dried; m.D.,
8a°,

Eizht and

ggﬁgégta‘hgﬁrmgQQ§ﬁiaqgl Pt0a catalyst,
four~tenths grams {0.0%5 mole] of dibenzofuran dissclved in
500 cc. of glacial scetic acid w&a‘hy&régenatad at 3 atmos~
pheres pressure, employing 0.4 gz. of platinum oxide catalyst.
Several reactivations warﬁ,naéﬁagary to complete the hydro=-
genation in 12 hours. ﬁypraxim&t%&y 12 atoms of hydrogen
were absorbed, The solvent was neutralized with sodlum hy-
droxide and then extracted with ether. The residue from the
aried ether extract wae distilled from a Claisen flask at
% mm. The distillate weighed 6.6 .3 b. p. 92-4°; n®°D
1.5023; 4®8s 1.035. These constants identify it as nearly
pure perhydrodibenzofuran®?.

FPartial hydrozenation.

Ft0gs eatalyst, Fifty grams

of dibenzofuran was hydrozenated under the same conditions

as above, employing 1.2 g. of catalyst. Wiﬁh 2 reactivations
6¢§ atoms of hydrogen were absorbed in 3.5 hours, the temper-
ature being maintained at I100* by swrrounding the hydrosena~

tion bottle with steanm,
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The solvent was removed throush the fractionation
column and the residus fractionated at 10 mm, %he following
fractions wers taken: (1) 123-5°, 16 =z, (n®°p 1.,%5018; 4%3%,
1.012); {2} 125-6°, 5@5 z. (0?90 1.509%); (3) 125-32°, 6.5
g, {(nBeD 1,5182}. At this point the Alstillate bazan to
801131fy 4n the condenser, This solld and ths s0lld residue
ware identified as dibenzofuran, a toitsl of 447 beins re
coverad, Frootions (2) end (3) were combined and refracs
tionated to yleld 8,0 z, of distillats; n®9D 1.5023, The
yield of perhydrodibenzofuran was 504,

Complete hydrozenation. TRaney satalyst. Thirty-three

srems {0,195 mole) of dibenzofuran was hydrosensated at 150
atmospherss in the presence of 2.5 %, of Raney nickelev
catelyot, No solvent was used,. The hydrosenation required

5 houraat 200° for completion, XQﬁQ'thms of hydrozen beingz
abeorbed, The reduction gwaﬁuﬁt,wﬁé frmétimnatsﬁ at atmog-
pheric presssure, obtaining 1.5 3. of material Alstilling
below 258°, the remeinder {28.5 z.) distilling betwsen 258.9°%
n?oD 1,.5015. Therse remained an ollv residue of 3.0 2. The
vield of perhvdrodibenzofuran from the distillnte was 864,
Partial }

irogzenation, Raney catalyst, REizhty«four

grams of dibenzofuran was introduced into the hydrosenation
bomb with 6.0 2. of Naney nicksl eatalyst and hyirosgen at
Y770 pounds, The temparsiure was raised slowly to observe

the temperature at which hydrozenation began, The pressure
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first bezan to 4dvop noticeadbly at 175-80°%, at which tempera-
ture the hydrozenation was conductsd until 4,7 atoms of
hydrogen had been absorbed; 4 hours were required,

The liguid product wasz decanted from the catalyst amd
fractionated at 10 mm. The following fractions were oﬁtaine&:\
(1) 112-21°, 2.5 z. (n®9D 1.5200); (2) 121-8°, 27.8 z. (n®0p
1.5320; a%%, 1.5425); (3) 128-32°, 15.7 =. (n?9D 1.5563),

At this point the distillate bezan solidifyinz in the con-
denser, Fraction {2) was refractionated at atmospheric pros-
sura; (la) 258«9°, 22.0 z. (n%°D 1.5233 to 1.5342). The |
residue (5.8 z.) =0lidified. Fraction {la) was then re-
fractionated at &ﬁm@agha?ia ??@Eﬁuféﬁ 258.9%, 13.0 2. (n2oD
1.5230 to 1.5295). ‘Thie 1g apparently impure perhydrodl-
venzofuran, not all of the impurity beinsg dibenzofuran since
nyevious éxgarianea showed that a zood aeparation of dlbenzo-
furan and psrhydrodibenzofuran could he obtained by use of
the fractionstion colum. The solid residues were combined
and recrystzllized from aleohol, m. p. 84°, The recovered
divensofuran was 50%‘@? the orisinal amount used,

Hydrozenation with platinum black catalyst, After

observation of the above results on the hydronenation of
dibenzofuran with two typeg of catalysta it was doemed ad-
visable ﬁo‘rggaat the work of Cullinane and Padfield® 4n
which they hydrosenated dibenzofuran in dry acetic amcid
solution in the presence of a platinum black ecatalyet to

obtaln good ylelds of tetrahyirodibenzofuran.
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The platinmum black eatalyat was prepared sccording to
the directions of Feulzen®l, Dry acetlc acid was nronared
by four times fractional freezing of zlaclial ancetic acid
and then distl1liny from the coleulated amount of phosphorus
pentoxide to completely dry 1t. The amount of wziter oresent
was calculated from the freezinzg point®®,

| Divenzofuran (8,4 z.) dissolved in 50 ce. of dry acetie
acid was hydrogmenated in the presence of 2.0 z. of platﬁnum
black catalyst. The absorption of 4,2 atoms of hydrosen
ra@uir&diig hours. The warm scetic seid solution &aa d4luted
with W&t@f untll orecipitation bagen and then cooled, After
filﬁratiaﬁ_ﬁ&e acld was neutralized anﬁ’th@ﬁkextr&steﬁ with
ether, The sther was evanorated and the residus talen up
in hot A41ute alaéhal* On cooline wore dibenzofursn separated
and was filtered, Pleric scld was slded 1o the filtrate and
allowed to ‘atand for 2 davs, obtalning 1.2 2. of plerste
identified ze the plcrate of dibenzofuran by mixed melting
péint. The total resovsry of dihenzofuran was 6297,

?he‘alamhulrrasiéug waa evamoratad undar r@&uagﬁ
greﬁﬁura and the rwmaiﬁiﬂ@~pii’éistillsﬁ from a omall flask,
dlstilling over the rﬁng@ z§§e5§?; n®eD 1,5224, This
wag avid@nily;imyara perhydrodibhenzofuran, It was not
further purifisd bhecsuse of the small amount., From the
81 Feulzen, Ber., 44, 360 (1921).

8% Brousfleld and fowry; J. Chem, Soc., 99, 1432 (1911);
Orton =t al, ibid., 99, 1432 (1911).
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amount of dibenzofuran recoverad it is evident that the 4.2
atoms of hydrogen consumed would saturate the remaininzg 41«

benzo furan.,

zenatlion of 2-Hydroxydibenzofuran, P10, Catalvst.

Hydrogenation wag @@rfgrﬁaﬁ In zlaclial acetic acid
solution at 3 atmospheres and 100° in the presence of 0.8 g.
of platinum oxlde eatalyst, With 8.4 2. of material 2.5
hours were required to absorb & atoms of hydrogen. ¥o
reactivation was necessary,

The solvent was nsutralized with sodium carbonate and
extracted with ethsr. The esther extract was éx%ract%ﬁ with
107 sodium hydroxide, Acidification of this alkaline ex-
tract yi@lﬁ@ﬁ 3.5 7. of white 80114, n. p. 133°%. Wixed
meliing point with the orizinal, 133-4°, This 18 a 327 re-
covery. The alkall insoluble, ether soluble vortion was
Adriad and the ether evaporated, obtaining 4.% z. of oil,
This was distilled from a é&&l&-@lﬁisan flask, yielding
3,5 5. of distillate, b, p, 108-110° (7 mm.); n®*°p 1.5012;
a%%, 1.017. This identifies 1t as perhydrodibenzofuran,
the yield beins 424,

Hydrogenation of 4-Hydroxpdibenzofuran, PtOg Catelyst.

This hydrozenstion was garrisd ocut in 2 manmer sinilar
to the previous hydrogenation, 15.0 z. of material with 0.7 z.

of catalyst requirinz two hours, with one reactivation, for
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the sbsorption of 6 atoms of hydrozen., The product was
manisulated In the same manner as the product of the nravious
hydrozenation to obtain 7.0 g of alkall insoluble material
from which was obtained 4.5 z, (317} of pure perhyirodi-
benzofuran by dlstillation. From the alksall soluble fraction

517 af reasonably pure startinzg material wes obtained,

Hydrozenation of A~Hydroxydibenzofuran, Nickel Catalvyst.

& supported nickesl catalyst was prepared by denositing
nickel hydroxide on kieselguhr by the actlon of ammonium car-
bonate on nicksl nitrete. The dirssctions of Adkins®® #ara
followed excopt that the raduction of the hydroxide was
carried out at 380° for one hour,

Bizht and one-half agrom
iﬁﬁ?@&vﬁ@&riﬁtﬁ the homb with 4.0 . of catalyst and hydrosmen

" Auhydroxydivenzofuran was

st 700 pounds pressure, Hydrozenation began slowly at 140°
aﬂd‘r@quir@d % hours for the absorption of aspproximatsly 8
atoms of hydrogen, The 1lgquid reaction product was washed
out with sther, filtersd from the catalyst and extracted with
107 sodium hydroxide., The sther soluble material welkhed
2,7 . and was shown to be perhydredibenzofuran; yield, 324,
™e nlkall soluble portion came out &8 an oll on acldifica-

tion and could not be reasnlved into & pure vroduct,

83 pdkins, J. Am. Chem. Sos., 58, 1651 (1932).



Hydrozenation of A-Methoxvdibenzofuren., Wickel Catelvet.

This hydrogenation was performed in dloxan solvent with
4,0 5. of supported nickel catalyst which had been reduced at
380-390® for 1 hour., The hydrozenation bezan at 135° at 160
atmospheres pressure. Twenty grams required 3%»@&&3@ for the
absorption of 4 atoms of hydrosen,

The reduced solution was fresd of the catalyat by £il-
tration, the dioxan removed under reduced pressurs and the
rogidue fractionated into 3 fractions: {(1)to 110° (3 mm. ),
2.2 g. (n®°D 1,5028); (2) 110-119°, 8.2 z.; (3) 119-17m1°,

4,2 z, The rate of distillation became slowsr betwsen frac-
tions. The physiesal constants of the firat frection indicate
it 1o bﬁ"@éfﬁ?&?@ﬁibﬁﬁz&fﬂr&ﬁ; the third fraction and the
residue were found to be unchanzed A«masthoxydibenzofuran,

The second fractlon so0lidified on strons coolling and agitat-
ing with 30-40° petroleum ether, The 80113 was recrvatallizad -
from this solvent and melted constantly at 39-39.5°. It was |
ghown to be mathcﬁaﬁaﬁr&hyﬁrg&ihanzﬁfaran by analysla for
ca&bﬂm,‘hyﬁrﬁgﬁﬁ snd mathoxyl; the vield was élg; |

‘é;ai‘ Galed, for CyaHaeOst C, 77.19; H, 6.99; OCHy,
15.4. Found: "G, 76.81; H, 6.91; OCH,, 15.6. |

1;2,3;#gﬁatrahyﬁra~§~m@%haxy&ih@nzafuran'h&ﬁ haen pre-~
pared by ¥bel* by ring closure, meltinzg at 39.5°%. The mixed
melting point of this compound with the methoxytetrahydro-

dibenzofuran prepared by the asbove reduction is below 25°,



rozenation of 2-Methoxydlbenzofuran, Pi0a Catalyst,

It was found necessary o free 2-methoxyviibenzofuran
of catalytic voisons by heating It with 2 small amount of
Raney nickel at 200° for 1 hour -- a,%rﬁat@@%i~aima found
effective in the purification of dibenzofuran. Fourteen
grams of this material in zlacial acetic acid was hydrozen~
ated at 100° aaﬁyﬁ*at&aayhgr%g~in the presence of an Initial
amount of 0,65 2. of platinun oxide eatalyﬁiﬁ The hydrogens-
ation was very slow, 20 hours beinsz required for the addition
of & atoms of hydrogen, Two additions of fresh catalyst
wers made. After the product hadl been szyarzted from the
eatnlyst and solvent an attemnt was made 1o fractionnte 1t.
Tt d1lstilled over the rense 120-177° (10 mm,) with no dis-

sernidle fractlonation.

J=Aminodibenzofuran.

Preparation o
| A catalyiice m@tﬁﬁd of reluction of Z-nitrodibenzofuran
ﬁa J-aminodibenzo furan was ﬁa%al@ﬁ@ﬁ; A modification of the
method emplovinz platinum oxide catalyst has been enmloyed
by Kirzpatrick and Parker®®, Raney nickel eatalyst 1s to be
preferrad because of 1ts ease of preparatlon end the elimine
ation of the troublesome recovery,

3~§§ﬁ?§§ib@ﬁaafuraﬂ 1s bhest ga?ifi@ﬁ'ﬁy roacrystalliza«~
tion from acetlc aeid. It was found neceasary to wash 1t

thorouzhly with water and finally with 41lute smrmonium hy-

84 Kirkpatrick and Parker, J. Am. Chem. Soc., 57, 1123 (1935).
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droxide to remove all of the acstic acid which volsons the
eatalyst., It was then dried until the odor of ammonin Alse
appeared, Fifty zsrams of this purified materisl was intro-
éuee@ into the hydrozenation bottlse of 380 cc. capacity,

150 co, of ethyl aleshol and 15 ce. of an ethyl alsohol sus-
pengion of Raney nickel eatalyst added, The reduction starts
ala%ly unless the hyﬁfmg@natiﬁn'ﬁc%tla is heated with steam,
The hydrozenation was initiated st 45 pounds and was kept
abvove 20 pounds by refilling, This war required to pravent
the aleo'ol from boilinz. The theorstical amount of hydrogen
was abssrbed in 1 hour. ”

%h@n the reducstion was comnlete the sleshsl sslutlion
was cooled below ite hoiliny point hefore relesasing thes nres-
sure, was then removed, reheated t3 brinz the anine into
golutlon and the solution decanted from the eatalyst throush
a ﬁeata& filter. The solutlon waﬂ~é§ﬁar and mg;gr1§ss, all
of the yallew eolar of the J-nltrodibenzofuran having dlsw-
anpearsed, On conlinzg the alecohol solution to about 10° much
of the amine crystallizes out, 35 2. baing obtalined melting
at 98-9°%, The residus remaininz after the removal of the
aﬁcﬁh&l melt@é.at g7, It was purified by precinitating it
from ather solution as the hyirochloride, Deesmpogitisn of
& water solution of the hydrochloride with ammoniw hydroxide
yvielded 6.2 z. of anine, m. p. §98-9°, The total yield was
96%.

The aatalyst, Trom which the amine was decanted, was



usad repeatedly, Fifty or sixty grams of J-nitrodibenzoPuran
was found to be the maximum ancunt that could be used in the
hydrozenation bottle of 350 ce, canzelity because s zreater
amount produced a suspension too viscous to bs ghaken effect-
ively. -Yields of B5<907 of amine meltins at 97-0° wors men-
erally obtained from the orizinal aleohnl solution hy 41lution
and cooling.

¥r. Jacob Swislowsky, in this laboratory, has smployed
isopropyl aleohol as the solvent in place of ethyl sleshol,
The advantaze in 1ts use lies in itn hisghar bmiling polnt,
obviating some of the cautions mentioned above congerninz the

usns ol ethyl aleohol.

Preparation of 4-Aminodibenzofuran,

Thia substance has beon propared from A-bromodibenzo.-
furan and 4-hydroxydibenzofuran by several methods, none of
which is guite satisfactory®®, fThe procedure in zrantest use
_in this laboretory has been the reactlon of ammonium hylroxide
and cuprous bromids on 4«<bromodihenzofuran at 200°, the re-
action beinr carried osut in & zlazss lined stesl bom¥®®, Ore
dinarily the d-bromodibenzofuran is admixed with Albenzofuran
a3 1t 1s obtained from 1ts preparatisn by the metalatinn of
| Aibenzofuran with butyliiithium and subseguent dbromination,

o P. R. Van¥so, in his Doctoral Dissertation, Jowa State

College, 1936, page 46, discusses the methods that have
besn emolayed in the preparation of 4~aminodibenzofuran.
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and this mixture ig emploved in the aminatinn, The prenari-
tion of A~hromodibenzofuran from this material by the reaction
of sodamids In liguid ammonia was attempted,

Thirty-five zrame of crude A<lromodibenzofuran in 60 ce,
of dry benzene was z2dded dropwise to a golution of sodamide
in 400 c¢c, of liguid ammoniz. Ranid atirrine waz maintalined.
The sodamide was prepared in solutinn from 5.5 7. of soddum
by the method of Vauzhn, Vozht and Wieuwland®®, The reaction
was not vigorous., One hour was allowad for the r&a&t?sn;
Excess anmonium chloride was then added and the product re-
coverad in the usual manmer, The amine was precinitated from
ether solution as the hydrochloride and recrystallized from
watsr as auch, It was then decomposed in water solution with
sodium szetate, Bight grema (319) of anmine was obtained, A
1ike amount of the same prepvarstion of srude 4-<bromodihenzo-
CPuran was aminated by the bomb mothod Just described to yleld
4,5 3. {177) of amine,

Preperation of 2-Aminodibenzofuran,

Thirty-eisht srems (0,154 mole) of pure 2-bromodibenzo-
furan dlssolved in 70 ce., of dry benzene was added to a solu--
tion af"ﬁ;?ﬁ‘male of spdaride in 400 ce. of 1iguid ammonla,
Tha sodamide was prepared In solution from 6.0 o, of sodium
in the sams manner as in the previocus experimsnit, One hour

b ?augh%g Vosght and Nieuwland, J. Am. Chem. Soc., 56, 2120
(1934).



was allowed to complete the reaction, The product was re-
coverad snd purified to yiel&‘l@;? 2. (607} of pure amine.
This 1a a lower yield than thot obtalned by W, O,

Bywater®”? by the bombd method,

Attewpted Hydrozenation of J-Amianodibenzofuran, Nickel

Catalyst.,

Sékmimaﬁiﬁangafuyan wo.s pr@@&?ﬁ% for hydromenation by
roduced pressure distillation from Raney nickel. Hydrozen-
ation waes then attenpted in dloxan solution employing nickel
on kienelsuhr as catalyst. Xo hydrogenation had taken place

after shaking for % hours at 235° apnd 170 atmospheres.

Attemoted Hydrosenstion of 4-~Aminodibenzofuren. HNickel

Catalyst,

S-Aminodibenzofuran was subjested to hydrozenation
under the conditlons of the previous experiment. Uo hydrogen

wag abgorped and the hegninodibenzolfuran was recovered.

Hydrozenation af’ﬁwﬁminaéi%anxafuéan¢ Rangy Catalyst.

Four and one-hnalf grams of 3J-aminodlibenzofuran, which
had besn distilled from ﬁ&ﬁﬁy-ﬁiﬁkﬁly waso hyﬁrag@n&te& in
othanol seluticn at 100® and 3 atmespheres. Approximately
2 g. of Raney catalyst was employed, The hydrozenatlon was

87 §. &, Bywater, Doctoral Dissertation, Iowas State College,
1934, pamge 30.
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slow, 3 hours being required for the absorption of the first
atonm of hydrozen and 14 hours for 1,9 atoms.

The resuliing solution was filtered from the eatalyst,
warmed, diluted, and then cooled to precipitate 3.6 g. (80%)
of a erystalline amine melting at T72%; recrystallized from
the same solvent, it melted at T2°.

éﬁﬁé@ Caled. for CaeHy 0Nt €, 77.80; H, 5.99. Found:
C, T7.38; H, 6.01.

\ The amine absorbed bronine without the loss of hydrozen
bromide. To 0.5 g. (0.0027 mole) of dihydro-J-aminodibenzo-
furan in 20 ce. of dry chlovofom at 0% was added 0.0432 g.
l{@.Gﬁﬁﬁ& mole} of broming in 20 ce. of cold chloroform. The
bromine was decolorized Immediately without the Tformation of
a precipitate, Had hydrogen bromide been evolved the amine
ﬁ5u&& have beon preclinitated as the hydrobromide. One~half
of the chlaroform was evaporated and the ramainder diluted
wiﬁhléﬁaﬁg petroleun ether., On cooling, s wiite erystalline
ﬁaliﬁka@§&rat@ﬁ, melting at 185-6° with decomposition. It
wau recrystallizod from the same solvent, m. p. 186%, with
decomposition. The amount obiained was 0.868 g. or Ti4.
Analyais for bromine showed 1t to ke a dibromide.

géﬁgj Caled. for CuaHs 0HBret Br, 46.32. TFound:

Br, 46.71.

Three-tenths gram of this dibromlde was refluxed for

2 howrs in an absolute ethanol solution of sodiunm hydroxide.

The cooled solution was {iltered to remove precipitated
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sodium bromide and the Iiltrate diluted. One~tenth gram

(622) of ecrystalline meterial which melted at 90-2° was ob-
ﬁ&ia@é‘ This was recryatallized from dilute ethanol} m. p.
97-8%, It was found to be J-aminodibenzobenzofuran by the

method of mixed melting polints.

Action of

Athium on Dibenzofursn in Bther Solutiona,

One-tenth mole (16.8 5.} of dibenzofuran which had
bean well desiceated over sulfuric soid, 0.22 mole (1.5 Z.)
of lithium and 200 cc. of sodlum dried dloxan ware placed
in a Fe-neckeld [lask %ﬁﬁipﬁ@ﬁ with an officient stirrer and
reflux condenser which was closed with a dryiny tubs, The
dioxan was heated to slow relflux and raopid stirring was
maintained, The golution turned a brick red in color ime
madiately on heating and as the rsaction procesded 8 choco-
late brown solid appeared. Rapid stlrrinzg was necessary to
kesp the surfase ol the llithlum olsan, Host of the 1ithium
had been consumed at the end of 4 howrs, At the end of 12
hours the resction mixture was cooled and waﬁaruﬁisxgﬂ
mixture carefully added to hydrolyze the reaction product.
¥oat of the smolvent was withdrswn by means of the water pump,
the residus amidified and extracted with chér. The ether
solution was dried snd the ethier evaporated. The residual
0il distilled at 137-141° (6 mm,). The dlstillate solldi-

fied on standing and was found 1o melt at 55-6%, It was
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recrystalllized from 60-58° petroleum sther, melfinz at §‘°.
The melting point was not depressed by mixinz it with éy
hydroxybiphenyl which melted at 57°, The yield was 13,1 g.
or 784,

The same reactlion takes place in dlethyl ether but at
a much slower rate.

Bizht and four-tenths zrams of dibenzofuran (Q;&é nole)
was dissolved In 75 co, of dry ether and introduced into a
Sechlenk tube in which an atmozphere of nitrozen was maine-
tained, To this was edded 0.75 z. {0.107 mols) of lithium
which had been ecut into small pileces, The tube was closged
and placed in a mechanical shaker 1o maintain constant and
vizorous shaking., This was necessary to ksep the suwrlace
of the 1lithium fres of the brown solid which berman to form
in about one=half hour. The shaking was discontinued in 36
hours and the contents of the tube drsined from ths small
amount of 1ithium which remained., Watsr was carefully addad
to hydrolyze the nroduct. The mixture was acidifisd ani the
gther layer separated and dried., The ether was evanorated
and the remalining oil 4istilled at atmospheric pressure;
b, p., 283=5°% {740 mm.). The Adistillate solildified on ecool-
ing; m. Pe 50-5°, It was twice recrystallized from 60-8°
petroleun ether to yﬁelﬁ 5.1 z. (607} of o«hydroxybinhenyl
nelting at 56-T7%.
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Reductlons in Liguid Ammonia

Provaration of Dihvdrodibenzoluran.

Ty§iah1’af‘ax@arim§ﬁﬁs on reductions in 1iquid ammonis
is the following reduction of dﬁ&@nmafaéankin 1iquid ammonia,

Lioguid ammonia (400 ce.) wag‘ruﬁ into a pint Dewar
flagk from a commercial ammonia tank or from a small auxil-
iary tank., The ﬁ@war'flgﬁk wao equimmad with a motor driven
stirrsr. To the ligquid ammonia was added 12.0 =z, (0,54 mole)
of sodium cut into small alices, This dlssolved on atirring
for a few minutes after which the dry s0lid dibenzofuran was
slowly added, It was found to be esssentlal to complete re-
dustion that the dibenzofuren be finely divided, After thes
addition of 30.0 z. (0.18 mole)] of dibvenzofuran, which re-
quired 20 to 30 minutes, stirring was continued for %0 mine
utes. Excess® ammahium'ghlarié@'wam then added, carsfully
to prevent too ranid reaction, The resulting mixture was
pourad ints & beaker and the ammnia evanorated from a nteam
bath. It was found unnecessary to trap the ammonla vavors
it éh@ work was parformed under an efficlent hood. An or-
dinary thres.nacked flask gerves guite as well gﬁ the Dewar
°§a%§: The smount of ammonium chloride addsd ghounld he
pquivalent to the total amount of sodium used, USodamide isg
formad by the ammonolysis of the orsancsodium comoound and
may exist in solution after the dacomvosition of the dissolved
sodiun and organcsodium compound, The latier two are detected

by the respective blue and red colors which they lmpart to the
solution. Sodanids is very explosive in contact wlth molsture,



Tlask except that additional ligquid ammonia had to he added
to raplace that lost by gvaﬁar&tisﬁ‘

The reduction mixture, fresd of asmmonia, was dissolved
in ether and water, the ether layer sepnarated, dried ovar
enlelunm chlorids and the ether evanorated. The residunl
m&ﬁerﬁéi was dlstilled under raduced pressure, b. p. 110° |
(5 mm,). The distillate solidified on cooling, m. p. 30-1°,
Tha yield was 827, Reorystallization from methanol or 60-68°
petroleunm ether railsed the meliing point to A42°,

Anal, Caled, for ﬁiéﬁgQQ% O, 84.6%5; H, 5.,9%; found:
¢, B4.,40; H, 5.87.

Addition of Bromine to Dihydrodibenzofuran,

To 8.5 z. of 1,8-d%hyvdrodibenzofuran in 50 cc, of dry
ehloroform, cooled to ~10°, was added a solution of 8.0 =z,
of bromine in dry chlorsform at such a rate that the temver-
ature did not riece abevé 0%, Hot 211l of the hromine was
ahaorbed and some hydrozen hromide was avolved toward the
end of the addition. The resction was allowed to stand 12
hours at 10°, The chlorofsrm and excess bromine wore than
evaporatad under diminished pressure and the residue re-
sryat&lliz@ﬁ twice from chlmr@farm~met&yl aleohol soluilon
to yisld 647 of dibromotetrahyirodibenzofuran, m, . TO%,

Ansl, Caled. for CyaH;0Bret Br, 43.45; found: B3r,
48,22,

One zram of dibromotetrahydrodibenzofuran was added



to 1.0 5. of potassium hydroxide in 25 eca, of ahoolute ethanol
and the solution refluxed for 12 hours, After cooling, the
potaszium bromide which sevarated was filtered from the solu-
tion and the filtrate warmed and 41luted. On coolinz there
was obtalined 0.3% z, (647) of s0lid, m, p. TB-9°, - ATter two
recrystallizations from alechol 1t melted at 83° and mixed

with dibenzofuran 1t melied st 83-4°,

Dehydrousnation of Dihvdwodlibenzofuran,

A mixture of 1.0 z. each of dthvdrodibenzofuran and
sulfur was dlaced in a test tubs fitted with a cold snot con-
denser and the tube heated in a metal bath to 250° for 90
minutes. Hydrozen sulfide was ranidly evolved when the tem-
parature Tirst approsched 250°, The cooledl reaction mans was
extracted with hot abgsolute ethansl, From this extiract there
was obtained, by dilution and coolinz, a 707 vield of diben-
zofuran.

Dihydrodibvenzofuran Is also oxidized to dibenzofuran
in very zp00d vields by 57 alkaline permanzanate and by chrom-
ic oxide in glacial asetic acld,

Treated with hyoochlorous acid in the same mammer that
Bambarzer snd Lodter®® treated 1,4-dthydronaphthalens to ob-
tain tstrahydronavhthalenschlorhydrin, dihydrodibvenzofuran

vields 707 of pure didbenzofuran.,

88 Bamberzer and Lodter, Ann., 288, 81 {(189%5).



Oxidation alss ocourred whon an attempt was made to
nitrate dihyﬂr@ﬁibenzﬁfuraé by treatin% gn acetic anhydride
solution at ~10° with fuminz nitric acid, conditiona under
which tetrshydrodibenzofuran is nitrated®®, The only pro-

duct was a small amount of impure dibenzosfuran.,

Acetylation of Bihydrodibenzofuran,

The method found faverable for the acetylation of
tetrahydrodibenzofuran was Tound ta»aeatylat@'ﬁihyﬁradiu
venzofuran in good yvilelds, Thirteen grams of Aihydrdibenzo~
furan, 7.7 5. of acetic anhiydride, 40,0 m. of anhvdrous
atarmic chloride and 150 ee, of dAry benzene were placed in
& 3-necked flask squivped with a stirrer and econdenser
closed with a drying tube, This mixture was refluxed for
16 hours, hydrolyzed with loce and then extracted with ether,
A relatively largs amount of ether was found to be necessary
gince the product wss not highly soluble in ether. Chloro-
form was‘faumﬁ to be a batter solvent. The ether solution
was washéd with ﬁilata-ﬁadﬁum hydroxide and with water and
driad over anhydrous ssdium sulfate, Evavoration of the sol-
vent left 185.5 g. of 801id; m, ». 1@?“12“ This was re-
erystallized from mcetic acid to vield 14.% =,, or 897, of
seetyldthydrodibenzofuran melting constantly at 117°.

Anal, Caled. for CysH3.0e: ©, 79.21; H, 5.71. Founds
C, T9.55; H, 5.68.

Tive grams of this acetyldihydrodibenzofuran wes
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suspended in 500 ece. of water and 25 z. of calcium hyno-
chiorite and 40 ¢, of sodium carbonateée were added, This
woe heated on & stesm bath with stirring for ia hours, Tt
was then flltered and the filtrats acidified with hylro-
chloric acid., One gram of presinitate waz obtained, which
was recrystallized once from ethanol and twiece from dilute
acetic acid to melt at 270°: vield, 207, I-Nibonzofuran-
carboxylic acid melts at 271°., A mixed melting point of
these two melted at 270-1°.

One-half gram of the acid from the oxidstion of the
acetyldihydrodibenzofuran was methylated by paseing dry ’
hydrogen chloride into & boiling absolute methanol aalutian§
Reflux was maintained for % hours. The ester wasn crystal-
lized from the diluted solution to obtaln 0.4 g, of ester,
M. P. 137%. Recrystallized once from petroleum ether it
malted at 138%; mixed malting voint with B-carbomethoxy1i-
benzofuran, 138°,

To establish the structure of this acetyldihvdrodi-
benzofuran to be Te~acetyldihydrodibenzofuran 1t was reduced
to the known T-acetylel,?,3,4-tetrahydrodibenzofuran, This
was accomplished by hydrogenation wlith Ranev nickel catalyst
at room temperature and 2 atrospheres pressure in ethyl al-
ecohol solutlion, Forty minutes was required to hylrogenate
5.0 2., of substance eﬁylagimg soproxingtely 2.5 to 3.0 o,
of catalyst. The product melted at 65°. The melting noint

was reised to 67°% by one recrystallization from 60-8° pe-
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troleun ether, #¥ixed melting point with authentic T-mcetyl~
1,3,3,A*ﬁ&iraﬁyﬁraéi&g?%ifurﬁa¢ £7%. The yield of murified
naterizl was 1.6 5. (8e¥), It was found necessary %o purifly
the materizl to be reduced by distillation from a smell amcunt
on the nickel catalyst. The reduction was first ettenpted at
100%, An oily product was obtained which undoubtedly resulted
from the reduction of the ecarbonyl gsroup ag well as reduction
of the ring, This oll was not investigated further.

The oxime of gostyldihydrodibenzofuran was prepared by
the usual methods m. p. 166°, .

Anal. Celed, for CuaMHys0sN: N, 6.17. Found: N, 6.27.

Reduction of Acetyldihydrodibenzofuran Oxime,

- A zine dust and é&étia acid reduction was carried out
on this oxime in order to obialin the corresponding amine,
Ta 7.0 z. of oxime in 100 ec. of absolute ethanol was added
20 ce, of zlsclal scetlc aclid, 10 g. of zinc dust and 5 eco.
of water, This was refluxed for 4 hours. The hot solution
waeg Tiltered from the zinc gludze and the aleohol ramoved
with steam, The residue was taken up in ether, the ether
solutlion drliaed, and dry hydrozmen chloride zdded, The hydro-
chloride which separated melted at 248%; amount, 1.4 3. It
malted at the samg point after recrystallization from water
stronzly acldified with hydrochloric acid, The analysis
indieates T, a=amincethyldihydrodibvenzofuran, No test was
made for a primasry anine,

Anal, Caled, Tor TyaH;s0NCl: N, 5.58. Found: N, 5,60.
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Eetalatlon of Dihydrodibenzofuran,

gﬁéutyllithium was prepared by the action of sxcgan
1ithium on 10.6 g. (0.077 mole) of n-butyl bromide in 200
ce. of dry ether, An atmosphsre of nitroren was maintained
during this and subsequent operantions, The reaction mixture
wag copled in an lce-sall bath and filtered from the excesns
l1ithium into a cooled ethsr solutlion of 8,5 x. (0.05 mole)
of dihyirodivenzofuran., A4 slizht yellow color develoned ime
nadistely and despened to o red color in a few mimites. The
regction wrs allowed to proceed at <15° For 35 minutes and
was then carbonated by pourins it Into an ether-snlid carbon
dioxide mixture,

Koldification of & water extract of the carbonated
product yilelded 3.6 - (3@%} of acidic material which was
_ recrystallized twice from ethanol and once from acetic acid;
Me Do 278=9%, Analysis, molecular welcht and neutral equiva-
lent showed 1t to be a monoearboxylic agld of dthydrodiben-
zofuran., _

vggg;. Caled, for CyaHseQat ©, T2.70; H, %4.70; neut,
equiv., 214; mol, wt., 214, TFoundy O, T72.58; H, 4.84;
neut, equiv,, 216; mol, wt. (Rast}, 210,

From the above ether extract thers was recovered 5.0 o.-
(597) of dihydrodibenzofuran.

Fifteen~-hundredins grams of dinydrodibenzo furancar-

boxylic acid was dehydrozenated by heating 1t with an equal



welsht of gﬁlfné for 45 minutes at 250°, The dehiydrogenated
product was extracted with hot &bg@laﬁe athanol and ervsial
lized by dilution and cooling, After two reerystallizations
from dilute gcatic asid 1t molted constantly at 248~9%;
vield; 0.1 za (669). A& mixed melting point with 2-3ibenzo-
furansarboxylic acid which melts at 248-9° was not Aeprossed,
The nethyl sster was prapared and faund to have the sane, and
‘not to depress, the meltinz point of Z-carbomethoxydibonzo-

furan, m. D T3=4%

¥etalation of 1,4-Dihydronavhthalene,

l,@sﬁihyarmﬁ&@hthaiﬁm@~%&3 prapared by the sodium and
alesiol reduction of naphthalens®® and purified by the method
af7ﬁa§ﬁﬁﬂg"Fiva zrams (D032 mole) was m&%&i&tﬁﬁ in the same
menner as was dihydrodibenzofuran @Kﬁﬁ?ﬁ that the resaction
wasg allowod to proceed for 7 hours before earbonation, Sixty;
four per cent of the 1,%-dihvdronavhthalene was resovered,
Prom the alkaline extract there was obtained 1.7 3. of acidie
materinl which was recrystallized twice from 50% acetic acid
to melt at 10%~6%, One-tenth sram of this acid was dizaented
for ﬁahaurg with alkaline potassium ferrisvanide. On acidie
(ficatigﬁ an acid was precinitatsd which, after osne recrystal-
iization from dilute acetic acld, melied at 192°%, A-Havhthole
acid melts at this same temverature and a mixsd meliing point

88Bamberzer and-lodter, Ann., 288, 75 (1895).
20 Sand ,'2%4 » ‘ﬁg 3705 {19{35} -
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ghowed them to be tho samo.. l,é~§ihyﬁrmng*naghthnic acid

is described by Bayer® as meltinz at 104° and to be easily
oxidized ta,ﬁunaéh@hﬁis ecid with alkellne potassiun Torri-
cyanide, The 1.7 #. of 1,2-d1hydro-2-naphtholc acid obtained

from the metalation represented a 267 yield,

Reduction of Dihvdrodibenzofuran,

Tizht and four-tenths grams {(0.0% mole) of dlhydro-
dibenzofuran was hydrosenated in ethanol solvant at 2.5
atmospherss prassure snd in the presence »f glaﬁﬁmmzexi@@
catalyat., The absorption of hydrozen stoppsed at 2 atoms,
With one reactivation 4 hours wers reguiredl for the reduc-
tion, The aleohnl solution was filtered from the catalyst,
the aleohol removed under reduced pressure, and the re-
sidual oil distilled. All of 1t distilled over the range
107-9° (4 mm;}; n?0D 1,5793. These constants Indlcate pure
tetrahydrodibenszo fureny n®°D 1.5795, b. p. 135° (9 mm,)®”.
The plerate was prepared, meltinz at 97°. The pierate of
t@tr&hyﬁrwﬁibenmafuran melts at 97% nmixed melting voint,
97°.

Reduestion to tetrahydrodibenzofuran was also accoms
plished by employing Raney nickel as the catalyst under
conditions gimilar to the above and by reducing with sodlum

and aleoinl, In nelther cass was the produst as mare as

9% Payer, Ann., 266, 202 (1891).



that oroduced by reduction with platinum oxlde, apparently

haecause of incomnlets reduction.

Attempted Isomerization of Dihydrodibenzofuran with Sodium

Dihydrodibenzofuran was heatsd with % tinmes Its welght
of 52 sodium ethyinte in 2 seale? tube at 120° for % hours,
The starting motorial was recovered with only a =21izht de-
pression in melting polnt. The sxneriment was repeated,
hentins to 180° for 9 hours. Ths reacdtisn nroduct was an
511 which was distilled from z small Glaigan flask, Thres
grams of distillate wasn 9%tain®é,[f§* v. 112.38° (3 mm;);7
from 7.0 7. of starting moterial, The remoindor hecame 2
glagay solld on cooling.

The distillate besame 2 mushy 20132 on cooling., Te-
paated recrysitallizatlion from methyl alooshol yieldsd onee

nalf mram of pure dibenzofuran,

Attemptod zﬁo&gggaatiaﬁ,af Qﬁhy&rmdibﬁnzafuran with Raney

Catalyst,

Three srams of dlhydrolibvenzofursn was hosted to 270
in s sealsd tube with Raney nlecksl for 4 hours, The nroduct
maelted at 75~0%, T4 was Aissolved in hot aleohnl, Tiltered
from the eatalyst and cooled, The 90112 which senarnted
was recrystallized to yield 1.1 =, of pure dfhenzolfuran,

The aleohol filtrates wore combined and 2,0 %, of plerle



acld added. The pierate which separated was frund +o bhe
the plerate of dibenzofuran, A total of 2.5 a. (8%7) or
pure dibenzofuran was recsoverad., Not all of the rsstidual
dibvenzofuran was removed by treatment with »ioris 2013 as s
eryatalline 90l1id and dAroplets of 011 senarated from the
aloohollie nierie acid solutisn on d11ution and neutraliza-
tion wlth sodium hydroxide, Tha aleohol was removed from
this residue and the lati&r'éﬁsizlleﬁ from a small flask,

A few drops of distillate wae obtained, boilinc at 259.61%;
n?%p, 1.5121. These physical constants are near those of
parhydrodibenzofuran and the odor was characteristic of per-

hydrodibenzofuran, It d4id not form a plerate.

Ozonization of Dinydrodibenzofuran,

Several atﬁempta wore made, under a varistiy of cone
ditions, ia obtain ozonizatlion products of dlhydrodibenzo-
furan which would be of walue in elucidating its astructure.
The only products obtalned wers dibenzofuran and w&iicylic
acid,

Experiment No. 1., Nine grams (0.053 mole) of dihydro-

dibenzofuran in 200 ce., of dry chloroform was ozonlzed at
room temperature for 12 hours. A zunmy ozonlde precinl-
tated, 4 sample of the supernatant liquid was found not to
absory ﬁraﬁina, The stability of the ozonide wag tested by
placing a smzll sample on a spatula and warming over a flanme,

It was found to be quite stable, as it sxploded only after
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sonsiderable warming.

The chloroform was removed by means of the water pump
and the remaining ozonide covered with 100 cc. of water, HNo
reaction was apparent until the water was heated, when the
ozonide zradually becams liquid., After 3 hours of heating
the whols was eooled, Ths olly material became sufflciently
s0lid to be [iltered. The rosidus was dlssolved in alcohol
and d4iluted. ©On cooling there was obtalned 0.9 z. of diben-
zofuran. Purther dilution ylelded sn o0ily precipitate.
Stean dlatillation was then attempted. The only product
obtalned was 1.2 =z, of dibenzofuran from the dlstillate.

The residue was tarry. | ‘

Experiment No. 2. Thirteen grams of dihydrodibenzo~

furan in 100 ec. of éry'ﬁh&af@farm was ozonized for 12 hours,
The chloroform was decanted from the ozonide and the latter
auspended in 50 ce. of acetic acid. Ueventy cubic centimeters
of 307 hydrozen peroxide w&s,&ﬁﬁeﬁ and the mixture warmed on
the steam bath for 1 hour, wh@é all of the ozonide was de-~
composed, The solution was fiitered to free it of a smsll
gmount of suspended moterisl and then dlluted. 4 smell amount
(0.2 2.} of dibenzofuran senparated and was filtersd from the
solution. Further 4iluiion precinitated an amorphous brown
solid, The acetis scid was neutralized with sodlum carbone
ate anﬁ‘tham made ali%ﬁtlﬁ gcid with hydrochloric acid. The
s0lid material was extracted with ether from which extract

tnere was obtained only 1.2 z. of salicylic acid, identified
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by melting point and mixed melting ?aint,

The chloroform was evaporated and the remaining oil
distilled, obtaining 3.2 z. of dibenzofuran, The yisld of
dibenzofursn wag 2§% and of salicylic scid 11%.

A solutlion of 10.0 g, of dihydro-

Experiment No, 3.

divenzofuran in 100 ce, of glacial acetlc acld was ozonized
at room temperaturse Tfor 36 hours. The acetic acid solution
was diluted to 200 cc. with ether and zinc dust added in
smali quantities. It was necessary to add a 1ittle water

to start the reaction, whlch then became vizorous, When the
resction had ceased the excoss zinc was ramoved by filtra-
tion and most of the solvent evaporated. The remaining sol-
vaent was dlluted glightly with water to precipitate 2.0 z.

of divenzofuran. Further dilution precipitated & small amount
(0.2 z.) of amorphous solid whlch could not be purified.

A,

Experiment 3@; Bizht grams of dlhydrodibenzofuran

was ozonized in 12% ce, of carbon tetrachlorids to which had:
been added 0.008 z. of bromine. Such a medium was found by
2be1®® to be effective in the ozonization of tetrshydrodi-
benzofuran., After 8§ hours of &zanﬁz&iiag the carbon tetra-
chloride solution was found not to absorb bromine. The
pzonide which separated waes & zZranular solid, quite ﬁiffarQ
ant in this respect from the ozonides obtained without the
use of bromine. The ozonide was filtered from the solvent
and alr dried for an hour, obitaininyg 11.0 z. It was sub~

Jected to steam distillation to yleld 1,6 5. of dlibvenzofuran.,



Evaporation of the carbon tetrachloride filtrate yielded an
additional 0.6 z. of dibenzofuran, making a total yield of
287 of this material,

The residus from the stean 4istillation hardsned on
coolinn ond was filtered from the water., It could not be
made to erystallize from acetic aczid, aleohol, potrolsum
ether, acsetone or benzene, An atterpt wos made to d4istill
it at 4 mm, pressure. There was obtainsd only 0.8 z. of
sallieylic acld, the remsinder decomposing before distilling,

Experiment No, B, Five grams of ozonide obtained as

in Bxperiment No. 4 was ﬁ&ﬁ?&ﬂ&@ﬁ in 75 ece, of 5% sodium
carbonate ﬁglﬁtian and shaken for 12 houra. At the end of
thls time the sodium carbonate solution had turned brown
but m&s& 80133 remained. This was filtered and the solution
seldiflied, An oll wap procipitated which coazulated to &
gnﬁmy mass of approximately one-hall gram. It szeered resine
ous and ecould not be made to crystallize.

Zxperiment No, 6. The ozonids as obtained in the last

gxpariments was puriflsd for eatalytic nydrosenatlion by
washing it 3 timaé-%it% anhydrous ether and then dryinz it
in a vacuum desiceator at 4 mm. for 4 hours, Five grams of
this pzonide was dlsgolved In 25 ce. of glaclial acetle acild
and hydrogenated at atmospheric pressure and tempsrature in
the nresencs of 0.3 z. of platinun oxlde catalyst. After
an Inductlon period of 15 minutes hydrogen was absorbed

ranidly, 2.2 atoms beins sbsorbed in 40 minutes. The solvent
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was removed under reduced pressure, leavins a wviscrus brown
o1l. As In the previous experiments, attempis to purify it

Tailed.,

Actlon of Lithium on Dihvdrodibenzofuran,

Bizht and one-half grams (0,05 mole) of dilhydrodibenzow
furan, 0.2 . (0.11 atom) of lithium and 100 cc, of sodium
dried dioxan were introduced into & three-ncckel flask and

kept under an atmosphere of nitrogen. Ths solution was

By

heated to sentle reflux and stirred vigorously for 24 hours.
The solution bezan Lo turn hrown as soon ag 1t became it
and the cplor deenened rapidly. At the end of the period

£ resotion tho brown color hed all Alsappesred and & white

Q

§feaiyﬁtat@ had appeared.

¥ater-dloxan solution was added to the cooled reaatian»
mixture to hydrolyze any orsanometallic comgﬁand'whiah might -
have rﬁgaimaﬁ undecomposgsed. The water and éiaxaﬂ‘wa@e_?e~
moved under reduced pressurs and the residue treated with 5%
s0d iun hydroxide. Nost of 1t dissolved In thls solvent. This
was wached onee with ether, aeldified, and extracted with
ether. The ethsr extract was dried and the ether removed.
The resulting oll was d%stilled; b. p. 120-5% (7 mm.). The
distillate solidified on ecooling m. D. ﬁéa?“. T™his was re-
eryatallized from 60-8% potroloun ether and meltsl at 58°,
This corresponds to the melting point of g-hydroxybiphenyl

and & nmixed meltiaz polnt was not denreased, The yisld of
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vurified materisl was 6.0 z. or T0%. A second experiment
one-half the size of the one just deseribed yieldsd 60% of

o~-hydroxyblphenyl.

Reduction of A-Hydroxydibenzofuran in Liquid Ammonia.

Ten grams (0.054 mole) of s0lid 4d-hydroxydibenzofuran
was added slowly to 2 solutlon of 5.5 g. of sodium in 300 ce,
of liguid ammonia. To maintain a blua color for 40 minutes
after the addition of all of the Ad-hydroxydibenzofuran 1t
was necessary to add an additional i.ﬁ %« 0of sodium. Excess
ammonium ehloride was added and the ammonla evaporated, The
rosidue was taken up 1n'wa%ér and ether, The ether solutlon
was extracted with 57 sodium hydroxide., Acidification of
this alkaline solution yielded 5.1 7. of impure golid which
was pecrystallized first from 77-110° vetroleum ether and
then from methanol, the latter beinsg decolorized wlith norite.
The 4,5 z. {45%) of pure material melted at 116-117°, Anal-
yails showed 1t to be a dihydrohydroxydibenzofuran,

Anal. Csled, for CuellyeQar €, T7.39; H, 5.42, Found:
G, T7.62; H, 5.41.

Its phenolic properties indicate that it is 1,4-d1-
hydro=6-hydroxydibenzofuran. It was dehydrozenated by h@at~v
inz with sulfur at 230%for an hour. The product wa.s eﬁu
tracted from the sulfur by means of hot alaah&l and crys-
tallized by dilution and cooling, From 0.8 g. of material

there was obtalned 0,52 =z. (6572) of A-hydroxydibenzofuran
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1dentified by mixed melting point.
One zram of this was methylated with methyl sulfats
to yield 0.7% 3. (T0%Z) of methyl ether melting at 54°.
Anal. Calod., for CyaHi05t C, 77.97; H, 6.04; found:
C, TT.T1; H, 6.02,

Reduction of A-Methoxydibenzofuran in Liguid Ammonia.

Twelve zrams of s0lid 4-methoxydibenzofuran was added
slowly to a solution of 9.0 z. of sodlum in liquid ammonia,
The reduction product was lsolated and distilled at 7 mnm.
pressure, obiaining two considerabls fractions: (1) to 112°,
0.5 g+ (2) 112-34°%, 5.1 g.; (3} 114=35°, 0.6 g.; {(4) 135-
42°, 4,0 g. By treatment with 5% sodium hydroxide the sec-
ond fraction was made to s0lidify, This solid proved to be
dihydrodibvenzofuran, Three and one-tenth srams (264) was
obtained, The alkall soluble portion was an 01l and could
not be made to solldify. The higher béiling material and
the resgidue also seemed to bhe mixtures and were not resolved

into pure substances,

Attempted Reduction of 3-Aminodibenzofuran, 3-Disthylamino-

dibenzofuran and 4<Aminodibenzofuran in Ligquid Ammonia,

These three compounds ware subjected to reductlon in
1iquid emmonia in the usual menner., There was recovered 64%
of the BJ-aminodibenzofuran, 80% of the 3-dlethylaminodibenzo-

furan, and 80% of the #-aminodibenzofuran, The other products
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were tarz and humus-l1like products. The amount of sodium
consuned in the reductions was rouzhly in inverse propor-

tisn to the amount of amine recovered.

Reductlon of Dibenrzofuran by Calcium in Liguid Ammonia,

Dibenzofuran ia reducsed fo a sreater @xtent by calclium
in 1liguid ammonia than by sodium in liguid ammonia. The
atazge at which the reductlon astops ls, however, not so
sp@@ific.a§ in the case of reduction with sodium because the
product always seems to be a mixture, and if the reduction
product 15 gubjected to & sescond reduction under the same
conditions zraatar reduction dﬁﬁﬁ?ﬁy’thﬁ product beinz still
o mixture. |

Run 1. Twenty grams of dibenzofuran {0.12 mole)} was
added to 500 ec, of liquid ammonia. Calcium was then added,
three-Tourths of an hour baiﬁg'reguiye& for the addlition of
17 3. That amount was reguired to maintsin the blue color
af unused calcium for 20 ninutes. The product was fraction-
ated at 9 mm. pressurs, obtaininz: (1) to 110%, 2.0 g.; (2)
110-13°, 11.2 5., n®°D, 1.5680, d*3,, 1.1062. Ths remainder
of tha~materia1 was resinous. The molecular refractivity
was caleulated to be 50.88 asz compared to 51.58 required by
theory for 1,2,3,4-tetranydrodibenzofuran®®, Ebel®® deter-
%% pefractivity constants taken from Cohen*s Organic Chemise

try, lonzmans, 3reen and {o., 1918, Wew York, pazes 19-
35. .
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mined the vhysicsl constants of 1,2,3,4~tetrahyirodibenzo-
furan to ber n°'D 1.56955; n*l, 1.0962; and found the
molecular refractivity to 51.45 as compared to a theor-
etical walue of 51.14,

Bun 2. Two like experiments were performed wlth the
one difference that the dibenzofuran wasn addsd to a& solution
of the calelum in liguld ammonia. Bach 20.0 #. run of di-
benzofuran requlred approximately 17-18 gz, of caleium to
maintain a2 blue ¢olor for 1 hour.e The producis of the two
sxperiments were sonbined and ﬁistiliéd from g Claisen flask
at 5 mm, pressure, After a2 4 ce. fors-run thers was collect-
ad 28 g. of material boiling over the ranze 115-34%, The
residue became resinous on ooolinz., The 28 . of material
was then fractionated, It distilled constantly at 112-112,.5°
{7 mm.). Four fractions were taken and the index of refrac-
tion each fraction determined: (1) 4.5 z., n®%p, 1.5665;

(2) 7.0 2., n®%D, 1.5672; (3) 3.3 g., n°®D, 1.5685; (4) 2.2 gz.,
n®8D, 1.5690, The middle fractions were combined and used
in tha f@llawing analysis and bromine addition experiment,

Ansl, Caled. for Cy.H.»01r O, 83.67; H, 7.04., Found:
¢, 83.32; H, 7.02.

Bromine was rapidly decolorized by this material; 1,72
. (0.01 mole) was dlssolved in 20 cec, of dry chloroform and
coolad to ~5%, To thia was added 1.0 ce. (0.011 mole) of
bromine in 20 ce. of cold chloroform. The bromine was abe

sorbed instantly a2t first with 1itile evolution of hydrogen
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bromide, slowly toward the last of the additisn with the
evolution of considsrable hydrosen bromide, The mixture was
allowed to stand at «5° for 1 hour and then the chloroform
and excess bromine removed by means of the watér numy. The
remalining white solld was recrystallized from chloroform-
methanol solution to yi@}dis.l z, of material meltinzg at
140-5%, This was azain recrystallized from chlsroforme
methonol solution and onee from chloroform-netroleum sther
{60-8°} aolution to yisld 2,2 . {457) of * tridromotetra-
hydrodibenzofuran, melting st 143°,

ggﬁg, Caled, for Oi,Hy408ryt ©, 35.13; H, 2.70; Pr,
58.35, TFound: £, 34.95; H, 2.84; 3r, 58,88,

The product of the first reduction (n®9D 1.55%0) was
reduced catalytiecally 4n ths presence of »nlatinum oxide
catalyst. The reduction was done at room tempsrature and
at atmosoheric pressure, The volume of hydrogen ab&gr%a&
was msasured, 630 ec, or 2,08 atoms being absorbed in 20
minutes by 4,3 gz. (0.025 mole) of materizl, The nroduct
was Aistilled from a small Tlaisen flask; b, p., 112.17°
(8 mm.); n®°D 1,5509; 4°34 1.066. |

Runn 3, In a fourth reduction of & 20.0 . portion of
divenzofuran 24 gz, of calcium was required to maintaln a
hiue solor in the liguid ammoniz for 1 hour after all of
the dibenzofuran had been sided. TFractionation of the
product at 4 mm, pressurs yielded: (1) to 90°, 3.0 =.;
90-8%, 10.5 Z.s n?% 1.5480., The residue became resinous

on cooling.
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Run 4. Twelve grams of reduced matsrial, n®°D 1,5680,
wae asain sublectsd to reductlion by ealceium In 1iguid ame
monis to obtain, on fractionation at 4 mm. pressure: (1)
80-92°, 2.0 z.; (2) 92-4°, 6.3 7., n°°D 1.5404, This product
hagz about ths same physleal conatants as the product of Run
3.

ﬁaﬂyﬁi The products of Runs 3 and 4 were comhined and
gzain subjected to reduction by ealcium in liguid ammonia,
The product was fractionated at atmospheric pressure: (1)
to 258°, 1.2 3.; (2) 258-64°, 3.5 3., n?°D 1,53%0; (3) 264-6°,
5.1 g., n%%D 1.5404; (4) 268-7°, 0.8 =z., n®°D 1.5518, Some

additional reduction avpears 1o have taken vlace,



DISCUSSION OF RISULTS

The hydrogenation of dibenzofuran with insufficient
hydrozen to saturaste 1t has not led to a vartially reduced
dibenzofuran but to 2 mixture of perhydrodibenzofuran and
unreduced dibenzofuran., Adams’ platinum oxide catalyst was
used at low temperature and pressure, Raney nickel castalyst
at 175% and 200 atmospheres, and a platinum black catalvst
at low prassure and temperature., The results were the same
in each c¢ase, Thae last named catalyst was used in an at-
tempt to duplicate the work of Cullinane and Padfiela®s,
who obtained tetrahydrodibenzofuran by reduction in dry
acatic acid,

In this connectlon 1t 1z noteworthy that 1,4-dihydro-
dibenzofuran hested to 230° in the presence of a nickel
s&talyatfundarga&a simult&naouﬁ hydrogenation and dshydro-
g@natisn to produce dibenzofuran and nerhvdrodibenzolfuran,
In conmnarison, l,éw&ihyﬁrmnaghthalan@ heated to 130° 4n the
prasences of 2 palladium catalyst yvields a mixture of naph-
thalens and tetrahydronavhthalene®®., This difference is in
azreement with the fact that nanhthalsne is readily hyliro-
genated to tetrahydronaphthalene, whereas Aibenzofuran 1is

not partially hydrosenated,

%3 7elinekil and Pavlow, Ber., 578, 1066 (1924).



- B -

-0 -
. 60

< —>
The dihydrodibvensofuran uosd in the shove mentisned
hyirogenation-dohydrozenation syperinemt wag abisine?l by the
refuztion of Afbenzofuran with sodlum In Yigui? amwonia, Oxe
parimenta to Seternine 1t structure by oxldation with ohromle
acid or permanganate resuliod only In the formatlon of 41~
honzofuren, Ozonizstion elso peodused some Mhanenfuren, 2

11ttle snltoylie acld and much smorshous materfal whinh

gould not be 1dentifisd. Thoe eviioncs for ﬁhafz,&*ﬁxhyﬁﬁﬁ
atrusture somes Trom notaletion sweriments,

1 A-Dhrdronsshthaleane wes natalated with gyhmbyﬁaﬁtﬁigm
and suhssouantly eardonatsd 4o 7ield 1,.2-41hdmePenanhthole

seid., This moid waa readily oxidized by votassium Farrie

COOH COOH
(COg ) - (K4FeCNg)
(n-CyHoLi) | |

syanide 1o G-maohthole aeid. A similar metalation of 1,0

Athrdrdibenmefaran yielded a Athytirodidenzofurancartoxylis
asid meltine 2t 275.9% and whileh waz oxidize? rentily by

potessivm Terrisyanids ta‘ﬁwﬁihwﬂ%@fur&naar%mxyﬁi@ acid,
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(COg)

| &~ EQHQLﬁ

COOH c
R FeC ; O0H
0

4443tional evidence for the structure of 1,4-dihydro-

dlbenzofuran comes from its mode of formetion and analszpus
reductions, The actlion of alkall metals on unsaturated com-
pounds in ether solution iz similar to that in liquid ammonis
solution. Compounds found by Lebeau and Plcon”® to zive
hydro derivatives with sodium In liguid ammonia vield sodium
addition products in ether solution, 2Ry reduction in 1liguid
ammonia anthracsene and stilhens yileld dihydro derivatives; |
pheananthrene and bishenyl yizld tetrahvdro derivatives, Ry
the action of sodium on ether solutions, anthracone®, stil-
bena®*, phenanthrene”® and biphenyl”® all yisld disodium
addition produets; and Athydro derivatives by hydrolysis,
Haphthalens in ather solution vields a 1,4-11g0dlum addition

product”® and in liquid ammonia a 1,2,3%,4-tetrasodium addi-
tion produst?®.

Na . Na
:
b
[ ]:I j:a NHg) “ “
8 ia

The mechanism of sodium amalzsm reduction has been

postulated by Willstitter, Seitz and Bumn®® to be the inter-

®4 gchlenk, et al, Ber., A7, 473 (1914,
o5 %111&%&%%@?, Se1tz and 1, Ber., §; 871 (1928},
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mediate formation of 2 sodium 8ddition commound followed by
solvolysis. This undoubtedly can bs extended to sodium and
aleohol reduction,., DIy sodium and aleohol reduction naphihs-
lene can be mades to yleld either 1,4-dihydronashthalene or

1,2, 3,4~tatrahydronaphthalens, depending upon the temperaturs

v
{Na) S
@ { s&lga}mn “

Similarly, phenthrene may be made to yvield sither a2 dthydro

of the reduction®®,

or tetrahydro derivative by reduction with sodium and aleo-
halgv* It appesars that the action of sgéium on unssturated
compounds under the various conditions dlacussed Aiffers
only in dezree and not in kind,

It mizht be predicted that dibenzofuran would unmdsrgo
gimilar resctions, In the Introductory part 1t was pointed
out that sodium and aloohol reductlon leads to ths formation
of tatr&hy@&mdib@a&afuran. in thig investicsation it has
beon found that sodium in liguid ammonia, followad by s0l-
#olysia, zives zo0od yvields of dihydrodibenzofuran, By anal~
ozy to the addition of sodium to naphthalene 1t would be
axpected to be l,4-dihydrodibvenzofuren., The nrasence of the
oxyzen bridze in Albenzofuran save rise to anomalous results
when an attempt was made to aﬂ& godium to dibenzofuran In

88 Bamberzer and lodter, Bsr.; 20, 1703 (1887).

®7 Schmidt and Mezzer, ler., 40, 4240 (1907).
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ether solution. The oxysen bridge was cleaved to give, on

hydrolysis, g-hydroxybiphenyl.

The reduction of dibenzofuran by means of caleiunm in
1iguid ammonia does not stop at a definits staze as does the
reduction with sodium, Fractional distillation of the mix- .
ture yielded a fraction, thouzh not guite pure, having the
averaze composition of tatr&hy&rﬁdibenzafuran and physical
constants (n®oD 1,568@;’a“§¢ 1.1062) ﬁﬁ%r thoge reportsd by
2be1®® for 1,2,3,4-tetrahydrodibenzofuran (n®**D 1.5696; a*I,
1.0962). A considerabls amount of polymeric product was left
from the distillatlon,

The incomplete hydrogenation of 2-hydroxydibenzofuran
resulted in the formation of 31Z of perhydrodibenzofuran and
the racovery of 42% of the 2-hydroxydibenzofuran when the
reduction was carried out in the presence of platimmm oxide
eatalyst, Similarly, 4-hydroxydibenzofuran ylelded 327 of
perhydrodibenzofuran and 51% was recovered. Approximately
six atoms of hydrozen were absorbed in esach cass, 4-Hydroxy-
dibenzofuran was also hydrogenated at hish pressure énd
tomperature in the presence of & supported nickel catalyst

to yield 324 of perhydrodibenzofuran. In this case the
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remainder of the material was alkali soluble but could not

be purified,

The praﬁuetﬁ ol the hydrogenation of 2~methoxydibenzo~
Turan in the presence of platinum oxide catalyst could not
be separated and purifled, A«Vethoxydibdenzofuran hydrosen-
ated In ths presence of a supported nickel catalyst and in
dloxan solvent ylelded 12% of perhydrodivenzofuran and 417
of a tetrahydromethoxydibenzofuran., Thls was shown, by the
mevhod of mixed meltins points, to be different from the
1,2, 3 h-tetrahydro-6-mothoxydibenzofuran prepared by Ibel®®,
It must, therefore, be 1,2,3,4-tetrahydro~4-metioxydibenzo-

furan.

0

" OCHg
Some new methods were appllied t§ the preparation of
aninodibenzofurans, Distinet advantazes over the methods
previously employed were noted in some instances, 3-Nltro-
dibsnzofuran was reduced catalytically to 3*&m1ﬁaﬁ1%enzafuran

employinzg Raney catalysi and ethanol solvent. The reduction
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wag rapid when carried ocut st 100° and yields of 90-95% of
hizh purity could be obtalned, 2-Aminodibvenzofuran and 4-
aminodibenzofuran were preparsd from the corresponiing
bromodibenzofurans by the action of sodamidse in liguid
ammonia, The yvield of 2«aminodibenzofuran was 60%, which
is somewhat lower than that of the best method previously
employed -« the action of ammonium hydroxide in a steel
bvomb at 225° and with cuprous bromide catalyet®?. The
yield of 4-aminodibenzofuran was 317 ag compared to 17%

obtained by the bomb method. The preparation of the amines

in liguld ammonis has the advantaze that 8 spscial bomb i;u ‘
not required.

Attempts were made to reduce JI-aminodlibenzofuran and
hmgminodibenzofuran in dioxsn solution and in the presence
of tha'suygsrﬁgd nickel eatalyst. No reductfon had occurred
up to a tgmﬁer&ture of 2%5% and at 160 atmospheres pressure.
ﬁnexgaﬁtéa;raﬁultﬁ were obtained by subjectling J-aminodi-
benzofuran to reduction at 100% and 3 atwospheres in the
presence of Raney catalyst. A dihydroaminodibenzofuran was
obtained, This could be precinitated fron sther solutilon
&g the omine hydrochloride but not by moist carbon dloxide,
indicating that the none~substituted ring was reduced., A
dibromo addition product was obtained which was decomposed
with aleoholic potassium hydroxide to yield 3-aminodibenzo-

furan.,
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(Brg)

Some derivatives of dlbenzofuran were sublected to
reduction by sodium In liquid ammonia. 3-Aminodibenzofuran,
Z-diathylaminodibenzofuran and 4-aminodibenzofuran were
tried. In each case considerable sodium was consumed with
the production of tars and humus like material. Approxi-
mately three-fourths of the starting materials were re-
covered, J

4-Hydroxydibenzofuran was reduced by sodium in liquid
ammonisa to yield 45% of 1,4-dihydro-G-hydroxydibenzofuran,
This structure was assigned on the basis that the meterial

wag phenolie, being soluble in dilute alkall.

(s >
0 {Liq. NHg) 0
OH ’ OH

AMethoxydibenzofuran was also reduced in liguid am-
monia but the reaction was more complex, ms 269 of dihydro-
divenzofuran was obtained and the remainder of the reduction
product could not be purified and characterized.

Dihydrodibenzofuran was subjwcﬁa& to the action of

several reasentas, Reductlon by means of sodium and alcohol



or eatalytically at low pressure and temperature in the
pregence of elther Reney nickel or platinum oxide yielded
tetrahydrodibenzofuran, ldentified by means of 1ts plerate.
Undoubtedly dihydrodibenzofuran or tetrahydrodlbenzofuran
would be hydrosenated to perhydrodibenzofuran under condi-
tions milder than those necegsary to hydrogenate dibenzo- .

furan, Au@%gi&ti&n with acetlc anhydride and stamic chlor-

(§§n@y 5.0 Ik
Vg (Pt Og) o

(Na + Ggﬁ&@ﬁ}
1de ylelded T-scetyldihyd:odibenzofuran. This compound was
characterized by oxidizing it to 3-dibenzofurancarboxylic
acid by means of hypoehlorous scid. It w&a also reduced
in the presence of Raney catalyst to the known T-acetyl-
1*243,%nﬁetrahydru&ib@nzéfﬁraﬁ*’f The action of lithium

0 (N “cocﬂs

on &1hy@radihanmafur§n in dloxan solutisn was similar to

ites actlon on dibenzofuran. A subsequent decomposition of
the reactlon product took place ylelding p-hydroxybiphenyl
instead of the expected dihydrohydroxybiphenyl. The attempt

to isomerlze dihydrodibenzofuran by heatinz in the presence

OH
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of & catalyst has been discussed, An additional attempt was
made to l1somerize under the conditions that 1,4«dihydro-
naphthalene 1s lsomerized to 1,2-dihydronaphthalene®®,

No reaction took place by haating~w1tﬁ 54 sodlium ethylate

at 120°, By heating to 180° polymeric products were obtained

alons with 2 emall amount of dibenzofuran,

®8 gtrauss and Lemmel, Ber., 48, 232 (1913).
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Previous work on the reduction of dibenzofuran and
ﬁa?ﬁvativas has been dlscussed,

Dibenzofuran and some anmino and hydroxy derivatives
have been sublected to reduction catalytically and by
means of sodium in 1iguid smmonla.

Catalytically, dibenzofuran has been reduced to géra
hydrodibenzofuran; 4-methoxydibenzofuran to 1,2,3,4-tetra-
hydro-4-mathoxydibenzofuran; and 3-aminodibenzofuran to
1,4-d1ihydro-T-aninodibensofuran,

In liquid ammonisa, ﬁib@mzéfur&ﬂ has besn reduced to
1,4-d1hydrodibenzofuran, and 4-hydroxydibenzofuran to
1.&»&1hyﬁréwﬁsmethgxyéihaﬂzafuran.

Bvidence has been offered for the structures assigned,

Improved syntheses for aminodibenzofurans have been
deseribed,

Dihydrodibenzofuran has been sublected to reductlion,
oxidation, dehydrogsenation, acetylation, metalation and the
a&dﬁtiam of bromine.,

Lithium reacts with dibenzofuran and dlhydrodibenzo-
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