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INTRODUCTION

Dibenzofuran was identified as such for the first time in
18701, but. the study of this heterocycle and its derivatives

did not commence in earnsst untll the first decade of the

present centuryﬁa’B‘,

The pace of this research increased conslderably during

the next 25 years and reached its peak in the years 1935-1940,

Much of the published material of that peried originated in

this laboratory.

4-15

1937.

1937.

Hoffmeister, Ber., 3, 747 (1870).

. Honigschmidt, Monatsh., 22, 561 (1901).

Borsche and W. Bothe, Ber., 41, 1940 (1908).

Oatfield, Master's Thesis, Iowa State College, 1933,
M. Hayes, Master's Thesis, Iowa State College, 1934.
G. Bywater, Doctoral Dissertation, Iowa State College,

§§3§irkpatrick, Doctoral Dissertation, Iowa State
d .

. W, Van Ess, Doctoral Dissertation, Iowa State College,

» R. Van Ess, Doctoral Dissertation, Iowa State College,

W, Smith, Doctoral Dissertation, Iowa State College,
W. Bradley, Doctoral Dissertation, Iowa State College,

T. Parker, Doctoral Dissertation, Iowa State College,



During World War II and the years immediately following,
the amount of published material lessened, but several years
ago the volume began to increase once more, a trend which is
continuing.

These fluctuations appear to be readily explicable on the
baslis ofy respectively, increasing interest in an undeveloped
field, the channeling of research effort into other flelds
during the war, together with decreased graduate enrollment in
chemiﬁtry and a reawakening of interest in dibenzofuran,
aspeeialiy from the standpoint of industrial applications., 1In
recent years it has been found that the dibenzofuran nucleus
can be incorporated advantageously into molecules suitable for
use as dyes, pharmaceuticals, polymers and insecticides.

The investigations deseribed in this dissertation were
gstimulated by an interest in the biological import of various
dibenzofuran derivatives, especially those modeled after
related heterocyclic molecules,

A general pleture of dibenzofuran chemistry can be ob-
tained by consultation of Elderfield's Volume iI.lé For more

1938 131, c. Cheney, Doctoral Dissertation, Iowa State College,
1930

147, ﬁwiéléwsky, Doctoral Dissertation, Iowa State
College, 1939, |

1940 157, H. Cook, Doctoral Dissertation, Iowa State College,
1940,

16y, ¢, Elderfield, "Heterocyclic Compounds", John Wiley
and Sons, Inc,, New York, N.Y., 1951, Vol. II, Chap. 3.



- detailed information one should examine the previously listed
theses and dissertations from this laboratory as well as more
recent enes.17”23 |

The numbering system (I) employed in this dissertation is

that which was adopted by Chemical Abstracts in 1937,

Publications appearing in foreignh Jjournals usually make
use of the system indicated by II. Also, these articles

178, B. Willis, Doctoral Dissertation, Iowa State College,

lSJ‘ P. Thirtle, Doctoral Dissertation, Iowa State
College, 1943,

19g, Avakian, Doctoral Dissertation, Iowa State College,

1943,

1944,

19 ROJ. A, Hogg, Doctoral Dissertation, Iowa State College,
44,

194 2lp, a. Yeoman, Doctoral Dissertation, Iowa State Ccllege,
944«

1951 22p, L. Esmay, Doctoral Dissertation, Iowa State College,
' N ’

1952 23R‘VK4 Ingham, Doctoral Dissertation, Iowa State College,
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I

usually refer to the heteroeycle as diphenylene oxide, bi=-
phenylene exide,%dibaﬁgafurana or dilbenzfuran.

In this dissertation the numbering of all dibenzofuran
compounds has been ad justed to style I where necessary and
where pnagibla; When a forelgn publication refers to & 2«
substituted dibenzofuran, for example, il is assumed that this
actually 1s a 3~aubstitutéa dibenzofuran according to system I,
unless there is evidence to the contrary.

All dibvenzofuran compounds are named in the general atqu
which has been in use in this laboratory., Thus, 2~aminodi-
benzofuran is used in preference to 2«-dibenzofuranamine., Con=
densed ring systems are named as dar1Vativeb of dibenzofuran

whenever possible..
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HISTORICAL

Bome 20 years ago, research on dibenzofuran and its
derivatives was commenced in this laboratory. Intarest in
this heterocycle was occasioned ﬁy the hope that its oxidation
or that of its derivatives might yield furan-2,3,4,5-tetra-
carboxylic aaiﬂ.4 Such did not prove the case; however, the
desired acld was synthesized by another method.

The study of dibenzofuran was continued though, because
of the paucity of information available concerning its sub-
stitution reactions and orientation rules,

It was also observed that a structural similarity exists
between dibenzofuran and a portion of the morphine molecule,
This encouraged attempts to synthesize dibenzofuran deriva-
tives possessing analgesic potency,

Later, the introduction of the dibenzofuran nucleus into
compounds designed to be antimalarlals and tuberculostats was
undertaken, In addition, miscellaneous blological apﬁlica»
tions of dibenzofuran compounds have been proposed.

The following paragraphs contalin an account of evalua-
tions of dibenzofuran and its derivatives as physiological
agents. No claim 1s made that all literature references are
included. The Decennial Subject Indices of Chemical Abstracts
do not always indicate that testing has been carried out with
a particular compound, though such information may be indicated

in the abstract. Also, the Subject Index for 1953 has not



é

appeared at thiz date., Chemical pbstracts for 1953 and 1954
through Volume 48, No, 10 has been examined abstract by ab-
straet in the sections pertinent to thls study. The issues of
the more important chemical jonrnais for the past year have
also been carefully checked,

" In the ﬁaln, however, published compilations of the re-
sults of the testing of organic compounds for various typés of
physiological activity have proven to be the most fruitful

sources of such information.

Physiological Activity in the Dibenzofuran Series

The preparation and testing of dibenzofuran compounds for
analgesic and anaesthetic properties was inspired by the
recognition of the resemblance of this heterocycle to a pore

tion of the morphine molecule (III). An examination of the

CHy—N—CH,

structural formula for morphine indicates the presence of a

partially reduced dibenzofuran nucleus as well as phenanthrene
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and isoquinoline systems, also partially reduced.
Relatively early in dibenzofuran research, attempts were
made to take advantage of this struectural relationship, Mayer

24 found that 2e( ¥ ~aminopropyl)dibenzofuran and

and Krleger
its heteromuclear reduction product, 1,2,344~tetrahydro~8=
( ¥ ~aminopropyl)dibenzofuran possessed no morphine-like aetion

for warm blooded animals. In the same year von Braun?

5 rew
ported that aminohexahydrodibenzofuran and o{~aminoethylhexaw
hydrodibenzofuran were physiolegically inactive,

~ Workers in this laboratory have approached in two ways
the problem of achieving morphine-like action within the
dibenzofuran series, Appropriate groups were attached to the
divenzofuran nualaua,s’é’?’13‘14
prepare l,9-disubstituted dibenzofurans and to bridge the 1
and 9 poaitian$!13*13*14*18’19’39*21 The story of the latter

efforts is largely one of failure, Although 1,9~disubstituted

and attempts were made to

dibenzofurans may have been ehtﬁiﬁed,kthare is no evidence at
this time to indicate that these positions have been bridged.
The introduction of aatiﬁating side chains praved frulte
ful in that compounds passéaaing some anaigesié and anaesthetic
activity were obtained,
8ince the preparation of analgesiecs was not the subject of

the writer's experimental work and since extensive tabulations

24p, Mayer and W. m@w, w.; 89, 1659 (1922).
257, von Braun, ibid., 55, 3761 (1922),
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of the analgesic activity of dibenzofuran derivatives sube
mitted from this laboratory have been compliled previously, no
such listing is presented in this dissertation. Table 1 lists
compounds not included in the previous 1istings.?’12’13’14’15
The experimental procedures for thé preparation of the
some 140 compounds submitted from this laboratory for testing
a8 analgesics are distributed throughout the theses and dis-
sertations on dibenzofuran which appeared during the years

1933-1944, Publication of these procedures has been primarily

in the Journal of the Ameriean Chemical Society in a series of
24 consecutively~-numbered papers,26 |
Publications from other laboratories relative to the
synthesis and testing of dibenzofuran compounds for analgesic
and anaesthetic properties are avallable in a reprint collec~
tiono27f
Discussion here 1s confined chiefly ta compounds for which
no definite statements of activity are available,
The properties of certain amino aleohols derived from
dibenzofuran and 1,2,3,4-tetrahydrodibenzofuran have been

| 26&. Gilman, E., W, Smith and H. Oatfield, J. Am. Chem,
Soe., 56, 1412 (1934), and sucaaediﬁg papara-’ )

27vReport of Committee on Drug Addietion 1929-1941 and
Collected Reprints 1930~1941%", Natlional Research Council,
W33hingt0n§ D. C., 1941,
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reported.28s29 The compounds, which possess the side chain
~CHOH~CHp«NRp, Wwere prepared so as to permit a comparison
with amino alcohols of the phenanthrene series. No pharmaco-
logical data for these compounds are presented in the papers;
hewéver, some of the compounds reported in the first of these
two papers were also reported by Kirkpatrick and Parker,30 and
in thair dissertations’ 12 may be found the results of the
tests for analgesic activity,

The preparative details for a number of benzofuroquino-
lines (pyridodibenzofurans) have been published,50?31 It has
been reported3l that for these compounds physiological activity
increases progressively from the unhydrogenated banzufdraquinaw
lines through the tetrahydro compounds to & maximum in the Ne
methyl tetrahydro compounds., No animals die with effective
doses and analgesia, general depression, muscular disturbance,
emesis and temperatur@ depression are observed., The members of
the /Z,3-f/ series were found to be slightly more active than
those of the isomeric /3,2-g/ series. The analgesic activities
for some of these compounds are to be found in the disserta~

tlons of Kirkpatrick7 and Parker.la

283‘ Mosettig and R. A. Robinson, J. . . .
2186 (15357 , A, y d¢ Am. Chem. Soc., 57,

29R. A. Robinson and E, Mosettig, ibid., 58, 688 (1936).

30y, H. Kirkpatrick and P. T. Parker, ibid., 57, 1123
(1935).

31g, Mosettig and R. A, Robinson, ibid., 57, 902 (1935).
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Eddy>> found that when the effects of identical side
chains were compared, the dibenzofuran compounds had greater
analgesic effect than the phenanthrene derivatives., This
apparent advantage was counterbalanced, however, by the greater
toxicity of the dibenzofuran compounds. The many compounds
tested (on cats) include some reported by previously-cited
investigators. ?arkarla has discussed Eddy's ﬁesnlta rather
thoroughly.,

Burtner and &ahmannsa also found dibenzofuran derivatives
to be toxie. They tested a number of alkyl- and dialkylamino=
alkyl esters of dibenzofurancarboxylic acids for local anaese
thetic activity. Though A -diethylaminoethyl-2-dibenzofuran=-
éarhnxyiate possessed a duration of anaesthesia comparable to
that of procaine, it and other dibenzofuran derivatives were
not considered to be of value as anaesthetles because of the
irritating action on human skin and the pain incurred on ine
Jeetion, Table 1 includes the compounds tested.

A ﬂarman34 and a British35 patent which appear to be

duplications of each other list a number of derivatives of

33g, R. Burtner and G. Lehmann, J. Am. . Soc.
527 (1940) » 4+ Am. Chem. Boc., 62,

34German Patent 550,327 /8. A., 26, 4062 (1932)7.
35British Patent 373,624 [British C. A., B, 912 (1932)7.
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- aminodibenzofurans which are variously saild to have anaesthetic
and therapeutic properties>* and anaesthetic and amoebicidal
properties.3? The abstracts of these patents do not indicate
that these compounds were examined for antimalarial effective
ness, as has been reported previausly.36

The preparation of tri-4-dibenzofurylantimony and di=-
phenyl«(2«dibenzofuryl)antimony was undertaken3’ because other
dibenzofuran derivatives possessed analgesic properties. The
results of pharmacological tests on these organo-~metallics
have not been published.

In a study of the toxleity, antipyretic activity and
analgesic action of some carbazole and tetrahydrocarbazole
compounds, Eagle and Carlson38 included some compounds not of
these series, among them, Enacatamidedibﬁnzofurﬁn. They found
this amide to be less toxie than aspirin while it possessed a
slightly greater temperature lowering effect, a higher anti-
pyretic index and greater antipyretic and analgesic activity,

The rat was the test animal.

(1946?63' Gilman and S. Avakian, J. Am. Chem. Soc., 68, 560

37g. J. 0'Donnell, Doctoral Dissertation, Iowa State
College, 1944,

38, Eagle and A. J. Carlson J. Pharmacol. Exptl. Therap.
99, 450 (1950). ’ . .
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Table 1

Analgesic and Ansesthetic Activity
of Some Dibenzofuran Compounds

Compound Activity Ref,
2-acetanidodibenzofuran 19% (38)
3=amino={ /4 ~diethylaminoethyl )= - (33)
8~dibenzofurancarboxylate

[ -p-amylaminpethyl-2~dibenzos 27 + at 0.5%P (33)
furancarboxylate

x=bromo=3«(/3 ~diethylaminoethyl~ ahaesthetic (34,35)
amino)dibenzofuran properties

2«(o¢ «bromoethyl)dibenzofuran analgesic (39)

, activity

3=//8 (/5 '~diethylaminoethoxy)~ anaesthetic (34,35)
ethylaming/ dibenzofuran properties

3¢his~zg?~ twdiethylaminoethoxy)~ anaesthetic (34,35)

- ethyl/ aminodibenzofuran properties

3»(/9nﬂiﬁthylamineathyiamino)ﬁiu anaesthetic (34,35)
benzofuran properties

3=bis=(/ ~diethylaminoethyl)amino- anaesthetic (34,35)
dibenzofuran | properties

244=bise(F~dlethylaminoethylamino)- anaesthetic (34,35)
dibenzofuran properties

3,7~b1$m(/9mdiethylaminoethylaminu)w anaesthetic (34,35)
dibenzofuran properties

B -diethylaminoethyl-2-dibenzo~ 10 4 at 0,5%P (33)
furanacrylate 13 + at 1.0%

 8yaximum average algesimetric value at 200 mg./kg. in gm,

Ppuration of corneal anaesthesia in rabbits in minutes
(0 = noney -~ = weak, + = full, 4+ = deep) at conc, indicated,
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Table 1 (coneluded)

Compound Activity Refe.
4-atethylantnosthyl-2-dibenzo- at 0.18° . (33)
furancarboxylate % at 0‘5%b
20 ¢4 at 1.0%
(B=diethylaminoethyl~3-dibenzo~ 5 ¢at 0,14° . (33)
" furancarboxylate 25 44 at O. 5%
30 $4 at 1,04°
PA-diethylaminoethyl~4~dibenzo- 4 - at 0,1%° (33)
furancarboxylate 11 ¢ at 1.0%
3=/0 -( B=diethylamigoethyl~ anaesthetic (34,35)
thiol)ethylamino/ dibenzofuran properties
J-diethylaminopropyl-2«dibenzo=- 8 - at O, 1% b (33)
furancarboxylate 14 ¢ at 0.5% b
39 ++ at 1.0%
2a/ct=( droxyethylamino~ analgesic (39)
et yl dibanszuran hydro- activity
chlorid
3=/ K ~hydroxy= A4 =(l-piperidyl)- anaesthetic (34,35)
| propylaming/ dibenzofuran properties
@2 =isobutylaminoethyl-2-dibenzo- 0 at o..l%h (33)
furancarboxylate 14 ¢ at 0.5%b ‘
6 + at 240%
2-/p3 w(l»pip@rmyl)ethyﬁ dibenzo-  analgesic (39)
furan hydrochloride activity
3=/ ~(1-piperidyl)ethylaming/ di-  anaesthetic (34,35)
benzofuran properties ‘
3=bis=//3 ={l-piperidyl)ethyle anaesthetic (34,35)
aming/ dibenzofuran properties
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A recent British patent3? claims that three dibenzofuran
compounds, 2=/ ~(/3 '-hydroxyethylaminoethyl)7 dibenzofuran
hydrochloride, 2-(< ~bromoethyl)dibenzofuran and 2=/ «(1=-
piperidyl)ethyl/ dibenzofuran hydrochloride show antispasmodie
and analgesic activity.

Since World War II there has been little, if any, effort
made to discover antimalarial agents within the dlbenzofuran
series. Many of the dibenzofuran derivatives tested under the
wartime reaaareh prmgraﬁéo subsidized by the 0ffice of Scientif-
ic Research and Development were examined as a part of a random
screening praues$41 rather than as a result of the feeling that
this heterocyclic system was a potential source of antimalare
lals. Present day research in the fleld qf antimalarials is
concerned primarily with the synthesis and testing of heterow-
cyclie nitrogen compounds, g.g.y quinoline, acridine and
pyrimidine derivatives.

Table 2 1ists the dibenzofuran derivatives which have
been tested for antimalarial effectiveness. Most of these

3%ritish Patent 687,892 /8. A., 48, 4594 (1954)7.

49@. Y. Wiselogle, "Survey of Antimalarial Drugs 1941~
1945“ Je We Eﬁmrﬁﬁg ﬁm Al’bﬂi", Hiﬁhgg 1946.

41
R. C. Elderfield, Chem. s 2598 (1946)
reported that only abeué nn~tﬁ%§§ E¥£the emmpnunﬁ

examined for antimalarial activity were syntﬁesiaed especially
for that purpose,
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compounds were located in Wiselogle's extensive compilationy
several were found in a government publicatian‘42 ‘

Over 100 compounds were supplied by this 1aberatary 43 to
the government-sponsored testing program under terms of a
contract which went 1nte effect in the summer of 1944,

The preparation of 4?6«d1aminaﬁibenzafuran was under-
taken*4 so that this compound might be tested for antimalarial
activity, but there is no indication that this testing was
done,

Martin A5 synthesized 2~ and 3=-fluorodibenzofuran and re
ported that these two campemnds had been submitted for testing,
but the results of these tests are unknown.

A number of compounds based on a pyridine ring fused to a
dibenzofuran nueleus, 1.g8., benzofuroquinolines or pyridedi-

banzefurans, have been 1nvest1gateﬂ,46 Though activating

42 Gy R. Caatnsy W. C. Cooper, N, B, Eddy and J, Graenberg,
"Survey of ﬁntimalarial Agents", Public Health Monograph No, 9,
Federal Security Agency, U, S Gavt. Printing Office, Washingu‘
ton, B. Cf,, 9539'

435ee H, Gilman, L, Tolman, F, Yeoman, L. A, onds D, A,
Shirley and S, Avakian, g; %%. Chem, §§9"£13"534§62(%§§ rgnd
. o prepa=~

Hy Gilman and 8, Avakian
445, Gilman and S, Avakian, ibid,, 67, 349 (1945),

ration of some of these eampeun 8
456, A, Martin, Jr,, Doctoral Dissertation, Iowa State
College, 1945,

46, pdems, J. H. Clark, N, Kornblum and H. Wolff, J, Am.
Chem, §0¢., 66, 22 (1944),
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Table 2

Antimalarial Activity of Dibenzofuran
and Some Derivatives

Compound Activity Ref.,
2«-aminodibenzofuran A«3 inactive (40)
1-A @ = 308
toxicity test)
MTD: 9.015 ﬁgo/go (4’2)
FID; 0,012 mg,/g.
METD . 1inactive
PT® inactive
3«aminodibenzofuran D=l Q<40.15a at MTDb (40)
F-1 Q<«0,022
2-amino-3-acetamidodibenzofuran F=l Q<O0,06% (40)
l<bromo=~4( Xadiethylaminoprapyla Bel D'<0‘06f (40)
amino)dibenzofuran ~
2ebromo-3( ¥~diethylaminopropyl- B-l inactive (40)
amino)dibenzofuran
l-bromo=3( ¥ «diethylaminopropyl- C=»1 slightly active (40)
amino)-4-methoxydibenzofuran |
2~cyanndibeﬁxefuran B-4 Q'<0.02a (40)
3,7-diaminodibenzofuran D-1 Q<0,152 at MDY  (40)
F-1 Q<0,10% at MTD

8Quinine equivalent.
bﬂaximum tolerated dose.
®Fully tolerated dose.

ﬁﬁinimum effective therapeutie dose,

eprophylactic test.
fSulfadiazine equivalent.,
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Table 2 (eontinued)

1,2 »3 g y4a49b=hexahydrodibenzo-

ran

Compound Activity Ref.
dibenzofuran F-1 Q<0,068 at MTD®  (40)
1~(4~dibengofurylmethyl)= B=4 Q <0,082% at MIDP  (40)

piperidine
2=/Y «(3=dibenzofuryl)propyl/=3~ Fel active (40)
hydroxy=l,4-naphthoquinone
3=( ¥ ~diethylaminopropylamino)~ B-l inactive (40)
dibenzofuran
4 Y ~diethylaminopropylamino)= Bel D éosmf (40)
dibenzofuran | B-4 Q <0,03%
2,7=bls( X—diethylaminopropyl» B-~1 toxic at 450 (40)
amino)dibenzofuran ng./kg.
2,8-bis( Y-diethylaminopropyl=  B-1l inactive at 110  (40)
amino)dibenzofuran -mg./kg, daily
' 2e( ¥ -diethylaminopropylamino)- Bwl inactive (40)
3~bromodibenzofuran
1 Ywdiéthylamimprapylminc)-? C~1 inactive (40)
3y4~dimethoxydibenzofuran
3e( Y~dlethylaminopropylamino)= B-l inactive (40)
- 6éeiododibenzofuran
1-( Y -udiethylamimprcpylamim)w C~1 inactive (40)
2=-methoxydibenzofuran | ~
1-( ¥ ~diethylaminopropylamino)~ C-l inactive (40)
4-methoxydibenzofuran
l~dimethylaminomethyle2w Bed4 Q <0,062 (40)
hydroxydibenzofuran
- 2-((3-dimethylaminopropionyl)~  F-l Q <0,06% (40)
dibenzofuran hydrochloride
Fel Q<0,02% (40)
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Table 2 (continued)

Compound Activity Ref,
2w (L «hydroxy~ ~dimathylamina— A-l Q'<6.3‘ (40)
ethyl)dibenzofuran hydro- A3 511 active
chloride Fel Q<
b
MID, 0 088 mg./g. (42)
FTnd 0:066 mge/ge
METD™ inactive
(o &ydraxym fdimethylamino- Al Q<0,06% -(40)
ethyl)«6,7,8,9«tetrahydro~ A-3 inactive
dibenzafuran hydraehlariéa b
MTD® 0,132 mg./g. (42)
FTDg 0,088 mg./g.
WETDG insctive
| PT" inactive
2 (- nyaro - ~dimethylamino-  Fel Q <0,10% (40)
propyl)dibenzofuran hydro-
chloride
2+/o¢ shydrogy= ¥=(l-piperidyl)~ F-l Q <0,10% (40)
propy, dibensofuran
2-methoxy=3=( ¥ »diethylamino= C=1 inactive (40)
grapylamine)dibenzofuran
Y-(3-nitro-4-methoxy-l-diben-  B-4 Q <0,06° (40)
zofuran)butyric acid |
pyridggéﬁ,3~§7u5uaminsdibenzew Fel Q<0,108 (40)
pyrido=/3,2-p/=?=diethylamino~ inactive (46)
prapylaminodibanzaf&ran
pyrido=/3,2uh/=?=/ ¥ ~(4=mor- inactive (46)
pholin prapylamings ,
dibeazsfuran .
pyrido=/3,2« ~3-[)'~(4~mr~ P=1 Q<0,08% (40)
ph nliny%}prepylaminﬁ?

dibenzofuran
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Table 2 (concluded)

Compound Activity Ref.
pyrmaw@ 3»§7~5~0*(4~m F~1 inactive (40)
ph eli Jpropylami
ﬂibanzafnram
pyrida@gfwg?mﬁmnitredibam F-1 Q<0,08% (40)
1,2,3,4~ta ahydropyrido- A-3 slightly active (40)
éﬁ ~dibenzafuran |
rochloride
trie4-(dibenzofuryl)arsine B=4 @ <0,015% (40)
1-(g-trifluoromethylphenylazo)= Be4 Q<0,15% (40)
2«hydroxydibenzgofuran
le(getrifiuoromethylphenylazo)« B=4 { <0,0152 (40)

2,8~éihydrmxydibenzafuran

groups were attached to the nuclel, these compounds were at
best only very slightly active,

The antimalarial activities of the compounds in Table 2
are given in quinine and sulfadiazine equivalents,

The quinine equivalent of an antimalarial drug

is the ratlo by welight of the dose of quinine to

the dose of the drug under assay when both drugs,

administered under identical eonditiansa produce

the same response in parasitized birds,47

A varlety of testing procedures was employed, Identifica-

tion of the tesis, g«g.y B~4, is given in Wiselogle.

47w1selogle, op. cit., Vol. I, p. 62.
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0f the 39 dibenzofuran compounds examined (Table 2), 25
showed some activity with ona«campound,,2@[1kw3~dibenzaruryl)~
propyl/=3=hydroxy~1,4=naphthoquinone, being classed as active,
In view of these results, it seems likely that by the intro-
duction of proper substituents, significant antimalarial

activity within the dibenzofuran‘saries may yet be achieved,

4mAmino=2',2,4,5«tetrachlorodiphenyl ether has been found*8
to be inhibltory to Myc um tuberculosis at a dilution of
1:1,000,000., Other chloro-aminodiphenyl ethers were less
potent, e.g., 2,4«dichloro-4-aminodiphenyl ether (1:600,000),
2wchloro~4'«aminodiphenyl ether (1:150,000), 4=chloro=4'-
aminadiphényl ether (1:110,000) and 4~chloro«2'-aminodiphenyl
ether (1:15,000).

ﬂibanﬁofaran may be regarded as a "closed model" of di-

phenyl ethar; hena@ it is not surprising that corresponding
activities in these two series are observed.

An additional compound of potentlal value, 2,8-dibromo~3-
aminodibenzofuran, has bﬁén syatheaized,49 but pharmacological
data on it are not yet available. The same paper indirectly

suggests that awbramonﬁmamindd1benznfuran is worthy of being

48? C. Barry L. O'Rourke and D. Twomey, HNatt 6
800 (194%). ' y Nature, 160,

(1953)93. Gilman and R. K. Ingham, J. Am. Chem. Soc., 75, 4843
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 tested for antituberculosis activity. The activity of this
compound should approximate that of 4-chloro~4'-aminodiphenyl
ether, if dibenzofuran and diphenyl ether are always as closely
related in their physiological manifestations as in their
structures.

Among the compounds tested by Barry and ca~wurker$48 was
usnic acid. This naturally occurring substance 1nhib1tad
strongly (1:5004000) the growth of the tubercle bacillus in
yitro; in addition, the activity was retained to a great
extent in the presence of 5% human serum,

Usnic acid has been the subject of a great deal of study,
both as to its chemical constitution and its antibacterial
activity, (The discovery of the antibacterial properties of
-1ichen exmractsse led to the isolation of individual lichen

- acids, usnic acid lncluded.) The accepted structure is one

Usnic Acid

50?@? a general review on this sub%ect the reader should
consult F., Bustinza, eavour, 10, 95 195i).
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51452

proposed by Robertson and co~workers, The relationship to
a highly substituted dibenzofuran is evident. Apparently there
is no blological specificity associated with the configuration
at the asymmetric center in the molecule, for d-usnic acid and
leusnic acid (as free acids or sodium salts) possess equal
inhibitory potency for avian tubercle l:ms.i.‘i.tl.:l.,,53“‘94

There is, however, a high degree of specificity of the

55456 Acetylation of the two pheno-

entire usnic acid molecule,
lle hydroxyl groups diminishes the activity of d-usnic acid by
75 per cent, Strangely enough, l-diacetylusnic acid is re-
ported to retain one~half of the activity (1:80,000) of the
original acid. Likewise, reduction of the aecycliec double bhond
renders the acid less active,

A number of highly substituted dibenzofuran compounds

resembling usnic acid and didymic acid (IV), another metabolic

51, B, Curd and A, Robertson, J. Chem. §og., 894 (1937).

(1939§aa T, ?bater, A, Robertson and T. V. Healy, ibid., 1594

535, Shibata, T, Ukita, Y. Hiura and 7, Temra, Jo Penl
sillin (Japan), 1, 588 (1948) 8. A, 43, 6697 (1949)

54 « Marshak, W, B. Schaefer and 8. Rajagopalan, Proc.
Soc. Exptl. Blol. Med., 20, 565 (1949). e

55&. Shibata, Y. Miura, C. Ukita and T, Tamura, J.
Soc. Japan, 68, 208 (1948) /E. A, 45, 6691 (1951 19 i hars

5s, shibata, ibidsy 64, 50 (1944) &, A., 45, 2929 (195L)7.
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C3H7 Cshy
N CooH
CHao o ] oH

product of lichens, has been synthesized and tested>/158 (see
Table 3) for antibacterial activity. Of these compounds,
dacarbo»narwdiéymic acid (lﬁgaprapylns,7~d1hydroxy~9ﬁgmamyl~
dibengofuran) proved to be the most effective as a tubareuxoa
static agent, being inhibitory at a dilution of 1:320,000,
Clinical use of usnlec acld for treatment of tuberculosis
has been reported,?? but there is no indication in the litera-
tura}that the dibenzofuran derivatives have been so employed.
Another study of diphenyl ether derivatives was undertaken
by Tomita and Watanabe.5© 2-aminodiphenyl ether hydrochloride,
the only amine tested, was effective against the human strain

573, Shibata Miura, H. Sugimura and Y. Toyoizumi,
1bid., 68, 303 (1048} /6. 4., 43, 6695 (199027,

58Y4. Naito, A. Shihoda, M. Ohta, F. Fujkawa, K, Nakazina,
H, Fujii, A. Tokuoka and Y. Hitosa, ibid.. 32, 1047 (1953)
/8. a., 46, 10286 (1952)7.

593* Fatiala J. Patlala, s., Siitola and P. 3311

60y, Tomita and W. Watanabe, J, Pharm. . Japap, 71
1198 (1951) 260 an ah, 718 (rolaly, Fhasm. Sec. Jamad, Zl,
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of M. tuberculosis at a dilution of 114,000, (Barry, et. al.,*8
found 1:35,000,) The sole dibenzofuran derivative examined,
3-isocaproyldibenzofuran, was inhibitory at < 1:70,000. A
 somewhat 1aw¢rkvalue ( < 1:50,000) was reported for a related
compound, 4~130¢ap&oyldiphanyl ether. None of the diphenyl
ethers possessed any remarkable growth inhibition against
tubercle bacillii.

Because of previous findings which indicated that aromatic
amines in which the amino group is para to a lipophiliec group
are effective tuberculostats, a number of aminodibenzofurans
were tested, Using the human strain of M. tuberculosis, Doub
and Youmans®l established that the order of effectiveness of
substitution relative to the ether linkage is para > mets >
ortho. Examining Table 3, it is apparent that 2~aminodibenzo-
furan which may be considered parg~substituted is as effective
as any of the dibenzofuran compounds tested. This compound was
considered worthy of evaluation by means of in vivo test in the
mouse, but it proved ineffective. (2~-Aminodibenzothlophene
showed some suppressive effect but too little to be of practi-
cal significance.) The high chronic toxicity of the compounds
tested by ﬁguh and Youmans coupled with the marked loss of
potency in the presence of éerum negates the attractive in

yitro values in absence of serum.

61L¢ Doub and G, P. Youmans, Amer. Rev. Tuberc., 61, 407
(1950).,
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Nicotinamide is active only at a 1:500 dilution without
serum and <1:125 in the presence of 104 aerum,ég Niaaeinamiu‘
dine also 1s aetive only at high concentrations, 1:125 and
<1:125, respectively., The introduction of aromatic nuclei
or the dibenzofuran nuecleus into the side chains of these com=-
pounds results in a great inerease in activity. However, even
the highest activity observed, N-(p-phenoxyphenyl)-nicotin~-
amide (1:16,000 and 1:32,000), is not outstanding, N-(3-
Dibenzofuryl)nicotinamide was active at <1:8,000 and Ne(3~
dibenzofuryl)nicotinamidine at < 1:2,000 in the presence or
absence of serum,

The results of the ln vitre testing of various dibenzo=-
furan compounds for antituberculosis activity are presented in
Table 3, Most of the information contained therein was obe
tained from a review63 compiled by the Chemical«Biological
Coordination Center of the National Research Council. The
majority of the dibenzofuran compounds listed were prepared and
supplied by this laboratory. i

A discussion of the activities of antituberculosis com-
pounds in general is available in the dissertation of Iagham.23

625, N, Baxter and J. Cymerman, J. Chem. Soc., 1490 (1953).
636. P. ?ﬁumansg L. Doub and A. 8, Youmans, "The Bacterio=

atatic Aetivity of 3500 Organic Compounds for EXQ%EQQ&QELQ&
[uberculosis Var. Hominis", Review No., 4, National Researc
founo1 s Washington, D. c., 1953,
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Table 3

In Yitro Antltuberculosis Activity of Dibenzofuran
and Some Derivatives

acteriosts

Highest
Compound Mg, %% Mg, 4  inhibiting Ref.
(serum) dilution
1-acetanido-3,4~dihy~ 10.0 10.0° (63)
droxydibengofuran \
l-acetamidom4,6-dihy~ 10,0 »10.0 (63)
droxydibenzofuran (vel.)®
lwacatamidawa@—méthoxym 210.0 - »10.0 (63)
dibenzofuran
- 2«gcetyl-7-aminodibengo~ 2.5 >10.0‘ o ' (63)
furan (m1,)¢
l-allyle2-methoxydibenzo~- 0,625 >10.0 (63)
furan '
2~aminodibenzofuran | 0.039 5.0 | (61)
2-aminodibenzofuran 0.039 10,0 (63)
hydrochloride (tested in mouse)
4~aminodibenzofuran 0.078 10 . | (61)
4~gminodibenzofuran 0.039 10;Oh (63)
hydrochloride

Mg, 4 =mg./100 cec.
brested at 10 mg. % only.
Cv.i. = Very insoluble, actual conc. approx. one-half to |

one~salghth given conc.j m.i. * moderately insoluble, actual
cone, approx. one~half given conc.
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Table 3 (continued)

Highest

Compound ‘Mg. %8 Mg, %“ inhibiting Ref,
(serum) dilution
2~amino=-3~bromodibenzo~ 10 10 (61)
furan ‘
leaminoe=4 ,6-dimethoxy~ >2 5 10.0 (63)
dibenzofuran hydrow ‘e
chloride (m~1‘)
leamino-4-methoxydibenzo- 5.0 >10,0 (63)
furan hydrochloride (v.1.)® |
" lebrome~4=aminodibenzo~ - 031 10 (61)
furan
0.312 >10.0 (63)
’ . (Vnie)a ‘ /
2=bromo~3~aminodibenzo- 10 10 (61)
furan , ‘
G.l?@ >10.0 (63)
(Mtin
aubromo~7~aminadibenzo~ 1:400,000 (48)
furan (campieta)
111,000,000
partial)
2«-bromodibenzofuran >10,0 10,0 (63)
(Vﬂiw)a
4-bromodibenzofuran 1.25 10,0 (63)
2-bromo-4=dibenzofuran- 10,0 lo.Ob (63)
Qarbaxylia acid
2-chloro-7-aminodibenzo~ 1:400,000  (48)
furan (eampiate)
1:1,000 OGO
(partial)
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Table 3 (eontinued)

Bacteriostatic concentration

; Highest
Compound Mg. %% Mg, %8 inhibiting Ref,
(serum) dilution
1,4-dlaminodibengofuran 0,625  ppt. (63)
hydrochlorlide
2,3~diaminodibenzofuran 2.5  »10.0 (63)
dihydrochloride
2,7-diaminodibenzofuran 1.25  >1040 (63)
dihydrochloride (m,16)¢
2,8-diaminodibenzofuran 5.0  >10.0 (63)
’ dihydrochloride
3,7=diaminodibenzofuran 10,0  »10,0 (63)
dihydrochloride
dibenzofuran >10.0 »10,0 (63)
2~dibenzofurancarboxylic 2.5 10,0 (63)
acid, sodium salt
4=~dibenzofurancarboxyliec >10.0 >10.0 (63)
acid
N-(2«dibenzofuryl)nico= <1:8,000 (62)
tinanide {serum)
L 4 1 :8;000
Ne(2~dibenzofuryl)nico~ <1:2,000 (62)
tinamidine (serum)
<1:2,000
l,g(?)*dibromﬂﬁatg*di* GQ625 10,0 (63)
hydroxydibenzofuran ,
4-diethylamincdibenzo= 0.312 »10,0 (63)

furan hydrochloride

(moi, )¢
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Table 3 (continued)

Highest
Compound Mg. 42 Mg. ¥°  inhibiting Ref.
_ {serum) dilution
2-( «-ﬁﬂ.eth,g aminopro- 1.25 »10.0 (63)
plonyl)dibenzofuran
hydrochloride
1,4~dihydrodibenzofuran 5.0 >10.0 (63)
142«dihydro~2-dibenzo~ 10,0 >10,0 (63)
furancarboxylie acid,
- sodium salt
2,8-d1hydroxydibenzofuran  0.625 >10,0 (63)
3,4«dihydroxydibenzofuran 2,5 »10.0 (63)
3,7-dihydroxydibenzofuran 1:10,000 (57)
(avian)
347=dihydroxy-1,9~dibenzo= 1:20,000 (58)
fnranﬂicarhaxylla acid
3y7=dihydroxy~l,9=dimethyl=- 1:40,000 (58)
dibenzofuran
1:80,000 (57)
{aviaxi)
3y7=dihydroxy~1,4,6 9« 1:10,000 (58)
tatramathyidihanaau
furan 1:10,000 (57)
(avian)
2 ,8«dimethoxydibenzofuran Qiﬁ)e 10,0 (63)
m. .
4,6~d1methaxydibenmfuran Zmie)g 510.0 (63)
Vei.
Bw(dimethylaminamathyl)u 622 >10,0 (63)
ihydrowben (v.id)®
naphtha
tnranm?(Sﬂ)uane

hydrochloride
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Table 3 (concluded)

Highest

Compound Mg. %8 Mg. ¥  inhibiting Ref,
(serum) dilution

pyrido=/3,2«p/dibenzo- 2,5  »10.,0 (63)
fnraé hydrochloride (v.i.}c * '

pyrido=/3,2=g/«5=amino- G.ézg >10.,0 (63)
dibenzofuran (vele)

pyrido=/2,3=g/=9«bromo~  >10.0  >10.0 (63)
dibenzofuran

'1,2,3,4=tetrahydrodiben >10,0 . >10.0 (63)
gofuran (mei,)

1*2,3 4"**}&'@?&1@?&1’0“?“ » 10.0 »10.,0 (63)

' 3iban£ofuraﬁearbnx—

ylic acid

tri~(4-dibenzofuryl)- > 10.0 10,0 (63)
arsine : (Vels)®

l=-{p-trifluoromethyle > 10,0 »10.0 (63)
phenylazo)«2«hy= (v.d,)¢
droxydibenzofuran

In comparing the antituberculosis potencies of compounds,

it should be kept in mind that variations in medium, amount of

inoculum, time and temperature of incubation and the nature of

the test organism will lead to varying results,

These factors

are discussed thoraughl& in the review previously citad¢63

From an examination of the published data on the use of
dibenzofuran derivatives as in wvitro tuberculostatic agents,

data which is presented in Table 3, it appears that perhaps
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the most fruitful approaches to the discovery of significantly
active dibenzofuran compounds are the preparation and testing
qu dibenzofuran analogues of active diphenyl ethers and
polysubstituted dibenzofurans related to didymic acid,

klt has been suggaaﬁadé4 that the grouping
¢ 1 H
— (=

is one which 1s desirable for antibacterial activity.
 Accordingly, a large mumber of & -aroylacrylic acids,
esters and amldes were synthasizeaés and tested for antibac-
terial action, | ,
2,8«Dibenzofuroyldiacrylic acld was found to be inhibitory
aphylococeus gureus at a dilution of 1:20,000. The

corresponding carbazole compound inhibited the growth of the
same organism at a dilution of 1:100,000. Neither of these
compounds was considered particularly effective; inhibition at
dilutions over 1:100,000 was taken as evidence of noteworthy

activity.

o Be Gelger and J. E, Conn, J. Am. Chem. BocC. ;6_2 112
(1945). » 4 P

- 65p, J.Iﬁrgmar, Wi 8¢gr§ader,twt giiﬂbran, C. H. Nield, M.
Edwards, C. I. Jarowski and B. Puetzer, J. Am. Pharm. A880C«,
Sci. Ed., 37, 439 (1948).
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As part of a studyéé of mercurials derived chiefly from
benzene and furan, the antiseptic potency of 4-acetoxydibenzo=-
furan was investigated. This compound was found to inhibit the
gréwth of 8. aureus and B. coli at concentrations of the same
order as those effective in the case of S-nitro-2-furylmercuriec
chloride, the most promising of the compounds tested. However,
the furan derivative possessed a wider margin of safety
(1350,9&& ﬁo 1:1,000,000) than the dlbenzofuran compound,

The synt&&aisyaﬁﬁ testing of 2,8-diamidinodibenzofuran
(248~diguanyldibenzofuran) was undertaken 67 because of the
structural resemblance of this compound to di«(p-amidinodi-
phenyl)ether. This latter compound previously had baan ghown
to be active against Trypanosoms : se infections in
mice, 2,8-Diamidinodibenzofuran cured infections of I.
8¢ and I. brucei in mice when administered subecutan-

eously in doses approaching the maximum tolerated.

Eleven dibenzofuran-substituted guanidines have been re-
pertad in a gaﬁentég to be bactericidal, but no further details
are available. These compounds are listed in Table 4.

Shibata and co-workers’! investigated the action of

didymic acid and related compounds on §. gureus as well as on

66 | |
C¢ andlay N. M. Phatak nd C. D, Leake,
Pharmacol., 4, 175 (1936) , 33, 8802 (P%%)f'gm
6"'3* S. Moffatt, J. Chem. Soc., 625 (1951).
68y, 5. Patent 2,191,860 /G. A., 34, 4528 (1940)7.
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Table 4

and Derivatives

dibenzofuran

' Highest
Compound Organism inhibiting Ref.
dilution
4-geetoxydibenzofuran 8. aureus 13304000 (66)
B. QQL% Law 1*59;9@0

x-bromo-3~(/4 -diethyle  amoebicidal (34,35)
aminocethylaming) -
dibengofuran

2-bromo=-3~guanylguanido- bactericidal (68)
dibenzofuran

2,8-diamidinodibenzo~ golen (67)
furan ;

dibenzofuran 8. gureus 1:%5,000 (57)

2 ,8wdibenzofuroyldi« 8. gureus 1:20,000 (65)
acrylic acid

3=/ B~( B 1-diethyle amosbicidal (34,3%)
aninoethoxy)ethyl« ’

| aming/dibenzofuran

3-bis~/B (/3 t-dlethyl~ amoebicidal  (34,35)
aéziaathexy)athx17m !
aminodibengzofuran

3-((8 ~diethylaminoethyl- amoebicidal (34,35)
amino)dibenzofuran

3mbise( g%iathylamman amoebicidal (34,35)
ethyl)aminodibenzo-
furan ,

244<bism(B~diethyl- amoebicidal (34,35)
aminoethylamino)= ‘
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Highest
Compound Organism inhibiting Ref.
dilution
347~bis=(/3 ~diethyl- amoebicidal (34,35)
aminocethylamino)~
dibenzofuran
3=/({diethylaminoethyl)~ bactericidal (68)
guanylguanidp/di-
benzofuran
3,7=bis«/{diethylamino~ bactericidal (68)
ethyl)guanylguane
idg/dibenzofuran
3=/ ”% tediethylamino- amoebicidal (34,35)
z??atfy iol)ethyl- , ’
aming/dibenzofuran
3,7~dihydroxydibenzo~ 8. aureus 1:5,000 (57)
furan
2,8-dimethyle=3,7=big~ bactericidal (68)
(guanylguanido)di-
bengofuran
1,9-dimethyle3,7=dihy=- , aureus 1:80,000  (57)
P roryaibehroruren b BuRen -
1,9-dimethyle=3,7-d1~ . aureus <115,000  (57)
’ mﬁthaxyd»éansan , & ¥ :
furan
2~-(guanylguanido)diben~ bactericidal (68)
: zofuran ‘ ‘ :
3«{guanylguanido)diben- Tbactericidal (68)
‘ zofuran :
2,7=bls~(guanylguan~ bactericidal (68)
ido)divenzofuran
347-bis=~{guanylguan- “bactericidal (68)

jido)dibenzofuran
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Table 4 (eoncluded)

hest
Compound Organlsm %hiting Ref.
diluticn
Eu(guanylguanide)aanhyw ba@terieidal (68)
droxydibenzofuran
3»(guany1methylguaniéa}~ bactericidal (68)
dibenzofuran ,
3=/ «hydroxy= B «(l- amoebicidal (34,35)
plperidyl)propyle ~ ’
amino/dibenzofuran
2w1ada~7wguanylguanidam bactericidal (68)
dibenzofuran
3-isocaproyldibenzofuran §. gureus <1350,000 (60)
E. goli <1150,000
lwmethylw3,7~dihydroxy- §. gureug 1:40,000 (57)
dibengofuran . '
3=/p ~(1l=piperidyl)- amoebicidal (34,35)
ethylamino/dibenzo~
furan ‘ S
3~bis~éE 1-piperidyl)- amoebicidal (34,35)
yl/aminodibenzo-
furan - : ,
1~§-prapy1~3 7-diacetoxy~ 8. gureus < 115,000 (57)
Q=p=amy i&ibenzofuran
1~g~prapylw3 7=-dihydroxy~ 8. gureus 1:640,000 (57)
9wp-amyldibenzofuran ,
(ﬁeaarba~a¢r~di&ymi¢ acid)
l-p~propyle3~methoxy-7= §. gureus 1:80,000  (57)
hydroxy=9=p~amyl=8« | |
carboxylic acid
{didymiec acid)
1,¢,éé9~tatramathyl~3,7w 8. aureus 215,000 (57)

ihydroxydibengo-
furan
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M. tuberculosis. Again decarboenor-didymie acid proved to be
the most effective of the ca@paunds tested, being inhibitory at
a dilution of 1:640,000,

The 3~&sa¢aprayléibenzofuran of Tomita and watanabeéo was
less effective ( <1:50,000) against §. gggggg and E. goli than
against M. tuberculosis.

The synthesis of some sulfanllamlide derivatives of diben-
zofuran has been reported, but their antibacterial activities

are unknown.

| 3~(p~-Aminobengenesulfonamido)dibenzofuran and 3=(3',5'~
dibromobenzenesulfonamido) dibenzofuran were synthesized by
Tani and ahsakaég in addition to the acetyl derivative of the
former compound. willinly,had prepared 3-(p~aminobenzene-
sulfonamido)dibenzofuran and its acetyl derivative previously,
but this work was not published, The 4-isomers of these two
compounds were also prepared. It was reported by Willis that
the great insolubllity of the free amines prevented their teste
ing.

Novellits’® samples of 3=-(p-aminobenzenesulfonamido)diben-

zofuran and the acetyl derivative were tested for physiological
activity in vitro but the abstraet indicates that the results

were omitted from the original paper.

6% fvni and H; Ohsaka, J. Pharm. .. n. 70. 126
(1950) . Zﬁ, 44, 5835 (195é‘jf Eharm. Soc. Japah, 70,

70, Rovelli, Cien 260 (1940) /C. A., 34, 7903
(194017?. s Clencia, 1, L. Ay 34
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Certain h&teracyélic molecules related to the active 2«
aminafluareaa71 have been found to be carcinogenic. In an
effort to determine whether the methylene bridge in 2-acet-
amidofluorene is essential for carcinogenicity, the correspond-
ing dibenzothiophene, dibenzothiophene~5-oxide and dibenzofuran
-eompounds were testeﬁ.?g

J«Acetamidodibenzothiophene was found to be as carcino-
genie as the fluorene compound toward the mammary gland and ear
duet tissue of the rat, but introduction of the sulfoxide
linkage lowered greatly the activity of the molecule. The
dibenzefuran analogue had only partially diminished activity;
eventually a high activity towards the mammary gland was shown
as wall a8 a somewhat reduced metivity towards ear daat tissué.
Unlike 2-acetamidofluorene, none or‘tha three analogues showed
activity towards the liver.

The examination of dibenzofuran itself for carclnogenic
actlvity has not been reported, but dibenzofuran would not be
expected to show this property in view of the non-careinogen=-

leity of fluorens.’>®

?1R. H, Wilson, F. DeEds and A, J. Cox, %ggg%i Researel
(a) 1, 595 (1981); {b) 2, 444 (1947)3 (e) 7, 94

72g, ¢, Miller, J. A, Miller, R. B. Sandin and R. K.
Brown, ibid., 9, 504 (1949).
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The preparation of various N-trifluorcacetyl derivatives
of carcinogenic amines has been reported raaently.73 Included
were 3-trifiuoroacetamidodibenzofuran, 3-trifluorcacetamidodi-
bengothiophene and 2«trifluoroacetamidofluorene. No mention
was made of the carcinogenic properties of these molecules.

2«{3«Dibenzofuryl)-3-p-propylindole and 2«(3~dibenzofuryl)-
3=p=~butylindole have been aynthesizeﬁ74 as part of a study of
the chemistry of carcinogenic nitrogen compounds. These com~
pounds were reported to be unéer biological investigation at

the time of publieation.

In the literature there is but one reference to the teste
ing of dibvenzofuran derivatives for use as plant hormones.

Gilman and Avakian?s prepared 2-dibenzofurylacetic acid
and 2,8«dibenzofuryldiacetic acid, the latter compound proving
inactive in plant growth tests. No information was given in
regard to the activity of the mono~-carboxylic acid, but two
related types, 2~carbazolylacetamide and 2-carbazolylacetic
acid were rauadkto be inactive. |

73g. Sawicki and F. E, Ray, J. Am. Chem. Soc., 79, 2266
(1953). ’ Baeey 28y

74¥g. Ph. Buu-Hoi, J. Chem. Soc., 2882 (1949).

('19463%" Gllman and S. Avakian, J. Am. Chem. Soc., 68, 2104
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The preparation of 2,8«dibenzofurandioxyscetic acid has

been aeﬂ@mgliahnd,la but this compound is too insoluble in

water and ethanol to permié a satlsfactory evaluation of it in

phytohormonal tests.

Dibenzofuran and its derivatives have been tested rather
extensively by entomologists, and the accumulated data indicate
that members of this series are quite satisfactory insecticides
and fungicides.

Ko attempt will ba made here to discuss the many applica-
tions of dibenzofuran compounds in this field. This informa=-
tion is presented in Table 5. .

Table § was compiled to a large extent from material
collected in Fraar's?é excellent summary. A recent publica~
tion’’ by this same author which was unavailable to the writer
at the time of preparation of thia dissertation may contain
further examples of the use of dibenzofuran compounds as
insecticides,

Bince the use of dibenzofuran as an insecticide in spray
form might result in a public health hazard in the form of

?69& E., H, Frear, "A Catalogue of Insecticides and Fungie
gigeagi egggniaa Betanica Cos, Waltham, Mass., Vol. I, 1947,
) u '

?7D E. H. Frear, "Pesticide Handbook", College Science
Publishers, State caliage, Pa., 1954,
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spray residue, the effect of this compound on albino rats was
studiad.78

Thé highest concentration of dibanxafufan (8,000 ppm.) in
the baslc ration of the rats produced no retardation of growth.
Food intake was not appreclably altered, and no animals ex-
hibited abnormalities of behavior or activity. An increase in
water intake and urine output was observed but not until 15
days after commencement of the experiment, Abdominal fat
inereased, but there were no significant abnormalities in the
livers, spleens, hearts and adrenals of the ratsj; the kidneys
showed fine brown pigment granmiles.

It was concluded that the use of dibenzofuran would be
unlikely to cause a spray residue problem, unless the compound
were changed to a more toxie one by weathering or other condi-

ticns,.

783 Q Thomas, R, H. Wilson ] 'y F :
Ha U 00 y B He and C, W, Eddyg m W,
54 23 (1940). ‘
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Table 5

Dibenzofuran and Some Derivatives as
~ Insecticides and Fungicides

Compound Organism Toxicity Ref.
2-acetyldibenzofuran - mosquito | 58¢ at 20 ppm. (79)
larvae after 16 hr,
3-aminodibenzofuran mosquito 48% at 5 ppm.  (79)
| | larvae after 16 hr,
mosquito 50% or more at (80)
larvae 5 ppm, within
, 16 hr,
imported cab-~ low mortality (81)
bage worm after 24 hr.
egegs of furni- ineffective (82)
ture carpet
beetle
3=chlorodibenzofuran mosquite 506 at 5 ppm.  (79)
larvae after 16 hr,
mosquito 50% or more at (80)
larvae géppmg within
‘ ¥ ™

imported cab« low mortality (81)
bage worm after 24 hr.

79p, E. Pink, L. E. 8mith, D. L. Vivian and H, V, Claborn,
U. 8. D. A. Bur, Entomol. and Plant Quar., Div. Insecticide
Invest., Mimeo Pub, E-425 (1938).

86})‘ E. Pink and D. L. V:‘..V.‘Lan, 4+ Econ. Entomol., 2_2, 804
(1936). ; .

81p, 1. Campbell, W. N, Sullivan, L. E, Smith and H. L.
Haller, ibid., 27, 1176 (1934).

32‘3. Colman, U, S. D. A. Bur, Entomol. and Flant Quar.,
Div, Insecticide Invest., Mimeo Pub. E~592 (1943).
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Table 5 (continued)

6aﬁpaﬁnd Organism Toxicity Ref.
2-¢hloro-7-nitrodibenzo- mosquito of at 100 ppm.  (79)
furan larvae ;
dibenzofuran mosquito 80% at 5 ppms  (79)
' larvae after 16 hr,
mosquito 504 or more at (80)
larvae 5 ppm. within
6311"‘
mosquito nearly 100% at (81)
larvae § ppm. in 5 hr,
German roach some toxicity (83)
owder-post toxie (84)
eetle

toxic (84)

1004 at 100 (8%)

1b./acre

h o ﬁa - b, 30
{chiggers)

fungicide and (86)
insecticide

83g. E. Gould, Pests, 1l, 12 (1943).

84%; Schulze and Gy Becker, Holzforsch
LB+ A+ 43, 4417 (1949)/.

857, P. Linduska, F. A, Morton and W, C, MeDuffie, J.
Gcop. Entomol., 41, 43 (1948).

86german Patent 355,206 /Chem. Zentr., 93, IV, 429 (1922)7.

ung, 2, 97 (1948)
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dosage because of 1lts toxicity and oral ingestion was without
effect. Thus experimentation with this compound was limited.

Some dibenzofuran compounds have been subjected to tests
designed to reveal organic structures which are particularly
toxie to rats.?3 The minimum lethal doses (mg./kg.) of the
dibenzofuran compounds were too great to recommend these com-
pounds as rodenticides. The values found were x,x-dichlorodi-
benzofuran, 2503 3-nitrodibenzofuran, > 5003 and 2-(dicyano-
phosphino)dibenzofuran, >500,

Three dibenzofuran compounds were also tested for their
repellency 1&&1&95.94 Je~Aminodibenzofuran was rated at'79,‘
3-nitrodibenzofuran at ~5 and x-(3-dibenzofuryl)stearic acid
at «101. Only compounds having a repellancy index of 85 or
higher weré reserved for further study.

There is in the 1itaraﬁure one report concerning the
metabolism of dibenzofuran. Christomanos’® injected dibenzo-
furan in olive oil subecutansously into rabbits, He found that
. a considerable amount of hippurie acid was excreted. As comw

pared to the control pabi&&, the amount of bengzolc acid

‘e Be DE sy Be DO ¢ bow W ngensmitn « Lo WAr

937, B. DeWitt, E. Bellack, C. W, Kli ith, J. C. Ward
and R. Treichler, Chemical-~Blologlcal Coordination Center,
Review No, 5, ﬂa%ianal Research Council, Washington, D. C.,
1953, ppre 1-47.

94g, Bellack, J. B. DeWitt and R. Treichler, Chemicale
Biological Coordination Center, Review No. 5, National Research
Counell, Washington, D. C., 19%3, pp. 48-156, ~

954, A. Christomangs, Z. physiol. Chem., 181, 182 (1929)
L. b3 2608 (1o20y7," & Hhredel » 181,




47

excreted was slightly greater but no salicylic acid or p-
hydroxyhippuric acid was found. The mechanism of metabolism
suggested involves the cleavage of dibenzofuran at the ether
linkage with destruction of the nucleus which retains the oxy=
gen atom, The bengoic acld formed is detoxified in the usual
manner with glyeine,

Derivatives of Dibenzofuran

Table 6 is an addition to the compilations of known de~
rivatives of dibenzofuran which have appeared in previbus
dissertationst3114917920423 enop this laboratory. In the Table
are entered all dibenzofuran derivatives which were listed in
the 1952 Index to Chemical Abstracts as well as most, if not
all, of those dibenzofuran compounds listed in the Chemical
Abstracts of 1953 and 1954 through the issue of Vol. 48, No.
10.

The compounds of Table 6 have been named according to the
style indicated in the Introduction to this dissertation. In
assembling this information, it was assumed that the melting
points were uncorrected unless the original 1£terature indie-

eated otherwise.
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Table 6

Derivatives of Dibenzofuran

Compound _ m.P. (°C.) Ref.

2= wwacetamidoacetyldibenzofuran 1924193 (96)
2«acetyldibenzofuran 82-83 (96)
p-amincacetanilide salt of 290 (97)
2«~dibenzofuransulfonie acid
2= w-gnincacetyldibenzofuran 265267 dec, (96)
- hydrochloride
3~aminodibenzofuran 99~100 (23)
4-gminodibenzofuran 83-84 (23,49)
3-aminodibenzofuran salt of 255-256 dec, (98)
p-toluenesulfonic acid
g~aminodicyelohexyl salt of 213-255 (97)
2=dibenzofuransulfonle acid
aniline salt of 2~dibenzofuran- 258-260 (97)
sulfoniec acld
3,3 '~azoxydibenzofuran 271 (98)
2-benzamidodibenzofuran | 185-186 (96)

gérhia dissertation.
'97R¢ w#ndland J« Rode and R+ Meintzer, J. Am. Chem. Soc.,
75, 3606 (1953)e

, 93&. Bauer, J. N, Baxter, J. Cymerman and W, J. Sheldon,
. Chem. Soc., 1184 (1952),

{
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Table 6 (continued)

Compound P, (°%.) Ref.
2»henzeyldibanaéraran; - 136~138 (96)
2-benzoyldibenzofuran oxime 158.5«159,5 (96)
2»cdwbramanaétrlﬁibmnzafuran | 105,5«106.5 (96)
2-bromodibenzofuran | 107-108,5 (96)

108-109 (23)
2«( (wbromoethyl)dibenzofuran ‘ 83-84 (39)
p-butylamine salt of 2wdibenzofuran- 207-208 (97)
sulfonic acld
2~chloroacetyldibenzofuran bep. 205~209.5  (96)
at 1.,2+2,0 mm,
g~chloroaniline salt of 228-230 - (97)
2~dibenzofuransulfonic acid
2«-cyanodibenzofuran 140-141 (96)
3-cyanodibengofuran 109-116 (23)
eyclohexylamine salt of 214216 (97)
2«-dibenzofuransulfonic acid
di~benzidine salt of 2-dibenzofuran= >300 (97)
- sulfoniec acld | '
2~diﬁaﬁaafurangarhaxylie acid 255.5=257.7 © {96)
3=dibenzofurancarboxylic acld 270-272 (23)
2«dibenzofurancarboxylic acid amide 220~221 (96)
2-dibenzofurancarboxylic acid 164-165.5 (96)
anilide
4~dibengzofurancarboxylic acld i42.#w144,5 (96)

anilide 3
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Table 6 (continued)

MQPQ '(Qcé )

Compound Ref.

2~dibenzofurancarboxylic acid 220-221.5 (96)
benzenesulfonhydrazide

4-dibenzofurancarboxylic acid 2424243 (96)
bengzenesulfonhydrazlde

2~dibenzofurancarboxylic acid 210-212 (96)
hydrazide

4~dibenzofurancarboxylic acid 174175 (96)
hydrazide

2-dibenzofuransulfonic acid - (97)

Ne~{2~dibengofuryl)nicotinamide - 220 (62)

K=(2~dibenzofuryl)nicotinamide salt 213 (62)
of p-toluenesulfonic acid

N-{2-dibenzofuryl)nicotinamidine 217.5 (62)

2«-dibenzofuryltriphenylsilane 137.5-138.5 (99)

4-dibenzofuryltriphenylsilane 153-154 (99)

di-g-butylamine salt of 2-dibenzo~ 164 (97)
guran&ulfonia acid

2~w=dichlorcacetamidodibenzofuran 167-169 (96)

dieyelohexylamine salt of 239-240 (97)
2~dibenzofuransulfonic acid

di=2,4=diaminophencl salt of 250 deec. (97)
2«dibengofuransulfoniec acid

dieethylenediamine salt of ¥305 (97)
2=dibenzofuransulfonic acid

di~hydrazine salt of 2-dibenzofuran~ 260 dec. (97)

sulfonic acid

99pr. R, H. Meen, unpublished studies.
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Table 6 (eontinued)

Compound m.P. (°.) Ref.
di-isobutylamine salt of 2-dibenzo- 168 o (97)
furansulfonic acid |
NyNedimethylaniline salt of 6162 (97)
- 2=-dibenzofuransulfonic acid | ”
di~pephenylenediamine salt of . 280290 dec. (97)
2-dibenzofuransulfonic acid
di-p«phenylenediamine salt of IR »305  (97)
2~dibenzofuransulfonic acid | |
diphenylguanidine salt of 195-196 (97)
2-dibenzofuransulfonic acid |
N=ethylaniline salt of 2-dibenzo- 128-129 (97)
furansulfoniec acid
ethyl 2-dibenzofuranoxyacetate . 54=54,5 (96)
guanidine salt of 2~-dibenzofuran- | »310 - (97)
sulfonic acild | ‘
2/ =((3 '=hydroxyethylamino)ethyl7- 168-170  (39)
Lo dibenzofuran hydroahlnrida ;7
8~hydroxyquinoline salt of 207-208 (97)
2=-dibengofuransulfonic acid
2-1ododibenzofuran 110-111 (96)
j-isocaproyldibenzofuran —— (60)
K~methylaniline salt of - 148-149 (97)
2-dibenzofuransulfonic acid
methyl 2-dibengofurancarboxylate 80.5=82.5 (96)
olenaphthylamine salt of 2-dibenzo- 260 dec. (97)
furansulfonlic acid
| (anaphthylamine'éalt of 2=dibenzo- - 245-246 dec.  (97)

furansulfonie acid
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Table 6 (continued)

Compound M.P. (°.) Ref.
p-nitroaniline salt of 2-dibenzo- 250 dec., (97)
' furansulfoniec geid
p-nitroaniline salt of 2-dibengo- 240 dec. (97)
furangsulfonic acid |
2-nitrodibenzofuran 151~152 (23,49)
3e-nitrodibenzofuran 181-182 (23,49)
181.5 (96)
181 (97)
4-pitrodibenzofuran 138~139 (23,49)
o~phenylenediamine salt of 225 dec. (97)
2«dibenzofuransulfonic acid
phenylhydrazine salt of 2-dibenzo=- 193-194 dec. (97)
furansulfonic acid
2=/ ~(1«piperidyl)ethyl/dibenzo~ 160-163 (39)
furan hydrochloride
quinoline salt of 2-dibengofuran- 195-196 (97)
gulfonic acld
semicarbazide salt of 2-dibenzo- 205-215 (97)
furansulfonic acid ,
sulfanilamide salt of 2-dibenzo- 245-246 dec. (97)
furansulfonic acid
tetra~hexamethylenetetramine salt of 158~159 (97)
2=dibenzofuransulfonic acid
g-toluidine salt of 2-dibenzofuran- 242-243 dec, (97)
sulfonic acid \ :
p-toluidine salt of 2-dibenzofuran= 205206 (97)
sulfonic acid
p~toluidine salt of 2-dibenzofuran- 232-234 (97)

sulfonic acid
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Table 6 (continued)

Compound | M.P. (°C.)  Ref.
triﬁgmhutylamina salt of 2-dibenzo- 117-118 (97)
furansulfonic acid | | ~
3-triflucroacetamidodibenzofuran  204-205  (73)
urea salt or_Endibanzofuransuifénié 203 dec. (9

acid

3*&¢ety1~4~mﬁﬁhbx&a1benzafuran | 69.5*76;5 C(96)

dl~alanine salt of 2-dibenzofuran- . 250=300 dec, (97)
sulfoniec acid
o=gminoisobutyric acid salt of 250-300 dec.  (97)
' 2~dibengofuransulfoniec acid
aniline salt of 2edibenzofuran=- . 2584260 dec. (97)
sulfoniec acid -
2-bromo-7-acetamldodibenzofuran 220-220,5  (23,49)
2=-bromo-7-aminodibenzofuran 131,5«133 {23,49)
p-bromoaniline salt of 3~nitro-8- 258-266 dec.  (97)
dibengofuransulfonic acid
2-bromo-8-~dibenzofurancarboxylic acid  334.5~336.5 (96)
2«bromo-b6-dibengefurancarboxylic acid 228-229 (96)
benzenesulfonhydrazide : ;
2-bromo=6=dibengofurancarboxylic acid 198«200 (96)
hydrazide ; ,
2«bromo~7-nitrodibenzofuran 250-251 - (23,49)
o - 251.,5-253 (96)

2=bromo=8-nitrodibenzofuran | 210-212 (23,49)
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Table 6 (continued)

divenzofuransulfonic acid
4 ,6~dimethyldibenzofuran

87 |
bepe 313 at 757 mm,

Compound m.P. (°%c.)  Ref.
n-butylamine salt of 3-nitro-8e 264 (97)
dibenzofuransulfonic acid
creatinine salt of 3enitro-8e 258 (97)
dibenzofuransulfonic acid
lwcysteine salt of 3-nitro-8- 219 (97)
dibenzofuransulfonle acid
di-learginine salt of 3enitro=-8 235-236 (97)
divenzofuransulfonic acid
2,8«dibenzamidodibenzofuran 293-296 (96)
2,8«dibengofurandicarboxylic acid 440~442 {96)
4 ,6~dibenzofurandicarboxylic acid —— (100)
2,8~dibenzoyldibenzofuran 167-168,5 (96)
2 y8«dibenzoyldibenzofuran dioxime 231.5-232 dec, (96)
2 ,8-dibromodibenzofuran 192-193 (23,49)
194-195 (96)
+ di-p~butylamine saelt of 3~nitro-8- 167 (97)
‘ dibenzofuransulfonic acid ,
2,8~dicyanodibenzofuran 304305 (96)
di~l=-cystine salt of 3~nitro=8 215 (97)
, dibenzofuransulfonic acild |
di-1-histidine salt of 3-nitro-8- 248 (97)

(100)
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Table 6 (continued)

propionic aeid

mlmimh Patent 6622,5?3 L.bey 26, 6394 (195217
J. A. Hogg and R. G. Johnson,

102g, Gilman, 8§, Avakian
I Am. Chem. Boo.. 75, 6310 (1953,

 Compound u.p. (°c.)  Ret.
xyx'~dimethyldibenzofuran 45-46 (100)
¥y¥'-dimethyldibenzofuran 58-59 (100)
dimethyl 4,6»@1bamam-amxear» . 162-162,5 = (100)
- h@xylate ‘
amhydraxyﬁswdibﬁnzaruranﬁarbexylie - —— (101)
| acid z,ﬁwd&maﬁhaxyaniii&a - ~
‘dl-isoleucine salt of 3=nitro-8- 246 (97)
dlbenzofuransulfonic acid o ,
‘l-leucine salt of 3-nitro-8-dibenzo-  260-262 dec, (97)
furansulfonic acid
- dl-lysine salt of 3wnitro~B=dibenzo~ 250-300 dee, (97)
l - furansulfoniec acid |
dl-methionine salt of 3=nitro=8e 250300 dee.  (97)
dibenzofuransulfonic acid |
4-methoxy~l-dibenzofurancarboxaldehyde 104-105 ’ {102)
| ﬂw-(Mmggmxymlwda‘benszurmiwryl:w 281-282 (102)
ac ~ S
n{4~m§§mm~1”awemaruraa)butyr ic 165 (102)
acid |
&*mthaﬁul*dibamatwamwwxyi:m 280-281  (102)
aci ,
(3+(4=nethoxy~1-dibenzofuran)= - 176178 (102)
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Table 6 (eontinued)

Compound M.P. ( %. ) Ref,
ﬂm(éumthmynlﬁﬂibemommyl)- 224-225 (102)
propionic acid .
4emethyleb=-dibenzofurancarboxyliec acid 233-235 (100)
J=nitro-8«dibenzofurancarboxylic acid 310~325 (96)
3wnitreoandxbenchuxaasulfanie acid chars 240 (97)
3=nitro-4-hydroxydibenzofuran 194-194.,5 (102)
dlenorleucine salt of 3=nitro=8 250300 dec.  (97)
dibengofuransulfonic acid
d1~phan€1alanina salt of 3~nitro«B= 247 {97)
ibenzofuransulfonic acid
p~toluidine salt of 3~nitro=-8- 250 dec. (97)
dibenzofuransulfonic acid ' o
dl-tryptophan salt of 3-nitro-8~- 250~300 dec. . (97)
dibenzofuransulfonic acid
urea salt of 3-nitro-8«dibenzofuran- »300 dec. (97)
sulfonic acid *
dle=valine salt of 3-nitro~8«dibenzo= 250300 dee. (97)

furansulfonic acid

/9*{2mbrama~#~maﬁhexy~1~ﬁibanxu~ 194195 (102)
furoyl)propionic acid

2 yx~d1ibromo«3=acetamidodibenzofuran 233-236 (23)

2,8~dibromo~3~acetamidodibenzofuran 235=236 (23,49)

248«dibromo-3-aminodibenzofuran 182-183 (23,49)

248«dibromo=-x-nitrodibenzofuran 332-335 (23)
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Table 6 (concluded)

M.P. (%.)

dibengzofuran

cﬂmpaunﬁ  Ref.
‘Ya(é 6ud1mmthexy*l~dibanzafmran)* 197-198 (102)
- ﬁatyria acid ’
#,6~d1m§§haxy~1~ﬁ1banzafuranaarhmxylie» 297298 -~ (102)
ac ;
(Bo(4 y6~dimethoxy=L~dibenzofuroyl ) 241-242 (102)
propiania acid
Y-(3=nitro-4-methoxy-l-dibenzofuran)~  169=170 (102)
butyriec aecid
3=nitro-4-methoxy~l~dibenzofuran~ 269=270 (102)
' earbaxylic acid | ‘ A
3,7-—d1hyéroxy-l 9~dibenzofurandicar= —— (58)
boxylie aal& |
3 ¥ 7=dihydroxy=l ¥ Yedimethyldibenzo- v {5 8)
furan
244,46 ,8~tetranitrodibenzofuran 252 (103)
| 3,7~ﬁihyﬂraxywx,4,6,9»ta&ramethylw o (58)

1035, Zahn and H. Zuber, Chem. Ber., 86, 172 (1953).
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EXPER xmmm&l‘m 105

Derivatives of Dibenzofuran

Yethod 1. To a‘walluﬁtirrad solution of 168 g. (1.00
mole) of dibenzofuran in 600 ml. of carbon tetrachloride were
added 160 g. (1.00 mole) of bromine. The addition which was
carried out over a period of three hours was performed at room
temperature. The reaction mixture was allowed to stand for
10.5 hours without stirring, then it was stirred and refluxed
for one hour, The éarban tetrachloride and excess bromine were
removed by distillation, and the remaining material (231 g.)
was vacuum distilled, Two fractions were collected: 25,5 8oy
bsps range 100-162° at 0.2 mm., M.p. range 54~64Q and 188.5 g.,
bepe range 162~18&° at 0.2 mm,, m.p. range 78“983q It was
necessary to recrystallize the second fraction four times from

petroleum ether (b.p. range 60*70“) to obtain a produet of m.p.

104433 melting points herein reported are uncorrected
values} unless otherwise stated, the melting points were deter-
minad y the eaplillary tube msthed at the heating rate of

1°/minute in the vieinity of the melting point.

105¢he infrared spectra of the compounds described were

obtained by use of the Balrd Double Beam Infrared Spectro~
photometer of the Institute for Atomle Research, Iowa State
College, The writer wishes to thank Dr. mhrvin Margoshes, and
Messrs. Richard M. Hedges and Robert D, Kross for the detex»
minatian of and assistance in the interpretation of the spectra,

~ A1l speetra were determined on Nujol mulls of the come
pounds, unless it is otherwise indlcated.
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1a?~1oa.sﬁ." The 73.3 g. of pure material represented a yleld
of 29.7%.

The mother liquors from the recrystallizations were worked
up in an attempt to increase the yleld. This effort produced
an additional 58.1 g. of less pure 2-bromodibenzofuran, Mm.p.
range 98-103°, |

The above procedure is essentially that of Bywateré

who

reported a 624 yleld of product melting over the range 98-102°,

Method 2. This procedure is that of Buu-Hol and Reyar106
who reported an "excellent yleld" of 2-bromodibenzofuran by the
bromination of the heterocycle in glacial acetic acid,

A solution of 10.0 g. (0.059 mole) of dibenzofuran in 150
ml., of glacial acetic acid was cooled to 00 by means of an ice
bath, and a solution of 9.4 g. (0.059 mole) of bromine in 50
mle. bf glacial acetic acid was added over a period of one hour
with stirring. An lodine erystal was added to facilitate
bromination. When the addition had been completed, the reac-
tion mixture was poured into ice water. The yellow precipltate
was washed free of acld and excess bram;na with water and
sodium bisulfite solution. The #eight of erude 2«hromodibenzo=
furan was 12,1 g. Vacuum distillation gave two fractions:

7.0 g., b.p. range 98-130° at 0,1 mm. and 4,3 g. (29.5%), b.p.
range 130-135° at 0.1 mm, The second fraction melted from 98°

{1948§963g, Ph. Buu-Hoi and R. Royer, Rec. trayv. chim., 67, 175
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to 104°, Recrystallization from petroleum ether (b.p. range
60~70°) raised the melting point to 106,5-109°,

The infrared spectrum of the 2-bromo compound showed the
1,2y4-substitution band at 12.32p,

Dibengofuran itself has been examined by infrared and the
following assignments made: 8.34w, ether linkage; 13.27a,
ortho disubstitution and 13.85,u, presently unassigned.

f 2-iododibens

The lodination of dibenzofuran was accomplished by the
procedure previously pubiisheé.le?

A mixture of 50.4 g. (0.300 mole) of dibenzofuran and 38.1
g+ (0.300 mole) of iodine in 21 ml., of cone, nitriec acid and
250 ml, of chloroform was refluxed and stirred for 4.6 hours.
The chloroform layer was separated and washed with sodium bi-
sulfite solution, then with water. The chloroform solution was
dried over anhydrous sodium sulfate for 48 hours, then the
solvent was removed by distillation. The crude 2-icdodibenzo=
furan melted over the range 63° to 93° and weighed 76.0 ge On
distillation in vacug, two fractions were obtained: 11.34 g.,
beps range 124-153° at 0.35 mm., m.p. range 60-66° and 57.30 g.,
b.p. range 153-175° at 0.35 mm., M.p. range 76~96°. Recrystal=
1ization of the second fraction from ethanol-petroleum ether

1074, Gilman, G. E. Brown, W. G. Bywater and W. H. Kirk~
pﬂ.ﬁriﬁk; go Ml w* ﬁﬂ&o’ 5§$ 2473 (1934)1:
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(b.p. range 60»?033 yielded 30.0 g. (34.0%) of white piatea,
MePs 107-110%, Concentration of the mother liquors gave 75 g4
of less pure compound, m.p. range 102-108°, The material melt-
ing from 16?° to 11@0 was recrystallized from the same solvent
to give pure 2-iododibenzofuran, m.p. 111-112°.

The infrared spectrum of this compound possessed an ab-
sorption band at 12,42 characteristic of 1,2,4-substitution,

An attempt was made to adapt the praceéure106 for the
preparation of 2«bromodibenzofuran by the action of N-bromo-
succinimide on dibenzofuran to the synthesis of 2-chlorodiben-
zofuran., The N-~chlorosuccinimide was generously supplied by
the National Aniline Division of Allied Chemical and Dye
Corporation. , |

A nmixture of 25.2 g. (0,15 mole) of dibenzofuran and 40,0
g« (0.30 mole) of N-chlorosuecinimide in 200 ml, of earbon
tetrachloride was heated at reflux for 42 hours, At the cone
clﬁaian of the heating period the reaction mixture was yellow
in color. fhe’salid which had settled out was filtered off and
the yellow carbon tetrachloride solution was washed twice with
104 sodium hydroxide solution, then with water. The organic
layer was dried over anhydrous calecium chloride.

The 38.0 g. of s0lid material which had been filtered from
the reaction mixture was thought to be a mixture of 2-chloro-

dibenzofuran, 248-dichlorodibenzofuran and succinimide.
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Accordingly, it was extraétsd with dilute sodium hydroxide, and
the insoluble materlial was added to the carbon tetrachloride
solution being dried. ’

The carbon tetrachloride was removed by distillation,
finally at 14 mm.grand the residue was distilled in vgcuo. The
sole fraction collected boiled from 80° to 94° at 0.15-0,20 mm.
It weighed 22,1 g, and melted over the range 65»?7a. On re~
ecrystallization of this crude materiai from petroleum ether
{(bep. 60*7653, 7+39 g of white plates were obtained, m.p.
range ??aﬁl.ﬁb* A mizxed mézting point datermination indicated

this material to be dibenzofuran.

This nitrile was prepared for the first time by Oatfleld
108,109 oat-
rzaz¢4 obtained a 70% yleld (m.p. 137Q) in the more successful
of two trials. Eywateré in a fa&rwfnld larger run secured a
'3945% yleld of less pure nitrile, m.p. 128-131%, A melting
point of 13&( was reported by‘Kirkpatriak;llg

The fusion mathq& em&lgyed by;ﬁhaae,warkars'was used in

who employed the Rosenmund-von Braun synthesis.

initial preparations of the nitrile., It was found to be more

advantageous, however, to employ quinalina~as'a solvent,

133& W Bea@nmund and E. struak, Ber., 952, 1749 (1919).

109, v, Braun and G. Ménz, gnn., 488, 111 (1931).

110, W. H. Kirkpatrick, private communication.
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pethod. A mixture of 49‘4 (0.200 mole) of 2~bromoe-

dibenzofuran and 43,0 g. (0.240 mole as dimer) of cuprous
eyanide was heated and stirred for six hours at 270% The hot
molten mass was poured into a casserole to cool. The erude
material (71.7 g+.) was pulverized and extracted with benzene in
a Soxhlet exﬁraﬁtar for 22,5 hours. On evaporation of the
solvent there remained 19.1 g. (49.2%) of light golden brown
needles, m.p. range 124-130°, Two reerystallizations from
ethanol gave 9.2 g. (23.8%) of orange needles, m.p. 137.5*
138.5% From the mother liquors were cbtained an additional
3.7 g+ of nitrile, m.p. 136-138.5°, softening at 134°,

Absorption bands at 4.57/# («CF) and 12.21 w (1,2,4~
gubstitution) were present in the infrared spectrum of the
nitrile.

Iriethylene glycol as reaction medium: The usa\ar‘trin
ethylene glycol was suggested by the rapﬂrtlll that this glyeocl
apparently actively participates in the reductive debromination

of dibengofuran and by tne‘uaella of ethylene glyeol as a sole
~ vent in the synthesis of aliphatie nitriles,

| A mixture of 12,4 g. (0,050 mole) of 2-bromodibenzofuran
and 4,9 g. (0.100 mole) of sodium eyanide was suspended in 200
ml. of triethylene glycol, and the reaction mixture was heated

1&13 Gilman, D, L. Esmay and R. K. Ingham, J. Anm. Qggg
goc., 73, 470 (19%1). v £

‘1123, N, Lewis and P, V. Susi, ibid., 74, 840 (1952),
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and stirred for four hours at 210-220°, The reaction mixture
which now was orange-~brown in color was poured intala large
volume of water., The insoluble material was filtered, washed
with coplous amounts of water and dried to give 12.7 g« of a
tan powder, m.p. range 100~107° with residue, Reerystalliza-
tion from petroleum ether (b.p. range 60w?0°) gave 5.6 g. of
2~bromodibenzofuran, m.p. 108-109.5°,

bromodibenzofuran and 21.5 g. (0,120 mole as dimer) of cuprous
chloride in 80 ml. of redistilled quinoline was placed in a

. three-neck flask equipped with air condenser, stirrer and ther-
mometer. In an atmosphere of nitrogen and with vigorous stir-
ring, the reactants were heated at 180° for 24 hours and at
150° for three additional hours, The reaction mixture solidi-
fied at about 160° as the ﬁamperature was being brought to
lB@a; however, it reliquified in a short time. At the conclu=
slon of the heating period, the mixture was allowed to cool
somewhats then it was poured into a large volume of cone,
ammonium hydroxide. 3asmaaam(2ae ml.) was added in several
portions to dissolve the organlc material, and the benzene
layers washed with water until the blue color of the copper
complex had been removed. After separation of the aqueous and
benzene phases, the latter were dried over anhydrous magnesium
sulfates Filtration of the extract was followed by the removal
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of the benzene by distillation at atmospheric pressure and
finally at aspirator vacuum, The quinoline was distilled off
at 0.2 mm, The black residue which remained was recrystallized
from ethanol, Norit A being used for daaolnri&atien. Brown
colored needles, 6.80 g., m.p. 13?~139¢5 were obtained. A
second recrystallization from ethanol ralsed the m.p. to 139~
146.5” (4,30 gs)s From the mother liquors of the reerystal-
lizations were obtained 3.20 g. of nitrile, m.p. 139;5~1419.
Total yleld: 7.50 g., Bﬁ;&%. |

Method 2. The slurry of 24.?'3, (0.109 mnla) of 2~
bromodibenzofuran and 21.5 g. (0.120 mole as the dimer) in 100
ml, of quinoline was heated at 180° for 24 hours under nitro-
gen, The black solution was poured into a 600 ml. beaker, and
after cooling, the solid was bolled up with 200 ml. of 1l:1l
hydrochloric acid, The material which did not dissolve was
filtered off and dried. The brown powder welghed 21.9 g.
(113%) and melted at 136~137.5", softening at 134°., Recrystal-
lization from ethanol with the use of Norit A gave 10.40 g.
(53.8%) of needles, m.p. 140~141°, Concentration of the mother
liquors gave several additional erops‘nr needles totaling 4.89
E+» MeDe 138-140%, The total yield ér pure nitrile was 15.29
g (79.1%).

Method 3+ The reaction was carried out in the same

" manner as previously (method 2) except for the use of 29.4 g.
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(0.100 mole) of 2-iododibengofuran as the halide. Also, the
reaction mixture was heated at 180° for 48 hours. The brown
powder which resulted from the acid treatment was extracted
three times with 150 ml. of benzene in a Soxhlet extractor,
Bach extraction period was 12 hours. The material remaining in
the thimble was removed, thoroughly ground in a mortar and
extracted with benzene for an additional 24 hours, The ex-
tracts were violet in color, due possibly to the presence of
free lodine formed by alr oxidation of the iodide ion at the
high reaction temperature. Evaporation of the benzene from the
combined extracts left 15.9 g. of braﬁn needles, m,p, range
120~138“, Raerystalliaatian of the erude material from ethanol
yielded 10,46 g., m.p. range 130-137°, soft at 124°,

Variations of the methods which employed 2~hramed1bénzo~
furan were tried, but none was as satisfactory as mathéd 2,
The choice of 190¢ as the reaction temperature (other condi-
tions and the quantities of reagents remaining the same) re=
sulted in a 42,5% yleld ef,nitrila. When the reaction was
continued for 45 minutes at 190° and for 45 minutes at 205”,
the product obtained had a melting point of 115-117° (with |
softening at 107a} after recrystallization from ethanol.
Hydrolysis in methanolic potassium hydroxide gave 8.2 g, of 2«
dibengzofurancarboxylic acid, m.p. 256*259”. Had the hydrolysis
and subsequent recovery of the acid been quantitative, this
would have aurreapanﬁed to a yleld of 38.6% of nitrile, The
reaction of 0,167 mole of 2-bromedibenzofuran with 0,200 mole
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of cuprous cyanide in 140 ml. of quinoline at 170° for 16 hours

produced no detectable amounts of nitrile,

2«Cyanodibenzofuran was prepared in the usual manner from
42,4 g« (0,172 mole) of 2-bromodibenzofuran and 43,0 g. (0.240
mole as the dimer) of cuprous cyanide in 250 ml. of qﬁiaaline.
The reaction was carried out at 180° for 24 hours. The erude
material remaining after treatment of the reaction mixture with
400 ml, of a 1tl hydrochloric acid solution wag found to weigh
128.,4 g. and it left considerasble residue on ignition. A
second treatment with acid gave 27.5 g. of light brown powder
which left only a slight residue on ignition. This erude
nitrile was not purified but hydrolygzed directly to the acid.
A solution of the nitrile in 200 ml, of methanol containing 40
g« of potassium hydroxide was refluxed for 24 hoursj then the
reaction mixture was poured inte twlice its volume of water,
Norit A was added, and the solution was filtered at its boiling
point, The filtrate was acldified with hydrochlorie acid,
whereupon a white gelatinous preeipitate formed. Filtration,
extensive washing with water and drying yielded 23.7 g. (64.9%
based on 2~bromodibenzofuran) of 2-dibengofurancarboxylic acid,
M.ps range 245-2536; Reerystallization of this material gave
17.2 g. of white needles, m.p. 253+255°, From the mother
yliquars of the recrystallization were recovered 1.70 g. of less

pure acid, m.p. range 249-255°,
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The infrared spectrum of the acld possessed an absorption

band at 5.98,» due to the carbonyl group.

The preparation of the

amide of 2-dibenzofurancarboxylic acid was accomplished a num=

110

ber of years ago by Kirkpatrick; however, no report of this

compound has appeared in the literature to date.

thod ] The following procedure was suggested by
the repart113 that 2,3,6,7~-tetramethylnaphthalene-1,4~dinitrile
was converted to the corresponding diecarboxamide in 974 yield

on treatment with potassium hydroxide in ethylene glycol-water.

A suspension of 0,50 g. (0.0026 mole) of 2ecyancdibenzo=
furan in 40 ml, of ethylene glyecol and 5 ml. of water in which
4.0 g. of potassium hydroxide had been dissolved was heated at
reflux for six hours. The evolution of ammonia from the reace
tion mixture was detected by odor one hour after the reaction
was begun, Ae;difiaatian of the light yellow solution follow=
ing filtration ylelded a white preecipitate, 0.51 g., m.p. range
250-256°, Recrystallization from glacial acetic acid gave 0,40
gey Of 2-dibenzofurancarboxylic acid, m.p. 253-256°,

After the fallure of this reaction to yleld the desired
amide, 1t was noted that Hbsbylis did not report an analysis

M3y, L. Mosby, ibid., 75, 3600 (1953).
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for his alleged dicarboxamide, a qualitative test for nitrogen
apparently was nqt carried out and the product had a m.p.

{ 7320°) which seems rather high for the compound reported. It
is suggested that hydrolysis rather than hydration ocecurred in

his case also.

Bethod 2. This procedure was based on the method

employed for the hydration of g=tolunitrile tm,gmtnluamide,llé

4 slurry of 1.93 ge (0,01 mole) of 2~cyanodibenzofuran in
a solution of Q.1 g. of sodium hydroxide in 100 ml. of ethanol
was prepared. Forty ml, of three per cent hydrogen peroxide
were added with stivring, whereupon the temperature of the
reaction mixture rose from 26° to 31°, The reaction mixture
was heated to 50° and stirred at this temperature for three
hours. After the solution had cooled to room temperature, it
was Just neutralized with sulfuric acid and poured into a large
volume of watér‘ The white amorphous product, 1.97 g« by
weight, melted over the range 130¢263°. Recrystallization from
ethanol gave 0.91 g. (43.1%) of 2-dibenzofurancarboxamide, m.p.
range alﬁwaalﬁ, soft at 3089. A second ra@fyatallization from
ethanol raised the m.p. %o 219¢5~220.5°w

The infrared spectrum of the amlide was characterized by
~NH absorption bands at 2,984 and 3.17 s and >C = 0 bands at
6.03,, and‘éml?fuq .

114c, R, Noller in 4. H. Blatt, "Organic Syntheses", Coll.
Yol. 2, John Wiley and Sons, Ine., New York, N, Y., 1943, p. 586.



suspension of 3.42 g. (0.0161 mole) of 2-dibenzofurancarboxylie
acid in 22 ml. of thionyl chloride, 2 ml, of pyridine and 100
ml, of bengene (sodium dried) was refluxed for 7.5 hours. The
excess thienyl”ehlariae and benzene were removed by distilla-
tion, finally at aspirator vacuum, The light yellow residue
was poured into 700 ml. of cold ammonium hydroxide. After 24
hours, the cream colored solid was filtered off, washed well
with water and dried., The 3.12 g. represented a yleld of
91.8%, m.p. azoazzQQ. Reerystallization from ethanol narrowed
the melting point range to 220-221°, A mixed melting point

with Kirkpatrick's samplélia showed no depression,
m& Caled, for 33’339392: Gg 73%925 ﬁ; 4029’ Rg 60630
Fﬁnﬁﬁz Q, ‘73'793 ?3;723 ﬂ, 4;18, 4&183 ﬂ, 6@72’ 6;691

Method l. An attempt was made to synthesize 2-dibenzo-

furancarboxaldehyde by reduction of the 2-nitrile according to

the prﬁaedﬁra suggested in the literatura.llsmllﬁ

cal Soclety, Atlantic City, N. J., 1949, p.
116 , ‘ ‘
"4, L. Henne, R, L. Pelley and R, M, Alm, J. Am. Chen,

Soc.y 22, 3370 (1950).

117y, Yandik and A. A. Larsen, ibid., 73, 3534 (1951).

118;, 1, Smith and E, R. Rogler, ibid., 73, 4047 (1951).

115y, Friedmani Abstracts 116th, ’“‘m""%g, American Chemi-



71

A suspension was made of 9.66 g, (0.05 mole) of 2-cyano-
dibenzofuran in 50 ml., of sodium~dried ether and 50 ml. of
sodium-dried bengene. To the vigorously-stirred suspension was
added 0.50 g. (0,013 mole, 0;25 equivalent $ 5% excess) of
lithium aluminum hydride in small portions. Almost immediately
the suspension became érangawred in coler., The reaction mixe
ture was refluxed for 5.5 hours, then allowed to stand over-
night, The excess 1ithium aluminum hydride was decomposed by
addition of a 1:1 mixture of ethanol and anhydrous ether. The
ether and alcohol were removed by distillation and the resulte
ing reddish-brown suspension was heated with 100 ml, of benzene
and filtered, The filtrate was washed with dil, hydrochlorie
acid, then with water, and was dried over anhydrous sodium |
sulfate. The benzene was removed by distillation, leaving 4.8
ge of residue, m.p. range 8?~115°g This material was gummy in
texture and had the odor of the original nitrile., Because of
the lack of success in attempts to crystallize this substance,

it was not further investigated.



Method 2. The reduction of the nitrile to the aldehyde
is complicated by the fact that reduction of the -CN group
leads to the formation of ~CHoNHp when excess hydride is
praaeﬂzﬁllg”lza Accordingly, an attempt was made to syntheslze
the unknown 2-dibengofurylmethylamine by reduction of 2-cyano-
dibengofuran with excess lithium aluminum hydride.

A suspension of 1,04 g, (0,0273 mole) of lithium aluminum
hydride in 100 ml. of sodium«dried ether was prepared. In a
separatory funnel, 4.8 g. (0.0248 mocle) of 2-eyanodibenzofuran
was suspended in 50 ml; of dry bengene and 25 ml., of dry ether,
The suspension of nitrile was added to %hﬁ reducing agent at
ice<«bath temperature over a period of 45 minutes. 4 yellow
coloration developed almost immediately. The reaction mixture
was stirred at room temperature for six honrs, then the excess
hydride was decomposed with 100 ml., of wet ether, followed by
10 ml. of water and 100 ml, of 20% sodium hydroxide solution,

The emulsion which resulted was broken by the addition of
a small amount of ethanol, and the ether~benzene layer was
separated, The agueous layer was extracted with both ether and

benzeney and the combined extracts were dried over anhydrous

1193, F, Nystrom and W. G. Brown, ibid., 70, 3738 (1948).
120;, H, Amundsen and L, 8. Nelson, ibid., 73, 242 (1951).

121y, F, Crowe and F, F. Nord, J + Chem., 15, 81
(1950, » d+ Org. Chem., 13,

1?2w* G. Brown in R. Adams, "Organic Reactions", Vol. 6,
John Wiley and Sons, Inc., New York, K. ¥Y,, 1951, Chap., 10.

e
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sodium sulfata‘ During the removal of the solvents by distill-
ation, white needles precipitated. These needles were removed
by filtration aﬁd found to weigh 0.21 g., with a melting range
of 241° to 250° with decomposition. This material had a fishy
odor; qualitative analysis indicated that nitrogen was present,

The infrared spectrum of this material possessed two
bands of weak to moderate intensity at 3,704 and 3,83/0 in
addition to a 1,2,4-substitution band of moderate intensity at
12,13 |

The solution remaining after filtration of the white
needles was heated on the steam bath until no more condensate
was collected., The residue was dissolved (partly) in 150 ml,
of dry ether and anhydrous hydrogen chloride was passed through
the solution for one hour, The gummy reddish~brown precipitate
which formed was filtered off and extracted with dry ether,

The ether-insoluble material totaled 3.7 Eey MeDs 100*1156,

The infrared spectrum of this material showed broad ab-
sorption bands at 3.70w, 3.85}» and 4,10, The spectrum,
though less sharp, was quite similar to that of the high-
malting material previously isolated,

To a solution of 9.7 g. (0.05 mole) of 2«cyanodibenzofuran
in 150 ml. of glacial acetic acid were added 12 ml, (37.2 g.,

0.23 mole) of bromine. The addition was done dropwise over a
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period of 30 minutes at 7@9 with vigorous stirring. The re-
aultimg’scluﬁi@a was refluxed for 4.5 hours. After 30 minutes
a red precipitate appeared and after 80 minutes, the bromine
cclor had completely disappeared. The reaction flask was
cooled in an lce bath and the precipitate was filtered off and
washed with cold glacial acetic acids The 11.72 g. of steel
gray plates were recrystallized from glacial acetic acid to
give 3.3 g+ of white plates, m.p. 277.5~a78*5“‘ Concentration
of the mother liquors gave an additional 2,0 g. of preduct,
mep. 275+276.5°, The 5.3 g. obtained represented a yleld of
39.0% (calculated as a 2-¢yano-x-bromodibenzofuran).
| An analytical sample, m.p. 3??s5~278‘59,‘ef this material
was prepared by recrystallization from glacial aeati& acid.

The infrared speetrum of the supposed bromo-nitrile was
very similar to that of 2~dibenzofurancarboxamide in that -NH
bands were present at 3.0l and 3.17w and >C = 0 bands at
6,04 and 6,18, Also, there was no absorption character=
istic of the ~C ® N in the region of 4.3 = 5.3

The compound gave a negative farkax paper test??3 at room
temperature and a faint positive test on heatling., A negative

hydrozamate t33%124 for aramatia amides was obtained, but |

123p, pavidson, Ind. Eng. Chem., Anal. Ed., 12, 40 (1940).

124y, p, Cheronis and J. B, Entriken, "Semimicro Qualita-
tive Organie Analysis™, T, Y. Crowell Co., New York, N. Y.,
194‘?3 pe 130, '
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negative results were also obtained with benzamide and 2-diben-
zofurancarboxamide, " |

Anal. Caled, for Cy3HSBrNOp: N, 4.83, Found:t N, 3.84,
4,15, |

The above analytical figures were obtained by a private
laboratory. The writer obtained higher, albeit less p:acisn,
values for the nitrogen content, viz. 5.23%, 4.55% and 4,42%,
the last determination being invalid because of leakage at the
burette stopcock of the Dumas apparatus. Leakage of the
potassium hydroxide solution at the stepcock would be expected
to cause low results. The apparatus and writer's technique
were checked by analysis of a pure sample of acetanilide,

The percentage of nitrogen was found to be 10.,45%; the cal-
 culated value is 10.37%.

The analytical values of the private laboratory suggest
that a non-nitrogenous substance, presumably the bromo-acid,
was present. |

The writer's values, though differing by almost 0.7%
(1gnaring the lowest walue), both lie within the permissible

limits of deviation from the caleculated value.

To a solution of 20 g. of potagsium hydroxide in 150 ml,
of methanol were added 1.36 g. of the bromo-amide (?), and the

mixture was refluxed for 43.5 hours, The solution was poured
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igto a large volume of watarg' This solution was filtered at
its boiling point and acidified with hydrochlorie acid.
Filtration gave 1.25 g. of white amorphous solid, m.p. 332-335°
with decomposition. Recrystallization of this material from
glacial acetic acid ylelded 0.70 g. of white needles, m.p.
334,5-336,5° with decomposition,

A melting point of 328° with decomposition has been re-
yarte&lgg for 2«bromo-8«-3dibenzofurancarboxylic acid.

The infrared spectrum of the wriﬁar*s preparation possess-
ed a sharp band of high intensity at 6.00,v due to the ecarboxyl
group as well as substitution bands at 12.38 sv and 12*92,0.

In an effort to determine the nature of the product formed
on bromination of ameyanaéibenzefuran, the ferrox paper tastlga
was applied to that substance. Because of the insolubility of
the bromination product in the solvents used, no conclusive
results were obtained, Table 7 contains the results of tests
on some other dibenzofuran compounds. Where a test is listed

as being performed "hot", warming in a burner flame is meant,

1355 Giiman, P, T. Parker, J. C, Bailie and G, E. Brown,
. Am. Chem. Boe.; €1, 2836 (1939).
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Table 7

Perrox Paper Tests for Oxygen

Compound

Solvent Conditions Results
— benzene room temp. -
- anisole room temp., 2 min, =
o diphenyl ether room temp,, 12 hr. =
hot +
hexadecancl-1l benzene room temp. +
benzamide benzene room temp. +
(insol.)
dibenzofuran benzene room temp., -
_benzene hot -
carbon tetra- room temp. -
chloride |
2«~dibenzefuran~ benzene room temp., -
carboxamide {insol.)
hot +
carbon tetra~ room temp. -
chloride x
(insol.)
diphenyl ether room temp., 4 hr. +
(insol. } ’ '
hot +
awayana&ibansafawan diphenyl ether room temp. -
QMEX@MQ*gﬂéibﬁhﬁb*‘ benzene room temp. -
furancarboxe~ (insol,) '
amide £ hot +
(very
faint)

diphenyl ether

room temp.




A mixture of 0,58 g. of 2«~bromo-8~dibenzofurancarboxyliec
acid, 15 ml. of thionyl chloride, 35 ml, of sodium-dried ben~
zene and one ml, of pyridine was refluxed for four hours. The
benzene and excess thilonyl chloride were removed at aspirator
vacuum leaving a light yellow solid as residue. This solid was
poured with stirring into 600 ml. of cold ammonium hydroxide,
After nine hours, the mixture was flltered to give 0.50 g.
(86.2%) of air-dried product, m.p. 2?3~376a@ Attempted re-
erystallization from glacial acetic acid yielded needles having
a lower melting point (2?1*37&03. A mixed melting point deter~
mination with the product obtained from the bromination of 2«
eyanodibenzofuran gave the range 269-274°,

The 2,8~dibromodibenzofuran used in this procedure was a
student preparation which was recrystallized five times from
large volumes of toluene to a melting point of 194*1959§

ion method. A mixture of 65.2 g, (0.200 mole) of 2,8«
dibromodibenzofuran and 89.6 g. (0.500 mole as the dimer) of
euprous cyanide was heated at 270° with constant stirring for
4,5 hours, At this point the reaction mixture which had been
liquid suddenly solidified, stopping the stirrer., The mixture
d1d not remelt at 300°, The solid was removed from the flask
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and ground thoroughly in a mortar, The black powder was ex-
tracted for 48 hours with benzene., On evaporation of the
solvent, 6.87 g. of white needles were obtained, m.,p. 302,5=
305° Reerystallization from bengonitrile gave 5.48 g. (12.5%)
of needles, myp. 362»3046. Another reerystallization, this
time from benzonitrilebenzene (4:1), and vacuum sublimation
ralsed the melting point of the long white needles to 304~3QS°¢

In the infrared spectrum, a -CN band was present at 4.47u
and a 1,2,4-substitution band at 12,07,

Shortly after this preparation had been completed,
Hbrraﬁté? reported the synthesis of 2,8-dicyanodibenzofuran,
MeDe 2990¢ Dr. Moffatt kindly supplied the writer with a
sample of his preparation. His sample was found to melt at
304°, and a mixed melting point with a sample prepared by the

- writer showed no depression,

Quinoline as solvent. A mixture of 8.4 g. (0.0258 mole)
of 2,8«dibromodibenzofuran, 12,0 g. (0.067 mole as dimer) of
auprﬁus‘ayanida and 50 ml, of quinalina was heated at 175° for
24 hours with vigar@ns stirring, The reaction mixture was
worked up by the usual treatment with aecid té give 7,7 g. of
dark brown material. Extraction of this substance with benzene
for 20 hours gave 2,29 g. (40.7%) of gray powder, m.p, range
270-285%, Two recrystallizations from glacial acetic acid
raised the melting point to 304-305°,



A solution of 2,00 g. (0.00917 mole) of the dinitrile and
100 g+ of potassium hydroxide in 275 ml. of methanol was re-
fluxed for 23 hours. At the end of this perlod, the mushy
white mass of potassium salt was dissolved by the addition of a
small amount of water, and after the addition of Norit A the
mixture was filtered at its boiling point. On acidification
with hydrochlorie acid, 2;&wdibanzafurandiearbaxylic acid
precipitateds Filtration and drying yielded 2,28 g. (97.0%) of
white ammrphéus'pawdar subliming at 440.442° gfter darkening at
400°, Unsuccessful attempts were made to recrystallize this
acid from acetle acid and from ethancl.

A number of references to 2,8»&1henxafurandicarboxylie
acid are to ba found in the 11terature,126 ~128 but no melting
point has been reported for this compound to date.

A solution of 20.0 g. (0.0938 mole) of 3-nitrodibenzo-
furant®? (m.p. 181.5%) in 400 ml. of glacial acetic acid was

‘iaé . Sugili and T. Seng » Pharm. Soc. Japan, 53, 951
(1933) Ao BoE'30 Sass (155500 & T

3-3715 Tomita, ibid. 906 (1936) L. A. 3484
9377 y dbid., ﬁﬁs 936) L&+ A+y 31,

128, Gilman, H, B, Willis and J. .%wmmwsky . Am. Chem.
goe., 61, 1371 (1939). ?

12983m§1a kindly supplied by Mr. R, K. Ingham,
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prepared gnd heated to 8&“, whereupon 22 ml. (68.2 g., 0.426
mole) of bromine was added over a perilod of 1.5 hour to the
well~stirred solution. The reaction mixture was refluxed for
nine kmura« At the end of this time the bromine color had been
discharged, and a aieamuealorea suspension was present. After
cooling of the reaction mixture to room temperature, the solid
material was filtered off and dried. The crude product, m.pe.
2¢4~247Q, was obtained in the amount of 23.3 g. (85.0%). Re-
erystallization from 2 1. of glacial acetic acid yielded 2l1.1
g« (77.0%) of white needles, m.p. 251,5“2539, '

Using double the quantities employed above, a yleld of
80.1% of pure bromo-nitro compound was obtained.

The infrared spectrum possessed absorption bands due to

the nitro group at 6.52/u,anﬁ 7.45 p~ and 1,2,4-substitution
bands at 12,13 w and 12,40,

Run L. By the procedure deseribed above (method 2) for
the preparation of 2-¢yanodibenzofuran, 12.0 g. of crude nitro-
nitrile, m.p. range 226-230°, was obtained from 14.6 g. (0,05
mole) of 2«bromo-7-nitrodibenzofuran and 10,79 g. (0.06 mole
as ai&ar} of cuprous cyanide 1n 100 ml. of quinoline.z_neeryaw
tallization from glaclal acetlc acld raised the melting point
af this material to 233.236°, Following vacuum sublimation at
0,2 mm, the melting point was 239-241°; two recrystallizations
from glacial acetic acld gave needles maltiag at 247-249°, &
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mixed melting point determination with 2+bromo«~7-nitrodibenzo~
furan (m.p. 251.5-253%) produced the melting range 221-234°,

The infrared spectrum of this material showed a ~CN abe-
sorption band at 4.50w but absorption at 5.82;u characteristie
of >C = 0 indicated that some hydration and/or hydrolysis had
occurred.

Run 2. The same procedure and quantities of materials
were used as in run 13 the erude material weighed 10.4 g. and
melted over the range 210-218°, Extraction with benzene |
yielded 9.0 g. of brownish-black powder, m.p. range 218»223°¢
A 0.9 gﬁlpmrtien of this material was purified by chromotog-
raphy from benzene solution on én alumina column and yielded
0.32 g. of white needles, m,p. 247-249°,

The analytical data for this compound have not been re-
ceived as yet, but the infrared speatram indicated that the
compound was a nitro-nitrile., The -CN band was at 4«46/0 and
the nitro group absorbed at 6.53 s and 743w, There was no

evidence for the presence of a carbonyl group.

A mixture of 1,19 g. of eruda«awayahaﬂ7~nitrnﬁibenzofuran
and 25 g. of potassium hydroxide in 175 ml. of methanol was
refiluxed for 48 hours. The slightly green suspension was
poured into water, and the larger volume of suspension was
heated to boiling and filtered. Acidification of the hot
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filtrate ylelded a brown floculent precipitate whieh proved to
be insignificant on filtration.

One gram of brown solid had been retained on the filter
paper. This material was heated to bolling with 100 ml, of 1l:1
dil, hydrochloric acid giving 0.67 g. of brownish-green powder
which did not melt at 400 .

The infrared spectrum indicated the presence of a carboxy-
late ion by absorption at 6.62p/. The nitro group absorbed

waakl& at 6.33,u.

A solution of 16.8 g. (0.100 mole) of dibengofuran in 200
ml, of tetrachloroethane was prepared, and 22,3 g. (15.0 ml,,
0,176 mole) of axalyl.ehlaride was added with vigorous stire-
ring. The solution was cooled to 5”, and 31,0 g« (0.235 mole
as manameg) of aluminum chloride was added in small portions
over a period of 20 minutas; The temperature of the reaction
mixture was maintained at 2-5° for four hours, then the reac-
tion mixture was stirred at room temperature for 30.5 hours.
Subsequent to hydrolysis, the tetrachloroethane was steam
distilled and the residue was treated with a bolling aqueous
solution of 40,0 g. of potassgium hydrexidagk Fltration and
acidification gave a copious gelatinous precipitate. The dried
material weighed 36.7 g. After 26 hours, bolling acetone had
extracted 4,96 g. of white solid, m.p. range 243.249°%, leaving
residue, Recrystallization of this material from glacial
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g. of brownish-yellow product, m.p. range 53»66°. The erude
material was dlssolved in benzene and chromatographed on an
alumina column to give 12,7 g., m.p. range 63»67“; 24.3 gy
e Pe 68~7@Q; 843 g4y Mep. range 69«73.50; 1.8 gey meps ?9~?3°;
0e6 guy D.p. Tange 70-75° and 3.1 g., m.p. 82-83°. The total
amount of solid material recovered was 50.8 g. The melting
point of the final fraction was not elevated by reerystalliza~
tion from ethanol. The remainder of the erude 2=acetyl come
pound was npt purified further but was used directly in the
preparation of zwdiﬁanzefuraaaarboxylie acid (see below).

The infrared spectrum of 2-acetyldibenzofuran possessed
absorption bands of high iateﬁsity at 5,98/~'( >C = 0) and
12,14 s (142,4-substitution).

Run 2. The solution of 168.2 g, (1.00 mole) of dibenzo-
furan, 129.3 g. (1g647 mole) of acetyl chloride and 160 g.
(1.20 mole as monomer) of aluminum chloride was stirreé for two
hours at 0-10°, then at room temperature for 5.5 hours. After
standing overnight, the reaction mlxture was hydrolyzed. The
benzene layer was separated, washed with water and sodium car-
bonate solution and dried over anhydrous calcium chloride,
After removal of the benzene by distillation, the brown residue
was divided into two approximately equal portions.

One portion (102,5 g. wet weight) of erude 2-acetyldibenw
gofuran was purified by distillatlon at aspirator vacuum. A
colorless 1iquid (presumably acetophenone) distilled at 100°
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at 13 mm. A white solld, m.p. range 65*750, apparently diben-
zofuran, distllled at 135~160Q at 13 mm., The forerun totaled
45,0 g. The 2~acetyl compound distilled at 193-220° at 13 mm.,
chiefly at 210-220°, The 26.3 g. of material was reerystal-
lized from ethanol-water to give 19.6 g. of white needles, m.p.
71*74“; A second rewrystallization raised the m,p. to 72*7590
The residue in the distillation flask weighed 16.5 g. and
melted at 95ﬂ315Q; It was not investigated further; probably
this material was largely 2,8-diacetyldibenzofuran,
| Repetition of the procedure used in run 2 on one-half the
saale,gaveyél‘ﬁ €sy beps range 152m16®9 at 0,16 mm., m.p. range
 75-80°, soft at 65°. Recrystallization from ethanol was ine
effective in purifying this material. An attempt to achieve

geparation by use of Girard’'s raagentl31 was unsuccessful also,

The general preeadura used here was adapted from the
directions?32 for the preparation of (3 -naphthoie acid from
methyl A-naphthyl ketone.

A solution of potassium hypochlorite was prepared from 125
g of "H,T.,H.", 25 g. of potassium hydroxide and 82.5 g. of

(1936)131&. Girard and G. Sandulesco, Helv. Chim, Acta, 19, 1095

132y, s, Newman and H. L, Holmes in A. H. Blatt, op. git.,
Ps 4286
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potassium carbonate., After filtration of the insoluble matter,
the hypochlorite solution was heated to mmwu and 36.4 g. of
crude 2-acetyldibenzofuran was added. The temperature was
railsed slowly to waaa wa,awPawkwonaa the reaction commenced, as
evidenced by the refluxing of chloroform. The reaction mixture
was cooled to maa» where the temperature was maintained for
8.25 hours. The solution was treated with 40 g. of sodium
u»acwanﬁa in 200 ml. of sﬁwan to destroy excess hypochlorite.
Enough potassium hydroxide was added to bring all material
back into solution, and the solution was filtered at its boll-
ing point, Acldification gave a white wwaanpﬁnﬁ precipitate
which on filtration, washing and drying gave 45.3 g. (124%) ow
acid, m.p. range 235-247° with softening at 230°. Recrystal-
lization from glacial acetic acld ylelded 22,6 g. (61.6%) of
2«dibenzofurancarboxylic acid, m.p. range mm@:mm#a.

In another asae‘wam.a my of erude 2-acetyldibenzofuran

yielded 59.4 g, of crude 2-~dibenzofurancarboxylic acld, m.p.

range mmm;w&me. Recrystallization of this materlal from gla~
cial acetic acld gave 36.4 g., MeD. mmesmuwe.

A%t a rapld rate, hydrogen chloride was passed into a well-
stirred suspension of 43.8 g. (0.206 mole) of 2-dibenzofuran-~
carboxylic acid in 1100 ml, of absolute methanol until all the

gwa.%wﬁw?%amgamﬁm,m.ﬁﬁ»mm.ﬁﬁg
goe., 62, 346 (1940). ’
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acid had dissolved (three hours), then for one additional hour.
Approximately 350 ml., of the methanol was removed by distilla-
tion, and the hot solution was filtered. On cooling 16.5 g. of
methyl ester, m,p. range ??a&l.Sa, crystallized. The mother
liquors were worked up to give additional crops: 12.3 g.y B.Ps
76-79° and 6.4 £ey MuPe 71-74°%, The 35.2 g« of ester were
combined and reerystallized from methanol to give 26.6 g.
(57.1%) of methyl 2«dibenzofurancarboxylate, m.p. ?9,5-826. A
second recrystallization raised the melting point to 81.5-82,5°,
Carbonyl absorption was evident at 5§88/~'1n.the~1nfra£eé

spectrum,

One and forty-three hundredths gram (0,0063 mole) of
methyl 2-dibenzofurancarboxylate was added in small portions to
a refluxing mixture of 29 ml. of hydrazine hydrate (95#%) and
50 ml, of ethanol, After completion of the addition, the re-~
action mixture was refluxed for five hours, then allowed to
cool slowly to room temperature, Filtration and drying ylelded
0,97 g. (67.7%) of white needles, m,p. 2@%212m (Fisher~Johns
block). Recrystallization from ethanol-water raised the m.p.
to 210-212°,

Anal. Caled. for Cy3HioNp02t C, 69.14; H, 4.46; N, 12,38,
Found: C, 68,99, 68,913 H, 4.51, 4.,49; N, 12,49, 12,40,

The infrared apagtrum of thié compound showed an «~NH band
at 3,06w and characteristic monosubstituted amide absorption
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bands at 6:92”&3‘&, 6:18/""0 v
Repetition of this reaction with 11.3 g. of ester, 100 ml,

of hydrazine hydrate and 500 ml. of methanol gave 8.5 g.
(75.2%4) of hydrazide, m.p. 208-211°,

In accordance with the procedure of McFadyen and
stevens,134 4,52 g. (0.02 mole) of 2-dibenzofurancarboxylie
acid hydrazide, 2.5 ml. (3.53 g., 0.02 mole) of benzenesul-
fonyl chloride and 100 ml. of pyridina were mixed, with ice-
bath cooling. The yellow solution was stirred overnight, while
the temperature of the reaction mixture was allowed to rise to
room temperature. The solution was poured onto iece in hydro-
chloric acid, The pale yellow precipitate was removed by
filtration, washed well with dilute hydrochloric acid and water
and dried. The crude 2-dlbengzofurancarboxylic acld benzene-
sulfonhydrazide melted at 217-220° (Fisher-Johns block) and
weighed 6,45 g. (88.1%). An‘analytieal sample prepared by
raerystalliaatian‘fram ethanol melted at zaauzaxgse.

Anal. Caled. for CygHjqNa048: C, 62.28; H, 3,853 N, 7.65;
8, 8.79. Found: C, 62,24, 62,37; H, 3.98, 3.92; N, 7.71,
7.715 8, 8.65, 8.64,

1345, s, ﬁbFa&yén énﬂ T. S. atévansf Jo Chem. Soc., 584
(1936). - , s J+ Chem. § ’
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The infrared spectrum showed ~NH bands at 3.02 pvand
3.18 sy a monosubstituted amide band at 6.05x~ and a -80,-
band at 8.45m.

A solution of 2.26 g. (0,01 mole) of methyl 4-dibenzofur~
ancarboxylate (m.p. 90~?3°}&35 in 24 ml. of hydragzine hydrate
(954%) and 2% ml, of absolute ethanol was refluxed for eight
hours, then cooled in the refrigerator. The long white needles
which separated were collected by filtration and drieé, giving
1.61 g, of ecrude product, m.p. i?ﬂw&736Q The mother liquors
yielded, on dilution to incipient turbidity at the bolling
point, 0.24 g., m.p. range 167-171°, The overall yield was
1.85 g. or 81,9%. Two recrystallizations from ethanol yielded
long silky needles having the melting peint range of 171° to
1759« Porty-one hundredths gram of this materisl was dissolved
in a mixture of 1Y ml. of hydrazine hydrate (99~100%) and 15
ml. of absolute esthanol and the solution was refluxed over-
night. Cooling gave 0,27 g. of needles, m.p. 1?2*174.50.‘ Res
crystallization from absolute ethanol raised the m.p., to 174-
175° (Fisher-Johns block)., That this material was still impure
was indicated by analysis,

135en1s ester was prepared and generously supplied to the
writer by Mr. K. Olta of This Laboratory,
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Found: C, 68«»69, 68-56; Hy 4g58, 41463 N, 12:66’ 12,65,

One gram (0.0044 mole) of 4-dibenzofurancarboxylic acid
hydrazide (m.p. 171-173°) was treated with 1 ml. (1.38 g.,
0.0078 mole) of benzenesulfonyl chloride in 100 ml, of pyridine

in the manner described for the preparation of 2-dibenzofuran=
carboxylie acid benzenesulfonhydrazide. The crude product
melted over a range rram'z35~3409 with prior softening at 22§°,d
Recrystallization from ethanol«benzene yielded 1.35 g. (83.3%)
of short needles, m,p. 242¢243§¢

Apal. Caled. for CygHy,N,0,8: C, 62.28; H, 3.85; N, 7.653
8, 8.75., Found: ¢, 62,24, 62,223 H, 3.81, 3.85; N, 7.64,
7,655 8, 8.84, 8,76,

Praparation of Z2«bromo~O-dibenzofurancarboxylic acld hydrgzide

A anlnfion of 3.05 g. (0.01 mole) of 2-bromo=-6-carbo=~
methoxydibenzofuran in 25 ml, of hydrazine hydrate (99~100%) and
65 ml., of ethanol was refluxed overnight and then allowed to cool
slowly. Long white needles separated, m.p. l??w&ﬁ@.ﬁa. The
2,40 g. of hydrazide obtained represented a yileld of 78.7%. On
recrystallization from absolute ethanol, the melting point was
narrowed to 198-200°,
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Apal. Caled. for CysHgBrNaOpt Br, 26,163 N, 9,18, Found:
Br, ;2‘5'873 254773 Ny 9,14, 9.04,

‘In the usual manner, 0.48 g. (0.0016 mole) of 2-bromo=6=-
‘dibanz&furanenrbéxylie acid hydrazide was treated with one ml.
(1.38 g«y 0.,0078 mole) of benzenesulfonyl chloride in 100 ml.
of pyrldine, The yield of white amorphous powder was 0¢54 ge

(77.1%), m.p. 323*227°~ An analytical sample of 2~bromo=be
dibenzofurancarboxylic acid benzenesulfonhydrazlde obtained by
recrystallization from aqueous ethanol melted at 228-229°,

Apal. Caled. for CygHy3BrN;048: Br, 17.95; 8, 7.20.
Pound: Br, 17.74, 17.88; 8, 6.95, 7.08.

dibenzofuran in 150 ml, of ether was cooled to 0@, and to it
was added a solution of 4.8 g. (1.5 ml., 0,03 mole) of bromine

over a perlod of five minutes, The solution was stirred for
4,25 hours at Oa, then allowed to stand overnight without
stirring. The bromine color persisted throughout the manipuw
lations. Removal of the ether on the steam bath left 7.8 g, of
reddish~brown powder, m.p. range 72-76°, Recrystallization of
the strongly lachramatory product from aqueous ethanol with the
use or Norit A gave 2,57 g, of white crystals, m.p, range
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90-95°, Two more recrystallizations from the same solvent
yielded 1,10 g. (12,7%) of 2«(cw=~bromoacetyl)dibenzofuran, m.p.
105,5-106,5° (Fisher-Johns block).

The infrared spectrum showed carbonyl absorption at 5.94av
and 1,2,4-substitution absorption at 12,424,

Repetition of the experiment using 1504 of all quantities
led to the isolation of 9.06 g. of white produet, m.p, range
?0~78a¢ Reerystallization from agueous ethanol improved the
purity only slightly (m.p. range 73-79%), therefore, the pro-
duct was investigated via its infrared spectrum, There was no

evidence for the presence of the desired bhromo compound.

To a solution of 6,7 g. (0,0314 mole) of 2-

: aeatyldibanznfaran in 200 ml. of chloroform were added 15 drops
of a solution of 6,24 g. (2.0 ml., 0.0390 mole) of bromine in
100 ml. of chloroform., Decolorization oeccurred almost imme-
diately. Fiftykml. of the brémine in chloroform solution were
~added over a periocd of 15 mimutes, and the solution was stirred
vigorously for 70 minutes. The remainder of the bromine solu-
tion was added in 15 minutes and the reaction mixture was
stirred for 24 hours at room temperature. After distillation
of the chloroform, the residual reddishebrown gum was tri=-
turated with sodium bisulfite solution. The yleld of 9.58 g.,
M.DPs Tange éﬁw67°, amounted to 105.5% of theory. Four re-
erystallizations from dilnte ethanol gave 0.75 g. (8. 3%) of
bromoacetyl compoundy M.p. 103~105”



A solution of 168.2 g, (1.00 mole) of dibenzofuran in 600
ml. of nitrobenzene was p&eparad and cooled to 935 87.5 ml,
(201.9 gsy 1.00 mole) of bromoacetyl bromide was added over a
period of 30 minutes, Then 160 g. (1.20 mole as monomer) of
aluminum chloride was added in small portions over a period of
one hour, The reaction mixture was stirred at room temperature
for 24 hours, then hydrolyzed, The nitrobenszene was steam-
distilled§ and the residue was distllled at 13 mm. pressure.
At 85-95°, nitrobenzene distilled. The distillation was
stopped at 95°~beeauaa of a red liquid which appeared at the
slde arm of the fractlonating column,

At & bath temperature of 300°, nothing distilled at 1-2
mm, The residue in the distilling flask totaled 230 g., m.p.
range 81-94°, Recrystallization from ethanol with the use of
Norit A gave 109.0 g. of still impure product, m.p. range 96«
IOBQ and considerable tar. Two more reerystallizations from
ethanol ylelded 73.6 g. of brown needles, m.p. range 100~104°%
A mixed melting point determination with the 2~(w=-bromoacetyl)-
dibenzofuran showed considerable depression (m.p, raag@ 92w
99@),; The infrared spectra of the two samples showed similar~
1ty,‘but not identity.

When an attempt was made to carry out the reaction in
chloroform solution, complete paiymerizatimn&eéeurred during

the vacuum distillation of the product.
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Based on the agssumption that the producet of the reaction
deseribed above was a mixture of 2«(w ~bromoacetyl)dibenzo-
furan and 2-(w =chloroacetyl)dibenzofuran, an attempt was made
to convert the chloroacetyl compound present ta the bromo
analogue. | »

The well-stirred suspension of 9.23 g. of the mixture
{m.p. range 93~1Q?°) and 20.2 g. of powdered potassium bromide
in 500 ml. of dry acetone was refluxed for 72 hours. Removal
of the acetone by distillation left 9.96 g., of white residue,
m.pe range 88~926. Recrystallization from absolute ethanol
yielded 4,17 g«, m.p. range 92*980¢ A second recrystalliza-
tion from the same solvent raised the melting point to 98~102°.

A solution of 84.1 g. (0.50 mole) of dibengzofuran in 500
ml, of benzene was cooled to GQ, and 67.5 g. (45,0 ml., 0,60
mole) of ehlarca¢¢ty1 chlaride were added rapidly. After
aluminum chloride (100 g., 0,75 mole as monomer) was added over
a period of 45 minutes, the dark viscous mixtﬁre was stirred
for 24 hours, then hydrolyzed. The benzene layer was separated
and dried over anhydrous caleium chloride, Distillation of the
benzene left a solid possessing lachramatory properties. On
distillation at aspirator vacuum, there was obtained 38.4 g, of
a lachramator, presumably phenacyl chloride, b.p. range 125-
136° at 13 mm., Vacuum pump distillation gave 59.2 g. of color-
less 1iguid, b.p. range 205-209,5° at 1,2-2,0 mm,, which
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solidified in the receiver, This material had a melting point
range of 93~162°. Reerystallization from benzene gave 30.36 g.
of erude 2-(c ~chloroacetyl)dibenzofuran, m.p, 102-105:5°.
Reerystallization from ethanol or benzene did not prove to be
a satisfactory means of purificationj chromatography gave as
the best fraction, product melting over the range lOlleBok
When tetrachloroethane was used as solvent, a 0.4 moia run
gave 112.4 g. of crude chloroacetyl compound. On attempted

vacuum distillation, complete palymariaatian took place,

A 40% yleld of aw{co*@hlaroaaetyl)&1benzafuran, nelting
at 109«1196, has been reparted.se

A hypochlorite solution prepared from 25 g. of "H,T.H.",
17.5 g« of potassium carbonate and 5.0 g. of potassium hydroxe
ide was heated to 69”, whereupon 1l1.6 g. of impure 2-(w ~bromo=-
acetyl)dibenzofuran was added. The vigorously-stirred mixture
was heated at reflux for three hours, then was filtered.,
Aclidification of the filtrate gave a gelatinous precipitate
which was filtered and dried. The 13.02 g. of white powder was
recrystallized from glacial acetic acld (some material was
insoluble) to give 3.69 g. of light yellow needles, melting at
312-316°, softening at 308°. . The material gave a positive
Bellstein test for halogen. Two other crops of needles were
obtained on working up the insoluble material described above:
1,29 g+9 m.p. range 319»324° and 0,86 B¢y MePs range 315~321°.
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The three fractions were combined and recrystallized from
glaclal acetle acld to glve 4,30 g., m.ps range 319~324°. A
second recrystallization from the same solvent gave 3.67 g.,
mep. 320-322,5°,

The infrared spectrum of this material possessed a sharp
band of high intensity at 6.09/ﬂ («COOH) and one of less ine
tensity at 12,43 w (1,2,4-substitution). In practically all
respects the spectrum was lidentical %ith that of the hydrolysis
product of brominated 2~cyanodibenzofuran.

The analytical data, however, suggest that polyhalogena-
tion may have occurred. |

Apal. Caled. for Cy3HoCl033 C, 63,303 H, 2,863 C1, 14.38;
neut. equiv, 246,6, Found: C, 59.85, 59.80; H, 2,70, 2,64}
Cl, 18.61, 18,693 neut. equiv., 246.,5, 250,7, 251,9.

To a hypochlorite solution prepared from 25 g. of "H.T.H.",
17.5 g« of potassium carbonate and 5,0 g. of potassium hydrox-
ide were added 4,24 g. (0.020 mole) of 2-dibenzofurancarboxylie
acid. The solution was stirred vigorously while the tempera-
ture was raised to 5@0 at which temperature 200 ml. of 1:l
hydrochlorie acid were added over a period of 30 minutes. The
reaction mixture which now contalned precipitated material was
heated for three hours at just below reflux temperature. Then
60 ml. of conc, hydrochloric acid were added rapidly, following
which addition the mixture was stirred for an additional 3.5
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hours, After the addition of a final 100 ml, of cone., hydro-
chlorie acid, the reaction mixture was allowed to stand over-
night. Filtretion, washing with coplous amounts of water and
érying gave 3.17 g. of white powder, m.p. 288~2916, leaving
residus., Three recrystallizations from glacial acetic acid
yielded 1.03 g. of needles, m,pw range 309~-315°,

% The infrared spectrum of this material was identical with
that of the substance ébtaineé from the action of hypochlorite

on bromoacetyldibenzofuran.

In accordance with the procedure of Johnson and co=-

warkert,136 0.99 g. of the supposed chloro-acid, 0.5 g, of
copper powder and 10 ml. of quinoline were mixed in a six-inch
Pyrex test tubé fitted with an air condenser and suspended in a
metal bath. The temperature of the bath was raised gradually
to 250-255° and held there for 30 minutes. The mixture was
allowed to cool, and the contents of the test tube were rinsed
out with dil, hydrochloriec acid, flltered, washed with water
and dried, The dark brown powder was extracted twice with 100
ml. portions of methanol. Evaporation of the solvent left 0.48
g. of gray powder, m.p. range 70-85°, Reerystallization
attempts using petroleum ether (b,p. range 6G~7ﬂ°), ethanol or

136A. F. Shepard, N, R, Winslow and J. R. Johnson, J. Am.
Chem. Soc., 52, 2083 {1930)..
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acetone~water did not prove successful. Vacuum sublimation at
20° and 0,006 mm, gave a small amount of white substance, melte
ing at 60°, ?éa and at 38“. This material possessed a fragrant
odor, reminiscent of 2«bromodibenzofuran.

The infrered spectrum of the substance showed some simie
larity but not ldentity with that of an authentic sample of
2=-chloredibenzofuran,

Run 1. A suspension of 11.6 g. (0,040 mole) of 2«(w =

bromoacetyl)dibenzofuran, m.p. range 160«104”, and 5,60 g,
(0,040 mole) of hexamethylenetetramine in 500 ml, of chloroform
was ‘stirred for 4.5 hours at room temperature and refluxed for
two additional hours., After being cooled overnight in the
refrigerator, the contents of the flask were filtered and the
white produet washed twice ﬁithkchlarsferm, then with water and
finally with ethanol, The 4,60 g. of white amorphous material
formed a red melt at 158-161°, The original filtrate and wash-
‘ings were combined and worked up to yield an additional 4.46 g,,
m.Ps range 166w170ﬂ with decomposition. The two crops repre-
sented a yleld of 52.7%. |

Run 2., The crude 2-(w~bromoacetyl)dibenzofuran obtained
from a 0.5 mole synthesis was employed directly without recrys-
tallzmatioﬁg Treatment with 0.5 mole of hexamethylenetetramine
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in one 1. of chloroform gave 192,2 g, of crude quaternary salt,

m,p. range 137»145a with decomposgition,

ngghl. A suspension of 4,29 g. (0.0l mole) of the quater-
nary salt in 50 ml. of ethanol containing 5 ml. of conc. hydro-
chloric acid was stirred at room temperature for 21 hours. The
finely divided white solid’was filtered and washed with cold
ethanol, The 3.49 g. of product melted at 258-261° with decom~

position and leaving some residue (probably ammonium chloride).

Run 2. Repetition of the reaction with 4,46 g. of quaterw
nary salt in 40 ml. of ethanol and 6 ml. of cone. hydrochlorie
acid gave 3.68 g. of product, m.p. 261-262° with decomposition.

The two ylelds were combined and washed free of inorganic
salts with 100 ml. of water at 0° The 3.72 g. of 2~(cv-amino-
acetyl)dibenzofuran hydrochloride, m.p. 351~253a'w1th decompo=
sition represented a yield of 69.,7% (based on 8.75 g, of start-
ing material).

The infrared spectrum of the compound possessed a carbonyl

band at 5.93w and amine hydrochloride bands at 3.7 s and 3.8 |

Run 3. When 104,2 g. of the quaternary salt melting over
the range 137-145° was treated with 300 ml, of ethanol and 100
ml. of conc, hydrochloric acid, 74,2 g, of crude amine
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hydrochloride was obtained, m.p. range 250~2750 leaving residue.
This material was stirred at room temperature with 300 ml, of

water and 100 ml. of conc. hydrochloric acid, then cooled prior
- to filtration. The yleld of 43.8 g., m.p. range 261-266° with
decomposition,was 68.9% of theory.

Two ml., of acetic anhydride were added with vigarausvstir@
ring to a suspension of 1l.31 g. (0,005 mole) of 2«(cv~amino=-
acetyl)dibenzofuran hydrochleride in 200 ml, of water., Imme-
diately thereafter, a solution of 1.9 g. of sodium acetate in
15 ml, of water was added, and the reaction mixture was stirred
for two hours at 10° and for eight hours at 35Q¢ Filtration
gave 1.30 g. of white amorphous powder, m.p. range 186-195°,
Two recrystallizations from ethanol gave 0,48 g. (35.8%4) of
white needles, m.p. 192-193°, 1

Anal. Caled., for 616H13ﬁ@3: Cy 71,903 Hy 4,903 N, 5.24,
Found: C, 71,84, 72.03} H, 5,01, 4.94; N, 5.22, 5.28.

Significant absorption baaéé in the infrared spectrum were

at 2.97p («NH), 5.87p0 and 6.10p0 ( 3C = 0) and 12,44 pv (1,24~
4~gubstitution),

- A suspension of 2,23 g. (0.0085 mole) of 2«(cv-amino=
acetyl)dibenzofuran hydrochloride in 80 ml. of dry benzene was
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treated with 1 ml. of dlehloroacetyl chloride and the reaction
mixture was refluxed for 12 hours., After three hours, all
suspended material had gone into solution. On cooling, light
tén needles precipitated. The 1.74 g.. of product, m.p. range
160-165°, and 0,30 gu, m.p. range 147-166°, of additional
material obtained on concentration of the mother liquors were
cembihed‘aﬂﬂ recrystallized twice from benzene to give 1.12 g.
{39.3%) of 2={(w =dichloreacetamidoacetyl)dibenzofuran, m.p.
167-169°. |

‘Apal. Caled, for CygHyjClpNO3: €, 57,163 H, 3.29; Cl,
21.093 N, 4,17, Found: C, 57.18, 57.17; H, 3.27, 3.28; Cl,
21.13, 21.02; N, 4,13, 4.15,

The infrared spectrum of the compound possessed an -NH

absorption band at 3.044 4 and a carbonyl band at 6.02,-,

A suspension of 12,85 g, (0,05 mole) of 2-(cw -acetamldo-
acetyl)dibenzofuran and 0,5 g? of sodium bicarbonate was pre-
pared in 8.3 ml, of 374 formaldehyde solution and 100 ml, of
ethanol. Though the reaction mixture was stirred overnight at
4&”, complete solution never took ?laae. The reaction mixture
wag filtered and the whlte product treated with hot benzene.
Boluble material, isolated by concentration of the benzene
| extraet, weighed 2.43 g. and melted over the range 135-165°,
Evaporation of the remaining benzene left 2,66 g. of white
powder, m.p. range 95«145a. The benzene insoluble material
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welghed 5.94 g. and melted over the range l?SwiBQgﬂ

The reaction was repeated with the 11.03 g. of reaction
produect and the same amounts of formaldehyde, sodium bicar-
bonate and ethanol as used previously.

The infrared spectrum did not indicate that any hydroxy-
methyl compound was formed,

The suspension of 53.3 g. (0.25 mole) of 3«-nitrodibenzo-
furan in 500 ml. of nitrobenzene was stirred vigorously while
26,3 ml. (60.6 goy 0.30 mole) of bromoacetylbromide were added
rapidly. The reaction flask was cooled to 0° while 48,0 g
(0.36 mole as monomer) of aluminum chlarida were ad&aﬁ. The
suspension ba&a&a-prange, red, then deep scarlet., After being
stirred for 12 hours at room temperature, the reaction mixture
was hydrolyzed, then ataaﬁadiétillmé. The none-volatile mater-
ial was trixuratad wlth methanol then dried thoroughly. The
brown powder, which weighed 67.9 g., melted over the range
120*159°§  Reerystallization from glacial acetic acid was
attempted, but the substance proved to be quite insoluble in
this solvent, After the acetic acid ﬁreatmantg the melting
point range was 200-220° with softening at 180°, The materiai
was divided into three portions, each of which was extracted
with acetone for 24 hours. The insolubility of the substance
praaludad complete extraction of the supposed bromoacetyle

nitrodibenzofuran. A total of 5.92 g. of needles was obtained
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on cooling and filtering the extracts, The melting point
ranges of the three crops were 22?a230ﬁ, 220-228° and 226-
223.55a An analytical sample, m.p.:2a7~229“ material, was pre-
pared Ey vacuum sublimation at 1969 and 1 mm,

Anal. Caled. for CqHgBrNO4: Br, 23,923 N, 4.11, Found:
(Bry 15,09, 15.09; N, 4.82, 4.8,

The material not extracted by acetone totaled 29;17 g
The three crops had melting point ranges of 226w2309, 226~
229° ana 222-228°,

The infrared spectrum indicated a carbonyl group (5,93/0),
nitro group (6.57 and 7.47w) and 1,2,4-substitution

A mixture of 2,00 g. of the supposed 2«bromoacetyl«7-
‘nitrodibengofuran was treated with a hypochlorite solution pre-
pared from 10 g. of "H,T,H.", 8 g. of potassium carbonate and
2 g« of potassium hydroxide, After six hours of refluxing
Norit A was added, and the mixture was filtered. Acidification
gave 1.39 g. of green material, m.p. range 32&~325@ softening
at 38@&“ﬂrhr¢a recrystallizations from glacial acetic acid
gave 0,47 g. of 3-nitro-8-dibenzofurancarboxylic acid, m.p.
range 3l0~325ﬁ. A decomposition point of 300@ has been report-

ed for this aampaund.xgs



enetetramine

A mixture of 2.0 g. (0,006 mole) of 2~bromoacetyl-7-nitro=-
dibenzofuran and 0,84 g, (0,006 mole) of hexamethylenetetramine
in 250 ml. of chloroform ﬁaa ?afluxad for 24 hours., After coole
ing, the whitakpreeipitéta was flltered off., Filtration and
drying ylelded 0.99 g. of salt, m.p. range 1‘76»1800 with decom-
position, | |

When a refluxing period of two hours followed eight hours

stirring at room temperature, 1,63 g. of salt was obtained, m.p.
range 305*215” with decomposition.

A suspension of 0.99 g. of the quaternary salt (m.p. range
176=180°) 1n 10 ml, of cone. hydrochlorie acid and 50 ml. of
ethanol was stirred fér 24 hours at room temperature. The light
brown yréduet weighed 0,36 g. and melted over a range of 280

290° leaving a residue.

The 0.36 g. of 2=(c ~aminoacetyl)-7-nitrodibenzofuran
hydrochloride was stirred with 2 ml, of acetic anhydride in 100
ml., of water to which 1.0 g, of sodium acetate had been added.
After 12 hours, the white amorphous material was filtered off,
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Twenty-three hundredths gram of product, m.p. range 219~225Q,
was recrystallized from glacial acetic acld. The melting point
range was lowered to 213-220°, Vacuum sublimation at 210° at

0.001~0,005 mm, yielded a small amount of brown substance, m.p.
range 205-213%

Rupn l. 1In an attempted duplication of the results of
W11113,17 43,7 go (0.26 mole) of dibenzofuran were dissolved in
400 ml. of nitrobengene and 53.0 g. (0,40 mole as monomer) of
aluminum chloride were added. With vigorous stirring, 59.0 g.
(48,7 ml., 0,42 mole) of benzoyl chloride were added slowly.

The dark reddish-brown 3§1ntiaa was allowed to stir for 14 hours
at room temperature prior to hydrolysis. The nitrobenzene

layer was steam distilled, the residue solidifying on cooling.
This material which weighed 85.3 g. and melted over the range
96~124° was pulveriged, then washed with a 5% solution of sodium
hydroxide. After washing with methanol, the product welghed
76.8 g. and melted from 110° to 128°, Recrystallization from
ethanol~benzene gave 40,2 g. of plates, m.p. range 12?~134”,
softening at 11a“t The use of glacial acetic acid us a recrys-
tallization solvent gave 30.8 g., m.pg“130~136“, softening at
1156. Two more recrystallizations from glaclal acetic acid
failed to ralse the melting point, Chromatography and the re=-
erystallization from acetic acid of fractions melting above 1BOQ
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gave 28,18 g. (39.8¢) of white needles, m.p. 134~137.5Q. Re~
crystallization of a sample for analysis ralsed the melting
point to 136° to 138°, |

This material analyzed correctly for a benzoyldibenzo=-
farkn‘ W&llis&? hag reported a melting point of 3,35~~136G for
2-benzoyldibenzofuran.

Anal. Calcd. for CygHyp@t C, 83.80; H, 4,44, Found:
Cy 83.72, 83.725 H, 4.50, 4.56.

The infrared speetrum of the ketone had a carbonyl absurpw
tion band at 6,08 and a 1,2,4-substitution band at 12,18sm,

The filtrate from the recrystallization of the material
(m.p. 1&0*128$) was worked up to give tan plates, m.p., range
97»115“. Two recrystallizations from gla&ialracetia acid gave
2.94 g, (3.08) of plates, m.p. 16?»168.5ﬁ. This fraction
analyzed correctly for a dibenzoyldibenzofuran.

Apal. Calcd. for CpgHyg03: C, 82,963 Eg 4.,29. Found:
C, 82.71, 82,804 H, 4.40, 4.34,

In the infrared 3pe¢trum,'earbany1 group absorption took
place at 6.064v and the 1,2,4~gubstitution band was located at
12,03w.

Run 2. The same quantitles of reactants were employed as
in run 1 except that only 36 ml. (43.9 g., 0,31 mole) of ben=-
zoyl chloride were used, The reaction was carried out as before;
however, following steam distillation of the solvent the rasidual
was dried, then vacuum distilled, Over a range of 180-186° at
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‘Q¢65 mm,, 52.9 g. of 2«benzoyldibenzofuran distilled, Raerde
tallization of this crude ketone, m.p. range 123~134°, from
acetic acid-water gave 46,5 g, of white needles, m.p. range
130~137n softening at 1169. A recrystallization from glaclal
acetic acld gave 31.34 g. (37,1%) of needles, m.p. 136*138a¢

To a solution of 43.7 g+ (0.26 mole) of dibenzofuran in
450 ml, of nitrobenzene were added 98.0 ml., (119.6 g., 0.85
mole) of benzoyl chloride and 106.0 g. (0.79 mole as monomer)
of aluminum chloride. The %esetien mixture was stirred at room
temperature for 18 hoursi hydrolysis followed by steam distilla-
tion ylelded a red solid, After trituration with sodium hydrox-

ide solution, the solid was reerystallized from acetic acid~

water to give 41.71 g. of 2,8-dibenzoyldibenzofuran, m.p. range

15@»163“. Recrystallization from glacial acetic acid gave 32,16
, ‘ ; o

g+ (32.8%) of diketone, m.p. 167-168.5 .

4 solution of 545 g« (0,020 mole) of 2«benzoyldibenzo=
furan and 1.53 g. (0,025 mole) of hydroxylamine hydrochloride
in 150 ml. of ethanol and 20 ml. of pyridine was refluxed for
nine hours, After dilution with a large volume of water, the
white amorphous precipitate was filtered off, washed with a

large amount of water and dried, The 5.88 g. of crude oxime was
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heated for five hours in suspension in water. The purified
oxime welghed 5.54 g. and melted over the range 151~1580. Re~
crystallization from ethanol-water gave 3.41 g. (59.3%) of
white needles, m.p. 158~159;§9. An analytieal sample prepared
by recrystallization from ethanol had the same melting point,

Apal. Caled, for CygHy3N0z: €, 79.43; H, 4,563 N, 4.88,
Found: C, 79.55, 79.343 Hy 4.57, 4.59; N, 4.94, 4,84,

The preparation of the oxime was also accomplished in
sodium hydroxide solution and in sodium acetate solution in an
effort to obtain the oxime of m.p, 182-183° reported by
Willia;;? Ea‘%raaé ar‘the higher melting material was found.

The writer's aaﬁbie of oxime possessed an ~0OH band at
3.&/» and a weak >C = Ne band at 6.32w. Willis' sample had
these same bands, however, there were some differences in the

| 13*14/0 reglon,

dibenzofuran in 1.0 ml. (1.0 g,, 0.02 mole) of hydrazine hydrate
and 65 ml., of ethanol was refluxed for 3,5 hours, then cooled

in the refrigerator. The 2,19 g. of long transparent needles
melted over the range 135° to 139°, Repetition of the reaction
with this material and 10 ml, of hydrazine hydrate gave 1.3l g.
of needles, m.p, range 125#14@6, softening at 120°,
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The infrared spectrum of these needles was identiecal with
that of 2-benzoyldibenzofuran. |

Method 2. In accordance with the procedure of Szmant and
Mﬁﬁinnis,&B? a solution of 1.31 g, (from method 1) of 2«benzoyl-
dibenzofuran in 10 ml, of hydrazine hydrate and 250 ml., of

ethanol was refluxed for 47 hours in a Soxhlet extractor, the
thimble of which contained 40 g. of freshly heated calcium oxide.
The solution was concentrated to 100 ml., filtered, and water
was added to incipient turbidity. The material recovered by
filtration weighed 1.20 g. and melted at 95-110°, Two recrys-
tallizaﬁiaga from ethanol containing a small amount of hydrazine
hydrate gave 0.58 g. of plates, m.p. range 137-143° softening at
132“;« This material became deep yellow in color after several
weeks.

The infrared spectrum of this material differed from that
of the ketone in the absence of the carbonyl aﬁsarptian band.
The weak band at 6.4Q/u may be due to the >C = N- linkage, and
a broad but weak band at 3&0*3.%’9 may indicate ~NH absorption,

To a solution of 2.87 g. (0.01 mole) of 2-benzoyldibenzo=
furan oxime in 200 ml, of dry benzene was added 3,12 g, (0,015
mole) of phosphorus pentachloride. The now green solution was

1378, H. Szmant and C. McGinnis, ibid., 72, 2890 (1950).
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stirred at room temperature for 12 hours, Subsequent to hydroly-
8is, the benzene layer was separated and washed with sodium car-
bonate solution. Evaporation of the’benzene~1e£t 2.81 g.
(98,0%) of a pink powder, m.p. range 160m164°. Two recrystal-
1izations from ethanol raised the melting point to 164-165.5°.
A mixed melting point determination with the original oxime gave
the range 128-164"

Apal. Caled. for ﬁl§313ﬁﬁaa C, ??‘43; Hy, 4,563 N, 4,88,
Found: C, 79.39, 79.48; H, 4.44, 4,45; N, 4,99, 4,96,

The infrared spectrum showed -NH band at 3.1~ and a

carbonyl band at 6019/”'

A aaluti@g of 1.00 g, of émida in 20 ml. of cone. sulfuriec
acid, 50 ml. of glacial acetic acid and 80 ml, of water was
refluxed for eight hours. The reaction mixture was poured onto
ice, and the floculent white precipitate was flltered to give
0.59 g. of acid, m.p. range 220-240° with softening at 190°,

The filtrate evolved the odor of aniline on being made alkaline.
The solid acid was dissolved in sodium hydroxide solution from
which it was reprecipitated (after filtration) by acidifleation.
The 0.43 g« of acld melted over a range of 235~2¢59% Two re-
erystallizations from glacial acetlec acid gave needles, m.p.

252~355Q. There was no dqgresaion of melting point with an
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authentic sample of 2~dibenzofurancarboxyliec acid.,.
This amide was thus proven to be Z2-dibenzofurancarboxylie
- acld anilide. Attempts to prepare this anilide from 2~dibenzo-

furancarboxylic acid chloride and aniline proved unsuccessful.

A reaction mixture consisting of 1.83 g. (0.0l mole) of
2~aminodibenzofuran, 3 ml. of benzoyl chloride and 0.5 g. of
sodium hydroxide in 100 ml. of water was stirred for 10 hours..
The suspended material was filtered off and washed thoroughly
with warm ail. hyﬂrﬁahlﬁri@ acid. The 1,94 g. (67.6%) of erude
amide had a melting point range of 178~1836. Two recrystalliza-

tions from ethanolwwater, followed by vacuum sublimation and

another recrystallization from ethanol-water gave needles, m.p.
185-186°.

Anal. Caled. for CygHy3N0pt €y 79.435 H,y 4,563 N, 4.88..
Found: C, 79.03, 79.083 H, 4,68, 4,625 N, 5,07, 5.05.

The infrared spectrum of the amide had an -NE band at
3410 and a >C = 0 band at 64090,

A solution of 3.76 g« (0.010 mole) of 2,8-dibenzoyldiben=
zofuran and 1l.93 g. (0.022 mole) of hydroxylamine hydrochloride
in 20 ml, of pyridine and 150 ml, of ethanol was refluxed for
four hoaré, then poured into a large volume of water, The white

precipitate was filtered and washed well with water. There wak



113

obtained 4,03 g. (99.2%4) of dioxime, m.p. 229° with decomposie-
tien; Recrystallization from a large volume of acetone gave
2,89 g+ of fine white needles, m.p. 231.5-232° with decomposi-
tion. |

Apal. Caled. for CpgHygNp03t C, 76.843 H, 4,465 N, 6,89,
Pound: C, 76,57, 76.58; H, 4,61, 4,553 N, 6.74, 6,81,

The infrared spectrum of the dioxime showed a very weak
>C 2 N~ band at 6,30 |

Two attempts to rearrange this dioxime by treatment with
phosphorus pentachloride gave products meliing over wide ranges
which could not be recrystallized satisfactorily and which left

residues on melting.

A suspension of 1.98 g. (0,010 mole) of 2,8-diaminodiben-
zofuran and 1.2 g. (0.030 mole) of sodium hydroxide in 3.51 g.
(2.9 ml., 0.025 mole) of benzoyl chloride and 100 ml. of water
was stirred at room temperature for 3;5-haurs. The solid mater~
lal was filtered off and washed with warm dil. hydrochlorie
acidy then with copious amounts of water., The 2}12 g+ 0f
erude diamide, mgég range 282~29Q9, were recrystallized from
glacial acetie acid to give 1;30 g. of plates (32.0%), m.p.
293-296.5°, Recrystallization from glacial acetic acid, then

from acetone-water, ylelded transparent plates, m.p. 293«2963.
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Anal. Calcd. for CpgBygNp03t C, 76.83; H, 4.46; N, 6.87.
Found: C, 76.48, 76,563 H, 4.80, 4,72; N, 6,85, 6.92.
The infrared spectrum of the dlamide showed ~NH absorption

at 3.lw and  >C = 0 absorption at 6,10,

One gram (0.,0047 mole) Qf‘4ﬁdibenzpfuranﬁarbozylie acid
was suspended in a mixture of 5 ml. of thionyl chloride and 50
ml. of benzene. *Tha reaction mixture was refluxed for 45 mine
utes, then 30 ml, of aniliné in 50 ml. of benzene were added.
Refluxing was continued for one haur“yfhs mixture was poured
- into lce~hydrochlorie acid and allowed to stand overnight, “iha
benzene layer was separated and the solvent evaporated., The
brown residue was washed successively with hydrochloric acild,
watery dil., sedium hydroxide solution and again with water.
The crude anilide weighing 1.21 g. (89.6%) melted over the range
140-150°, Recrystallization from ethanol-water, (twice), acetic
acid-water and again from ethanalﬁﬁatar gave fine needles, m.p.
142,5-144,5°,
| The infrared spectrum of the amide indicated some enoliza-
tion by praaaﬁee of >C = K band at 6&92pd in addition to
>C = 0 absorption at 5;92#0.

Anal. Caled. for C1gH13N0a8 C, 79.433 H, &*Eég N, 4.88.
Founds C, 79,35, 79.483 H, 4,53, 4.695 N, 5.02, 4,95,



In 600 ml. of glacial acetlc acid were dissolved 8.4 g.
{(0.05 mole) of dibenzofuran, and the hypochlorite solution
prepared from 50,0 ge. of "H.T.H.", 35.0 g« of potassium carbone
ate and 10.0 g. of potassium hydroxide was added rapidly. Some
dibenzofuran yre@ipitaﬁed immediately. The reaction mixture
was refluxed for ten hours. The light brown precipltate was
filtered, washed and dried to give 13.8 g. of material, mip«
range 119~136”‘ Two reerystallizations from ethanol~water
yilelded fine white needles, m.p. 146-149° softening at 144°,

This material had an infrared spectrum identical with that
of a compound rapartaa by 0&%1&&1&4 as being "probably a die-
chloro derivative of diphanyiana oxide™, m.D. 146“, softening
at 1446. There ﬁaé considerable difference from the speetrum
of an authentie sample of 2,8~dichlorodibenzofuran,

A mixed melting point determination with Qatfield's sample
(which was found to melt from 142° to 160° with residue melting
at 175°) gave the range 147-155°.

Two additional recrystallizations of the writer's sample
from ethanol-water raised the melting range to 155*&600 with
softening at 1463,

A solution of 84,0 g. (0,500 mole) of dibenzofuran in 300
ml. of glacial acetic acid was prepared, and 25.0 g. (0.277
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mole) of trioxymethylene and 32,0 g, (0.235 mole) of freshly
fused zinc chloride were added. Hydrogen chloride was passed
at a rapld rate into the solution for 2.5 hoursj during the
first 1.5 hours the hydrogen chloride appeared to be completely
absorbed. The reaction mixture was poured into 2 1, of ice
water., A pink solid collected at the bottom of the beaker.
This material was flltered and washed and dried as well as
pnsaibla on a Buchner funnel, The oily solid was dissolved in
ether, and the sclution was washed with sodium carbonate solu~
tion and the extract dried over anhydrous calcium chloride.
Removal of the ether on the steam bath left a reddish-purple
solution which turned dark green on standing and evolved
hydrogen chloride~like odors. The solution then solidifiled to
a green glassy solid.

Distillation in vacuo gave 1ll.3 g. of dibenszofuran, b.p.
102° at 0.1 mm., m.p. 83°, mixed m.p., 82.5°,

The residue in the distillation flask could not be dise-
tilled at 0,05-0.10 mm., The dark green material was melted and
poured out of the distilling flask., A 1ighi green powder (65.6
8sy MeDe 92.5*939) was obtained on pulverization., This polymers
1e¢ material was insoluble in ether and ethanol, but soluble in
benzene. |

This polymeric materlal was obtained by Ingham23 in his
attempt to duplicate Kirkpatriak'sy results,
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A second trial of four-fifths the size of the first also
gave only the green polymer in addition to unreacted dibenzo-
furan,

When an attempt was made to earry‘aut the reaction in

petroleum ether (b.p. 6Q~7Qa), only unreacted dibenzofuran was

isolated,

ehyde.*38 7o 75 ml. (65.0 g.,

0.705 mole) of tolueney previously drled over sodilum, was added
97 Ee (05103 mole as CuCl) of cuprous chlariﬁelag and 86.7 g«
{0,650 mole as monomer) of aluminum ahlerida.140 Hydrogen
chloride and ecarbon monoxide were bubbled through the reaction
mixture for 3.5 hours, the former at the rate of two bubbles
per second and the latter at half this rate.

After two hours, the mixture had thickened considerably.
The reaction mixture was poured onto ice, then the organiec layer
was steanm dis%illed‘until the distlllate was no longer eloudy.
To the distillate was added 100 ml, of ether and the two layers

were separated, The aqueous layer was extracted several times

583133{3, H, Coleman and D, Craig in A, H, Blatt, op. cit.,
Pe 203

139Baker and Adamson, Reagent Powder,
14ﬁﬁaker and Adamson, Reagent Grade, Anhydrous Sublimed.
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with ether, and the extracts combined with the ether layer
( 5¥3nuraa previously. The combined ethereal extracts were driled
aver'anhyﬂraus caleium chloride for 24 hours. The ether was
removed by distillation from a steam bath and the residual oll
was distilled.

Toluene (10 ml.) distilled at 107-119°, then p-tolualde=

hyde was collected in two fractions: b.p. range 196*201°,
5.95 g. and b.p. range 201-206°, 28,70 g. The yield of product,
bePe raage,zeluaﬁéa, ﬁasf39¢8$ based on the toluene actually

used,

~ Run l. This experiment was based on the previous

procedure for the preparation of p~tolualdehyde and Smith’alo
attempted preparation of 2«~dibenzofurancarboxaldehyde.

At room temperature, hydrogen chloride and carbon monoxide
at the rate of 112 were admitted to a solution of 33.65 g.
(0,200 mole) of dibenzofuran, 26.67 g,((G.EQO mole as monomer)
and 3.00 g. (0.030 mole as monomer) of cuprous chloride in 100
ml. of nitrobenzene, The passage of the gases was continued for
four hmura,.aeaomyan&ed'by atirring, though at no time did thére
appear to be absorption afythe gases by the reaction mixture.
The reaction mixture was hydrolyzed, then steam distilled until
the distillate was no longer cloudy. %ha residue was a reddishe
brown oil which solidified on cooling. This solid and the
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gupernatant liquid were extracted with ether several times. The
ethereal extracts were combined, concentrated to 100 ml., then
extracted with saturated sodium bisulfite solution. No aldehyde

was obtained on acidification of this extraect.

Bun 2. This attempt was carried out with the same
quantities of materlials as before. However, while the gases
were being admitted, the reaction flask was heated to 75-85° for
five hours. Agaln, there appeared to be no absarpt&nn. After
discontinuation of the heating and the flow of gases, the reac~
tion mixture was allowed to stand for 24 hours. The reaction
mixture was then hydrolyzed with lce and hydrochloric acid.

The black tarry mass which settled out was subjected to steam
distillation untll a solld began to distills The distillate -
was extracted several times with ether, and the combined ex~
tracts were dried over anhydrous calcium chloride, Removal @f‘
the ether and nitrobenzene by distillation left a residue which
was ldentified as dibenzofuran by melting paint and mixed melt-
ing point,

The #e&iﬁus from the stgam distillation on extraction by
ether in a Soxhlet extr#ctar yielded 11.9 g. of material which
gave a negative Schiff's test.

In another run, the reaction mixture (less the aluminum
chloride) was heated to 70° before the aluminum chloride was
added, Filve minutes after this addition, the reactlon mixture
set to a black mass, which on close examination had the appear=

ance of carbonized material.



120

Run 3+ In 100 ml. of tetrachloroethane were sus-
pended 33.65 g. (0.200 mole) of dibenzofuran and 6,0 g. (0,060
mole as monomer) of cuprous chloride. The reaction flask was
cooled in an lce bath while 53.3 g. (0,200 mole as monomer) of
aluminum bromiée141

The ice bath was removed and after the flask had warmed to

wag added,

room temperature, the passage of hydrogen chloride and carbon
monoxide was begun, The temperature rose immediately but fell
after 45 min, to 259, the temperature maintained for the next
five hours, The reaction mixture was deep purple in eelarg
After steam distillation of the solvent, the residue was ﬁéiﬂd,
then extracted with ether in a Soxhlet extractor. The 6.6 g. of
material obtained gave a negative Schiff's test, A total of
313 g« of black tarry material was obtained, Evidently, the
aluminum bromide exerted a high degree of carbonizing action on

dibenzofuran.

Hinkel and @a~warkar3142 have reported the preparation of

the desired aldehyde in 81% yield by means of Gattermann's
aldehyda~syntheais'

l41$ample generously supplied by Westvaco Chemical Divie
sion of Food Machinery and Chemical Corporation.

l42 : ~ .
"“L. E. Hinkel, E. E. Aylingand, J. H. Beynen, J, Chenm.
8oc., 778 (1937). ’ ’ ’
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of ethanol and 0.64 g. (0.0278 g. atom) of sodium metal was
added with ice~bath cooling. With vigorous stirring, 4.7 g.
(3.1 ml,, 0.0281 mole) of ethyl bromoacetate were added rapid-
ly. The resulting dark brown solution was refluxed for three
hours. The reaction mixture was cooled in an ice bath, but no
pro&ﬁct preclpitated., The reaction mixture was poured into lce
water, whereupon an oll formed. This oll snliéifiaé somewhat
in the refrigerator. The atiek& product was dissolved in ether
and washed twice with dil., potassium hydroxide solution, then
three times with water. After geparation of the phases, the
ether was evaporated to gilve 5.63 g. (75.6%) of ester, m.p.
range ¢4~&9Q. Reerystallization from petroleum ether (bgp.
range 40-50°) methanol gave long needles, m,p. 54-54.5
(Fisher-Johns block).

Anal. Caled. for CygHy404% C, 71.13§ Hy 5.22. Found:

C, 71023, 71143 H, 5;22, 5@364

One ml. of 50% sodium hydroxide solution was added to a
refluxing sblntien of 1.00 g. (0,00442‘mm1a) of 3-acetyledw
hydroxydibenzofuran in 1 ml, of dimethyl sulfate and 35 ml, of
acetone, After 11.5 hours, the suspension was poured into cold
water and was placed in the refrigerator. Plltration gave a
quantitative yleld, m.p. 6?~69‘5&s Recrystallization from
aqueous ethanol raised the melting point to 6§¢5~?O.SQ¢
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Anal. Caled, i’er Cy1gH1203¢ C, 74,983 Hy 5.03, Founds
C, 74;96, 75.07; H, S¢lly 5.03. |
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Miscellaneous Compounds

A solution of 24.0 g+ (0,194 mole) of taluhydraquinana,l47
23.6 g. (0,250 mole) of chloroacetic acid and 20.0 g. {0.500
mele) of sodium hydroxide in 160 ml., of water was heated at
reflux for 4,5 hours. The volume of solution was reduced by
hélf by distillation and the semi~solld mass which remained was
dissolved in the minimum amount of water. The alkaline solution
was acidified to Congo Red with sulfuric acid, and the resulting
mixture was cooled in an ice bath., The dark brown precipitate
was removed by filtration and dried to give 27.6 g. of erude

.ﬁiexyanetie acid, m.p. range 170-195°. Recrystallization from
water ylelded 1l.4 g. of amorphous brown powder, m.p, range
195»2080¢ Two more recrystallizations from water raised the
melting point to 212-213.5 . The 2.95 g. of product represented
a yield of 6.3%. Due to an'ﬁrrsr in calculations, insuffiecient
amounts of ehlaraaaﬁtie acid a&h base were used. Using proper
qnantities’ax these reagents 1t should be possible to obtain an
improved yleld of dloxyacetic acid,

A solution of 56.4 g. (0+39 mole) of 4~chlororesorcinol in
270 ml. of absolute ether was cooled to *20, and 52,6 g. (0.39

147$amp1e generously supplied by the Tennessee Eastman Corp.
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mole) of sulfuryl chloride was added drépwisa over a period of
30 minutes, The aolution, now brown in color, was stirred for
16 hours, then the ether was removed by distillation., The white
amexphsus product which remained was recrystallized from petro-
leum ether (b.p. range 60-70°) to give 44.3 ggp(63;5%) of white
needles, mﬁpqﬂllz,5»113g5§. The mother liquors yielded an
additional 2,81 g, of 4,6~dichlororesorcinel, m.p. 112~113°.

A solutlion of 47.2 g. (0.50 mole) of chloroacetic acid,
35.8 g+ (0,20 mole) of 4,6~dichlororesorcinel and 36.0 g. (0.90
mole) of sodium hydroxide in 200 ml. of water was refluxed and
stirred for 24 hours, The volume was reduced on the steam plate
until erystallization commenced. After acidification with sul~
furle acid, the brown suspension was cooled in an lce bath,
filtered and washed with water. Thorough drying under the heat
lamp gave 53.3 g. of brown powder possessing two melting point
ranges, 164-167° and 181-194°,

The reaction was repeated with this erude material using
the same quantities of the other reagents as above. After 20
hours of reflux, the mixture was worked up as before to give
48.1 g, only slightly purer material, m.p. ranges 165-169° and
206~210°»‘ Recrystallization from hot water with decolorization
by Norit A gave 21.48 g. (36.4%) of light tan needles, m.p.
226-228,5°, |
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Apal. Caled. for C;qHgCls04t hneut. equiv., 147.6., Found:
neut. equiv,, 147.4, 148.7.

To a solution of 7.1'g.y(ew31 g« atom) of sodium metal in
200 ml. of absolute ether was added 80.0 g, (0.51 mole) of tri-
methylene chlorcbromide and 50.0 g. (0.31 mole) of 2,4~dichloro-
phenol. The mixture was refluxed for three hours with stirring.
The ethanol was distilled off on a steam bath, and 160 ml. of
dry benzene was added. The solution was extracted three times
~ with 100 ml. portions of 10% sodium hydroxide solution to remove
unreacted phenol. The benzene extract was washed twice with 100
ml, portions of water, and the benzene layer was dried over
anhydrous sodium sulfate. After 12 hours, the drying agent was
filtered off, and the benzene was removed by distillation. The
residue was fractionally distilled at aspirator vaecuum to give
53¢4 g. (71.9%) of ¥e(2,4~dichlorophenoxy)propyl chloride, b.p.
166-168° at 15 mm,

4 boiling point of 185-187° at 34 mm, and a yleld of 78%

have been reported by Synerholm and zimxmrmaa‘148

Repetition of the experiment on aauble this scale gave a
| paerar;yielﬁ (55.2%) of less pure product (b.p. range 165-170°
at 14,5 mm,),

148&; E. Bynarholm and P, W. Zimmerman, Contrik
pson Ihst., 14, 369 (1947) - -y 4, 413




To a solution of 3.6 g. (0,156 g. atom) of sodium metal in
75 ml, of absolute ethanol was added 25.0 g. (0.156 mole) of
diethyl malonate and 37.5 g. of ¥ ~(2,4~dichlorophenoxy)propyl
chloride. The reaction mixture was stirred and refluxed for
five hours. After the aleohol had been removed by distillation,
the residual material was dlssolved in 100 ml. of benzene,
washed twice with 50 ml, portions of water and dried over anhy-
drous sodium sulfate for 12 hours. |

Attempted vacuum distillation of the diw-ester was une
auaeﬁaﬁfulé the pressure within the system lnereased steadily
due perhaps to &seﬂmpaeitiaa of the di-ester, The erude ester
was dissolved in 175 ml, of ethanol and 50 ml, éf 40% sodium
hydroxide were added. This mixture was heated to reflux for
1.5 hours, then diluted with 800 ml, of water, The resulting
suspension was extracted with benzene to remove excess aryle
oxyalkyl halide, and the aqueous layer was geparated and acidi-
fled with dilute sulfuric acids The acldic mixture was ex-
tracted with benzene and this extract was dried over anhydrous
sodium sulfate, The benzene was removed by distillation at
aspirator vacuum, The residual oll, presumably the substituted
malonic acid, was heated at 240w256° (Wood's metal bath) for one
hour, The resulting oil was vacuum distilled. Two fractions
were collected: 120-180° and 180-182°, both at 0.2 mm.. The
second fraction, a viscous light green oll, solidified completely
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after standing for 72 hours in the refrigerator.

A yield of 8,44 g, (20.6% based on the substituted propyl
chloride) of light yellow crystals, m.p. 61-64°, was obtained.
After recrystallization from carbon tetrachloride, a sample

prepared for testing melted at ?6~7;a‘ The reporteé148 melting

point for this compound is 65°,

Seven and anawténths grams (0.31 g. atom) of sodium metal
was dissolved in 200 ml. of absolute ethanol and 50.0 g. (0.31
mole) of 2,4~dichlorophenol and 73.1 g. (0.51 mole) of ethylene
chlorobromide were added. After 14 hours refluxing, the
alcohol was removed by distillation and 150 ml. of dry bengena
were added. After extraction of the benzene solutlon with
three 75 ml, portions of 104 sodium hydroxide solution, the
benzene layer was washed with water and dried overnight over
~ anhydrous sodium sulfate. Distillation of the crude product
gave 38.1 g. (54.5%) of‘/3é(z,dwdiehlcre@hanaxy)sthyl chlore
1&&,149 beDs 155.5u156.5a at 16.5 mm. The residue in the
distillation flask solidifled on cooling, One recrystalliza-
tion of the white needles from ethanol gave 1.6 g. of compound,
M.Pe range 128~1336. A second recrystallization from ethanol
raised the melting point to 133~133.5?. Presumably, this

o 1497he reported boiling point for this compound is 134-
%:3134035 5,5 mm, U. 8. Patent 2,186,367 /. A., 34, 3281
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compound 1is bisg-l,2-(2,4«dichlorophenoxy)ethane which is re-
ported to melt at 132~133°.150‘ Repetition of the experiment
using 150% of the quantitles employed above gave a 24.1% yleld
of aryloxyalkyl chloride, b.p. range 151~1§?a (chiefly at 152~

154°) at 12 mm. The residue of 3.25 g. melted at 133.5-134,5°

after two recrystallizations from ethanol,

To a solution of sodium ethoxide prepared from 2,9 g.
(0,125 g. atom) of sodium metal and 100 ml, of absolute ethanol
was added 20,0 g. (0,125 mole) of diethyl malonate and 28.2 g.
{0.125 mole) of /3u(2,4~d1¢hlara9henaxy)ethyl chloride. After
the reaction mixture had been refluxed for 6.25 hours, a solu~
tion of 30.0 g« of sodium hydroxide in 40 ml. of water waa'
added. The refluxing was continued for an additional 3.3
hours after thls addition. Subsequent to dilution with a large
volume of water, the mixture was extracted with benzene. The
agueous ;aymr was separated and acidified with sulfurile secid.
Benzene extraction was followed by dryilng of the benzene soluw
tion over anhydrous sodium sulfate, The benzene was removed
by distillation at aspirator vacuum, leaving a residue of light
brown erystals and an oil phenolic in oder. The entire resldue
was taken up in sodium hydroxide solution and extracted with

150y, s. Patent 2,130,990 /8. A., 32, 9098 (1938)7.
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benzene. The agueous layar was aap&ratad, acidified and placed
in the refrigerator. After 48 hours, a brown oil which had
settled out solidified. Filtration and drying ylelded 0.85 g.
of a cream~colored solid, m.ps range 115*126ﬂ with gas evolu~
tion. Dissolution in alkali, filtration and acidification in
the cold gave 0.63 g, (1.7%) of acid, m.p. 125-128° with soft-
ening at 123° and evolution of gas at the melting point.
 This compound has not been analyzed; an insufficient
amount remained after most of the sample was submitted for

phytohormonal testing.
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DISCUSSION
Preparative Methods

A compound which has shown potent antibacterial activity
is S-nitro-2-furaldehyde semicarbazone (Furaein)151

The steps leading to the synthesls of the corresponding
dibenzofuran compound appeared worthy of investigation.

&atuallykanly the ly4~disubstituted dibenzofuran would
preserve the parg relationship between substituents. However,
there is no evidence to indicate that this orientation of sub-
stituents is critiecal in the dibenzofuran analagu¢,l52

Accordingly, a study was made of the preparative methods
for the intermediates in the synthesis of 3J-nitro«8-dibenzoe-
furancarboxaldehyde semlicarbazone. This lsomer appeared to be
the most accessible one because of the ease of preparation of
2=bromo-7=nitrodibenzofuran.

Several reaction sequences suggested themselves @mmediatau

ly.

l5lﬁ L. Jenkins and W, H. Eartung, "The Chemlstry of
Organie Medieinal Products", John Wiley and $ana, Ine., New
gﬁrk, N. Ytg Ard Qétg 1949, Ps 513¢ :

ls?xn the furan series, Furacin is much more active than
the semicarbazone of 2wn&tra~4~fura1&ahyﬁa, K‘ xaysa, 1; gg.

Chem. Soc., Z1, 2581 (1949).
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Initially, the scheme involving formation of the aldehyde
and its nitration as the diacetate appeared most attractive,.

Experimentation did not reach this point, howeverj the
stumbling block was the fallure of many experiments to yield
the desired 2~dibenzofurancarboxaldehyde.

Though the Gattermann synthesis of 2-dibenzofurancarbox=
aldehyde has baan“rapartad,lﬂg an attempt to repeat the synthe-
sls (using a modified Gattermann reaction) was unsuccessful,
Likewise, use of the Gattermann-Koch reaction’3 did mot lead
to the desired product. Bmith,19

failure, termed this lack of discernible reaction "unexpected®

who experienced the same

300 lsaﬁ; N. Crounse in R. Adams, 9p. git., Vol. 5y PDs 290«
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because of the aasé with which toluene undergoes the same
reaction.

Attention was turned to 2-cyanodibengofuran as a possible
chemical precursor of the aldehyde., Several wmrkers4 in this
laboratory have prepared this nitrila, but no report of its
preparation or properties has appeared in the chemical jourw
nals. A comprehensive study was made of the methods recommend-
ea'?* for the synthesis of aromatic nitriles, The Rosenmind=
von Braun synthesis appeared to be the most attractive route.
2«Bromodibenzofuran was chosen as the starting hallde because
of its ease af'prﬁparatlan« |

In this connection, it should be peointed out that direct
bromination by bromine with23 or withoatgé ultraviolet irradia=-
tion appears to be the best procedure. The use of N~bromo-
succinimidey which was suggested by Frankh workers, has not
proved aévantageaus;aa
dibromo=5,5-dimethylhydantoin, is elaimadlgg to be without

the potent brominating agent, 1,3~

effect on dibenzofuran.
The reaction of zwbromedibenxafuxan with cuprous cyanide
in quinoline solution at 180% gave uniformly good ylelds in the

presence or absence of a nitrogen atmosphere in the reaction

15419 T. Mowry, wp 18VE.e g __ﬁg 189 (1948}«&

155M, E. Fendavila e. 0‘ Orazl and J. F. Salellas “eggiﬁg
LE 2 )y 184 (1951) [C. A«y 47, 2709 tl 347 »
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flask. One run was made using 2-iocdodibenzofuran., There
aprears to be no advantage in the use of the iodo compound,
However, in this case the use of a nitrogen atmosphere is
indicateds At the reaction temperature of 1306, ailr oxidation
of iodide ion to lodine apparently oceurs, Jodination of the
nitrile is conceivable if the reaction period is an extended
one, |

The variations in the yleld of nitrile with changes in
experimental procedure are not difficult to rationalize. It
‘has been rseardadis@ that differences in temperature and reacs
tion time are reflected in the yleld. 4 recent paperlsé re-
ported that a variety of brominated polyelic hydroearbons
suffered dahalaganatinn on being heated at 280° in sealed tubes
with cuprous cyanide, pyridine and water. The isolation of
the nitrile when the water was omitted, and the formation of
the amide at a tempar&turaﬂaf 2509 lend weight to the sequence

of reactions which has been postulated:
Arﬁr-—-e>5rcx-————>Arg~§53-——->arc@@ﬁ-——-a>gru

Thus, the low-melting samples of nitrile which were en-
eountered in the course of this work may have been due to the

presence of the parent heterocycle.

1563* Gﬁmpbeil,‘i. E. McKail and J. Muir, { -1 'ﬂgg
pdustry, 739 (1952}, » Chemlstry
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The bromination of 3Jenitrodibenzofuran according to the

directions previously publiahe&la?

was accomplished in good
yield, This compound could be the starting point in a series
of steps leading to 3~nitro-8~dibenzofurancarboxaldehyde, It
appears, however, the first intermediate, 2-cyano-7-nitrodi-
benzofuran, is much more susceptible to hydration and/or
hydrolysis than the unsubstituted nitrile, Since the reduction
of the cyano group without concomlitant reduction of the nitro
group poses difficulties, this approach was abandoned,

The 2«cyancdibenzofuran molecule suitably substituted with
a group resistant to reduction represents another point of
departure for a nuclearly~substituted 2-dibenzofurancarbox~
aldehyﬂa»l5?

The bromination #f 2«~gyanocdibenzofuran in glacial acetic

L acid did not yield the ex@eatadka~hroma»8~cyanodibenzafuran,

”:‘hut a product which apparently 1s largely 2«bromo-8~dibenzo=
furancarboxamide. Though analytical data are not as accurate
as might be desired, the amide grouping is indicated by the
Infrared apectrum and the lack of depression of melting point
of an admixture with a sample of amide prepared from the acld
obtained by hydrolysis of the amide. vTha aubstitﬁtion of

ls?saeause of the current commercial avallability of 2«
hydroxydibenzofuran (The Hilton-Davis Chemical Co,, Cineinnati,
Ohio), the synthesis of 2-hydroxy-3-dibenzofurancarboxaldehyde
and perhaps 2«hydroxy-l-dibenzofurancarbozaldshyde by the
Reimer~Tiemann reaction is an attractive possiblility; however,
only an grtho arrangement of substituents 1is possible,
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bromine in the 8-position is indicated by the infrared spectrum
of the amide and the acid., This assigned orientation is in
agreement with that which has been demonstrated for the intro-
duction of a substituent into a dibengofuran molecule already
bearing a deactivating graupkzé |

The nitrile group of 2~cyanodibenzofuran was made the
féeal point of a number of veactions, Hydration gave 2~diben-
zofurancarboxamide, a compound which was prepared but unre=
ported previously. However, a better yield of amide was ob~-
tained by ammonelysis of the 2-dibenzofurancarboxyliec acid
chloride,

The reduction of 2=-cyanodibengzofuran with 0.25% equivalent
‘of lithium aluminum hydride was calculated to yleld the hetero=
cyclic aldehyde. From the reactlon was isolated a gummy
material which appeared to be unreacted nitrile. The great
insolubility of the nitrile in ether forced the use of an
ether«~benzene mixture in which the nitrile was partly soluble.

The use of excess lithium aluminum hydrida gave two sub-
stances which from examination of their spectira are coneluded
to be identiecal,

The spsetré show absorption bands at 3.7 and 3.9 which
are characteristic of primary amine hydroehlaridasff The hydro-
chlorides as obtained from the reaction m&xﬁura possessed a
fishy odor; they could not be recrystallized for analysis.
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2«Cyanodibenzofuran alSo reacts with mathaﬁolic alkali to
glve the earb@xyiic acid, a compound required in large quantie
ties in the writer's studies, It is perhaps most advantageous
to hydrolyze the erude nitrile directly on obtaining it from
the Rosenmund-von Braun reaction. This method cannot be recom-
mended, however, as the most efficaclous means for the prepara-
tion of the acid (though it is more convenient than operating
via the Crignard reaction) because of the troublesome purifica~
tion of 2«bromodibenzofuran,

One route to 2-dibenzofurancarboxaldehyde proceeds through
the anahlaramaﬁﬁyl‘eampeundg‘,Kirkpatrick7.haa reported the
successful chloromethylation of dibenzofuran. By means of the
Sommelet raaetianl58 ~161 then, it should be pogsible to obtain
the desired aldehyde,

The absorption of hydrogen chloride by the acetiec acid
solution of dibenzofuran and zine chloride indleated that the
chloromethylation reaction was proceeding. However, complete.
palymariaatiang3
tion of the praduat'

oceurred during the attempted vacuum distilla-

660 (i;2%i7$ammwlet, Compt. rend., ;52, 852.(1913) L. A., 8,

1595, araymore and D. R. Davies, J. Chem. Soc., 293 (1945).
1605, 7. angyal and R. C. Rassack, Nature, 161, 723 (1948).

161 o, o
8. Ja A;ngyal and R, C. Bas3aek; . QQ MQ m 'y 27%
(1949), ' 4 =
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8nithl® attempted without success to carboxylate dibenzoe-
furan directly by means of sealed tube reactlons with carbon
dioxide and a catalyst.

The use of oxalyl chlarid@léa in a Frislel-Crafts reaction
with anthracene™®311%% gives a fair yield of 9-anthrole acid.

This procedure was applied to dibengzofuran in an effert to
obtain the 2~acld directly. The yleld of 29.4% of acid offers
some promise for the preparation of 2«dibenzofurancarboxylie |
acid in good yleld directly from dibenzofuran, Proper modifi-
cation of the reaction conditions (temperature, solvent, molar
~ ratios) may enable one to obtain a higher yleld than reported
here.

The procedure which must be regarded at present as the
method of cholce for the preparation of the acid is the halo~
form reaction of 2-acetyldibenzofuran. The ketone is prepared
readily, but it is separated from the unreacted dibenzofuran.
This ﬁ&ffiwulty offers no problem, hawavar, in the hypohalite
‘axiéatianﬁ The alkali-insoluble dibenzofuran is simply removed

by filtration at the conclusion of the reaction and relatively

léaﬁer a survey of acid preparations by the use of oxalyl
chloride gee C, A, Thomas, "A rous Aluminum Chloride in
Qrganie Chemistry", Rsinhalﬂ Publishing earp., New Yorky He Y.y

163’:‘1' G, Latham, Jr., E. L. May and E. Mosettig, J. Anm.
Ghem. foe., 70, 1079’ (1948). ’

(1945§'64E4 4. Garlock, Jr. and E, Mosettig, ibld., éZ; 2256
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pure znﬁibﬁnzvfuranearboxylie acid preeipitates on acidifica-
tion of the filtrate., If one desires to obtain the pure acetyl
‘compound, careful vacuum distillation followed by chromatogra~
phy would ayp@av‘ta be the most worthwhile method of purifica-
tlon. The use of benzene as a solvent for the reaction offers
 some advantage over the use of the usual Friedel-Crafts acyla~
tion solvents, nitraban@ema and tetrachlorcethane. After com-
| pletion of the hydrolysis, the benzene layer can be separated,
washed, dried and then distilled, avolding the lengthy steam
distillation otherwise necessary., The ketone then can be dis-
tilled in the same apparatus, There ig 1it£1a formation of
acetophenone in the acetylation of dibenzefuran by this proe-
cedure,

During one preparation of 2-dibenzofurancarboxyliec acid by
the hypoehlorite oxidatlon of erude 2-acetyldibengzofuran, the
writer failled to destroy with sodium bisulfite the excess
hypochlorite at the conclugion of the reaction. Acidification
of the reaction mixture then released chlorine as well as the
free acld, The product obtained wag one formed by the chlorw
ination of 2~dibenzofurancarboxylic acld.

The chlorination of 2«dibenzofurancarboxylic acid would be
expected to give 2-chloro-8~dibenzofurancarboxylic acid. The
product formed in this case was not this acid in entirety,
though its infrared spectrum was closely similar to that of
2«bromo=-8=dibenzofurancarboxylie acid. The high chlorine
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analysis and neutral eguivalent indicate that the introduction
of more than one halogen atom occurred to some extent.

The same mixture of chloro-acids was obtained on chlorina~
tion of 2~dibenzofurancarboxylie acid with acldified hypo-
ehlorite solution.

Decarboxylation of the chlorinated acid ylelded a mixture
which could not be resolved, and which apparently consisted of
¢hloro~ and dichlorodibenzofurans.

If this reaction could be regulated so as to give an
isolable pure compound, it would prove to be a valuable route
to the synth@sis of halogenated aclds in essentlally a single
step‘165

The action of this chlorinating mixture on dibenzofuran
itself yielded a mixture of broad melting range. This range
narrowed but slightly on reerystallization, though the entire
range was moved upward on the thermometric scale. This shifte
ing was probably due tp the concentrating of dichlorodibenzo-
furan. The spectrum of a fraction of this material (m.p. 146~
149°) was congruent with that of Oatfield's* sample (m.p. 148°,
soft 144§). Since the latter compound (or mixture) was pre=-
pared by the asction of phosphorus pentachloride on potassium

165mme halogenating action of hypohalite in acid sclution
has been exploited frequently. The synthesis of S«chloro-2-
thiophenecarboxylic acid from 2-thiophenecarboxylic acid was
executed in this manner, J. F. Bunnett, D. M. Bachman, L. P,
Bnipper and J, H. Maloney, J. Am. Chem. Soc., Z1, 1493 (1949).
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2-dibenzofuransulfonate, one of the chlorine atoms is indicated
to be in the 2-position,

In recent years, the hydrazides of aromatie and hetero-
eyclic acids have received attention as tuberculostatic
aganta.xéé*lég

Only one hydrazide of the dibenzofuran series, vig., ¢ =
(2«dibenzofuran)butyric acid hydrazide, has been previously
reyartad.2¢

8ince a number of esters of dibenzofurancarboxylic aecids
were avallable as the result of syntheses by the writer and
Mr. K. @iﬁa of this laberatory, the preparation of the corre=
sponding hydrazides was undertaken.

2=Dibenzofurancarboxylic acid hydrazide, 4~dibenzofuran~
carboxylic acid hydrazide and 2-bromo-6-dibenzofurancarboxylie
acid hydrazide were easily prepared in good yleld from the
methyl esters and hydrazine hydrate, The hydrazides were then
converted to the bhengenesulfonhydrazides by treastment with

bengenesulfonyl chloride.

1667, pernstein, W. A, Lott, B, A. Steinberg and H. L.
Yale, Amer. Rev. Tubere., 69, 355 (1952).

1675, Bernstein, W. P, Jambor, W, 4. Lott, F, Pansy, B. A.
Steinberg and H. L. Yale, ibld., 67, 366 (19533.

168y, 1. Yale, XK. Losee, J, Martins, M, Holsing, F. M.
Perry and J. ﬁ"@rnﬂ%ﬁwg gb Mc QMQ B0Ce s 2‘5, 3.933 13.953)1

169yg, Ph. Buu~Hol Ng, D, Xuong, F. ‘Binen and g, H. Wam,
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It may be that combinations of the active hydrazide group-
ing and the dibengzofuran nucleus will show antituberculosis
activity. It has been auggasﬁaﬁlég that the activity of the
hydrazides against the tubercle bacillus is due to the forma-
tion of stable, poorly soluble copper complexes by the hydra=-
zides. Thus the enzyme systems of the tubercule bacillus are
disrupted. Buu~Hol and co-workers claim that the free amino
group of a hydrazide is not essential for activity; hence,
the benzenesulfonhydrazldes as well as the hydrazides were
included among the aémpaunﬁs Suﬁmitt@a to a government agency
for physiological testing.

In the five years following the annnuncemant17o of the
synthesis of chloramphenicol (Chloromycetin),; many papers have
appeared relative to the antibacterial activity of struetural
modifications of this antibiotic. However, relatively few
reports have been concerned with the substitution of hetero-
eyclie ring systems for the bensene ring in chloramphenicol.

The Senitro-2-furyll’> (
thienyll?2’173 analogues of chloramphenicol have been prepared.

a8 the dlacetate) and S-nitro~2

1705, Controulis, M. C. Rebstock and H. M. Crooks, Jr.,
Jd+ Am. Chem, Soec., Z1, 2463 (1949).

171K, Hayes and G. Gever, J. Orge Chem., 16, 269 (1951).

1?2E¢ €. Hermann and A. Kreuchunas, J. Ame. Chem. | N 4
5168 (1952). ~» s d+ Am. Chem. Soc., 74,

173¢, F. Huebner, P. A. Diassi and C. R. Scholz, J. Qrg.
Chem., 18, 21 (1953).
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The 4-pyridyl analogue has also been reported.l’*

The preparation of a chloramphenicol type based on the di-
benzofuran nucleus was undertaken in what apparently was the
first attempt to substitute a polynueclear heterocyecle for the
benzene ring,

The synthetic method chosen was one based on the prepara-
tion of chloramphenicol thrmﬁgh‘3~nitr@a@ataphenanﬁii75

2-Acetyldibenzofuran was brominated in the side chain as
the first step., Though the preparation of aw(aaw&romaaeatyl)mr

dibenzofuran has been ﬁapwrtad7*3@

no yield was given, In the
writer's hands, the bromination of the ketone did not give
entirely satisfactory results. The low yleld may have been
due to the presence of dibenzofuran in the ketone sample.

It seemed that a more satisfactory yleld of bromoacetyl
compound might be obtained by bromoacetylation of dibenzofuran.

When this reaction was carried out, the ketone produced
melted over a wide range. Many recrystallizations were ineffec-
tive in narrowing the melting point range. Since aluminum
chloride was used as the acylation catalyst, it 1is suggested
that halogen interchange oeccurred between the catalyst and the
mathylaho halogen of bromecacetyl bromide.

174, van der Meer, H. Kofman and . Veldstra, Rec. irav.
ghim., 72, 236 (1953) /C. A., 48, 3361 {19545. !

175L, M. Long and H. D. Troutman, J. Am. Chem. Soc., ZL
2473 (1949). / s 4o A OCey Liy
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Such an interchange between aluminum halide and the aeyl
halogen of an acid halide has been damanstrat@d.lvé”lyg

The analyaia179 of effluant gases obtained on hydrolysis
of mixtures of alumlipum halldes and alkyl and arylalkyl halides
support the contention that all four halogen atoms are equivaw-
lent in the intermediate ion A1BrCl3 or AlClBry. On hydrolysis
of the reactlon mixture one would expect to obtain both w~
haloacetyldibenzofurans., The use of bromoacetyl bromide and
aluminum chloride should give a 31l mixture with 2«(cw~chloro-
acetyl)dibenzofuran predominating.

Actually, t&a homogeneity of this phenacyl halide type
was only of academle interest, since both compounds would
react the same in the succeeding reaction. However, falrly
pure bromaaeatyl~eampaumd was obtained by chloride displacement
with potassium bromide in acetone, |

~ The use of aluminum bromide as catalyst would, of course,
obviate these difficulties, but this material was not avallable
at the time of these experiments.

l?ég* hubrgther, de m Boc., 503 (1937).

1773, F. Rorris and J. E. Wood, J. Chen. ’
1428 (1940). &> A foses &2

1784, Baddeley and D, Voss, J. Chem. Soc., 418 (1954).

179, v, Korshak and G, 8. éalamikw,
(Uc: 8. 8. Efﬁ)y Mg 1993 (19‘4‘4} &*? @’
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The formation of the hexamethylenetetramine salt of the
crude 2«(w ~bromoacetyl)dibenzofuran and its decomposition in
hydrochlorie acid and ethanol gave 2-{cwaminocacetyl)dibenzo-
furan hydrochloride., The amine hydrochloride was reacted in
two portions with acetic anhydride and dichloroacetyl chloride
to give respectively, 2«{w =acetamidoacetyl)dibenzofuran and
2-(W=dichlorcacetamidoacetyl)dibenzofuran. The hydroxymethyl-
ation step was attempted with the former compound. Thé one
trial was unsuccessful, a second could not be undertaken

because of insufficient amounts of the acetamidoacetyl com-

pound,

The procedures used in this step and those following were
adapted from those of Long and T?mutman;?5 and Suter and co=-
wcrkars.lgo'lsl

When the bromoacetylation of 3«nitrodibenzofuran was
attempted, the use of aluminum chloride as catalyst again re=-
sulted in the formation of a mixture., This mixture was
analyzed for bromine and nitrogen. The values obtained (Br,
15,09, 15.09; N, 4.82, 4¢81) correspond closely to those cal~
culated (Br, 15.17; N, 4.64) for a 3tl mixture of 2-(«w -chloro-
acetyl)~7-nitrodibenzofuran and 2«-(w ~bromoacetyl)-7-nitrodi-

benzofuran, The interchange mechanlsm is thus confirmed. .

1893‘ A. Cutler, R, J, Stenger and C. M, Suter, J. Am. .
Chem. Sogc., 74, 5475 (1952).

181c, u, suter, S. Sehalit and R. A. Cutler, ibid., 75,
4330 (1953). ’
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-~

The failure to isélate a pure samplevcf 2=(w~acetamido=
acetyl)dibenzofuran is not readily explicable since a pure
sample (based on total halogen content) of nitrohaloacetyldi~-
benzofuran was used as a starting material. The high degree of
insolubility of the ketone mixture in organic solvents in
general probably is responsible, at least in part, for the
poor results achleved.

It was during the investigation of Friedel-Crafts reac-
tions with dibenzofuran that the writer notliced that two widely
divergent melting points have been reported for 2«benzoyldi-
benzofuran., Borsche and Batha3 reported a melting point of
167-168° while wi111s7?282 c1a1ned a value of 135-136° for the
melting point of this compound. The meiting polints reported
for the oximes also varied, being 234~235Q and 182m183a re~
spectively.

\ The writer repeated Willis' benzoylation of dlbenzofuran
and isolated two substances which acecording teo their melting
points corresponded to the "two" 2-benzoyldibenzofurans report-
ed. It seemed probable that the higher melting of these two
compoundg was a dibenxayléibansafﬁran and the lower melting, a
benzoylaibehzafuran. Though the calculated analytigal values
for the two ketones differ by less than 1% (for carbon), it was
possible to differentiate between the two on this basis,

182y, B, Willis, Iowa St. Goll. J. Scl., 18, 98 (1943).
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Analysis of the oximes confirmed the assignments made above.

The melting point of 231.5° found for dibenzoyldibenzo-
furan dioxime checks with the value of 234~235° reported for
the supposed benzoyldibenzofuran. However, Willis' oxime of
M.De 182*183Q was never isolated though the oximation reaction
was rﬁn several times with a variety of modifications. It is
suggested that his oxime 18 of configurstion opposite to that
isolated by the writer. The pmasibility remains, however,
that the two oximes are different c¢rystalline modifications of
the same isomerie forms Unfortunately, the sample of Willis'
oxime which was available was too small to permit Beckmann
rearrangement for structure proof.

The writer's benzoyldibenzofuran oxime was rearranged to
an amide which on hydrolysis ylelded 2«dibenzofurancarboxylie
acid. The structures of the compounds then must be as shown

below,

/
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The configuration of the oxime 1s agsigned here in accordance
with the genaralizaticn;83’184 that it is the trans group which
migrates in the Beckman rearrangement of an oxime.

2«Benzoyldibengofuran forms a hydrazone with difficulty;
this is characteristie of dlaryl ketones in general.’3’ This
compound never was isolated in pure form; there is only infra-
red spectrophotometric evidence for its formation. The hydra-
zone should rearrangalsgrta an amlde by trans migration. It
would be of interest to determine if the anti-phenyl configura-
tion is assumed in the hydrazone as in the oxime,

The 2,8-~dibenzoyldibenzefuran structure has been asslgned
on the supposition that dibenzoylation occurs in the same

manner as diacatylatian.125’186

Though the dloxime was formed
in good yleld, it could not be rearranged to the expected

diamide, 2,8-dibenzofurandicarboxylic acid dianilide.

1%& Janes, M’* 35,’ 335 (1944)1

185p, E. Pearson, K, N. Carter and C. M, Greer, J. Am.
Chem. Boc., 75, 5905 (1953).

186y, Borsche and B, Schacke, Ber., 56, 2498 (1923).
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Results of Phytohormonal Tests on Derivatives of
Dibenzofuran and Other Compounds

A number of dibenzofuran derivatives and miscellaneous
compounds described in the Experimental section were tested by
the U, 8. Army ﬁhemieal Corps at Camp Detrick, Maryland for
plant hormone activity. '

The results of the tests are summarized in Table 8., The
low solublility of some of the dibenzofuran compounds in ethanol
made it impossible to test these compounds in apprecisble con-
centrations,

However,

"the finding of one or a few inactlve compounds, as

8eg+y cortain of the acetic acid derivatives of

pyriéine,kpyrrale, furan, thiazole, uracil, iming-

zole, carbazole and dlbenzofuran, &0&5 not furnish

an adequate basis for assuming that differently

substituted derivativgg of these nuclel also must

be without activity,wlt?

6
Bthyl zuﬁibemzafuranaxyaeetatég and 4-dibenzofuranoxy-

188 have also been synthesized and submitted for

acetic acld
evaluation, but the results of the assays have not been re~

celved as yet.

187,. @, Norman and R. L., Weintraub, First Symposium on
Chemical-Blological Correlation, chemimaimﬁiclogical Coordinaw-
tion Center, National Research Council, Natlional Academy of
Seience, Pub, No. 206, Washington, D. 5¢, 1951, p. 48,

138Kg Oita, unpublished studiles,
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Table 8

Fhytohormonal Activitiles

Compound | Activity
2wbroma~8wd1heﬁzafuran¢arboxamiae (?) -
dibenzofuran : -
2«dibenzofurancarboxamide -
4w~dilbenzofurancarboxylic acid -
2,8~dibenzofurandioxyacetic acid -
2,8-dicyanodibenzofuran .-
3=nltrodlbenzofuran -
big~1,2=(2,4~dichlorophenoxy)ethane | -
B=(2,4~dichlorophenoxy)ethyl chloride -
B=(2,4~dichlorophenoxy)ethylmalonic acid 1/10 activity

, of 2,4«D
¥~(2,4-dichlorophenoxy)propyl chloride -

§«(2,4~dichlorophenoxy)valeric acid -
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SUMMARY

Tabulations have been made of the applications of dibenzo-
furan compounds to chemotherapeutic and other physiological
uses,.

A listing of dibenzofuran compounds reported since the
lssuance of the g*gggﬂgl Abstracts gubject Index for 1951 has
bheen preaenxaa.

A variety of experimental methods was unsuccessfully |
employed 1in efforts to synthesize 2~dibanaafurancarhaxaldahyde._

The synthésis of 2~c¢yanodibenzofuran has been studied at
some length and a number of derivatives and related dibenzo=-
furan eompnuﬁds ﬁas prepared.

Unsuccessful attempls were made to synthesize 2=chloro=
methyldibenzofuran,

2«Dibenzofurancarboxylic acld was synxhasiaéd by a number
of procedures and several hydrazides were prepared from this
and related aclds.

A number of dibenzofursn analogues of chloramphenicol
intermediates were prepared.

The compound ldentified in the literature as 2-bengoyldi=~
benzofuran has been identified as a dibenzoyldibenzofurany
presumably 2,8-dibenzoyldibenzofuran,

The structure of the ketone of Willis has been confirmed
to be anenzayld&benzafnran. |
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A number of substituted aryl aliphatiec ethers has been

prepared in a search for plant hormones,
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