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INTRODUCTION

Malsria results in grester morbldlty and mortality than any
other infeet'ous disesss. Although 1ts incidence 1s world-wide,
it 18 a most important troplical disesse because 1t has hindered
the industrial and sgricultursl development of the tropies. Up
to & few years ago, one third of the working time in the south-
ern United States was lost because of the Anopheline mosqulto.
At the present time, in tropical countries, the loss in time is
often estimated to be as high as from 50 to 75 per cent. In
the United States, 1t is roughly estimated that there are nearly
1,000,000 ceses resulting in 5,000 deaths annuallyl. In India
alone, an estimated 100,000,000 cases occur which result in
neerly 1,000,000 deaths each year. Adequate statistics regard-
ing the morbidity and mortallty of malaria do not exist. The
sum total of malaris at the present time cannot even be closely
estimsted. However, from such dete ag are availsble, it may be
sggsumed that there are at least 300,000,000 csases of malarial
fevers resulting in not less then 3,000,000 deaths each year
throughout the werldg. Although the disease has been known

since earliest time by such nsmes 28 chllls and fever and Roman

Yoogeeshell, J. Am. Med. Assog., 112, 8 (1943).

2
Russell, Bull. N. Y. Acad. Med., 19, 599 (1943).
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fever, 1t was not until 1880 that Laveran, a French military
surgeon, discovered the cause of the dlsezse. The Incidence

of the dlsesse 18 hilghest in regions of swamps and marghes
which are 1dea1_breeding places for the Anopheline mosquito.

It is this mosgulto which serves to transmit the causative agent
of the disease to human beings.

Quinine ie the natursl antimalerisl., The two most important
gynthetics asre ataebrine and plasmoquin, Plasmoguin is the most
toxic of the antimalsrisls commercially available. Neilther
quinine nor atabrine alone 1s as useful as a therapeutic agent
a8 are both used together. Whlle the atabrine supply 1s ade-
quate for lmmediate needs, it will be necessary for its produc-
tion to be increased to meet the requirements of our troops en-
gaged in warfare in the tropicse. The sup»ly of quinine 1is very
small. The present stocks of quinine were frozen some time agos,
and their use restrioted to the treatment of malarisa.

The need for an efficient antimelerisl among our armed
forces in the tropics 1s heightened by the fact that they will
‘be entirely lacking in immunity while in highiy malarious areas.
At one time or another they will a;; be exposed to malaria while
physical and mental straln will heve lowered their reslistence.
Unfortunately, many of them will also be wounded. Under these
conditions, it 1s highly probable that latent cases of malaria
will be ingclted.

3.
¥ar Production Board, Quinine Order M-131l.



Because of the abnormasl conditions encountered in the
tropics, the present antimslarials esre, for the most part, in-
adequate, Quinine, plesmocuin and atabrine are allke in that
they ere unable to cure without the occurrence of relspses in
a certein percentage of cases. They also fail to prevent in-
fectlion by sporozoltes when administered in safe aoses.g What
18 needed 18 a true causal prophylactic which would prevent in-
fection with malaria. Such an antimalarisl would speed the
victory in the present war and would help in déveioping the
troplcs in the peace that follows. Also, it would be of
tremendous value in helping to minimize the danger of the spread
of the disease to the oivilian population from returning service

men infected with malaris.



HISTORICAL

It i8 necessary to review the cycle of malsrla in order
to understend and gonsider the chemilcal attack on the malarial
paregite, The trectment of melarla is made difficult because
of the specificity of drugs for the various forms of the para-
gite and by the complexity of the infection. There are at
least three specles of malariasl parasites which commonly infect
man. They are the causatlive agents of the three types of the
digease which are known as tertian, quartan and guotidian
malaria., The 1ife cycle of all of the causative agents is
essentially the same. The 1ife cycle begine with the sporozoite
gtage. This is the form in which the disease is trensmitted
from the mosquito to man. In man, the parasite passes through
the schizont stage and then to the gametocyte stapge. It is in
this last stage that the dlsease 1s transmitted from man back
to the mosquito. Harly workers have thought that the reactions
of these saversl forms of malaria to various therapeutic sgenis
differed greatly. Thls led to the conelusion that there wes a
greet deal of specificlty among drugs. However, this conclusion
hes tended to be minimized among vresent-day investigators,
egpeclally in regerd to the specificlty of a drug for the

schizonts and gametocytes.



Plasmoquin

The extensive research by a group of workers of the I. G.
Farbenindustrie resulted in the moat important advances 1n the
chemotherepy of maleria. Guttman and Ehrlich4 had shown in
1821 thet methylene blue (I) exhibited some antimaleriasl sction.

5 begen hieg investigation by modifying

Consequently Schulemann
the methylene blue molecule end found that the compound (II)
roassegred enhanced activity. The introduction of similar proups
in the quinoline molecule eventually led to the develonment of
Plasmocuin (III). Plaswoquin 1is one of the most notent anti-
melariels; 1t is about sixty times =8 effectlve es ocuinine in

avisen mglaris.

C1
N(CH.) [ ]
(CHg)oN g 82
) I 1
-
A 1% 1= oHs0
LHz Cl ;
(CH'{)O - N e~ \
l
CH;CH(CH,) -N(C,Eg)
- 11 - 111

4
“Guttmen and Ehrlich, Berlin. klin. Wochschr., 28, 593

(1821). gChem. Zentr., I, 231 (1392).
5

Schulemenn, Prog. Roy. Soc. Med., 25, 897 (1931-72).
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Ite effectiveness against gemetocytes, especially those of
P. felciparum, is unique., When administered in safe doses, it
reduces the number of relapses, but unfortunately, does not
eliminate them. Ite administrstion 18 safe only under medical
supervigion. The most common toxic effects zre cyanosis and

methemoglobin formations.

Atabrine

The introduction of similar substituents in seversl other

heterocyeclic ring systems led Mietzch and Mau387 to the syn-

thesis of atabrine (IV) which proved to be a schizonticidal
drug, In avian malaris, 1t is fifteen times less effective
then plasmoquin but four times more effective than quinine. The
toxicelty of atabrine 18 considerably lower then that of plas-
moquin., Abdominal pain, and headache are occaslonally noted.
The skin turns yellow in sbout 50% of the patients, but this is
harmless and the color usually disappears in about fifteen days
after dlscontinuation of the treatments. Itas advantage over
guinine 1is that it does not cesuse cinchonism.

CHzCH(CHp) N {CoHg) 2

NH

C1 N

Iv

3}
Pischer and Rhelndorf, Arch. Schiffs - Tropen ~Hyg., 52
594 (1928). / C. A., 23, 3020 (1929) /. . B

7
Mietzch and Mauss, Angew. Chem., 47, 633 (1934) / C. A.,
28, 7360 (1934) 7. S S



Other Ring Systens

In eddition to thousands of aquinoline end acridine de-
rivatives, 2 large varlety of other ring systems have been
examined as potentlisl sources of antimalarizls. In most cases,
when the results heve heen negstive, the compounds under ques-
tlon conteined s few or no active substituents. Hence, further
investigetion 1s necessery to establish, with some degree of
certainty, thet & given ring system is unsuitable for antl-

malerisl syntheslis 28 hes been done in the case of naphthalenes
| and the benzothieszoles. For example, the introduction of the
active substituents of plasmoquln and atebrine into triphenyl-
methene and thiszine have »roduced active compoundsa. Mettiarg
has demonstrated that 4-amino- and 4-)Y~aminopropylaminccarbazoles
were ineffective ageinst the malarial organism, but this study
does not esteblish the ineffectiveness of the carbazole ring

&8 a bese for asntimelarisl synthesels.

Dibenzofuran

The dibenzofuran molecule was first examined a8 a possible

source of antimalarisls by I. G. Farbenindustrielo. They

_ 8gietzeh and Mause, Klin. Wochschr,, 12, 1276 (1933) /C.
A., g%, 827 (1934)7.

Mottier, Helv. Chim. Acta., 17, 1130 (1934).

101. G. Farbenindustrie A, -G.: British patent 373, 624.

Aug. 20, 1931 /Brit. Chem. Abstracts, B, 912 (1932)/.
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prepared a series of eight compounds (Table I) without report-

ing the phermecological assays.

Table I

Substituent in Other Groups Activity
Pogition 3

~H{CHoCHoNE s ) o
~K ( CHy CHoNES5) o 7-H( CHaCHNE S, )
’HCHQPFOEGE NCgH, o

—uFCF?Gk SCHQCHONEtJ

2~N(CH90H9NEt2)?
?~N(CH CH ﬁcsﬂlo
-ﬁ(CH H,0CH, CH NES,, )

However, it is qulite possible that theilr compounds were
only slightly active at best, since the alkyl side-chains used
by them are not very effective and the compounds do not contain

additlional functional groups such as methoxy, methyl, or chloro.



11
Hore recently Bocer Adasmg and co-worhers ayntheaized

spinobenzofuroauinolines which resenble niasnoquin in thelr

-

baslc structure. They nitroted henzofure /3, %-p/ cuincline,

A3

reduced 1t, ond condensed the corresponding gmine with S=-chiloro-

2
H

My dediethyloronglanine hydrochloride te glve (Z=dleth laninoe
sropyleninol=benzofuro /5,%-:7 ~uilnoline (V), and with
He(Bwehloronro-yl Inorihel ine hydrochlorise $o pive £”~(A*“ﬂ“ 1O

1inyl)= rorylomina/ehenzofure /2, %-77 culnoline (71).

3“}3; ) {: ‘gi

H- (CHo ) giiH

G}' {t“ 3};13

VI

Storting with Z-nitro-d-aninodibenzofursn they prencred
S~gninobenzofure /2, 3-f7 cuinoline and condensed it with
Ve(Z=chlororro yl)=norploline hydrochlori’e. Hoithsr the re-

T (Lwmory 0l 4nyl )~urenyloning/-benzofure /7, 72-17




auinoline (VIIX) whish poes
from which the plagnonuln olecuie in Sardved, wog rrensred

the following set of sorgtliongd

throu:

)
T4

The phernescoloricsl rasults are not reporited for this com-
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Obviously, the number of dibenzofuran derivatives tested
for possible antimalarial activity 1s too few and information
regarding their physiologlical activities too incomplete to
supply any information as to the effectliveness of the dibenzo-
furan nucleus, However, a large number of dibenzefurnn de-
rivatives has been prepared and tested for analgeslc action.
0f the one hundred snd sixteen derivatives of dibenzofuran
which have been submitted from this laboratory to be tested
for anelgesic action, nineteen (16%) have shown some analgesic
activity. Only two of the compounds, 4-aminodibenzofuran and
the more complex Z2-methyldibenzofuro /2, 3-d/-imidazole have
manifested significant analgesic sctivity. These results are
encouraging and derinitely indicete that the dibenzofuran is a
promising bese for phermecologically active compounds. 1t is
believed that further study may prove many of these compounds

to be active antimalarisls 238 well as actlve anaelgesics.

Dibenzothlophene

Ho dibenzothlophene derivatives have been mentioned in
litereture as having been tested for possible antimalerial
activity. This does not incluie any compounds that may be
listed in confidential renorts prepared under the auspices of
the United States Government. In fsect, only a very emall

number of dibenzothiophene derivatives have been prepared and

submitted for physiologlcal tests.



It is both surprising and disappointing to find that so
l1ittle work has been done on dibenzothiophene gsince the pog-
8ibility of oxlidation of the nuclear sulfur of dibenzothilophens
openg a wide fleld of investigation unattainsble with the
snalogous dibenzofurans and carbazoles. Sdme of the sulfoxides
and sulfones now being studied are found to possess strong
antistreptococcic sctivity. A brief review of some of the
letest discoveries in this field will make readlily apperent the
- 8imilarity between =lready known agents and the possible dl-
benzothlophene oxidation products.

At first 1t wes considered that sulfanilemide was the
most important agent in the cure of streptococcic infections
eand a theory was advanced theot other actlve agents owe thelr
antistreptoccccic‘aetivity to the fact that they undergo con-
version in the body to Sulfanilamidelg. Recent developments of
more immedliate Iinterest cast doubt upon the validity of this
theory as to the mode of action. Buttle and ca-workersls 5&ve
demonstrated the high degree of potency of 4,4!'-dinitro- and
4,4'-dlaminodiphenyl sulfone. The former was less toxic and
equelly az& active in mice as sulfanllamide. The diamino-
compound was found to be 100 times azs active as sulfanllamide

and 25 times as toxie, giving 1t an effectiveness of azbout four

12Trefouel, Trefouel, Nittl, and Bovet, Presse. Med., 485,
839 (1937) /L. A., 31, 8695 (1237)/, ‘

lsauttle snd co-workers, Langet, 1937 (1), 1331 /C. A.,
31, 7118 (1837)7.
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times that of the older agent. Andre and G-uylé studied the
corresponding sulfoxides and found the maximum activity in
4=-nitro~4'-aminodiphenyl sulfoxide and the corresponding sulfone.
In either case this actlvity was reported ag beling sbout 100
times thaet of sulfanilamide.

15 pound sulfenilamide therapy to be successful

Cogreshell
in monkeys infected with P. knowlesi. A residusl immunlty lasted
for three months after eradication of the infection. Sulfapyri-
dins, when adminizstered in messive doses hass a definite lethal
action azainst P. knowlesl in rhesus monkeyelﬁ. Sulfathlazole
weeg else found effeetive in simian malaria17. More recently,

19 have demonstrated the effectiveness

Coggesh&llla and Mershall
of 4,4'-dlaminodiphenyl sulfone and 1ts derivatives as anti-

malarial agents, All the avallable date indlcate that most of
the compounds which are sctive againgt streptococclic infections

gre algo sctive antimalarisls,

léAndre, Andre, and Guy, Nature, 140, 283 (1937); Lavadite,

Andre, Valemen, Andre, end Guy, Compt. rend. 205, 1018 (1937).
1560ggeshall, Am. J. Trop. Med., 18, 715 (1938).

lagingh and Singh, J. Meleria Inst. Indls, 2, 181 {1239)
[B. A., 33, 1818 (1939)/.

17
Dikshit end Genspsthi, Ibid., 3, 525 (1940) /C. A., 34,
5567 (1940)7.

lsCoggeBhall, Maier, and Best, J. Am. Med. Asgoe., 117,
1077-81 (1941). ‘
18
Mershall, et al, J. Pharm. Exptl. Therap., 75, 82 (1942)
/8. A., 36, 4196 (1942)/.
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DISCUSSION

Dibenzofursn

Amination of 4,6-d1llododibenzofuran.

Cheneygo hes prepared 4,6-dlaminodihenzofuran through the

following set of reasctions?
H © OCHZ)

N

NHg HH, on © om

The amination of 4,6~dilododibenzofuran was undertsalken
with the hope of obtaining the above dlamino oaﬁpeund more
convenlently and economicslly. However, the compounds iso-
lated from various attempts were 4-sminodibenzofuran, 3-eminodi-
benzofuran, 3-amino-8-iododibenzofurasn, and & diaminodibenzo-

furan. These results were hoth disappointing and surprising

“0Gi1men end Cheney, J. Am. Chem. Sog., 61, 5149 (1939).
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Inesmuch as Eradleygl hed successfully prepared 2- and
4-gminodibenzofuran in good ylelds by rescting the correspond-
ing bromides with sodanide. Swislowsky22 has prepared 2,8«
dieminodibenzofuran 1n somewhat lower yields through the

aame resction. Aminodibenzofurans heve alsc been prepsred

by high temperature and pressure amination of the correspond-
ing %rcmi@eagg’gs.

The 4,6-d1iododlbenzofuren rescts with sodamlde in liquid
ammonia to give 3-amino-6-lododibenzofuran and a small amount
of dlaminodibenzofuran, m.p., 154°, The structure of the 3-
emino~-6~iododibenzofursn wes estsblished in the following way.
Catelytic deiodination gave 3-amlinodibenzofurasn and the reslace-

nent of the amino group with hydrogen, by wey of dlazotization,

vielded 4-18dodibenzofuran.

0
J 1) HeNOg~Hp %‘0432

213?&@18?, Doctoral Disasertation, Iowa State College, (1937).

20 ,
wwswisl?wskys Doctoral Dissertation, Iows State College,
3Bywater, Doctorel Dissertation, Iowa HState College, (1234),

N
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Thug, the product must he J-anino-f-lododibenzofuran. A
S-amino-d-iododibenzofuren would plive the sspe nroduct but
the poesiblility of 2 hetero-resrrangement can he axgluded, A
lerpe depression in pelting »oint was ovserved when the
dipminodibvenzofursn was nixed with an suthentic specimen of
4, 8=-dsonincdibenzofuran {m.n., 192%), In =11 probability, this
dlsminodlbhenzofursn was formed from J-gmino-G-lododibenzofuran.
Therefors, ons of the smino sroups wust be in the 3-position
nd the other in elther the &, 7, 8, or T-position. A mixed
melting point with 2,7-dlaminodibenzofursn (m.p., 152°) and
Gy iedizninedibenzofuren (m.p., 150-152°) elinminated posiiions
7 snd 8. &ince a rearrangement from the 8-position %o the
Swnositlion is rether imnrobshle, the compound wes acgumed to
e 3, 0=diszminodinenzoluren,
¥hen ¢ mixture of snhydroue ethyl ether and liguid smmunis
wea used a8 solvent, only J-nminodibenzofursn was isolated. The
vield was 42¥%. Obviously one of the lodo zyoupe was removed
throurh reduction. Bince the only difference between the two
e wes the »resence of ethyl ether in the lattsyr, 1t may be
wpsaible thet the ether dlsoolved the intermediste J-sminoefe
fododibenzofuran and facilitated the removal of the iodo syoup.
Similer rearransements are not listed in the literature
end 1% is impossible to present an sdecuste exylansation for the
mechanien of the resotion from the aveilasble data. The forma~

tion of a complex with one of the lodo crouns, which in turn
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might decompose in such a way a8 to give 3-amlino-8-locdodlibenzo-
furen, is not likely, Competitive resctions indlcate that
sodamlde rescte more readily with hromobenzene than with
1adebenzenegé. By eanslogy, the 4-bromodibenzofuran would form

2 complex with sodesmlide more readily thsn one of the lodo groups
of 4,86-dliododibenzofuren end rearrenge to glve 3-aminodibenzo-
furan, yet the aminstion of 4-bromodibenzofuran proceeded normsl-
ly te pive 4~aminodibenzofuren. Another possibility is the
eddition of sodemide to the double bond, sctiveted by the lodo

group, followed by eliminastion of sodium lodide.

Na. Lt
__§§!=; —_— +Nal
w I Ho @_@*Hz
I I 0 T ©

Agsin this 18 not likely since there is no evidence that soda-
mide adds even to the most active carbon-to-carbon double bonds,
Perhaps further study of the reactions involved will reveal
fects which will be helpful in determmining the resson for the
rearrangement.

High temperature and pressure sminstion yielded a small

amount (11%) of 4-sminodibenzofuran. There wae no evidence of

24
Bergstrom and Fernelius, Chem. Hev., 20, 413 (1237).
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rearrengenent in this reaction and 1t might be possible to ob-
telin 4,6-dlaminodibenzofuran by usins milder conditions., The
high tempersture {(180-185°) employed in this reaction might
have brought about the removel of the lode group through re-
éuction.

It 18 of interest to note that catalyzed hydrolysis of
4,6~d11o0dodibenzofuran nroceeds normally. 4,6-Dihydroxydi-
benzofuran wzs obtained in 75% vield by hesting the correspond-
ing dliododibenzofuran with concentrated sodium hydroxide and

copper sulfeate &t 2209,

Hitration.

25
Whereszs the nitrstion of Z-hydroxydibenzofuren yields an

unidentifled dinlitro compound, the nitrestion of Z2-methoxy-
dibenzofuran with fuming nitric acid gives Z2-methoxy-3-nitro-
dibenzofuran in 73% yield. The structure wee estsblished as
follows:

The nitro compound wes reduced to the corresponding amine
end the amino croup replaeced with bromine. The bromo-methoxy
compound wes shown to be Z-methoxy-3-bromodlibenzofuren by &
mixed melting voint. The structure of 2-methoxy-3-bromodlbenzo-

. <
furaen hed been previously esteblished by Van Ess“g who had

hi]

}

r

& Gilman, Jacoby, and Swisliowsky, J. Am. Chenm. Soc.,
81, 954 (1939). T

26 ~
Gilmen and Van Esse, 1bid., 61, 1365 (1838).
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converted the amino group of Z-amino-3-bromodibenzofuran
through dlazotization, to the hydroxyl group, followed by
methylation to & methoxyl group. He had also @bt&iaed the

sgme compound by brominsting 2-methoxydlbenzofurane.
CHz
Br

0
woto*
V%
&
NH
2 OH
' K Br

0

1-H1tro-3, 4~dinethoxydibenzofuran was obtsined in 26%
yield by nitrating a solutinsn of 3,4~-dimethoxydibenzofuran in
scetic acld with fuming nitric acid. The structure of the nitro
compound was esteblished by reduction to the corresponding
amino compound. An intimate mlxture of this compound and an
authentic speclmen of l~-amino~3,4-dlmethoxydibenzofuran Hre-

. . o 20
pered from the known 1-brcmo—a,é~d1methoxy&ibenchuran/

exhiibited no melting point deprescion,
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Synthesls of possible gatimalarisl compounds.

A1l of thege compounds contoln the Y-dlethylaminonronyle
enino group attached to the dibenzofuran nucleus. Thelr
synthesis wze carried out by heating the aminodibenzofurans
with en excess of Y -dlethylaminopropyl chloride hydrochlorldie
in zn oil bath &t 130-165° from three to five hours. These
condensgationsg were also carried out in the presence of a sol-
vent, such a8 propyl alcohol. However, in the presence of
aolvent, the resction time was much longer and the ylelds were
lower, The preparstion of 3-Y-diethylaminopropylaminodibenzo-
furan, as shown in the following 1llustration, wes typlcel of

these rezctionsg.

(Ip NH, + Cl-CHoCHoCHoN ( 0235)2 « HC1

1) Heat
2) NH,OH

The anminodibenzofurans were condensed with Yy -dlethylenino-
pronyl chloride rather than l-diethylamino-4-pentyl chloride

(used in plessmoouin synthesis) bhecause 1t is more resdily



obtainable and hes been shown to he at lzast as effective in
the oulnoline series, The chemotherspeutic index of plasmocide
(6-methoxy-8-y-diethyleninoprorylaninoquinoline) is somevhat
less than thet of plssmoquin, but it is much less %oxié. The
compound has been itried in the clinics of the Moscow Tpopicsal
Institute and other malarial stetlons snd is reported to have
completely cured 90% of the tertian and quartan maleria and 50%
of the tropleal malerisl cases. In fact, Fournaau27 belirves
that this compound is more effective than plasmoquin, producing
a2 qulck effect in avien malsrle in doses as small as 0.000003
g., end that 1t will eventuslly renlace plasmoquin because 1t
ls less toxic, offers a greater margin of safety, and 1s less

expensive to make than plasmoquin.,

Divenzothlophene

As would be expected from the study of dibenzofuran chem-
istry, the brominatlon of 2-scetsminodibenzothlophene gave

2~acetenino-3-bromodibenzothiophene,

THCOCH; -
13 HNO, ¥ 7
) Bl’z Y Br

1
2) HCY 7N\
53 NaOH 2) NeyCro, 0" Yo

27Fourneau, Bovet, et al. Ann. Inst. Pesteur, 46, 514
(1921) /C. A., 26, 3034 (1932)_
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The structure of the compound was established in the following
way. Hydrolysis, deamination, and oxidation of the resulting
bromodibenzothiophene gave z product melting at 224-225°, A
mixed melting point with an authentic specimen of 3-bromodibenzo-~
thiophene-5~dioxldeze showed no depression. A 2-acetamino-7-
bromodibenzothiophene would give the sasme product, but the
possibllity of hetero substitution was excluded on the basls of
the known homonuclesr directive influence of the acetamino group.

The chlorination of 2-acetaminodibenzothiophene with
sulfuryl chloride proceeded smoothly to give s mono-chloro com-
pound in 87% yleld. This compound was assumed to be 2-acetamino-
3-chlorodibenzothlophene by anslogy with the above bromination.

The presence of & methoxyl group in the dibenzothlophene
nucleus asg in the dibenzofuran facilitates further substitution
in the same ring. Therefore, sufficlently mild nitrating con-
-diltions may be employed to avold attack of the sulflde linkage.
Consequently, the nitration of 4-methoxydibenzothlophene with
fuming nitric acid in scetic acld solution at 18-20° gave a
mononitro derivetive (m.p., 161-162°) in 87% yield. The sulfide
linkage 1s not attecked under these mild conditions,

Reduction of 18 g. of the crudé nitro-4-methoxydibenzo-
thiophene (m.p., 159-151°) pave 13 g. of compound melting at
101-102° and one grem of product melting at 132-133°. By

28

( ¢ilman, Jacoby, and Pacevitz, J. Org. Chem., 3, 120
1338).
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anelogy with the nitration of 4-methoxydibenzofuran with fuming
nitric acid (p.58) at 138-20° which gives only l-nitro-4-methoxydi-
benzofuran, 1t wee assumed that the main product (m.p., 101-102°)
wa8 l-zmino-4-methoxydibenzothiophene and the smaller fraction
{(m.p., 132—1330) was 3~anino-4-methoxydibenzothlophene., These
structures can be ascertained by converting them to the corre-
sponding bromo~-methoxy compounds and comparing them with an
authentic spscimen of l-bromo-4-methoxydibenzothiophene. The
latter compound can be obteined from the known l-bromo-4-amino-
dibenzothlophene through diazotization, hydrolysis, and methyla-

tion. These reactions were not carried out becazuse of lack of

time.

All of the dibenzothiophene compounds submitted for anti-
malarlal tests, a8 in the dibenzofuren series, contained the
"Ldiethylamincpropylamlno gide chain. They were synthesized
similarly by heating the amlnodlbenzothlophenes with an excess
of y-dlethylaminopropyl chloride hydrochloride,

Results of Physiological Tests

All of the dibenzofuran and dibenzothiorhene derivatives
synthesized during the course of this investigation were sent
to Parke-Davie Conmpany, Detroit, Michigaen, if they were con-
sidered to have eny possible antimalarial activity. They were

then relayed, by Parke~Devis Compsny, to cooperating laboratories
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for phermocologlical testing. This was carried out under the
ausSplces of the CGovernment of the United States. The findings
from these lasboratories are published only in restricted re-
ports. Consequently, government permission must be obtalned
before these results zare made nublic., The tests were desipgned
to show if any compound possessed elther therapeutic (curative)
or prophylactic {preventative) value. These tests were carried
out on young chicks., In the case of the therapeutic tests,

the chicks were infected with the paressite first, and then fed
the drug %o determine 1its effect on the perasites already present
in the blood stream; Iin the case of the prophylsctic teste, the
chicks were fed the drug first and then were infected with the
paregite. The rate of increzse of the paresites in the chick

bloodstream was then observed. Plasmodium lophurae was the

parzslte most commonly used in carrying out these tests. The
compound, or drug, to he tested was fed to the chicks by mixing
it with the chick mash. The proportion of the compound was
arranged so that the chick recelved from six-tenths to one gram
per kilogrem of body welght. The dosage was increassed above
this level if docubtful asctivity was encountered; snd was de-
creased below this level if 1t was sbove the toxie level for
the drug.

The results of the phsrmocological tests on the derlvatlves
of dibenzofuran are given in Table II. It is notlced that

these compounds showed no antimalarial activity with the
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TABLE II

RESULTS OF PHARMACOLOGICAL TESTS
OF DERIVATIVES OF DIBENZOFURAN

No. of Type Daily
Kame of Compound Test of Dose in Results
Animels Test Mgea,
3-y-Diethylaminopropyl- 3 Thera- 32 o]
eminodibenzofuran peutic
3-Y-Diethylaminopropyl- 5 Thera- 30 0
emino~-6-1ododibenzo- peutic
fursn
2-Bromo~3-Y-diethylemino- 3 The ra-~ 15 0
prouylaminodibenzofuran peutic
2-Y-Diethyleminopropyl- - - - -
aminodibenzofuran
2-Y-Diethyleminopropyl- 6 Prophy- 25 0
amino-3~bromodibenzo- lactic
furen
2, 7-bis(y~-Diethylamino- 3 There-~ 9 o)
propylamino)-dibenzo- peutic
furan
2,8-bis(y-Diethylamino- 3 Prophy- 6.5 0
pronylamino)-dibenzo- lactic
furan .
4~y-Diethylaminopropyl- 3 Thera- 31 0
aminodibenzofuran peutlc
1-Bromo-4-y~dlethylamino- 6 Thera- 32 0
propyleminodibenzo- peutic

fursn
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TABLE II (Continued)

No. of Type Daily
Heme of Compound Test of Dose in Results
Animals Test Hgs.
2-Methoxy-1-Y~diethyl- 5 Thera~ 60 0
aminopropylaninodibenzo- peutic
furan
1-Y-Diethylaminopropyl- 5 Thers- 80 0
amino-2-methoxydibenzo- peutic
furan
1-/-Diethylaminopropyl- 5 Thera- 80 9;
amino~-4-methoxydibenzo- peutic
furan
1-Bromo-3-y~diethylamino- 5 Thera- 60 (1)
propylamino-4-methoxydiben- peutic
zofuran
S-Y=Diethylaminopropyl- - - - -
amino~4-methoxydibenzo-
furan
1-Y-Diethylaminopropyl- 5 Thera- 60 0
emino-3, 4-dimethoxy- peutic
dibenzofuran
+*
2-Cyanodibenzofuran - Thera- 39 0
peutic

*Prepeved by Oatfield (Oatfield, Master's Thesis, Towa

Stete College, (1933) ).



exception of l-bromo-3-Y~diethyleminopropylamino-4-methoxydi-
benzofuran, which showed & doubtful () aectivity at a dsily
dosage of 60 milligrams,

In swite of the negative results shown by the compounds

prepared in this investigetion, there 18 much room for addi-
tional work on the preparstion and testing of dibenzofuran
derivatives as entimalerisl egents, Emphasis should be

placed on the preparstion of compounds containing three func~
tional groups, that 1is, a basic side chain, methoxyl, and
chloro or methyl group. The necessity of these groups 1is
demonstrated in atabrine where the replacement of the chlorine
atom with a methyl group does not markedly change the aotivity
of the compound, but removal of the chlorine atom destroys

the setivity, This fzet is also borne out in dibenzofuran
where the only active compound was one with three functionsl
groups, namely l-bromo-3-Y-diethyleminoprorylamino-4-methoxy-
dibenzofuran. Compounds contalning the basic slde chaln meta
to the methoxyl group, a8 in plasmoquin, and a methyl or chloro
group in the other ring will be of greatest interest., The follow-

ing formules serves &8 an example.

OCH
o f ;

CH,,CH, CH,N (CoHg )
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In Teble III are shown the pharmocologlcal resulta on the
antimalariel sctivity of the Y'-diethyleminopropylamino deriva-
tives of dibenzothlophene. None of these derivatives showed

eny activity.

TABLE III

RESULTS OF PHARMACOLOGICAL TESTS
OF DERIVATIVES OF DIBENZOTHIOPHENE

No. of Tyne Daily
Name of Compound Test of Dose in Results
Animals Test Hgs.
2~y-Diethyleminonpronyl- 4 Thera- 5 0
eminodlibenzothiophene peutlc
2-Y~Diethyleminonropyl- 5 Thera- 30 0
anino~3~hromodibenzo~ neutie
thiophene
2-Y-Diethylaminopropyl- 2 Thera- 10 0
emino-3~-chlorodibenzo- peutic
thionhene
4-yY-Dlethylaminopronyl- 4 Thera~ 19 0
aminodibenzothiophene neutic
1-Bromo-4-Y-diethylamino- 1 Thera- o7 0
propyleminodibenzo- neutic
thiophene
1-)Y-Diethylaninopronyl- 1 Pronhy-~ 22 0
anino-4-methoxydibenzo- lactic

thiophene




The number of dibenzothlophene derivatives prepared and
tested is too few to determine whether the dibenzothiophene
nucleus is sultable or not for antimalesriasl syntheslils, Con-
sequently, additionsl compounds should be pfepared and tested
to'determine i1ts effectiveness. Speclal emphasls should be
placed on the preparation of the oxidized derivatives of di-
benzothicphene for reasons outlined on pasge 12, A compound
of considereble interest would be one containine two )-di-
ethylaninopropylamino groups parae to the sulflde linkage. A
compound of this tyre willl be a so~cslled closed model deriva-

tive of 4,4'-diaminodinhenyl sulfone.

( CoHg ) NCH, CHp CHoHN- Q—ﬁ ~NHCH,CHy CHoN( CoHg )

o 0

While the preparstion of 4,4'-bisc-( Y-diethylsemin-»nronylemino)
diphenyl sulfone hes not been renorted in the onen literature,
the dextrose sulfonate of 4,4'-dleminodiphenyl sulfone has been
demonstreted by Goggeshallle to be effective in human malaria,.
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EXPERIMENTAL

Dibenzofuran

4,6-~Dilododibenzofuran.

The preparation of 4,6-dilododibenzofuren in 19% yield by
reacting 4,6~disodlodibenzofuran with lodine was accomplished
by R. V. Young.2® However, the low ylelds obtained, the time
involved, and the prohibitive cost of butylsodium mede his method
impracticsl. Therefore, his experimentsl condlitions were changed
and the method of O. Baine;sc with slight modificaticns for
dimetalation of dibenzofuran with benzylsodium, was used.

31

In accordance with Pacevitz's™ procedure, phenylsodium

was prepared by placing & mixture of 1200 co. of toluene, 1156 g.
(6.0 g. atom) of sodium send, and 225 g. (2.0 moles) of chloro-
benzene in & three liter 3-necked round-bottomed flask equipped
with a Hopkins condenser having 2 nitrogen inlet, a mercury-
sealed stirrer, and a thermometer. A4 small crystal of iodine

was introduced as a catalyst. Five minutes after the addition,

29511man and Young, J. Am. Chem. Soc., 54, 1121 (1935). |

30
Gilman, Moore, and Baline, ibid., 63, 2479 (1941).
31 '

Gilmen, Pacevitz, and Baine, ibid., 62, 1514 (1940).
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the temgerature began to rise and by appropriste cooling was
not sllowed to exceed 55° during the entire reaction period,
which lasted sbout four hours.

A solution of 168 g. (1.0 mole) of dibenzofuran in 800
ce. of toluene wes added 811 at once to the above mixture and
the temperature raised to 100-105° by means of an oil bath.
The resction mixture wes stirred at thils tempersture for twelve
hourg. At the end of this period, the mixture was cooled in an
ice-sslt bath (~15°) and 635 g. (2.5 moles) of lodine was added
&t such & rete a8 to keep the temperature below 120. The re-
action wes completed by heating to 60-65° for one hour. The
mixture wes flltered, washed with 400 cc. of water containing
10 g. of sodium thiosulfate, and dried over cslcium chloride.
Concentretion of the solvent to 300 cc. yleldsd 220 g. of orude
product, m.p., 155-158%. One crystallization from toluene
vielded colorless crystals melting sharply st 1600. The yleld
of the pure 4,6-dilododibenzofuran wae 256 g. or 60.1%.

In three other runs, the product was obtained in ylelds of
59%, 57%, and 61%.

Amination of 4,6-d1lododibenzofuran.

A. ¥ith sodemlde in llcuid ammonlia. Sodsmide was pre-

pared according to the dirsctions of Veughn, Vogt, and Nieuw-
3
land £ from 10.1 g. (0.44 g. atom) of sodium and 0.3 g. of

32
Vaughn, Vogt, end Nieuwland, ibid., 56, 2120 (1934).



hydrated ferric nitrate in 400 cec. of liquid ammonia. Then
84 g. (0.20 mole) of 4,6-diiododibenzofuran wes added over &
period of fifteen minutes. The reaction was not vigorous, and
after three hours of mechaniecal stirring the excess sodamilde
was destroyed by the addition of ammonium chloride. The
ammonis wes ellowed to evaporate and the solld wae extracted
with 1000 co. of snhydrous ether. The amine was precinitated
from the ether solution as the hydrochloride end then descomposed
in water solution with ammonium hydroxide. Two crystallizations
from methyl sleohol yielded 37.8 g. of product melting at
143-144° and 2.1 g. of product melting st 154-155°. Qualitative
enalysise showed that the product melting &%t 143-144° contained
both iodine and nitrogen. This compound 18 probasbly lodo-
aminodibenzofuran. The higher melting product was free of 1odine.
Anal. Caled. for Oy H,ONI: N, 4.53. Found: N, 4.52.
Six-tenths grem (0.002 mole) of the lower melting amine
wag dissolved in 75 cc. of absolute ethanol, containing 1 g.
of pelladium~calclium carbonate catalyst, and was put under a
30-pound geuge pressure of hydrogen. The pressure dropped
nearly & pound in a few minutes but the shaking was céntinneﬂ
for helf an hour in order to insure complete delodination. The
colorless solution was separated from the catalyst by filtration
end the product wes precipitated quantitatively when 200 cc. of
water wee added slowly to the elcoholic solution. After one
recrystallization from dilute methanol, the product melted at



-33=

95-96°, A mixzed melting point with 3-aminedibenzofuran showed
no depreesion. This established the position of the emino group.

Three gramg (0.0l mole) of x-iodo-3-aminodibenzofuran was
placed in a solution of 25 éc. of 48% sulfuric acid and 125 cc.
of ethanol and wermed to 80° on a steam bath. Then a solution
of 12 g. (0.174 mole) of sodium nitrite in 25 cc. of water was
added dropwise with stirring. After all of the solution had been
added, the mixture was refluxed gently for fifteen minutes. The
contente of the flask were then cooled, filtered and subjected
to steam distillation. The compound which distilled over with
steam was reocrystallized from methyl slcohol and melted at
73-74°. A mixed melting point with 4-lododibenzofursn showed
no depression, Thus, the product melting at 143«1440 nuet be
S-amino-6-1ododibenzofuran.

The product melting at 154-155° melted at 125-130° when
mixed with an authentlc specimen of 4,6~diaminodibenzofuran.
It 18 probebly 3,6-dlaminodibenzofuran (m.p., 1520). A melting
point depression wag 2lso observed when the product was mixed
with 2,7-dlaminodibenzofuran (m.p., 152°), and with 3,7-ai-
sminodibenzofuran (m.p., 150—1520).

Anal. Caled. for CygHyoONp: N, 14.14. Found: N, 14.26.

In 2 previous run, 16 g. (0.038 mole) of 4,6-d1iododibenzo-
furen wes added to s solution of sodamide, prepared from 1.8
g. (0.08 g. atom) of sodium and 180 cc. of liquid smmonia, and

the reaction mixture was stirred for elght hours. The excess
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sodemide was destroyed by the addition of ammonium chloride
and the asmmonis wes allowed to evaporaste. The residue was
digested with dilute hydrochloric acid, filtered, and the
filtrate neutrelized with ammonium hydroxide. The precipitate
was Tiltered and recrystallized from benzene to give 5 g. of
product melting at 140-145°. The compound was redissolved in
hot benzene and acetylated by the addition of 10 cec. of acetic
anhydride. The insoluble ascetyl derivative was flltered and
efter seversl crystallizations gave 1.2 g. of product melting
ot 320-322°, and & small amount of product melting at 267-269 .
Gualitative asnalysis showed that the latter product contained
iodine. Thelr structures were established when the 3-amino-
6~1ododibenzofuran and 3,6-dlaminodibenzofuran, sbtained from
the above run, were acetylated to give 3-acetamino-8-lododi-
benzofuren (m.p., 268-269°) and 3,6-dlaceteminodibenzofuran

{m.p., 521~3220), respectively.

B. With sodamide in licuid ammonls md ether. Twenty-one

grems (0.05 mole) of 4,6-ditododibenzofursen dlasolved in 300

ce. of ether was added with stirring to a solutiocn of 0.13 mole
of sodamide 1n 200 cc. of liquid ammonla. The stirring was
maintained for 12 hours. Excgess anmonium chloride wae added

and the golvent wes filltered free from insoluble matter. The
amine wes precipitated from the ether solution as the hydrochlor-
ide and then decomposed in water solution with ammonium hydroxide.

A few crystellizations from methyl alcohol ylelded the pure
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product melting at 95-96°. A mixed melting point with 3-anmino-
dibenzofuran chowed no depression. The yield wes 7.3 g. or 424.

C. ¥ith smmonium hydroxide snd cuprous bromide. Forty-

two grams (0.1 mole) of 4,6-dilododibvenzofursn was intimately
mixed with 18 g. (0.11 mole) of cuprous bromide and placed in &
glass beaker fitted a8 a liner for an eleccetrically heated steel
bomb, and then 190 ce. of concentrated ammonium hydroxilde wes
added. The mixture was heacted at 180«1850f0r twenty-eight hours.
Cn cooling, the contents of the bomb were extrscted with ether,
the ether solution weshed with water, and dried over anhydrous
godiunm sulfete. The asmine was precipitated from the ether as
the hydrochloride and then decomposed in water solution with
ammoniua hydroxide. Two crystallizations from methyl alcohol
yielded 2 g. of product melting at 84.5-85°. A mixed melting
point with 4-aminodibenzofuran showed no depression. The yield

wes 11%.

=Acetamino-6-1cdodibenzofuran.

To a solution of 1.5 g. (0.005 mole) of 3-amino-B-iododi-
benzofuren in 20 c¢c. of warm benzene wag adied 1 ce. of acetlc
anhydride. The insoluble 3-scetamino-6-1ododibenzofuran pre-
cipltated immediately. A quantitative yleld of the crudg
product, m.p., 26?~268°, was obtained. Crystallization from
eth§1 slcohol ylelded smsall colorless needles, m.p., 268—2690.

Anal. Celcd. for Cy4HynOoNI: N, 4,10. Found: N, 4.02.



3,6-Diaceteminodibengzofuran.

Po & solution of one grem (0.005 mole) of 3,8-disminodi-
benzofursn in 30 cc. of hot benzene was added 2 ce. of acetic
enhydride. The insoluble 3,6-dizcetsmincdibenzofuran precipitated
Iomediately. After 100 co. of additionsl bengzene had bsen added,
the suspension was bolled, cooled, and filtered. Crystalliza-
tion from acetic acid produced very small leaflets, m.p., 521
322°,

Anal. Osled. for O.N_: N, 9.93, TFound: N, $.76.
614732

4. 8-Dihyvdroxydéibenzofuran.

A, Fron 4,S~diiodsdibenzofuran. An initimeste mizturs of

100 g. (0.238 mole) of 4,6-dliocdodibenzofuran, 22 g. of copper
bronze powder, &nd 200 g. of technlecal sodlum hydroxide was
placed in a 600 cc. couper begker conteining 100 g. of copper
turnings and 30 g. of copper sulfste dissgolved in 100 cc. of
water. The besker gnd its contents were kept &t 215;2200 Tor
15 hours in an eleetrically heated bomb. On coocling, the con-
tents were transferred to a three~liter besker, diluted with
two llters of water, and brought to bolling to insure complete
solution of the sodium salt. The solution wes flltered, coocled,
eand acidifled with hydrochloric acid. Filtration ylelded 35 g.
(or & yield of 75%) of crude 4,6-dihydroxydibenzofuran melting
at 145-150°, A few coryetallizations from benzene raised the
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melting point to 203-204°, A mixed melting point with an authen-

29 showed no depression.

tic specimen of 4,6-dihydroxydibenzofuran
Only filve grams of the above compound was purlfied. The remain-
ing 30 g. were converted into 4,6-dimethoxydibenzofuran without

further purification.

} B. From oxlidatlon of 4,6-d1l3ithicdibenzofuran. Eight and
four-tenths grems (0.002 mole) of 4,6-dilododibenzofursn in 75

ccs of anhydrous ethyl ether was added drorwise over a ten
minute period with vigorous stirring to 0,004 mole of p-butyl-
1ithium in 75 cc. of the same solvent. After ten minutes, in
eccordance with the procedure of Ivanoff,ss 0.004 mole of
n-butylmasgnesium bromide in 50 cc. of ether was added to improve
the yleld of the oxidatlion product. The reaction mixture wes
cooled below 0° in en ice-salt mixture, and oxygen (bubbled
through sulfuric acid and passed over sods lime) was swept over
the surface of the well stirred solutlon at such a rate as to
maintain the temperature below zero until a2 negative color test34
was obtalined. The lithium salt was hydrolyzed with cold hydro-
chloric acid and thé aqueous portion was extracted once with
ether znd discarded. The ether layers were combined in a separae-
tory funnel, orushed ice was asdded, and extraction with 2-3%
alkall was continued until no turbidity developed in an acildifled

33

Ivanoff, Bull. soc. ghim., 39, 47 (1926).

34
¢1lman and Schulze, J. Am. Chem. Soc., 47, 2002 (1925).
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poftien. Norite waa sdded to the alkeline solution, and dis-
solved ether was removed by gradual heating on a asteam bath.

The hot 1liquld was filtered, acidified, and cooled under the

tap with shaking. The crude 4,6~dihydroxydibenzofursn, melting
8t 138-143° weighed 3.1 g. Several crystallizations from methyl
zlcohol yielded 0.2 g. (or 5.0%) of pure product melting at
203-204°. A mixed melting point with en authentlc specimen

of 4,6~dilhydroxydibenzofuran showed no depression.

The procedure described here is essentially that which
Gheneygg employed to methylate 4-hydroxy-6-methoxydibenzofuran.

A 60% potassium hydroxide solution, prepared by dissolving
112.0 g. (2.80 moles) of alksli in 80 cc. of weter, wss added
dropwise to a vigorously refluxing, stirred solution of 30.0
g. of crude 4,6-dihydroxydibenzofuren (m.p., 145-150%), 86 g.
(0.682 mole) of dimethyl sulfste, and 75 cc. of acetone. The
addition required one and one~-half hours. Stirring at reflux
temperature was continued for two hours, whereupon the product
wes poured into 800 cc. of water., The shiny crystele were
flltered off and recrystallized from petroleum ether (b.p.,
60-68°). The yleld of 4,6—d1methoxyd1benzc;uran, melting at
128-129°, was 21 g. Ghenayze reports the same melting point.
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~Diethylaminopro Chloride hydrochloride.

The procedure described here ig =2 modification of the

original procedure of Slotta and Behniach.35

A mixture of 1500 cec. of chloroform znd 357 g. (3.0 moles)
of thionyl chloride wés placed in & three-liter three-necked
flask equipped with a dropping funnel, stirrer and reflux con-
denser. The resction flask was immersed in sn 1ce bath, and a
solution of 200 g. (1.53 moles) of JY-diethylaminopropanol in
200 cc. of chloroform was a2dded at such & rate a8 to keep the
temperature between 10-15°, The mixturs was etirred for fifteen
minutes and then refluxed for one and one-half hours. The
solvent and the excess thionyl chloride were removed by distil-
lation. The residue was treated cautiously with 500 cc. of 40%
sodium hydroxide solution and extracted with two liters of ether.
The etheresl sclutlon was dried over anhydrous sodium sulfate
and then sublected to vacuum dlstillation. The fraction of
colorless oil bolling at 170-172°/18 mm, wes collected. This
meterlal weiched 165 g., which corresnpondg to a yield of 72%.

The bare was converted to the hydrochlorlide by passing dry
~ hydrogen chloride through the cold ethereal solution., The
hydrochloride is =z white powder and melts at 64-66°, Magidson
and Strukov " report the melting point at 62-64°,

35
568191:1:& and Behnisch, Ber., 88, 754 (1935).

Magidson and Strukov, Arch. Pherm., 271, 589 (1933),
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3= Y -Diethylaminopropylemino-8-1ododibenzofuran.

A mixture of 12.36 g. (0.04 mole) of 3-smino-6-iododibenzo-
furen and 9.3 g. (0.05 mole) of V-diethyleminoproryl cHoride
hy@rochloride wes heated for three and one-half hours in a 50
cc. flask immersed in an oil bath at 160-168°. The heavy o1l
was dissolved in 350 cc. of hot wester and then cooled to room
tenperature, The geidic solution waes made slkaline with con-
centrated ammonium hydroxide, extracted with ether, and the
ethereal extract dried over anhydrous sodium sulfate. The sol-
vent was removed and the residue dlstilled under reduced pressurs.
Eleven and five tenths grams, a 68.1% yleld, of & heavy yellow
1iquid distilling at 290-295°/ 0.5 mm. was obtained. " |

Anel. Caled., for CygHozONoI; N, 8.62. Found: N, 6.70

3~ Y-Diethylaminopronylaminodibenzofuran.

The reauction of 3-nitrodibenzofuran wes carried out more
conveniently in acetlic aclid wlith stannous chloride and hydro-
chlorie acid rather than with tin and hydrochloric acidS?. A
solution of 85 g. (0.38 mole) of hydrated stannous chloride in
100 cec. of concentrated hydrochloric scld was added to 2 solu-
tion of 25.6 g. (0.12 mole) of 3-nitrodibenzofuren in 300 co.
of glaclial acetlic acid and the mixture warmed on. a steam bath
for twenty minutes. A brown precipltate separated and was
filtered. The pfecipitate wag titrated with an excess of 10%

“‘Cullinene, J. Chem. Soc., 2267 (1930).
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sodium hydroxide adluticn, washed, and filtered. One crystal-
lizetion from dilute ethanol ylelded 20 g. {a yield of 91%) of
pure S-aminodibenzofurean.

A mixture of 12.1 g. (0.066 mole) of 3-aminodibenzofuran
and 18.6 g. (0.10 mole) of Y'-diethylaminopropyl clloride hydro-
chloride was heated in & small flask at 130° for helf en hour.
The mixture became semi-sclid. The bath temperature was raised
to 165° and kept there for three hours. The reaction product
w8 disgolved in hot wester, cooled, end flltered free from &
small amount of insoluble matter. The soldic solution was made
bhasic with concentrated amuonium hydroxide, extracted with
ether, and the ethereal extrect dried over anhydrous sodium
sulfate. The ether wes removed and the resldue distilled under
reduced pressure, Twelve grams, a yield of 61.7%, of light
yellow oil distilling at 260-261°/0.5 mm. wes obtained.

Angl. Caled. for CyoH, ONo: N, 9.46, Found: N, 9.6l.

nylaminodibenzofu .

2=Bromo-3-aminodibenzofuran wes prepared essentially accord-
ing to the dlrecticon oflﬁirkpatridkse. Twenty grame of S-aceta-~
minodibenzofuran yielded.ls g. of Z-bromo-S-aminodlbenzofuran.

Eight grams (G.OEOS mole) of 2~bromaf5§amino&lbenchuran
and 7.5 g. (0.0405 mole) of y-diethyleminopropyl chloride hydro-

- e}
chloride were heated to a2 temperaturs of 150-155 for three and

8
S Gilman, Brown, Bywater, and Kirkpatrick, J. Am. Chen.

Soc., 56, 2473 (1934),



one~half hours. The reaction mixture was treated a8 previously
described under the preperation of 3-) -diethylaminopropylamino-
6-1ododibenzofuran (p. 40). The product distilled at 120-195°
under a pressure of less than 0,5 mm. and was a yellow oil with
a green fluorescence weighing 4.6 g., corresponding to a2 yleld
of 40,0%.

Ansl. Calcd. for CyoHozONoBR: N, 7.46, Found: N, 7.38.

The above product wes also prepared by heating a mixture
of 5.2 g. (0.02 mole) of 2-bromo-3-aminodibenzofuran, 7.5 g.
(0.05 mole) of y-diethylsminopronyl chloride,'and 5 g. of
potassium carbonate in 200 cc. of propyl slcohol at the reflux
temperature for & period of twenty-four hours. The yield was

very low (0.5 g. or 6.6%).

2-Niltro~d=hydroxydibenzofuran.

The Z-nitro-3-aminodibenzofuran used in this procedure was
prepsred according to the directions of Kirkpatriakaa,

One hundred cublic centimeters of concentrated hydrochloric
scid was added to a solution of 25 g. (0.10 mole) of 2-nitro-3-
sminodibenzofuran dissolved in 300 cc. of warm acetlic acid. The
solution was cooled to 10° and 8 g. of sodium nitrite was added
in gmell portions with vigorous stirring. After the dlazonium
solution had stood for two hours in the cold, 50 g. of copper
sulfide dissolved in BOO cc. of 2% sulfuric acid wses added and

the . resulting solution wes refluxed for 25 minutes. The solution



wes T1ltered end the residue recrystellized twice from benzene.
The nure 2-nitro-3-hydroxydibenzofursn, melting ot 162»1630,
weiched 12.0 g., a yleld of 52.4%.

Angl, Caled. for CyoH,0,N: N,6.11, Found: N, 6.03.

Attempted methylation of 2-nitro-3-hydroxydibenzofuran.

4 60% potessium hydroxide solution, prepared by diesolving
28 g, of alkell in 19 cc. of water, wes added dropwise to a
vigorously refluxing, stirred solution of 11.5 g, (0.05 mole)
of 2-nitro-3-hydroxydibenzofuran, 256.2 g. (0.2 mole) of dimethyl
sulfate, and 25 cc. of acetone. The additlon required 356 minutes.
Stirring wes continued for two hours at reflux tempersture, where-
upon the product was poured into cne liter of water. Filtration
end crystallization ylelded 10.5 g. of starting product. A
mixed melting point with Z2-nitro-3-aminodibenzofursn showed no

depregsion.

Attempted prepsrction of 2-nltro-3-acetoxydibenzofuran.

Five grems of sodium acetate weeg added to 11.5 g. (0.05
mole) of 2-nitro-3-hydroxydibenzofursn dissolved in 50 cc., of
acetlic enhydride asnd the mixture was refluxed for three and
one-helf hours. Two drops of sulfuric acid wss added at the
end of one hour. The cool mixture was poured into 700 cec, of
weter and filtered as soon ss8 most of the scetic anhydride hed
hydrolyzed. Crystal'lization fxom 600 co. of ethyl alcohol
ylelded the starting materiel melting at 162-163°.



Twenty-five grams (0.10 mole) of 2-nitro-3-aminodibenzo-
furan wes diszotized by adding the well powdered amine to a
solution of 8 g. of sodium nitrite in a mixture of 300 cc. of
85% phosphoric acid and 200 cc. of concentrated hydrochloric
seid cooled to 0°. After two hours, the solution was diluted
with 100 cc. of 456% sulfuric acld and allowed to stand for an
additional hour. The excess nitrous acld was destroyed with
urea, and the solution was added slowly to 30 g. of potasslum
1odide dissolved in 100 cc. of water. The reaction temperature
was kept at 10-15° throughout the addition. The product was
filtered and recrystallized from ethyl alcochol. The pure
2-nitro-~3-lododibenzofuran, melting at 189-189.50, weighed 13.0
ge This is & yleld of 56%.

Anal. Caled. for COygHgOzNI: N, 4.16. Found: N, 4.10.

A mixture of 16.9 g. (0.05 mole) of 2-nitro-3-lododibenzo-
furan, 8.25 g. (0.05 mole) of acetyl-p-snisidine, 150 cec. of
xylene, 10 g. of potassium carbonste, and 1 g. of copper bronze
was stirred and refluxed for twelve hours. The mixture was
filtered hot and the filtrate, upon cooling, preclpitated a dark
brown solid. This 80l1id was filtered and recrystalllzed twlce
from ethyl alcohol which gave 14.1 g. (74.5%) of brown crystals
melting at 154-155°.
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The a hove acetyl compound wes hydrolyzed by refluxing it
for two hours in & solution of 20 g. of potassium hydroxide in
200 cc. of alecohol. The solution was then diluted with 100 cc.
of hot water. On cooling 11.0 g., en 89% yleld, of 2-nitro-~3-
dibenzofuryl-4'-methoxyphenylamine, melting at 171-173° pre-
“cipitated. A further recrystallization from ethyl alcohol gave
fine colorless needles melting at 175-1740.

Ansl. Cslcd. ~for Cig14048o¢ N, 8.38, Found: N, 8.49,

Reduetion of Z-nitro-3-dibenzofuryl-4'-methoxyphenylamine.

Ten grame (0.03 mole) of 2-nitro-3-dibenzofuryl-4'-methoxy-
phenylamine suspended in 150 cec. of absolute ethanol was re-
duced with hydrogen st room temperature under forty-five pounds
gauge pressure uslng approximetely 6 cc. of an alcooholic
suspension of Raney nickel catalyst. The reduction required
about one hour. The catslyst wes filtered and the filtrate
saturated with hydrogen chloride. Dilution with ether pre-
cipitated the amine hydrochloride in a quantitative yield. The
aalf was8 converted to the free base which decomposed during

cryatellization from ethyl alcohol. Because of lack of time,
no further attempt was made to obtain the pure amine or its

hydrochloride.



2,7-bis~ (Y -Diethylaminopropylamino)dibenzofuren.

Fifteen end five-tenths grems of 2,7-dinltrodibenzofuran,
prepared by Cullinane'339 method, wes reduced in acetic acid
through the addition of a saturated solution of stannous
chloride in concentrated hydrochloric acid. The precipitate
was flltered, digested with 10% sodium hydroxide solution, and
filtered. One crystellization from ethyl zlcohol yielded 10.0
g. (92%) of pure 2,7-diesminodibenzofurasn melting at 145-146°,

A mixture of 7.0 g. (0.0356 mole) of 2,7-disminodibenzo-
furan and 18.60 g. (0.10 mole) of Y'~dlethylaminopropyl chloride
hydrochloride was hested for three hours under an atmosphere
of nitrogen at 160-165°. The reaction mixture was treated as
previously described under the prepsration of 3-) -dlethyl-
aminopropylaminodibenzofuren (p. 40). The product distilled
at 285-2900/0.10 mm. and was a yellow oll with fluorescence
weighing 10.1 g., corresponding to a yleld of 66.8%.

Anal. Caled. for CogH,oON,: N, 13.20. Found: N, 13.40.

2,8-bis-( Y -Diethylaminopropylemino)dibenzofuran.

The 2,8~diaminodibenzofuran was prepared by amination of
22
2,8-dibromodibenzofuran according to Swislowsky's procedure.

A mixture of 7.0 g. (0.0356 mole) of 2,8-dileminodibenzofursan,

39 .
Cullinene, J. Chem. Sog., 23685 (1932).



14.9 g. (0.1 mole) of Y -dlethylaminopropyl chloride, 300 cc. of
propyl elcohol, and 6.2 g. (0.72 mole) of fused sodium acetate
was stirred and refluxed for twenty-four hours. The solution
was diluted with water, made acld with 10 cc. of concentrated
hydrochloric acid and the slcohol evaporated under partislly
reduced pressure. Two hundred cublc centimeters of water wes
added and the small amount of insoluble materiasl filtered. The
filtrate was made basic with ammonium hydroxide, extracted with
ether, and the etheresl solutlion dried over anhydrous sodium
gulfzte. The ether was removed and the residue distilled under
reduced pressure. Eight and two-tenths grams, a yield of 54.1%,
of reddish 01l distilling at 240-245°/0.1 mm. wes obtained,
Angl. Calcd. for CogHynON4: N, 13.20. Found: N, 12,22,

Attempted prepsration of 2-« ~methyl-d -dlethylaminobutyl-
aninodibenzofuran.

38
In accordance with the direction of Gilmen and co-workers ,

a solution of 18.8 g. (0.10 mole) of dibenzofuran, 12.7 g. (0.10
mole) of lodine, and 7 cc. of concentrated nitric acid dissolved
in 100 cc. of chloroform wes stirred and refluxed for four hours.
The 2-1ododibenzofursn melted at 112-113° after two crystaliiza-
tions from ethyl slcohol.

A mixture of 8.8 g. (0.030 mole) of 2-lododibenzofuran and
. 9.60 g. (0.06 mole) of l-diethylamino-4-aminopentane wes heated
at 180-200° for 48 hours. At the end of this period, the mixture

began to reflux and in a few hourse the reflux temperature dropped
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to 145°. The mixture was cooled and recrystallized from ethyl

alcohol. The 2-lododibenzofuran wae recovered quantitatively.

»

Soied d 0 -

2-Bromodibenzofursen has been prepsasred by Bywaterzain 20-
25% yields by brominating dibenzofuran in carbon tetrachloride.
The reasction period has been shortened and the ylelds improved
by carrying out the reaction under the radlation of a quartz
Jacketed H~-4 mercury-vepor lanmp,

A solution of 168 g. (1.0 mole) of dibenzofuren in 600
cc. of carbon tetyggﬁf:ride wee placed in a one liter three~ .
necked flask fitted with a reflux condenser, dropping funnel,
end & mechanical stirrer. The solution was exposed to the
radiation from a quartz jacketed H-4 mercury-vepor lamp and
160 g. (1.0 mole) of bromine was added with stirring over a
period of three hours. Irradiation was continued for two more
hours at room temperature and finally for one hour at the reflux
temperature of cerbon tetrachloride. Subsequent to the removal
of the carbon tetrachloride by distillation, the product was
distilled under reduced pressure to give 151 g., or a 61% yleld
of 2-bromodibenzofuran melting at 102-106°., One crystallization
from petroleum ether (b.p., 60-88°) ylelded 128 g. (51%) of
pure product melting at 108-109°, A mixed melting point with

an authentic specimen of 2~-bromodibenzofursn showed no de-

pression,



2-Aminodibenzofuran was prepared by hich temperature and
pressure amination of the corresponding bromo~compound in
accordsnce with Bywater'838 directions.

A mixture of 12.1 g. (0.066 mole) of 2~-aminodibenzofuran,
14.9 g. (0.10 mole) of ¥-diethylaminopropyl chloride, 250 ce.
of propyl alcohol, and 7.0 g. of fused sodium acetate was
g8tirred for 18 hours. The slcohol was evaporated under reduced
pressure, the residue digested with dilute hydrochloric acld,
end filltered free from a small amount of insoluble matter. The
filtrate was made basic with smmonium hydroxide, extracted with
ether, and the ethereal solution dried over anhydrous sodium
sulfate. The ether was removed and the residue distilled under
reduced pressure. Eleven grems, & yleld of 64%, of reddish oil
dlstilling at 185-190°/2 mm. wss obiained.

Anal, Calcd. for CyoHo40Ns: N, 9.48, Found: N, 9.5%7,

£2=Acetamino-3-bromodibenzofuran.

W, G. Bywaterss prepared Z2-scetamino-3-bromodibenzofuran
by brominetion of 2-~-dleceteaminodibenzofuran. P. R. Van Essg6
prepared the asme compound in 16.4% yield by brominating
2-scetaninodibenzofuran in acetic acid. The author prepared
the seme compound in 36% yield by brominating 2-scetamino-

dibenzofursn in chloroform.
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Bromination of Z2-acetaminodibenzofuran, prepasred by
treatment of the amine with acetic anhydride in benzene
solutioﬂge, wes affected by adding 100 cc. of a moler solu-
tion of bromine in chloroform to & solution of 22.5 g. (0.10
mole) of Z2-acetaminodibenzofuran in 300 cc. of chloroform at
room tempersture. After stending for two hours, the precipi-
tate was filtered and the solution was dlluted with 300 cc.
of ethyl slcohol. The mixture was refluxed for a few minutes,
cooled to room temperature, and filtered. The preclipltates
were combined and reorystallized from acetic acld. The yleld
of the pure Z2-acetsmino-3-bromodibenzofuran, m.p., 240~241°,
was 11.0 g. or 36%.

2= Y-Diethyleminopronylemino-3-bromodibenzofursn.

The 2-amino-3-bromodidbenzofuren wes prepered by the alka-
line hydrolysis of 2~acetam1no&5—bromodibenzefuran26.

Eight grems (0.0305 mole) of 2-amino-3-bromodibenzofuran
end 7.50 g. (0.,0405 mole) of YV~diethylaminopropyl chloride
hydrochloride were heated to a tempersture of 166-170° for
three hours. The resction mixture was treated as previously
described under the preparation of 3- Y-diethylaminopropyl-
smino- 6 -iododibenzofuran (p. 40). The product distilled at
a bath temperature of 200-216° under a presaure of less than
0.5 mm. and wes a reddish oil with slight fluorescence welgh~

ing 3.4 g., corresponding to a yleld of 30%.
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The above product was elso prepared by heating 5.2 g.
(0.02 mole) of 2-smino-3-bromodibenzofuran, 7.5 g. (0.05 mole)
of Y -diethyleminopropyl chloride, end five grams of sodium
acetate in 150 cc. of absolute ethyl alcohol 2t the reflux
temperature for s period of 15 hours. The yield was extremely

low,.

Z-Hethoxy-3~-nitrodibenzofuran.

The 2-methoxydibenzofuran wes prepared according to the
directions of Gilman and Van Essga.

Ten grems (0.05 mole) of 2~methoxydibenzofursn wes dis-
solved in 150 cc. of glacisl ecetic ascid and cooled to 15°,
Eight cubic centimeters of fuming nitric acid (sp. g., 1.49)
was gdded dropwise wlith stirrin., during a perinod of flve
minutes. The mixture was kept at 15-18° for 10 minutes and
then flltered. The preciplitste wes washed with several cublce
centimeters of acetic acld and then with water. The dry pro-
duct, melting at 185-186°, weighed 9.0 g., & 73% yleld. One
crystallizetion from ethyl alcohol rzised the melting point
to 186-186,5°.

Analysis showed the substance to be a mononitro deriva-
tive later proved to be 2-methoxy-3-nltrodibenzofuran.

Anal. Calcd. for CyzHqO4N: N, 5.76. Found: N, 5.7%3.
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Z-Methozy-3-sminodibengofuran.

A solution of 59.5 g. (0.268 mole) of hydrated stannous
chloride in 70 ec. of concentrated hydrochloric ecld was added
%0 a suspension of 20.0 g. (0.0816 mole) of 2-methoxy-3-nitro-
dibenzofuren in 300 oc., of zcetic acid and the mixture heated
on the weter bsth for one hour. The brown precipitate wos
filtered, digested with an excess of 104 sodium hydroxide solu-
tion, washed snd filtered. One crystellization from methyl
aleochol produced 15.0 g. (87.04) of pure 2-methoxy-3-aminodi-
benzofursn melting at 92-92.5°.

Angl. Caled. for Glsﬁllozﬂt N, 8,57, Found: N, 6.62.

One gram (0.005 mole) of Z2-methoxy-3~aminodibenzofuran
wa8 diazotized by adding the well powdered amine to a solution
of 0.34 g. of sodium nitrite in 50 cc. of 1:1 hydrochlorio
aoid cooled to -5°. After ie minutes, the clear solution was
added in small portions to & boiling solution of 1.5 g. (0.01
mole) of cuprous bromide in 10% hydrobromic acid solution.
After the addition was completed, the mixture was refluxed for
twenty minutes. The precipitate was filtered and recrystallized
twice from benzene. The pure product melted at 172° and showed
no depression when mixed with en suthentic semple of Z-methoxy -

5~bramod1benzofuran26‘



A mixture of 11 g. (0.0518 mole) of 2-methoxy-3-aminodi-
benzofuraen and 15,0 g, (0.10 mole) of Y-diethylaminopropyl
chloride was heated under an atmosphere of nitrogen at 150-

1550. After four hours, the reaction product was dissolved in
300 cc. of water, flltered, made baslic wlth concentrated ammonlunm
hydroxide, and extracted with ethyl ether., The ethereal solu-
tlon wes dried over sodium sulfate. Evaporation of the ether
snd distillation of the residue under reduced pressure, ylelded
12 g. of yellow oil bolling at 210-2130/ 0.10 mm., Thie consti-
tutes a 71.0% yileld.

Anal. Celecd. for CopHpgOolot N, 8.58, Found: N, 8.52,

1-Anino-2-methoxydibenzofuren.

1-Bromo~-2-methoxydibenzofursen wes prepared accordling to
the directions of Gilman eand Ven Essgs by methylating l-bromo-
2-hydroxydibenzofuran, which in turn was prepsred by brominat-
ing 2-hydroxydibenzofuran in scetlc acld.
The o ~-methylhydroxylamine used in the following reaction
was prepered by adding 39 ce. of 60% potassium hydroxide to
21 g. (0.25 mole) of A -methylhydroxylamine hydrochloride suspended
in 400 cc. of ether. The ether-amine solution distilled over
at 54—560. A few grams of the methylhydroxylsmine came over at

40~50° after all of the ether hsd distilled. The two fractions
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were mixed and the ethereal solution wae dried over anhydrous
sodium sulfate,

The Grignard resgent of 33.0 g. (0.12 mole) of l~bromo-
Z-methoxydibenzofuren wes prepared in the customary manner by
reacting a mixture of 33.0 g. (0.12 mole) of the helide, 6.3 g.
(0.25 g. atom) of magnesium turnings in a mixture of 16C cc. of
enhydrous ether and 150 cc. of dry benzene. In order to start
the reaction, 1t was necesgcry to add e 1itile methyl lodide.
After refluxing for two hours, the solution was cooled to Qo
end 1.9 g. (0.04 mole) of « -methylhydroxylamine, dissolved in
65 oc. of ether, was added over a ten minute period. The solu-
tiocn beceme brown during the sddition of the amine solution and
s flocculent precipitate settled. The ice-bath wzs removed and
the mixture refluxed for one-half hour to meke certaln that the
reaction was completed. The solution was cooled again in an
1ce~sait bath snd carefully hydrolyzed by ths very slow addition
of 200 cc. of dilute hydrochloric acid with vigorous stirring..
The ether~benzene layer was aeparated and agueous solution
extracted twice with 50 cc. portions of ether. The combined
extrzcts were dried and then dry hydrogen chloride gas was
psssed in %o precipitate the emine hydrochloride. Wwhen the solu-
tion wese saturated with hydrogen chloride, the amine hydrochloride
was filtered off and suspended in a liter of dilute ammonium
hydroxide solution. The free anine was filltered and recrystal-
lized from dilute ethyl alcohol. The yield of the pure product,
melting at 92.5°, wes 5.8 g. or 684 (besed on the <-methyl-
hydroxylemine).
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Ansl. Caled., for C3jzH1302N: N, 6.57. Found: N, 6.865.

1-Y-Dilethylaminopropylamino-2-methoxydibenzofuran.

A nixture of 5.5 g. (0.0258 mole) of l-amino-2-methoxy-
dibenzofuran and 7 g. (0.0376 mole) of Y-diethylaminopropyl
chloride hydrochloride was heated at 150-~156° for three hours
end then at 165° for one hour. The recction mixture was dlis-
solved in werm weter and worked up as previously described
under the preparstion of 3-Y-diethylaminopropylaminodibenzo-
fursn (p. 40). The product distilled at 205-207°/0.1 mm. and
wag8 & yellow oll with fluorescence weighing 6.7 g., corre-
gponding to & yield of 80%.

Anel. Caled. for CpgHpgOoNo: N, 8.58. Found: N, 8.54.

gactions of ) A Y sodemide.

Fourteen grems (0.0505 mole) of l-bromo-2-methoxydibenzo-
furan dissolved in 300 cc. of anhydrous ether was added with
stirring to 2 selution of 0.06 mole of sodemide in 100 cc. of
licuild emmonla. The stirring was maintained for one hour.
Excess amponium chloride was added and the solvent was filtered
free from insoluble matter. The amine was precipitated from
the ether solution as the hydrochloride and then decomposed in
water solution with ammonium hydroxide. One crystallization
from ethyl alcohol gave a product melting at 165-166°. Two
crystallizations from alcohol followed by three crystslilizations
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from benzene failed to ralse the melting point. This was not
the expected l-smino-2-methoxydlbenzofuran. Apparently some
rearrangenent had teken place. The product contained a very
smell amount of bromine as impurity which could not be removed
by crystallization,

Ansl. Caled. for CysHyj0oN: N, 6.57. Foundt N, 5.7,
5.8,

4-Jododlibenzofuran.

The prepsretion of 4-lododibenzofuran in 3084 yleld by
reacting 1odine wlth 4-dibenzofurylmercuric acetate was

40. It was found thet the more convenient-

accomplished by Young
1y prepared 4-dlbenzofuryllithium could also be used.

A solution of 16.8 g. (0.10 mole) of dry dibenzofuran in
50 ce. of ether was metalsted by an excess of n-butyliithium in
75.0 ece. of ether, by refluxzing and stirring for sixtsen to
elghteen hours in z nitrogen atmoephere. The reaction mixture
wes cooled in an ice-sslt bath end 26.4 g. (0.1 mole) of lodine
was added st such & rate as to keep the temperature below 50.
The mixture wes refluxed for half an hour to mske certain that
the resction wes completed. The inorganic mstter was dissolved
in water, esnd the ether lsyer wzs separated and drled over
godium sulfate. Ewaporation of the ether yielded & brownish

8011d melting et 63-65°., Two crystallizations from petrcleum

40
Gilman snd Young, J. Am. Chem. Sog., 56, 1415 (1934).




ether (b.p., 60-68%) rsised the meltins point to 72-73°%, A
mirxed melting noint with Young's4o samnle showed no depression.
The yield was 12 g. (424).

Attenpted preparstion of 4-1'-methyl-4'-dlethyleminobutyl-
eminodibenzofuran.

A mixture of 8.8 g. (0.030 mole) of 4-iododibenzofuran and
9.60 g. (0.06 mole) of l-diethylamino-4-sminopentane was heated
at 180-2G0° for 36 hours. At the end of this period, the bath
tenperature had to be lowered since the mixture begen to re-
flux rether vigorously and after a few hourse began to reflux at
155~1400. The resctlion mixture was dlgested with dilute hydro-
chloric acid and filtered. Crystallization from petroleum
ether (b.p., 60-68") yielded 7.6 z. of 4-iododibenzofuren.

The necessary 4-aminodibenzofuran was prepared by reacting
en etheresl solution of 4~dibenzofuryllithium with -methyl-
hydroxylamine, in szccordance with Willis! directionaél.

A mixture of 6.0 g. (0.033 mole) of 4-aminodibenzofuren
and 7.5 g. (0.05 mole) of Y-dlethylaminopropyl chloride was
heated for three hours under an atmosphere of nitrogen at 14515

The rezction mixture wes treated as previously described under

the preparation of 3-Y-diethylaminopropylaminodibenzofuran (p. 40).

41
¥Willis, Doctorsl Dissertation, Iowa State College (1943).
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Eight grems, a yield of 82%, of 1ight yellow oil distilling
at 810-2130/0;5 mm. waeg obtsined.
Angl. Calcd. for CqgHp,ONo: N, 9.48. Found: N, 9.04.

1-Bromo-4-Y-dlethylsminopropvlaninodibenzof .

1-Bromo~4-~aminodibenzofuran was prepared essentlally
according to the direction of Van Essea. Eleven grams of
4-gcetaminodibenzofursn ylelded 8 g. of l-bromo-4-aninodl-
benzofuran.

Light grams (0.0305 mole) of l-bromo-4-aminodibenzofuran
and 7.5 g. (0,04 mole) of y’~diethyleminopropyl chloride hydro-
chloride were heated to o temperature of 160-1650 for three
hours. The resction mixture was treated as previously des-
cribed under the preparation of Stykdiethylaminopropylaminodi-
benzofuran (p. 40). The product distilled at 212-215° under a
preasure of less than 0.1 mm. and wes a light yellow oil with
e green fluorescence welighing 4.5 g., corresponding to a yield
of 40.0%.

Ansl. Calcd. for CygHozONoBr: N, 7.46. Found: N, 7.50.

1-Hitro-4-methoxydibenzofuran.

1-Nitro-4-methoxydibenzofuran has been prepared in 18%
yield by nitrating 4-methoxydibenzofursn in acetie anhydrilde
with funing nitric ac1d®®, It was found thet the nitration

42 '
Gilman, Jacoby, and Swislowsky, J. Am. Chem. Soc., 81,
9854 (1939).



could be carried out more convenlently in acetlc acid.

Twenty seven and seven tenthe grams (0.14 mole) of
4-methoxydibenzofuran was dissolved in 200 cc. of glacial acetic
seld snd cooled to 20°, Twenty cubic centimeters of fuming
nitric scid (sp. g., 1.49) wes sdded with stirring over a
period of ten minutes. The mixture was kept at 18-20° for
fifteen minutes and filtered. The precipitete was washed with
26 co. of acetic zeld and then with water. The 4dry oroduct,
melting at 152—1550, welghed 18 g. (a 53% yield). One crystal-
lization from ethyl alcohol gave the pure product melting at
153.5-154°, A nmixed melting point with Jacoby's? compound

showed no depression.

1= Y -Diethylaminopropylanino-4-methoxydibenzofuran.

A solution of 60.0 g. (0.267 mole) of hydreted stannous
chloride in 70 cec. of concentreted hydrochloric acid was added
to 2 suspension of 18.0 g. (0.0741 mole) of l-nitro-4-methoxy-
dibenzofuran in 250 cc. sacetic acid and the mixture hested on
the water bath. After twenty minutes, a clear solution resulted.
The hesting was continued for 30 minutes longer. On cooling, a
white precipitate separsted end was filltered. The precipitate
was treated with an excess of 25% sodium hydroxide solution,
filtered, end the precipitete recrystallized from dilute
ethanol. The yleld of the pure l-smino-4-methoxydibenzofuran,
melting at 103-104°%, was 14.5 g. or 92%.



A mixture of 5.5 z. (0.0258 mole) of l-amino-4-methoxy-
dibenzofuren and 7.0 g. (0.03786 mole) of y'-diethylaminopropyl
chloride hydrochloride wss heated at 160-1650 for five hours
and then at l’?OG for one-helf hour. A slow current of nitrogen
wes swept over the mixture throughout the reaction. The re-
action mixture wes dissolved in water and worked up in the
usugl menner. Six end five-tenths prams (an 30% yield) of
yellow oil distilled at 211-215°/0.1 nm.

Anal. Calcd. for CooHogOoNs: N, 8.58. Found: N, 8.66.

1-Bromo-3- Y -dlethyleminopropylamino-4-me thoxydibenzofuren.

The necesgsgsry l-hrono-3-anino-4-methoxydibenzofursn was
nrepared according to Parker'sés directionsg by nitrating
l-bromo-4-methoxydibenzofuran and reducing the nitro product
with stannous chlorlde in acetic acid.

A mixture of 8.8 g. (0.03 mole) of 1-bromo-3-amino-4-
methoxydibenzofuren and 7.5 g. (0.04 mole) y-diethylaminopropyl
chloride hydrochloride was heated under & nitragén atmosphere
at 160-185°, After three hours, the bath was removed and the
dark brown o0ll was poured into one liter of water. The water
wa8 brought to a boll and filtered from a considerable amount
of insoluble matter. The cold filtrate was made basic with
concentrated emmonium hydroxide and extracted with two liters

of ethyl ether. A considerable amount of black ether insoluble

43
G1lman, Parker, Bsille, and Brown, 1ibid., 61, 2836 (1939).




matter was filtered and the ether dried over sodium sulfate.
The ether wss evaporated and the residue distilled at reduced
pressure. Three sndé two-tenths grems of derk red oil, e yvileld
of 25.8%, distilled over at 245-250°/0.1 mn.

Angl. Celed. for CopHogOoNoBr: N, 6.94. Found: H, 6.986,

In accordance with Parker'sés directions, five grams of
1-bromo-3-nitro-4-methoxydibenzofuren wese suspended in 300 ce.
of sbsolute alcohol with 15 g. of palladium-celcium carbonate
catelyst snd shaken with hydrosen under & gause pregsure of 35
pounds for thirty minutes at room temperature. FPFiltrstion
end dilution of the elcohol with 100 cc. of water ylelded 2.5
Ze 0f Je-smino-4-methoxydibenzofursan.

A mixture of 2.3 g. (0.013 mole) of I-amino-<4-methovydi-
benzofuran and 5.0 g. (0.026 mole) of y-diethylaminopropyl
chloride hydrochloride wes hested at 150—1550 over 2 three hour
periocd, The resction product wes dissolved in wester esnd worked
up &8 previously described under the preparation of 3-)-di-
ethylaminopropyleminodibenzofuran (p. 40)., The product dis-
tilled at 231-234°/0.3 mm. and was & red oll welghing two
grams, corresponding to & yleld of 50%.

Ansl. Csled. for CQOHESOZNE: N, 8.58, Found: N, 8.71.
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™ -3, Aed thoxvdihenzof .

The 3,4~dimethoxydibenzofuran was prepared according to
20

Cheney'e”” directions by methylating 3~-hydroxy-4-methoxydi-
benzofuran obtained from the oxidation of a mixture of 4-methoxy-
6~dibenzofuryllithium and 4-methoxy-3-dibenzofuryllithium.

Nine :rems (0.0334 mole) of 3,4-dimethoxydibenzofursn wes
dissolved in 100 cc. of warm acetic acld and cooled to room
tenperature. Nine cublc centimeters of fuming nitrlc ascild
(sp. g., 1.49) was added with stirring and cooling over a period
of five minutes. A heavy yellow precipitate separated at once.
The mixture was kept under tap water for ten minutes znd then
filtered. The precipltete wes washed firat with a 1ittle acetic
ecld and then with weter. One crystzllization from acetic acld
vielded 10.5 g. (96%) of pure product melting at 146-147°,

Analysis showed the substance to be a mononitroderivative
later proved to be lenlitro-3, 4-dimethoxydibenzofuran.

Angl. Calcd. for Cy4H130sNt N, B.12. Found: N, 5.11.

Eight greme (0.0292 mole) of the above nitro compound
guspended in 200 ce. of sbsolute ethanol was reduced with hydro-
gen at room temperature under forty pounds gauge pressure using
epproximately 6 cc. of an alcoholic susrension of Reney nickel

catalyst. The reduction reaqulired a2bout an hour. The catalyst
wag filtered and the filtrote satursted with dry hydrogen



-BDw-

chloride. Dilution with ether vrecipltaeted the smine hydro-
chloride in quantitetive yileld. The salt was suspended in
weter and decomposed with concentrated ammonium hydroxide.

One crystellization from netroleum ether (b.n., 60-686) yielded
6.5 g. (92%2) of pure product melting =zt 162-163". A mixed
melting point with the authentic l-amino-3,4-dimethoxydibenzo-

20

furen showed no depression.

1~ Y ~Disthyleninopronylanino-3, 4-dimethoxydibenzofuran.

A mixture of 5.1 g. (0,025 mole) of l-amino~3,4-dimethoxy-
dibenzofuran and 7.0 g. (0.0376 mole) of y~diethyleminopropyl
chloride hydrochloride wes hested 2t 150° for one hour 2nd then
a8t 1750 for three hours. A alow current of nitrogen was swept
over the mixture throughout the reasction. The resctlion mix-
ture was dissolved in weter and worked up in the ususcl manner,
The product distilled at 240~2450 under & pressure of less
than 0.1 mm. and was a light yellow oll with a green fluorescence
weighing 4.9 g., corresponding to a yleld of 50.5%. The pro-
duct is rather unstable toward oxldation and turns blue on

exposure to alr.
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Dibenzothiophene

8- X -Diethyleminopronyleninodibenzothiophene.

A& solution of 85 g. (0.38 moled of hydreted stannous
chloride in 100 oc. of concentrated hydrochloric scid was
added to o solution of 22.5 g. (0.10 mole) of 2-nitrodibenzo-
thicphen344 in 370 c¢ec. of glaclal scetic acld and the mixture
warned on a steam bath for one-half hour. A dark precipltsate
separated and was filtered. The precipitate wes digested with
an excess of 10% sodium hydroxide solutlon, wsshed and filtered.
One crystallization from dilute ethanol yilelded 17.0 g. (an
37% yleld) of pure 2-asminodibenzothlophene melting at 133°.

A mixture of 6.0 g. (0.03 mole) of 2-aminodibenzothiophene
tnd 2.3 g. (0,056 mole) of Y~-diethylaminopropyl chloride hydro-
chloride was heated in a emall flask at 145-150° for three
heurs. The resctlon mixture wse dissolved in hot water, cooled,
and filtered free from 2 small smount of insoluble matter. The
acidic-golution wes made basic with concentrated smmonium
hydroxide, extracted wlth ether and the ethereal extraét dgied
over sodium sulfete. The ether was evaporated and thé resldne
dietilled under reduced pressure. ELight grsms, sn 85.2% yield,
of 1ight yellow oil @lstilling at 280-282°/2.0 mm. was obtained.

nal. cd. for C,.H,, : N, 9,90, Found: N, 8.
A Calcd. for G H, N, 8t N, 9,00. Found: N, 9.16

éécullinane, Devies, and Davies, J. Chem. Sog., 1435 (1936).
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Z-Acgtemino-O-bromodibenzothiophene.

Ten grems (0.042 mole) of 2-acetaminodibenzothiophene was
dissolved in 200 ce. of glaciesl acetic acid and treated with 44
ce. of & 0.1 molar solution of bromine in scetic acid., The
addition regquired 30 minutes and the solution wee then stirred
an additional hour before pouring into 507 cec. of water te which
2 1ittle sodium bisulfite had been added. The precipitated
golid, melting at 1%?-1980, welghed 10.0 g. and represented a
74% yield. Two recrystsilizations from ethyl alcchol gave the
pure product melting at 139-200°,

Ana_yaie showed the substance to be & moncbromo derivative
later proved to be Zwacetamino-5~bromodibenzothiophene.

Angl. Caled. for C,H),ONSBr: N, 4.38. Found: N, 4.41.

a-Aunino-3-bromodibenzothiovhene.

To 6.4 g. {(0.02 mole) of 2-acetamino-3-bromodibenzothiophene
in 300 co. of 954 ethanol was added 300 cc. of concentrated hy-
drochloric acid and the mixture was refluxed on a stesm bath,.

A clecr solution resulted upon the sddition of the hydrochlorie
acld, but a precipitete hegen to form sfter about thirty minutes.
The refluxing was continued for two hours. The precipltated
hydrochloride wes filtered, suspended In watér, and decomposed
with ammonium hydroxide. One crystallization from ethyl alcohol
ylelded 5.0 g. (50%) of the pure product melting at 135-135,5°.

Angl, Cealed. for CyoHgNSBr: N, 5.04. Found: N, 5.11.
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Bromodibenzothi 58w B xide.

The procedure used for deaminstion was egsentislly that
36

-

of Cullinsne ., To & solution of 0.5 g. (0.0018 mole) of
Z2-acetamino-3-~bromodibenzotnlophene in 15 ce. of alcohol was
added ceutiously e mixture of 4 cc. of conecentrated sulfuric
ecid in 2 cec. of weter. While the resulting solution wes8
kept at BOO, 1.2 g. of sodium nitrite wes added slowly. The
reaction was then completed by refluxing for 20 minutes.
Dilution of the reaction mixture wilth water, and cooling, gave
z red scild which was filtered, weshed with dilute sodium
roxide, and then washed wlth water.

The above dry crude product was added to a cold solution
of 14 cc. of glaecizal ecetic acld, 5 drops of concentrated sul-
furic acid, § drope of weter end 0.1 g. of sodium dlchromate.
The rcaction mixture wze refluxed for one-half hour, cooled,
diluted with wster, snd filtered. Recrystalllzation from
ethanol yielded & smsll amount of product melting at 224-226",
A mixed melting point with 3~bromodibenzothiophsn&-s-ﬁioxiéags

showed no depression.

2-Y-Di smine aming-3-bromodibenzothiophene.

A mixture of 4.5 g. (0.0163 mole) of 2~amino-3-bromodi-
benzothlophenes and 6.0 g. (0.0322 mole) of )V-dlethylaminopropyl
chloride hydrochloride was heated in a small flask et 155-180°,

After three hours, the resction mixture was dlssclved in water
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and treated a8 previouely descrlbed undexr the preperstion of 2-
Y-dlethylaminopropylaminodibenzothiophene (p. 84). Two and
eight-tenthe greme (a 44% yield) of reddish oll distilled over
et 275-280°/0.5 mm.

Ansl. Calcd. for CygHozNoSBr: N, 7.16, Found: N, 6.93.

2-Acetanino~-3-chlorodibenzothiophens.

To seventeen grams (0.0708 mole) of 2-acetaminodibenzo-
thiophene dissolved in 300 ce. of chloroform was added, dropwlse,
71 cc. of a tenth moler solution of sulfuryl chloride in chloro-
form. The resction was carried out at room temperature and
the solution was stirred mechanically, When sbout one~third of
the sulfuryl chloride had been added, a white crystaliine pre-
cipltate began to form; addition of the sulfuryl chloride re-
aulred 20 minutes. The mixture wes allowed to gtand for one
hour and then filtered with suction. The precipitated material
weighed 17 g. (an 87% yield) and melted at 194-126°. One
erystaliization from ethsnol gave the pure product melting at
192,5-200%, This compound wes assumed to be 2~acetamino-3-
chlorodibenzothlophene by analogy with the bromination of
2-acetaminodibenzothiophene which gives 2-acetamino-3-bromo-
dibenzothliophene. |

Anal. Caled. for Cy H,nONSCl: N, 5.08. Found: N, 5.12.
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2-Amino-3-chlorodibenzothiophene.

Thirteen and eight-tenths grems (0.05 mole) of 2-acetamino-
3-chlorodibenzothiophene was refluxed with 150 cc. of concen-
trated hydrochloric acid and 150 cc. of 95% ethanol. A heavy
preciplitete began to form after one-half hour. The refluxing
wa8 continued for two hours. The precipiteted hydrochloride was
filtered,_suspended in water, and decomposed with ammonium hy-
droxide. Filtration gave 10.5 g., or & 98% yield, of white plates
mel ting at 117-1180. One crystallization from methyl alcohol
raised the melting point to 118-119°,

Anal. Calcd. for C,,HgNSCl: N, 5.99, Found: N, 6.03.

g-2{~D;gtnxlgglnoprogxiam;ng—ﬁzgg;oggd;bgnggthigggeg .

A mixture of 7.0 g. (0.03 mole) of 2-amino-3-chlorodi-
benzothiophene and 9.3 g. (0.05 mole) of Y'-diethylaminopropyl
chloride hydrochloride was heated at 135-140°. After four hours,
the reaction mixture was dissolved in water and treated as pre-
viously described under the prerecretion of 2-/) ~dlethylamino-
propylaminodibenzothliophene (p. 64). The product distilled at
215-220° at g pressure of less than 0.1 mm. It was a yellow

01l and weighed 5.5 g. corresponding to a yield of 53%.

Angl. Caled. for CygHoaN,SCl: N, 8.08. Found: N, 7.97.
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4A-Aninodibenzothiophene.

Jacoby45 has prepared 4-asminodibenzothlophene both by the
Bucherer reaction (25%¢ yleld) and by amination of 4-bromodibenzo-
thiophene (35% yileld). It wae found that the compound could be
prepered more éanveniently by reaecting 4-lithiodibenzothiophene
with ~(-methylhydroxylemine.

A solution of p~butyllithium, prepared from 137 g. (1.0
mole) of n-butyl bromide in 150 cc. of ether and 17.5 g. (2.5
gram atoms) of lithium metal in 500 cc. of ether, was added to
78 g. (0.424 mole) of dibenzothiophene. This solution wag atirred
and heated at reflux temperature for twenty houras. At the end of
this time, an sliquot was withdrawn and tltrated46 to determine
the approximste content of organometallic compounde. Since the
solution wae found to be approximatsely 0.64 molar in organolithlium
compounds, 10 g. (0.21 mole) of «~methylhydroxylamine in 80 cc.
of ether was added slowly with constant stirring while the solu-
tion was gooled in an ice~-salt bath. The solution became brown
during the addition of the amine solution and a flocculent pre-
cipitete settled. The ice bath was removed and the mixture re-
fluxed for one-half hour to mske certain that the reaction was
completed. The solution was cooled agein in an ice bath and

very carefully hydrolyzed by the very slow addition of 200 cec.
45

Gilmen and Jacoby, J. Org. Chem., 3, 108 (1938).

8
4 Haubein, Doctoral Dissertation, Iowa State College, (1942).
See, also, J. Am. Chem. Sog., Sept. (1944).
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of dilute hydrochloric acid, with vigorous stirring. The ether

layer wes separated and the aqueous solution extracted twlce
with 100 ce. porticna of ether. The combined extracts were
dried and then dry hydrogen chloride gas was passed in to pre-
cipltate the amine hydrochloride, When the solution was satur-
ated with hydrogen chloride, the amine hydrochloride waas filtered
of f and suEpended in a liter of c¢old dilute smmonium hydroxide
gsolution. * The free amine wes filtered and reorystallized from
nethyl alcohol. The yield of the pure 4-aminodibenzothiophene,
melting at 110°, wse 26 g. or 64% (based on the {-methylhydroxyl~
amine). A mixed melting point with an authentic specimen of
4-aminodibenzothiophene showed no depression.

In addition there waa\recovered from the original ether
solution 30 g. of dibenzothiophene. Apparently part of the
4-11thiodibenzothiophene reacte with the hydrogen of the
q =methylhydroxylemine instead of the methoxyl group.

leminedibenzothiophene.

A mixturé of 6.5 g. (0.032 mole) of 4~aminodibenzothiophene
end 8.3 g. (0.05 mole) of Y-dlethylaminopropyl chloride hydro-~
chloride wes heated under an atmosphere of nitrogen at 150-155°.
After four hours, the resction mixture was dissolved in water
and treated as previously described under the preparation of
2~ Y «dlethylaminopropyleminodibenzothiophens (p. 64). The pro-
duct distilled at 210-213° at a pressure of less than 0.1 mm.
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It was a light yellow oll and weighed 7.5 g. corresponding to
a yleld of 73.5%.
Ansl. Caled. for ClgﬂzéﬂzS: N, 9,00, Founds H; 2.12.

1-Bromo=-4- ¥ -diethylaninopronylsminodibenzothiophene.

The necesasary l-bromo-4-aminodibenzothiophene wag prepared
essentielly sccording to the directlon of Jacabyés. Ten grams
of 4-czceteminodibenzothiophene ylelded 6 g. of l-bromo-4-amino-
dibenzothiophens,

A mizture of 5.0 g. {0.018 mole) of l-bromo-4-aminodibenzo-
thiophene and 6.0 g, (0.,0322 mole) of y'~diethylaminopropyl
chloride hydrochloride was hested under an atmosphere of nitro-
gen at 145-150°. After three and one-half hours, the reasction
mizture was dissolved in water and trested as previcusly described
under the preperation of 2« Y -diethylaminopropyleminodibenzo-
thiophene (p. 64)., Five and four-tenths grans (76.7%) of yellow
01l dlstilled over at 263-266°/0.3 mm.

Angl. Caled. for CygHpsNoSBr: N, 7.,16. Found: N, 7.23,

1-Hitro-4-methoxydibenzothiophene.

The necessary 4-methoxydibenzothiophene wag prepared
essentlially according to the direetions of Jacoby45 by oxidiz-
ing the 4-lithiodibenzothiophene followed by methylation of the
resulting 4-hydroxydibenzothlophene.



Twenty five greme (0.116 mole) of 4-methoxydibenzothiophene
wes dissolved in 400 cc. of glacial acetic acid and cooled to
15°, Twenty cublc centimeters of fuming nitric acid (sp. g.,
1.49) was added with stirring over & period of ten minutes. The
mixture was kept at 18-20° for ten minutes and filtered. The
precipltate was washed with acetic scld and then with water. The
dry product, melting et 159-161°, weighed 20 g. (e 86.6% yield).
One crystallization from ethyl alcohol gave the pure product
melting at 161-162°.

Anal. Caled. for CqzHy0.NS: N, 5.45. Found: N, 5.58.

4 solution of 60 g. (0.267 mole) of hydrated stannous
chloride in 70 ce. of concentrated hydrochlorlic ecid was zdded
to & suspension of 18.0 g. (0,071 mole) of l-nitro-4-methoxydi-
benzothiophene (m. »., 152-161°) in 350 ce. of acetic acld and
the mixture wes heated in the water bath. After twenty minutes,
e white precipitate separsted out. Heating was continued for
an additionel 30 minutes, The solution was cooled and the pre-
cipitate filtered. The preciplitzte wes treated with an excess
of 25% sodium hydroxide solution, flltered, and the precipitate
recrystallized from ethyl alcohol. The yleld of the pure pro-
duct, melting at 101-102°, was 12.7 g. or 81%.

Anal. Caled. for Cy:H,,0M8: N, 6.i1. Found: N, 6,18,

In adﬁitioh, one gram of a less soluble amino compound was
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geparsted first from the ethyl slcohol. This product melted at
152-1550. By analogzy with the nitration of 4-methoxydibenzofuran
with fuming nitric acid (p. 58) at 18-20° which gives only
l-nitro-4-methoxydibenzcfuren, it wes assumed that the main pro-
duct (m. p., 101~1029) was8 l-zmino-4-methoxydibenzothiophene and
the smaller fraction (m. p., 132-133°) wzs 3-amino-4-methoxydi-
benzothiophene.

Anel. Calcd. for Clsﬂlleﬂﬁz N, 6.11. PFound: N, 8.21.

1- Y -Diethylaminoprooylamine-4-methoxydibenzothiophene.

Five grams (0,022 mole) of l-amino-4-methoxydibenzothiophene
cnd 7.5 g. (0.04 mole) of J-dilethylaminopronyl chloride hydro-
chloride were heated to a temperature of 150-155° for four hours.
The reaction mixture wee dissolved in weter snd treated as pre-
viously described under the preparation of 2« )Y -dlethylamino-
propylanminodibenzothiophens (p. 64). Three and seven-tenths
grans (2 yield of 49%) of yellow oil distilled over at 251-
254°/0.15 mm.

Angl. Caled. for GZOHQSONES: N, 8.12. Found: N, 7.94.



FURTHER STUDIES ON THE BRIDGING OF THE

1- AND O~POSITIONS OF DIBENZOFURAN



Introduction

The following investigation was underteken with the hope
of obtaining dibenzofuran derivatives with the l- and S~positions
bridged. It 18 believed that such compounds will have grester
promise as pharmaceuticals than the corresponding open type
derivatives. However, while this work was still in progress,
the need for antimalarials having a relatively aimple basie
structure became very acute, and the suthor directed his efforts
in thet direction.

The varilous attempts to bridge the }],S-position in dibenzo-

47 N Since

fursn have been very satisfactorily reviewed by Yeoman
all attempts to form a six-membered ring through the 1,9~
position in dibenzofursn have been unsuccessful, 1t seemed
feasible to attempt the formation of an eight-membered ring in
that peeltion. Robinson and Masettigﬁa and also Pamkerés have
eyclized Y -2-dibenzofurylbutyric acid to l-keto-l,2,3,4~tetra-
hydro- / ~brazen, and l-keto~l,2,3,4~tetrahydro- Y-brazan. Thus
eyclic-ketones were prepared from )'-(4-methoxy-l-dibenzofuryl)-
butyric acid and Y ~(4,6-dimethoxy-l-dibenzofuryl)butyric acid.
The Y-(4-metioxy-l-dibenzofuryl)butyric acid was cyclized

4:Ieoman, Doctoral Dissertation, Iowa State College, (1944),
4

Robinson and Mosettlg, J. Am. Chem. Soc., 81, 2836 (1939).
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with 88% sulfurlc acid at room temperature to pive a cyclic ketone
in 78.6% yield. Only one product was isoleted from this reaction.
Depending upor the nosition invelved in the ring-closure, there
are two lsomeric derivatives possible; If ring-closure hos

teken plece 2t the 2-»osition, the nroduct will be the 1,2,35,4-
tetrahydro-6-nethoxy-4-orobenzo/ b /nsphtho/ 1,2-d /furen (IX)},
otherwice, 1t must be the 1,2,3,4~-tetrahydro-7-methoxy~l-oxocyclo-
octa/ klnm 7dibenzofuren (X) in which closure has been affected
through the G-position. Oxidstion of the ketone, followed by

OCHz

X

esterificstion ylelded a dilcarbonmethoxy-4-methoxydibenzofuran
which wes not identical with the one obtained from 1,2-dibromo-
4-methoxydibenzofursn through halogen-metsl interconversion,

carbonation, and esterification. The former compound was also
40

~

obtelined by Hcgg- throush oxidetlion of the cyciic-ketone, pre-
nered fromaff~(4—meth0xy-l-d1benzofury1)propianic acid by de-
hydration, and esterification of the resulting di-acid. This

is & strong indic:stion thet the former compound 1s 1,2-dicarbo-

A5
‘gﬂogg, Unpublished Studies.
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nethoxy-4-methoxydibenzofuren and that the cyelization had
involved the S-positlion., This woeg expected since ring closure
in the position meta (the 2-nosition) to the methoxyl group is

unlikely becsuse of the strong ortho - para directing influence

of this group. However, 1t is possible that the 9-position ls
sterically hindered by the butyric acid group in the l-position
(sze p. 83), and, if this is the case, the probabllitr of a
closure at the 2-poslition will be greater. Successful cyellization
of >’»S—dibenzofury1butyrio acid48 indicates that the position
ortho to the butyric acld group is not sterically hindered.
Unfortunztely, the attempts to synthesize Y ~(4-methoxy-2-bromo-
1-dtbenzofuryl jbutyric aci@ were not succesaful, Successful '
cyclization of this cormpound would necessarily have involved the
Z-position. This compound was to be debrominated and compared
with the cyclic-ketone obtained from ) -(4-methoxy-l-dibenzo-
furyl)butyric acid.

The zction of phosphorus nentachloride followed by anhydrous
stannic chloride on Y -(4,6-dimethoxy-l-dilbenzofuryl)butyric acid
cseve & cyclic-ketone in 67% yield. Again only one product was
isolated. The two possible isomers are 1,2,3,4~-tetrahydro-6,0-
&i&ethoxy-é-oxebenzq[—§_7naphthq[i,2ﬁ§*7furan (XI) end 1,2,3,4-
tetrahyéro-7, '-dinethoxy-l-oxocyclooets/ kim 7dibenzofuran (XII).
In thls cese, the activity of the Z-positi~n 18 atill reduced by
the methoxyl rroup in the 4-position but the 2-position 4is gfeatly
activeted by the methoxyl group in the 8-posltion. Barring the

poesibility of steric hindrance, the cyclization must have
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inwlved the S-position to give compound XII, It was hoped

that oxldation of this compound would yield 4,6-dimethoxydibenzo-
furan~-1, S=dicarboxylic acid which could also he synthesized from

B <(1-bromo-4, 6~dime thoxy-9-dibenzofuroyl)proplonic acid#

through oxldation to l-bromo-4,8-dimethoxy-S-dibenzofurancarboxylic
acld, replacement of the bromc grour with a cyano group, and
hydrolysis. Unfortunztely, the small amount of scid obtalned

from 0.5 g« of the ketone could not be purified. Another

attempt wae not made becsuse of lack of time and materisl,

XX XI1I

#The structure of this compound ise discussed on Pege 17.
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The folloring nrocedure is based on the one used by Fleser
end Hershberg'  for the Friedel-crefts reesction on succinic
enhydiride with phenel esterc.

4-Methoxydibenzotursn, 29 g. (0.5 mole), and succinic an-
hydride, 5. g. (0.55 mole), were suspended in =z mixture of 400
ce. of tetrachlorecethane aznd 200 oc. of nitrobenzens contelned
in a three-necked flask fitted with a mechanical stirrer and
immersed in an 1oe bath. *1th the femperature of the mixture
held at 0=-5%, 147 g. (1.1 moles) of powdered aluminum chloride
%o added in small porticonsg over & period of an howr with
vigerous stirring. 9tirring wes continued at this temserature
for four hours end the resctlion packed in ice overnight. The
resction was agein stirred for eisht hours at C-B° and then
hydrolyzed with ice and hydrochloric acid. The resulting pize
ture wos subjected %o stesr dAistillation until a eoft cske had
formed in the flask. The agqueous layer was decanted from the
resldue and the coke washed by deocantaticn. Fifty orona of
sodium corboncte In 300 cc. of water was then added ond the
stesn dlstillstion continued until the renainder of the solvents
had beon carried over. Yhe residue wes il tered and extrocted
seversl times with hot sodium carbonate solutisn until all

Oryeser and Hershbverg, J. Am. (hem. 80g., 58, 2314 (1936).
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soluble materisl had been removed. The combined filtrstes ware
seidified with dilute hydrochloric aold and the dried precipitate
recryatalilized from saetic scid to rive 138 g. or s 92¢ yield of
the purified compound melting at 224-295,
Ansde Celod. For CqymMy 0pt €, 68.48; H, 4.6€9.
Found: O, 88,7); H, 4.88,
xidation of 1 g. of the gbove compound in 180 cc. of water

eontadning 2 . of sodlum hydrozide with & r. of notnsaiuws

permangenate goave o naterdal which 414 not deprase the melting
rolint when nized with an suthentlic specimen of denethoxysle

, 45
dibanzofursncarboxylic acid .

The procedure of %éwtmgl was used for this reduction.
Fifty prens of possy zine was anelgsmated by his nethod and
vlaced in o round bottomed flesk. Then 30 g (0,101 mole)
of f~(4-pethoxy~-l-aibenzofureyl)proplonic acld wes ndded, with
40 cte of water, 0 cc. of concentrated hydrochlorde cold, 200
cce of toluens, snd 100 cc. of asetlec seld, The mixture wes
browht o o boll and reflured for 30 houwrs. At aoproximctely
G-hour iatervels, three £5 cce. portions of concentrsted hydro-
chloric acld were added through the condemser. After refluxing

ves stopped, the toluene wog removed by steam distilletion and

yortin, ipid., 58, 1433 (19386).
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the mixture allowed to cool. The ceke was broken up, dried,
and recrystal’ ized from ethyl zlcohol. The yleld of the pure
product, melting at 165°, wss 23 g. or 81%. Heco ered storting
mzteriel weighed sbout 2 1.

Anal, Calcd. for CynHyg04t C, 71.83; H, 5.63.

Found: C, %1.93; H, 5.81,.

Cyelization cf)’~§4-methoxx-1;d1benzofurz;Zbuty?;g acid.

Four prems (0.014 mole) of Y -(4-methoxy-1-dibenzofuryl)-
butyric acld wes stirred into 100 cc. of 83% sulfuric acid and
the mixture zllowed to stand at room temperature for fiftecen
minutes. The resulting deep red solutlon was poured on lce
and the dilute acid decanted from the precipitate. The crude
materiel was washed by decentetion and warmed with 80 ce. of
10% sodium csrbonate solution. The insoluble product was
filtered and recrystallized from slcohol to give 2.8 g., or a
76.6% yleld, of pure product melting =t 185°. This is probably
l,2,5,4~tetr&hyﬁro~7—methoxy—l~oxocyologcta[f§;g47dibenzofuran
(x).

Anal. Celed. for CynpHy,0-: HMol. wt., 266; C, 76.70; H, 5.286.
Found: Hol. wt., 281; (, 76.86; H, 5.41.

Oxime of 1,2,3,4~-tetrahydro-7-methoxy-l-oxocycloocts/ klm 7di-
benzofuran (X).

A solution of 1.0 g. (0.0037 mole) of 1,2,3,4~tetrahydro-

7-methoxy—1-oxocyclo§ctg[_klm 7dibenzofuran in 50 cc. of
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ealcohol was refiuxed five hours with 0.33 g. (0.0048 mole) of
hydroxylsmine hydrochloride snd 1.0 ce. of 50% potagsium hy-
droxide solution. The solution wzs poured into water and
gcldified with acetle acld. Crystalillzing the precipltate from
eleohol cave 0.8 g., or an 819 yield, of the nure oxime melting
ot 196-197°.

Anal. Calcd. for Cl?H1503N: N, 4.98. Found: N, 5.11.

Oxidation of 1,2,5,é-tetrahydro-?—methoxy-l-oxocyclogcta["klm 7~
dibenzofursn (XJ. '

Oxidetion of one grem of 1,2, 7%, 4-tetrshydro-7-methoxy~1-
oxccyclcgcta[fg;g;7dibenzofuran in 150 cc. of water containing
S ge of Bodlun hydroxlide and 500 g. of potaasium permanganste
gave 0.5 g. of hage soluble product which could not be purified
by cerystallization,

An excess of dlaszomethane in ether, prepered from ethyl
N-nitroso-l-methyl-carbamate by the method of V. Pechmann52
wag poured on the base soluble product. The resctlion mixture
was allowed to stand overnipght, the ether was evaporsted, and
the resldue wesg recrystalllzed from methyl slcohol. One~-tenth
of a gram of pure product, melting et 174-1750, wa8 isoleated.
It is probably 1,9~dicarhomethoxy-4~-methoxydibenzofuran.

Anel. Calcd. for CpnpH;sOg: CHz0, 29.98. Found: CHz0, 30.02.

62
Pechmann, Ber., 28, 855 (1895).



The neceasery Sehromos-4~dibenzofurylliithium was prepared
agcordings o the ﬁiraetians'ef 4imgn #nd ea~wor&ers$5; Unow
half mole of butyllithium, nrescred fron 1797 e (1.0 mole) of
butyl bronide in 300 cow of ethor end 14 g (1.0 . ctom) of
lithiwm in 200 co. of ether, vas added to 247 z. (1.0 mole) of
Z-bromodlbenzofursn in 1,5 liters of benzene and the aclution
wos pefluxed for 10 hours. Then, in accordsnoe with the oro-
cedure of Ivanoff, one-~hzl{ mole of butylmagnesiuvm bromlde In
200 cte of ethor wes sdded to improve the vield of oxidation
products. The reactlon was cooled helow zeyo In an 1ce-galt
pmizture, snd orysen (bublhled throuch sulfuric acid end passed
over séda lime} was swept over the surfece of the well stirred
selution ot such & rete o8 0 mointain the teapersture bhelow
zero until = negative ovolor test wes oblained.

The lithium s21% wes hydrolyzed in & four-liter besker
conteining ice and hydrochloric zoid. The agueous portion wos
extracted once with ether and discerded. fThe ether layaers were
combined and extroocted with dillute sodlum hydroxide solution.
The alkaline solution wes filtered, acldified, and cooled under
the top with sheling. The preociplicte was Tiltered gnd reo-
crystellized from benzense. The yleld of Zebrono-i=-hydrorydle

benzofursn, meltine at 154-1565°, wes 27.0 5. or 217
4ngl. Celofe for CyoH.OpBr: Br, 30,41, Found: Br, 30.68.

2
.

¢ilmen, Cheney, snd Willis, J. Am. Chem. Soge., 81, ©01
{1832).



To e stirred molution of 27 g, (0,102 mole) of 2-bronc-
d-hydrorydibenzofuren In 300 co, of water gonteining 6 . of
sodivm hydroxide, vog sdded dronwise 30 cc. (0.702 mole) of
dimathyl gulfete. After g1l of the dimethyl sulfnte wos sdded,
the mizture weg refluxed for one«hslf hour, Then 10 ~. of
sodium hydrozide wos pdded to destroy the uhused ester snd
hegting was continued for sn additionel thirty minutea. The
regaction mlcture 728 nooled ond the mrecipitste filtered., O(ne
crystelllzation from ethyl zlachol ~ave colorless needles, M.P.,
106-107°, The yleld wss 26,8 . or 954,

Ansl. Caled. for (.H.C.Brt Bp, 28,88, Foundi Br, 28,92.

SmBronoe-d-nethorylibenzofuran; 28 Ze (0171 mele), ond
succinic sanhydride, 11 ;. {0.11 smole), were susnended In a
mizture of 200 ac. of teteachloroethanc and 100 cc. of nitro-
hengene gontained in o three-necked flagk fitted with &
nechanicsl stirrer and imaorsed in an ice beth., With the
tenperature of the mixture held st %«53, 29 r. (0,22 mole) of
powdered zluminum chlorlde wea edded in empll portlions over a
neriod of 2e-hzlf hour with virorous stirding. G%irvins wea
continued ot this temoersture for four howrs ond the flsgk
gontoining the resction nixture was noghed in ice ovornirhs,

o
The reaction wns acsin altirred for four hours at 0=-5 and then
hy@rolysed with ice and hydrochloric asold. The resulting
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golution wes nublected %o ctesam distilistion until & soft coke
had been formed in the flask., The anueous layer wes decantod
from the reelidue and the cake waoshed by decantcotlon. Ten grams
of sodium carbonate in 80 cc. of water was then added and the
ateam distilli=tlon continued until the remainder of the solvent
had been carried over. The residue wee filtered and extracted
seversl times with sodium carbonate solutlon until all scluble
matarial hnd been removed, The conbined filtrates were acidi-
fied with dilute hydrochloric acld and the driled precipitste
recrysteliized from acetlo scid to give 27 g., or & 714 yield,
of the purified compound meltins at 194.196°,

ansle Celode for Gyl «Opir:  Br, Z1le2E. Found: Br, 71.38.

Four-tenths of 2 gyan (0.0010 molae) of the above nroduct
o208 guspended in 40 cc. of sbeolute alcohol with 1 g, of pale
ladium-carbonete cstelyst and shsken with hydrogen under 2
gauge rressure of thirty-five pounds for thirty minutes at room
temperature. The ocatalyst was il fered off snd the filtrete
d1luted with water. The D-(4~-methoxy-l-dibenzofuroyl)pronionic
scld, melting at 324-225°, nrecinitated in quantitative yleld.
%hen mired with the suthentic erecimen of 5 ~{4-methoxy-l-dli-
benzofuroyl)nronionic acld {p. 79) no depression in nmelting

point wes observed,



Pifteen grems of B -(4-methoxy-2-bromo-l-dibenzofuroyl)-

rroplonic ascid woe suspended in z mixture of 60 cc. of toluene,
10 co. of scetic scld, 20 oc. of water and 80 cc. of concentratsd
hydrochloric aeid, snd refluved for thirty-five hours with 40 g.
of smslremeted zinc. ‘Three additional 185 cc. portions of cone-
centrated hydrochloric scid were adied a2t approximately eight
hour intervale, The toluene was separated from the agueous
leyer snd on cooling deposited 6 g. of compound melting at
155-188%, Crystsllization from ethyl alcohol rsised the melting
noint to 164-185°% A mixed meltins point with an authentic
specimen of )Y -(4-methoxy-l-dibenzofuryl)butyric scid showed ne
depression. The residue from the evaporstion of the slcohol

pave & negative teast for halogen or sodium fusion.

A solution of 2.75 g. (0.017 mole) of bromine in 17 cc, of
scetic scld was sdded in several portions to s solution of 4.7 g.
{(0.017 mole) of 2~brono-4-methoxydibenzofuran in 50 cc. of
scetic acid at room temperaturs with shaking, Decolorization
wa8 Irmedinte. After standing overnight the »roduct wes thrown
out of solution by dilution w;ﬁh woter and f1ltered., Crystalli.
zation fmm ethyl alcohol gave 5 g., or an 84% yleld, of materisl
melting et 127-128°,



-

Anel. Celcd. for CyaHgOgBrot Br, 44,94, Found: Br, 45,08,

The structure of the bromination product was not established
but in 811 prohabllity 1t is 1,2«dibrono-d-methoxydibenzofuran.
This assumption 12 based on the fzot that succinoyletion of
Zebrono-denethoxydibenzofursn involves the l-poaition {?'92 e

To 4.4 g. (0.012 mole) of 1,2-dibrono-4-nethoxydibenzofuran
dissolved In 150 cce of ether wae =2d4ded & solution af,gfbutyiv
1ithium, prepsred from l.4 g. of 1ithiuwm sné 8.3 cc. of p-butyl
bromide in 60 co. of ether. A milky-white nrecipitate began to
form almost =t once. The mivture wsg hegted 2t reflux temperature
for one hour and then carbonated by pouring on crushed selid
carbon dioxide., After renmovel of the asolvent by distillation,
the residue wes extrescted with hot BY potassium hydroxide solue
tion. Acldification of the extrection 1liquid gpave one granm
(30.0%) of scid meltins at 120-203°,

The sbove acld was dissolved in 50 cc. of methanol and re-
fluxed for one hour while dry hydropen chloride was passed into
the solutlon. The product precinitzted on cooling and was
filtered. Thr-e crystellizations from methanol gave the pure
di-ester melting ot 165-166°,

Anal. Caelod. for 0171-11 4%g* CHiO, 29.98. Found: CH,O, 30.28,

A mixed melting point with the di-ester obtained by esterifi-
cation of the oxidation product of the cyclic-ketone was depressed
to 148°,
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2-S4«%@ggoxz-ﬁnn;t;c~l~d;benzofgzx;lbutxg;g acid.

A solutlon of 4 g. (0.012 mole) ofY'-(4-methoxy-l-dibenzo-
furyl)butyric acid in 100 cc. of glaclal acetic acid was heated
on the steam bath to 40-45°, and 4 cc. of fuming nitric acid
(sp. g., 1.50) was added with good stirring in two portions, The
solution was stirred at this temperature for one hour and allowed
to cool. The precipiteted nitro-compound was filtered and re-
crystallized to yield 2 g. (a2 43.5% yield) of pure product melt-
ing at 168-170°.

Anal. Calcd. for 01731506H: N, 4.25. Found: N, 4.10.

Oxidation of 1 g. of the sbove compound in 200 cec. of water
containin: 2 g. of sodium hydroxide with 6 g. of potassium per-
mangsnate gave a meterial melting at 269-8700. (This is probably
4-hydroxy-3-nitro-l-dibenzofurancaerboxylic acid). About 0.1-0,2
g. of this compound wze mixed with an equal quantity of copper
powder and 5 cc. of quinoline and heated in a test tube immersed
in 8 metzl bath. The bath temperature was kept at about 200°
for one hour. The catalyst was filtered and the filtrate poured
into dilute hydrochloric acid. The precipitate was filtered and
reerystallized from ethsnol. The product melted at 194-194.5°
and a mixed meltilng point with an authentic specimen of 3-nitro-
4-hydroxyd1benzofuran44 showed no depression, thus proving that
the compound was Y-(4-methoxy-3-nitro-l-dibenzofuryl)butyric
acid.
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é ~(4,6-Dimethoxy-1-dibengofuroyl lpropionic scid.

4,6-Dimethoxydibenzofurean, 11.5 g. (0.05 mole), and succinic
anhydride, 5.5 g. (0.055 mole), were suspended in a mixture of
50 cc. of tetrachloroethene and 25 cc. of nitrobenzene contained
in & three-necked flask fitted with a mechanlcal stirrer and im-
mersed in an ice bath. With the temperature of the mixture held
gt 0-59, 14.7 g. (0.11 mole) of powdered sluminum chloride was
added 1n small portions over a period of fifteen minutes. Stirring
was continued at this temperature for 24 houra. The solvent was
removed with stesm and the residuve extracted with hot potassium
hydroxide solutlion until sll soluble materiazl had bheen removed.
The combined filtrates were ascidified with dilute hydrochloric
ecid and the dried precipitate recrystallized from ethanol to
give 16 g, or a 917 yield of the purified compound melting at
241-242°,
Anal. Caled. for CygH,g0g: CHz0, 18,90; Neut. equiv. 328.

Found: CHz0, 18.97; neut. equiv. 332,

Oxidation of 0.5 g. of this compound in 100 ce. of water
conteining 1 g. of sodium hydroxide with 2 g. of potassium per-
mangasnate gave a materisl (m.p., 207-298°) which did not depress
the meltling point when mixed with en authentic specimen of 4,6~
dimethoxy-l-dibenzofurancerboxglic acidég.



Ten grems (0.0305 mole) of‘;?-(4,6-dimethoxy—1—d1benzn—
furoyl)propionic acld wae suspended in 2 mixture of 200 cc. of
toluene, 25 cc. of scetic aeld, 70 ce. of water, and 150 cc. of
hydrochloric acld, and refluxed for thirty-five hours with 50
g. of smalgemated zinc. Three additlonal 25 cc. portions of
concentrated hydrochloric scld were added at spproximately ten
hour intervals. The toluene was separated and on cooling ylelded
4 g. (a 42% yileld) of Y -(4,6-dimethoxy-l-dibenzofuryl)butyric
acid melting at 197-198°,

Angl. Calcd. for CygHig0gt €, 68.79; H, 5.73.

Fownd: C, 68.87; H, 5.89,

Approximetely four grams of starting meterisl wese recovered

from the above raesction,

To 2 suspension of 3.2 g. (0.0101 mole) of V-(4,8-d1-

methoxy-l-dibenzofuryl)butyric acid in 10C cc. of dry benzene

was added 3.0 g. (0.0128 mole) of phosphorus pentachloride, and
the mixture wes atirred at room temperature for fifteen minutes
to glve a cleer yellow solution. The solutlon was cooled in an
ice bath, and a solution of 12.5 g. (0.048 mole) of anhydrous

stannic chloride in 50 ce, of benzene was added dropwise to the
stirred solution over a perlod of fifteen minutes. The stirring

wag continued for forty-five minutes after the addlition had been
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completed. The dsrk red mixture was hydrolyzed by the dropwise
addition of cold concentrated hydrochloric acid followed by
water, The benzene solutlion was separsated, washed with dilute
sodium cearbonate solution to remove scid, and evaporated to dry-
ness to yleld a yellow solid., This 350114 wes recrystallized
from ethanol to give 2.0 g. (87%) of colorless orystals. The
ketone melted at 241-242°, This 1s probebly 1,2,3,4~tetrahydro-
7, 9~dimethoxy-l-oxocycloocta/ klm 7dibenzofuran (XII).

Anal. Celed. for CygHy50-t Mol., wt., 296; CH0 20.94,

Found: Mol. wt., 304; CHzO, 20.98.

Oxidstion of 1,2,3,4~tetrahydro~7,9-d1methoxy-l»oxacyclogeta-
/ kKlm /dibenzofuren (X1Y).

Oxideatlon of 0.5 g. of 1,2,3,4—tetrahydr0v7,Q-dimethoxy-'
1—oxocyc103ctg[jggg;7dibenzofuran in 200 cc. of water containing
S g. of potassium hydroxide with 6 g. of potassium permenganate
gave a very smeall amount of scid which resisted attempts at
purification through crystellization.

Oxime of 1,2,3,4-tetrahydro-7,9-dimethoxy-1l-oxocycloocta/ klm 7¥
dibenzofuren (X1Y).

A Bolution of 0.5 g. (0.0017 mole) of 1,2,3,4~tetrahydro-7, 9=
dimethoxy-l-oxocyclodeta/ klm 7dibenzofuran in 100 cc. of zlcohol
wes refluxed five hours with 0.2 g. of hydroxylemine hydrochloride
and 0.5 cc. of 50% potassium hydroxide solution. The solution

wes poured into water and acidifled with acetic acid. One
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crystallization from ethyl alcohol gave 0.4 g. or & 74% yleld
of the pure oxime melting st 2650.

Ansl. Calcd. for 018H1704N: N, 4.50. Found: N, 4.51.

Eight and five-tenthe gram (0.064 mole) of powdered aluml-
num chloride wee added to a mechanically stirred mixture of 9.2
g. (0.031 mole) of l-bromo-4,6-dimethoxydibenzofuran, 3.2 g.
(0.032 mole) of succlnic anhydride, 150 cec. of tetrachloroethans,
and 50 cc. of nitrobenzene cooled to 0°. The stirring was con-
tinued at this temperature for twenty hours. The solvent was
removed with steam and the residue extrazcted with hot sodium
cerbonate solution until all soluble materisl had been removed.
The combined filtrates were acidified with dilute hydrochlorie
acld end the dried precipitate reorystallized from ethyl alcohol
to give 9 g. or a 71% yleld of the purified compound melting at
188-189°,
Anal. Caled. for CygHyz0gBr: Br, 19.66. Found: Br, 19.89.

Four~tenths of a gram (0.001 mole) of the above product
was suspended in 50 cc. of absolute alcohol with 1.0 g. of pal-
ledium-calcium carbonate cetalyst and shaken with hydrogen under
& geuge pressure of 40 pounds for one-~half hour at room tempera~
ture. The catalyst wes flltered and the filtrate diluted with
water. The sacid, melting at 241-2420, prescipitated in & quan-
titative yield. When mixed with sn authentic specimen of
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f?-(4,6~d1methoxy—1-dibenzofuroyl)propionic acid, no depression
in melting point wes observed. This indicates that succinoylation
of 14bromo-4,6—d1methoxyd1benchuran‘1nvolves the 9-position.
However, Hogg49 recently succinoylated l-bromo-4,6-dimethoxydi-
benzofuran and after seversl corystallizations obtained a very
emall amount of compound melting at 187-18%°., On the assumption
that this was the same compound as the one obtained by the
author (m.p., 188-189°) (a sample for mixed melting point was not
aveileble), he debrominated the compound catalytically to obtain
a smell aemount of base soluble product melting at 155-157°.
Apparently further study 18 necessary to eatablish with certainty
whether the succinoylation involves the 9- or some other position.
If the succinoylation agtudlly involves the 2-position, it would
be interesting in view of the recent developments which indlcate
thset brominstion of l-bromo-4,6-dimethoxydibenzofuren does not
involve the 9-position49.

8ince 1t had been definitely shown that monobromination of
4, 8-dimethoxydibenzofuran geve l-bromo-4,8-dimethoxydlbenzefuran,
it had been assumed that, because of the symmetry of the compound,
bromination of the latter compound hed involved the 9-position
to give 1,9~-dibromo-4,6-dimethoxydibenzofuran. Hogg49 recently
metalated 4,6-dimethoxydibenzofuran with butyllithium and re-
acted the metalated product with bromine to obtein a monobromo-
dibenzofuran which was not identical with l-bromo-4,6-dimethoxy-

divenzofursn. However, bromination of the fomer and the latter



-S4
compounds gave ldentical dibromo~4,6-dimethoxydibenzofuran.,
Consequently, the compound which wes originally thought to be
1,9-d41ibromo-4,6-dimethoxydibenzofuran must be either 1,8~ or
1,7-41bromo-4, 6~-dimethoxydibenzofuran. It has been suggest3654
that the entrance of a second bromine atom in the 9-position is
atericelly hindered by the bromine atom alresdy in the l-position.
This theory cen be put to test by brominating l-nitro-4,6-di-
methoxydibenzofuran and then replacing the nitro group with a
hydrogen atom through reduction and dilszotization of the result-
ing smine. Since a nitro group is relatively small compared
with a bromine atom*®, the bromination of the l-nitro-4,6-di-
methoxydibenzofuran should involve the S-position and the final
product should be identical with the known l-bromo-4,6-dimethoxy-
dibenzofuran. If this theory holds, the different positions
involved in the succinoylation and bromination of the l-bromo-
4,Bodiaathoxydihénzofuran can be explained. Groups smeller
than the bromine atom or unsymmetricel groups with freedom of
rotation can be substituted in the S-position, Thue, the keto-
acld group introduced by succinoylation csn enter in the 9=
poeition in such a way that only the cerbon atom will be
faeing the bromine atom in the l-position, Thle possibility will

54
Thirtle, Doctorsl Dissertation, Iowa Stete College, (1943).

# Distances in Rngstrom unite from the nucleus of the carbon
atom of the benzene to center of nitro group and bromine atom are
1.92 and 2,11, respectively (Stanley end Adams, J. Am. Chem. Sog.,
52, 1200 (1930). '
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be Increszsed hecause the relatively negative oxygen atom of the

ketone will be repelled by the negative bromine atom - . The

cerboryethylene group need not be coneidersd becsuse of its
great mobllity due %o = single bond linkege.

86
Gilimen, "Orgsnic Chemsistry?, 2nd ed., John ¥illey and
Sons, New York (1943), p. 1855.



Note On Nomenclature

A letter of enquiry wes sent to Dr. E. J. Crane, Editor
of Chemical Abstrsets, regerding the preferred names for the
cyclic ketones obtalned from the derivaetives of Y-dibenzo-

furylbutyric acid. The followirng 18 a copy of the letter which
he sent in reply.

June 28, 1944
Mr. Scuren Avakian,
2711 Lincoln Vay,
Amesa, Iowa
Dear Mr. Avakien:

I am writing in snswer to your letter
of 3une 23 after consulting with Dr. Leonard T. Capell
of this office, who specializes in the organic side of
our work.

The ring system of compound 156 hes
been nemed benzo/b/nephtho/l,2-d/furan. It has been
80 ceclled in our indexes (see index for Volume 34).
Compound I cen be named 2,3-dlhydro-8-methoxybenzo/b/-
naphtho/l, 2-4/furan-4(1)-one, This is named as a 2,3~
dihydroderivative becsause the other hydrogens are repre-
sented in the ~4(1)-one pert of the name; 1.¢., in order
to have a benzo/b/naphtho/l,2~d/furan-4(1)~-one, there

56
Compound IX. This thesls, p.78.




-0

must be an extra H atom present and the position of
his extra H atom 1s shown by the (1) following the -4-.
Nemed a8 an oxo derivative, the name would be 1,2,3, 4~
tetrahydro-6-nethoxy-4-~0: obenzq[;in"7 tho/1, 2-d/fursan.

The compound II represents & new

ring systenm.

H (\
2 SN
HCi 37(@’”

This i1s the form which is named and it is called cyclo-
octa/ilm/dibenzofuran. The klm represents the sides of
the dibenzofuran which ere a part of the cyelogcﬁane
TinNg.

The compound II, nemed with the ketone

function in the parent name, 1s called 3,4-dihydro-7-

=3

ethoxyey clooo*a/hlm dibenzofuran-1(2)-one. It can

-

clso be celled 1,2,3,4~tetrashydro-7-methoxy-l-oxocyclo-
cts;wlm7uibpnzofur@n.
Sincerely yours,

£, J. Crene

5

Compound X. This thesia, n. 76.

&
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SUMMARY

It hes been shown thst amination of 4,8-dilododibenzo-

fursn does not proceed normally to give 4,6-dibsnzo-

fursn.

A series of dlbenzofuran derivatives containing the
Y-diethylaminopropylamino side chein has been pre-

pered.

A series of dibenzothlophene derivatives containing

the Y-dlethylaminopropylaminoe side chaln hae been pre-

pared.

The results of the biologiéal tests made on the above

two serles of compounds are gilven. None of the de-

rivatives prepared in this investigation showed any

definite antimalarisl activity.

1~ y-(4-methoxydibenzofuryl)butyric acid and 1-Y -

(4, 6-dinethoxydibenzofuryl)butyric acid have been

cyclized successfully.
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