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INTRODUCTION 

The llteratvire of dibenzofxiran (I) and dlbenzothlo-

phene (la) is somewhat confusing because of the different 

systems of niarabering employed. The system used In this 

work and In all recent publications in this coxmtry is that 

adopted in 1937 by Chemical Abstracts. 

I la 

The numbering system employed by Chemical Abstracts 

prior to 1937 and that still employed in most coimtries 

other than the United States is 

Ila II 

Usually, when the former system (I,la) is involved the com

pound is listed as a derivative of dibenzofuran or dibenzo-

thiophene, while with the latter system (II,Ila) it is 

described as a derivative of diphenylene oxide or diphenylene 
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sulfide; this generalization is not infallible, however, 

especially with the older literature. 

A third system of numbering recommended by Professor 

A. M. Patterson in this country and by Professor M, Richter 

abroad^ was prevalent in the literatxire of the early 

1930»s (III,Ilia). This system was discarded before it had 

become common. 

Ill Ilia 

Due to these divergent systems considerable care must be 

taken when consulting the literature to ascertain the 

method of numbering* 

A brief review of the chemistry of dibenzofuran may be 

2 found among Elderfield's heterocyclic volumes. Perhaps for 

a more complete accoxmt of the chemistry of dibenzofuran, 

and especially for accounts of the problems of orientation 

and structure proof of derivatives of dibenzofuran and the 

solutions to these problems one should consult, preferably 
* 

^ H. Oatfield, Unpublished Master's Thesis, Iowa State 
College, 1933• 

2 R. C. Elderfleld, "Heterocyclic Compounds", John 
Wiley and Sons, Inc., New York, N. Y., 1951 * Vol. 2. 
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consecutively, dissertations from this laboratory concerning 

this toplc.l'3A.5.6.7,8,9,10 

A brief review of the chemistry of dibenzothiophene 

2 
likewise may be found in Elderfield'a Volume II. An addi

tional review can be obtained by consulting works of 

Jacoby,^^ Avakian,^^ Nobis and Esmay.^^ A bibliography 

^ D. M. Hayes, Unpublished Master's Thesis, Iowa State 
College, 19311-. 

^ M. W. Van Ess, Doctoral Dissertation, Iowa State 
College, 1936. 

^ P. R. Van Ess, Doctoral Dissertation, Iowa State 
College, 1936. 

^ L. C. Cheney, Doctoral Dissertation, Iowa State 
College, 1938. 

7 j« Swislowsky, Doctoral Dissertation, Iowa State 
College, 1939* 

® H. B. Willis, Doctoral Dissertation, Iowa State 
College, 1943• 

^ J. R. Thirtle, Doctoral Dissertation, Iowa State 
College, 19i4-3 • 

J. A. Hogg, Doctoral Dissertation, Iowa State 
College, 191^1.. 

A. L. Jacoby, Doctoral Dissertation, Iowa State 
College, 1938• 

S. Avakian, Doctoral Dissertation, Iowa State 
College, 19iji|.« 

J, P. Nobis, Doctoral Dissertation, Iowa State 
College, 19i|.8 • 

D. L. Esiaay, Doctoral Dissertation, Iowa State 
College, 1951• 
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of dibenzothiophene and its derivatives through 1950 may 

be found in the dissertation of Esmay.^ 

The increased interest in dibenzofuran and dibenzothio

phene is evidenced by the increased volume of literature 

concerning these compounds and their derivatives. It is 

also noteworthy that a considerable number of patents con

cerning derivatives of dibenzofwan and dibenzothiophene have 

been granted in recent years, the chief interests being 

toward possible pharmaceuticals or dyes. 
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HISTORICAL 

The purpose of the literature survey to be discussed 

In the following pages Is to furnish a general backgrotmd 

of information pertinent to the experimental work carried 

out during the course of this study. The topics to be dis

cussed are quite broad; thus the following discussion repre

sents an attempt to suiamarize and correlate the more impor

tant information. 

The final portion of the literature survey consists of 

three tables* The first two tables represent a compilation 

of known dlbenzofuran derivatives other than those recorded 

previously by Swislowsky,^ Cheney,^ Willis,® and Hogg.^® 

The third is an extension of the ccaripilatlon of known deriva

tives of dibenzothiophene made earlier by Nobis^^ and 

Esmay.^^ The literature has been covered through 1951• 

Chemotherapy of Tuberculosis 

The chemotherapy of tuberculosis is an interesting 

topic to follow from its origin to the present. Tubercu

losis, despite its complexities, was one of the first 

diseases to which chemotherapeutic methods were applied. 

The search for ant1tuberculous agents which followed may be 
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traoed through periods of considerable optimism and through 

discouraging times re<lairing much determination in view of 

the seemingly insurmountable difficulties. This determina

tion is now beginning to pay dividends with the recent 

significant advances in the treatment of tuberculous patients. 

With the large backgroimd of information now available and 

the present extensive research, there is little doubt that 

remarkable achievements will be forthcoming in the next few 

years. 

Tuberculosis, the "white plague" of medieval days, has 

afflicted mankind since antiquity and has been one of the 

most fatal of human diseases. In spite of a decline in the 

incidence and severity of the disease, even today tubercu

losis ranks seventh among the causes of death. 

The chemotherapy of tuberculosis is a fundamentally 

different problem from that of the other common diseases. 

The causative organism, first isolated by Koch in 1882, is 

Mycobacterium tuberculosis, an acid-fast organism capable 

of infecting almost any tissue of the body. Unlike causa

tive organisms of almost all other bacterial diseases, the 

tubercle bacilli rarely appear unprotected in the blood 

stream. The bacilli are surrotinded by three difficultly 

permeable layers. First, there is the avascular bxmdle of 

epithelial cells forming the outer casement of the tubercle. 

Then, the phagocytic cell, the result of the body's defense 
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mechanlsm, which may s\irro\md the organism but fail to 

destroy it* Last, the bacillus itself is surrounded by a 

waxy coating. It was for a time advocated that any drug in 

order to be effective must be lipid soluble; however, 

recent successes have cast some doubt upon this theory. 

Another complicating factor with tuberculosis is the slow 

action of the body's defense mechanisms. Though the growth 

and spreading of the bacteria may be halted by some chemo-

therapeutic agent, the host is incapable of a rapid destruc

tion of the infectious organism. 

Reviews of the chemotherapy of tuberculosis previous to 

19i|.6 may be found in the dissertations of Pullhart,^^ 
• T *7 T A 

Broadbent, and especially Massie. In view of these 

available discussions, this survey will dwell but briefly 

on the earlier drugs, emphasizing primarily work that has 

been reported since 1946. 

A survey of euitituberculous agents should rightfully be 

L. Pullhart, Doctoral Dissertation, Iowa State 
College, 19i|.6. 

H. S. Broadbent, Doctoral Dissertation, Iowa State 
College, 19l|.6. 

S. P. Massie, Doctoral Dissertation, Iowa State 
College, 19i|.6. 

For a complete treatment of all aspects of the 
chemistry of tuberculosis prior to 1932 see H. G. Wells, 
L. M. Dewitt and E. R. Long, "The Chemistry of Tuberculosis", 
2nd ed.. The Williams and Wilkins Co., Baltimore, Maryland, 
1932. 
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dlvlded Into two principle categories: antibiotic substances 

and synthetic agents. 

At the present time the greatest success in the treat

ment of tuberculosis on a large scale can be attributed to 

antibiotics rather than to synthetic drugs; the reverse was 

true a few years previous and current promising results indi

cate an increasing importance of synthetic drugs in the 

future. For the pxirpose of clarity it should be mentioned 

that at the present time the most beneficial treatment 

involves the combined use of an antibiotic (Streptomycin) 

and various synthetic antituberculous agents. 

Of the hundreds of antibiotics which have been isolated 

and tested in recent years all but a few have been impracti

cal for tuberculous treatment either due to lack of activity 

or because of high toxicity. The most important single sub

stance for the treatment of tuberculosis to date is strepto-

19 
mycin or its reduction product, dihydrostreptomycin. The 

20 21 structure of streptomycin has been determined » as: 

A. Schats, E. Bugie and S. A. Waksman, Proc. Soc. 
Exptl. Biol. Med.. 66 (19144). 

R. L. Peck, R. Graber, A. Walti, E. W. Peel., 
C. E. Hoffhine, Jr. and K. Polkers, J. Am. Chem. Soc., 68, 
1390 (I9I4.6). ~ 

N. G. Brink, P. A. Kuehl, Jr. and K. Polkers, 
Science. 102, 506 (194.5). 
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H^N NH 
\// 

HOH 
HN 

R-C-OH GH^NH-CH 

HCOH 

HOCH 

C—HNCH 
\/ 
HCOH 

Streptidine 

GHgOH 

Streptobiosamlne 

H 

Streptomycin: R « — (!l=0 
Dihydroatreptomycln: R « —CHgOH 

Dihydroatreptomycin seems slightly less toxic than the 

parent aldehyde, possesses the same activity and results in 

similar side reactions. Also, organisms which are resistant 

to one are resistant to the other. There is some doubt that 

the advantage of slightly reduced toxicity justifies the 

expense incurred in the preparation of the dihydro compound 

from streptomycin. 

Streptomycin, though the beat single drug, is not the 

"cure all" treatment for tuberculosis. Its effectiveness 
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varlea depending upon the type of tuberculosis and the 

stage at which treatment is begun. The great disadvauatages 

of streptomycin are the injurious side reactions which may 

accompany its use and especially the rapidity with which 

resistant strains develop; the latter effect has been par

tially overcome by the concomitant administration of 

£-aminosalicylic acid. It is unlikely that the mechanism 

of action for streptomycin is the same as that for Promine 

and £-aminosalicylic acid (see later part of this discussion) 

since these drugs often increase the effectiveness of 

streptomycin treatment. 

Neomycin,a comparatively new antibiotic, shows high 

antituberculous activity though it seems to possess rather 

high toxicity. The chemical structtire of this substance has 

not been established; one entity, Neomycin A, has been 

obtained in pure form.^^ Neomycin A is active against 

streptomycin-resistant strains of bacteria and it does not 

seem to give any appreciable rise to the development of 

resistant organisms. This drug has been effective in 

extra-pulmonary tuberculosis but has not been very beneficial 

with pulmonary tuberculosis or tuberculosis meningitis. 

22 s. A. Waksman and H. A. Lechevalier, ibid., 109. 
305 (1949). 

23 R, L. Peck, C. E. Hoffhine, Jr., P. Gale and 
K. Polkers, J. Am. Chem. Soc., 71, 2590 (19ij.9). 
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2k 
Vlomycln whoa® activity was reported only recently has 

not yet received sufficient study for a critical evaluation. 

The properties of this antibiotic are similar to those of 

Neomycin. 

Other antibiotics which possess scane tuberculostatic 

activity, but which have not proved practical either due to 

low activity or high toxicity are: Lactaroviolin, sodium 

azulylacrylatePyolipic Acid,^^ Piamigatln,^^ Clltocybin,^® 

29 30 "iO 31 
Ennlatin, Javanicin, Oxyjavanicin,-' usnic acid. 

Q. R. Bartz, J. Ehrlich, J, D. Mold, M. A. Penner 
and R. M. Smith, Rev. Tuberc., 63» 4 (1951)• 

H. Willstaedt and B. Zetterberg, Svensk. Kem. 
Tidskr.. 306 (19l|.6) /~C. A., 2461 (IW)J^ 

A• Stoll, A. Brack and J. Renz, Experientia, 3 * 
115 (m5). 

M. C. McCowen, M. E. Callender and J. E. Lawlls, Jr., 
Science. 113 . 202 (1951). 

0. Hollande, Compt. rend.. 221, 361 (191^5). 

E. Gatiraaim, S. Roth, L. Ettlinger, P. A. Plattner 
and U. Nager, Experientia, 202 (191^7). 

30 H. R. V. Arnstein and A. H. Cook, J. Chem. Soc.. 
1021 (1947). "" 

A. Marshak and M. Kuschner, U. S. Pub. Health 
Repts., 65. 131 (1950). "" "" 
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Diplolcin,^^ Stroptothricln,^^ Terramycin,^^ Hmulone 

Lupulone and Chloromycetin.^^ 

In view of this study, the activity of usnic acid^^ 

is of particular interest. Prom the structure shown, 

0 0 OH 

Usnic Acid 

it will be seen that usnic acid has the skeleton structure 

of a dibenzofuran derivative. The tuberculostatic activity 

of usnic acid alone is not great enough to be an effective 

V. 0. Barry, Nature, 1$8, 131 (I9I4.6). 

E. W. Emmart, ibid., 60» IJ4J.5 {19k$) * 

G. L. Hobby, T. P. Lenert, M. Donikian and D. Pikula, 
Am. Rev. Tuberc., 431+ (1951) • 

Y. C. Chin, H. H. Anderson, A. Alderton and J. C. 
Lewis, Proc. Soc. Exptl. Biol. Med., JO, 1$Q (19i4.9) • 

6. P. Youmsuas, A. S. Youmans and R. R. Osborne, 
ibid.. 14.26 (1914.8). 

Vt  
V. C. Barry, L. O'Rourle and D. Twomey, Nature, 160, 

800 (I9I4.7). 
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clinlcal drug; however, it has been shown to potentiate 

11 
the effect of streptomycin. 

The synthetic antituberculous agents may be divided into 

eight principal categories: early drugs, benzothiazole 

derivatives, phenols and aromatic ethers and sulfides, 

diarylamines, sulfones and sulfonamides, aliphatic acids, 

thiosemicarbazones, and aromatic and heterocyclic acids and 

their derivatives. 

The early search for effective drugs for tuberculosis 

was almost entirely empirical. The reviews listed at the 

beginning of this discussion have considered these early 

searches for effective compounds; therefore, a detailed 

account will not be here included. 

Table I includes a list of some of the compounds which 

attracted interest in earlier research upon the chemotherapy 

of tuberculosis and will give the reader some idea of the 

diverse compounds ^ftiich have been employed as antitubercu-

lous agents. This Table is taken from two reports by 

Btirger^®the activity indications are rather arbitrary, 

a plus sign indicating slight activity, a double plus sign 

indicating moderate activity, etc. 

A. Biarger, First National Medicinal Chemistry 
Symposium of the American Chemical Society, Ann Arbor, 
Michigan, J\uie, 1948. 

A. Burger, "Medicinal Chemistry", Interscience 
Publishers, Inc., New York, N. Y., 1951» Vol. 2. 
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Table I 

Some Antltuberaulous Compounds 

Compound Activity 

Vitamins and Hormones 

Irradiated Ergoaterol + 

£-Amlnobenzoic acid + 

Ethyl £-aminobenzoate + 

Diethylstllbestrol + 

-Bls-diethylamlnoethoxy-a ,a» -diethylstilbene + 

Alkaloids 

Quinine + 

Ethylapoquinicine + 

Isoamylapoqulnloine -»• 

Isoamylapoquinlne + 

Aminohydro<luinine + 

EthylapoQulnlne + 

a-Isoqulnlne + 

Cepharanthine +++ 

(Continued on next page) 



www.manaraa.com

-15-

Table I (Continued) 

Compoxind Activity 

Inorganic and Metalorganic Drugs 

Na^AuCSP^)!^ + 

Na^AuSgP^ ++ 

£-AuOC£,H|^^COONa + 

Ag-Acrlflavln, Ag-Proflavlne + 

Ag-Trypan blue + 

PeCl^ + 

Ca-Gluconate + 

CaloltoQ phosphate 

Cu-Sallcylate 

Au-3»5-Dliodosallcylaldehyde + 

Cu-Mercaptobenzlmldazolesf -benzoxazoles, etc. 

Cu-Thlourea with Na benzoate + 

Cadmium sulfide + 

Silica + 

Germanim dioxide + 
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Several rather simple benzothlazole derivatives have 

been shown to possess tuberculostatic activity, especially 

some amino derivatives. 2-n-Butoxy-6-arainobenzothiazole has 

been shown to be twice as active vivo as -diamino-

diphenyl sulfone and about three-fourths as effective as 

streptomycin 

Other significantly active benzothiazoles include the 

2,6-diamino-, the 2-isopropoxy-6-amino-, the 2-ethoxy-6-amino-, 

the 2-chloro-6-amlno-, the 2-methyl-6-amino-, and the 2-itter-

Considerable research has been reported concerning aro

matic ethers and sulfides; this material is of particular 

interest in connection with this study in view of the close 

structiiral relationship between the aromatic ethers (or 

sulfides) and dibenzoftiran (or dibenzothiophene). 

2-n-Butoxy-6-aminobenzothiazole 

capto-6-amino- derivatives 

X = 0 or S 
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A very interesting report concerning aminohalodiphenyl 

YI 
ethers is that of Barry, et al» # which is sianmarized in 

Table II. 

Prom Table II, the activity of compounds 5 8Uid 6 indi

cates that the introduction of polar groups such as the 

amino or carboxyl groups in the para position decreases the 

effectiveness; however, a halogen atom in either the ortho 

or para position (compoimds 7 and 8) greatly enhances the 

activity. An amino substituent in the ortho rather than the 

para position (compounds 1^. and 9) or two amino groups result 

in a considerable loss of activity. Additional halogen sub

stitution (compounds 12, 13 and II4.) results in a very marked 

increased activity, i|.-araino-2,2« ,1|.',5'-tetrachlorodiphenyl 

ether being very active. Replacement of the amino group by 

a carboxyl group (compound 15) results in a slight loss of 

activity while a similar replacement by an hydroxyl group 

(compounds 16 and 17) gives increased effectiveness. 

Barry also reported 2-chloro (or bromo)-7-aminodibenzo-

furan to completely inhibit M. tuberculosis at a dilution of 

iAoo,ooo. 

X 

NH 

Table III gives the results of the testing of some dibenzo-

furan and dibenzothiophene derivatives as well as some 
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Tabl© II 

In vitro Tuberculostatic Activity of Some Diphenyl Ethers-^^ 

Ra H 

H ^R^ R2 H 

Rl ^2 R3 % «5 «6 
Oomplete inhibition 
of M. tuberculosis 

1 NHg H H H H H .1/35,000 

2 SO3H H H H H H 1/5,000 

3 COOH H H H H H 1/1,000 

k H NH2 H H H H 1/10,000 

5 NH2 H H NH2 H H l/l4.,000 

6 NH2 H H OOOH H H 1/6,000 

7 NH2 H H 01 H H 1/110,000 

8 NHg H 01 H H H 1/150,000 

9 H NH2 H 01 H H 1/15,000 

10 IIH2 NH2 H 01 H H 1/20,000 

11 NHg NH2 01 01 01 H 1/25,000 

12 HH2 H 01 01 H H 1/600,000 

13 NH2 H 01 01 01 H 1/1,000,000 

Ik  !iH2 I H 01 H I 1/225,000 

15 COOH H H 01 H H 1/25,000 

16 OH H H H H H 1/100 ,000 

17 OH H H 01 H H 1/300,000 
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Table III 

Antituberoulous Activity of Some Dibenzofuran, 
Dibenzothiophene and Diphenyl Sulfide Derivatives 

Bacteriostatic concentration 
Molar 

Compound ^ mg./lOO cc. 
* mg./lOO cc. in presence 

of 10% serm 

0.21 0.039 S.o 

NH2 

OgO 
0.36 0.078 10 

^2 >38 >10 >10 
Br 

0.60 0.16 >10 

1.2 0.31 >10 

0.2 0.039 10 

0.2 0.039 5.0 

O.i^O 0.078 >10 

1.5 0.31 10 

(Continued on next page) 
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Table III (Continued) 

Bacteriostatic concentration 
Molar /-I 

No. Conipoiand * in5 ing./lOO cc. 
* mg./lOO cc. in presence 

of 10^ seriutt 

10 

NH2 

11 ^^S-^~yNH2 0.78 0.16 5.0 

10 

CH3 

13 23 5.0 10 

diphenyl sulfides from a report by Doub and Yoxamansj^^ many of 

the compounds reported in this article were prepared in This 

Laboratory. 

Prom these results it will be noted that the 2- and 

if-arainodibenzofxirans are of the same order of activity, the 

4- derivative being slightly more active. Bromo-substitution 

in the same ring as the amino group results in a considerable 

loss of activity. It is Interesting to note that the 

2-bromo-3-aminodlb0nzofuran is 60 fold more active than the 

2-amlno-3'*hromo euialog. The monoaminodibenzothlophenes are of 

(I95O). 
L. Doub and G. P. Youmans, Am. Rev. Tuberc.« 61, I|.07 
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the same order of effectiveness as the aminodibenzofursuis, 

the 3- and i4.-aminodibenzothiophenes showing somewhat 

greater activity than the 2-amino derivative. 

Among the diphenyl sulfides it is noteworthy that the 

para amino derivative is eight times as active as the ortho 

isomer. It is also of interest that £-aminodiphenyl sulfide 

is about 60 times more active than the £,|i'-diaminodiphenyl 

sulfide. 

Considerable work has also been reported concerning 

aryl alkyl ethers and heterocyclic alkyl ethers. A good 

review of these reports can be found in the discussion of 

acid-fast infections by Burger 

Most of the ethers and sulfides either lose their effec

tiveness vivo or have been proven too toxic to be effec

tive antituberculous agents. They have been stressed here 

primarily because of their direct relation to the study 

described in this dissertation. 

It is to be expected that antioxidants such as diphenyl-

amine will inhibit the vital oxidative processes of the 

tubercle bacilli; however, other basic compounds exhibit a 

similar action, especially the basic dyes. In 1912 Dewitt 

demonstrated that methylene blue penetrated the bacillus; 

in both tuberculosis and malaria, methylene blue has shown 

some activity. The basic dyes are reported^ to precipitate 

^ G. Meissner and E. Hesse, Arch. Exptl. Path. 
Pharmakol., li|.7 i 339 (1930). 
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the negatively charged bacillary cells by a colloidal pro

cess. Two of the most active of the basic dyes are Indamene 

Blue Extra (IV)^ and 2-aniline-3-imino-5-phenyl phenazine 

(V)^; the latter ccmpotind inhibits the growth of the tuber

cle bacilli at a concentration of 1/1,000,000. 

C6H5 

CI C6H5 

IV V 

In 1940, in connection with studies of the mode of 

action of the sulfa drugs. Woods and Pildes^^ discovered that 

sulfanilamide was completely vitiated by small amoimts of 

£-aminobenzoic acid (PABA). These authors advanced the theo

ry that the sulfa driigs, being structurally similar to the 

essential metabolite PABA, were absorbed in preference to the 

essential vitamin thus **starving" the organism. Bell and 

Roblin^^ in 191^2 were able to experimentally confirm this 

theory. 

^3 M. I. Smith, J. Pharmacol. Exptl. Therap., 20, h.19 
(I923). ~ 

^ V. C. Barry, J. G. Belton, M. L. Conalty and D. 
Twomey, Nature , 162, 622 (I9I4.8). 

D. D. Woods and P. Pildes, Chemistry and Industry. 
18, 133 (mO). 

P. H, Bell and R. 0. Roblin, Jr., J. Am. Chem. Soc., 
2905 (19i^). -
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£-Aininobenzolc acid has been shown to be a metabolite 

of the tubercle bacillus; thus following the announcement of 

Woods and Plldes, a large volume of antituberculous research 

has been directed toward metabolite antagonists. In fact, 

until the discovery of streptomycin this approach showed the 

greatest possibilities for an effective antituberculous 

agent. A very good review up to 19^6 of the field of meta

bolite antagonists may be found in the discussion of 

Broadbent; thus only the more Important of the drugs prior 

to that date will be here mentioned. 

As is the case with so many of the new "wonder drugs" 

the chemotherapeutic ability of the sulfa drugs was at first 

overrated. Of the sulfanilamide series only sulfathiazole 

was shown to possess slight tuberculostatic properties. A 

large amount of research followed with the preparation of 

many sulfanilamide derivatives for tuberculostatic testing, 

especially derivatives containing lipid-solubilizing groups; 

however, none of these compounds has evolved as a practical 

antituberculous agent. 

Levaditi and P^rault^^ were the first to observe that 

the antibacterial action of £-aminophenyl sulfones was 

reversed by PABA. -Diaminodiphenyl sulfone was shown to 

possess high antituberculous activity, but proved too toxic 

^ C. Levaditi and R. Perault, Compt. rend. soc. biol., 
139, 10l;3 (191+1). 
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to be used clinically. A number of derivatives of this 

sulfone has subsequently been prepared with a view toward 

decreased toxicity with retained activity; these attempts 

have met with limited success. 

The first (19i|.0) of the series was Promin, sodium 

bis-(l|.-N-dextrose3ulfonate-aminophenyl) sulfone^® (VI). 

HOCH2 (CHOH )|^CH-NH-^^S02-^^NHCH( CHOH )i^CH20H 

SO^Na SO^Na 

VI 

Two other of the early drugs have received considerable 

attention: Diasone, sodium bis-(i4.-N-formaldehyde sulfoxylate-

aminophenyl) sulfone^^ (VII), synthesized by Raiziss in 1914-3 

and Promizole, l|.-aminophenyl-(2-amino-5-thiazolyl) sulfone^® 

(VIII), whose preparation was reported by Bambas in 19i|.5. 

/TA H2N-f^-S02-C S 
Na0S0CH2HN-<; ^302-^ yNHCH20S0Na \=sa/ || | 

CH 0—NHp 

w  

VII VIII 

W, H. Peldman, H. C. Hinshaw and H. E. Moses, Proc. 
Mayo Clin. . 695 (I9I4.O). 

0. W. Raiziss, L. W. Clemence and M. Pre if elder, 
J. to. Pharm. Assoc., 33* (19144)' 

L. L. Bambas, J. to. Chem. Soc., 668 (19l|.5). 
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The one significant drug of this type which has been 

reported since 191+6 is Sulphetrone, sodium bis-/~l^N-3-phenyl-

propane-l,3-disulfonate)arainophenyl_7 sulfone^^ (IX), which 

has received much attention in England. 

—CHg—CHNH-^^^S02-^^ NHCH - CH2 —CHC^H^ 

S03Na io3Na ' S03Na S03Na 

IX 

In 19J4.3» the isolation of tuberculostearic acid 

(10-methyl-stearic acid) and phthioic acid (ethyldecyldo-

decylacetic acid) from the esters produced by the tubercle 

bacilli was reported,This report and the close relation 

of the leprosy bacillus to the tubercle bacillus stimulated 

the testing of many fatty acids. A good review to 1946 of 

this method of approach may be found in the dissertation of 

Massie;^^ the material here included is intended to supple

ment this review. 

In 1947» Barry and Twomey^^ reported the synthesis and 

testing of a rather large series of succinic acids, esters 

1^1 
W. H. Gray and T. A. Henry, British Patent 491,265 

Z"C. A., ai, 1104 (1939)_7. 
52 

53 

N. Polgar and R. Robinson, J. Chem. Soc., 615 (1943). 

V. C. Barry and D. Twomey, Proc. Royal Irish Acad., 
|1, 152 (1947). 
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and amides. The most effective compoimds vitro were: 

the n-tetradecyl-, the a-methyl-a»-dodecyl- (and its half 

esters) I the a,a'-diheptyl-, and the £-aminobenzene8ulfon-

amldo-succinle acids* Due to high toxicity and lowered 

activity ̂  vivo these compounds have not been employed 

clinically. 

The attachment of fatty acid side chains to hetero

cyclic rings, such as pyridyl,^^, piperidyl,^^ thiazolyl,^^ 

quinolyl,^^ and acridyl^^ failed to result in effective 

ant1tuberculous compounds. 

It has been postulated^^ that bacterlostasis by the 

fatty acids and their derivatives is due to their surface 

activity and, indeed, in many cases these two properties 

were found to be proportional. However, several exceptions 

to this generalisation have become evident and have cast 

considerable doubt upon this theory. If the effectiveness 

were due primarily to surface activity, highly surface 

active agents should possess antituberculous activity, 

while it has been shown that detergents of the polyethylene 

P. Brody and M. T. Bogert, J. Am. Chem. Soc., 6^, 
1075 (m3). 

E. Graef, J. M. Predericksen and A. Burger, 
£• , n, 257 (19I4.6). 

W. M. Stanley, G. H. Coleman, C. M. Greer, J. Sacks 
and R. Adams, J. Pharmacol. Exptl. Therap., k$» 121 (1932). 
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glycol type actually promote the spread of tuberculosis 

infections vivo.^^ 

Results of the fatty-acid, lipld-soluble approach to 

the chemotherapy of tuberculosis have been discowaglng and 

almost no reports of importance have appeared in the last 

few years* 

Another Interesting group of active tuberculostatic 

agents is that of the thiosemicarbazones. As was mentioned 

previously, sulfathiazole has been the only important sulfa 

drug to exhibit antituberculous activity. Behnisch^^ became 

interested in this anomaly and investigated the necessity 

of the thiazole ring for activity and found that sulfanil-

amidothiadiazole was also effective. A series of sulfathia-

zoles was prepared and found to be of little value; however, 

in view of the close structural relationship, the thiosemi

carbazones prepared as intemediates for the sulfathiadia-

zoles were subjected to testing by Behnisch and his co

workers and found to be surprisingly active.^® The most 

effective of this group was the £-acetaminobenzaldehyde 

thiosemicarbazone (also known as Amithiozone, Tibione, TB 1, 

Conteben and Myvisone) (X). 

G. Domagk, R. Behnisch, P. Mietzsch and H. Schmidt, 
Naturwissenschaften, 31^ (19ii.6) . 

R. Behnisch, F. Mietzsch and H. Schmidt, Am. Rev. 
Tuberc., 61, 1 (1950)J R* Behnisch, P. Mietzsch ai^ H. 
Schmidt, Angew. Chem., 113 (1948)* 
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N—CH 
/=\ II II 

HgN-^ ^SOgNH—;CH 

Sulfathlazole 

CH3CNH-^^~^CH=NliHC—NHg 

0 S 

X 
Amlthlozone 

Amithiozone possesses greater activity than £-amino-

salicylic acid (PAS) but is less effective tiaan strepto

mycin.^*^ It has received considerable testing in Europe but 

because of its toxicity its use has been limited in this 

cotmtry mainly to cases where PAS-resistance has developed. 

The semicarbasones, oximes, hydrazones, azines and anils of 

£-acetaminobenzaldehyde do not possess bacteriostatic 

activity.^® Shifting of the substituent from para to meta 

or ortho results in decreased activity. However, activity 

is retained if the acetamino group is replaced by an ethyl-

sulfenyl, isopropylamino, dimethylamino or similar grouping. 

The £-ethylsulfonylbenzaldehyde thiosemicarbazone has 

H. H. Pox, J. Chem. Education. 29 (19^2). 

Report of the American Trudeau Society, Rev. 
Tuberc., 61? (1951). 
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61 
received considerable attention in England and possesses 

activity comparable to Amithiozone. 

Quite recently the a-, |3- and Y-pyrldylaldehyde thlo-

semicarbazones have been prepared and early tests Indicate 

that the p- and y- derivatives may be superior to 

Amlthlozone 

The most successful synthetic antituberculous searches 

to date have been in the field of aromatic and heterocyclic 

62 
acids and their derivatives. In 19l4.1» Bernhelm aimounced 

that benzoic acid can be utilized by the tubercle bacillus 

as its sole source of carbon. This discovery led to the 

preparation and testing of a large number of substituted 

benzoic acid derivatives in the hope of finding an effective 

metabolite antagonist. Many of those acids tested possessing 

antituberculous activity were iodo and hydroxy substituted 

derivatives . By far the most successful ccanpound to be 

evolved from these searches was £-aminosalicyllc acid^^ 

(PAS)(XI). 

E. A. Hoggarth, R. Martin. N. E. Storey and E. H. P. 
Young, Brit. J. Pharmacol., k, 2i|.8 (I9I4.9); A. R. Martin and 
G. T. Stewart, Brit. J. Exptl. Path.. 31» 189 (1950)• 

P. Bernhelm, J. Bact. . ij.1, 38? (191A) • 

J. Lehmann, Lancet, 250, 14. (19i|.6). 
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COOH 

OH 

XI 
PAS 

Thoiigh the activity of PAS is considerably less than 

that of streptomycin, the drug has foimd extensive applica

tion because of its unusually low toxicity. One of the most 

effective weapons against tuberculosis at the present time 

is a combination of streptomycin and PAS* It is interesting 

that PAS seems quite specific in its activity, exerting 

little bacteriostasis on other pathogenic organisms* Also 

of interest Is the fact that any variation whatsoever in 

the structure of PAS results in a drastic decrease In 

activity. Substitution of a chloro or amino group, alkyla-

tlon of the amino group, and esterificatlon of the carboxyl 

group all result in a considerable loss of effectiveness. 

Since PAS is absorbed and excreted quite rapidly it must be 

administered In large and frequent doses. PAS>reslstant 

strains of the tubercle bacilli may develop, but after 

cessation of treatment the resistance is soon lost. It Is 

interesting to note that PAS-resistant organisms may be ob

tained from patients \mder treatment with this drug although 

it is quite difficxilt to produce drxig resistance in vitro. 
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The tuberculostatic action of nicotinamide^^ (XII) is 

equivalent to that of PASj however, it has not received such 

extensive clinical testing because of its greater toxicity. 

It causes severe liver complications and exhibits strong 

vasodilator action. 

C—NH2 

XII 

A recent report^^ indicates pyrazlnaraide (XIII) to be 

three times as effective as PAS and to possess a similar 

increase in activity over nicotinamide, A number of other 

nicotinamide relatives were tested, the only other effective 

compound being pyridazine-3-carboxamide; this compound is at 

least as effective as nicotinamide on parenteral administra

tion. Preliminary reports of clinical studies suggest that 

pyrazlnamlde is effective in the treatment of patients with 

tuberculosis; however, tubercle bacilli that are resistant 

to this drug rapidly appear, thus limiting its period of 

effectiveness. 

V. Chorine, Gompt. rend., 220 . 1^0 (191^5); 
D. McKenzle, L. Malone, S. Kuilmer, J. j. oleson and 
Y. Subbarow, J. Lab. Clin. Med., 22f 121^9 (19^1-8). 

E. P. Rogers, W. J. Leanza, H. J. Becker, A. R. 
Matzuk, R. C. O'Neill, A. J. Basso, 0. A. Stein, M. Soloto-
rovsky, P. J. Gregory and K. Pflster, Science, 116, 253 (19^2). 

D 



www.manaraa.com

-32-

In the past few months, considerable attention has been 

directed toward hydrazine derivatives of isonicotinic acid. 

The two most promising members of this group are isonicotinic 

acid hydraaide (XIV) and l-i3onicotinyl-2-isopropyl 

hydrazine(XV). 

NHp 
'Nv. ' 

XIII 
Pyrazinamide 
"Aldinamide" (Lederle) 

XIV 

Isonicotinic Acid Hydrazide 
Isoniazid 
"Nydrazid" (Sciuibb) 
"Rimifon" (Hoffmann-LaRoche) 
"Ditubin" (Schering) 
"Pyricldin" (Nepera) 
"Cotinazin" (Pfizer) 
"Dinacrin" (Winthrop-Steams) 

J. Bernstein, W. A. Lott, B» A* Steinberg and 
H. L. Yale, Rev. Tubero.. 6$, 357 (1952). 

W. Steenken, Jr. and E. Wolinsky. ibid.. 65, 365 
(1952). 
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CH3 

HC NH 

CH3 NH 
C=0 

XV 
l-Iaonlcotinyl-2-laopropyl Hydrazine 
"Marsilid" (Hoffmann-LaRoche). 

laonicotlnic acid hydraaide (INAH) is bacteriostatic 

in vitro against M. tuberculosis in a concentration as low 

as 0.02-0.06 Y per ml. It apparently is rather specific in 

action, being ineffective against the common gram-positive 

and gram-negative bacteria, against certain protozoa, and 

against the influenza virus. From the limited observations 

available, INAH appears to have approximately the same 

activity as streptomycin, though one report concerning in 

vivo testing with mice indicates INAH to be considerably 

more effective than this antibioticProm the information 

available it appears that INAH and its isopropyl derivative 

(IPH) are of relative low toxicity in dosage ranges. 

Tubercle bacilli resistant to both of these drugs appear 

rapidly 3^ vitro and in patients.^® l*hese two drugs are 

absorbed rapidly and within an hour after administration 

/ o 
Report of the American Trudeau Society, Am, Rev. 

Tuberc.. 66, 2^1 (1952). 
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appear well distributed throughout the body; the drugs are 

excreted in the urine. 

It must be emphasized that the clinical investigations 

so far are too limited to give an accurate and ccsaplete 

68 
evaluation of these new drugs. A report of the American 

Trudeau Society in August, 1952, contains the following 

statement: 

There is no reason to believe that iso-
niazid and its isopropyl derivative will replace 
the combination of streptomycin and PAS in the 
treatment of tuberculosis. It seems more likely 
that these new drugs will be most valuable in the 
treatment of patients with strains of tubercle 
bacilli highly resistant to streptotnycin. In 
such cases, PAS probably should be given also in 
an effort to prevent the emergence of isoniazid-
resistant strains of tubercle bacilli although 
the efficacy of this combination has not yet been 
proved. 

Dialkylaminoalkylamines of Fused Heterocyclic Systems 

Reports concerning dialkylamines are distributed among 

almost all of the fields of chemotherapy, the greatest 

volume appearing in the field of antimalarial research 

probably because of a larger number of reports in this 

sphere of activity. Interest in dialkylaminoalkylamines 

dates back to I89I when Ehrlich, a pioneer of modern chemo

therapy, showed that methylene blue exhibited some antl> 

malarial activity. Based upon this information, the German 
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. 69 
investigators SchUlemann, SchBnhofer and Wingler soon 

after World War I began their search for synthetic anti

malarial drugs. Several modifications of methylene blue 

(XVI) were investigated and two such derivatives were foimd 

to possess considerably enhanced activity (XVII and XVIII). 

+ CH"» 

XVI R = CH3-
XVII R = (C2%)2NCH2GH2~ 
XVIII R « (C2H^)2NCH2GH2CH-

CH^ 

The use of cocaine as a local anesthetic dates back to 

Koller in 1881^..^^ In I89O, Ritsert^^ demonstrated that 

ethyl £-aminobenzoate possessed anesthetic activity. 

Einhorn, who had worked with WillstStter on the chemistry of 

cocaine, combined the knowledge obtained from the degreda-

tion of cocaine, and the activity of the alkyl £-aminobenzo-

ates to prepare a series of dialkylaminoalkyl esters of 

aromatic acids. The most important of this series, reported 

F. Schonhofer, Med. u. Chem., 62 (I938). 

0. L. Jenkins and W. H. Hartung, "The Chemistry of 
Organic Medicinal Products", 3rd ed., John Wiley & Sons, 
Inc., New York, N. Y., 19ij.9, p. 31^-3• 

K. Bodendorf, Deut. Apoth. Ztg., 14-9» 16ii.2 (1934) • 
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12. 
In 1909, was procaine (XIX) (whose raonohydrochloride is 

called novocalne). 

.0 

HgN C H g — C H g — N  ( )  2  

XIX 

Many compoxmda of related structwe have been prepared and 

found to possess local anesthetic activity; one of the most 

important of these is nupercaine^^ (XX) , a dialkylaminoalkyl 

amide and a quinoline derivative. 

0 —Ci.H 4"9 

C—NH(CH2)2N(C2H^)2 

0 

XX 

In the field of disinfectants, it has been shown that 

many of the active compounds owe their bactericidal activity 

to their initial action as surface-active agentsIn 1929, 
f t:  

Hartmann and Kaegi'-' reported the preparation of a series of 

A. Einhorn and E. Uhlfelder, 371, I3I (1909). 

K. Miescher, Helv. Ghim. Acta, I89 (1932). 

A. Burger, "Medicinal Chemistry", Interscience Pub
lishers, Inc., New York, N. Y., 1951, Vol. 2, p. 98I. 

M. Hartmann and H. Kfigi, Z, angew, Chem., kl, 127 
(1928). ~ 
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dlalkylarainoalkyl amides of fatty acids which exhibited con

siderable bactericidal activity; these were of the general 

formula XXI, where R represents an alkyl group of hydrogen. 

CjjHgn+iCONRCHgCHgN () g 

XXI 

In 1935> Domagk^^ reported the bactericidal activity 

of dodecyldimethylbenzylamraonium chloride. The bactericidal 

activity of benzylalkyldimethylaramonixam halides, 

C^H^CH^HR(CH^);p_ 7 Cl" , increases up to 11^ to 16 carbon 

atoms in the alkyl group with a corresponding increase in 

surface-active properties.^^ An increasing number of bac

tericidal cationic detergents have since been prepared in 

which the dialkylaminealkyl group has been replaced by other 

groupings*^® 

As was pointed out in the initial portion of this sec

tion, a vast number of dialkylaminoalkylamines have been 

tested for anti-malarial properties; only the most impor

tant of these will be briefly considered here. A complete 

coverage of antimalarial research in this country from 

G, Doraagk, Deut. med. Wochschr.. 61, 829 (1935)* 

E* I. Valko and A. S. DuCois, J, Bact., 50, lt8l 
(1914-5). 

H. R. Ing in H. Oilman, "Organic Chemistry," John 
Wiley & Sons, Inc., New York, N. Y., 1953> Vol. 3« 
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19ip.*1945 is available in a siirvey by Wiselogloj^^ a review 

80 
of acridine derivatives through 1950 Is also available. 

Research based upon the antimalarial activity shovm by 

methylene blue derivatives produced (in 192i|.} the first use-

81 
ful S3rnthetic compound, pamaquine (or plaamochin) (XXII). 

Extension of this line of research led to the preparation 
Op 

(in 1931^-) and testing of quinacrine (or atabrlne) (XXIII). 

Of the thousands of compounds tested during World War II the 

following are of particular importance: chloroquine 

(aralen)®^(XXIV), amodiaquin (Camoquin)®^ (XXV), penta-

quine(XXVIa)isopentaquine®^ (XXVIb), primaquine®^ (XXVIc) 

and chloroguanide (Pauludrine)(XXVII). 

79 "Survey of Antimalarial Drugs, 19ip.-l9l4.5"» edited by 
P. Y. Wiselogle, Edwards Brothers, Inc., Ann Arbor, Mich., 
191^.6. 

Qrt 
A. Albert, "The Acridines, Their Preparation, 

Physical, Chemical and Biological Properties and Uses", 
Arnold, London, 1951* 

O n  
W. Schulemann, P. Sch3nhbfer and A. Wingler, Geman 

Patent ]4.86,079 /""Chem. Zentr. . 101, IOO6 (1930)__7. 
a p  

P. Mietzch and H. Mauss, Angew. Chert., J|7, 633 (19314-)* 

H. Andersag, S. Breitner and H. Jung, U. S. Patent 
2,233,970 /"£. A., 3771 (19i^l)j7. 

J. H. Burckhalter, P. H. Tendick, E. M. Jones, 
P. A. Jones, W. P. Holcomb and A. L. Rawlins, J. Am. Chem. 
Soc., 20, 1363 (1948). " 

N. D. Drake, J. Van Hook, J. A. Garman, R. Heyes, 
R. Johnson, G. W. Kelley, S. Melamed and R. M. Peck« ibid., 

1529 (1914-6). 

86 R,  c .  Elderfield ̂  ibid.» 152I4. (19^6). 

P. H. S. Curd, D. 0. Davey and P. L. Rose, Ann. 
Trop. Med.. 139 (1945). 
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cH3 

NH—CH (CHg) 3N ( C2H^ ) 2 

NH—CH (CH2) 3N ( C2H^ ) 2 

CH3 

XXII Pamaquln® 

OCH-

XXIXI Qulnacrine 

CH3 

NH—CH (CH2) 3N ( C2H5) 2 

CH2N{CCH^)2 

XXIV Ghloroqulne XXV Amodiaquin 

CH-jO 

NH—R 

I: 
a 

R «< b 

-CH2(CH2)I^NHC3H7 

-CH(CH2)3NHC3H^ 

GH3 

c -CH(CH2)3NH2 

CHo 

XXVI 

CI—j)—NH-G-NH-C-NHC3Hy 

^ ^ NH NH 

XXVII Chloroguanide 
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The moat recent field of extensive research concerning 

dialkylaminoalkylaraines is that of the antihistaminics. The 

first compound of this type that was shown to possess anti-
QO 

histaminic activity was Pourneau's compovind P-1571 (XXVm). 

A ^C2Hs 
(/ \V-N-CH2CH2N^ 

C2H5 

XXVIII 

This cOTipoxmd proved too toxic for clinical testing, but 

investigations of structural variations have been quite 

fruitful. Since I9I4.O, the testing of a constantly increa

sing number of compoiands has been reported. Many of the pre

sently Important compounds are quite similar in structure: 

''a « R2 = phenyl (Antergan) 

b 

R2-f2 
Rl—N-CHgCHg-N^ 

,CH3 

CHo 

XXIX 

RX ® phenyl; R2 » 2-thienyl 
(Dlatrin) 

c Rj - 2-pyrldyl; R2 = phenyl 
(Pyribenzamine) 

d R^ as 2-pyrlraidyl j Rp « £-methoxy« 
phenyl (Ne^e tramlne) 

e Rj^ ® 2-pyrldyl} Rp » £-methoxy-
phenyl (Neoantergan) 

f Rn ® 2-pyrldylJ R2 « 2-thienyl 
(Histadyl) 

g R-. ss 2-pyridylj R2 « 5-ohloro-
2-thienyl (Clorothen) 

Q O 
0, J. Jenkins and W, H. Hartung, "The Chemistry of 

Organic Medicinal Products", 3rd ed., John Wiley & Sons, Inc., 
New York, N. Y., 19i4.9. p. 333-
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Another series of compoxmds which proved to be very 

effective antihistaminic substances is the lO-dialkylamino-

alkylphenothiazines. The compound which first attracted 

attention to this series, the 10-£-dieth3rlaininoethylpheno-

thiazine (XXXa) was first synthesized for antimalarial 

testing in This Laboratory.®^ The most active of this 

90 91 
series is the dimethylaminoisopropyl analog ' (XXXb) 

which is reported to be fifteen times as active as Pyribenz-

amine and its duration of action was three times as long 

when tested against doses of histamine in guinea pigs. 

R « (C2H^)2NCH2CH2-

R = (CH3)2N-p-CH2-

CH3 

The discussion of dialkylaminoalkylamines thus far has 

been admittedly brief, including only some of the most im

portant compounds. The remainder of this section will be 

directed to correlations of structure and physiological 

activity. 

ftO 
' H. Oilman and D. A. Shirley, J. Am. Chem. Soc. , 66, 

888 (191+4). 

B. N. Halpern, J. Med. Assoc., 1^, 1219 (1945). 

B. N. Halpern and R. Ducrot, Compt. rend. soc. blol.. 
140. 361 (I9I1.6). 
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"In the chemistry of the organic dyestuffs 
the conception of the chromophore and the auxo-
chrome group is valid throughout the whole field, 
connecting colour and constitution. Light ab
sorbing groupings, the recognition of many of which 
is now classical, the azo group, will always 
produce colour, an^ ̂ e nature of the colour is 
modified by parts of the molecule other than the 
chromophoric group proper. There is no widely 
applicable analogy in the case of biological acti
vity although certain groupings may be associated 
with activities of varying kinds. The presence of 
the particular grouping, however, is not always a 
guarantee of biological activity; consequently it 
is dangerous to generalize, and apparently anoma
lous results are common. Activity must be con- qo 
sidered as a fxinction of the molecule as a whole."' 

A discussion of the heterocyclic dialkylaminoalkyl-

amines may be divided into three categories: the amino 

group, the alkyl chain and the heterocyclic substituent. It 

must be emphasized that the generalizations which follow are 

not without their exceptions. 

As to the degree of substitution of the amino group, 

primary amines are usually more active than the secondary 

amines and the latter more effective than tertiary amines. 

Burger*^^ in a general discussion reports that primary amines 

usually are the more toxic while Jenkins and Hartung in a 

W. A. Sexton, "Chemical Constitution and Biological 
Activity", E. & P. N. Spon Ltd., London, 19i4.9, p. 85. 

A. B\arger, "Medicinal Chemistry", Interscience Pub
lishers, Inc., New York, N. Y., 1951* Vol. 1, p. 32. 
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9k 
similar discussion^ state that the primary amines are 

generally the less toxic. Substitution of the chain amine 

usually results in a marked increase in activity as is 

exemplified by the antihistaminics. 

Considering the terminal nitrogen, the most active com

pounds contain a dimethylamino grouping; this seems especi

ally true with antihistaminic compounds. Diethyl or higher 

homologs are generally less active and exhibit increased 

toxicity. Cyclic amino groups such as pyrrolidine, piperi-

dine, morpholine, thiomorpholine or 2-lmldazolinyl may be 

substituted without serious loss of activity; however, 

substitutions on the pyrrolidine ring result in a decreased 

activity.''^ The replacement of the dimethylamino group by 

an unsymmetrically substituted amino group has resulted in 

a decrease in activity in the few known examples. 

Apparently, for greatest effectiveness, the amino 

groups should preferably be symmetrically substituted, small 

and planar. An approximate order of decreasing utility of 

the various groups is the following: 

(CHjjgH ̂  = C5H10N > Oi^HsN > Oi^HsON = Oi^HaSH > 

(C2H5)2N> (Cij.H9)2N > NHR > NH2 

G. L. Jenkins and W. H. Hartung, "The Chemistry of 
Organic Medicinal Products", 3rd ed., John Wiley & Sons, 
Inc., New York, N. Y., 19i|.9, p. 351. 

P. Leonard and C. P. Huttrer, "Histamine Antagonists", 
National Research Co\incil, Washington, D. C., 1950* P* 23. 
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General statements about variations in the alkyl side 

chain are especially difficult. For example, £-methoxy-

phenylcarbamide is tasteless, while the ethoxy analog is 

200 times as sweet as sugar. 10-p-Dimethylaminoisopropyl-

phenothiazine has an antihistaminic activity 75 fold 

greater than the lO-p-dlmethylaminoethyl derivative. Also, 

certain dyes containing the diethylamino group dye nerve 

fiber while the very similar dimethylamino compounds do 

not have this ability. 

The optimum chain length depends upon the type of com

pound to be tested. For antihistaminic compounds the pre

ferred chain length is two carbon atoms, and activity drops 

off rapidly with further lengthening of the chain. For 

antimalarials a four-carbon chain usually shows the greatest 

activity. Studies with anesthetics of the type 

have shown the compound in which n was 3 to be six times 

more effective than the ester in which n was 2j a maximiim 

methoxyl group was replaced by an amino group, a maximum 

activity was reached when n was 2 or 3. 

Again when considering the effect of branching the 

C. Rohmann and B. Scheurle, Arch. Pharm., 27k., 

. 96 
activity was reached when n was 5* However, if the 

110 (1936). 
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chain conflicting reports are obtained. With anesthetics, 

normal alkyl compounds are more effective than their 

branched analogs. With antimalarials, branching of the 

chain usually results in decreased activity except for an 

a-methyl group; the principal effect of introducing an 

a-methyl group is a lowering of the toxicity. The fact that 

Phenergan is 7$ times more effective as an antihistaminic 

than its dimethylarainoethyl analog has been mentioned. A 

ntimber of compounds in which the ethylenediamine group has 

been replaced by the piperazine ring have been found to be 

antihistaminically active. 

The final consideration is that of the heterocyclic 

system. Dialkylaminoalkylamines of most of the common 

heterocycles have been prepared and many have been found to 

be chemotherapeutically useful. 

Of the five-membered rings with one hetero atom the 

derivatives of dibenzofiiran and dibenzothiophene are of par

ticular interest in view of the topic of this dissertation. 

A series of dialkylaminoalkylamino compounds has been pre-

1 P oft 
pared in this laboratory ' including the 2-, 3- and 

K. E. Hamlin, A. W, Weston, P. E. Fischer and 
R. J. Michaels, Jr., J. Am. Chem. Soc., ]1, 2731 (I9l|.9); 
R. Baltzly, S. DubreuTl,17. S. Ide and E. Lorz, J. Org. 
Chem., lit, 775 (19ii.9). 

ofl 
^ H. Oilman and S. Avakian, J. Am. Chem, Soc., 68, 

580 (19i|.6). "• 
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l4.-Y-diethylaininopropylaniino-, the 3-Y-'<iiethylaminopropyl-

ainlno-6-iodo-, the 2,7- and 2,8-bis-(y-diethylaminopropyl-

aitilno)-, the 3-Y-diethylaminopropylamino-2- (and I4.-)-

methoxy-, the 2-Y-diethylaminopropyl-3-hrcmio-, the 1-bromo-

3-Y-diethylamlnopropylamlno-ij.-raethoxy-, the 1-Y-diethyl-

aminopropylamino-3,i|.-dlmethoxy-dlbenzofurans and the 2- and 

l4.-Y-diethylainlnopropylamlno-, the 2-Y-dlethylamlnopropyl-

amlno-3-chloro (and bromo)- and the 1-Y-diethylamlnopropyl-

aTOino-l4.-Miethoxydibenzothlophenes, Also, a series of 

N-dlalkylaininoalkylcarbazoles has been prepared and tested 
QQ 

for antlhlstaminic properties. ' 

Among the six-merabered rings containing one hetero 

atom, quinoline antimalarials such as plasmoquin, chloroquin 

and camoquin have already been mentioned, as has the 

acridine derivative atebrine. l-(Diethylarainoethylamino)-i|.-

methylthioxanthone (Miraoil D) has recently been shown^^'^ 

active against schistomiasis. 

The antihistaminic properties of phenothiazine (a six-

merabered heterocycle with two hetero atoms) derivatives have 

been discussed. Also of interest among this group are the 

P. C. Whitmore, H. S. Mosher, R. R. Adams, R. B. 
Taylor, E. C. Chapin, C. A. Weisel and W. H. Yanko, ibid., 

725 (1944). 

H. Mauss, Chem. Ber., 81, 19 (1948)' 
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2-dialkylaralnoalkylaminophendioxins^^^ and the antimalarial 

79 compoimd of l-diethylaminopropylaxnlnophenoxathiin. 

Finally, brief mention should be made of the effect of 

other nuclear substituents upon activity. For example, the 

considerable activity of l-(diethylaminoethylamino)-i4.-methyl-

thioxanthone against schistcaaiasis has just been mentioned; 

however, the replacement of the methyl group by a hydrogen 

102 
atom completely abolishes the activity. The ^-diethyl-

amlnopropylamino-6-raethoxyquinoline possesses high anti

malarial activity while the 2-diethylamlnopropylamino-6-

102 methoxy analog is Inactive. A study of variations of 

antimalarial compoimds of the type 

HN-R 

reveals that any change of the position of the chloride atom 

greatly decreases the effectiveness; also, in this case, 

chlorine was shown to be more effective than the other halo

gens » If Rj was CHj rather than H, a more active compound 

was obtained. 

101 
M. Tomita, J. Pharm. Soc. Japan. 56. 829 (1936) 

/"C.A., 811.27 (1958)177- —^ 

102 
W. H. Powers, "Chemotherapy", Reinhold Publishing 

Corp., New York, N. Y., 19i|.6, pp. 65-67. 
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Llttle generalization can be made concerning the effect 

of nuclear substituents upon physiological activity as a 

whole; it is necessary to consider each type of compo\ind and 

the type of activity for which it is to be tested* This 

brief review of some of the more Important compounds attests 

to the considerable importance of the heterocyclic dialkyl-

aminoalkylaminea. The current fervor, particularly with 

respect to antihistaminic substances, indicates that the 

futvire of this field of study will be far from stagnant. 

Derivatives of Dibenzofuran and Dibenzothiophene 

Table IV is an extension of the compilation of known 

7 (i 
derivatives of dibenzofuran listed by Swislowsky,' Cheney, 

ft T 
Willis, and Hogg. In the Table are entered all dibenzo

furan derivatives with the appropriate references which were 

not included in the earlier tabulations. In Table IV, the 

literature was covered thoroughly through 1950* The addi

tional dibenzofuran derivatives in Table V appear in a sepa

rate table since the 1951 Index to Chemical Abstracts was 

not available until after the principal portion of this thesis 

had been written and typed. Table V covers the literature 

from 1950-1951* Table VI is an extension of the compilation 

of known derivatives of dibenzothiophene prepared by Nobis^^ 

and Esmay,^^ and covers the literature from 1950-1951• 
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Table IV 

Derivatives of Dibenzofuran 

Name of Compound M.P. Reference 

MONOSUBSTITUTED DIBENZOPURANS 

1-Acetaniinodibenzofuran 205 (103) 

2-Aoetaininodibenzofuran 161-2 (7),p.l01|, 
166-166.5 (103) 

3-Acetarainodibenzofuran 177-8 (10^,105,106 
107) 

182 (103) 
183 (108) 

i}.-Acetaniinodibenzofuran --- (109) 
235-6 (103) 

(Continued on next page) 

S, Yamaahiro, Bull. Chem. Soc. Japan, 16, 61 (1941) 

H. Oilman, G. E. Brovm, W. G. Bywater and W. H. 
Kirkpatrick, J. Chew. Soc.. 21+73 (1934). 

T. Parker, Doctoral Dissertation, Iowa State 
College, 1936. 

106 Eagle and A. J. Carlson, J. Pharmacol. Exptl. 
Tfaerap.. 450 (1950). ~ 

107 
E. C. Miller, J. A. Miller, R. B. Sandin and R. K. 

Brown, Cancer Research, 9, 504 (1949)* 

R. Adams, J. H. Clark, N. Kornblum and H. Wolff, 
£• M.* Chem. Soc., 66, 22 (1944) • 

H. Gilman and J, Swiss, J. Am. Chem. Soc., 66, l88ii 
(1944). " 
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Table IV (Continued) 

Name of Compound M»P. Reference 

7-Acetamino-l ,2,3 ,l4.-tetrahydro-
dibenzofuran 114.6 (110),p. 103 

2-Acetoxydibenzofuran 115-6 (7)»P*70 
118-9 (111) 

il.-Acetoxydibenzofuran 99-100 (112) 

l4.-Acetoxymercuridlben2o-
furan — (113) 

(Continued on next page) 

W, H. Kirkpatrlck, Doctoral Dissertation, Iowa State 
College, 1935• 

K. Schlmraelschmldt, Ann., 566, 18^ (1950)* 

T. H. Cook, Doctoral Dissertation, Iowa State 
College, 1940• 

C. Handley, N. M» Phatak and C. M. Leake, Univ. 
Calif.. Pub. Pharmacol.. 1, 175 (1939) /"C.A., 33* HBo? 
(1939j7« ~ ~~ — 
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Table IV (Continued) 

Name of Compound M.P. Reference 

2-Acetyldlbenzofuran — (110),p.89, 
(Ill4.,ll5,116, 
117,118,119) 

80-1 (120,121) 

3-Acetyldibenzofuran 120-2 (119) 

2-Acetyldlbenzofuran picrate 8I-3 (115,116) 

3-N^-Acetylsulfanilanildodi- 223-I|. (8),p.58 
benzofuran (122) 

3-N^-Acetylsulfanilanildodi-
benzofuran 2i|.6-7 (123,12ij.) 

(Continued on next page) 

U, S. Patent 2,500,73i|. Z~C. A., 5390 (1950)_7. 

U. S. Patent 2,14.98,473 /"£• A., 61^.39 (1950)_7. 

British Patent 633,151 /"£. A., SW (1950)_7. 

E. A. Kern and C. W, Wilnon, Chem. En«.. 55. llii 
(19i|.8). a ' 

T *1A 
H. Gilman and S. Avakian, J. Am. Chera. Soc., 68. 

210if (191^.6). " 

H. Gilman, P. T. Parker, J. C. Bailie and J, C. 
Brown, ibid.. 2836 (1939). 

120 *• 
Ng. Ph. Buu«Hoi and R. Royer, Rec. trav. chim., 67 

175 (19ii.8). 
1 PI 

N. B. Eddy, J. Pharmacol.. 159 (1936). 
12P 

H. B. Willis, Iowa State Coll. J. Scl., 2^, 98 (191^-3). 

C. Tani and H. Ohaaka, J. Pharra. Soc. Japan, 70 , 
126 (1950). " J-* 

A. Novell!. Ciencia, 1. 260 (19iiO) /^C, A.. 3k. 
7903 (I9i^0)_7. •" ^ 
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Table IV (Continued) 

Name of CcMpound M.P. Reference 

l4.-N^-Acetylsulfanllamldodl- 218 (8)#p«59 
benzofuran (122) 

2-Allyloxydibenaof\iran b,p. ,178-180/ (125) 
!(. mm. 

1-Amlnodlbenzofuran (103) 

2-Aminodibenaofuran — (9,126,122) 
125-6 (7),p.103 
129-130 (111) 
125-25.5 (103 

3-Aminodlbenzofuran 95-6 (12),p.35 
99 (103) 
93-91+ (127) 

(37,123,128, 
126,98,129) 

98 (121) 

^-Aralnodibenzofuran 8l-2 (130,8) 
8i|.-5 (12,10,122, 

109,129) 
118-9 (103) 

(Continued on next page) 

A. L. Jacoby, D. M. Hayes and P. R. Van Ess, Proc. 
Iowa Acad. Sol., 201+ (1936). 

^26 u. s. Patent 2,1+07,701+ /f*C. A., ijl, 11+58 (191+7)J^. 

I. Kh. Fel'dman, J. Gen. Chem. (U. S. S. R.), 6, 
1231+ (1936) rS.' A., ii, II+O7U937II7. 

128 
0. A. Martin, Jr., Iowa State Coll. J. Sci. . 21. 

38 (191+6). "" """ 

129 
H. Gllman and S. Avaklan, J. Am. Chem. Soc., 67. 

31+9 (191+5). 

W. Borsche and B. Sohacke, Ber., 21+98 (1923). 
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Table IV (Continued) 

Name of Compoiind M»P. Reference 

2-Aiainodlbenaofuran hydrochloride (131,110,8) 

3-Aminodlb0nzofuran hydrochloride 220 (1,131,110) 

ii.-Aminodibenaofuran hydrochloride (1,8) 

l-Amino-i|.- (3-dibensiof urylamino) -
anthra<luinone-2-carboxylic acid —- (126) 

l-Amlno-i|.-(2-dlbenzof iirylamino)-
anthraquinone-2-3ulfonic acid --- (126) 

1-Ainino-i{.-(3-dibenzof \irylainino)-
anthraqulnone-2-aulfonic acid --- (126) 

2-(p-Aininoethyl)-dibenzofuran b.p, ,167-170/ (8,122) 
2 irnn. 

3-(a-Aminoethyl)-dihydrodibenzo-
fioran hydrochloride 2I4.8 (132) 

6-Amino-l ,2,3 ,ii.-tetrahydrodi-
benzofiiran — (133) 

7-Amino-l ,2,3 ,i|.-tetrahydrodi-
benzofuran 55-6 (110) 

6-Amino-l ,2,3 ,il|.-tetrahydrodi-
benzofuran hydrochloride 228 d. (133) 

(Continued on next page) 

W. G. Bywater, Doctoral Dissertation, Iowa State 
College, 1931+• 

152 
C. W. Bradley, Doctoral Dissertation, Iowa State 

College, 1937• 

133 
H. Oilman and L. C. Cheney, J. Am. Chem, Soc.. 61. 

31i;9 (1939). — 
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Name of Compound M.P. Reference 

7-Aialno-l ,2,3 ,i^.-tetrahyd^odlbenzo-
f^^ran hydrochloride 269 (110) 

7-Ainlno-l ,2,3 ,i4.-tetrahydrodl-
benzofuran picrate I87-8 (110) 

3,3'-Azobisdiben2ofuran 268-270 (9) 

3-Benzenesulfonanildodiben8ofuran 162-3 (IO8) 

3-Benzoylaminodiben2of\iran 201 (134) 

N-Benzoyl-2-(p-amlnoethyl)-di-
benzofuran 183•5-9>5 (8) 

2-Benzoyldlbenzofuran 135-6 (122) 

2-Benzoyldibenzofuran oxime 182-3 (122) 

Bi-3-diben2ofuryl 21^.5-6 (8) 

1-Bromodlbenzofuran 6ij.-5 (10) 

2-Broinodlbenzof uran 108-9 (12,3 »131,98) 
109-110 (110,135) 

(120,136) 

3-Bromodlbenzofuran 118-9 (131) 
119-120 (7) 
121-122 (135) 

(Continued on next page) 

W. Borsche and W, Bothe, Ber,, ijj, 19i|.0 (I908) . 

S. Yamashiro, Bull* Chein. Soc. Japan, 16, 6 (I94I). 

B. P. Skilea and C. S. Hamilton, J. Am. Chem. Soc., 
1006 (1937). "" 
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Table IV (Continued) 

Name of Compound M.P. Reference 

i|.-Bromodibenzofuran 72 (137) 
70-1 (119,138) 

2-(p-Bromoethyl)-dlbenzofuran 62-62.5 (8,110,122) 

3-Butyl-2-(2-dlbenzofuranyl)-Indole 122 (138) 

2-Butyryldiben2ofuran 65 (120) 

2-Caproyldibenzofuran 87 
b.p.,2142/ (120) 
16 mm. 

1-Carbomethoxydibenzofuran 63 (139) 

2-Carbomethoxydibenzof\iran 73-14- (132) 
81 (140) 
82-3 (121) 

3-Carbomethoxydlbenzofuran I38 (lli-O) 

2-( -ChloroacetyD-dlbenzofuran 109-110 (110) 
b.p. ,206-8/ 
1-2 mm. 

x-Chlorodibenzofuran 172-li. (lii-l) 

(Cont;inued on next page) 

157 
G, E. Brovna, Doctoral Dissertation, Iowa State 

College, 19i4.1. 

Ng. Ph. Buu-Hoi, J. Chem. Soc., 2882 (I9I4.9). 

P. R. Van Ess, Iowa State Coll. J. Sol.. 12. 161i, 
(1937). " 

0. Kruber and H. Lauenstein, Ber., 6193 (19ip.)' 

E. W. Smith, Doctoral Dissertation, Iowa State 
College, 1936. 
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Table IV (Continued) 

Name of Compound M.P. Reference 

2-Chlorodibenzofuran 102 (110,141) 

2-Chloranierouridibenaofuran 235 (136) 

4-Chioromercuridibenzofuran 225-7 (I4I) 

Chloromethyl-2-dibenzofuryl 
me thylcarbinol 

b.p.,205-6/ 
2 mm. 

(110) 

2-Cyanodibenzofuran 137 (1,131,142) 

2-Diaoetaminodibenzofuran 127-8 
125-8 

(143) 
(131) 

Diazomethyl 2-dibenzofuryl ketone 126-7 (118) 

Diazcanethyl 4-<iib®'ti2ofuryl ketone 72-5 (144) 

2-Dibenzofuranacetamide 209-210 (118) 

2-Dibenzofuranacetic acid 162-3 (145-118) 

2-Dibenzofuranacetonitrile 89-90 
b.p.,185-190/ 
0.1 mm. 
100-2 

(145,146) 

(118) 

(Continued on next page) 

E. W. Smith, Iowa State Coll. J. , 1^, 155 (1937). 

143 p. Brunberg, Doctoral Dissertation, Gbttlngen, 1925 
(See reference lOlj.) . 

144 p, T, Parker. Iowa State Coll. J. Sci.. 12. lii.8 
(1937). "" 

J UK 
^ W. Wenner, J. Org. Chem. . 15« 548 (1950). 

U. S. Patent 2,489,348 Z~C. A., 2559 (1950)J^. 
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Table IV (Continued) 

Name of Compound M.P. Reference 

2-Dibenzofuranarsonic acid 250 (136) 

3-Dibenzofviranarsonic acid 275 (136) 

Dibenzofuranazophenol 199 mk) 

2-Dibenzofuranbutyric acid 112-3 (105,li+7) 

2-Dibenzofurancarboxaldehyde 71-2 (llA,lif2) 

Dibenzofuran-l|.-aldehyde b.p.,176-9/ 
1 mm. 

(148) 

Dibenzofuran-i|.-aldehyde, 
2,4-dinitrophenylhydrazone 301-2 (lij.8,11^9) 

l-Dibenzofurancarboxylic acid 232 (10,150) 

(Continued on next page) 

E. L. Martin, J. Chein« Soc., ̂ 8, li|.38 (1936). 

F. A. Yeoman, Doctoral Dissertation, Iowa State 
College, 191+11-. 

H. Oilman, L. Tolman, P. Yeoman, L. A. Woods, D. A. 
Shirley and S. Avakian, J. Chem. Soc», 68. ii.26 (191^6). 

n. A. Hogg, Iowa State Coll. J. S^,, 15 (19i^5) 
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Table IV (Continued) 

Name of Compound M.P. Reference 

2-Dibenzofurancarboxyllc acid 

3-Dlbenzofurancarboxyllc acid 

4-Dlbenzofurancarboxyllc acid 

(Continued 

1^1 
H. Gllraan and A. H. Haubeln, J. Am. Chem. Soc.. 67. 

1033 (ms). •" """ 

R. R. Burtner and O. Lehmann, ibid., 62, $2.1 (19ij.O). 

H. GlLnan, W. Langham and H. B. Willis, ibid., 62, 
346 (19i|.0). — 

H. Oilman and C. W. Bradley, ibid., 2333 (I938). 

155 
B. A. Hunter, Iowa State Coll. J. Scl. . 1^. 223 (19i}.2). 

H. Gilman and P. R. Van Ess, J. Am. Chem. Soc., 61, 
1365 (1939). ~ ~~ 

1^7 
R. V. Young, Doctoral Dissertation, Iowa State 

College, 1936. 

H. Oilman, A. H. Haubeln, G. O'Donnell and L. A. 
Woods, J. to. Chem. Soc., 67. 922 (191^5) • 

H. B. Willis, Iowa State Coll. J. Scl., 18, 98 (19^3). 

J. swislowaky, ibid., 1^, 92 (1939). 

2i^0-2 (8) 
2lj6 (1,131,110, 

114.1,140,151, 

248-9 (132) 

(131,156) 
271 (132) 

20k.5 (7) 
208-210 (3) 

(157,137.158, 
159,8,160, 
151) 

on next page) 
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Table IV (Continued) 

Namo of Compound M.P. Reference 

ij.-Dibenzofurancarboxylio acid amide 181-2 (110) 

2-Dlbenzoftirancarboxylic acid 
chloride 103-4 (118) 

^-Dibenzofurancarboxylic acid --- (8,131,105» 
chloride 161) 

i|.-Dibenzofuranoarboxylic acid 
die thylamide 116.5 (8) 

2-Dibenzofurancarboxylic acid 
dime thy lamide 77-8 (122) 

ij.-Dibenzofuranoarboxylic acid 
dime thy lamide 116.5 (8,122) 

2-Dibenzofuran-Y-k«tobutyric 
acid amide 157 (162) 

2-Dibenzofuran-Y-ketobutyric 
acid chloride 

b.p.,270-2/ 
10-12 irnn. 

(162) 

Dibenzofuran-2-propionic acid 127-8 (120) 

2-Dibenzofuransulfonic acid Ikl  (163) 
(l.li|.l,164 
165,lii^) 

(Continued on next page) 

161 g, oilman, L. C. Cheney and H. B. Willis, J. Am. 
Chem. Soc., 61, 951 (1939). ~ 

P. Mayer and W. Krieger, Ber.. 1659 (1922). 

R. T. Wendland, C. H. Smith and R. Muraca, J. Am. 
Chem. Soc., 71, 1593 (19i|.9). "" 

C. E. Miller, ibid.. j[2, 2303 (1950). 

165 R. T, Wendland and C. H. Smith, Proc. N. Dakota Acad. 
Sci., 1, 31 (19il.9) /"C. A., 5021 (19l4.^5r7. ~ 
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Table IV (Continued) 

Name of Compound M.P. Reference 

2-Dibenzofuransulfonlc acid 
£-toluldide 232-3 (llA) 

2-Dlbenzofuransulfonyl chloride li|.0 (llA) 

2-(2-Diben2ofuranyl)-3- 90-2 (138) 
propyllndole b.p.,325-8/ 

16 mm. 

p-Dibenzofuroylacrylic acid —- (166) 

p-2-Diben2ofuroylpropionlo acid 185-6 (105) 

i|.-Dibenzofurylacetamide 211-2 (119) 
213-4 (11^6) 

l4.-Dibenzoftirylacetic acid 213.5-i|-*5 (119) 

If-Dlbenzofurylacetyl chloride --- (105,ll|i|.) 

3-Dibenzoftirylatnraonium 
a-chloroacetate --- (9) 

3-Dibenzofurylarsine oxide 250 (136) 

Y-2-Dibenzofurylbutyric acid 112-3 (119,105,162) 

2-(2-Dibenzofuryl)-cinchoninic 
acid 245-6 (120) 

2-Dibenzofuryldlchloroaraine (136) 

3-Dibenzofuryldlchloroarsine 130 (136) 

3-Dlbenzofurylglycine 139-1^4^ d. (9) 

(Continued on next page) 

U. S. Patent 2,381,880 /~G. A., j[9, 5094 {19k$)_7* 
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Table IV (Continued) 

Name of Compoimd M.P. Reference 

3-Dibenzofurylglycine methyl ester I23-I4. (9) 

2-Dlben2ofurylheptadecyl ketone 83-1^ (16?) 

l-(ij.-Dlbenzoftiryl)-laoquinoline 137-8 (105,li|4) 

1-(l|.-Dibenzof uryl)-Isoquinoline 
hydrochloride --- (lO^-lljii.) 

2-Dlbenzofurylmethyl carblnol —- (ll^tll?) 
63-k (121) 

i|.-Dibenzofuryl-N-piperldino- b.p. ,175-180/ (li|.8) 
methane 0*5 inn* 

l4.-Dlben2ofuryl-N-piperidlno-
me thane pi crate 177 **8 (l^i-S) 

y-(2-Dibenzofuryl)-propyl-
iir e thane 7 3 -i|- (162) 

2-(2-Dibenzof uryl )-<luinollne 139 (120) 

2-(2-Dibenzofuryl)-quinoline 
picrate 220-1 (120) 

2-Dibenzoftirylundecyl ketone 74-5 (167) 

3-Dibenzofurylurea 222-3 (11|)| ̂ 119) 

3- (3,5-DlbrcHnophenylsulf on-
araldo)-dibenzofuran 199-200 (123) 

2-D i chlor ophoaphinodiben zof uran b.p. ,2i|.5-250/ (168) 
25 mm. 

(Continued on next page) 

A. W. Ralston and C. W. Christenaen, Ind. Eng. Chem. , 
29, 19k (1937). 

1 AA 
W. C» Davies and C. W. Othen, J. Chem. Soc., 

1236 (1936). "" 
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Table IV (Continued) 

Name of Compound M.F« Reference 

Dl-i|.-Dlbenzofuryl ketone 165-8 (7) 
172-3 (8) 

Dl-i4.-dibenzofurylthallluin chloride --- (169) 

2- -Diethylamlnoacetyldlbenzofuran --- (110) 

3-Diethylamlnodibenzofuran 68 (11,170) 
b.p.,205/ 
2-3 nan. 

lj.-Dlethylaminodibenaofuran 68-9 (160) 

3-Dlethylamlnodlbenzofuran 
hydrochloride 203-5 (110) 

Diethyl 3-aniinodlbenzofuran-N-
ethylmalonate 99-100 (8) 

Diethyl i4.-aralnodlbenzofuran-N-
ethylmalonate 75-6 (8) 

3-(Diethylaiiilnoethoxyethylaralno)- b.p.,235/ (171) 
dlbenzofuran 1 xnm. 

2-a-Dlethylamlnoethyldl-
benzofuran -— (105,144) 

P-Dlethylaralnoethyl-2-dlbenzo-
furancarboxylate hydrochloride 185 (152) 

(Continued on next page) 

H. Oilman and R. K. Abbott, J. Am, Chem. Soc., 65. 
122 (1943). "" 

H. Oilman, A. L. Jacoby and J. Swlslowsky, Ibid., 61, 
954(1939). — 

German Patent 550,327 /"£• A., 26, 1^062 (1932)_7. 
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Table IV (Continued) 

Name of Compound M.P. Reference 

p-Diethylaminoethyl-3-dlbenzo-
furancarboxylate hydrochloride 221 (152) 

P-Die thylarainoe thyl-i^.- di benzo-
furancarboxylate hydrochloride 210 (152) 

2-a-Dlethylarainoethyldibenzo-
furan hydrobromlde --- (105) 

2-a-Dlethylaminoethyldlbenzo-
furan hydrochloride --- (105) 

2-(p-Diethylarainoethyl)-dibenzo-
furan pi crate 173-^ (lilil.) 

2-/~ (Diethylaminoethyl)-guanyl-
guanido_y-dibenzofuran 98 (172) 

Diethylaroin<»tiethyl-2-dibenzo-
furylraethyl carbinol (110) 

Die thylamlnome thyl-2-dibenzofury1-
methyl carbinol hydrochloride lli$ (110) 

2-/~2-(Diethylamlno)-1-oxo 7-
ethyldibenzofviran hydrochloride 200-211 (121,173) 

2-Y-Di®thylamlnopropylamlno- b.p.,185-190/ (12,98) 
dibenzofuran 2 mm. 

3-Y-Di®thylamlnopropylamlno- b.p.,260-1/ (12,98) 
dibengofuran 0,$ mm, 

(Continued on next page) 

U. S. Patent 2,191,860 /~C. A., I4.528 (19i|.0)J7. 

171 
E. Mosettlg and R. A. Robinaon, J. Am. Chem. Soc., 

£7, 2166 (1935). "" 
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Table IV (Continued) 

Name of Compound M.P. Reference 

4-Y-Dlethylamlnopropylamlno- b.p.,210-3/ (12,98) 
dibeneofuran 0,$ mm. 

1,4-Dihydro-7-acetyldlbenzofuran 117 (132) 

1,4-Dihydro-7-acetyldlbenzo-
furan oxlme 166 (132) 

1,4-I51hydro-3-amlnodibenzofuran 72 (174) 

1,4-Dihydro-7-a-aJTiinoethyldi-
benzoftiran hydrochloride 248 (132) 

1,2-Dihydro-2-dlbenzofuran-
carboxyllc acid 278-9 (132) 

3,4-Dlhydro-2 (IH) -dlbenzof tiranone 105-6 (175) 

2-/~3-(l ,4-I5ihy<i*'0~3-hydroxy-l ,4" 
aloxo-2-naphthyl)-propyl_/-di- l54*8-6.8 (176) 
benzofuran 

3,4-Dlro®thoxy-a-(4-dibenzofuryl-
acetamlno)-acetophenone 186-7 (119) 

3,4-I'l®®thoxy-a- (4-dlt)0nzof uroyl-
amino)-acetophenone 178-9 (119) 

3-Dlinethylamlnodlben2ofuran 96 (121) 

4-Dlraethylaralnodibenzofuran 98-9 (7) 

(Continued on next page) 

C. W. Bradley, Iowa State Coll. J. Sci,, 12, 
108 (1937). ~ ""• 

H. Henecka, Chem. Ber.. 8l, 197 (1948). 

L. P. Fieser et al. , J. Am. Chem, Soc., 70. 
3197 (1948). ~ 
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Table IV (Continued) 

Name of Compoimd M.P. Reference 

3-Dimethylarainodibenaofuran 230-2 
hydrochloride 191-3 

2-(Dime thylamlnoiie thyl)-dibenzo-
fursm hydrochloride -

(Dimethylamlno)-1-oxo 7-
ethyldibenzofuran hydrochToride 

2-(p-Dimethylaminopropionyl)-
dibenzofuran 

2-(p-Dimethylaminopropionyl}-
dibenzofuran hydrochloride 

1,2-Diphenyl-2-(2-dibenzo-
furyl)-ethylene 

235-7 d. 

88-9 

194-5 

143 
b.p.,310-2/ 
10 mm. 

Dodecylammoniiam 2-diben2o-
furancarboxylate 

N-Dodecyl 2-dibenzofuran-
carboxamide 112-3 

2- (Diphenyls tibino) -dibenzof iiran 125-8 

3-Ethylaminodibenzofuran 69-70 

3-Ethylaminodibenzofviran 
hydrochloride 228-229 

2-/~2- (E thylamino) -l-hydroxy__7-
ethyldibenzofuran 99.5-101 

(Continued on next page) 

(110) 
(121) 

(177) 

(121,173) 

Ukk) 

{IQSAkk.)  

(120) 

87.5-88.5 (155) 

(155) 

(178) 

(119) 

(119) 

(173) 

177 
S. B. Barker, C. E. Kiely, Jr., H. B. Dirks, Jr., 

H. M. Klitgaard, S. C. Wang and S. Wawzonek, J. Pharmacol. 
Exptl. Therap., 99, 202 (1950). "" 

G. J. O'Donnell, Iowa State Coll. J. Sci.. 20. 
3k (1945). 
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Table IV (Continued) 

Name of Compound M.P. Reference 

2-Ethyldibenzofuran —- (114.,179|180) 
b.p.,170-3/ (116) 
11 mm. 

b.p.,175-180/ (181) 
15 inm. 

3-Ethyl-2-(2-dibenzofuryl)-
clnchoninic acid 301-3 d. (120) 

2-Ethyl-2-(2-dlbenzofuryl)-
qulnollne li|.l (120) 

3-Ethyl-2-(2-dlbensofuryl)-
qulnollne 215 d. (120) 

Ethyl ether of plperldlnomethyl-
2-dlbenzofurancarblnol 175 (110) 
hydro chloride 

3-Ethylnltrosoaminodlbenzofwan 136-7 (119) 

2-Fluorodlbenzofuran 88.5-88.8 (128) 

3-Pluorodlbenzofuran 88.5 (128) 

2- (2-Puroyl) -dlbenzof uran 8i|. (120) 
b.p.,264-5/ 
15 mm. 

3-Guanldodlbenzofuran 
hydrobromlde li<2 (182) 

3-(Ouanylguanldo)-dlbenzofuran 186 (172) 

(Continued on next page) 

^79 u. S. Patent 2,500,732 ̂ C. A., 5390 (1950)_7. 

British Patent 635,632 A., 6I4.39 (1950)_/. 

British Patent 635,631 /"C. A., 7883 (1950)_7. 

German Patent 632,572 /"C. A., 218 (1937)^/. 
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Table IV (Continued) 

Name of Compound M.P. Reference 

3-(OuanylmethyIguanldo)"di
benzofuran 

1 >6,9 >9a-Hexahydro-ljA (i^JH) • 
dibenzofuranoarboxaldehyde 

3-Hydrazlnodibenzofuran 

2-(a-Hydroxy-P-aminoe thyl)-
dibenzofuran hydrochloride 

2-Hydroxydibenzofuran 

3-Hydroxydibenzofuran 

188 

152 
171^-5 

261 d. 

I3I+-5 
136 
132.5-3.5 

139-9.5 
137-8 

(172) 

(183) 

(134) 
(6,133) 

(121) 

(lllf 
(187) 
(188) 

(186) 
(135) 
(188) 

(Continued on next page) 

A. P. Dunlop, Ind. Eng. Chem,, 20i|. (I9I4.8). 

British Patent 619,034 /"C. A., 1^, 8690 (1943)_7. 

185 

3963 (1948). 

186 

H. Gilman and H. S. Broadbent, J. Chem. Soo.. 70^ 

187 

British Patent 596,280 /~C. A., Ii2, 4759 (1948)_7. 

R. J. Moualim and K. Venkataraman, J. Sci. Ind. 
Research (India), 2, 447 (1945). " 

1 fifl 
N. M. Phatak and C. D. Leake. J. Pharmacol,. 58. 

155 (1936). 
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Table IV (Continued) 

Name of Compoiand M.P. Reference 

if-Hydroxydibenssofuran 99-100 (11|,10,132, 
189) 

101-2 (188) 
102 (190,191) 

2-(a-Hydroxy-P-dlethylamlnoethyl)-
dibenzofuran hydrochloride 157-9*5 (121) 

2-(a-Hydroxy-p-dtmethylamlnoethyl)-
dlbenzofviran hydrochloride 173-4 (121) 

2-(a-Hydroxy-p-ethylaminoethyl)-
dibenzofuran hydrochloride 218-9*5 (121) 

2-(a-Hydroxyethyl)-dibenzofuran 67-7*5 (8,110,122) 

2-(2-Hydroxy-2-naphthoylamino)-
dibenzofuran --- (192) 

2-(a-Hydroxy-p-piperidinoethyl)-
dibenzofuran hydrochloride 2i;5-25l (121) 

l^-Hydroxy-tetrahydrodibenzofuran 111-3 (li^-D 

lj.-Iododibenzof\iran 70-1 (137) 
b.p.,180/ 
3 mm, 
73-4 (12) 

(Continued on next page) 

(169,151) 

H. Oilman, H. B. Willis. T. H. Cook, P. J. Webb and 
R. N. Heals, J. Ghera. Soc*, 62, 66? (I9I4.O) • 

U. S. Patent 2,146,730 /~C. A.,^, 38I6 (1939)_7. 
IQl 

H. Gilman, L. G. Cheney and H. B* Willis, J. Am. 
Chem. Soc*. 61, 953 (1939). "" 

Swiss Patent 211,293 /"C. A., 3679 (1942)_7. 
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Table IV (Continued) 

Name of Compound M.P. Reference 

2-Isobutyldlbenaofuran 

2-Is obutyryldlbenzof iiran 

If- (l-Iso<lulnolyl) -dibenzof uran 

2-Methoxydibenzofuran 

i|.-Me thoxydlbenzof uran 

{p-Me thoxyphenyl)-acet-
amido^-dibenzoftxran 

3-^N- (£-Me thoxyphenyl) -amino_y-
dlbenzofuran 

3-Me thylamlnodl benz of iir an 
hydrochloride 

2-Methyldlbenzofuran 

3-Me thy1dibenzofuran 

b.p.,195-6/ 
16 mm. 

b.p,,215-8/ 
15 nun. 

137-8 

lf5.1 
i^5-6 

5ij. 
b.p.,16W 
5 mm. 

l5i|.-5 

173-lf 

245-7 d. 

b.p.,305/ 
750 ®m. 

b.p.303-4/ 
75© Bon. 

(120) 

(120) 

(119) 

(111) 
(187) 
(189,132,193) 

(189,119) 
(132) 
(190) 

(98) 

(12,98) 

(110) 

(I40) 

(194) 

(Continued on next page) 

H. Gllman and R. L. Bebb, J. Am. Chem. Soc.. 61, 
109 (1938). •" — 

19i|. 
(I938). 

0, Kruber, A. Marx and W. Schacke, Ber., 2i» 2478 
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Table IV (Continued) 

Name of Corapotmd M.P. Reference 

l4.-MethyldlbenEofuran kS (195A90) 

a-Methyl-3-dlbenzofuranraethanol 63-i4. (196) 
b.p.,173-9/ 

2 mm. 

2-Methyldiben2ofuran plcrate 99-100 (14.0) 

3-Methyldibenzofuran plcrate lOif. (llfO) 

( Methyl 2-dibenzofiiryloarblnol —- (105) 

3-Methyl-2-(2-dlbenzofuryl)-
clnchoninlc acid 298-300 d. (120) 

3-Methyl-2- (2-dlbenzoftiryl)-
qulnollne 110 (120) 

3-Me thyl-2- (2-dlbenzoftiryl) -
quinollne plcrate 230 d. (120) 

x-Hitrodlbenzof\iran 210 (1) 
101-3 (11^1) 
132-3 (131) 

l-Nltrodibenzofuran 120-1 (160,109) 
126-6.5 (103) 

(Continued on next page) 

H. Oilman, M. W. Van Ess and D. M. Hayes, J. Am. 
Chem. Soc., 61, 6I4.3 (1939)- "" 

D. T. Mowry, M. Renoll and W. P. Huber, Ibid.. 68. 
1105 (19ii.6). 



www.manaraa.com

-71-

Tabla IV (Continued) 

Name of Compound M*P. Reference 

2-Nitrodibenzofuran il^.7-9 (3,131 ,loO) 
106-8 (1) 
158.5-9.5 (103) 
15ii.-6 (197) 

(195,136,198) 

3-NltrodlbenEof\iran 181-2 (110,8,3.131, 
114.1,122) 

186-6.5 (103) 
178-180 (ii.,195,119, 

156) 
181-2 (134) 

i|.-Nltrodiben8ofuran 138-9 (103) 

7-Nitro-l ,2,3 ,l|.-tetrahydro-
dibenzofuran 12i|. (110,1^2) 

Octadecylauunonlum 2-dlbenzofiu'an-
carboxylate 88-9 (155) 

N-Octadecyl 2-dibenzoftaran-
carboxamlde II8-8.5 (155) 

o-Nltrophenyl-3-dibenzofurylamine 139.5-1^0 (9) 

3-Palraltoylamlnodibenzof\iran I30 (199) 

Perhydrodlbenzofuran b.p.,108-110/ (132) 
7 mm. 

2-Phenylacetyldlbenzofuran II7 (120) 

(Continued on next page) 

S. Yamashlro, J. Chem. Soc. Japan, 57. 71k (1936) 
Z"C. A., 7575 (1936Ty7^ 

G. N. Lewis and M. Kasha, J. Am. Chem. Soc.. 66, 
2100 (19^4.). "" 

G. M. Ford, Iowa State Coll. J. Sci., 12, 121 (1937). 
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Table IV (Continued) 

Name of Compound M.P. Reference 

a-Phenyl-a-(1-dibenzofuryl)-
acetone 103-5 (150) 

a-Phenyl-a-(1-dibenzofuryl)-
acetone oxlme 20l|.-6 (10,150) 

3-Phenyl-2-(2-dibenaofuryl)-
cinchoninio acid 2I4.7-251 d. (120) 

3-Phenyl-2-(2-dibenzofuryl)-
qulnollne 194 (120) 

3-Phenyl-2-(2-dlbenzofuryl)-
qulnollne picrate 262-4 d* (120) 

2-(Phenylaulfonyl)-dibenzofuran 166 (200) 

2- -piperidinoacetyldibenzofuran (110) 

3-Piperidinodibenzofuran 
hydrochloride 258-260 (110) 

Piperidinemethyl-2-dlbenzof\iryl-
carblnol hydrochloride 242 (110) 

2-Propionyldibenzofuran 97 
b.p.,229-231/ 
16 mm. 
100-1 

(120) 

(121) 

3-n-Propylarainodibenaofuran b.p.,203-5/ 
1 mm. 

(110) 

3-Stearoylaminodlbenaofuran 134 (199) 

(Continued on next page) 

German Patent 701,95il- Z~C. A., 99 (I9i+2)_y. 
201 

S. Rajagopalan and K. Qanapathl* Proc. Indian Aoad. 
Sol.. 15A. 432 (19i^) /£. A., 1124 
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Table IV (Continued) 

Name of Compoiind M.P. Reference 

3-Sulfanilamidodibenaofui»an (8) 
246-7 (123) 
242-3 (201,124) 

3-Sulfanilamldodibenzofuran 
hydrochloride — (8) 

4-Sulfanllaialdodlben2ofuran 195 (8) 

4-Sulfanllaisldodlbensofuran 
hydrochloride (8) 

l,2,3,4-Tetrahydro-7-acetyldl- —- (142) 
benzofuran 67 (132) 

1»2,3,4-Tetrahydro-7-aminodlbenzo-
furan hydrochloride 269 (110) 

1»2,3,4-Tetrahydro-7-amlno-
dlbenzofuran plcrate I87-8 (202) 

3,4#4a,9h-Tetrahydrodlbenzo-
ftl^an-l-carboxyllc acid (203) 

1,2,3»4-Tetrahydrodlbenao-
fiiran-7-carboxyllc acid 145-6 (I4I) 

4-(m-Trlfluoromethylbenzal-
amlno)-dlbenzof^lran 81-3 (148,149) 

2-Valeryldibenzofuran 99 (120) 
to.p.,233-5/ 
13 nm, 

(Continued on next page) 

PQ2 
H. Oilman, E. W. Smith and L. 0, Cheney, J. Am. Chem. 

Soc., 2095 (1935). ~ "" 

A. R. Sengupta, N. C. Ganguly and D. K. Banerjee, 
Science and Culttire, 12. 4^4 (19471' 
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Table IV (Continued) 

Name of Compound M.P. Reference 

2-Vlnyldibenzofuran (20li,l80,205. 
206,207,117) 

30 (115) 
b.p.,164/ 
7 mm* 

3-Vinyldiben2of\jran 
b 
38-9 
.p.,127-8/ 
1.5 mm. 

(196) 

DISUBSTITUTED DIBENZOPURANS 

3-Acetamino-i4."'®ic®to*yldiben2ofuran 209-210 (7,160) 

2-A ce tamino-3-bromodibenzofuran 240-1 (12) 

l-Acetaralno-li-e thoxydi ben zof uran 218.5 (170) 

3-Acetaralno-6-iododibenzofuran 268-9 (7,129) 

l-Acetamino-2-methoxydibenzofuran 203-5 (111) 

l-Acetamino-4-methoxydibenzofuran 222-3 (119) 

2-Acetamino-3-nltrodibenzofuran 206-8 (131) 

2-Acetoxy-3-acetaminodibenzofuran 209-210 (111) 

2«Acetoxy-6-acetaminodibenzofuran 198-9 (111) 

(Continued on next page) 

u. S. Patent 2,500,733 /"c. A., 5390 (1950)_7. 

British Patent 604,879 /"C. A., 1220 (19^9)_7. 

U. S. Patent 2,^98,474 /~C. A., Ijy^, 6198 (1950)_7. 

British Patent 601,568 /"c.  A. ,  1^2, 7574 {19l}.8)_y.  
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Table IV (Continued) 

Name of Ccanpound M.P. Reference 

2-Acetoxy-7*-aoetamlnodlbenzof\iran 200-2 (111) 

2-Acetoxy-8-acetamlnodlbenzofuran 187-8 (111) 

2-Acetoxy-3-aroinodibenzof\iran 235-8 (111) 

2 - A ce t oxy-3 - Inodlbenz of \ir an 
oxazole 136-7 (111) 

2-Acetoxy-7-chlorodlbenzof\iran ll|2-3 (111) 

2-Acetoxy-6-chlorodiben«of\u*an 118-9 (111) 

2-Acetoxy-l-dlbenzof\iran-
carboxyllc acid 151-2 (8,122) 

2-Acetoxy-7-'aethyldlbenzofuran 131-2 (111) 

2-Acetoxy-8-methyldlbenzofuran 117-8 (111) 

2-Acetoxy-3-nitrodibenzof\aran 157-9 (111) 

2-Aoetyl-7-acetamlnodlbenzo-
furan oxlme 203 (105,11+4) 

2-Acetyl-7-anilnodlbenzofuran 158-9 (li|4) 

2-Ace ty1-6-carborne thoxy-
dlbenzofuran 174-5 (208) 

2>-A ce ty 1 - 6-dl be nz of xir an-
carboxyllc acid 262-5 (208) 

3-Acetyl-2-hydroxydibenzofuran 168-9 (7) 
b.p. ,227/ 
7 

(Continued on next page) 

J. C. Ballle, Doctoral Dissertation, Iowa State 
College, 1938. 
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Table IV (Continued) 

Name of Compound M.P. Reference 

l-Acetyl-l4.-raethoxydlben8ofuran 134-4*5 (119) 

1-Acetyl-4-methoxydiben20-
furan oxlme 176-7*5 (119) 

3-Ace tyl-4-me thoxydlbenzo-
furan oxime 162.5-165 (112) 

2-Acetyl-7-nltrodlbenzofuran 212-3 (105,144) 

l-Amlno-4-acetaralnodibenzofuran 202 (109,160) 

3-Amlno-4'*acetaminodibenzofxu>an 236-7 (7) 

l-Amino-2-acetoxydibenzofuran 208-9 (111) 

1-Amino-2-acetoxydibenzo-
furan oxazole 144-5 (111) 

2-Aralno-3-benzenesulfoxaBildo-
dlbenzofuran 227-8 (108) 

2-Amlnobenzofuro-/~2,3f_J7-benzo-
thiazole 268-9 (105,144) 

2-Aminobenzof uro-^2,3f_y-benzo-
thiazole hydrochloride 300 d. (105,144) 

2-Amino-3-bromodibenzofuran 172-3 (131) 

3-Amino-2-dibenzofurylthiocyanate 175 (119) 

l-Amino-4-/~ (8-diethylsulfamyl-
3-dibenzofuryl)-amino__7- —- (126) 
anthraquinone-2-sulfonic acid 

1-(a-aminoe thyl)-4-me thoxy-
dibenzofuran hydrochloride 268-9 (209) 

(Continued on next page) 

209 
' T. H. Cook and H. Oilman, Proc. Iowa Acad. Sd.. 46. 

220 (1939). 
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Table IV (Continued) 

Name of Compound M.P. Reference 

l4.-Amlno-6-hydroxydlbenzofuran 191.5-2.5 (133) 

l-Amino-2-hydroxydlbenzofuran 
hydrochloride —- (14.) 

3-Amlno-i}.-hydroxydlbenzofuran 
hydrochloride 275 (7,160) 

3-Amlno-6-lododlbenzofuran 1^4-3-14. (12,129) 

l-Amlno-2-methoxydlbenzofuran 96-7 (111) 
92.5 (98) 

l-Amino-3-methoxydlbenzofuran 92.5 (12) 

1-Amlno-it.-methoxydibenzofuran 103-4 (12,98) 

2-Amlno-7-methoxydlbenzofuran 169-170 (111) 

i|.-Aralno-6-methoxydlbenzofuran 109 (133) 

1-Amlno-i|.-me thoxydlbenzof uran 
hydrochloride (105) 

2-Am Ino-i|.-me thoxydl be nz of xiran 
hydrochloride --- (105) 

3-Amlno-i|.-methoxydlbenzofuran (105) 

l4.-Amlno-6-methoxydlbenzofuran 235-6 (133) 

1-Amlno-lj.-(l-methoxy-2-dibenzo-
furylamlno)-anthraqulnone- --- (126) 
2-Sulfonlc acid 

2-Aralno-7-methyldlbenzofuran 128-9 (111) 

2-Amino-3-nitrodlbenzofuran 207-9 (131) 

7-Amlno-718,9,10-tetrahydro-
benzo-^bJy-naphtho-£ 2,3d__7- 266-7 (105) 
furan hydrochloride 

(Continued on next page) 
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Table IV (Continued) 

Name of Compound M.P. Reference 

l-Benzeneaao-i|.-hydroxydlbenzof\n»an 174-5 (210) 

2-Benzeneazo-3-hydroxydlbenzofuran. 166 
177-8 

(125) 
(211) 

Benzof uro-^2 106-6.5 (108) 

Benzofuro-/~3,2g__7-qulnollne 168-9 (108) 

Ben2ofuro-/~2,3f^-qulnollno 
hydrochloride 21+0-265 (121,212) 

Ben2ofuro-/~3,2g_J7-qulnollne 
hydrochloride 216-233 (121,212) 

2-Benzoyl-x-carbomethoxy-
dlbenzofuran 189-190 (122) 

2-Ben2oyl-x-dlbenzofurancar-
boxyllc acid 265-6 (122) 

2,7-Bis-(5-benzamido-l-anthra-
qulnonylamlno)-dlbenzofuran (213) 

2,7-Bls- (li-benzoylamlno-l-
anthraqulnonylamlno )-dlbenzofuran (214) 

(Continued on next page) 

210 
H. Oilman and M. W. Van Ess, J, Am. Chem. Soc., 61, 

311^6 (1939). " ~ 

211 
M. W. Van Ess, Iowa State Coll. J. Sol,. 12. 

167 (1937). "• 

212 
E. Mosettlg and R. A. Robinson, J. Am, Chem. Soc., 

902 (1935) . ~ 

213 Swiss Patent 216,594 /~C. A., 5232 (19l|.8)J7. 

Swiss Patent 216,595 Z~C. A., 1^2, 5232 (19i».8)_7. 
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Table IV (Continued) 

Name of Compound M.P. Reference 

2,8-Bia-( chloroacetyD-dibenzo-
furan 202 (215) 

3,2-Bis-(diethylaminoethyl-
amino)-dibenzofuran 

b.p.,250-260/ 
1 mm. 

(171) 

3,7-Bls-/"(diethylaminoethyl)-
guanylguan ldo_y-dibenz of uran 132 (172) 

2,7-Bla-(Y-dl®thylaminopropyl-
amlno)-dlbenzofuran b.p.,285-290/ 

0.1 mm. 
(12,98) 

2,8-Bia-(Y-dlethylaminopropyl-
amlno )-dlbenzofuran 

b.p.,2ii.0-5/ 
0.1 mm. 

(12,98) 

3,7-Bis-(guanylguanido)-
dibenzofuran 216 (172) 

2,8-Bls-^l-hydroxy-2-(l-pi-
per idyl) e thyl^J''-dlbenzofuran 181 (215) 

2,8-Bi8-(l-piperidylaoetyl)-
dibenzofiiran 161 (215) 

1-Bromo-J4.-ace tarn Inodibenz of uran 228 (125) 

2-Bromo-3-ace taminodibenzofuran 19ii. (I3I4.) 

2-Bromo-8-acetyldlbenzof\iran 192 (120) 

l-Br<Hno-2-acetoxydlbenzofuran 135-6 (11^8) 

l-BrcHno-2-amlnodibenzofuran 120-1 (150) 

2-Bromo-7-amlnodibenzofuran (37) 

(Continued on next page) 

M. Tomita, J. Pharm. Soc. Japan» 56, 906 (1936) 
/£. A., 21, 3kSk (1^37)_7' 
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Table IV (Continued) 

Name of Ccaapound M*P. Reference 

2-Bromo-3-aininodibenzofuran 
hydrochloride 236 d. (110) 

2-BroTO0-7-arainodlbenzofuran 
hydrochloride (131,110) 

x-Bromo-i4.-carbOTiethoxydlbenEofuran 21^0 (3) 

2-Bromo-l4.-dibenzofuran-
carboxyllc acid 281i.-5 (8,153) 

2-Brmo-8-dibenzofur6ui-
carboxylic acid 328 (119,11^1) 

2- (8-Broino-2-dibenzof \iryl) -
clnchoninic acid 290-5 d, (120) 

2-(8-Bromo-2-dlbenzofuryl)-
qulnoline 172 (120) 

2-(8-Bromo-2-dib0nzofuryl)-
qulnoline 172 (120) 

2-(8-Brorao-2-dibenzofuryl)-
qulnoline plcrate 235-2ii.O (120) 

1-Broino-i|.-Y-diethylamino- b.p.,212-5/ (12) 
propylamlnodibenzofuran 0.1 mm. 

2-Bromo-3-Y-di®t:hylamlno- b.p.,190-5/ (12,98) 
propylaminodlbenzofuran 0.5 mm. 

1- (2-Bromoethyl) -]4.-methoxy-
dlbenzofuran 91-91.5 (119) 

x-Bromo-l-hydroxydlbenzofuran I78 (156) 

l-Bromo-2-hydroxydlbenzofairan 122-3 (IkB) 

(Continued on next page) 
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Table IV (Continued) 

Name of Compound M.P. Reference 

l-Bromo-3-hydroxydibenzofuran 113-3.5 (216) 

1-Bromo-4-hydroxydlbenzofuran 150 (125) 

2-Bromo-3-hydroxydlbenzofuran 111-2 
115-6 

(5) 
(125,188) 

2-Brorao-4-hydroxydlbenzofuran 154-5 (12) 

4-Brorao-6-hydroxydibenzofuran 138-9 (133) 

l-Bromo-2-methoxydibenzofuran - - - (125,217) 

l-Bromo-4-methoxydlbonzofuran 97-97.5 (105,144,125 
217) 

2-Bromo-4-nie thoxydlbenzof uran 106-7 (12) 

4-Bromo-6-methoxydlbenzofuran Ilk (133,217) 

2-Bromo-4-Methyldibenzofuran 106-6.5 (211) 

2-Bromo-3-nitrodlbenzofuran 154.5-5.5 (131,4) 

2-Bromo-7-nltrodibenzofuran 250.5-1.5 
248 
258-9 

(131) 
(110) 
(103) 

2-Brorao-8-ph0nylac0tyldib0nzofuran (120) 

7 - Br canopyr i dodlben zof uran 152 (110) 

1-Garborae thoxy-4-nie thoxy-
dlbenzofuran 125 (217) 

(Continued on next page) 

K. Tatematsu and B. Kubota, Bull. Chero. Soc. Japan, 

448 (1934) Z"C. A., 1091 (1935)J7. 

^^7 H. Gllman, J. Swlslowsky and G. E. Brown, J. Am. Chem. 
Soc.. 348 (1940). "" — 
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Table IV (Continued) 

Name of Compound M.P. Reference 

1 - Chloroa ce ty 1 -ij.-me t hoxy-
dibenzofuran 165-6 (133) 

2-Chloro-7-anilnodibenzofuran --- (37) 

x-Chloro-2-dlbenzofuran-
carboxyllc acid 285-290 (lip.) 

l-Chloro-l|.-hydroxydibenzofuran 154"5 (1^4-) 

l-Chloro-8-hydroxydibenzofuran 1^8-9 (111) 

3-/~U- (2-Chlorome thy1-3-chloro-
benzofuro-^3,2g__y-quinolyl) -
amino__7-dibenzofuran 24.0-2 (127) 

1 ,l|.-Dlaoetamlnodlbenzofuran 307-8 (109,160) 

3 ,i|.-Diacetamlnodibenzofuran 257 (7) 

3.6-Diacetaminodlbenzofuran 321-2 (12,129) 

3.7-Dlacetamlnodibenzofuran 322-i|. (218) 

i^.,6-Diacetaminodibenzofuran 297-8 (133) 

i|.,8-Diacetaminodibenzofuran 265-6 (219) 

1.8-Dlaoetoxydibenzof\u>an 128-130 (111) 

2.7-Diacetoxydibenzofuran 164.-5 (111) 

2.8-Diacetoxydibenzofuran 154-~5 (111) 

(Continued on next page) 

_ S. Yamashiro, Chem. Soc. Japan, 59i 9k5 (1938) 
A., 603 (1939)17. 

S. Yamashiro, ibid., 186 (1938) /"C. A., 32, 
9084 (1938)_7. X. - ^ 
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Table IV (Continued) 

Name of Compoimd 

3 ,l4.-Diacetoxydibenaofuran 

if ,6-Dlaoetoxydlbenzof uran 

2,8-Diacetyldibenzof\iran 

2,8-Diallyloxydibenzofuran 

1 ,i|.-Diaminodibenaof wran 

2.3-Diaminodiben2ofuran 

2 yT'I^iaininodibensofuran 

3.6-Diaininodibenzofiiran 

3.7-Diaminodibenzofuran 

I). ,6-Diaminodibenzof uran 

1.4-Dianiinodibenzofuran 
dlhydrochloride 

2,3-Diaiainodibenzof uran 
dihydrochloride 

2,7-Diarainodibenzofuran 
dihydrochloride 

i|. ,6-Diaminodibenzof uran 
dihydrochloride 

if ,6-Diaininodibenzof uran 
picrate 

2|8-Dibenzofurandiacetio acid 

M.P. Reference 

lOif-5 (133) 

177 (133) 

lifO (118) 
b.p.,250-260/ 

(9) 

(7,109,160) 

(128) 

(1) 

12,129) 

(218) 

(133) 

(109,160) 

(131,110) 

(1,131) 

(133) 

(133) 

(118) 

15 xnm. 

70-1 

86-7 

125 

154-5 

150.5-2.5 

152 

322-3 

298 

213 d. 

230-1 

(Continued on next page) 
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Name of C expound M.P. Reference 

Dlbenzof tirandl carboxamlde 

2,8-Dibenaofurandioarboxyllc acid 

14,,6-Dlbenzofurandlcarboxyllc acid 

i|,,6-Dibenaofxirandisulfinic acid 

2,8-Dibensofurandisulfonic acid 

l4.,6-Diben«ofurandisulfonic acid 

2,8-Dibenzofurandisulfony1chlor ide 

Dibenzofuran-2-sulfonic acld-8-
sulfonyl chloride 

(Dibenzofurotetrahydro-
qulnolyl )-aminodlbenzofuran 

2|8-Dlbenzofuryloxyacetic acid 

2,3-Dibramodibenzofuran 

2 fT-Dibromodlbenzofuran 

2 yS-Dlbrcanodibenzof uran 

307-8 

300 

32$ 

183-5 

300 

218 

128-130 

300 

271-3 d. 

178-9 

187-189 
. ,220/ 
mm. 

Dibrcanotetrahydrodibenzofuran 79 

(Continued on next page) 

(220) 

(141,11^2,119) 
(215) 

(190,221,157) 

(190) 

(1^2,163) 

(190) 

i l k l )  

(lia) 

(127) 

(9) 

(110) 

(131) 
(135) 

(7) 

(14,120,119, 
142,156) 

(132) 

220 

221 
French Patent 803,257 /~C. A., ja, 2615 (1937)J7. 

H. Oilman and R, V. Yotmj?, J. Am. Chem. Soc.. 57. 
1121 (1935). "• 
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Table IV (Continued) 

Name of Compotmd M.P. Reference 

2,8-Dlbutyryldibenzofijran 136 (120) 
b.p.,280-5/ 
17 mm. 

2,8-Dlcarboiae thoxydibenzof uran 166-7 (II4I #215) 

X ,x-Di chlorodibenzof tiran 11+4 (1) 

2,8-Dichlorodlbenzoftiran l8i|.-5 ilk) 

2,8-Dicyanodibens5of \iran (l^l ,li|.2) 

1- P-Dle thy lamlnoe thyl -Ij.-me thoxy
dibenzof uran hydrochloride I87 d. (119) 

2-Y-Dlethylamlnopropylamlno-3- b.p.,200-210/ (12,98) 
bromodlbenzofuran 0.5 mm. 

3-Y-Dlethylamlnopropylamlno-6- b.p.,290-5/ (12,98) 
iododlbenzofuran 0,^ mm, 

l-Y-Dlethylarainopropylamlno-2- b.p.,205-7/ (12,98) 
methoxydibenzoftiran 0.1 mm. 

1-Y-Dlethylamlnopropylamlno-i^- b.p.,211-5/ (12,98) 
methoxydibenzofuran 0.1 mm. 

3-Y-Dlethylaminopropylamlno-l4.- b.p.,231-4/ (12,98) 
methoxydibenzofuran 0.3 mm. 

4,4a-Dlhydro-4- (£-me thoxyphenyl) -
2(3)-dibenzofuranone 152 (222) 

4a,10b-Dlhydro-4a,8-dimethyl-
2(l)-dlbenzofuranone —- (223) 

(Continued on next page) 

ppo 
T. B. Panse, R. C. Shah and T. S. Wheeler, J. Indian 

Chem. Soc., 18, 453 (1941). " 

W. W. Westerfeld and C. Lowe, J. Biol. Chem., 145• 
463 (1942). "" 
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Table IV (Continued) 

Name of Compound M.P. Reference 

1.8-Dlhydroxydibena5of uran l82|,-5 (111) 

1.9-Dihydroxydibenzofuran 215 (22I4.) 

2.7-Dihydroxydlbenzofuran 196-7 (111) 

2.8-Dlhydroxydibenzofuran 2I4I-2 ( 9 )  
239-21^0 (111) 
230-235 (225) 

(8,10,122) 

3 ,i|.-Dlhydroxydibenzofuran 161-1|. (7) 

3.7-Dihydroxydibenzofuran 2i|.l-l,5 (22i|.) 

l|.,6-Dihydroxydibenaofuran 203-J4. (12,129,133) 
190 (190) 

il.,6-Dilododibenzofuran 160 (12,129,190) 

1.8-Diitiethoxydibensofuran 70-I (111) 

2.7-Dimethoxydlbenzofuran 112-3 (111) 
b.p.,197-8/ 
3 ram. 

2.8-Dliaethoxydibenzofiu'an 89-90 (111) 
88-9 (225) 

3,4-DiDiethoxydibenzofuran 60-1 (133) 

4,6-Diine thoxydibenzofuran 128-9 (133 »12) 

i|.,6-Dlmethoxydlbenzof'uran piorate 161-2 (133) 

(Continued on next page) 

T. Simsda and K. Hata, Sei. Papers Inst. Phys. Chera. 
Researeh (Tokyo), 365 (1939)ZT. lm9j^ 

225 Oilman, J. Swiss, H. B. Willis and P. A. Yeoman, 
J, Chem. Soc., 66, 798 (19iUl-)« 
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Table IV (Continued) 

Name of Compound M.P. Reference 

1-(Dimethylamlnomethyl)-2-
hydroxydlbenzofuran llk-B (185) 

I4A ,7-Dlmethyl-l ,2,3 ,9b-
hexahydrodlbenzofuran 

b.p.,139-li+l/ 
12 mm. 

(226) 

X,x»-Dinitrodibenaofuran 195-200 (1) 

2,6-Dinitrodlbenzofuran 263-lf (103,219) 

2,7-Dinitrodlben2ofuran 
255-6 

(1) 
(103,219) 

2,8-Dinltrodlbenzofuran 329-330 (103,135,219) 

3,7-Dinitrodlbenzofuran 326-7 (103,218) 

i|. ,6-Dlnitrodlbenzof uran 351-2 (103) 

2,8-Dlpropionyldibenzofuran (120) 

Y ,Y'-Dioxodibenzofuran-2,8-
dlcrotonlc acid 222 (227) 

l-Ethoxalyl-i|.-methoxydibenzofuran 113 (133) 

N-(6-Ethoxy-2-b©nzothlazolyl)-
2-hydroxy-3-dibonzofuran IW M Mi (228) 
carboxamide 

(Continued on next page) 

J. B. Nioderl and V. Niederl, ibid.. I785 (1939). 

3, J, Cramer, W. Schroeder, W. J. Moran, C. H. Nield, 
M. Edwarda, C. I. Jarowski and B. Puetser. J. Am, Pham. 
Aasoc. . 439 (191^8). "" 

U. S. Patent 2,399,026 /"c. A., i|^, 3909 (1946)_7. 
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Tabls IV (Continued) 

Name of Conpound M.P. Reference 

2-Ethoxy-3- (3-liydroxy-2-naphthoyl-
amino)-diben8ofuran 236-7 (229) 

2-Hydroxy-6-aoetaralnodlbenzofuran 210-1 (111) 

2-Hydroxy-7-acetaniinodlbenzofuran 2i<4-5 (111,230) 

2-Hydroxy-8-aoetaininodlbenzofuran 210-3 (111) 

2-Hydroxy-3-amlnodibenzofuran 20^ (187) 

2-Hydroxy-6-aminodibenzofuran 230-2 (111) 

2-Hydroxy-7-amlnodlbeneofuran 200-2 (111,230) 

2-Hydroxy-8-aminodiben8ofuran 269-270 (111) 

2-Hydroxy-3-aniinodlbenzofuran 
hydrobroraide 265 d. (187) 

1-Hydroxy-(2 or ij,)-broiRO-
dibenzofuran 178 (5) 

2-Hydroxy-3-bromodlbenzof\iran lif3-4 (125»139) 

2-Hydroxy-6-chlorodlbenzofTaran 167-9 (111) 

2-Hydroxy-7-chlorodibenzof\iran 167-8 (111) 

2-Hydroxy-8-chlorodibenzofuran l8ij.-5 (111) 
(186) 

2-Hydroxy-l-dibenzofuran-
oarboxylic acid 216 d. (8,122) 

(Continued on next page) 

French Patent 8l8,07lf jTc, A., J2 , 2366 (1938)_7. 

British Patent i|.70,021 /"C. A., ll{.87 (1938)J7. 
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Table IV (Continued} 

Narae of Ccsapound M.P," Reference 

2-Hydpoxy-3- dlbenzof iiran-
carboxylio aold 

292-3 (187) 
(228,231) 

2-Hydroxy-9-dibenzofuran-
carboxyllo acid 246-7 (111) 

2-Hydroxy-2«,5'-dlmethoxy-3-
dlbenzofurancarboxanlllde 

(187,232,233 
23i|.) 

1- P-Hydroxye thyl-l4.-Me thoxy-
dibenzoftu*an 96-6.5 (119) 

2-Hy droxy-7-nie thoxydibenzof iiran ll^^-7 
b.p.,230/ 
3 mm. 

(111) 

2-Hydroxy-8-iaethoxydlbenzofuran 116-8 (111) 

i4.-Hydroxy-6-me thoxydibenzof tiran 109-110 (133) 

2-Hydroxy-6-methyldlbenzofuran 131-3 , 
b.p.,170/ 
3 mm. 

(111) 

2'-Hydr oxy-7 -me thyldibenzof uran li^8-9 (111) 
(186) 

2-Hydroxy-8-methyIdlbenzofuran 160-1 (111) 

(Continued on next page) 

U. S. Patent 2,i^53,105 /"C. A., 30^0 (19l4.9)J7. 

232 n. S. Patent 2,1^96,255 / £. A., jilt, 75k$ (1950)_7. 

TJ. S. Patent 2,500,080 /"C. A., 1^^, 8122 (1950)_7. 

23i|. seinard, Telntex. 4, 76 (1939) /~C, A., 22.» 
5386 (1939)J7. ~ 
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Table IV (Continued) 

Hame of Ccanpound M.P. Reference 

2-Hydroxy-l4.« - (1^,-iBorphollnyl) - 3-
dlbenzofuranoarboxanlllde —- (235*236) 

2-Hydroxy-4' - (i|.-morphollnyl) -3' -nl-
tro-3-dlbensiofurancarboxauiillde -— (235*237) 

2-Hydroxy-3-nitrodibenf;ofuran 209-210 (111) 

7-Ket0-8-dimethylaminomethy1-
7,8,9,10-tetrahydroben*o-/~b 7-
naphtho-2f"2 -fur an 185-6 (119) 
hydrochloride 

2-Methoxy-3-acetaiainodlbenaofuran 139-11|.0 (111) 

2-Hethoxy-7--acetamlnodlbenzofuran 177-8 (111) 

2-Methoxy-8-acetamlnodlben*ofuran 178-9 (111) 

2-Methoxy-3-«ittlnodlben*ofuran 92-2.5 (12) 
92 (111) 
93-4 (187) 

(126) 

2-Methoxy-6-amlnodlbenzofuran 8l-2 (111) 

2-Methoxy-7-«ralnodlben*ofuran 92-3 (111) 

2-Methoxy-8-aminodlbenzof\aran 120-1 (111) 

5-Methoxy-l-bena-/~b 7-Indeno-
Z^»5dj7-3(2)-one 192-3 (10,150) 

(Continued on next page) 

235 British Patent 613,130 /"c. A., 8162 (19^9)J7. 

U. S. Patent 2,419*932 /"C. A., 1^2, 607 (19ij.8)J7. 

U. S. Patent 2,i^08,421 /~C. A., 1451 (1947)J''. 
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Table IV (Continued) 

Name of Compound M.F* Reference 

2-Methoxy-3-broraodibenaofura4i 171-2 (12,114.8,125, 
217,139) 

170.5-1.5 (187) 

2-M©thoxy-8-bromodibenzofuran 92.5 (139) 

2-Methoxy-3-carbomethoxy-
dlbenzoftiran 122.5 (156) 

i|.-Me thoxy-6-carbome thoxy-
dlbenzoftiran --- (lQ9) 

2-Methoxy-6-chlorodibeniiofuran 106-8 (111) 

2-Methoxy-7-chlorodiben*ofuran 83-14- (111) 

2-Methoxy-8-chlorodiben2ofuran 86-8 (111) 

2-Methoxy-3-oyanodlbenaofuran 197-9 (187) 

l4.-Methoxy-l-dlbensiof\iranacetaralde 203 (238) 

l4.-Methoxy-l-dlbenaofuran-
acrylic acid 281-282 (150) 

l4.-Methoxy-l-dlbenaof\iran-
oarboxaldehyde 1014.-5 (150) 

2-Methoxy-1-dlbenzofuran-
oarboxyllc acid 156-7 (217) 

2-Methoxy-3-diben8ofuran- 206-7 ( 7 , 2 1 7 )  
carboxyllc acid 208-9 (187) 

i4.-Methoxy-l-diben8ofTiran- 279-280 (119,10,238) 
carboxyllc acid 280-1 (217) 

276-77 (133) 

(Continued on next page) 

A. Burger and S. Avakian, J. Chem. Soo*, 62, 
226 (191^.0). 
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Table IV (Continued) 

Name of Compound H.P. Reference 

l4.-Methoxy-3-dibenzofuran-
carboxyllc acid 182-3 (189) 

1}.-Me thoxy-6-dlbenzof uran-
carboxyllc acid 2^0-2 (189,217) 

l|.-Methoxy-l-dlbenzofuran-
carboxylic acid chloride 162.5-3*5 (238) 

l|.-Methoxy-l-dlbenzofuryl-
acetic acid 220 (1^0) 

4-Me thoxy-l-dlbenzof xiryl-
a-oxoacetic acid 18? (133) 

i|.-Methoxy-l-dlbenzof\iryl-
a-oxoacetlc acid semlcarbazone 211.5-212 (133) 

P-/~l- (l|.-Methoxydlbenzofuryl) 7-
proplonlc acid 176-7 (150) 

2-Methoxy-2-Y-diethylamino- b.p.,210-3/ (12,98) 
propylaminodibenzofuran 0.1 mm. 

1-Methoxy-8-hydroxydibenzofuran lii.5-6 (111) 

2-Methoxy-3-(3-hydroxy-2- —- (187) 
naphthoylamlno)-dibenzof xiran 227-9 (229) 

2-Methoxy-l-methyldibenzofuran 60-1 (150) 

2-Methoxy-6-methyldibenzofuran 77-9 (111) 

2-Methoxy-7-Bie thyldibenzof uran 50-1 (111) 

2-Methoxy-3-nitrodlbenzofur€ui 186-6.5 (12,98) 
190-2 (111) 

1-Methyl-2-acetoxydibenzof\iran 80-l (150) 

2-Methyl-l-benzofiiro-/~2,3f_7-
benzimidazole 270 (i)|)|) 

(Continued on next page) 
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Table IV (Continued) 

Name of Compound M*P. Reference 

J-Methyl-l-benzof uro-/~2,3^7' 
benzimldazole hydrochloride hydrochloride 335 (114*.,105) 

6-Me thyl-i|.-dibenzof uran-
carboxyllc acid 238-2I4.O (190) 

4a-Methyl-7-ethyl-l,2,3,l4.,i(a,9b- b.p. ,114.6-8/ (226) 
hexahydrodibenzofuran 12 mm. 

l-Methyl-2-hydroxydibenzofuran 135-6 (150) 

l-Methyl-8-hydroxydibenzofuran 137-8 (111) 

N-Methyl-l ,2,3 ,i^.-tetrahydrobenzo-
fu^o-^3 #2gj7-<luinoline 56-7 (121) 

N-Methyl-l ,2,3 .l4.-tetrahydrobenzo-
furo-/~2,3f _/-quinolIne 72-3 (121) 

N-Methyl-l ,2,3 ll^•-tetrahyd^obenzo-
fu^o-/~3,2g 7-epilnolin© 198-205 d. (121,212) 
hydrochloride 

N-Methyl-l ,2,3jtlj--tetrahydrobenzo-
furo-A2,3f 7-<lulnoline I96-215 (121,212) 
hydro^loride 

1-Nltro-l^-acetamlnodibenzofuran 216 (160) 

2-Nitro-3-acetaminodibenzofuran I96 (105,8) 
205 (108) 

2-Nltro-7-acetamlnodibenzof\iran 212 (1) 

l-Nitro-2-acetoxydibenzoftiran 134-5 (111) 

1-Nltro-i(.-amlnodlbenzof\xran 219-220 (160,109) 

2-Nitro-3-amlnodlbenzofuran 222 (128) 
232-3 (108) 

(Continued on next page) 
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Table IV (Continued) 

Name of Compound M.P. Reference 

2-Nitro-3-benzen0sulfonaioldo-
dlbenzofxiran 

2-Nltro-3-bls-(phenylsulfonyl)-
amlnodlbenzofuran 

3-Nltro-6-bromodibenzofuran 

l-Nltro-S-bromodlbenzofuran 

x-Nltro-l^-dibenzofuran-
carboxyllc acid 

7-Nltro-2-dibenzofuran-
carboxyllc acid 

3(or 7)-Nitro-li.-dibenzofuran-
carboxylic acid 

x-Nltro-x-dlbenzofuran-
sulfonlc acid 

3-Nltro-x-dlbenzofuran-
sulfonlc acid 

3-Nltro-x-dlbenzof\iran-
sulfonyl chloride 

2-Nltro-7-dlbenzoftirylarslne 
oxide 

2-Nltro-7-dlbenzof\iryl-
dlchloroarsIne 

226-7 

263-5 d. 

205 

189.5-190.5 

2-Nltro-6-carbomethoxydlbenzofuran 205 *5 

3(or 7)-nltro-l4.-carbomethoxy-
dlbenzofuran 156-8 

3-Nitro-6-carboinethoxydlbenzoftiran 156-8 

3-Nltro-7-carboniethoxydlbenzofuran 202-3 

132-146 

300 d. 

160-5 d. 

200 

250 

152 

(Continued on next page) 

(108) 

(108) 

(119) 

(103) 

i k )  

(3) 

(3) 

(119) 

(3) 

(152) 

(3) 

(llA) 

(1) 

(1) 

(136) 

(136) 
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Table IV (Continued) 

Name of Compound M.P. Reference 

1-Nltro-2-hydroxydlbenzofuran 130-2 (111) 

2-Nltro~3-hydroxydlbenzofuran 162-3 (12,98) 

3-Kitro-6-iododlben8of\iran 223 (119) 

2-Nltro-3-iododibenzofuran 189-9*5 (12,98) 

l-Nitro-2-raethoxydibenzofuran l5i|--5 (111) 

1-Nltro-i|.-methoxydibenzofuran 153 •5-4 (12) 

2-Nitro-3-/~N- (£-methoxyphenyl) ami-
no^-dlbeneofuran 173-1| (98) 

3-Phenyl-2-(8-bromo-2«dibenzo-
furyl)-clnchonlnlc acid 280 d. (120) 

3-Phenyl-2-(8-bromo-2-dlbenzo-
furyl)-qulnollne 196 (120) 

3-Phenyl-2-(8-bromo-2-dibenzo-
f\iryl)-quinoline picrate 235 (120) 

Pyrldo-2^2,3c 7-dibenzofuran 
hydro^lorlHe 292-I4. (110) 

2-Sulfo-7-dibenzofuranarsine 
oxide 275 (I36) 

2-Sulfo-7-dibenzofuranarsoni c 
acid 300 (136) 

1,2,3 ,l4.-Tetrahydrobenzofuro-
/^2,3fJ'-quinoline 80-I (121) 

1,2.3 ,I|.-Tetrahydrobenzof uro-
Z 3,2g_7-quinoline 111-2 (121) 

1,2,3A-Tetrahydrobenzofuro-
Z^S ,3f__7-<luinoline hydrochloride 230-21^5 (121,212) 

(Continued on next page) 
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Tftble IV (Continued) 

Name of Compound M*P. Reference 

1,2j3 ,I|,-Tetrahydrobenzof \jro-
Z^3>2g_7-qulnoline hydrochloride 196-226 (121,212) 

3 ,i}A ,9b-Tetrahydro-6( ?)-hyd^oxy-
l(2H)-dibenzofuranone 13il-"5 (239) 

3 ,i|.,4a ,9b-Tet;rahydro-9b-hydroxy- b»p. ,157-160/ (175) 
2(lH) -dlbensofuranone 3 inni. 

1,2,3 ,i|.-Tetrahydropyrido-/~'2,3c_7-
dlbenaox'uran hytoochlorlde 225-235 (2ij.O) 

1-(m-Trifluoromethylphenylazo)-2-
hydroxydlbenzofuran 173-4 (li|.8 ,li|.9) 

raiSUBSTITUTED DIBENZOFURANS 

l-Acetamlno-3 ,ii.-dlmethoxy-
dlbenzofuran 196-6.5 (133) 

1-Acetamino-l|,,6-dlraethoxy-
dlbenzofuran 2i^-5 (133) 

2-Acetyl-7-acetamlno-8-nitro-
dibenzofuran 270-1 (1)|J{) 

l-Acetyl-3,i|-dimethoxydlbenzofuran 90.5-91 (133) 

l-Acetyl-Ij.,6-dimethoxydibenzof\iran 178-9 (133) 

l-Acetyl-3 jij.-dimethoxydibenzofxu'an 
oxlBie 156-7 (133) 

(Continued on next page) 

E. C. Horning, M. 0. Horning and E. J. Piatt, Ibid., 
20, 2072 (mS). 

E. Mosettlg and R. A. Robinson, Ibid*. 58, 688 
(1936). 
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Table IV (Continued) 

Name of Compotind M.P. Reference 

1-A ce tyl-U,6-dimethoxydlbenzofuran 
oxlme 203-4 (133) 

5-Amlnobenzofuro-/~"2,3f_7-Qulnoline 197-8 (108) 

5-Amlnobenzofuro-2f3,2f_7'-qulnollne 138-II4.O (108) 

Amlnobenzof \iro-/~'2,3f_J''-<luinoline 233 (108) 

Amlnobenzof uro-/~2,3f_y-qulnoline 200 (108) 

Amlnobenzofuro-/"3,2g__7-quinollne 236.5-237 (108) 

l-Amlno-3 ,i|.-dlmethoxydibenzofuran 162-3 (133,12,98) 

l-Amlno~4,6-dlmethoxydlbenzof xiran 162-2.5 (133) 

l-Amlno-l4.,6-dlmethoxydlbenzofuran 
hydrochloride 286-7 (133) 

l-Ajnlno-2-methoxy-ij.- (4' -nltro-
phenylazo)-dlbenzofuran 267 (111) 

l-Benzeneazo-i|.,6-dlraethoxy-
dlbenzofuran 170 (133) 

1 - Ben zenea z o-i}.-hy dr oxy- 6-me thoxy-
dlbenzofuran 175 (133) 

S-Benzenesulfonamldobenzoftiro-
Z~3,2f__7-qulnollne 197-8 (108) 

k'/TE." ̂ Benzyloxy) ph©nyl_7-2,3,14. ,l|a-
teTrahyd^o-2-oxo-3-ca^boethoxy- 156 (241) 
dlbenzofuran 

(Continued on next page) 

S. N. Rao and R, S. Wheeler» J. Chero. Soo., lOOk 
(1939). "" 
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Table IV (Continued) 

Name of Compound M.P. Reference 

E- (Benzyloxy) phenyl^-2,3,4,4a-
tetrahyd^o-2-oxo( ?)-3-dibenzo-
fu^anca^boxylic acid 

202 (2iA) 

2-BrQmo-3-acetamino-6-carb<xae-
thoxydibenaofuran 2k7'7*$ (211) 

l-Bromo-3-acetaraino-i|.-methoxy-
dibenzofuran 178-9 (119) 

l-Bromo-3-aMino-l4.-me thoxy-
dibenzofuran 135-6 (119) 

Bromob©nzofuro-/~2,3f^-<lulnoline 20i|. (108) 

Bramobenzofiiro-/~2 180-2 (108) 

l-Broino-3"Y-diethylamlnopropyl- b 
amino-^-methoxydlbenzofuran 

.p.,21^5-250/ 
0.1 mm. 

(12,98) 

1{?)-Brorao-2,8-dlacetoxydibenzo-
furan 

Ik2-k 
114.3-5 

(li^8) 
(10) 

1 (?) -BrcHno-2,8-dihydroxy-
dlbenzofuran (li^8,10) 

1(?)-Bromo-2,8-dlmethoxy-
dlbenzofuran 102.5-3.5 (11^8) 

l-Bromo-3,4-dimethoxy-
dlbenzofuran 108 (133,217) 

l-Bromo-ij. ,6-dime thoxy-
dlbenzofuran 152 (133,150,217) 

3-Bramo-2,8-dlraethoxy-
dlbenzofuran 

115-6 
117.5-118 

(10,150) 
(9) 

3-Br<ano-i|. ,6-dlBie thoxy-
dlbenzofuran 117.5-119 (10,150) 

(Continued on next page) 
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Tftble IV (Continued) 

Name of Compoxind M.P. Reference 

2-Br<Hno-3 >7-dlnitrodibenzofuran 251^.-5 (2I42) 

2-Br<Miio-3 *8-dinitrodibenzof\iran 216-7 (21|2) 

3-Bronio-2,7-dlnitrodlbenzof\iran 223-I4. (21^2) 

3-Bromo-2,8-dinitrodlbenzofuran 25i|.-5 (21j^) 

8-Bromo-l,7-dinitrodlbonzofuran I98-9 (21+2) 

l-BroiBO-3-bydroxy-ij.-rae thoxy-
dlbenzofuran 161-2 (133) 

l-Brojno-3-nltro-l(.-methoxydibenzo-
furan I60-I (119) 

1-(5-Chloro-2 ,i(.-dlraethoxyphenyl-
azo)-2-hydroxy-2• ,5'-dlmothoxy- --- (232) 
3-dibenzofuranearboxanllide 

2,8-Diacetamlno-3-nltrodibenzofuran 322-i|. (122) 

I4. ,6-Diainino-l-dlben2of uran-
carboxyllc acid I83-I4. (150) 

1,3-Dlamino-2-raethoxydlbenzofuran 117-8 (111) 

2,8-Dlaitiino-3-nitrodibenzofuran 210-3 (150) 

Diazcanethyl ij.,6-dim0thoxy-l-
dibenzofuryl ketone 151 d. (133) 

l,x-Dibromo-2-acetoxydlbenzofuran l5ij--5 (li^-Q) 

l,3-Dibronio-2-acetainlnodibenzofuran 25ii.-8 ( 9 )  

2,8-Dibrorao-3-aoetyldlbenzofuran 157-7'5 (119) 

(Continued on next page) 

2I42 Yainashiro, Bull* Chem, Soc. Japan, 17. 76 (1914.2). 
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Table IV (Continued) 

Name of Coinpoiand M.P. Reference 

1,3-Dlbronio-2-aininodiben8ofuran 181.5-182 
180-1 

(9) 
(10,150) 

1,3C-Dibromo-2-hydroxydlbenzof \iran 168-178 (148) 

1,3-Dlbrooio-2»hydroxydlbenzof \iran 112-3 (9) 

1,2-Dibromo-ij.-rBethoxydlbenaofuran 127-8 (12) 

1,3-Dlbroino-4-niethoxydlbenBof\iran 139-140 (I50) 

2,7-Dlbromo-3-nltrodlben2iof uran 209-210 (242) 

2,8-Dlbroino-l-nltrodibenzofuran 21|5-7 (242) 

2,8-Dlbromo-3-nltrodibenzof viran 190-1 (242) 

3,8-Dlbrorao-2-nltrodlbenzofuran 205-6 (242) 

1,2-DioarbcH»iethoxy-i|.-methoxy-
dlbenzoftiran 

165-6 
175-6 

(12) 
(10,150) 

1,3-Dlohloro-i|.-hydroxydibenzofuran 160-1 (14) 

5-/T|.-Die thylamlno-l-me thylbutyl-
auiino 7-benzofuro-^3 »2f_J7-
qulnoline 

b.p., 230-250/ 
0.01 mm. 

(108) 

(3-Dietlwlainin^ropylamlno) -benzo-
fviro-£ 3,2g^_7-quinoline 

b.p., 250-260/ 
0.02 mm. 

(108) 

l-Y-Diethylamlnopropylaraino-3 *4-
dimethoxydibenzofuran 

b.p.,240-3/ 
0.1 lom. 

(12,98) 

l-/~$-(Dletihylaulf amyl) -2-me thoxy-
phenylazo__/-2-hydroxy-l|.' - (ij.-
morphollnyl)-3•-nitro 
3-dibenzofurancarboxanllide 

(237) 

X ,x-Dlhydro ,x ,x-dlbromo-3-amlno-
dlbenzofuran 186 d. (174) 

(Continued on next page) 
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Table IV (Continued) 

Name of Compoxmd M.P. Reference 

1- (2,3-I>lhydro-6-^lethoxy-3-bonzo-
f^lryl)-2-hyd^oxy-7-methoxy( ?)- 184.-5 (2i43) 
dlbenzofuran 

3 ,i|.-Dlhydro-7-raethoxy-l- (6-
methoxy-3{2H)-benzof^^rylldene)- 181^.-5 (2ij.3) 
2(IH)-dlbenzofuranone 

i4.,l+a-Dlhydro-7-methoxy-lj.- (£-
raethoxyphenyl)-2(3)-dlbenzofuranone l5i|. (222) 

I4. ,6-Dlhydroxy-l-dlbenzof uran-
carboxyllc acid 278-280 (150) 

3 ,i4.-Dline thoxy-1-car borne thoxy-
dlbenzofuran 78 (217) 

l4.,6-Dim«thoxy-l-carboraethoxy-
dlbenzofuran 163 (133) 

2,8-Dimethoxy-3-dlbenzofuran-
carboxaldehyde 166-7 (10,150) 

If ,6-Dlm0 thoxydlbenzof uran-1-
aldehyde I62-I4, (150) 

2,8-Dlmethoxy-l-dibenzofuran-
carboxyllc acid --- (150) 

2,8-Dlmethoxy-3-dibenzof\iran-
carboxyllc acid I70-I (10,150) 

3 jlf-Dlmethoxy-l-dlbenzofuran-
carboxyllc acid 236 (217) 

i}. ,6-Dimo thoxy-l-dlbenzof uran-
carboxyllc acid 297-8 (150,217) 

(Continued on next page) 

J. A» Barltrop, J. Chem. Soc.. 958 (191^6). 
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Table IV (Continued) 

Name of Compoxmd M.P. Reference 

I4. ,6-DltBethoxy-l-dlbenzof uran-
carboxylic acid chloride Ii(,7-150 (133) 

Y- (I4. ,6-D Ime thoxy-1- dlbenzof ur oy 1) -
butyric acid 197-8 (12) 

P-(4,6-Dime thoxy-1-dibenzofuroy1)-
propionic acid 21^1-2 (12) 

if, 6-Dime t ho xy -1 - di ben z of ur y 1-
acetaniide 210-1 (133) 

If. ,6-Diiae thoxy-l-dibenzofuryl-
acetic acid 205,5-6.5 (133) 

2.7-I>iinethoxy-3- (3-hydroxy-2-
naphthoylamlno)-d^benzofu^an 232-3 (229) 

2.8-Dtmethoxy-l-methyldlbenzofuran 85-6 (150) 

i|.,6-Dimothoxy-Y-oxo-l-dibenzo-
furanbutyrlc acid -— (150) 

i}. ,6-Dlmethoxy-y-OXO-3 (?) -dlbenzo-
furanbutyric acid 167-8 (10,150) 

1,3-Dlmethyl-8-hydroxydibenzofuran 162-4 (111) 

2,3-DiDiethyl-8-hydroxydibenzofuran 19i4.-5 (111) 

1 ,x-Dinitro-4.-aoetaRiinodibenzof\u*an 288 (160) 

3 ,x-Dinltro-i4.-acetaminodibenzofuran 277-8 (109) 

X ,x-Dinitro-ij.-carb<anethoxy-
dibenzofursun 230-1 (3) 

2,7-Dinitro-x-dlbenzofuran-
sulfonic acid -— (II4D 

1,3-Dinitro-2-hydroxydibenzofuran 214,0 d. (Ill) 

(Continued on next page) 
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Table IV (Continued) 

Name of Compound M.P. Reference 

3,8-Dinltro-J:j.-hydroxydlbenzofuran 22^ d. (7) 

1,3-Dinitro-2-methoxydlbenzofuran 188-9 (111) 

l-Ethyl-2,8-dihydroxydibenaof uran li42-3 (150) 

1-Ethyl-2,8-dimethoxydlbenaofuran 71-2 (150) 

Ethyl-2,3 ,i4.,i}.a-tetrahydro-4- (2-
methoxy-l-naphthyl)-2-oxo-3- 174- (2i|J|) 
dlbensofuranoarboxylate 

Ethyl-2,3,J4a-te trahydro-i^- (2-
methoxy-l-naphthyl)-2-oxo-3- 188 (244) 
dlbenzofurancarboxylate oxime 

2-Hydroxy-7,8-dichlorodlbenzofuran 203-4 (111) 

3-Hydroxy-4»6-diinethoxydib0nzofuran 140-I (10,150) 

2-Hydroxy-6,7-dlmethyldlbenzofuran 127-9 (111) 

4-Hydroxy-3-nltro-l-dibenzoftiran-
carboxylic acid 269-270 (12) 

Y-{4-Methoxy-2-broiBO-l-dibenzo-
furoyl)-propionic acid 194-5 (12) 

4-Methoxy-l,2-cyclopentenodi-
benzofuran ' 66-8 (10,150) 

2-M0thoxy-3-(3-hydroxy-2-naphthoyl-
amino)-7-chlorodibenzofuran 268-270 (229) 

2-Me thoxy-3-(3-hiydroxy-2-naphthoyl-
amino) -7-ittethyldibenzofuran 254-6 (229) 

(Continued on next page) 

B. Q. Acharya, R. C» Shah and T. S. Irfheeleri ibid., 
817 (I940). 
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Table IV (Continued) 

Name of Compoimd M.P. Reference 

2-Methoxy-3-(3-hydroxy-2-naphthoyl-
amino)-8-methyldibenaofuran 230-1 (229) 

Y- (l4.-Methoxy-3-nitro-l-dibenzo-
furoyl)-butyric acid 169-170 (12) 

2-Methyl-8-acetyl-l-benzofuro-
IT2»3f_J7"^®n2imidazole 298 (105,1M^) 

2-Methyl-8-acetyl-l-benzofuro-
/~2,3f 7-benzlmlda2ole 
nydrocEloride 

325 d. (105,11|4) 

1-Me thy1-2,8-dihydroxydibenzofuran 187-8 (I50) 

1-Methy1-2-hydroxy-8-aminodibenz0-
furan hydrochloride 220 d. (I50) 

2-Methyl-5-methoxydib©nzofuro-
2fl,2d_y-imidazole hydrochloride 306-7 d. (105) 

/~3- (i|.-Morpholinyl)-propylamino_7-
benzofuro-/~3,2g^_7-quinoline 120 (108) 

5-Nitrobenzofuro-/~2,3f_7-4uinoline 206-7 (108) 

Nitrobenzofuro-/~2,3fJ?'-<luinoline 282 (108) 

Nitrobenzofuro-/~2,3f_J7-quinoline 297-8 (108) 

Nitrobenzofuro-/~3 #2g_J7-<l^iinoline 267-8 (108) 

l-Nitro-2,d-dimethoxydibenzofuran 1$8-9 (9) 

l-Nitro-3 #i(.-diraethoxydlbenzofuran li^6-7 (12,98) -

3-Nitro-2,8-dimethoxydibenzofiiran 172'h (9) 

2,3 *14. Aa-Te trahydro-if.- (£-rae thoxy-
phenyl)-2-oxo-3-carboethoxy- 159 (222) 
dibenzofiiran 

(Continued on next page) 
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Table IV (Continued) 

Name of Compound M.F. Reference 

2,3,8-Trlaminodlbenzof uran (8,122) 

Trlbromotetrahydrodlbenzofuran (132) 

1-(ra-Trlfluoromethylphenylazo)-
278-dlhydroxydibenaiofuran 256-7 (li|.8,lli.9) 

3,14.,6-Triiaethoxydibenzofuran 126-7 (10,150) 

3 ,ij., 7-Trlme thoxydibenzof uran - - - (2Ii5) 
75-6 (2^6) 

Trlnitrodibenzofuran 223 (1) 

2.3.7-Trinltrodlbenzofuran 276.5-7.5 (103,218) 

2.3.8-Trinltrodlbenzof iiran 237-8 (I03,2ii.7) 

2,i|.,6-Trlnltrodlbenzofuran 260-1 (I03) 

2,4,8-Trinltrodibenzofuran 312-3 (103 #2i|.7) 

TETRASUBSTITUTED DIBENZOPURANS 

200-1 (I50) 
9-Bromo-i|. ,6-dlme thoxy-Y-OXO-3-

dibenzof\u>anbutyrio acid 

2-Brc»io-3 »6,8-Trinitrodibenzofiiran 251-2 (21^) 

2-Bromo-3,7,8-Trinitrodlbenzof uran 254-5 (2i|.2) 

(Continued on next page) 

P. E. Panta, J. Chem. Soc.. JO, 2602 (19^8). 

D. S. Tarbell, H. R. Prank and P. E. Panta, ibid., 
68, 502 (191^6). 

21+7 S. Yaraashiro, J. Chem. Soc. Japan. 59• 1+14.3 (1938), 
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Table IV (Continued) 

Name of Compound M.P. Reference 

3-Bromo-2,7 »8-Trlnitrodibenzofuran 2I4.8-9 (2142) 

1,9(?)-Dlaoetaraino-2,8-dimethoxy-
dibenzofuran 175-7 (li^-S) 

1 #9( t)-I>iafflino-2,8-dimethoxy-
dlbenzofuran — (9,lll.8) 

2.7-Dlamino-3,8-dinltrodlbenzofuran 360,5-1*5 (219) 

Dlbenzofurantetrasulfonic acid (ll|.l,ll42) 

Dibenzofurantetrasulfonyl chloride 250 d. (II4J.) 

2.8-Dibrcmo-ij. ,6-diacetamlno-
dlbenzofuran 358-260 (135) 

1 »9('?)-Dlbromo-2,8-dlacetoxy-
dlbenzofwan 173-4 (9,1J^8) 

l,9(t)-Dibromo-2,8-dihydroxy- --- (9) 
dlbenzofiu?an 181-5 (148) 

1.9-Dibromo-ij.,6-dlhydroxy-
dlbenzof\iran 239-2i|.0 (133) 

1,3-I>ibromo-i4.,6-dlmethoxy-
dibenzofuran 173.5-17i4. (133) 

l»9(?)-DlbrcHBo-2,8-dlmethoxy- — (9) 
dlbenzofuran 195-6 (11+8) 

196-7 (10,150, 
217,225) 

l»9{?)-Dlbr(Hao-it.,6-dimethoxy- ^73-4 (10,150) 
dlbenzofuran 167-8 (133) 

2.7-Dlbronio-3,8-dinltrodlbenzofuran 262-3 (2I42) 

2.8-Dlbromo-l,7-dinitrodlbenzofuran 273-lj. (2i|2) 

(Continued on next page) 
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Tabl« IV (Continued) 

Name of Compound M.P. Reference 

2,8-Dlbpomo-3»7-dlnltrodibenzofur€Ui 297-8 (2lfJ2) 

1,3-I>ibromo-i4.-hydroxy-6-raethoxy-
dlbenzofuran 177-8 (133) 

1#9(?)-Dlcarbomethoxy-2,8-dimethoxy-
dibenzofuran 128-9 (14.8,217) 

2,8-Dihydpoxy-l,9(?)-blaphenylazo- 165-6 (8) 
dlbenzofuran 155-6 (122) 

2,8-Dlhydroxy-3,7-dlbromodlbenao-
furan 260-1 

2,8-Dlhydroxy-l,9(?)-dlbenzofuran-
dloarboxyllo acid 313-4 (II4.8) 

2,8-Dlhydroxy-3,7-dlmethyl- 232 (8,122) 
dlbenzofuran 231-2 (225) 

2,8-Dlmethoxy-l,9{?)-dlbenzofuran-
dlcarboxaldehyde dloxime 24.3-ii. (ll|.8) 

2,8-Dlmethoxy-l,9(?)-dlbenzofuran 270-1 (8,122,217) 
dlcarboxyllc acid 270-2 (lli.8) 

2,8-Dlmethoxy-3,7-dlbenzof\iran-
dlcarboxyllc acid 290 d. (217) 

2,8-Dlmethoxy-3,7-dlbromo-
dlbenzofuran 260-1 (10) 

2,8-Dlmethoxy-3»7-dloarbome-
thoxydlbenzofuran 183-ij. (217) 

2,8-Dimethoxy-3,7-dlmethyl-
dlbenzofuran 14ij.-ij..5 (225) 

1,7-Dlroethyl-2,8-diraethoxy-
dlbenzofuran 104.-6 (10) 

(Continued on next page) 
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Table IV (Continued) 

Name of Coxapound M.P. Reference 

l,9(or l,7-)-Dini8thyl-2,8-dlniethoxy-
dlbenzofuran 129-131 (10) 

7-Ethyl-2,8-dime thoxy-1-me thy1-
dlbensofiiran picrate ll|4-l4..5 (I50) 

l-Methyl-7-bromo-2,8-dlmethoxy-
dibenzofuran 

Ij^-g 
143-5 

(9) 
(10,150) 

2,3 ,l4.,l4A-Tetrahydro-7-methoxy-l4.-
(g-methoxyphenyl)-2-oxo-3-carbo-
ethoxydlbenzofuran 

li;6 (222) 

2,3,7,8-Tetrahydroxydlben«ofuran 285 d. (248) 

2 ,8-Tetrahydroxydlbenzofuran 300 d. (249) 

Tetranltrodibenzofuran 281^. (1) 

2,3,6,8-Tetranitrodlbenzofuran 249-250 (103,247) 

2,3,7,8-Tetranltrodibenzofuran 285-6 
286-7 

(103) 
(247,218) 

2,1^. ,6,8-Te tranltrodibenzofuran 249-250 
262-3 

(25O) 
(103,247) 

3,14. ,7-Trlw®thoxydibenzof uran-
1-propionlo aold 146-8 (245) 

(Continued on next page) 

M. Nierensteln, to., 318 (1912). 

E, Bamberger and J. Brim, Ber., 19li.9 (1907). 

P. H. Case and R, U. Schock, Jr., J. Am. Chem. Soc., 
6^, 2086 (1914-3). "" 
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Table IV (Continued) 

Name of Compound M.P. Reference 

PENTASUBSTITUTED DIBEHZQFURANS 

2-Broroo-l,3 ,8-tetranltro-
dibenzofuran (242) 

2-Brarao-l,3,1,8-tetranitro-
dibenzofuran 278-9 (2i|j2) 

2-Bromo-l,3 »7,9-tetranitro-
dibenKofxu'an 329 d. (2i4.2) 

1»9(?)-Dibromo-2,8-dlhydroxy-
3(?)-nltrodlbenzofui:»an 267-8 (9) 

1,9( ?)-'DlbI•Qmo-2,8-dimethoxy-
3( ?)-nitrodlben«ofuran 243-14. ( 9 )  

Dibromo-l-methyl-2,8-dihydroxy-
dlbenzofwan 191-2 (10) 

2.7-DlbroBio-l ,3,3-trinitro-
dlbensofuran 257-8 (Sl^JS) 

2.8-Dlbromo-l ,3,7-trinltro-
dlbenzofuran 275-6 (2^2) 

2,8-Dibromo-3,4,6-trlnitro-
dibenzofuran 33l4--it.*5 (242) 

4,6-Dibromo-2,3,8-trinitro-
dlbenzofuran 297-0 (242) 

3,9b-Dlhydro-7-a«thoxy-l,9b-
dlmethyl-3-oxo-2-©a^bomethoxy- 101 (251) 
dlbenzofuran 

(Continued on next page) 

R. T. Poster, A. Robertson and R. V. Healy, J. Chem. 
Soc, 1594 (1939). "" 
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Table IV (Continuad) 

Nana of C<Hftpound M.P. Rafaranea 

3,9b-Dlhydro-7-methoxy-l, 9b-dimethy1-
3.ojc0-2*dlbanEofur«noarboxyXio acid — (252) 

3,9b-Dihydro-7-fiethoxy-l ,9b-dlBiethyl-
3-oxo-2»dlbanBoftu»aiioarboxylle acid 11^7 (251) 
hydrata 

2,3 ,l|A-Tetrahydro-2«oxo-i|,(p-inethoxy"' 
phenyl)-7-(ban*yloxy)-8-bpoBio-3- 205-6 ( 253) 
earboethoxydibeneofuran 

1,3,9-Triban*enaa«o-^,6-dlinethoxy-
dlbenzofuran 191-3 (133) 

2,3,8«TrlbP(a8o-l,7-dinltrodlben«ofuran 256-7 (2^2) 

1 ,ij,,8-®pi-£-nitPob9n«oyloxy-3 »7-
diffiathoxydibanzoftiran 300 (25i|.) 

HKXASgBSTITqfED DIBBHZOFUHAHS 

1 *9( t) •Diaalno-2 «8-dima thoxy-3 »7-
diaeataiiilnodibanxofuran 295-6 d. (9) 

1 »9( t) -Dibromo-2,8-dlhydPOxy-3 »7 (t) -
dlnltrodlbanxofuran 20I4. ( 9 )  

1,9 (t) -Dibi»0Bi0-2,8-dtma thoxy ,3 »7 (t) -
dlnl trodibansoftucan 222-3 (9) 

(Continued on next page) 

A* Karshak, W. B. Sohaafer and S* Rajagopalan, 
Proe. Soo. Exptl* Biol. Mad.. JO, 565 (191^9). 

R. P. Dodvadmath, J. Univ. Bombay. 9. 172 (19li0) 
/"£• A., ii, 6959 (191^1)J7. 

H. G. H. Erdtman, PPOC. Roy. Soo. (London). Alii.3. 
177 (1934) Z"C. A., 26, 133BrTr935I7. 
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Table IV (Continued) 

Name of Compoimd M.F. Reference 

2,8-Dlbromo-l,3 $1,9-tetranitro-
dibenaofuran 352-14- d. (214.2) 

3,9b-Dihydro-7-methoxy-1,6,9b-
trlmethyl-3-oxo-2-carboetooxy- 115 (251) 
dlbenzofuran 

3,9b-Dihydro-7-methoxy-l,6,9b-
trlmethyl-3-oxo-2-dibenzof\iran- -— (252) 
carboxylio acid 150 (251) 

2,8-Dlhydroxy-3 #7(?)-dlbromo-l,9(?)-
dlbenzofurandlcarboxyllc acid 318-9 (II4.8) 

2,8-Dlhydroxy-3,7 (?) -dlbrcxno-l ,9( ?) -
dicarbomethoxydibenzofuran 268-9 (9) 

2 ,8-Dlme thoxy-3 »7 (?) -dlbrcanodlbenzo-
f\iran-l,9{?)-dicarboxyllc acid --- (9) 

2,8-Dlmethoxy-3,7(?)-dlbromo-l,9(?)-
dicarbcanethoxydlbenzofuran 230-I (9) 

2,8-Dimethoxy-l,3,7 #9(?)-tetra-
aminodlbenzofuran l8l-2 (9) 

2,8-Dimethoxy-l,3,7,9(?)-tetra-
nltrodibenzofuran 214,6-7 (9) 

1,2,3,5a,9a,9b-Hexahydro-l ,7,9,9b-
tetramethyl-3-oxo-2-dlbenzo- — (252) 
furancarboxylic acid 

2,3,6,8-Tetrabromo-l,7-dlnltro-
dibenzofuran 329-330 (2I42) 

2,3,6,8-Tetrabromo-l4. ,7-dlnltro-
dlbenzofuran 297-8 (2i}2) 

2,3,7,8-Tetrabrorao-l,9-dlnitro-
dlbenzofuran 3614.-5 d. {21^2) 

(Continued on next page) 
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Table IV (Concluded) 

Name of Coxnpoiuid M*P. Reference 

1 »3,7 »9{ ? )-Tetranll5ro-2,8-dlhydroxy-
dibenzofuran 214,6-7 (11|.8) 

1,3 $1,9(t)-Tetranitro-2,8-dimethoxy-
dlbenaoftiran 245-6 (li^-S) 

HEPTASUBSTITUTED DIBENZOPURANS 

1,9(?)-Dibromo-2,8-dlmethoxy-
2,if,7(?)-trinltrodlbenzofuran 212,^-211^ (9) 

OCTASUBSTITUTED DIBENZOPURANS 

2,8-Dlinethoxy-3,4 ,7 (?) -tetranltro-
dlben*oftiran-l ,9( ?)-dicarboxyllc 
acid 21^.7-9 (9) 

2,8-Diffiethoxy-3 ,7 (?) -tetranltro-
l»9(?)-dicarbcHaethoxydibenzofuran 199.5-200 (9) 
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Table V 

Additional Derivatives of Dlbensoftiran 

Name of Compound M.P. Reference 

MONOSUBSTITUTED DIBENZOPURANS 

2-Acetyldlbenzofuran b.p.,218-220/ (255) 
18 mm. 

2-AmyldlbenJ6ofuran b.p.,210-2/ (255) 
13 xnm. 

P-Bromo-Y-oxo-3-dlbenzofuran-
butyric acid -— (256) 

2-Dibenzofuran8ulfonlc acid —- (257) 

2- (2-Dlbenzof \iryl) - Indole 200 ( 255) 
b.p.,330/ 
17 mm. 

2-Ethyldlbenzofwan b.p.,180-2/ (255) 
13 mm. 

2-Heptanoyldibenzofuran 75 (255) 
b.p.,250-3/ 
13 mm. 

2-Heptyldlbenzofuran b.p.,222-5/ (255) 
17 mm. 

(Continued on next page) 

NR. Ph. BUU-HO'£ and R. Royer, Rec. trav. chlm., 69. 
861 (I950). 

M. J. Gunter, K. S. Kim, D. P. Magee, H. Ralston and 
A. C. Ivy, J. Pharmacol. Exptl. Therap. . 99. 4.65 (1950)-

Y. Ko and R. T. Wendland, Proc. N. Dakota Acad, Scl., 
ii, 29 (1950) ro.' 2523 (195ITI7-
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Tabla V (Continued) 

Narae of C<»aipound M.P. Raferenoo 

S-Oetanoyldibansofuran QZ-y (255) 
b.p.,285-7/ 
30 nm. 

2»0ctyldib®n«ofuran b.p.,235/ (255) 
15 nn* 

Y-0xo-3-dib«nJBofupanbutypic acid —— (256) 

Y-Oxo-3-dlbensofurancrotonic acid -— (256) 

2-(p-l-piparidylppopionyl)-
dibansofuran hydrochloride 226.5-8*3 d. (258) 

2-Propyldiben*ofuran b.p.,198-9/ (255) 
II4. mm. 

b.p.,190-2/ 
12 mm. 

2- (2«>Thienyl) -dibensof uran 120 (255) 
b.p., 280/ 
18 nm. 

2-VinyldibenBofuran --- (259) 

DXSUBSTITOTED DIBENZOFURANS 

2-Aeetyl-8-amyldibensofuran b.p,, 250/ (255) 
12 mm* 

2-AGetyl-8-ethyldibenxofuran 88 (255) 

(Continued on next page) 

J. J. Denton, H. P. Schedl, W. B. Neier and M. 
Brookfield, J. Chero. Soo». 72, 3792 (1950)* 

U. S. Patent 2,527,223 fc. A., 392 (1951)^. 
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Table V (Continued) 

Name of Compound M,P. Reference 

2-Acetyl-8-heptyldlbenzofiu'an b.p., 268/ (255) 
15 mm. 

2-Acetyl-8-octyldibenzofuran b.p. ,288-292/ (255) 
20 mm. 

2-Acetyl-8-propyldibenzofuran b.p.,236-8/ (255) 
13 mm. 

3 - —  ( 2 6 0 , 2 6 1 )  

2,8-Dlcyanodibenaofuran 299 (262) 

3,7-Dlhydroxydlbenzofuran (263,26i|.) 

2-(8-Ethyl-2-dlbenzofuryl)-
clnchonlnic acid li|.0 ( 255) 

2-(8-Ethyl-2-dlbenzofuryl)-quinollne 113 (255) 

2-(8-Ethyl-2-dlbenzofuryl)-
quinollne plcrate 210 (255) 

2-Ethyl-8-proplonyldlbenzofuran b.p. ,2J4.0-5/ (255) 
13 mm. 

(Continued on next page) 

260 
R* Belcher and A. J. Nutten, J. Chem. Soc. , 51iii 

(1951). "• 

M. D. E. Jonckers, Chlm. anal«. 32 . 207 (1950) • 

J. S. Moffatt, J. Chem. Soc.. 625 (1951). 

Y. Asahlna and M. Aokl. J, Pharm. Soc. Japan. 6k. 
kl (19101-) ri' A., itg, 2928 (195l7J7i^ 

S. Shlbata, Y. Mlura, H. Sugimura and Y. Toyolzuml, 
J. Pham. Soc. Japan, 68. 303 (1948) /"£. A., 6692 
T1951)_J^ • 
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Table V (Continued) 

Name of Compound M.P. Reference 

3,6-Guanyldibenzofuran dihydrochloride 320 (262) 

2-(8-Heptyl-2-dibenaofuryl)-
cinchoninic acid 115 (2^5) 

3-Methyl-2- {8-ethyl-2-dibenzofiiryl) -
cinchoninic acid 175 (255) 

3-Methyl-2- (8-ethyl-2-diben8of\iryl) -
quinoline --- (255) 

3-Methyl-2-(8-ethyl-2-dibenzofuryl)-
quinoline picrate —- (255) 

3-Methyl-2- (8-propyl-2-dibensso-
furyl)-cinchoninic acid 16]+ (255) 

2- (8-Ootyl-2-dibenzof \iryl) -
cinchoninic acid 110 (255) 

2-Propionyl-8-propyldibenzofuran b.p,,250/ (255) 
19 mm. 

2-(8-Propyl-2-dibenzofuryl)-
cinchoninic acid 11|5 ( 255) 

2- (8-Propyl-«2-dibenzofuryl) -
quinoline 116 (255) 

2-(8-Propyl-2-dibenzofuryl)-
quinoline picrate 196-200 d. (255) 

TRISUBSTITUTED DIBBNZOFURgNS 

,9b-Dlhydro-4A ,8-dimethyl-
2(IH)-dibenzofuranone 128 (265) 

(Continued on next page) 

K. Bowden and C. H. Reece, J. Chem. Soc., 22i|.9 
(1950). 
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Table V (Continued) 

Name of Compound M.P. Reference 

I4A, 9b-Dlhy dr o-i|Ji, 8 - dime thyl-2 (IH) -
dlbenzofuranone oxlme 195 (265) 

l-Methyl-3 »7-dlhydroxydibenzofuran —- (26J4.) 
212 (266) 

TETRASUBSTITUTED DIBENZOPURANS 

l-Amyl-3,7-<ilacetoxy-9-propyl-
dibenzofuran — (261f) 

l-Amyl-3»7-<iiliydroxy-9-propyl- (267,264) 
dibenzofuran 120 (268) 

l-Amyl-3,7-<iimethoxy-9-propyl-
dibenzofuran 31 (267,268) 

1 -Amy 1-3-hiy droxy- 7 -me thoxy- 9-
ppopyldlbenzofuran 81-2 (268) 

3,7-Dimethoxy-1,9-dibenzofuran- 323 (267) 
dicarboxylic acid 321-3 d. (268) 

3,7-Dlmethoxy-l,9-dlcarbomethoxy- I89 (267) 
dlbenzofxiran 188.5-9.5 (268) 

3,7-Dimethoxy-l,9-dlmethyl- —- (26k,266) 
dlbenzofuran 157 (268) 

(Continued on next page) 

S. Shibata, J. Pharra. Soc. Japan, 61^., 20 (19iiJi) 
/£• A., 5678 

S. Shibata, ibid., 50 (19144) /"C. A., ii5 , 2929 
(1951)J7. 

S. Shibata, Acta Fhytochim. (Japan). 14. 9 (1944) 
Z"£- 7100 (19A)V-
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Table V (Continued) 

Name of Compoimd M.P. Reference 

1,9-Dlin9thyl-3,7-dihydroxydib©nzof\iran (263,268, 
264,266) 

1-Me thy1-3,7-dlhydroxy-8-dibenz0-
fwancarboxyllc acid 308 (266) 

l-Methyl-3,7-diraothoxy-9-dibenzo-
furancarboxyllc acid 181 

(266) 
(268) 

PENTASUBSTITUTED DIBENZOPURANS 

1-Amy 1-3-hydroxy-7-iaethoxy-9-propy 1-
2-dibenzofurancarboxylic acid 

173 (267,268, 
264,269) 

1-(Hydroxymethyl)-3,7-dihydroxy-9-
me thyl-2-dibenzofurancarboxyli c 
acid 1,2-lactone 

32I4. (266) 

l-Propyl-3,7-diinethoxy-8-carbc»ieth-
oxy-9-dibenzofm'ancarboxylic acid (268) 

l-Propyl-3,7-dimothoxy-8,9-dibenzo-
furandicarboxylic acid 209-210 d. (268) 

l-Propyl-3,7-dimethoxy-8,9-
dicarbomethoxydibenzofuran 130-1 (268) 

HEXASUBSTITUTED DIBENZOPURANS 

1,14.,6,9-Tetraraethyl-3,7-dihydroxy-
dibenzofuran (263,264) 

H. Nogami, J. Pham. Soc. Japan. 6^, I4.7 (I9I44) 
Z~c. A., ij^, 2929 (1^5I7I7T" 
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Table VI 

Derivatives of Dibenzothiophene 

Name of Compound M.P. Reference 

MOHOSUBSTITUTED DIBENZOTHIOPHENES 

2-Decyldibenzothiophene b.p.,289-290/ (255) 
16 nim« 

1-(2-Dlbenzothienyl)-3-phenyl-
2-propen-l-one 15J^-5 (270) 

1-(p-DIme thylaminopheny1)-3-
(2-dibenzothienyl)-2-propen-l-one l63-i|. (270) 

2-Heptyldibenzothiophene b.p.,258/ (255) 
18 mm. 

3-Methyldibenzothlophene --- (271) 

2-Octyldibenzothiophene b,p.,280-5/ (255) 
20 mm. 

1-Phenyl-3-(2-dibenzothienyl)-
2-propen-l-one 154-5 (270) 

2-/~p-Phenyl-p-(4,-methoxy-3-
acetaminophenyl)sulfonyl-pro- 175-7 (270) 
pionylJ7-dibenzothiophene 

2-(p-Phenyl-P-p-tolylsulfonyl-
propionyl)-dibenzothiophene l80-2 (270) 

2-Tetradecyldibenzothiophene 52-3 (255) 
b.p.,305-310/ 
12 mm. 

(Continued on next page) 

270 
H. Oilman and L. P. Cason, J. Am. Chem. Soc. , 72, 

3i<.69 (1950). " 

D. P. DeTar and S. V. Sagmanli, ibid.. 72. 965 (1950) 



www.manaraa.com

-120-

Table VI (Continued) 

Name of Compound H.F* Reference 

DISUBSTITUTED DIBENZOTHIOPHENES 

S-Acetamino-S-ethoxydlbenzothiophene 19$.5-6.^ (272) 

Alkyldibenzothiophenesulfonlc acids (273) 

2-Amino-8-ethoxydibenzothiophene 109-110 (272) 

Di-tert-amyldibengothiophene b.p.,200-220 ( 27l|.) 

2-Ethoxy-8-nltrodlbenzothiophene 209.5-210.5 (272) 

TRISUBSTITUTED DIBENZOTHIOPHENES 

2-Acetamino-it.-iodo-8-ethoxydibenzo-
thiophene 21ij..5-215 (272) 

x-Amino-di-tert-amyldibenzothiophene (27i|.) 

2-Amino-4-iodo-8-ethoxydibenzo-
thiophene li|.8.5-9»5 (272) 

x-Nitro-di-tert-amyldibenzothiophene --- (27I4.) 

2-Nltro-i|.-lodo-8-ethoxydlben«o-
thiophene 222 (272) 

DIBENZOTHIOPHENE-5-DIOXIDES 

2-Acetamino-8-ethoxydibenzo-
thiophene-5-dioxide 313 (272) 

(Continued on next page) 

P. Block, Jr., ibid.. JZ, 561+1 (1950). 

^73 u. s. Patent 2 ,$27,33k A., ij^, (1951)_7. 

U. S. Patent 2,528,785 /"C. A., 1762 (195l)_7. 
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Table VI (Concluded) 

Name of Compotmd M.F. Reference 

2-Acetaralno-l4.-lodo-8-ethoxydlbenao-
thiophene-5-dloxlde 289 (272) 

2-Amino-8-(2-pyridylamlno)-dibenao-
thiophene-5-dioxide (275) 

2,8-Diaminodibenzothlophene-5-dioxlde 329-331 (275) 

2,8-Dlbromodibenzothiophene-5-dioxlde (275) 

2-Nitro-l|.-lodo-8-ethoxydlbenzo-
thiophene-5-dioxide 300 (272) 

Sodium 2 ,8-diarn inodibenzothiophene-
5-dioxlde bis-(formaldehyde- 276.5-8.5 (275) 
sulfoxylate) 

275 
U. 8. Patent 2,529,860 ̂ C. A., 2984 (1951)_7. 
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EXPERIMEHTAL 

Dibenaoftiran Derivatives 

Preparation of 3-nitrodibeniiofuran 

Early studies of the nitration of dibenzofuran have 

been recorded by Kirkpatrick.^^® Since nitration of diben-

zofuran, contrary to other similar substitution reactions, 

involves the 3-position, this reaction has received much 

attention in the past in establishing the product, and in 

attempts to vary conditions in order to obtain the 2-nitro 

derivative. The only study since the review mentioned above 

is that of Yamashiro.^*^^Employing methods similar to 

those of Kirkpatrick and of Borsche and BotheYamashlro 

reports not only the 3-nitro derivative (71?^) but also the 

2-nitro (10^) and the 1-nltro {!%) compounds. However, this 

work is open to some question for two reasons: first, 

attempts to repeat some procedvires of Yamashlro in these 

Laboratories have not been successful; and, second, Yamashlro 

reports two widely varying melting points for his 1-nltro 

compound, 91-93°^^^ and 126-126. 

Several runs were made, varying the conditions, and the 

following procedure was fotind to be the most satisfactory. 

A suspension of 168 g. (1 mole) of dibenaofuran in 700 ml. 
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of glacial acetic acid was placed in a two-liter, three-

necked flaskf fitted with a dropping funnel, thermometer and 

Tru-bore stirrer. With rapid stirring, 152 ml. (3*6 moles) 

of fuming nitric acid (sp. gr. 1.50) was added at a moderate 

rate. The reaction is exothermic and if the rate of addi

tion became too rapid, it was necessary to cool the flask 

with an ice bath; the internal temperature was not allowed 

to go above 65°. By the time the addition of the nitric 

acid was complete, all of the dibenzofuran had dissolved. 

Stirring was continued and about 5 minutes later a heavy 

precipitate formed. The mass was broken up and filtered. A 

purer product was obtained if the solid was not washed with 

water, but merely dried for some time on a Buchner funnel 

and then air dried. The yield of crude product, melting 

over the range I70-I80®, was 200 g. {91^)* One recrystal-

lisation from glacial acetic acid (again without washing 

with water) brotight the melting point to 181-182®. 

Preparation of 3-aminodibengofuran 

Many reductions of 3-nitrodibenzofuran were run and a 

1^2 
modification of the catalytic reduction of Bradley was 

found the most successful. The active Raney nickel catalyst 

was prepared by the method of Covert and Adkins.^^^ For 

L. W. Covert and H. Adkins, J. Am. Chem. Soc., 5k, 
ip.16 (1932). ~ 
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good yields relatively piire 3~nitrodiben2of\iran free from 

solvents such as acetic acid should be used* The Parr low 

pressxire hydrogenation apparatus was employed and best 

yields were obtained with not more than 25 g. of the 3-nitro 

compound (bottle capacity 2^0 ml*}. When the hydrogenation 

bottle is steam heated the reaction proceeds at a more 

rapid rate J however such heating was found unnecessary. 

Best yields were obtained with recently prepared catalyst. 

Platinum oxide may also be employed as a catalyst; however, 

if several reductions are to be run, Raney nickel is pre

ferred because of its lower cost and the elimination of a 

troublesome recovery. 

Twenty-five grams of 3-nitrodiben2ofuran were suspended 

in 175 of absolute ethanol in the hydrogenation bottle 

and an ethanolic suspension of Raney nickel containing about 

1 g. of the catalyst was added. The hydrogenation was 

started at a pressure of $0 Ibs./in*^ and maintained above 

25 lbs./in.^ by refilling. Shaking was continued until the 

hydrogen pressure became constant (about 1+.0 lbs./in.^ ab

sorbed), The solution was filtered free from the catalyst 

and the filtrate diluted with considerable water. The amine 

precipitated, sometimes first as an oil idilch soon solidi

fied, and was filtered. One recrystallization from petroleum 

ether (b.p., 77-115®) gave iS.lj. g. (85.5?^) of dendritic, 

colorless crystals, melting at 99-100°. If older and less 
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actlve catalyst was amployed, a lower melting product was 

obtained and was more difficult to purify* 

Bromlnation of 2-bromo-3-ace taminodlbengofuran 

2-Bromo-3-acatarainodibenzofuran was prepared fr(Ha the 

3-araino oompoimd by a procedure based on that of 

Kirkpatrlck.^*^^ A partial solution of 5 g» (0.016 mole) of 

2-branio-3-acetamlnodiben8ofuran in 75 of glacial acetic 

acid was placed in a 250-ral. three-necked flask fitted with 

a dropping funnel, stirrer, condenser, and hydrogen bromide 

trap. This mixture was exposed to ultraviolet radiation and 

2.7 g* (0.017 mole) of bromine was slowly added. The mix

ture was stirred for 2 hours at room temperature and finally 

for 2 hours at reflux temperature. Hydrogen bromide was 

evolved. Filtration of the cooled reaction mixture gave a 

grey solid melting over the range 170-195°* Recrystalliza

tion from absolute ethanol yielded 3*9 g* (62^) of product, 

melting from 220-230®. Two recrystallizations from glacial 

acetic acid broiight the melting point to 233-236°; the yield 

was 2 g. (32^). A mixed melting point with the product 

obtained by bromlnation of 2-bromo-7-«icetamlnodiben2ofuran 

was considerably depressed. 

Anal. Calcd. for Cn;^H90pNBrpt Br, 41.80. Pound: 

Br, lj.2.22, 14.2.15. 

In one run a small amount of a product melting from 

271-27ij.® was obtained. In another run employing carbon 
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tetrachlorlde as a solvent only starting material was 

recovered. 

Preparation of 2"bromodibenzofuran 

The following is a modification of the procedure of 

Glliaan and Avakian^® and that of Buu-Hol and Royer.^^® Into 

a three-necked, one-liter flask, fitted with a stirrer, 

dropping fxinnel, and hydrogen bromide trap was placed a 

solution of 8J4. g. (0,5 mole) of dibenzofuran in 500 ml. of 

glacial acetic acid. The solution was exposed to radiation 

from a mercury-vapor lamp and 80 g. (0.5 mole) of bromine 

very slowly added. After the bromine addition was complete 

(2 hours), stirring was continued at room temperature for 

2 hours. The solution was then diluted with water and the 

resulting solid filtered. The crude product was dried and 

subsequently vacuum distilled. The principal fraction dis

tilled from 150-I60® at a pressure of 1 rmn. The resulting 

white solid weighed 8I.3 g. (65*5?^) melted from 97-105®. 

Two recrystallizations from petroleum ether (b.p. 60-70°) 

gave 64 g. (53^) melting at 108-109°, A bromlnation proce-

diire using N-bromosuocinimide has been reported,but the 

use of this reagent under similar conditions gave a very 

crude product with considerable recovery of starting 

material. 
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Reductlve debromlnatlon of 2-bromodlbenzofuran 

Hydroxy-subatituted dlbenzofiirans have been prepared 

from the bromo-derlvatlves by alkali fusion in the presence 

of a catalyst in an autoclave* The following reaction ori

ginated as an attempt to eliminate the use of an auto

clave.The quantities of reactants employed are similar 

to those used by Oilman and Van Ess.^^^ 

Ten grams (0.014,05 mole) of 2-bromodiben*ofuran, 8.5 g. 

of sodium hydroxide, 3«0 of cupric sulfate, 10 g, of 

copper turnings, 1 g, of copper-bronae, and 75 ml. of tri-

ethylene glycol were placed in a 250-ml,, two-necked flask 

equipped with air condenser and motor stirrer. The reaction 

mixture was slowly heated, with stirring, to reflux and 

maintained at this temperature for 12 hours. Vacuum distil

lation and addition of water to the distillate yielded 3.7 g. 

(55/^) product melting at 75-78®. Crystallization from 

dilute ethanol gave 3*1 g< (i|-5^) of dibenzofuran; m.p. and 

mixed m.p. with an authentic sample was 83-814.^. 

In a further attempt to replace the halogen atom by an 

hydroxyl group, kerosine was employed as the reaction medium, 

thus diminishing the probability of hydrogen formation. 

Only starting material was isolated. 

H. Oilman, D. L. Esmay and R. K. Ingham, ibid., 73. 
470 (1951). 
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Reductive debrominatlon of 2.8-dlbromodibenzofuran 

Run I» A stirred mixture of 13.2 g. (O.Oi^O^ mole) of 

2,8-dibromodlbenzofuran, 16 g. of sodium hydroxide pellets, 

and 75 of triethylene glycol in a two-necked flask was 

refluxed (2ljX)-255°) 12 hours. The mixture was then 

vacuum distilled; some solid material distilled with the 

glycol. Addition of water to the distillate gave 3*4 g* 

(50^) of dibenzofuran, melting frean 70-76®. One recrystal-

lieation frcmi ethanol-witer gave 3*0 g. ikk%) of product 

melting at 83-84®. A mixed melting point with authentic 

dibensofuran gave no depression. 

Run II. This experiment was carried out in exactly the 

seme manner as Run I except that the sodium hydroxide was 

omitted. Twelve grams (91^ recovery) of 2,8-dlbr<anodlbenzo-

furan were thus isolatedj m.p. and mixed m.p. was 191-193®« 

Run III. Run I was repeated substituting absolute 

ethanol for the triethylene glycol. After refluxing for 12 

hours, the hot solution was filtered; 11.3 g. (8^.3^ re

covery) of cream-colored crystals were obtained and melted 

over the range 188-192®. One recrystalliaatlon from toluene 

raised the m.p. to 192-193^ (mixed m.p.). On adding water 

to the ethanolic filtrate a very small quantity of crystals 

was obtained melting from 173-188®, 

Run IV. Run I was repeated substituting diethylene 

glycol to determine the effect of a lower-boiling solvent. 
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After 12 hours of refluxing (195-205°)» to the cooled con

tents additional glycol was added and the mixture vacuum 

distilled until the distillate yielded no solid material on 

dilution with water. Dilution of the distillates and fil

tration gave 10 g. of crude product, melting from 75-175*^• 

This solid was first recrystalllzed from toluene to yield 

material melting from l8i|.-190°. A second recrystallizatlon 

from toluene gave i}. g. (30?^ recovery) of 2,8-dibraDiodibenBo-

furan, m.p. 191-193°. 

The first toluene filtrate was evaporated and the re

sulting solid recrystalllzed from petroleum ether (b.p. 

60-70°) to give 1 g. (10^) , melting from 101-106®. Two 

additional recrystallizatlons brought the m.p. to 107.5-

109°; a mixed m.p. with 2-broraodlbenzofuran was not 

depressed. 

Concentration of the petrolem ether filtrate gave a 

solid melting over the range 65-85°* Three recrystalllza-

tlons from 95?^ ethanol gave 1.5 g. (22^) of dibenzofuran, 

m.p. and mixed m.p. 80-82°. 

Nitration of 2,8-dibromodlbenzofuran 

Attempts to nitrate 2,8-dlbromodlbenzofuran with nitric 

acid in acetic acid or acetic anhydride were unsuccessful. 

A similar difficulty was encoxantered by Hogg^® in attempts 

to nitrate 5»6-dlbromohydrindene. The nitration was finally 

carried out in concentrated sulfuric and nitric acids. 
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Into a 125-ral. flask was placed 7 g* (0,022 mole) of 

2,8-dibroinodibenzofuran; 5 of concentrated nitric acid 

and 10 ml. of concentrated sulfiiric acid were added. Heat 

was evolved, but the temperature etf the mixture was kept 

below l|0-50® by cooling under the tap. The flask was then 

warned for 1$ minutes on a steam bath. The reaction mixture 

was poured upon cracked ice and the resulting crude product 

filtered. This solid melted over the range 170-205° and 

weighed 6.1 g. (75/^) • Two recrystallisations from glacial 

acetic acid raised the m.p. range to 200-226®. Recrystalli-

zation from toluene followed by two additional crystalliza

tions from glacial acetic acid gave 0.^ g. of yellow needles 

melting at 332-335°* Considerable crude material melting 

over a wide and much lower range was obtained from the 

filtrates. 

Anal. Calcd. for C]^2H503NBr2: Br, ij.3.08; for 

Cl2Hij.05N2Br2: Br, 38.i|2. Pound: Br, 37.14-9, 37.61. 

Preparation of 2-bromo-7-nitrodibengofuran 

Bromination of 3-nitrodibenzofuran and nitration of 

2-bromodibenzofuran have been shown to yield the same pro-
A 

duct, which has been proven to be the 2-bromo-7-nitro 

derivativethe former reaction is preferable. The 

N. M. Cullinane. H. G. Davey and H. J. H. Padfield, 
J. Chem. Soc. . 716 (193i4-)« 
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following is a modification of the procedure of Cullinane 

In 600 ml* of glacial acetic acid was suspended 30 g* 

(0.II4. mole) of 3-nitrodiben2iofiiran; to this mixture, 35 

of bromine was slowly added. When the bromine addition was 

conplete, the reaction mixture was warmed to reflvtx tempera

ture and there maintained for 5 hours. On heating, most of 

the suspended solid dissolved but soon reprecipitation 

occurred. On cooling and filtering, 36 g. (875^) of crude 

product was obtained melting over the range of 2ii.5-250°. 

Sohxlet extraction of the yellow solid with acetone gave 3k 

g. (83/^) of cream-colored needles, melting at 250-251®. 

Preparation of 2-bromo-7-aminodibenzof\iran 

2-Bromo-7-nitrodibenzofuran has been reduced by zinc 

and alcoholic hydrochloric acid {33% yield), and tin and 

concentrated hydrochloric acid {$6% yield).The follow

ing catalytic reduction was found more practical and gave 

better yields. 

A suspension of 10 g. (0.03l|- mole) of 2-brcmo-7-nitro--

dibenzofuran and about 2 g. of Raney nickel catalyst in 100 

ml. of absolute ethanol was placed in the hydrogenation 

bottle. The reaction container was steam heated. The 

hydrogen pressixre was maintained between $0 and 30 lbs./in.^ 

After 15 minutes the pressure dropped to a constant reading. 

The hot solution was filtered free from catalyst and the 

filtrate diluted, giving 7*7 g» (875^) of the amine, melting 
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from 126-130,5°• One recrystallization from dilute ethanol 

yielded 7.2 g. {Ql%) of white crystals melting at 131*5-133°• 

Preparation of 2-bromo-7-acetaminodibenzofuran 

Seventeen grams (0.065 mole) of 2-br<»a6-7-aminodibenso-

furan were placed in 225 ml. of benzene. The flask was 

warmed slightly to ccsnplete dissolution of the compound. To 

this solution was added 7 nil* of acetic anhydride. Within 

2 minutes a flooculent white precipitate appeared. After 

standing for 3 hours to complete precipitation the solid was 

filtered and washed with petroleum ether (b.p. 28-38®)* 

Kiere was thus obtained 16.2 g. (81.7^) of white crystals; 

melting at 215-2180, Recrystallization from benzene raised 

the melting point to 220-220.5®* 

Bromination of 2-bromo-7-acetaminodibenzofuran 

To a partial solution of 10 g. (0.03 mole) of 2-broino-

7-acetaminodibenzofuran in 60 ml. of glacial acetic acid was 

added dropwise 0" g. (0.03 mole) of brmine. An immediate 

change in the crystalline form of the solid occivrred and an 

additional 25 ml. of acetic acid was added to facilitate 

stirring. The mixture was warmed to 50® and stirred for 3 

hours. Subsequent to cooling and filtering, there was ob

tained 10 g. (80^) of a light yellow solid, melting over the 

range 220-229®. One reczystallization from absolute ethanol 

gave 9.1 g* (73^) of white needles melting at 235-236®. 
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This was later shown to be the 2,8-dibromo-3-acetarainodiben-

aofuran. A mixed melting point with the product from the 

bromination of 2-bromo-3-acetaminodibenEof\aran was greatly 

depressed. 

Preparation of 2,8-dibrc«no-3-aminodibenzofuran 

Eight grams of the dibromoacetamino derivative described 

in the preceding experiment were refluxed for 2 hours with 

1$0 ml. of 95^ ethanol and 150 ml. of concentrated hydro

chloric acid. After cooling, the precipitated hydrochloride 

was filtered, suspended in water and decmposed with ammo

nium hydroxide. Filtration of the ammoniacal mixture gave 

7.2 g. (939^) of a white solid, melting over the range 179-

182®, Recrystallization from absolute ethanol yielded 7 g* 

(90^) of white needles, melting 182-183®• 

Anal. Galcd. for C]^2H70®fBr2: Br, I1.6.87. Pound: 

Br, 1^.7.02, ii.7.05. 

Deamination of 2,8-dibrqBio-3-aminodibengoflu'an 

To a cold mixture of 9 ml. of ethanol and 2.5 ml. of 

concentrated sulfuric acid in a 250-ml., three-necked flask 

(stirrer, condenser and dropping funnel) was added 0.5 g* 

(O.OOI5 mole) of 2,8-dibrQmo-3-arainodibenaofuran. The mix

ture was cooled to 10° and a solution of 1*5 g* of sodiixm 

nitrite in 3 inl. of water was added. The temperature was 

not allowed to rise above 10° dtiring this addition; the 
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complete the reaction. The flask was then warmed cautiously 

until a vigorous evolution of gas began. VThen this reaction 

had moderated, the mixture was heated for 10 minutes on a 

steam bath. The solution was then diluted, filtered and the 

resulting tan solid washed well with water. This solid 

material melted over the range I83-I88®. One recrystalllza-

tlon from toluene brought the m.p. to 192-193°• A mixed 

m.p. with authentic 2,8-dlbrcaaodlbenzofuran showed no 

depression* The yield was 0.3 gt (55^)* Thus was estab

lished the position of bromlnation of the 2-bromo-7-acet-

aminodibenzofuran. 

Preparation of 2-nitrodibengofuran 

2-Nitro-3'-&mlnodibenzof\]ran was prepared according to 

the procedure of Kirkpatrick.^^® The 2-nitro-3-ftcetamino 

derivative obtained by this procedxire melted at 198-199° 

(196° reported by Kirkpatrick) and the 2-nitro-3-arolno 

compound melted at 227-228® (222° reported by Kirkpatrick). 

An attempt to prepare the 2-nitrodibenBofiiran by the method 

of Kirkpatrick was not successful. The deamination proce

dure of Bigelow, Johnson and Sandborn^79 was employed. 

279 
L. A. Bigelow, J. R. Johnson and L. T. Sandborn, 

Org. Syntheses« Coll. Vol. 1, 133 (1941)* 
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To a cold mixtxare of 2$ ml, of 2$^ eth&nol and $ ml* of 

concentrated sulfuric acid was added 6.5 g> (0*03 mole) of 

2-nitro-3-aminodibenaofuran. The mlxt\ire was maintained 

below 10® while 3 g. of sodium nitrite in I4. ml. of water was 

slowly added, with stirring. This mixture was then stirred 

for an additional 20 minutes to complete the reaction. The 

flask was warned cautiously until gas evolution had begun. 

When this evolution had moderated the mixture was heated for 

1 hour on a steam bath. The solution was diluted and fil

tered, giving an orange solid melting over the range 175-

195®. Two recrystallizations from methanol gave 3*5 g* 

(56j^) of yellow needles, m.p. range 135-li|-3°» Recrystalli-

ssatlon from glacial acetic acid did not improve the m.p. 

The ccmpound was vacuum distilled (b.p. 160-170^ at 0.6 mm.) 

and the distillation product -crystalllEed from methanol to 

yield 1.5 g. (24.^) of yellow needles melting at I5I-I52®. 

A mixed m.p. with the 2-nitro derivative of Kirkpatrick 

(m.p. 11|9®) was not depressed. 

Preparation of 2-bromo-8-nitrodiben8ofuran 

To 1 g. (0.0047 mole) of 2-nltrodibenzofuran in 20 ml. 

of glacial acetic acid was added dropwise 1 ml. of bromine. 

The solution was then refluxed for 6 hours. After cooling, 

the solution was diluted with water and the resulting solid 

filtered. This solid was recrystallised from acetone-water, 

giving 1.3 g* of yellow solid, melting over the range 



www.manaraa.com

-136-

185-203° (96?^ crude yield). A second recrystallization frcan 

this solvent did not improve the m.p. Recrystallization 

frcMi a large amount of petroleum ether (b.p. 77-115°) gave 

1 g* yellow needles melting at 210-212°. 

Anal. Calcd. for Ci2H603NBr: Br, 27.38. Pound: 

Br, 27.35, 27.30. 

The only report of this compoxmd in the literature is 

that of Yamashirowho gives the m.p. as 226-227°. 

Preparation of 3-cyanodlben8ofuran 

The cuprous chloride solution was prepared from I4.6 g. 
pftn 

of cupric sulfate according to Marvel and McElvaln, 

Prom this solution was prepared the cuprous cyanide solution 

by the procedure of Clarke and Read. 

To 27.6 g. (0.15 mole) of 3-fiunlnodlbenzofuran mixed 

with ]\S ml. of 305^ hydrochloric acid was added enough ice to 

bring the temperature to 0°. A solution of 10.5 g. of 

sodivim nitrite in 30 ml. of water was then added, with stir

ring, while the temperature was maintained between 0-5°. 

Pollowlng the nitrite addition, the mixture was cautiously 

neutralized with sodium carbonate. The above cuprous 

C. S. Marvel and S. M. McElvaln, ibid.. Coll. Vol. 
1, 170 (mi). 

H. T. Clarke and R. R. Read, ibid.. Coll. Vol. 1. 
514 (mi). ^ 
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cyanide solution was chilled and 100 ml. of toluene added to 

the surface. To this cyanide-toluene mixture was added the 

cold dlazonlum solution, the temperature being maintained 

between 0-5°* A brown oil separated. On warming, the oil 

dissolved In the toluene layer (an additional 75 ̂ 1. of 

toluene having been added) and the two layers became well 

defined. The layers were separated and, on cooling, no pre

cipitate resulted in the toluene layer. The toluene solu

tion was concentrated to about I).0 ml. and again cooled, 

giving a red-brown precipitate. Two recrystalllzatlons from 

glacial acetic acid gave 12 g. (41^) of crude product 

melting over the range 109-116®. Additional recrystalliza

tion did not improve the m.p. 

Preparation of 3-dibenzofurancarboxylic acid 

The above crude 3-oyanodlbenzofuran was hydrolyzed by 

refluxing with 100 ml. of methanol and 20 g. of potasslm 

hydroxide for 2L|. hours. This mixture was then added to 200 

ml. of water; the filtrate was heated, treated with Norit-A 

and filtered. This filtrate was cooled with aui ice bath and 

slowly neutralized with hydrochloric acid, yielding g* 

($6^, based on the crude nitrile employed) of a brown solid. 

Two recrystalllzatlons from ethanol (Norit-A) gave $.0 g. 

(385^) of white solid, melting at 270-272°. Borsche and 

Bothe^^^ similarly obtained the 3-«cid, m.p. 266°, but did 
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not report the yield. The above m.p. agrees with that of 

PQP 132 
Gilman, Smith and Cheney and of Bradley. 

Metalation of 3~aminodibengofxu'an 

The procedure employed with the metalation of aniline 
pQp 

by Oilman, Brown, Webb and Spatz was followed. 

3-Aininodibenaofuran ($ g., 0.02? mole) in 2^0 ml, of 

anhydrous ether was added to a 500-ml., four-necked flask 

fitted with stirrer, refltix condenser and dropping funnel. 

The system was swept with nitrogen and maintained under a 

nitrogen atmosphere during the reaction. To the ethereal 
PA 

solution was addod dropwise 0.09 mole of n-butyllithium. 

On the initial addition the solution turned black; when about 

0.03 mole had been added, the color became red-brown and 

remained thus throughout the addition. The mixture was re-
pQ] 

fluxed imtil Color Test IX became negative (32 hours). 

During this period the coloration slowly changed to an 

orange hue. Following carbonation with an ether-Dry Ice 

slurry and acidification with 55^ hydrochloric acid, the 

ether layer was separated. The aqueous layer was washed 

2®2 H, Giiuian, G. E. Brown, P. J. Webb and S. M. Spatz, 
J. ChOTi. Soc., 977 (1914.0). 

H. Oilman, J. A. Beel, G. G. Brannen, M. W. Bullock, 
G. E. Dunn and L. S. Miller, ibid., Jl, 1^99 (1914-9). 

H. Gilman and J. Swiss, ibid., 62, I8I4.7 (1914-0). 
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with two additional portions of ether. The combined ether 

extracts were treated with an 6^ sodim bicarbonate solution 

and after separation, the bicarbonate layer was warmed on a 

steam bath to remove any dissolved ether. This solution was 

then cooled in an ice bath and acidified with dilute hydro

chloric acid. A brown, gummy precipitate resulted and was 

filtered. The original ethereal solution was extracted with 

10^ sodium hydroxide; acidification of this extract gave no 

precipitate (slight turbidity). 

The brown gummy solid was digested with hot dloxane, 

filtered and cooled; the addition of petroleum ether (b.p. 

28-38°) gave 0.5 g» of tan solid, melting from 235-2i|.5®« 

The solid was not soluble In most of the common solvents. 

Recrystallization from a dloxane-petroleum ether (b.p. 

28-38®) solution did not Improve the m.p. 

Preparation of it.-amlnodibenzofuran 

A procedure for the preparation of l4.-amlnodlbenzofuran 

via metalation and reaction with 0-methylhydroxylamine 

appears in the Doctoral Dissertation of Willis, but has 

not been published elsewhere. The following is a modifi

cation of that procedure. 

To a solution of i;2 g. (0.2$ mole) of dibenzofuran in 

150 ml. of anhydrous ether was added O.I4. mole of n-butyl-

llthl\3m.^®^ The solution was stirred at room temperature 

for 38 hours; at the end of this period. Color Test 11^®^ 
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was still positive. To this solution (cooled in a salt-ice 

bath) was added slowly 6.1 g. (0,13 mole) of 0-methylhydroxyl-

aiaine in i|.0 ml. of ether. The free amine was prepared frcan 

O-methylhydroxylamine hydrochloride (Eastman Kodak, White 

Label) by treatment with $0% sodium hydroxide, the resulting 

vapors being p«ssed over pellets of potassium hydroxide in 

a heated U-tube and subsequently condensed. Soon after the 

28S 
addition of the base, Color Test I became negative. The 

solution was stirred an additional 2 hours and then hy-

drolyued slowly with iced water. The ethereal layer was 

separated and the aqueous solution extracted twice with 

ether. The combined extracts were dried over sodi\im sulfate 

and the ethereal solution subsequently treated with dry 

hydrogen chloride to precipitate the amine hydrochloride. 

The i|.-arainodiben»ofuran hydrochloride was dissolved in 1 

liter of water and the solution made alkaline. The tan 

amine was filtered; the yield was 12.9 g. (54^* based on the 

O-methylhydroxylamine of 79J^» based on the amount of di-

benzofuran used), melting at 83-814,®. Willis obtained 21.3 

g. (m.p. 81-83°) frcMft 0.5 mole of dibensofuran. 

Preparation of 3-nitrodibengofuran from 3-aminodibenzofuran 

p f i f .  
Hodgson and Marsden ° have reported good yields in 

H. Oilman and P. Schulze, ibid. . 2002 (1925). 
286 

_ . . . H. H. Hodgson and E. Marsden, J, Chem. Soc., 22 
(19144). •" 
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replaooment of an aromatic amino group by a nltro group. It 

was thought that this might be an excellent route to other

wise difficultly obtainable nitrodibenzofurans. 

Thirteen millilitera of concentrated hydrochloric acid, 

8 ml. of water and 9.2 g. (0.05 mole) of 3-aminodibenzofuran 

were placed in the reaction flask and cooled in a salt-ice 

bath. To this mixture was slowly added 1|. g. of sodium 

nitrite in 10 ml. of water. The solution was then carefully 

neutralised with calcium carbonate and filtered. Into the 

filtrate was stirred 8.0 g. of finely powdered sodim 

cobaltinitrite, and the resulting crystalline diazonium salt 

filtered off. The diazonium cobaltinitrite (still wet) was 

added portion-wise, at room temperature, to a wall stirred 

solution of 5 g* of sodiisn nitrite and $ g, of cupric 

sulfate in i}.0 ml. of water in which 3 g* of cupric oxide 

was suspended. This mixtuire was stirred overnight and 

filtered. The residue was refluxed with portions of glacial 

acetic acid and filtered. The combined filtrates \#ere con

centrated to about 100 ml. and cooled to allow crystalliza

tion of the 3-nitrodibenzofuran. There was thus obtained 

7.6 g. (71^) of crude product melting from li|.0-l52°. Two 

recrystallizations from glacial acetic acid brought the m.p. 

range to 165-179®. An additional recrystallization from 

absolute ethanol and finally again from glacial acetic acid 

brought the m.p. to l8l-l82°; the final yield was 3.3 g. 
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(31?^). A mixed m.p. with authentic 3-nitrodibenKofuran was 

not depressed. 

Preparation of ij-nitrodlbenzofiiran from Ij-amlnodibenzofuran 

A procedure similar to that of the previous experiment 

was employed for the preparation of l^-nitrodibenzofuran. 

Into the reaction flask were placed 9 ml, of hydro

chloric acid, $ ml, of water and 6.1 g. (0,0333 mole) of 

i4.-aminodlbenzofuran; this mixt\u*e was cooled in a salt<-ice 

bath. Sodium nitrite (2,5 g.) in 10 ml. of water was slowly 

added. The dlazoniiim cobaltinltrlte was prepared and de-

cmposed as above. Re crystallization fron dilute ethanol 

gave a yellow solid, melting froji 60-90®; further recrystal-

lizatlon from this solvent did not Improve the m.p. One 

recrystallizatlon from petroleum ether (b.p. 77-115°) raised 

the m.p. range to 132-136®; two additional recrystalllza-

tions gave tan needles melting at 138-139°• The final yield 

was 1*5 g* {21%); in a second r\in, eliminating the ethanolic 

recrystallizatlon, a 25% yield was obtained. 

Preparation of 2-chloramethyldlbenzofuran 

The preparation of 2-chloromethyldlbenzofuran has been 

reported by Klrkpatrlck.^^® The following are attempts to 

repeat the preparation of this compound. 

Run To a partial solution of 8ij. g. (0.5 mole) of 

dlbenzof\iran In 300 ml. of glacial acetic acid in a 
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three-necked flask (stirrer, thermometer and gas delivery 

tube) was added 25 g. (0.27 mole) of trioxymethylene and 

20 g. of freshly fused zinc chloride. Gaseous hydrogen 

chloride was bubbled into the vigorously stirred solution. 

After about ^O minutes the temperature began to rise and 

complete solution occurred. The solution was cooled to 25° 

and kept at this temperature for 3 hours while additional 

hydrogen chloride gas was passed through, A precipitate 

slowly formed. Filtration gave 30.3 g» of recovered dibenzo-

furan, m.p. and mixed m.p. 77-82®. Dilution of the filtrate 

with iced water gave an additional lUl-«5 g* of dibenzofuran 

(89^ total recovery). 

Run II. The reaction set-up and quantities employed 

were the same as with Run I. The reaction was run as pre

viously except for not cooling to room temperature. The 

temperature in the flask rose to 55® without external 

heating, but soon began to fall. The solution was then 

warmed to keep the internal temperature at 55®* Hydrogen 

chloride gas was bubbled through for 5 hours at this tempera

ture . The reaction mixture was then poured upon ice, 

yielding a gtxnmy liquid. Attempts to recrystallize this 

liquid (Kirkpatrick gave m,p, as 78.5-79.5®) frotn several 

solvents all resulted in "oiling out" of the solute. The 

product was extracted with ether, the ether extract then 

being washed with a sodium carbonate solution and dried over 

sodixim sulfate. The solvent was distilled off and the 
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residue subjected to vacuum distillation. Under a pressure 

of 0.2 mm, with a bath temperature of 15O-I7O®, a green 

polymer was formed with the evolution of considerable hydro

gen chloride gas. A small amount of dibenzofuran (mixed 

m.p.) sublimed on the condenser. On cooling, the green 

material solidified; pulverization gave a light green powder 

melting from 92-110°. Two recrystallizations of a portion 

from methyl cellosolve gave a light yellow solid, melting 

at 123-126®. 

Run III. This reaction was run as previously except 

carbon tetrachloride was employed as a solvent (rather than 

acetic acid, which might have taken part in affecting poly-

meriasation). The mixture warmed slightly on reaction, but 

required external heating to maintain the temperature at 

55®; hydrogen chloride was passed through the solution at 

this temperature for 8 hours. The carbon tetrachloride 

solution was filtered, washed with sodixim carbonate solution 

and the solvent distilled off. Vacuiim distillation of the 

residue (0«5 nm) gave the usual green polpier. 

Run IV. Bxm III was repeated with the exception that 

the product was chromatographed on a 6 inch colisnn of 150 

g. of adsorption alumina (Pisher) rather than vacuiim dis

tilled. The column was eluted with carbon tetrachloride, 

petroleum ether (b.p. 60-70°) and finally with benzene, the 

eluates being collected in $0 ml. portions. Evaporation of 

the solvent from the chromatographed solutions gave yellow 
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oila which defied crystallization attempts. 

Similar difficulties in obtaining a pure product were 

encountered by R. G. Johnson in the preparation of the 

2-chlororaethyldiben2ofuran and by G. R. Wilder in the pre

paration of the 2-chloromethyldibenzothiophene, 

Dibenzothiophene Derivatives 

Preparation of 2-bromodibenzothlophene 

Courtot, Nicolas and Liang^®^ were the first to report 

the preparation of 2-br<Haodibenzothiophene; however experi

mental details were not given. Culllnane, Davies and 

Davles^®® prepared the 2-bromo derivative from 2-amlno-

dibenzothiophene and by direct bromination. The following 

is a modlfioation of the procedure of Jacoby (Doctoral 

11 Dissertation) which has not been published elsewhere. 

In 130 ml, of carbon tetrachloride was dissolved 73*6 

g. (O.I4. mole) of dibenzothiophene (Eastman Kodak, White 

Label) and a very small quantity of aluminum trichloride was 

added. While the solution was stirred and warmed, 6i4. g. 

(O.i; mole) of bromine was added dropwlse (2.5 hours required). 

C. Courtot, L. Nicolas and T. H. Liang, Compt. 
rend., 186. 1621^. (1928). 

N. M. Cullinane. C. 0. Davies and 0. I, Davies, 
J. Chem. Soc., 114-35 (193o) • 
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The solution was exposed to ultraviolet radiation while 

heating and stirring were continued for 24 ho\irs. After 

cooling, the bromine and carbon tetrachloride were removed 

by distillation (washing with bisulfite and drying over 

sodium sulfate were found to be \mnecessary steps). Vacuum 

distillation of the residue (main fraction boiling from 

145-155° at 0.1 mm.) gave 70 g« i^7*5%) of crude product, 

melting from 90-110®. Three recrystallisations from abso

lute ethanol (Jacoby did not specify a recrystallization 

solvent) gave 55 g* (52.5?^) of* product melting at 126-rl27°. 

The m.p. range after one recrystallization was 110-115°; 

after the second, 118-125®; after the third, 126-127®. 

Jacoby obtained $1^% of product melting at 12ij.-125®. An 

additional 12 g. of impure material was recovered by concen

tration of the filtrates. 

Preparation of 2-bromodibenzothiophene-5-dioxide 

The preparation of 2-bromodibenzothiophene-5-'dioxide 

289 
has been reported by Courtot, the compound being obtained 

by oxidation with potassium dichromate of 2-bromodibenzo-

thiophene; however, no experimental details were given. The 

290 
only other report is that of Muth and Putzer, who report 

C. Courtot, Compt. rend., I98. 2260 (193^4-) • 

P. Muth and B. Putzer, PBL 63936. (Enlargement 
Print of Frames 100^.-10.0 of FIAT microfilm Reel C 60, PB 
17657») March 1933. 7 PP• Photo. Ger. 5. P. 568a, #7. 
May 16, 191+7. 
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chromlc acid oxidation of 2-broraodlbenzothiophene to yield 

the -5-dloxlde, m.p. 256®. The following prooediire is 

easily carried out and gives good yields. 

Fifteen grams (0.058 mole) of 2-bromodibenzothiophene 

were suspended in 200 ml* of glacial acetic acid. To this 

solution was slowly added 30 al* of hydrogen peroxide, 

and the mixture was then slowly warmed to reflux temperature. 

On warming, the solid entirely dissolved and reprecipitation 

began shortly thereafter. The mixture was reflxixed for 1 

hour, cooled, filtered and the precipitate washed well with 

water. The white sulfone melted at 261-262® and weighed 

16 g. (93*55^) • Courtot reports a m.p. of 266-267°; Muth 

and Putzer report a m.p. of 256°. After digestion with 

absolute ethanol the 2-bromodibenzothlophene-5-dloxlde 

melted at 261.5-262°. 

Preparation of 2-bromo-7-nitrodibenzothiophene-5-dioxide 

A search of the literature revealed no reports of the 

nitration of 2-broraodibenzothiophene-5-<iioxid® or the pre

paration of 2-brorao-7-nitrodibenzothlophene-5-dioxide by 

other means. 

Into a three-necked, 250-ml. flask was placed 15 g* 

{0.051 mole) of 2-.bromodlbenzothiophene-5-dioxide. Fifty 

milliliters of concentrated sulfuric acid were added, form

ing a thick paste, and then 33 ml. of fuming nitric acid 

(sp. gr. 1.50) was added slowly. The stirred mixture was 
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A 
wanned to 80 and there maintained for 2 hours. Upon cool

ing, the reaction mixture was filtered and washed well with 

water immediately to stop action of the concentrated acids 

on the filter paper; this was found to give a better pro

duct than that obtained on dilution and subsequent filtra

tion. The crude yield was li^ g. (80^) of a light yellow 

solid, melting over the range from 250-300°. Three recry-

stallizations from glacial acetic acid gave 9 g. ($2^) of 

pale yellow needles melting at 319-321°. After one recry-

stallizatlon the m.p. range was 295-315®» after the second, 

315-320°; and following the third, 319-321°. 

Anal. Calcd. for C-L2H60i4,SNBr: S, 9»l4.3« Pound: 

s, 9.39, 9.39. 

Preparation of 2-bromo-7-aminodlbenzothiophene-5~dioxide 

Run I. One gram (0.029i4. mole) of 2-brorao-7-nitro-

dibenzothiophene-5-dioxide was suspended in 25 ml. of abso

lute ethanol and about 0.5 g. of Raney nickel catalyst was 

added. The initial hydrogen pressure was i|.0 lbs./in.^ and 

the reaction bottle was steam heated. After i|.5 minutes, 

there was no noticeable drop in the hydrogen pressure. The 

still-warm mixture was filtered; dilution of the filtrate 

with water gave a red solid melting from 250-295°* The 

residue frcaa. the filtration was extracted with 75 ral. of hot 

toluene. Filtration, concentration to about 10 ml. and 
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coollng of the toluene solution gave, subsequent to an addi

tional filtration, a red solid melting from 260-293®* Three 

recrystallizations of the combined solids from glacial ace

tic acid (Norit-A) raised the ra.p. range to 313-318°• A 

mixed m.p* with starting material was not depressed. The 

yellow solid weighed 0.5 g. recovery). 

Run II. Nine grams (0.0261j. mole) of 2-bromo-7-nitro-

dibenzothiophene-5-dioxide were suspended in 175 ral* of 

absolute ethanol. To this mixture were added 1? g. of 

granular tin and 175 of concentrated hydrochloric acid. 

The mixture was stirred at reflux temperatxire for 2 hotirs. 

Complete solution did not occur; however the suspended pre

cipitate soon changed in coloration from yellow to white. 

The amine hydrochloride (m.p. about 320O, with decomposition) 

was filtered, suspended in water and decomposed with ammo

nium hydroxide. There was thus obtained 7 g, of yellow 

solid, melting frcmi 315-320®, A mixed m.p, with starting 

material was greatly depressed. Two recrystallizations from 

acetone-methanol gave 5*5 g* {^1%) of a yellow solid 

(Norit-A did not lessen the intensity of the yellow colora

tion) , melting at 331-333°# with some decomposition. 

Anal, Calcd, for 012^802^^®^• 25.77* Pound: 

Br, 25.1^7, 25.5I1.. 

Preparation of 2-nitrodibenzothiophene 

The nitration of dlbenzothiophene was reported in two 
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Of\'7 POT 
papers by Courtot and co-workers ' but no experimental 

details were given. Cullinane and oo-workera reported a 

1^0% yield of 2-nitrodibenzothiophene by nitration of dibenzo-

thlophene with fuming nitric acid; however, Gilman and 

292 
Nobis were \inable to duplicate the yield, usually obtain

ing less than 20^4 The procedxire of Cullinane was also fol

lowed during the course of this investigation, a 2J% yield 

being obtained. The procedure vhich follows is a modifica

tion of the procedure of Gilman and Nobis. 

To J[|.0 g, (0.218 mole) of dibenzothiophene in 300 ml. of 

glacial acetic acid was slowly added ml. of fuming nitric 

acid (sp. gr. 1.50). The solution was maintained between 

25-30® during this addition (1 hour required). When the 

addition was ccaaplete, the reaction mixture was stirred for 

2 hours at room temperattire. The mixture was filtered and 

dried on a Buchner fxmnel (without washing with water). The 

nitration product was digested for 2 hours with 250 ml, of 

refluxing ethanol to rwnove the soluble 2-nltrodibenzothio-

phene-5-oxlde. The Insoluble 2-nltrodibenzothlophene was 

removed by filtration of the hot solution, giving 18 g., 

melting at 180-186®. Recrjatallizatlon from a benzene-

petroleum ether (b.p. 77-115**) solution gave 15 g. of yellow 

291 cj. Courtot and C. Pomonls, Compt. rend.. 182. 893 
(1926). 

292 
H. Gilman and J. P. Nobis, J. Am. Chem. Soc. . 71. 

27k. (19i|9). " 
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needles {30J^)» melting at 187-188®. Nobis obtained a 28.2^^ 

yield, melting at 186-18?°, no recrystallization being 

reported. 

Preparation of 2-acetaminodibengothiophene 

Courtot and Poraonis^^^ first prepared 2-acetamino-

dibenzothiophene, but experimental details were not included 

in their report. Oilman and Jacoby^^^ prepared this com-

po\md in a manner similar to that described below, but gave 

no yield. The 2-amlnodibenzothiophene was prepared in an 

8?^ yield by catalytic reduction of the 2-nitro derivative 

according to the procedure of Oilman and Nobis 

To a solution of 9 g. {0,Q\\$2 mole) of 2-aminodibenzo-

thiophene in 200 ml. of benzene was added 9 ml. of acetic 

anhydride. Within 5 minutes a heavy white precipitate was 

formed; the mixture was allowed to stand for 1 hour to 

complete the reaction and then filtered. The solid thus 

obtained melted at 176-178°. One recj^ystallization from 

benzene gave 10 g. (92j^) of white needles, melting at 

178-179°. Further recrystallization did not change the m.p. 

The melting point reported by Courtot and Pomonis was 168°; 

that of Oilman and Jacoby, 178°; and a m.p. of 181-183° 

293 c. Courtot and C. Pomonis, Compt. rend., 182, 931 
(1926). 

H. Oilman and A. L. Jacoby, J. Org. Chem., 3» 
108 (1938). 
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(prepared by Beckmann rearrangement of the 2-acetyl oxlme) 

was reported by Burger, Wartman and Lutz.^*^^ 

Nitration of 2-aoetaininodlbenzothlophene 

29li 
This reaction has been reported by Oilman and Jacoby. ^ 

2-Acetamlnodibenzothlophene (7 g», 0.038 mole) was dissolved 

in 300 ml. of glacial acetic acid. With stirring, 6 ml. of 

fuming nitric acid (sp. gr. I.50) was added, keeping the 

temperature at 25®; precipitation soon began. The mixture 

was stirred at ro<»a temperat\ire for 1 hour and filtered 

directly. The product was washed well with water and dried 

to give g. of yellow crystals, melting at 208-209°. Dilu

tion of the filtrate gave an additional 3*2 g. melting from 

200-205®. Recrystallization of this material from methanol 

brought the m.p, to 208-209°. The total yield of ptire com

pound was 6,1 g, (12%) (Oilman and Jacoby reported a 67% 

yield). 

Nitration of 2-acetaminodiben2ofuran has been shown to 

give the 2-acetamino-3-nltro derivativehowever, infra

red absorption measurements of the above nltro-2-aoetamino 

compo\ind indicate that the nltro group is not on the same 

ring as the acetamino grouping. For additional consideration 

of this and the following reaction, see the Discussion 

section. 

A. Burger, W. B. Wartman and R. E. Lutz, J. Am, 
Chem. Soc., 60, 268 (1938). ~ 
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Attempted hydrolysis of nitro-2-aoetaminodibenzothiophene 

This reaction was reported by Oilman and Jacoby^^^ to 

give a nitrogen-free compoimd melting at 88°, Hydrolysis of 

2-acetamino-3-nitrodibenzofur€m proceeds normally giving the 

nitro-araineThe following is additional information 

which may be helpful in establishing the identity of the 

hydrolysis product. 

Run I, A mixture of 0.5 g. (0.002 mole) of the nitro-

acetamino compoimd with 20 ml. of absolute ethanol and 20 

ml. of concentrated hydrochloric acid was refluxed for 2 

hoxirs. The solid material all dissolved, but the solution 

soon became ttirbid and a brown oil separated. Dilution of 

the reaction mixture with water and cooling gave a brown 

solid, melting from 70-80®. Suspension of the solid in 

water and treatment with ammonium hydroxide did not change 

the m.p. Recrystallization from dilute methanol gave a 

white solid melting at 85-87°; a second recrystallization 

from glacial acetic acid raised the m.p. to 88-89°. The 

yield of white needles was 0.2 g. 

Run II. To determine the effect of the hydrochloric 

acid, hydrolysis was attempted using $0^ sulfuric acid; only 

a black charred substance was obtained; the substance defied 

purification attempts. 

R\m III. Run I was repeated, the reaction being 

stopped by dilution with water as soon as all of the solid 
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had dissolved. The resulting yellow solid was filtered and 

washed with water; the m.p. range was 71-8i|.°. Two recry-

stallizations from glacial acetic acid gave white needles, 

melting at 87-87.5° (0.23 g.). . , , 

This anomalous product^is insoluble in 20?^ sodium 

hydroxide and soluble in benzene. A Beilstein halogen test 

was negative. The compound burns with a smoky flame. A 

mixed m.p. with dibenzothiophene melted from 60-75°* Quali

tative alkali fusion tests for nitrogen 

negative. A mixed m.p. with a sample of Jacoby's c<sapound 

was not depressed. A Rast determination indicates the 

molecular weight of the substance to be about 

Preparation of 2-bromo-8-nitrodibenzothiophene 

l^ie preparation of 2-brQmo-8-nitrodibenzothlophene is 

reported in two papers by Courtot and co-workers^®^ but 

the yield and experimental details are lacking. 

Ten grams (O.O38 mole) of 2-bromodibenzothiophene were 

partially dissolved in 100 ml, of glacial acetic acid and 

15 ml. of fuming nitric acid (sp. gr. 1.50) added dropwise. 

No noticeable change occurred; the reaction mixture was 

warmed to 50° and the suspended solid slowly tiirned yellow. 

The mixture was stirred at this temperature for 1.5 hoiirs 

2Q6 
C« Courtot and 0. Pomonis, Compt. rend.. 198. 

2003 il93k)' 
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and then filtered directly. There was thus obtained 10 g. 

of solid melting from 160-200®. Recrystallization from 

glacial acetic acid raised the m.p. range to 170-207®. The 

product was digested for 2 hoiirs with refluxing ethanol and 

then again recrystallized from glacial acetic acid; the 

m.p. range was 233-2Ji|.2°. Two additional recrystallizations 

from this solvent gave 3 g. (25.55^) of pale yellow needles, 

melting at 2514.-256. 

Preparation of 2-bramo-8-aminodibenzothiophene 

Again the sole report of this compound is that of 

Courtot^®^ who gives only the m.p., stating that the sub

stance was obtained by reduction of the 2-bromo-8-nitro 

derivative, but not mentioning the method of reduction or 

any details. 

To a suspension of 2.5 g. (0.0081 mole) of 2-bramo-8-

nltrodlbenzothiophene in 50 ml. of absolute ethanol was 

added about 0.5 g> of Raney nickel catalyst. The Initial 

reaction pressure was I4.0 lbs,/in.^ After shaking over 

night, i|. lbs./in. had been absorbed. The solution was 

filtered free from catalyst and diluted to give 2 g. of a 

light violet solid melting from IOO-I3O®. Three recrystal

lizations from ethanol gave 1 g. ik.S%) of solid melting at 

Ii|.9-150°. 
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Preparatlon of dlbenzothlophene-^-oxlde 

Th® oxidation of dibenzothiophene with hydrogen perox

i d e  h a s  b e e n  c a r e f u l l y  r e v i e w e d  a n d  s t u d i e d . S e v e r a l  

preparations of dibenzothiophene-5*'Oxide were rtm and it ia 

believed by this author that the most practical pz>eparation 

of the ccsapound is a modification of the method of Brown, 

PQft 
Christiansen and Sandin which follows. 

Fifty grams (0.272 mole) of dibenzothiophene were dis

solved in 14.50 ml, of carbon tetrachloride; the solution was 

cooled to 0-5° with an ice bath and kept within the tempera

ture range while chlorine gas was bubbled through. The 

treatment with chlorine was continued until 20 g, of 

chlorine had been absorbed. The pink coloration reported 

by Brown et al. did not always appear. The compo\md was 

hydrolyzed by vigorous shaking with ice and water; the 

hydrolysis proceeded rather slowly; therefore after much 

shaking the mixture was allowed to stand overnight* The 

pink (or white) solid thus formed was filtered and washed 

well with water. The cznide yield was $1,3 g. i9k%)» melting 

fr<Kn I7O-I8O®. One re crystallization from benzene gave 

1^,1.5 g* il7%t the same yield obtained by Brown et al.) of 

297 
H. Oilman and D. L. Esmay, J. Am, Chem. Soc • . 71j.. 

2021 (1952). "" """ 
pofl 
' R. K. Brown. R. G. Christiansen and R. B. Sandin, 

ibid., JO, 17i|.8 (I9I1.8), 
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white prismatic crystals, melting at 185-18?®» An addi

tional g. of solid melting at 182-186° was obtained on 

concentration of the beneene solution. 

Infrared absorption measurements indicated a small 

amount of the -5-dioxide to be present in the above product. 

A run was made following the procedure above but stopping 

the reaction before an equivalent of chlorine had been 

absorbed. The material thus obtained also showed evidence 

of some -5-dloxide impwlty. The -5-roonoxide product ob

tained by the procedure of Gilman and Esmay^^^ was extracted 

several times with petroleum ether (b.p. 77-115®) 

recrystallized twice frcsn benzene, but failed to give a 

product without indications of the dioxide. 

Reaction of dibenzothiophene-^-oxlde with brcanine 

The following experiment was carried out in an attempt 

to prepare 3-hromodibenzothiophene-5-oxide 

Six grams (0.03 mole) of dibenzothiophene-5-03cide were 

partially dissolved in 50 ml. of carbon tetrachloride, and 

a small amount of aliaminum trichloride added. The solution 

was warmed and stirred while 5*0 g. (O.Oi^ mole) of bromine 

was added dropwise. Stirring and heating below reflux temp-

arature were continued for 214. hours, with no apparent evo

lution of hydrogen bromide. Complete solution occ\u>red, but 

a precipitate was formed on cooling. The precipitate was 
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flltered and washed well with water. Two recryatallizations 

from n-butanol gave 3*7 g« (36^^) of a white solid melting at 

223-221}.°. A mixed m.p. with 2,8-dibromodibenzothiophene 

(m.p. 223-22i|.°) , prepared by direct bromination of dibenzo-

thiophene, was not depressed. Infrared absorption measure

ments have confirmed the presence in the starting material 

of the sulfoxide group and its absence in the final product; 

also, nuclear bromo-substitution is indicated. 

In another run, using only 0,5 equivalent of bromine, 

a l\.0% recovery of the starting -5-oxlde plus a 2Q% yield of 

dibenzothiophene (mixed m.p.) were obtained. 

Reaction of dibenzothiophene-5-oxide with hydrojgen bromide 

Hydrogen brmide gas was prepared and freed from bro

mine by the procedure of Booth^^^ (using tetrahydronaphtha-

lene and br(Haine). The hydrogen bromide gas was bubbled 

for 3 hours through a partial solution of 5 g* (0,02$ mole) 

of dibenzothiophene-5-oxide in $0 ml. of carbon tetra

chloride and warmed to 50-55®* Soon after the initial 

hydrogen bromide passage, the reaction mixture began to turn 

red-brown in color and after 1 hour had become a dark red. 

The suspended solid dissolved. A test for bronine with 

H. S. Booth, "Inorganic Synthesis", Vol. I, 
McGraw-Hill Book Company, New York, 1939» p. 151' 
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fluoreaceln^^^ was quite positive and a sitailar test of the 

gas before entering the reaction flask proved negative. 

With continued warming, the reaction solution was allowed to 

stand for 2l^. hours. On cooling, a small amount of solid was 

obtained, melting from 215-220®; this solid was recrystal-

lized from n-butanol to give 0.12 g. of white crystals 

melting at 227-229°. A mixed m.p. with dibenzothlophene-5-

dioxide melted from 226-230®. 

The solvent was distilled from the carbon tetrachloride 

solution, leaving a white residue melting from 60-90®. 

Recrystallizatlon from ethanol did not improve the m.p. The 

solid was then vacuum distilled (b.p. l50-160®/2-3 mm.) 

Five recrystallizations from ethanol gave 15 g. (335?) 

material melting from 91-95®» mixed m.p, with dibenzothio-

phene also melted from 91-95®» 

In a repeat run, employing the same quantities, 2 g. 

of white needles, melting at 96-97® (mixed m.p. with 

dlbenzothiophene not depressed), and 0.13 g» of dibenzothio-

phene-5-dloxide, m.p. 233® (mixed m.p.), were obtained. 

Reaction of dibenzothlophene-5-oxide with N-bromosuccinimlde 

An additional attempt was made to prepare 3-bromodl-

benzothlophene-5-oxlde employing N-bromosucclnlmide. The 

300 Pelgl, "Qualitative Analysis by Spot Tests", 
Elsevier Publishing Ganpany, New York, 19i4.o, p. 19i4.. 
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120 
procedure used was based on that of Buu-Hol and Royer for 

the bromlnatlon of dlbenzothiophene. 

Ten grains (0.05 mole) of dibenzothlophene-5-oxlde, 20 g. 

of N-bromosuccinimlde and 100 ml. of carbon tetrachloride 

were placed in a three-necked flask fitted with a stirrer 

and condenser. A small amount of aluminm trichloride was 

added and the solution brought to reflux temperature. The 

reaction mixture was exposed to ultraviolet light and, with 

stirring, refluxed for 4.8 hours. The mixture was then 

filtered, washed with dilute sodlm hydroxide and subse

quently with water. The residue weighed 9 g* and melted 

from 152-168°. Two recrystallisatlons from benaene gave 6.5 

g. {6^% recovery) of the startliig -5-oxlde, melting at 

I8i|.-186° (mixed m.p.). 

Evaporation of the carbon tetrachloride solution left a 

residue melting from 50-95°• Recrystallization from dilute 

ethanol gave a white solid which partially melted from 

85-90°, but did not completely melt until a temperature of 

158° was reached. Attempts to further purify this solid by 

recrystallization were unsuccessful. 

Preparation of 3-amlnodlbenzothiophene 

Dlbenzothiophene-5-oxlde was nitrated by a procedure 

based upon that of Oilman and Jacoby^^^ for the nitration of 

the dioxide. 
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Pifteen grams of dlbenzothiophene-5-oxide (0.075 mole), 

33 jRil* of glacial acetic acid and 33 nil- of concentrated sul

furic acid were placed in the reaction flask and the mixture 

cooled in an ice bath. To the stirred mixture was added 3^ 

ml. of fuming nitric acid (sp. gr. 1.50) over a period of 20 

minutes. Complete solution resulted. After standing for 30 

minutes at 0-5°, the solution was poured upon 200 g. of 

cracked ice. A light yellow, gummy solid was formed which 

hardened within 1 hour. The solid was filtered and washed 

well with water. The crude material weighed 16 g. {8?^) and 

melted from 203-207°. One recrystalllzatlon from absolute 

ethanol gave 13*5 g» (73 •5/^) of 3-nitrodibenEothiophene-5-

oxide (white platelets) melting at 210-211®. (Brown et 

^ 298 Qij^alned a 74^ yield of product melting from 209*5-

210.50.) 

The 3-nitrodibenzothiophene-5-oxide was reduced to 3-

aminodibenzothiophene by the procedure of Brown and co

workers.^^® A yield of the cream-colored amine was ob

tained melting at 121-122®. 

Preparation of 3-bromodiben2othiophene 

From 3-aminodibengothiophene. A procedure for the pre-

paratlon of the from the derivative has been 

•aoi 
reported by Illuminati, Nobis and Oilman.-^ 

G. Illtaninati, J. P. Nobis and H. Oilman, J. Am. 
Chem. Soc., 71» 5887 (1951). ~ — 
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The cuprous bromide was freshly prepared by the proce

dure of Vogel.^®^ The nitrosyl sulfuric acid was prepared 

by the method of Hodgson and Walker. 

Six grams (0.03 mole) of 3-amlnodibenzothlophene were 

dissolved In 70 ml. of glacial acetic acid. The solution was 

cooled to room temperature and slowly added to a well-

stirred solution of nitrosyl sulfuric acid (10^ excess of 

sodium nitrite employed) in eui ice bath. This diazonlum 

solution was then added to a solution of cuprous brcxaiide 

(0.03 mole) in 125 ml. of 1^8^ hydrobromlc acid and the re

sulting purplish-black solution refluxed for 1 hour. The 

cooled mixture was then poured into a large volume of water 

and the brown precipitate so obtained was filtered off. 

Illumlnati's procedure calls for a thorough extraction 

of the product with etherj however, the residue was found to 

be quite soluble in this solvent. The ether was evaporated 

and the residue dissolved in hot ethanol (Norit-A); filtra

tion and dilution with water of the cooled filtrate gave 

i4..9 g. (62?^) of light brown platelets, melting from 82-91®. 

Two recrystallizations from ethanol gave 3'1 g» (39^),of 

product melting from 93-96°. 

A. I. Vogel, "A Textbook of Practical Organic 
Chemistry," Longmans, Green and Company, New York, 19k8, 
p. 187. 

Hodgson and J. Walker, J. Chem. Soc., 1620 
(1933). "" 
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From 3-bromodlbengothlophene-g-dloxlde. The reduction 

of dibenzothiophene-5-dioxide with lithlim alminum hydride 

has been reported by Bordwell and McKellln.^®^ The 

3-bromodibenJsothiophene-5-dloxlde sample was prepared by 

H. A. Pacevita 

3-Broinodlbenzothlophene-5-dioxlde (0.5 g., 0.001? mole) 

and 0.2 g, (0.005 mole) of lithium aluminum hydride were 

placed in a E^O-ml., three-necked flask and 100 ml. of an

hydrous ether was added. The reaction mixture was refluxed 

for 1.5 hours, with stirring. The cooled mixture was then 

hydrolyzed by the dropwise addition of water. Dilute hydro

chloric acid was then added to dissolve the resulting pre

cipitate; the layers were separated and the aqueous layer 

was extracted twice with ether. The combined ether solu

tions were evaporated, leaving a light yellow gum. The 

residue was extracted with hot ethanol; dilution with water 

of the ethanolic extract gave a white solid melting from 

i}.0-63®. Three recrystalllzations from absolute ethanol gave 

0.2 g. (41|..5?S) of white needles melting at 98-99°. A mixed 

m.p. with the 3'-bromodlbenzothiophene prepared from 3-«ittino-

dlbenzothlophene was not depressed. 

30^1- p. 0. Bordwell and W. H. McKellin, J, Am. Chem. 
Soc., 22, 2251 (1951). ~ 

H. Grilman, A. L. Jacoby and H. A. Pacevitz, 
J. Org. Chem.. 120 (1939). 
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Pr«p&ratlon of lj.~ainlnodlbenzothlophene 

Tha prooedtire of Oilman and Avaklan waa followad for 

this preparation; however a yield, rather than the 6i|.^ 

107 
yield reported, was obtained. D. L. Esmay*' ' has also 

reported obtaining a much lower yield by this procedure. 

The reaction was repeated employing the same quantities 

as in the report of oilman and Jaeoby with the exception of 

the amount of O^'iaethylhydroxylamine used. After the addi> 

tion of the reported 10 g. (0.21 mole) of the acaine, Color 

Test I remained positive; 3 additional g. of the amine was 

added before the Color Test became negative. The product 

was purified as reported except that petroleum ether (b.p. 

77-115®) w®® employed as the recrystallization solvent 

rather than methanol. There was thus obtained 27,2 g. {67%) 

of l|.-aminodibenzothiophene. 

Preparation of ij.- {p-dlmethylaminoethylamino>dibenzothlophene 

A mixture of 6.5 g» (0.032 mole) of if-aminodibenzothio-

phene and 7*15 g* (0.05 mole) of p-dime thy laminoethyl 

chloride hydrochloride (Matheson) was heated (under nitro

gen) at 150-155° ii. hours. After cooling, the reaction 

mixture was dissolved in hot water, cooled, and filtered 

306 Oilman and S. Avaklan. J. Am. Chem. Soc.. 68. 
1511|. {19i|.6). •" 

D. L. Esmay, unpublished studies. 
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free fros a small amoiint of Insoluble material* The aoidio 

solution was made basic with ammoniiam hydroxide and 

extracted with ether. The ethereal extract was dried over 

sodixim sulfate and the solvent subsequently removed. Vacuum 

distillation of the residue gave 6,1 g. (71^) of a ligjht 

yellow liquid, b.p. 221'22k°/0.$ mm. 

Anal. Galcd. for S, 11.86. Pound: 

S, 11.814., 11.75. 

Preparation of (p-dimethylaminoisopropylamino >dibenzo--

thiophene 

A mixture of 6*5 g. (0.032 mole) of i^-aminodibensothio* 

phene and 7*9 g* (0.05 mole) of p-dimethylaminoisopropyl 

chloride hydrochloride (Matheson) was heated, \mder nitrO'> 

gen and with stirring, at 155-160° for 5 hours. After cool

ing, the reaction mixture was treated with 600 ml. of hot 

^ter and filtered free from insoluble material. This fil

trate was then made basic with ammonium hydroxide and subse

quently extracted with anhydrous ether. The ethereal 

extract was dried over sodium sulfate and the ether then 

evaporated. The residual oil was vacuum distilled, yielding 

S» of a yellow oil, b.p. 215-2l8°/0.3 mm. The 

compound tends to become discolored on standing and was 

redistilled for analysis. 

Anal. Calcd. for S, 11.26. Pound: 

S, 11.22, 11.15. 
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Nitrogen Heterocyclic Derivatives 

Reaction of phenothiaaine with lithiiaa 

D. Ii. Eaiaay^®® reacted dibensofuran with lithim in a 

dloxane medium and obtained a 7f ,2% yield of o-hydroacydi-

phenyl; \mder similar reaction conditions with dibensothio-

phene a 21,yield of diphenyl, 18.3^ of o-mercaptodiphenyl 

and recovery of dibenzothiophene were obtained. 

Studies of this lithium cleavage reaction is herein extended 

to phenothiazine, lO-ethylphenothiasine and carbazole. 

Run I. Pxirification of the dioxane employed was 

effected by the procedure of Pieser.^^^ To 200 ml. of puri

fied dioxane in a three-necked flask (condenser, stirrer and 

nitrogen atmosphere) were added 19*9 g* (0.1 mole) of pheno-

thiazine and 2,22 g. (0.32 g. atCHta) of lithium, fhe mixture 

was heated to reflux temperature and there maintained for 15 

hoxu:»B. The odor of hydrogen sulfide was evident and a lead 

acetate test for this substance was positive soon after 

heating was begtm. Color Tests I, taken initially and at 

intermittent points, were negative. The color at the start 

was a dark red, gradually becoming lighter as refluxing was 

H. Gilman and D. L. Esmay, J. Am. Chem. Soc., 75* 
in press (1953) • "" 

L. P. Pieser, "Experiments in Organic Chemistry," 
D. C. Heath and Company, New York, I9I4.I, P» 368. 
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continued. At the end of the 15-hour period, a small amount 

of llthiura remained. The reaction mixture was cooled and 

slowly hydrolyzed with a water-dioxane solution. The solvent 

was distilled off at water pmp pressure, leaving a li^t 

brown, gumtay solid. The residue was extracted with two por

tions of 5^ sodium hydroxide {$0 ml. each). The remaining 

residue was washed with water and then extracted with 

hydrochloric acid {two portions). The residue from 

the acid treatment was extracted with two portions of 

methanol. 

Neutralisation of the sodium hydroxide solution gave a 

yellow-brown oil (mercaptan odor). The oil was dissolved 

in ether and the ethereal solution extracted with sodium 

hydroxide. Slow neutralization of the basic solution, 

while keeping the temperature at 0-5®, gave $,8 g. (295^) 

of a yellow solid, melting at 35-37®• On standing the 

solid changed to an oil again, probably due to some oxida

tion to the disulfide. The mercaptan was dissolved in 

dilute sodium hydroxide and an alcoholic solution of iodine 

added until coloration due to iodine was evident. Filtra

tion gave the disulfide of o-mercaptodiphenylamlne, melting 

at 161-162"^* A m.p. of 162^ for this disulfide is reported 

by Kiptrlanov and Ushenko.^^® 

A. I. Klprlanov and I. K. Ushenko* J. Gen. Chem. 
(U.S.S.R.), II, 2201 (19i|.7) /"£. A., 50lF 



www.manaraa.com

-168-

Anal. Calcd. for S, 16.02, Pound: 

S, 15.92, 15.81. Neutrallaatlon of th« hydrochloric acid 

solution gav« no solid material (slight turbidity). 

Water dilution of the methanolic extract gave a light 

yellow solid which melted from 45-50®* Recrystallization 

from dilute ethanol gave 0*74 S* o£ diphenylamine 

(mixed m.p.), melting at 

Two reez^stallizations from toluene of the residue 

remaining after the methanolic extraction gave 7«2 g, (36^ 

recovery) of light yellow solid, melting at 178-180®; a 

mixed m.p, with the starting phenothiasine was not depressed. 

Rim II. Bvun I was repeated, except the solution was 

carbonated rather than hydrolyzed. The reaction was worked 

up by the normal procedure following carbonation. No acid 

was obtained from the bicarbonate solution. Neutralization 

of the sodium hydroxide extract gave 6.7 g. of o-mercapto-

diphenylamine, melting at 35'-37® (a mixed m.p. with a sample 

trcm Run I was not depressed). No diphenylamine was iso

lated. By the methods of Run I, 7*9 g. (37*25^ recovery) of 

starting phenothiazine (mixed m.p.) was obtained, melting at 

180-181®. 

Rtan III. Run I was repeated employing anhydrous ether 

as a solvent rather than dioxane. The only material iso

lated was 16 g. (80.5$^ recovery) of phenothiazine, melting 

(after one recrystallization from toluene) at I78-I8I®. 
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Roaotion of lO-othylphanothlazina with lithium 

Run I« 10-Ethylphenothlazine (11.2 g., 0.05 raole), 

0.8 g. of lithium (0.115 g. atom) and 100 ml. of p^xrifi«d 

dioxane were placed in a throe-necked flask fitted with 

stirrer and reflux condenser and tmder a nitrogen atmos

phere. The mixture was refluxed for 15 hours. Color Tests 

I were negative throughout the reaction. The reaction mix

ture was cooled and carbonated upon an ether-Dry Ice slurry. 

The resulting mixture was acidified with hydrochloric 

acid and the layers separated; the a<iueous layer was washed 

with additional ether. The ether layer was then extracted 

with an 8^ sodium bicarbonate solution; the bicarbonate 

extract was wanned on a steam bath to remove dissolved 

ether. The solution was cooled in an ice bath and carefully 

acidified with dilute hydrochloric acid. No product 

separated on neutralization. 

The ethereal solution was then extracted with 10^ 

sodiiM hydroxide. Neutralization gave a yellow-brown oil. 

The yield was 2.7 g. if the product was o-mercapto-

diphenylethylsmine). Attempts to prepare the disulfide 

gave a tan gummy material which defied purification. 

The original aqueous acidic solution on neutralization 

with dilute sodium hydroxide gave no precipitate. 

The ethereal solution (after sodium hydroxide extrac

tion) was evaporated. The residue was recrystallized thrice 
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tvtm absolute ethanol to give 3*5 S* (30*7?^ recovery) of 

lO-ethylphenothlaslne, melting at 100-102^ (mixed m*p.). 

Run II. ^e procedure of Run I was followed with the 

exception that 0*23 g. atom of lithium was employed rather 

than 0.115 g» atcsra. The product was worked up as before and 

there were thereby obtained 3*7 g« (33?^) of the raercaptan 

and 3*2 g. {28,65^ recovery) of 10-ethylphenothiasilne. Ho 

diphenylethylamine was isolated from the reaction. 

Reaction of carbaeole with lithium 

The set up for this reaction was the same as for the 

react i o n  o f  p h e n o t h i a s i n e  w i t h  l i t h i u c a *  C a r b a z o l e  ( 1 6 * 7  g * «  

0.1 mole), 2.2 g. (0.32 g. atom) of lithium and 200 ml. of 

purified dioxane were employed. The reaction mixt\u:*e was 

refluxed for 2I4. hours. Intermittent Color Tests I were 

negative. The mixture was filtered thro\igh glass wool upon 

an ether-Dry Ice slvirry. The reaction was worked up by the 

procedure employed in the two immediately preceding experi

ments. The only material isolated was ll|..7 g. recov

ery) of carbazole (mixed m.p.), melting at 239-2142°. 

Preparation of some heterocyclic sulfides 

A series of sulfides has been prepared which might well 

be considered either under the Dlbenzothiophene Derivatives 

heading or under this, the Nitrogen Heterocyclic Derivatives, 

heading. Since dlbenzothiophene is a closed model of 
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dlphenyl sulfide, aryl and heterooyclic sulfides might be 

considered open models of dibenzothiophene. All of the 

sulfides of the series contain at least one nitrogen 

he terocycle• 

A brief report on these sulfides has been published;^^^ 

the following is additional information to that found in 

this paper and variations from the general procedure re

ported therein will be given. 

Preparation of 2-{bengyljaereapto)-quinoline. In this 

experiment the sodium was added directly to a solution of 

the mercaptan in ethanol. The reaction mixture was refluxed 

for 18 hours. Thirty grams (0.24 mole) of benssyl mercaptan, 

200 ml. of absolute ethanol, i^.7 g. of sodium and 33 g. 

(0.2 mole) of 2-chloro<luinoline were employed. The yields 

were 7k^ {R«n I) «uid 82^^ (Run II); m.p. b.p. 

200-2014.^/2*5 lamm Hecrystallization solvents employed were 

n*butanol and petroleum ether (b.p. 60-70^)* 

Anal. Calcd. for -S* 12*76. Pounds 

s, 12.1^5, 12*47. 

2-{Ben«ylmeroapto)-quinoline hydrochloride was prepared 

by treatment of an ethereal solution of the quinoline com

pound with gaseous hydrogen chloride. The hydrochloride was 

H. Oilman, R. K. Ingham and T. C. Wu, J, Am. Ghem. 
Soc., lit, (1952). 
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recrystallised from ethanol. The compound shrinks slightly 

on heating to 170® and decomposes at 187-190®. The yield 

was 86^* 

Anal. Calcd. for C^^Htj^NSCI: S, 11.16. Foimdj 

S, 11.31^# 11.32. 

Th.e sulfone was prepared in the normal manner. I^e 

yield of 2»<luinolyl bensyl sulfone was m.p. 187-190®. 

Anal. Calcd. for CjL6%302J*Sj S, 11.33. Pound: 

s» 11.̂ , 11.52. 

Preparation of 2-(n-dodecylmercapto)-quinoline. This 

reaction was run in the xaanner described for the octadecyl 

analog. The compound is a light yellow oil, b.p. 165-

l88®/2 ana.; the yield was 785^. In another run, using 

toluene as a solvent rather than ethanol, a 70^ yield was 

obtained. 

Anal. Calcd. for 9*73. Pounds 

S, 9.82, 9.8I4., 9.91. Calcd. MrQ^j 101^.81. Pound; 10ii..51. 

Preparation of 2-(n-hexadecylmercapto)-quinoline. The 

procedure was the same as that for the octadecyl compound. 

The yield was 625^, m.p. 14.3-1411.®, b.p. 221-225®/Q.5 

Anal. Calcd. for C2^H^9NS: S, 8.31. Found: 

s, 8.50, 8.79, 8.514.. 

Preparation of 2- (n- octadecylmercapto) -q^uinoline. The 

complete procedure for this preparation has been reported. 
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Anal* Calod. for C27HI1.3NS: S, 7*75» Foxmdt 

S, 7*6k, 7.59. 

Preparatlon of 2-bengothlagolyl 2-qulnolyl sulfide. The 

reaotion mixture was refluxed for 24 hours# The product was 

not distilled but, following evaporation of the ethereal 

solution, the residue was recrystallised from dilute etha* 

nol. The yield was 70jS of light yellow crystals, melting 

at 109-111®. 

Anal. Calcd. for S, 21,78, Found: 

S, 21.69, 21.61 

Preparation of 2- (Ij.-phenylthiagolyl) 2''quinolyl sulfide. 

2-'Hereapto-i).*phenylthiasole (Eastman Kodak, Yellow Label) 

and 2«ehloroquinoline were the starting materials. The 

reaction mixture was refluxed for 2i|. hours. Reorystallisa-

tion of the product from dilute ethanol followed by two 

recrystallizations from petroleum ether (b.p, 60-70®) gave 

50^ of yellow crystals, melting at 88-91®. 

Anal. Calcd. for Gi8%2^2®2' 19.95» Found? 

S, 20.33» 19.72. 

Preparation of 2-bengiiniidazolyl 2-quinolyl sulfide. 

The 2-thiolbenslmidazole (kindly provided by Parke Davis 

Company) was recrystallised from ethanol to give a m.p. of 

311-312®. Two reciystallisations of the reaction product 

from petroleum ether (b.p. 77-115®) gave 60J^ of white cry

stals melting at 32.5-3i4.®. 
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Anal« Calcd. for 11 *^7, Poomdj 

S, 11.61, 11.70. 

Preparation of it.- {7- chloroqulnolyl) 2~bengothia8olyl 

sulfide. The reactants employed were 2-Biercaptobenaothia-

zole (Eastman Kodak, Yellow Label} and 1^,7-diohloroquinoline 

(kindly provided by National Aniline Corporation). Beery-

stalliEation of the crude product from ethanol, from 

glacial acetic acid, and from petrolem ether (b.p. 77-115^) 

failed to give a pure substance (xa.p. I3I-I39®). The crude 

sulfide was dissolved in chloroform and extracted with 10^ 

sodiisa hydroxide. The layers were sepeurated and the solvent 

distilled frciB the chloroform solution. The product was 

recrystallized from petroleum ether (b.p. 77-115®) to give a 

yield of l|.-(7-chloroquinolyl) 2>benzothia£olyl sulfide, 

melting at 138~ll|,0®. 

Anal. Calcd. for C],^H<jN2S2Cl: S, 19.^9. Poundj 

19.35, 19.07, 19.39. 
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DISCUSSION 

Dlbenzofuran DftrlvatlTes 

Much of the experimental work of the investigations 

herein described has been directed toward the preparation of 

heterocyclic derivatives as possible antituberculous agents* 

Hhe annoimc«nent by Barry^^ of the high antituberculous 

activity of 2-chloro-7-aiBinodibens»furan was of considerable 

interest and further emphasiKed the need for additional 

research upon dibensofuran derivatives. 

Fortxmately, the choice of which derivatives should be 

first considered was not a c<»apletely empirical one. Some 

investigations had been made with diphenyl ether derivatives* 

Dibenzofuran Diphenyl ether 

Dibenzofuran may be regarded aa a '^closed model** of diphenyl 

ether. Thus, the information available frc»a the diphenyl 

ethers was closely studied. 

(toe of the more active diphenyl ethers is 2*chloro-l|.'-

arainodiphenyl ether It has been shown that for high 

activity the chlorine atom must be either ortho or para to 
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the ether linkage and that additional ohloro substitution 

in either ring leads to a marked increase in activity. Also, 

in research concerning substituted para-alkoxyi^enylamines, 

it has been reported that substitution of a bromine atom for 

a chlorine atom does not decrease the activity, though the 

toxicity may be slif^tly increased, ^ese findings indi

cated that the testing of an aninodlhalodibensofuran would 

be desirable, fhis led to the preparation and subsequent 

bromination of 2-bromo-3-aoetaminodibensofuran| brcoiine was 

chosen rather than chlorine since it is more convenient to 

work with and usually gives better yields. The purification 

of this bromination product proved rather difficult, and 

the isolation of products with different melting points 

indicated the formation of isomers. Analysis of the prin

cipal product indicated an acetamino-dibromodibeniiofuran. 
3"Aftf/iM/no -

1%ils product was at first thought to be 2 yd-dibrotmc^dibenso-

furan. 

In an attempt to verify the structure of the above com

pound, 2-brcmo-7-acetamlnodiben2ofuran was prepared and 

subsequently br<»ainated. The product thus obtained was 

not identical with that obtained by bromination of the 

2-bromo-3~ae*tamlno analog. The bromination product fr«»n 

the 2-bromo*7-acetamlno derivative was hydrolyzed to the 

amine and deamlnated to give 2,8-dibro«todlbensofuran. 
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Thus, title compound was established as 2^d-dibromodlbenxo-

furan. !Rie bromlnatlon product of the 2-broiao-3-aeetamlno-

dlbenzofuran Is probably 2,i|.-dlbromo«3»aeetaminodlben£o-

furan. 

A more direct route to the 2,8-dlbromo»3->aalnodlben2o> 

furan would be the nitration of 2,8-dlbromodibenzofuran and 

the subsequent reduction of the nltro group. A report of 

this nitration reaction has been made by Yamashiro.^^ 

However, all attempts to duplicate his results have failed; 

s^e reaction definitely occurs but attempts to purify the 

resulting crude product by Yamashiro's procedure or by 

other methods ware not successful* P* L* Esmay^ studied 

the nitration of 2 ,d-dlbroniodlbenzothioph9ne and reported 

considerable difficulty in purifying the product, the only 

material obtained in pure form being tentatively identified 



www.manaraa.com

-178-

as the 2,8-'dlbromo-3»7-dinitrodibenaothlophene-5-oxide, 

It has also been reported that replaoement of the 

amino group with an hydroxyl group in the diphenyX ether 

series results in little loss of activity and may lead to an 

increased potency.Indeed, ii.-hydroxy-4'-ehlorodiphenyl 

ether is almost twice as active as ii.-amino-ii.^-chlorodiphenyl 

etherThus it was felt that the preparation of a 2-halo-

8(or 7)-hydpoxydiben»ofuran would be informative• lEhis led 

to an investigation of procedures for the preparation of 

hydroxydibensofurans« 

Hydroxy substituted dibenxofurans have been prepared 

from the corresponding bromo derivatives by the oxidation of 

Qri^ard compounds^^^ and by alkali fusion in the presence 

of a catalyst in an autoclaveThe first method 

gives low yields and the second procedure, althoxigh it gives 

improved yields, is inconvenient* An experiment was con

ducted to determine if high toaperatures and a catalyst were 

sufficient to bring about this reaction through the use of a 

high boiling solvent such as triethylene glycol, thus obvia

ting the necessity for a bcMb. A related procedure was 

carried out by Thirtle^^^ in a reaction between 

312 H, Oilman, W. 0, Bywater and P. T, Parker, ibid.. 
11,885(1935). 

^^3 (jejinian Patent 606,350 /"£» A., 22, l43l|. (1935)_y. 

J. R. Thirtle, J. Chem. Soc., ^1^2 (19li.6). 
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2-bromopyridln0 and potassium hydrosulfide. With bromo-

dibensofurans it was found, however, that the brmine at(»n 

V&8 replaced by a hydrogen atom rather than by an hydroxyl 

group* The reduotitre debromiziation was found to tales place 

with 2-braaodibenaofuran, 2,8-dibromodlbenaofuran and 

2,8-dibrcMraodibenaothiophene. A brief report of these 

277 
experiments has been published. '' ^e experiaental details 

for the reaction of the dibromodibenaothiophene as well as a 

review of debromination procedures can be foimd in the 

Doctoral Dissertation of D. L. Esraay.^^ 

The isolation of 2«bro9tnodibensofuran when diethylene 

glycol was used as the reaction meditaa for 2,8-dibromo-

dibensofuran indicates that the reaction proceeds stepwise. 

The temperature factor seems to be <taite important, a 50-555^ 

yield of reduced product being obtained with triethylene 

glycol} a 32?^ yield being obtained with the lower boiling 

diethylene glycol, and no debromination product being iso

lated with ethanol as a solvent. A patent report of the 

use of kerosine as a solvent for the preparation of an 

hydroxyl derivative^^^ led to an experiment using this sol

vent} only starting material was isolated. 

It has been shown by Mef^^^ and by Fry and 

British Patent 181,673 /£. A., 16, 3762 (1922j^. 

316 J, 31Q (1901^). 
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co-workera^^^ that alcohola and glycola react with alkali 

at elevated temperatures to yield hydrogen. While an 

explanation of the reductive debromination achieved in 

these eases might be based on the direct action of hydrogen 

produced, a more likely mechanism (reactions I-I4.) would 

appear to be one similar to those recently proposed for 

the Meerwein-Pondorf-Verley reduction^^®and the 

reduction of ketones by primary alcohola.Reactions 2 

and 3 represent parts of a concerted process which occurs 

without the liberation of hydride ions as such. It is pos

sible that an imidentified tarry residue, which was obtained 

whenever reductive debromination occiu^ed, was formed by 

reainification of the aldehyde produced in aeoordanoe with 

reaction ii.* 

(a) H. S. Pry, E, L. Schutze and H. Weitkamp, 
J# Am, Chem. Soc., 2268 (1921^.); (b) H. S. Pry and E. L. 
gchuFseTTgid—gO .^131 (1928). 

L. M. Jacknan and J. A. Mills, Nature« I6I1, 789 
(1949). 

XiUtz and J. S. Gillespie, J. Am* Chem* Soc.* 
12, Zkk (1950). " 

320 y, g, Doering and R. W. Young, ibid., 72, 631 
(1950). 

G. H. Bargreaves and L. N. Owen, J. Chem. Soc., 
750 (1947). "* 

/ 
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H0CH2<0H20CH2)2CH20H + 2NaOH 

Na0CH2(CH20CH2)2CH20Mft + 2H2O (1) 

NaOCH2{GH2OCH2)2CH20Na 

lfa0CH(CH20CH2)2CH0Ha + 2H" 
+ 4> 

(2 )  

+ 2Br" (3) 

2Br" + Ha0^H(CH20CH2)2CH0Ha 

2NaBr + CH0(CH20CH2)2CH0 i k )  

The ease with vhioh the bromizie atoms were replaced by 

hydrogen atoms suggests that the procedure described may be 

of use for the replacement of halogen by hydrogen in aro

matic compounds and ntay also be of interest for proof of 

structure. 

Since the 2«halo-l|.*-ainlnodiphenyl ethers have been 

shown to be of much greater activity than their 2«- and 

3<-amino analogs, it was felt that 2-bromo-8-arainodibens50-

fur«> should b. pMpared, 

2-Bromo-8-amlno-
dibenzofuran 

-amlno-
diphenyl ether 
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The sequence of reactions for the preparation of this 

compound was 

Ceo OcO -̂QcO:? 
I 

•'CcO"'-"tjoO"̂  QoD"' 
This series of reactions was carried through up to the 

2-brorao-8-nitro compound; however, at this point the quanti

ty of compound was so small as to necessitate repetition of 

the entire sequence* If the reports from tests of the 

dibensofuran cooapounds show any prc»iise, the series cer

tainly should be completed and the 2<»brc8ao-6*araino compound 

tested. The 2-nitrodibon2othiophene is more accessible) 

thus the 2>bromo-6-aminodibensothiophene has been prepared 

in the course of this investigation. 

In addition to the replacement by an hydroxyl group, it 

was reported by Barry^^ that the replacement of the amino 

group of i|.-chloro-i4.*-aminodiphenyl ether by a carboxyl 

group resulted in only slightly diminished activity. Appli

cation of this imformation to dibenzofuran made evident the 

desirability of testing the 2-hal0-7-diben80furancarb0xylic 
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acld, Broiaination of the 3-dlbenzof\xrancarboxylic acid 

offered a means of preparing this compoimd} thus the prepa

ration of the 3''&ol<^ ^8 undertaken. The se<3,uenoe for this 

preparation was 

The 3fcdibena;ofuranearboxylic acid was prepared in this 

manner J however, the 3-cyanodlbens5ofuran was obtained in low 

yields and was found quite difficult to purify. Borsche and 

13h 
Bothe prepared the 3-cyano derivative from the 3-bromo 

compound} however, purification by their procedure was not 

achieved. It was found more practical to hydrolyze the 

crude nitrile and to effect purification with the resulting 

acid. 

Xn addition to the preparation of compounds as possible 

antituberculous agents, some studies were made of hetero

cyclic c(Hapounds which might possess high antihistaminic 

activity. Many cOTipounds exhibiting favorable antihistaminic 

activity are dialkylaminoalkylamino derivatives containing 
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on« aromatic (or heterocyclic) grouping linked directly to 

the nitrogen and another araoatic (or heterocyclic) grouping 

linked to the nitrogen via a methylene bridge (see Histori

cal Section); for example, Ristadyl has the structure 

It was felt that dibenzofuran derivatives of the tTP® 

would possibly possess high activity and low toxicity* 

This led to attempts to prepare 2-chlororaethyldibenso-

variations of this procedure were run in attempts to prepare 

the 2-chloramethyl ccaapound; however, in each ease upon 

heating under reduced pressure a green polymer was formed 

with the evolution of hydrogen chloride. Similar difficul

ties with the attempted preparation of S-ohloromethyl-

dlbensofuran have been encountered by R. Johnson^^^ and 

cHa-lsJ 

NCH2CH2N 

110 
ftxran. The procedure given by Kirhpatrick and several 

R. 6. Johnson, unpublished studies. 
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with the attempted preparation of 2-ohloromethyldibeneothlo-

phene by G. R. Wilder A recent note^^ concerning 

S-chloromethylthlophene advocates stabilisation of this 

compound with amines followed by rapid distillation under 

reduced pressure; this may well solve tiie problem of distil

lation of the 2-chlorcffliethyldlbenzofuran. 

Interest in the amino-halodibenssofurans led to the con

sideration of the preparation of 2-brcmo-6-aminodibeniio-

furan. A possible route to this compound would be the 

bromlnatlon of l|.-nitrodlben*ofuran with subsequent reduction 

of the nitro group. The only literature reference to the 

il.-nitrodibenaofuran was that of Yamashiro who reports 

its isolation along with the 1-, 2- and 3''nltro isomers as 

the result of the direct nitration of dibensofuran. Though 

a number of workers have studied the nitration of dibenxo-

furan, Yamashiro is the only one to report the isolation of 

any save the 3-nitro compoimd. 

A different route to the [(.-nitrodlbensofuran was sought. 

j[4.-Amlnodibenzofuran may be obtained by metalatlon of 

dibenzofuran with n-butyllithium, treatment of the it.-dibenzo-

furyllithium with O-methylhydroxylamine and subsequent 

hydrolysis. Many cases of replacement of the diazonium 

G. R. Wilder, unpublished studies. 

Chem. Eng. News, J[0, 33^2 (1952). 
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group by the nltro group have appeared in the literattire; a 

32^ 
general review of the reaction through 1935 ia available. 

All of the earlier methods were of limited application. A 

report of a prooediire of general application employing the 

diazonium cobaltinitrites has been published by Hodgson and 

286 
Marsden. 

Since the 3-aminodibensofuran is more accessible than 

the l|.-isoraer, the cobaltinitrite procedure was first run 

with the 3'*Amino compound. A ^1% yield of pure 3-'nitro-

dibenzofuz*an was obtained. Application of this procedure to 

the i|.-amino derivative gave a 28^ yield of 1^-nitrodibenso-

furan melting at 138-139®» the same m.p. reported by 

Yamashiro. 

The method seems to be generally applicable for the 

preparation of nitrodibensofurans and may be found benefi

cial in the preparation of difficultly accessible nitro com

pounds of similar systems, for example the i{.-nitro-

dibensothiophene. 

Dibensothiophene Derivatives 

Dibensothiophene derivatives, especially substituted 

K. H. Saunders, "The Ar(»iatio Diazo Compounds and 
Their Technical Applications,** E. Arnold and Company, 
London, 1936, p. 1^8. 
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5-dioxld6S, are closely related to substituted diphenyl 

sulfones; several of the most promising of antituberculous 

compounds are diphenyl sulfone derivatives (see Historical 

Section). 

(h 

2 ,8-Diamlnodlbenzo- i|. ,lf.' -Dlaminodiphenyl 
thlophene-5-dloxide sulfone 

In view of this relation and the demonstrated activity of 

2-halo-7''aBiinodibensofuran, the preparation of 2-bromo-7-

aminodibenzothiophene-5*dioxide was ixndertaken. 

The compound was successfully prepared by the sequence of 

reactions shown above and is now being tested. 

As was pointed out in the previous section of Dibenso-

furan Derivatives, the 2-halo-8-amino derivative is actually 
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the closed model of the £-halophenyl £'-aminophenyl ethers 

and sulfones. The 2-nltrodlbenzothiophene, contrary to the 

dibenzofuran analog, is accessible by direct nitration^ The 

2-bromo-8-aminodibenaothiophene was prepared by bromination 

of the 2-nltro coRtpo\md and subsequent reduction of the 

nitro group. The 2-broitto-8-nitro- and 2-brorao-8-amino-

dibenzothiophenes have been reported by Courtot,^®^ but no 

experimental details were included in this report. 

The nitration of dibenzothiophene-5-oxide has been 

298 
shown to yield the 3-raonosubstituted derivative. It was 

thought that the reaction of the -5-oxide with bromine might 

give 3-brcHiiodibenzothiophene-5-oxide; however, the product 

of this reaction has been identified as 2,8-dibroinodibenzo-

thiophene. 

0 

With hydrogen bromide, certain sulfoxides give halogen-

addition products.^^^ 

R2S—K) 2HBr > R2S*Br2 + H2O (2) 

Aromatic sulfoxides when treated with dry hydrogen chloride 

H. Oilman, "Organic Chemistry," 2nd ed., Vol. I, 
John Wiley & Sons, Inc., New York, 1943» P* 872. 
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can be reduced to the corresponding sulfides this reac

tion may also give nuclear chlorination and even elimination 

of the sulfur atom. 

The reaction of dibenzothiophene with chlorine gives 

298 
first the -5-dichloride and nuclear substitution if addi

tional chlorine is employed. With bromine and dibenzothio-

phene, however, nuclear substitution proceeds, apparently 
pQQ 

without the fomation of a stable -^-dibromide. The ana

logous compound, dibenzoselenophene, forms the -5-dibro-

mide,^^®*^^^ which on heating above its melting point is 

converted to 2-brQmodibenzoselenophene. 

+ Br2 »• + HBr (3) 

0 

% 

c 

^S" 
4' 
0 

+ HBr r n 1 + H2O + Brg (i;) cpo 

tjO '"s —• CcO" Br + HBr (5) 

M. Gazdar and S. Smiles, J. Chem. Soc.. 97. 2250 
(1910). "• 

C. Covirtot and A. Matamedi, Compt. rend.. 199. 
531 (193i|.). 

0. Behagel and K. Hofmann, Ber., 72B. 697 (1939). 
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. Br-i 

The probable mechanism of this reaction is illustrated 

by the above equations. The Initial step may be a bromina-

tion of the -5-oxide (equation 3)« The hydrogen bromide 

thus evolved could reduce some of the -S'-oxide (equation 4); 

the dibenzothiophene would then be more readily brominated 

than the -5-oxide (equations 5 ®nd 6) and this bromination 

would give additional hydrogen bromide for the reduction of 

the -5-oxide. The isolation of a small amount of dibenzo

thiophene supports this view. 

Additional evidence in support of this sequence was 

obtained by reaction of the -5-oxide with bromine-free 

hydrogen bromide, a 33-kk% yield of dibenzothiophene being 

obtained. The isolation of a trace of dlbenzothiophene-5-

dloxlde was possibly due to the presence of this compoimd 

in the starting material. 

Buu-Hoi and Royer^^® have reported the bromination of 

dibenzothiophene with N-bromosuccinimide. An attempt to 

prepare the 3-bromodibenzothiophene-5-oxide by the use of 

this reagent employing the procedure of Buu-Hoi gave only 

starting material. Buu-Hoi and Royer also gave a procedure 

for the bromination of dlbenzofuran with N-br<»aosuccinlmide 

but did not state the yield; repetition of the procedure by 
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•322 
both this author and by R. G. Johnson-' gave a very crude 

product which wis difficult to purify. 

If the bromination of dibenzothiophene-$-oxide had 

resulted in the 3-bromo derivative, the latter compound 

could have been readily reduced, thus affording a useful 

route to the 3-hroniodibenzothiophene, Since this route was 

not available, 3-bromodiben2othiophene was prepared by two 

more involved methods. 

oco - o?o 
0 0 

I 39^ 
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The yields are somewhat better with the -5-dloxlde 

route; however, the monoxide synthesis Involves one less 

step, the nltro grouping and the sulfoxide both being 

301 
reduced in one step. Illiiminati, Nobis and Gilman pre

pared the 3-br<»aodiben2othiophene by a third method; however, 

the low yields make this sequence of reactions less 

desirable. 

Another route to the 3-«ialno- and subsequently the 

3-'broinodiben2othiophene would be 

OoO""̂  
I 

oco:; 



www.manaraa.com

-193-

A review of the literature revealed the nitration by 

Gilman and Jacoby^^^ of the 2-acetaiiilnodibensothiophene to 

give a mononitro derivative. Etydrolysis of this nitro-2-

acetaminodibenssothiophene yielded an anomolous product con

taining no nitrogen. The unusual results of the report 

prompted a repetition of the reaction by this author; the 

results were essentially the same as those reported. 

Prom the analysis reported by Jacoby for carbon, 

hydrogen and sulfiu* and assuming the remaining percentage 

to be oxygen (halogen tests were negative), the simplest 

formula is CgH^OS (with a molecular weight of llt.9). A Rast 

deteznalnatlon indicated the molecular weight to be 163; 

thus, the ccsapoimd is probably a monomer. A literature 

search for compounds of the above empirical formula revealed 

none melting near 88®. The compound shows neither acidic 

nor basic properties, thus eliminating groupings which would 

contribute these properties. 

Bromlnation of 2-acetamlnodlbenzothlophene gives the 

2-acetamino-3-bromo derlvative.^®^ By analogy, the nltro-2-

acetaminodlbenzothiophene was at first thought to be the 

3-nitro compoimd. Infrared absorption measurements, how

ever, Indicate that the acetamino and nitro groups are not 

in the same ring. This finding makes it even more difficult 

to understand how normal hydrolysis of the compound gives a 

product containing no nitrogen. 



www.manaraa.com

330 
J. F• Nobis has reported obtaining a compound 

melting at 160-162® by hydrolysis with $0^ hydpoehloric acid 

of the nitro-2>aoetaminodlben2othiophene; an analysis of 

this product was not included in the report, 

p One of the most effective of reoent antihlstaminlc 

drugs is Phenergan (see Historical Section). 

a:xy 
CH2 NH 

CH3 - CH-N(CH3)2 CH2-(CH2)n —\ 
R2 

Phenergan i|.- (Dialkylaminoalkylamino ) -
dlbenzothlophene 

It will be noted that the dialkylaminoalkylaiaino 

grouping in Phenergan is ortho to the sulfide linkage; this 

aroused interest in the preparation and testing of k-

(dialkylaminoalkylamino>-dibenzothiophenes, since in this 

case the group is also ortho to the sulfide bridge. 

A number of 10-(dlalkylamlnoalkyl)-phenothiazines were 

first prepared by Oilman and Shirley;®^ however, they were 

tested only for antimalarial activity. A series of dlethyl-

amlnopropylaminodibanzothiophenes, including the l4.-derlva-

tlve, was prepared by Oilman and Avakian;^^^ these also were 

tested for antimalarial activity. 

330 J^ p ̂ Nobis, private communication (1950). 
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l4.-Amlnodibenzothiophene has bean prepared by the 

Bucherer reaction {2^% yield) and by aminatlon of i^-bromo-

dibenaothiophene (35/^ yield) This compound is more con

veniently prepared by reacting l4.-dibenzothienyllithium with 

O-methylhydroxylamine 

The method of alkylation of jl4.-aiainodibenzothiophene 

was that of Oilman and Avakian.^® 

1) Heat ^ 

NHp 

H T| j + Cl(CH2)nNR2-HCl 

+ NH^Cl + HpO 

N— (CH2)nNR2 
H 

Due to the greater accessibility of the dimethylaminoethyl 

chloride hydrochloride, this reagent was reacted with the 

l4.>aminodibenzothiophene in the initial xnin. Following the 

success of this reaction, the If-O-dinethylaialnolsopropyl-

amino)->dibenzothiophene was prepared. 

Nitrogen Heterocyclic Derivatives 

In connection with some studies on the pharmacological 

activity of certain sulfur-containing compounds, a series 

o f  h e t e r o c y c l i c  s u l f i d e s  h a s  b e e n  p r e p a r e d . S i n c e  

dibenzothiophene is a closed modal of diphenyl sulfide and 
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as all of the sulfides prepared Incorporate at least one 

nitrogen heterocycle, the compounds offer a bridge between 

this and the previous (Dibenzothiophene Derivatives) section. 

311 
The germicidal properties of some sulfides*''^ have been 

demonstrated. The antistreptococcal activity of 

diaminodiphenyl sulfoneand the antituberculous effect of 

this and similar compoundsand the indicated anti 

335 
malarial activity of its derivatives suggested the pre

paration of some quinolyl or other heterocyclic sulfides and 

sulfones. 

Of interest was the effect of incorporating a fat-

soluble group into the molecule with a view toward increased 

absorption of the drug by the animal body,^^^ 

The sulfides were prepared by treatment of the sodim 

mercaptide with the proper organic halide. The soditam 

N. £. Foss, F. Dunning and 0. L. Jenkins, J. Am. 
Chem. Soc., 1978 (193i|-)» "" 

0. A. H. Buttle, D. Stephenson, S. Smith, T. Dewing 
and 0. £. Foster, Lancet. 1, 1331 (1937) • 

N. Rist, F. Block and V. Hamonj Ann. Inst. Pasteur. 
203 {19ifO). 

G. W. Raiziss, Science. 98, 350 (1943). 

H. Heymann and L. P. Fieser, J. Am. Chem. Soc., 67. 
1979 (19l|.5). ~ 

H. Oilman and S. P. Massie, ibid.. Jl, 7i^ (19i|.9). 
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mercaptid© was best prepared by addition of the meroaptan to 

a sodlm ethoxlde-ethanolic solution. In the preparation of 

the heterocyclic alkyl sulfides, the heterocyclic chlorides 

were employed; with the dodecyl sulfides, the dodecyl group 

was introduced via the mercaptan. 

Of interest is the observation that quinine is oxidised 

in animals to 2-hydroxy<luinine; thus the 2-sub8tituted 

quinoline nucleus might be rendered more stable in the 

animal body.^^^*^^® 

A report^^^ that dibenzothiophene on treatment with a 

large quantity of Raney nickel in ethanol gave a 97 *55^ yield 
lop 

of diphenyl and a report ^ that dlbenzofuran when treated 

with lithium in either dioxane or ether gave good yields of 

o-hydroxydlphenyl have stimulated interest in these reac

tions as methods for structure proof of certain heterocyclic 

derivatives. A review of the literature of reductive desul-

fiirlzation and of cleavage reactions employing lithium has 

been cmpiled by D. L. Esmay.^^ Esxoay repeated the cleavage 

of dlbenzofuran with lithium in dioxane and obtained a 

77^-60% yield of o-hydroxydiphenyl. With dlbenzothlophene 

F. E. Kelsey, E. M. K. Geilung, F. K. Oldham and 
E. H. Dearborn, J. Pharmacol., QO. 391 {19iii}.) • 

J. P. Mead and J. B. Koepfli, J. Biol. Chem., l^k. 
507 (1910^). 

339 Blicke and D. 0. Sheets. J. Am. Chem. Soc., 
71, kOlO (19i^9). " 
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there was obtained a 30.5/^ yield of diphenyl (without a 

nitrogen atmosphere) or a 16% yield of o-mercaptodiphenyl 

(with a nitrogen atmosphere). 

It was thought desirable to extend the reaction to 

other heteroeycles in order to determine its generality* 

With phenothiazine a 29^ yield of o-meroaptodiphenylamine 

and a yield of diphenylaraine were obtained* Since some 

lithium remained after refluxing for 15 hours, it was 

asstamed that the carbon-nitrogen bond is not cleaved under 

these conditions. To check this asstimption, carbasole was 

reacted under similar conditions; an 885^ recovery of star

ting material was obtained. To determine the effect of the 

imino hydrogen of phenothiaaine and in order to investigate 

the reaction with substituted derivatives, the reaction 

was repeated using 10-ethylphenothlaaine; a 2i}^ yield of 

o-mercaptodiphenylethylamlne was obtained. 

The isolation of both o-mercaptodiphenylamine and 

diphenylamine from the reaction with phenothiazine may be 

explained by the mechanism proposed by Esmay^ for the 

cleavage of dlbenzothiophene as shown: 
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I I 
H H 

28S 
The failure to obtain a positive Color Test I and 

to isolate any carboxylio acid on earbonation was also con

sidered by Esmay. It was concluded that the cleavage of 

phenothiazine (and lO-ethylphenothiazine) by lithiun in re-

fluxing dioxane probably yields an intermediate compound 

containing a carbon-metal linkage which is iionediately 

destroyed through reaction with the dioxane. 

Suggestions for Further Research 

A critical survey of the known derivatives of dibenso-

fitran and dlbenzothlophene reveals many widely varying 

physical constants reported for Identical compounds. A 

clarification of these Inconsistencies would be a consider

able aid to investigators in these fields. 

If the physiological tests of the bromo-amino deriva

tives of dibenzofuran and dlbenzothlophene Indicate appz^e-

ciable activity, other c<»apounds should be prepared to study 
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the effect of position and of additional substitution* The 

l-amino-d-bronio- and 2-br(Hno-6-ainlnodibenKof\2rans would be 

of particular interest. Also of interest would be a study 

of the effect of replacement of the amino bj other groupings, 

such as a carboxyl or hydroxyl group. 

The possible extension of reductive debromination 

should be studied. The ease with which debromination takes 

place in high-boiling solvents suggests that the reaction 

might be of use for struot\ire-proof purposes. With bromo 

derivatives of dibenzofuran containing other substltuents, 

the effect of the reaction conditions upon these various 

substltuents deserves consideration. 

Also of interest in connection with stznxoture-proof 

studies is the desulfurization of dibenzothiophene and 

phenothiazlne derivatives with lithium in dioxane. This re

action has been studied only with dibenzothiophene, pheno

thiazlne and 10-ethylphenothiazine; the reaction should be 

run with a series of substituted derivatives in order to 

detemlne its limitations. 

The reductive bromination of dibenzothiophene-5-oxlde 

by hydrogen bromide is of considerable Interest and should 

be extended to substituted derivatives and to other hetero-

cycles, such as phenothiazlne-5-oxide. 

The use of amines to stabilize chloromethyl corapounds^^^ 

should be applied to the preparation of 
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2-ehlororaeth7ldlbenzofuran In an attempt to prevent 

polymerization. 

The compound obtained upon nitration of 2-acetamino-

dibenzothiophene and the subsequent hydrolysis of this 

nitro-2-acetaminodibenzothiophene to yield a nitrogen-free 

substance deserves additional experimentation. The effect 

of a variation in conditions of hydrolysis and the identity 

of the anomalous product present an interesting probl«n for 

study. 
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SUMMARY 

A survey of the chemotherapy of tuberculosis has been 

presented, A brief review of Important physiologically 

active dlalkylamlnoalkylamlnes has also been Included. 

Supplementary listings of known derivatives of dlbenzo-

furan and dlbenzothlophene have been prepared. 

A number of bromo-nltro and bromo-amlno derivatives of 

dlbenzoftu>an and dlbenzothlophene have been prepared. 

Alkali fusion of 2-bromo and 2,8-dlbromodlbenzofuran 

when carried out In high-bolllng glycols gave reductive 

debromlnatIon. 

The replacement of an amino by a nltro group was found 

to be reasonably applicable to dlbenzofuran derivatives. 

A series of attempts to prepare 2-chloromethyldlbenzo-

furan, avoiding polymerization of the product, was made. 

Dlbenzothlophene-5-oxlde was found to be reduced and 

subsequently bromlnated by treatment with either bromine or 

hydrogen bromide. 

The reaction of lithium with phenothlazlne, 10-ethyl-

phenothlazlne and carbazole In dloxane was Investigated. 

Cleavage occurred only with the first two of these compounds. 

A series of heterocyclle sulfides was prepared. 
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