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INTRODUCTION 

The interest In dibenzofuran chemistry In these labora

tories has gone through a very logical metamorphosis. 

earliest Investigations were carried out by Oatfield^ in th© 

hope of clearing up certain problems of orientation in the 

furan series through the preparation of furaii-tetracarboxyllc 

acid by the oxidative deffrad&tion of derivatives of dibenzo

furan less resistant to attack than the parent nucleus itself. 

However, derivatives of dibenzofuran, suitable for the 

above mentioned purpose, were not unknown at that time, Mono-
2 

substituted derivatives, prepared by halogenation, nltra-
3,4 S,2 8 

tlon, acetylatlon, and sulfonation, had been reported 

and their structures established, except in the case of sul-

fonation. Certain heteronuclear substituted derivatives were 

sla) known, and the structure of some of them had been estab-
7 

lished. Dlbrorainatlon had been reported by Hof^elster and 

the structure of this compound had only recently been 

^ Oatfield, Thesis, lotca State College, 1933, 
2 
Mayer and Krleger, Ber.. 65. 1659 (1922), 

^ Borsche and Bothe, ibid.. 43,, 1940 (1908), 

^ Gullinane, J. Chea. 3oo,. 2267 <1930), 

^ Galewsky, to., 187 (1891), 

^ Hoffmeister, ibid.. 159, 211 (1871), 
7 

Hoffmelster, 1^., 3, 751 (1870). 
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8 7 
detexulned, Hoffmelster had prepared a dibenzofuran-

dlsulfonic acid, but made no attempt to determine the position 
9 

of the sulfonic acid p:ro\ms, 2,8-Dlacetyldibenzofuran had 

been prepared by the Frledel-Grafts reaction and its structure 
10 

shown by oxidation to the dlcarboxyllc acid. Brumberg had 

nitrated 2-bromodlbenzofuran, recognizing only th£:,t a mixture 

of isomers w&b produced, and left the ultinate resolution 
11 

and structure clarification to later investigators. In addi

tion, some homonuclear dlsubetltutlon products had been pre-

12 
pared by Borsche ejid Schacke, as a result of the nitration of 

3-acetaminodlbenzofuran. The product was designated 2-nltro-

9 
S-acetamlnodlbenzofuran. Brumberg confliraed this structure. 

Thus, the earlier work done In this particular series of 
13,14,15 

dibenzofuran publications was devoted to the confirma

tion of pTOVlslonal foiroulas end to Improvements In the 

McComble, Macmlllan, and Scarborough, J. Chem. Soc., 
529 (1931). 

9 
Sugi and Sengoku, J. Pharm. Soc. Japan, 53T, 175 (1933). 

1® M > . 
Brumberg, Doctoral Dissertation, Oottingen, (1925). 

11 
By5*rater, Doctoral Dissertation, Iowa State College, 

1934. 
1 p 

Borsche and Schacke, Ber., 2498 (1923). 
13 

G-llman, Smith and Oatfield, J, to. Ohem. Soc., 56, 
1412 (1934). 

14 
Q-llman, Bro^m, Bywater, and Klrkpatrlck, Ibid.. 56, 

2473 (1934). 
15 

Gllman, By^.7ater, and Parker, ibid., 57, 885 (1935),. 
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preparatlon of these basic derivatives of dibenzofuran. 

Efforts to obtain the desired furan-earboxyllc acids proved 

fruitless, and the interest In dlbenzofuran chemistry had be

come established, 

A study of the morphine (II) molecule, as proposed by 

Oulland and Robinson, shows that dlbenzofuran (I) and 

phenanthrene (III) are two common aromatic nuclei which ar« 

similar to portions of the morphine skeleton: 

cHj 

N-Cfk 

I II III 

Although the search for a synthetic laorphlne substitute 
17 

had been directed primarily toward derivatives of phenanthrene 

at that tlae, the dlb^zofuran molecule offered an Inviting new 
18,19 

field for new analgesics. As work in this field progressed, 

it was discovered that netalatlon of dlbenzofuran by means of 

16 
Q-ulland and Robinson, Mem. Proc. Manchester Lit. Phil. 

Soc.. m, 79 (1925). 
17 

^all, Sddy, Mosettig, Hlramelsbach, "Studies on Drug 
Addiction", U. 8. Pub> Health Repts.. Suppj. No. 158, Washing
ton, D. G* (193§). 

18 
Parker, Doctoral Dissertation, Iowa State College, 1938. 

19 
Cheney, Doctoral Dissertation, Iowa State College, 1938, 
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fflerouric acetate, benzylsodium, or organollthii® ooopounds 

3 
Involved the 4-posltl.on and that, by the use of benzyl-

20 
sodlim, dJtoetalation was effected, involving the 4- and 

?1 22 19 23 
6-posltiona. ' ' Cheney ' worked out a better, althotigh 

more difflctilt, approach to the preparation of 4,6-dimethoxy-

dlbenzofuran than by the oxidation of 4,S-dibenzofurylenedl-

21 
sodii®, through the stepwise introduction of methoxy-groups, 

using n«butyllithiua as the raetalatlng agent, followed by oxida

tion of the organometallic compound with subsequent methylation. 

It was shomi that the bpomlnatlon and nltretion of 4-j3ethoxydi-
18,24 

benzofuran Involved the 1-position and that similar re^ 
05 gg 

actions with 4-aoetaiBinodibenzofuran'" * ' also Involved the 

1-posltion. The deaatination of l-brofflO-4-aainodlbenzofuran 
25 

resulted in l~broraodibenzoflaran• Thus, each of ttie four 
__ 

Crilaan and Young, Cheia* 8oc.. 56. 1415 (1934). 
21 —• ' ^ 

Silaan and Xoung, ibid.. 1121 (1935). 
22 

ailman and Xoung, J. Org. 1, 315 (1936)» 
33 

dilmsjn, CSieney, and Willis, J. Am, Oh.m^ 3og« > 61, 
957 (1939), "" •"" 

G-ilfflan, Jaooby, and Swislowsky, ibid*. 61, 954 (1939). 
25 

fan Ess, P. H, Doctoral Dissertation, lowa Stat© 
College, 1936* 

26 
Gllaan and Van £es, J. Am. Ches. Soo.. ̂ ,1365 (3 939). 

27 
Swislowsky, Doctoral Dissertation, Iowa State College, 

1939. 
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positione of dibenzofuren had been reached and It was Biiraleed 

2,8«dihydroxydiben20furan Involved the 1- and s-posltlons as 

well as the 3- and 7~positlons in the latter case, A great 

part of the work of this thesis is devoted to the clarification 

of the broaination products of 2,8-dlmethoxydlben2of«ran and 

4 j B-dlfflethoxydibenzofiiran # 

5Kie acquiBitl(m of these new dibenzofuran compounds 

substituted in the 1-position and a promise of derivatives 

substituted in both the 1- and 9-posltlons stimulated interest 

in more nearly approximating the structure of morphine by 

establishing a two-carbon bridge between the 1- and 9-po8itions, 

thus incorporating both the phenanthrene and dibenzofuran mole-

ciiles into a new nucleus, the derivatives of which m)uld be 

very lifcely to show analgesic activity and would possibly be 

devoid of habit-foralng tendencies, fhis net? nucleus ̂ ould be 

called phenanthrylene oxide (IV) and would be similar to ®etl:^l-

aorphenol (Y), a simple known derivative of it* 

that the dibromination of 4,S-dimethoxydibenzofuran and 

OCH 

V 
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TMs thesis is devoted to the discussion of dibamzofuran 

derivatives which night possibly be synthetic pi^cursore to 

the above moleculea (IV, V) or derivatives of th^ai and to 

orientation work on some of these compounds which had pre

viously been designated as 1, 9-derivative8» Mew and previous 

attempts to bridge the 1- and 9-po3itions are recorded and 

discussed# 
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HISfORIOAL 

The ftatmre of the Indifferent oxygen atom of sethyl-

fflorphenol <¥), prepa3:*ed by the exhaustlT© ©ethylatlon of 

28 29 
morphine, was made clear in 1897 by Yon^rlchtfen. ©ils 

was ehown by fusim of ssorphenol with potasslt® Iqrdroxlde at 

elevated temperatures to yield 3,4,5-trlhydroxyphenanthreii«. 

The saae material was prepared for comparison by laixed aeltlng 

points through the method of Pschorr for the synthesis of 

derlvatlveB of phenmithrene. 

fhie accompllaiment has shown that the completely 

aromatized nucleus of aorphlne osm exist with "ttie oxygen 

bridge between the 4- and 5-posltlons, but gives no clue to 
11 

molecular strain and valence angles, Bywater has pointed 

out that tJB tendency for dibenzofuran to fora direct sub

stitution products In all but the 1- or 9-po8ltlons may be 

the result of sterlc hindrance, attributed to the large oxygen 

angle between the two benzene nuclei, bringing the 1- and 

9-positlons close together and into the same plane. Through 
30 

dlpole fflj^ent studies of dlbenzofuran, Bretscher has found 

that an oayg^n angle larger than in diphenyl ether is indicated* 

Mosettlg and Meltzner, J. Am. Chero. Soc.. 56. 2*?58 
(1934). 

Vongerlchten, Ber., 2439 (1897); ̂  3198 (1898)j 
352 (1900). 

Bretscher, Hely> Phys. Acta.. g, 266 (1929). 
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31 
^ythe and Walls have also determined the dlpole aoaimt of 

dlbenzofupan. Other physio&J- data on dlbenaofuran are the 

3S tS 
absorption spectra, the Raman spectra, and the aagnetie 

birefringence.^^ However, no electron diffraction patterns 

of dlbenzofuran or any of its derivatives have been prepares., 

and, hence, no exact information regarding tti© spatial re

lationships of the 1- and 9-positlone is available, 

The del^dratlon of 3,4,5-trihydroxyphenanthrene to 

morphenol has never been accomplished, although Schmidt and 

K&ipf tried a nunber of dehydrating agents. Dibenzofur^ 

is fo3:®ed quite readily from 2-g'-dihydroxybiphenyl , This 

comparison Is indicative of the strain which auat be overcome 

in foiling the phenanthrylene oxide nucleus. Since the choice 

of sethods from 4,5-substituted ph^ismithrenes la quite lisiited, 

it is better to pK)oeed with derivatives of dib^zofuran sub

stituted in the 1- and 1,9-position8. 

Say the and Walls, J, M, Chea. 3oo.. 3230 (1932). 
33 

(Siarlaiapowlez and Marchlewsi^, Bull. Intern« Acad. 
Polonelae. ̂  376 (1930). /*C. A., U931) /. 

S3 ^ ~ "" 
Donzelot and Ghalx, Ccsgpt. rend., gOg. 851 (1936). 

34 
John, Trans. Faradav Soc.. 34. 275 (1938). 

Setoidt and Kliapf, Ber., ̂  3745 (1903). 
36 

Gullinane and Davles, Rec. frav. Chia.. 85. 881 (1936). 
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Survey of Kno^n 1- and 1,9-Derivatlves 

Since the problem of bridging the 1- and 9-positlons of 

dlbenzofuran Is to some extent still one of obtaining suitable 

derivatives with substltuents in either or both of these 

positions, a brief survey of known 1- and 1,9-derlvatives is 

desirable. 

The literature on dlbenzofuran chemistry up to 1933 is 
1 27 

well covered by Oatfield, Swlslowsky has raade a thorough 

survey of dibenzofuran up to 1939 and has tabulated all 1-, 
37 

4-, 6- and 9-substltuted dlbenzofuran compounds. Willis has 

continued this review, bringInfj dibenzofuran chemiatiy up to 

date In late 1942, end has tabulated all dibenzofurans with 
38 

substitution in the 2- and 2,8-positlons. Thirtle has re

viewed all additional work up to January, 1943. 

Many of the compounds listed In the following table are 

97 
Included in the above mentioned tables of Swlslowsky and, 

19 •'^'7 
Cheney, and a in the tables of ?/lllis, ' This table is 

deslfpied to Include only those derivatives that are known with 

certainty to contain at least one group in either the 1- or 

the 9-posltlons, and care has been taken to exclude compounds 

which would obvioxAsly be of little value as precursors to the 

actual incorporation of the 1,9-brldge. In addition, this table 

27 
Willis, Doctoral Dissertation, lo^^a State College, 1943. 

38 
Thirtle, Doctoral Dissertation, lowa State College, 1943. 
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Is intended to bring up to date recent additions to the 

categoi^* of 1- and 1,9~substituted derivstives. The litera

ture references are not intended to be complete, and only 

niajor references are included. 

TABLE I 

Serivatives of Dibenzofuran with 
Substituents in the 1- and 1, ;?-Positlons 

Maae of Gompoimd M. P,° Reference 

Monosubstituted Dibenzofurans 

l-Acetaminodibenzofuran 205 25 

l-Aainodiben zofuran 74 25 

l-Bromodibenzofuran 67 25 
39 
26 
40 

1-Or rboraethoxydibenzofuran 63 40 
25 
26 

1-Dibenzofurancarboxyllc acid 232-233 25 

1-Hydroxydibenzofuran 140-5 25 

1-Mltrodiben zo furan 121 27 

-Phenyl-o(,( l-dibenzofuryl) acetone 101-102 41 

Van EBB,  P. R. Iowa State Gollege J. Sci., 12, 164 
(1937) /"C. A., 4981""TI53S)_7. 

40 Jacoby, Hayes, and Van Eas, Prqc. lo^va Acad» 3oi«. 43. 
2045 (1936). rC. A., 32, 4160 (1938T7^ 

41 
This thesiB. 
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fMMM X (Continued) 

Mme of Gompound M, P,^ Hefsrence 

Olsuibatituted glbenaofurans 

1 - Acetam Ino- 4-s0t hoxyalben zo furart 22g-223 18 

l-Ac©tyl~2-seth0:cydlbenE0furan 120-lSl 2? 

1-Aqq tyl -4-!a e tho xydlben so fu ran 134-154.5 18 

l~Allyl~g-hydroxydlben,sofuran 8 a, 5-83 39 
40 

1-A1 tl? oxyfliben zoftipan 6?-68 39 
40 

l-Aaino-4»ac«tft?fli:io5ib0nzofuren 202 2? 

1 - An i no-4-e thoxydiben J50f uran 91 24 

1-Aw * rio~4-aethoAydlbensoftjr'en 104 19 

l-Bon seieazo-S-hydroxydlben sofwrsii 18S. 5-166 42 

1- Ben zen©a20-4-h5''dmxyxllben20fur'sji 1?4-1?S 4S 

1 - BrGmQ-4- ac e Inodlbenzof uran 228 -26 

l-BrooQ-s-sKlnodibensof'ai'OJi lSO-121 41 

l-Bror5o~4-aolnodib©ii20furan 119-120 28 

1^-Bfoaoe thjl-4-a#tri0s:ydi-
bsnzofUFau. 131-1?!. 5 18 

l-BTOn-o-S-hydroxyaibensofuran 123-125.5 25 
26 

1-Broroo- 4«hytlroxydlban zof ursit 151.6-152 25 
26 

1«'BTmo» thoxfA ibe.n sof incan 117-118 25 
26 

40 
~ fftn Sss, M. ^ Doctoral Dlsaeftstlon, Iowa -^tat© 

Collegs, 1936. 
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TABLE I (Continued) 

Name of Compound M. P. Reference 

l-BroiTio-4-J3ethoxyaibenzofuran 97-98 

1 - C sjpbomet hoxy- 2-Bie thoxy dlb en z o -
twcan 99.5-100 

1- Chloroace tyl-4-ine thoxydl-
benzofwran 

l-Chloro-S-hydroxydibenEofuran 165-166 

1,4-Dlacetani inodlbenzof uran-
-dihydrochlorlde •~5g4&-^,3 

1,4-Dihydroxydibenzofuran 

1, S-Dihydroxydibenzofuran 241-242 

1.2-Dinieth0xydlben20f uran 79 

1,4-Dimethoxydlbenzofuran 78.5 

1.3-Dlmethyldibenzofuran 61-62 

1,9-Dlphenyldlbenzofuran 154455 

l~Ethoxyalyl-4-methoxydibenso-
furan 96 

i-Hydroxy-2-s8thoxydlbenzofiiran 111-111.5 

25 
26 

25 
26 

27 

217-218 (dec.) 25 
26 

44 

25 
26 
25 
26 
45 

46 

26 
26 

43 

44 

45 

British Patent 470,021 A., 1487 (1938)_7. 
French Patent 816,719/"c. A., 2145 (1938)__7. 

Sugii and Shlndo, J. Pharra. 6oc. Japan. 54. 829 (1934) 
jTg. a,, 29, 791 (1935)_7. 

46 
Sake. Bull. Chea. See. Japsji. 9. 55 (1934). /~C. A.. 

28, 3730 (1934T7^ 
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TABLE I (Continued) 

Name of Compound M. P,° Reference 

4-Me thoxydiben zo furan-1-
eJldehyde 104-105 41 

1-(4-Methoxydibenzofuryl) 
acetic acid 220 47 

1- (4-M0thoxydibenzofurp.l) 
acetic field 281-282 41 

(4-Me thoxydlbenzof uryl )_7 
propionic acid 177-178 41 

y (4-Me thoxydlbenzofuryl j/ 
butyric acid 165 48 

1-(4,S-Blmethoxydlbenzofuryl) 
acetic acid 205.5-206.5 19 ,^>-<1-

1-M e thyl-2-a ce toxyd iben zofuran 80-81 41 

1~M e thyl-2-hydroxydlben zof ursji 136-136 41 

1-Me thyl-2-me thoxydlben zofuran 
4 

60-61 41 

l-Nitro-4-aialnodlbenzofuran 216 27 

1-Nl tro-4-sm inodlbenzof xiran 219-220 27 

l-Nltro-4-ethoxydlbenzofuran 135-135.5 24 

1-Nltro-4-methoxydlbenzofuran 155 24 

l-Propenyl-2-hydroxydibenzofuran 94-95 25 

1-Succlnoyl-4-methoxydlbenzofuran 224-225 48 

4? 
Burger and Avaklan, J. to. Ghem. 800., 82, 226 (1940). 

48 
Avaklan, Doctoral Dissertation, Iowa St&te Collei^e, 
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fABLE I (Continued) 

Name of Compoimd M. P. Reference 

TrisubBtituted Dlbenzofurans 

1-Acetamino-
benzofuran 

-^4 dlmethoxydl-

l-AGetainlno-4,6-dlmethoxy-
dlbenzofuran 

l-AoetaB3.lno-2-nltro-4-
aethoxydlbenzofuran 

l-Acetyl-3,4-dlraethoxy-
dlbenzofuran 

l-Acetyl-4,6-dltiethoxy-
dlbenzofuran 

1-Affllno-3,4-dime thoxy-
dlbenzofttran 

l-Aialno-4,6-dlraethoxy-
dlbenzofuran 

l-Mslno-2-nltro-4-methoxy-
dibenzofuran 

l-Ben2eneazo-4,6-dimethoxy-
dlbenzofuran 

l-Ben2eneazo-4-hydroxy-6-
Bie thoxydibenzof uran 

l-Bron]0-3-acetaralno-4-
laethoxydlbenzofuran 

l-Bro?^o-3-ani lno-4-iaethoxy-
dibenzofuran 

l-Bix>mo-2,8-dliBethoxydibenzo-
fuman 

l-BroRio-3,4-dlniethoxydibenzo-
furan 

196-196.5 

244-245 

244 

90.5-91 

178-179 

162%5-163 

162-162.5 

206-207 

170 

175 

178-179 

135-136 

102-103.5 

108 

19 

19 

18 

19 

19 

19 

19 

18 

19 

19 

18 

18 

41 

19 
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TABLE I (Continued) 

flsjue of OoEpoynd It. Reference 

l-Brorao-4,6-6.ime thoxydlbenzo-
furan 152 19 

?w-Bromo-r5-h.ydrox,y-4-
raethoxydlbenzofuren 161-162 19 

1 - Br orn o - 5- n 11 ro - 4-m e t h o xy-
ctibenzofuran 160-161 18 

l-Orirboj'y-4,6-cllsj!tln,odl-
benzofuran 1-66-4:6!" 41 

1- G? rboxy-2,3-uliae fchoxydl-
bensofurrri 194-195 41 

1 - Cr-,rbo:cy- 4,6- d lhydro?:y -
dibenzofursai 273-230 41 

1,3-I)lbronio-4-raethoxydl-
benzofiiran 13"'-140 41 

4,6-r)lrae thorydlben sof uran-
l-aldebyde 155-164 41 

49 

1 - & thy 1 -2,3-d j. hydroxy 0.1 -
benzofuran 142-143 41 

l-Kltl'iyl-S, 3-dlraetiioxy-
dlbenzofuran 71-72 41 

1-J.i e tliy 1- 2,8- dihy droxy d 1-
benzofur&n 187-188 41 

l-Metliyl-2,3-diraethoxy<31-
benzofuran 86-86 41 

l-Methyl-2-hydroxy-8-8jainodi-
benzofuran hydrochloride 220 (dec.) 41 

l-Succinoyl-4,6-dimethoxy-
dlbenzofuran 241-242 48 

49 
Cook, Doctoral DlsBertr-taon, lo^a Stote College, 1940, 
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TABLE I (Continued) 

Naiae of Conipound M. Reference 

Tetraaubstltuted Dibenzofurans 

l-Brotno-7-succinoyl-
4,6-diBiethoxydlbenzofursji 200-201 41 

48 

1,7-Dlbrono-2,S-diacetoxydi-
benzofuran 173-174 27 

If 7-DlbropJO-2,8-dlhydroxydl-
benzofuran 200-gOl 27 

l,7-Dlbron3o-4,6-dlhydroxydi-
benzofureJi 239-240 19 

1,3-Dibromo~4,6-dlraethoxydi-
benzofuran 173.5-174 19 

1, 't-Drr5romo-2, S-dlmethoxydl-
benzofuran 196-197 27 

1,7-DlbroBio-4,6-diiaethoxydi-
benzofuran 167-168 19 

1,3-Dlbromo-4-hyd^oxy-6-
metlloxydlbe.nzofuran 177-178 19 

1,?-Dicarbomethoxy-2,8-
dliaethoxydlbenzofuran 139-130 27 

1, '7-Dl!aethyl-2,8-dlhydroxy-
dibenzofuran 168-169 27 

1,7-Dlnethyl-2,S-dimethoxy-
dibenzofuran 106-107 27 

l-Ethyl-7-bronio-2,8-dlraethoxy-
dlbenzofuran 116-117 41 

l-Methyl-7-bromo-2,8-dliaethoxy-
dlbenzofur^ 144-145 41 

l-Methyl-7-ethyl-2,S-dlmethoxy-
dlb©nzofuran plcrate 144-145.5 41 
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Reaotlons Potentially Applicable to Bridging 

the 1- and 9-Positions of Dibenzofuran 

Aside from the uncertainty surrounding the space re

lationships of the 1- and 9-posltlons of dibenzofuran, there 

is every reeeon to believe, by anplogy, that a method for 

bridging the 1- and 9-positlons might be foimd among the 

many reactions observed in the literature. Cheney has 

27 
covered the literature up to 1933. Swislowsky has sug

gested a number of resctione which raifjht be applicable to 

the derivatives of dibenzofuran arising from the compound 

which wae then thought to be l,9-dibromo-2,8-diniethoxydi-

benzofuran. TMb section is devoted to reactions which have 

been developed since that time. 

The advent of anhydrous hydrogen fluoride as a condens

ing agent has resulted in the additl'-n of a powerful new re

agent for cyclization reactions with various types of acids; 

19 

50 

(1939) 
Pieser and Hershberg, J, Ohem« 8oo.. 61. 1272 
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other methods of cycllzatlon have many limitations. One 

of the most generally useful procedures is an appliestion of 

the Prledel-Crafts reaction, vrtiich consists in treating the 

acid in benzene, nitrobenzene, or chlorobenzene with phos-
51 

phorbus pentachloride, follo^?ed by aluminum chloride. The 

use of thlonyl chloride in place of phosphorous pentachloride 

is even less desirable because, if not removed before treating 

50 
v'lith the condensing agent, unwanted side-reactions take place. 

Stannic chloride can be used x^here a. more reactive aromatic 
5S 

nucleus is present. The acid clilorlde method has the dis

advantage of giving rise to t8.rs end products of dehy6.rogena-

tion and has failed comDletely in some cases, for exaraple, 
54 

?;ith )/-(4-iiiethoxy-3-biphenyl)butyric acid. Cyclizetlon by 

heating the free acid or the acid chloride with the above 

mentioned condensing agents seldom proceeds smoothly. The 

cyollzation of (X,-naphthylpropionic acid with stannic chloride 

or by heating the acid chloride v?ith alumlnuni chloride, has 
55 

resulted in a dehydrogenation action, 

Cyollzation of certain )/-aryl butyric acids has been 

51 
Brown, Blessing, and Cahn, Ber,, _57, 908 (1924). 

52 
Fieser end Desreux, J. Chem. 8oc.. 60. 2253: (1938) 

53 
Pleser, Hershberg, Lonrc, and Newman, ibid.. 59. 475 

(1957), 
54 

Fieser and Bradsher, Ibid., 58. 1738 (1936), 
56 

Cook and Hewitt, J. Chem. Soo., 398 (1933), 
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accoraplished with t)ho8phorotJis pentoxlde In organic solvents 
56 57 

such as bensene or toluene,'' or in syrupy phosphoric acid, 

but the method Is not a general one. 

The method of cyclodehydrfitlon with 85-95J» sulfuric 

58 
acid Is very deelrable since there is little tendency for 

tsr formation, and it ctulte frenuently gives good yields. 

Often, however, much material is lost by sulfonation. This 

is particularly true when one tries to force the reaction. 

The catalytic cyclization ?;lth zinc chloride In acetic 

anhydride has been aDolied Bucceesfully to sone acids of the 
59 

type, Ar(CHrt) -CO„H, giving ketones. Freouently the acid 
& n c 

Is recovered unchanged. The cyclization of a)/-arylbutyrlc 

acid with hydriodic acid has been reported by R. Robinson 
60 

end Walker* 

The use of anhydrous liould hydrogen fluoride by Pleser 
50 

and Hershbei^ as an agent for cyclodehydration shows a 

marked contrast with the above mentioned raethods. In general, 

the reactions •were cerried cut in an open platinum vessel in 

a good hood by dissolving the acid in cormaerclal anhydrous 

liquid hytoogen fluoride, without stirring of any kind, for 

Haberland end co-¥;orlcers, Ber., 71, 470, 2619 (1938). 

Koebner and R. Robinson, J. Ghera. Soc.. 1994 (1938). 

Haworth, ibid.. 1125 (1952). 
59 

Fleser snd Hershberp:, J. JUb. Ghem. Soc.. 59. 1028 
(1957). •" """ 

An 
R. Robinson and Walker, J. Ohera. Soc., 183 (1938). 
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a period of a few hours or overnight. PureJ/-phenylbutric 

acid gave purecX^-tetralone in 92^ yield and hydrocinnamlc 

acid g8.v©(9(-hydrindone In 72^ yield, t?hile(9^~tetralone is 

prepared only in poor yield by the sulfuric acid method^and 
I 

(X-hydrindone cannot be prepared by the use of sulfuric acid. 

In the case of ̂ -(4-methoxy-3-biphenyl)butyric acid (I), no 

cyclizatlon could be effected by either the sulfuric acid or 
54 

acid chloride method. However, there was no difficulty in 

obtaining the ketone (II) ̂ ^ith hydrogen fluoride. 

Anhydrous hydrogen fluoride seems to have little de

structive effect on sensitive pixjducfcs or upon starting 

materials. Attempts to acylate several aromatic hydrocarbons 

with hydrogen fluoride and organic acids throw some li^t 

on the al)Benoe of interraolecular condensetlon products In 

cyclodehydrations of this type. Of the many aronatic hydro

carbons tried, condensation was realized only with the very 

W. V. Miller and Rohde, 2Z, 1887 (1890). 

0GH3 

I II 
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active acenaphthene. Acetylatlon yielded 94^ of mixed 

acetoacenaphthenes after treating with acetic acid mid a 

large amount of hydrogen fluoride for three days. Benzoyla-

tlon resulted In a 62^ yield after only two and one-half 

hours. Attempts to acylate benzene, naphthalene, anthra

cene, phenanthrene, 1,2-benzejnthracene^ and dihydrophenan-

threne resulted In failure. A1.1 attempts to cyclodehydrate 

the arylbutyric and propionic acids with hydrogen fluoride 

have met with success. 
50 

Another signlficaJit discovery of Fieser and Herahberg 

is that hydrogen fluoride sometimes orients differently from 

the parallel Friedel-Grafts reaction. The mixture of ac©-

toacenaphthenes was shcisn to contain 25^ of the previously 

unknomi 1-acetoacenaphthene, v/hlle other methods of acetyla

tlon had produced only 3-acetoacenaphthene. This tendency 

could possibly prove useful in ring closure between the 1-

and 9-positions when other reagents oriented differently. 

In general, it can be said that the use of anhydrous 

hydrogen fluoride is free of the tendency to form tars, the 

chief disadvantage of the Priedel-Crafts type of reaction. 

In the case of two competing reactions, ifyhere one is required 

to overcome sorae stress, as is likely in bridging the 1- and 

9-positions of dibenzofuran, the other is likely to predoainate. 

It is evident from the work of Fieser and Herahberg and 

others that anhydrous hydrogen fluoride is slo-w to promote 

interoolecular condensation. 



www.manaraa.com

-2P/ 

In 1939, Bradaher and co~',workers Introduced a series 

of reactions, sliallar in type, for the synthesis of phenan-

threne and its derivatives from o-bromobiphenyl. Bradsher 
62 

and Rosher " have prepared 9,10-substituted phenanthrenes 

in good yields by the follo?;ing: aeries of reactions: 

P o'p 

/iBy 

fhe ketone was postulated as the Intermediate but was never 

Isolated. 'The actual cycllzatlon is believed to be a 

result of the dehydration of the enol form of VAE ketone. 

The yields in this type of reaction were as follows: 

Alkyl radical Yield 

-CH. 72^ 

70^ 

phenyl 68^ 

Another raethod of preparing hydrocarbons with the 

R= 

R= 

-GHg-CHg 

phenanthrene nucleus was devised by Bradsher, 
63 

By this 

62 

(1939). 

63 

Bradsher and Rosher, J. Mm. Ghem. Joe., 1524 

Bradsher, Ibid.. §1, 3131 (1939). 
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method 9,10-cyolopentenophenanthrene and 9,10-cyclohexeno-

phenantbrene were prepared in 30^ yield, based on the ketone. 

2-Biphenyliaagneslnm bromide was treated with the 

pppropriate ketone, the oarbinole were dehydrated wit3i 

potassium blsulfate, and the resulting l-(2-blphenyl)cyclopen-

tene-1 and l-(2~blphenyl)cyclohexene-l were oxidized with 

monoperphthsllo acid, with ultliaate ring closure by reflux-

Ing with hydrobromlc acid and acetic acid. 

COtH 
Q.U4v~eOiff 

64 
Qeissman and Teas have carried out a series of re

actions for the preparation of phen8nthrene-9-carboxylio 

acid and phen8nthr0ne-9,lO-dicarboxylic acid anhydride from 

2-aminoblr)henyl which substantiates the theory of an enol 
62 

intermediate proposed by Bradsher and Rosher. This 

64 
G-eissmsn and Tess, J. M. Chem. 8oc., 62, 514 (1940), 



www.manaraa.com

-24-

synthesis employs the f0ll0'/;lng series of reEctlons 

RI-JHg ^ RON — 

RGHgGl —^ RCHgCN 

~R-C-CO„Et' 

^ RGHgNHg ^ RGHgOH 

> RCHoCO„(COHK) — 

HBR GOCOoEt 

a4C 

That the ethyl S-hiphenyloxalylacetate exists to some extent 

In the end foim Is shown by the fact that It gives a pos

itive enol test with ferric chloride. The ethyl 2-biphenyl-

oxalylacetate was not isolated In pure form but was refluxed 

as an oil Tf'lth hydrobromlc acid and glacial acetic acid for 

a period of twenty-four hours to effect the cyclodehydratlon. 

The over-all yield of phenanthrene derivatives in this case 

is 80^, as compared to the yield of Bradsher and Kosher of 

72^. The oily residue, after separating the above acids, was 

shown to be unreacted ethyl 2-blphenyloxalylacetate. 

sirailar method of preparing 9-methylphenanthrene. None of 

the yields proved to be exceptionally good. However, the 

62 

65 
Bradsher end Tess worked out another and somewhat 

(1939) 
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scope of this type of reaction is indicated. By the addition 

of the G-rignard reagent of o-hroinobiphenyl to several deriv

atives of acetone .1.n the follor-inf; f^eneral procedure, Bradsher 
65 

and Tess were able to obtain 3-methylphenaiithrene in each 

case. 

cH 

cHc)(, |+/ve 

I'he final rini;- cloBure in this oeries is brought about 

by the use of hj'-Ai'obroraic ecid and glacial acetic acid. The 

following table is a suniraary of the resul ts of this paper. 

R ^ 

CHg- -OCH3 30 

" ~0-<l> 32 

" -OOnQHo(p) 23 

-w(et)o 10 

-Cl Z.1 
00 

In a later peper Bradsher worked out another modifi-

Ci tioii of the above procedure. o-^-]iethoxyaceto)biphenyl 

was prepared and reduced to the alcohol by raeejis of aluiPini® 

Bradnher, J. Chem. 3oc.. 62. 2806 (1940). 
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Isopropylate. The ring closure was carried out, as usual, 

with hydrobromic acid and acetic acid. 

X50 p««»p . 

I .  

L(^ [j 

HBr 

The yield of pure phenanthrene from the method was 46^, The 

author has suggested that night well 

yield phensnthrene under the same treatment, 

67 
Bradsher end Araore have obtained meti^lphenanthrene 

by still another method. The Grignard reagent from o-brorno-

blphenyl was treated with acetone, the resulting carblnol 

dehydrated with potassiiKa bleulfate, and the Isopropenyl 

derivative oxidized to the oxide ^Ith perbenzoic acid, where

upon 9-methylphenanthrene was formed after refluxlng for a 

fevf hours with hydrobromlc add and glacial acetic acid. The 

yield was 30^ of the theoretical, based on the amount of 

j;^-broiBobiph©nyl used. 

67 
Bradsher and Asore, J. to. Chea. 3oc.» 65, 2016 (1943). 
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I >. o 
C 

Y A / \ KHSOy (/ 

li(^. 

Tlie i3«tl'iM. h&© been eyrtended to thf» •::>j^y^Tf:ttm of noi« 
G3 

connliccted pKj&iotB hj m& f!i*noT>ort» bfBlQ 

princlpleo •'•r^Motw^& are soo^tifilly t!w sr-ae <is*o©:"st that a 

norc aativ© orgaaoaet?!! tc dsrlir&ti'y© of blpheii^l ia «0a€, 

cdH 

In the folletsjnr^ yield, was 37j?i 

O 

II // w/ v\ ^ 

R 

—Y 

In ii0«i»ly all of this sai'lea a ketone pt^ouTm^ to t'w 

ultiraote plieiianth?©ne pr^aiist io postwl^.teft. In th# proa^ioe 

S8 

(1344), 
"f^-dshcs** nnt5 Rapoport, J. te. Chm. §oo». S6, 1281 
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of the reagents used either oyclodehydration occurs, or the 

starting raaterlale are recovered, except •??here peroxide 

oxidation la used. This indicates that there are no side-

reactions competing with the desired trend. Hence, this 

type of reaction may well be considered a fair test of the 

expected ease of bridging the 1- and 9-positlons of diben

zo fur aji, 

69 
Kharasch, Nudenberg, and Fields have woiiced out an 

interesting synthesis of nhenanthrene, using sodainide as a 

condensing agent on o-dlbroraoraethylblphenyl, according to 

the following reaction: 

The yield of a very pure phenanthrene was This would 

certainly be an excellent method of bridging the 1- and 9-

positions should a 1,9-dlbromoaethyl derivative of dibenzo-

furan ever be realized, either by direct substitution in the 

dibenzofuren nucleus or by ring closure. 

69 
Kharasch, Nudenberg, and Fields, J. Ohe». Soc., 

m, 1276 (1944). 

13^ 
cH^ 
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Prevlous Attempts to Bridge 

the 1- and 9-Positions of Dibenzofuran 

The achievement of a 1,9-brldge in dibenzofuran has as 

yet not been realized, Hov^ever, various attempts have been 
g»j> 19 49 48 

made by Swlslowsky, Cheney, Cook, Avaltlan, Burger 

4? 70 
and Avakian, and Xeoman. 

27 
Si?lslowsky treated 2,8~dlaethoxydlbenzofuran with 

oxalyl chloride and alumlnian chloride, sjid concluded that 

his product had one of the following structures: 

8-Methoxybenzofuro-(5,6- 9-Me thoxybenzofuro-
b) benzofuran-2»3-dione {5,4~b) benzofuran-l,2-dlone 

This conclusion was based essentially upon the formation of 

a dark red qulnoxaline derivative with o-phenylenedlemlne* 

Several interesting Drocedures were investigated by 
19 

Cheney* One of these was the treatment of 4-methoxydibenzo-

furan aluminiaa chloride andc^-chloroacetyl chloride 

with the hope of obtaining a 4,5-phenanthrylene oxide deriva

tive through an introsolecular alkylation. Only l-chloro-

acetyl-4->raethoxydlben20furan could be Isolated, in spite of 

attempts to force the reaction, and no intermolecular 

70 
Yeoman, Doctoral Dissertation, Iowa State College, 

1944, 
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condensation occurred. This compound Is of interest, how

ever, in that it mlp:ht be used to test liie method of Brad-

66 
sher in the field of dibenzofuran, 

19 4-9 
Cheney and Cook" also tried the Frledel-Crafts re

action of 4-methoxydlbenzofuran and 4,6-dimethoxydlbenzofura3i 

'v^lth oxalyl chloride* G-ood yields of the dimolecular con-

densption products, bi-(4-methoxy-l-dibenzofuroyl) and bi-

(4,6-diraethoxy-l-dibenzofuroyl), were obtsined. Three 

attempts to synthesize a 4,5-phenanthridene oxide derivative 

from l-aGetairiino-4,6-difflethoxydibenzofuran by means of the 

71 
Blschler-Hapieralaki reaction resulted in failure* 

The synthesis of 4,S-diraethoxy-l-dibenzofurylacetio 
19 

acid by Cheney afforded a promisinfr corapound for bridging 

the 1- and 9-positions by the methods known at that time. 

One attempt with this corapound, utilizlnj;^ the Frledel-

Crafts reaction wlt>x the acid chloride, yielded an oil from 

49 
%?hich no pure ma.terl3l could be isolated. Cook prepared 

the same compound and gave it a thorough test, using sulfuric 

acld^ zinc chloride, and stannic chloride as stents for con

densation. The desired results v/ere not obtained, even 

thoufjh conditions of time and temperature were varied. 
49 

Cook attempted to form a seven-membered ring with a 

three-atoa bridge betti^een the 1- and 9-positlons of dibenzo

furan by treating l-dibenzofurylmercaptoacetlc acid with 

Bischler and Napieralski, Bgr., 26. 1903 (1893), 
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chlorosulfonic acid, acetic anh'/dride, and phoephoroua 

pentoxide. 
48 

Aveklen ha.s attempted to prepare a derivative of 

dlbenzofiuran with an elght-membered ring involving the 1-

and 9-posltionB by cyclisatlon ofy-(4-meth0xy-l-diben20-

furyl)butyrlc acid in 88^ sulfuric acid and y-^,6-dlmethoxy-

1-dlbenzofuryl)butyric acid, usini^=; stannic chloride on the 

acid chloride. In each case a ketone was obtained. Although 

nothing is known about the latter compound, Avaklan has 

oxidized the resulting 1,8,3,4 tetrahydro-7-methoxy-l-oxo~ 

cycloocta (klm) dibenzofuran to the dibasic acid and found 

it to be different from another dibasic acid of 4-methoxydl-

benzofurim, which might possibly be l,2-dicarboxy-4-methoxy 

dibenzofuran. That one of the carboxy-groups of this (x>mpound 

Is in the l-posltlon is questionable since the only evidence 

Is that of analogy. ^-Brono-4-methoxydlbenaofuran ?/as 

brominated, and it was assumed that the broninatlon involved 

the 1-position since succlnoylation was definitely shown to 
48 

involve that position.* This 1,2(?)-dibrorao-4~methoxydlbenzo-

furan i^as converted to the corresponding l,2(?)-dlacld by halogen-

nietal Interconverslon vjith ^-butyllithlum and carbon at ion of the 

resulting lithio derivative. 
•70 , ^ 

Yeoman prepared the dlaldehyde from the compound that 

^as thought at that time to be l,9-dlbromo-2,8-.dl®ethoxydl-

benzofuran and treated this compound i?ith hydrazine and 
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2,-phenylenedlamine, but could isolate no pure crystalline 

material. 

47 
Burger end Avakian have prepared 4-methoxy-l~dlbenzo-

furylncetic acid and tried several methods for its cyclode-

hydration to a derivative of raethylmorphenol. The reagents 

tried were concentrated sulfuric acid, 88^ sulfuric acid, 

anhydrous liquid hydrogen fluoride at room temperature, and 

stannic chloride. In no case was the expected phenolic pro

duct obtained. 

This paper records the first atternpt to use hydrogen fluoride 

in bridging the 1- and ?-posltions of dibenzofursji. 
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SXI'ERIMENTAL 

The Entrairment Monobromlnatlon of 2-AiDlnodibensofuran 

Four p-rams (0.0218 mole) of 2-aralnodlbenzofuran, pre-
11 

pared according to the directions of Bywater, was dlseolved 

in 100 cc. of glacial acetic acid in a 250 cc. three-necfced 

flesk* The flask was equlpi^ed -.^'Ith a motor-driven etirrer, 

fii Inlet tube of 12 ram. diameter, placed beneath the surface 

of the solution, and an outlet tube arranged to trap any 

escaping hydrogen bromide. Two grajos of sodium carbonate 

was added to avoid the fomnation of amine hydrobronides. 

Three and three-tenths greras (o.0218 mole) of bromine was en

trained by passing a slow stream of air over the bromine in 

a small Erlenmeyer flask and was then Introduced through the 

inlet tube beneath the surface of the rapidly stirred solu

tion. The stream of air was adjusted so that three and one-

half hours were required to Introduce all of the bromine. 

After the addition of all of the bromine the solution 

was diluted and filtered, yielding four greins of material 

o ^ 
melting mainly between 100 and 114 . A small portion was 

found to be insoluble in methanol and tms filtered from the 

hot solution, Recrystallization of this insoluble portion from 

a larger volume of 955^ ethanol yielded 0.5 g. of product 
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meltlng at 180-181°, A mixed melting point deteraination 

showed it to be Identical -^ith the dibromo-2-arainodlbenzo-
38 

furan prepared by John R. Thirtle by the dibromination of 

8-aminodlbenzofuran. The main body of material crystallized 

from the methanol solution. After two purifications from 

the same solvent 1.75 g. (30.7^) of a nionobromo-2-aniinodi-

o 
benzofuran melting at 120-121 was obtained. 

tJ ^ 
Anal. Calcd. for 5.3)8. 

A/ 
Found: Br, 5.31. 

Deaminatlon of l-Bron30-2-amlnodibenzofuran 

The hydrochloride of 0.5 g. (0.0019 mole) of monobromo-

S-amlnodibenzofuran was prepared by boiling \9ith 6 cc. of 

concentrated hydrochloric acid in 75 cc. of water. On cooling 

in 8J1 ice-bath the amine hyd,rochJ.oride crystallized as fine 

needles. To this suspension of the hydrochloride 0.138 g, . 

(0.0019 mole) of sodiian nitrite dissolved in 10 oc. of water 

at 0® was added dropwiee with stirring. After one-half hour 

the hydrochloride vsmt into solution as the slightly yellow 

diazoniuio salt. Then 4 cc. of 50J^ hypophosphorous aoid was 

added to the cold solution and the mixture was allowed to 

stand in the ic e b^z for twelve hours whereupon a tan pre

cipitate foraed. The precipitate was dissolved in a minimum 

of petroleum ether (b.p., 60-86°) and filtered to remove an 
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Insoluble brown portion, Coollnf'- In an icebox gave prisms 
o 

which, after two subsequent purifications, melted at 64-65 . 

The yield was 0,2 g. or 50^ of the theoretical, 

A mlzed raeltinp: point of the above product with an 
25 

authentic sample of l-broaodibenzofuran \vas not depressed. 

Thus, the Hionobrorao-2-aialnodibenzofuran can be designated 

l-brorao-2-aralnodibenzofuran if the probability of hetero-

nuclear substitution in the 9-po8ition is waived, 

Monobrosination of l-Bromo-2-aniinodibenzofuran 

To 0,7 g. (0,00267 mole) of l-brorao-2-sjnlnoQibenzofuran 

dissolved In 40 cc. of glacial acetic acid was added dropwise 

with stirring 2,67 cc* of a molar solution of bromine in 

acetic acid* A product begaji to settle out before all of 

the bromine had been added. After the addition of all of the 

bromine the flask was heated to dissolve the precipitate and 

then alloived to cool. Seven-tenths of a gram of needles 

melting at 180-181® formed. The yield was 76.5^1, 

A mixed melting point of this material with the dibromo 

38 
derlvat^ive of 2-ajainodibenzofuran prepared by Thirtle was 

not depressed* This demonstrates that one of the bromine 

atoms in this dibromo-2-arainodlbenzofuran is in the l-position. 
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Preparatlon of 2,8-Dlhydroxydlbenzofuran 

This procedure is essentially the same as thet used by 
27 

Swislowsky and is included for the sake of recording certain 

modlflcetions ^hlch have liade the preparation less difficult. 

Three hundred pjraras (0.915 mole) of 2,8-dibromodlbenzo-

furan (student prep.) was thorouf-hly dried end pulverized in a 

large mortar. It is essential that the pulverizing step be 

done veiy carefully to ascertain tha.t the material be well 

suspended In the fusion mixture later on. To this powdered 

meteriel was added 500 g, of commercial flake sodium hydroxide. 

Ninety grams of copper sulfate in 200 cc. of water was then 

added ̂ ith stirring. Then 70 g. of copper-bronze powder was 

stirred into the paste until the color was uniform. There was 

a considerable evolution of heat when the water contacted the 

sodium hydroxide. The consistency at this point should be a 

thick paste to assure minimum settling of tiie ingredients. 

The reaction mixture just filled a 600 cc. copper bea&er, 
o 

Milch was placed in an electrically heated bomb at 240 for 

twelve hours. The beeper i?as removed ajid its contents trans

ferred before cooling to three or four liters of water. The 

weter was waraed to assure complete solution of the phenolic 

materials. When a copper niRt was used to avoid settling, the 

extractions became tedious. The sodium salt solution was 

filtered, decolorized with charcoal, and then precipitated. 
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The method of purification of the crude product was 

essentially that of Sx'/iBloT/sky. TVie yields varied from 

80 g. to 92,8 g. (55-40^1) of pure 2, B-dlhydroxydlhenzofuran. 

The yield of 2,8-dlscetoxydlbenzofuran reported by Swlslow-

*?7 
sky"" was 39.?^ based on the S,8-dlbroraodlbenzofur8n used. 

Prepare tion of l-Broso-2,8-dlliydroxydibenzofuran 

This method Is a raodiflci'.tion of thpt employed by 
70 

Yeopjan. 

Twenty fraiiis (0,10 mole) of 9,8-dlhydroxydiben?,ofuran 

and 200 cc, of glacial acetic acid were placed In a 500 cc. 

threu-necJsed flask. The fIss'r wns eouj.pped with an air

tight stirrer 7?ith action. Sixteen grams (O.l mole) 

of bromine wss entrained in a stre?iM of air and passed into 

the spa,ce above the solution, A piece of 12 ran, tubing 

with a bulb-trap attached was fitted tightly Into the flask 

with a rubber stopper and barely Immersed into the stirred 

Bolutlon, thus allowing the air to escape only after all of 

tl'ie brcralne had been absorbed --n the surface of the solu

tion. The escape tube can be adjusted to allow the eacap-

Ing gas to bubble rsther smoothly. The flow of air was 

adjusted to one or two bubbles every second (as sho\'?n by a sul

furic acid bubbler). 

The entralnment unit was a flask with an Inlet tube 
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close to the bromine and an all-glasB connection to the 

three-necked flask. The addition of bromine required six 

to seven hours. The free flow of p:ps was occasionally 

blocked in the delivery tube dj the formation of a red 

crystalline material ^^Ldch '-/as moat likely an addition com

pound between bromine r^nd acetic acid. It decomposes in 

contact with bromine-free air. After the bromine had all 

passed through, the solution was diluted to trvo liters and 

the crude -product filtered. This material did not purify by 

crystallization from acetic acid and weighed 28 g, (theoreti

cal weight). The crude product tihs purified throu^-h the 

diacetoxy derivative. 

Preparr-tlon of l-Broi,-:o-2, 0-di?cetoxj''di]3Gnsofuran 

To 28 g. (O.l nole) of crude l-brcmo-2,S-dlhydrory-

dibenzofuran t'/as added 80 cc, of acetic anhydride and a few 

drops of concentrated sulfuric acid. The evolution of heat 

was Immediate* The nirture vip.s reflured for fifteen minutes 

rnd then tre?*ted cautiously 'ffith ^^rater to deconpoGe the 

excess acetic ajihydriae and then further diluted end filtered 

The ultimate purification required fron two to six crystal

lizations from a 30^ mixture of toluene in petroleum ether 

(b.p., 50-86*^), aJid the yields of l-brorao-2, S-diacetoxydibenzo 
70 

furan varied from 7.5 g. to 14 g. (20^ to 60^ of the 
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theoretical). However, a yield of 30,^9 was more often the 

o 
case. The product melts rt 143-145 . 

Ilethylatlon of l-Brono-2,8-di£oetoxydi'benzofuran 

To a cooled solution of 59 (0.183 mole) of l-broao-

S,8-diacetoxydihenEofuran In 350 co. of methanol and 50 cc» 

of methyl sulfate vms slot^ly added 40 g. of sodium hydroxide 

In 50 cc, of wrter. The temperature w£:.s !tept belo?r the boll-

inr- point of methanol in an ice-bath. When the main reaction 

appeared to be consplete, the mixture was shaken for ten 

minutes fmd then diluted end f.litered. RccrystallIzatlon 

from 95^ ethnnol yielded 39 g. (78,^!) of pu.re l-bronio-2,8-
70 0 

diraethoyydtbenzofuran raelting at 102-103 . 

Preparetion of l-Brotno-2,8-dlraethoxydibensofur8Ji 

by Vacuun? Distillation of Methylated Crude 

l-Bromo-E, 8-dlhydroxydibenzofuran 

5ilnce large quantities of l-brorio-g, 8-diEethoxydibenzo-

fursji were needed, a method for obtain In better yields was 

sought. 

Twenty grems (0.1 mole) of 2,8-dlhydroxydlbenzofuran was 

raonobroniinated by the entrainraent method in the usual aajiner 

(Pap;e 3?), The crude l-bromo-2,S-dihydroxydibenzofurjaii i^as 

dissolved in 200 cc. of water and 10 of sodli^iu hydroxide. 
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To this rapidly stirred and refluxlng solution 40 cc. of 

methyl sulfate was added dropwise. Heating and stirring was 

continued for one hour after the addition of the last portion 

of methj/1 sulfate. Ten grains of aodiura hydroxide was then 

added and heating was continued for ten minutes to assure the 

complete destruction of the excess methyl sulfate. After 

cooling, the solid product was filtered, washed with water, 

and thoroughly dried. 
0 , 

This crude product was distilled at 188-184 /I mm. 

Crystallization of this rae.terlal from 160 cc. of ethanol gave 

17 g. (55^) of small needles melting at 101-103 . 

In one run a yield of 60,^ of the theoretical was obtained 

(based on the amount of 2,8~dihydroxydlbenzofuran used). 

Preparation of l-Methyl-2,8-dimethoxydlbenzofuran 

To 39 g, (0.127 mole) of l-brorao-2,8-dimethoxydlbenzo-

furan in 250 cc. of sodlura-drled benzene was add.ed 0.127 

mole of n-butyllithium in ether solution. This entire process 

was carried out under nitrogen. There was sorae evolution of 

heat during the addition of the organonietalllc compound. 

After twelve minutes with rapid stlrrlni^ 25 cc. of aetl^l 

sulfate In 50 cc. of ether was added dropwlse with considerable 

evolution of heat. After about one-half of the methyl sulfate 

had been added, a white precipitate began to settle out. The 
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solution was stirred and refluxed for cin additi-nal four 

houi-'S and then allowed to stand overnight. At this tirTie 
72 

the color test for an organometalllc compound was negative. 

The solution was filtered free of the gray-white pre-

cipltete and washed with a 1.0% eolution of sodiu® hydroxide 

to remot e excess methyl sulfate. The solution was then dried 

over sodium sulfate and the solvents removed by distillation. 

The afflber liquid residue soon solidified when placed in a 

cryBtslllzinc dish. The total product was dissolved in 50 

CO. of 95^ ethaaiol and cooled slowly. The Bolution was 

finally cooled In the Icebox. The yield of crystals melting 

at 77-85° was 20 g, {66;?5)» After t'ffo crystallizations from 

95^3 ethanol there ̂ ^cre 17 g, (56^) of pure l-methyl-2,8-f''7 i 
• ' J 

dlmethoxydlbenzofuran melting at 85-86®. 

Anag. Calcd. for C, 74.5; H, 5.80. 

Foimd: C, 74.3; H, 5.91. 

{ 0^ 
Demethylatlon of l-Methyl-2,3-dlmethoxydibenzofuran 

Twelve grsms (0.056 aole) of l-iaethyl-2,3-dlmethoxydl-

benzofuran was refluxed for 8 hours in a mixture of 35 co. of 

glacial acetic acid and 40 cc. of 47^ hydrobronlc acid. !Hie 

acetic acid solution was diluted and cooled overnight in the 

Icebox. The crude yield represented 97^ of the theoretical 

72 
G-ilman and Schulze, J. to. Ghem. See.. 47, 2002 (1925). 



www.manaraa.com

and melted at 183-187'^. One purification frora 33^ ethanol 

yielded 10 g. (93)1) of pure l-methyl-E, S-dlhydroxydlbenzo-

o 
furan raelting at 137-188 . 

Anal, Calcd. for G]^3%o03J C, 73; H, 4.67. 

Pound: C, 72.2; H, 4.67. 

Preparation of l-Metliyl-E-raethoxydlbenzofuran 

The l-brorao-2-methoxydlbenzofuran used In this experi

ment ^as prepared according to the directions of P. R. Van-
Of, 

h>BS. 

To 4.7 g. (0.0154 mole) of l-broso-S-methoxydlbenzofuran 

In 75 CO* of dry benzene under an atmosphere of nitrogen was 

a,dded 0.0154 mole of n-butylllthium. The exact quantity of 

the organometalllc cornpoimd used vsa determined by the double 
73 

titration, method of G-ilman and Haubeln. There was an 

Immediate erolutlon of heat •svJ th the development of a slight

ly reddish color. After 15 ralnv.tes of vigorous stirring 10 

cc. of methyl sulfate was added dropvrlse. The addition was 

carx'led out as rapidly as the condenser was able to handle 

the refluxing solvent* After ti-jo hours of stirring and aiib-

sequent standing overnight, the white precipitate which foxtaed. 

on the addition of methyl sulfate was filtered. The filtrate 

Gllmsn and Haubeln. J. M. Chem. Soo.. 66. 1515 
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was washed with a 10% sodium hydroxide solution and then 

with \mter. Evaporation of the solvent by distillation, 

after drying over Bodlum sulfate, yielded an oil which soon 

solidified. The crude product was taken up In petroleum 

ether (b,p., 60-86°) and after subsequent purifications 

from the same solvent yielded 2 g. (61^) of pure product 

melting at 60-61®. 

Anal. Calcd. for H, 5.67. 

Pound: C, 79.1; H, 5.73. 

Demethyletion of l-Methyl-8-methoxydlbenzofuran 

The demethylation of l-methyl-E-methoxydibenzofur-eji 

WP8 effected by refluxing 1.5 g. (0.007 mole) of this 

material In a mixture of 10 cc. of 47?l hyd^bromlc acid and 

10 cc. of glacial acetic acid for 10 hours. On dilution the 

product came down as an oil, but soon solidified. Recrystal-

lization from petroleuia ether (b.p., 80-86°) gave 0.9 g. 

V65^) of needles melting at 135-156 ." The crude yield of 

o , 
product melting at 130-135 was 95^.-.. 

Anal. Gelcd. for C, 78.7; H, 5.05. 

Pound; C, 78.5; H, 5.00. 
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Acetylation of l~Methyl-2-hydroxydlbenzofuran 

In accord£?Jice with the general method of aoetylatlng 

phenols, 0,7 g. (0.0035 mole) of l-methyl-^^ethoxy41bsnzo-

furan was refluxed for* ctne-half hour with 8 cc, of acetic 

anhydride and two drops of concentrated sulfuric acid. Two 

recryatalllzEtions from petroleum ether (b.p., 60-86®) yielded 
o 

crystals melting at 80-81 , The yield was 75;l of pure 1-

methyl-2-acetoxydibenzofuran. 

This material was acetylated In order to compare it 

later with a sample prepared from the product of desmslnatlon 

of l-aethyl-2-hydro3cy-8-aininodlbenzofuran. 

Anal. Calcd. for C, ,H, ̂0 ; C, 75.1; H, 5.00, 
J.b 12 o 

Found: C, 75.6; H, 4.9. 

Buoherer Reaction with l-Methyl-2,8-dlhydroxydibenzofuran 

A mixture of 1.54 g. (0.0072 mole) of l-niethyl-2,8-

dihydroxydlbenzofuran, 7.5 f-. of sodium roetablsulfite, 15 

cc. of water, and 15 cc, of concentrated amnioniiim hydroxide 

was sealed in a. Carlus tube. The tube was placed in an 

o 
electrically heated oven at 180 for t\»?enty hours. Ifhen the 

tube ^ae cooled and opened, beautiful white crystals were 

foimd. These were filtered and dissolved in a dilute solu

tion of hydrochloric acid. A small amount of insoluble 
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matter ̂ as filtered off and the amine hydrochloride 

allowed to crystallize. The amind salt began to decompose 

o 
at about 220 . The yield of l-niethyl~2-hydro:5cy-8-aiBlno-

dibensofuran hydrochloride yws l.S g. (66.5^), 

Anal. Calcd. for C^gK^iOgNCl: N, 5.64» 

Found! N, 6.59, 

Deaainatlon of l-Methyl-2-hydrozy-8-aminodibenzofuran 

The amine hydrochloride (1,1 g. or 0,00428 mole) was 

dissolved in SO cc, of water and 2 cc. of concentrated 

hydrochloric aoid. Then 0,37 g. (0,00428 mole) of eoditaa 

nitrite in 5 cc. of i7ater ^as added to the above cooled 

solution in a dropwise manner with rapid stirrir^. An in

soluble orange-yellow diazoniun salt formed. The suspension 

was stirred for one hour to insure complete diazotization, 

and then 5 cc, of 50^ hypophosphorous acid was added. The 

flask was then placed in the ice-box for 50 hours after which 

it showed little change In appearance. Some reaction appeared 

to occur after the mixture had stood for four hours at rooa 

temperature. The flask ̂ as finally heated for 15 ralnutes on 

a steam-bath. The bro?m product which formed was filtered 

and found to weigh 0,75 g, in crude foira. The purification 

was carried out by acetylating this crude material in 9 co, 

of acetic anhydride ©nd two drops of concentrated sulfuric 



www.manaraa.com

—46-» 

acid, fhis solution was heated on the steam bath for 20 

minutes, and the excess acetic anhydride was destroyed with 

water. Dilution yielded an oil vvhich resisted attempts at 

purification, A raicrovacuum distillation yielded 0.3 g. of 

ina,terlal which solidified readily and melted at 61-74'^. 

Three subsequent crystallizations from petroleum ether (b.p., 

60--86°) yielded 50 mg. of materiel melting sharply at 80~81°. 

TMq product was identified as l-raethyl-E-acetozydl-

benzofuran by a mixed melting point (30-81°) with authentic 
41 

Sample prepared for this purpose from the Vnown l~bromo-2-

25 
methoxydlbenaofuran. 

Preparation of l-Sthyl-2,3-dli3etho:cydlbenzofuran 

To 46 g. (0,150 mole) of l-brono-2,8-diiaetho3cydlbenzo-

furan in EOO cc. of dry thiophene-freo benzene under an at

mosphere of nitrogen was added 0.150 mole of n-butylllthliim in 

ether solution, Tl-ie concentration of n-butylllthium was 

determined by the double titration procedure of G-iliasji and 
73 

Haubein. The interconversion required about ten minutes 

and gave a reddish color. Then 40 cc. of freshly distilled 

ethyl sulfate (b.p., 67^/1 ram.) vj^.b added dropwiae as rapidly 

as the rate of reflux would permit. The usual white precipi

tate began to foiro at once. The solution was stirred for 

one hour after all of the ethyl sulfate had been added Piid 



www.manaraa.com

-47-

was then filtered. The white precipitate was washed with 

benzene to extract every possible trace of product, fhe 

excess ethyl sulfate was destroyed by washing the filtrate 

with a 10^ solution of sodium hydroxide, and it was then 

washed caice with water. After drying over sodliaa sulfate 

the solvent was distilled and the residue rjlaced in a crys

tallizing dish. Since no crystallization could be induced, 

the material was distilled under vacuuia. Four fractions 

O 0 0 
were taken at 5 intervals between 170 and 1V;>0 under 1 mm. 

of pressure. The first and second fractions (b.p., 170-
o o. 

175 and 175-180 ) solidified at once and crystallization 

from 95% ethanol yielded 7.6 g, (20%) of p-ur© l-ethyl-2,8-

dlmethoxydibenzofuran. No pure crystalline material could 

be isolated froui the t'#o hir-^her boiling fractions. 

Anal. Calcd. for C, 75; H, 6.36. 

Found: C, 75.2; H, 6.42. 

Demethylatlon of l-Ethyl-2,8-dliaethoxydibenzofuran 

A mixture of 7.6 g. (0.0297 mole) of l-ethyl-2,8-di-

aiethoxydibenzofuran, 30 cc. of glacial acetic acid, and 30 

CO. of 47^ hydrobroraic acid was refluxed over a hot-plate 

for 8 hours. Part of the product oiled out on dilution to 

400 cc., and crystals foiroed from the solution after it had 

stood in the icebox overnight. In spite of the high melting 
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point, the product persisted In coming dowi as an oil when 

reeryetallixed from ethanol. The yield of pure 1-ethyl-

S,S-dlhydroxydlbenzofuran melting at 142-143° was 3.9 g, 

(57.7;&). 

Anal, Calcd. for 5.68. 

Found: C, 73.8; H, 5.90, 

Bromination of l--Methyl-8,8-dihydroxydlbenEOfuran 

An attempt to monobronilnete l-inethyl-2,8-dlhydroxydl-

bensofuran by the dropwlse method resulted only in the 

o 
forms^.tion of a compound raeltlng at 191-192 , -slth the re-

coTery of some starting material. Analysis of this coinpound 

after methylatlon sho'^ed thf-t dlbromlnation had taJcen place. 

Anal. Galcd. for G^^HgO^Brp: Br, 44.53 

Foimd: Br, 44.3, 

fhe monobromlnatlon of l-methyl-2,8--dihydro>tydibenzo~ 

furan ^as aocoaplished through the method of entralnment 

bromine tion. The epperatus xiaed was the same as that «a-

ployed In the monobrominstion of S-aiilnodibenzofuran (see 

Page 33). To 4.0 g. (0.0175 mole) of l-methyl-2,8-dihydroxy-

dlbenzofuran dissolved In 50 go. of glacial acetic acid was 

introduced, in a stream of air, 3.33 g. of bromine. After 

all of the bromine had been introduced, the solution was 

diluted and filtered. Methylation of this mixture was accom

plished by dissolving it in 50 cc. of water containing 2 g. 
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of sodiua hydroxide. To this solution 10 oc. of methyl 

sulfate W.9S added with rapid stirring, and the mixture ̂ as 

then refliixed for one-half hour. On cooling the product 

solidified end was filtered. This material was taken up in 

the minimum of acetic acid and allowed to cool, yielding 1.3 
o 

g. of product melting at 131-192 . Tliis was shoim to be 

identical with the dibrorainatlon product above. The mother 

liquor wee concentrated end the crystals fonaed were further 

purified in eoetic acid to yield 0,5 g. (8.3^) of needles 
o 

melting at 143-145 . Later work indicates that this compound 

iB probably l-methyl-7-bromo-2, S-diraethoxydibenzofuran. 

Anal« Calcd. for C25H^302Br: Br, 24.9, 

Found! Br, 25.19. 

Monobrornination of l-Ethyl-2,8-dihydroxydlbenzofuran 

To 4 g. {0»0175 mole) of l-ethyl-2,8-dihydroxydibenzo~ 

furan in 50 cc* of acetic acid 'ffos added 2.80 g. (0.0175 

raole) of bromine by the method of entralnment described for 

the preparation of 1-bromo-g-anilnodibenziofuran (see Page 33). 

The acetic acid solution was diluted and filtered. The crude 

product was taken up in 40 cc. of a sodium hydroxide solu

tion, and to this solution was added 10 oc. of raethyl sulfate 

in the usual dropwise manner. The nixture was refluxed for 

one-half hour and cooled. The product solidified and was 
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flltered. Four crystallizations frcm ethanol yielded 1.0 g. 

. o 
(17,^i) of a pure product melting at 116-117 . 

Anal. Calcd. for- C3_pH3_503Br; Br, S5.0 

Pound; Br, 25.5. 

By analogy with the monobrominatlon of l-methyl-?,, 8-

dlhydrozydibenzofuran, this compound is provisionally desig

nated as 1-e thyl-7-brorno-S, 8-dimethoxydibe3izofuran. 

Preparation of 1, ?-Dlmethyl-3,8-dlniethoxydlbenzofuraii 

frora 1-Methyl-7-brorao-S,8-dimethoxydibenzofuran 

A 50 ml. threa-necked flei.sk VB.B thoroug'^hly dried OTd 

BvsQpt out wltli nitrogen. A solution of 300 mg. (0.000932 

sole) of l-Hethyl-V-brorio-?!,S-dimethoxydibenzofuran in 10 cc* 

of thoroughly dried thiophene-free benzene v/as introduced. 

To this solution 0.0012 raole of n-butyllithl\aa in ether was 

added. This is a slight exceas. After ten minutes of rapid 

stirring, 0.5 cc, of metiiyl sulfate v/as added quite rapidly. 

After three houro, i^?ith stirring;;, the rhlte precipitate was 

filtered end the filtrate v-p.shed vji 1;h 5^ sodium hydroxide 

solution. The solution was washed once v?ith water and then 

dried over sodium sulfate. Removal of 1±ie solvent yielded 
o 

an oil wMch melted at 75-90 after solidification. Pour 

recryetallizations from 95^' ethanol yielded 25 ®g. of plate-
0 

like crystals melting at 104-106 . 
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A mixed melting point of this material with the oora-

pound desiccated as r, 9-^ditBethyl-8,8-diniethoxydiben2ofuran 
74 

by Silraan, Swiss, Willis, and Yeomen showed no depression. 

This demonstrstes that the step-wise introduction of bromine 

involves the sasie positione as in the case of the direct 

dibromination# 

Preparation of l-I<fethyl-7-ethyl-2,8-

dimethoxydibenzofuraii in the Pom of the Picrate 

fo 300 mg. (0.00093S mole) of l-aethyl-7-bromo-2,8-

diraethoxydibenzofuran in 10 cc. of dry benzene in a 50 ml, 

three-necked flask under mi atmosphere of nitrogen waa added 

0.000932 ttole of n-butylllthiiM in 1.55 cc. of ether. Ten 

minutes \vlth rapid stirrinf- was allowed for the intercon-

verslon, and then 0.66 cc. of ethyl sulfate was added drop-

wise. Stirring was continued for one and one-half hours. 

The grayish precipitate was filtered and the excess ethyl 

sulfate destroyed by washing the benzene solution with dilute 

sodium hydroxide solution. The oil remaining after removal 

of the solvent would not solidify on cooling. Attennts to 

purify froia 95^ ethsjiol were fruitless. 

fhe totsl solvents were removed and the residue takKi 

up in the minimum of chloroform. Then 0.001 gm. of picric 

74 
G-ilman, Swiss, Willis, and Yeoman, J. to. Chea. Joe., 

§6, 798 (1944). 
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acid in 1 co. of hot chlorofortn xms added to the chlorofom 

solution of l-niethyl-7-ethyl-2,8-dlniethoxydlben20furan. The 

solution immediately turned red, and red needles formed on 

eooling. The crude picrate melted at 125~138°» Pour addi

tional purifications frora chloroforra yielded 20 mg. of the 

pure plcrate meltJjig at 144—145,5"', 

Anal. Oalcd, for 8»42. 

Pound; K, 8.3. 

Attempted Preparation of l-Ethyl-7-methyl-2,8-

dlffl e til oxyd ibenzof uran 

fhla reaction was carried out simultaneously ^flth the 

previous preparation, uslr^ the same reagents and n-butyl~ 

lithitffli solution. 

An ether solution of 0,0012 mole of n-butyllithlura was 

added to 300 mg. (O.OOC03H mole) of l-ethyl-?-bromo-2,8-di-

methoxydlbenzofiiran in 10 cc. of dry benzene. After filtra

tion the solution was washed in the usual, manner with sodiisBa 

hydroxide and water. After removal of the solvent the residue 

felled to solidify. All attempts to Induce crystallization 

met with failure. 

Hence, an attempt was made to prepare the plcrate. A 

red color formed immediately in chloroform solution, but 

prolonged efforts failed to produce anything but a dark red 

oil. 
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This entire procedure v/as repeated with similar re

sults. It Is possible that the picrate is a verj low melt

ing solid or an oil. 

Metalation of l-Methyl-2,S-dlmethoxydibenEOfursn 

It was thought that the metalation of l-methyl-2,8-

dimethoxydibenzofuran rairtht involve the sarae position as in 

the broralnation of l-methyl-2,8-dlhydroxydlbenzofuren. This 

would have facilitated the preparation of l-iaethyl-7(?)-

ethyl-2, S-aliB - thoxydlbensof uran. 

Six grams (0.0248 mole) of l-iaethyl-2,8-dimethoxydlbenzo-

furan was disaolved in 125 cc. of sodium-dried ether and 

placed in a 250 cc. three-necked flask equipped with a stirrer 

fnd attached to a nitrogen train. To this aolutlon 0.0248 

mole of n-butylllthium tms added, and stirring i7as continued 

for eight hours. The solution tuined orange after a few 

minutes with the formation of an orange precipitate before 

the metalation was complete. Ten cc, of methyl sulfate was 

added dropwise and the mixture stirred for one hour. The 

precipitate was filtered. The ether solution was washed 

once with sodium hydroxide and once '^yith water. The residue, 

after evaporation of the ether, was taken up in 95^ ethanol 

frora which it oiled out on cooling. The mother liquor after 
o 

standing yielded "-hlte needles which melted at 129-131 . The 

yield of product raeltinf^ at 129-131° was 1.4 g. , No 
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other product oovild be Isolated. 

teal. Calcd, for 75,0; H, 6.25. 

Found: C, 74.7; H, 6.21. 

fhls compound may be either 1,9- or l,7-dliaethyl-2,8-

dimethoxydlbenzofuran. 

Monobrominatlon of 2, S-Dimethoxydlben^iofuran 

Twelve grams (0.0526 mole) of H^Q-dlmethoxydibenzofiiran 

•was dissolved In 250 cc. of glacial acetic acid and 8.4 q, 

(0.0526 mole) of bromine wrs added to the rapidly stirred 

solution by the entrrinment Biothod. 

After all of the bromine had passed over, the solution 

was diluted with water and filtered. An attempt to dissolve 

this crude material showed that a portion of it was fairly 

insoluble in alcohol. This insoluble portion was filtered 

end resolved by crystallization in acetic acid into two 

products melting at 196-197^ and 262-233°. These were 

shown by the method of mixed melting points to be Identical 
27 

witii the products obtained by 3wisloi?sky" in the dibromina-

tlon of 2,8-diaethoxydiben2;ofuran. 

The alcohol filtrate was concentrated and cooled in 

the icebox. Three crystallizations of the product which 

carae down yielded 1 g. (6.2^) of needles melting at 115-116 . 

A mixed raeltin,;^; point of this material with the product 
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38 
obtained by fhirtle In the debroralnetion of the supposed 

l,9-dibromo-2,8-ain}ethox5rdlbenzofuran showed no depression. 
38 

Analysis by Thistle shows that this corapoimd is a raono-

broino~2,8-dime thoyydlbenzof uran. 

Monobrominatlon of 3-Bromo-2,8-dl!nethoxydib©n2iofuraJi 

To 0.55 g. (0.00178 mole) of 3-brorao-2,S-dlmethoxy-

dlbensofuran in 20 cc. of glacial acetic acid was added 1,8 

CO. of a 1-Biolar bromine solution In a dropwlee msainer. The 

product crystallized from the vigorously stirred solution 

before all of the brofalne had been added. The solution was 

cooled and filtered. Tills crude nroduct melted at 196-260^. 

Po'or crystallizations were carried out in acetic acid, giving 

150 jag. of pure crystals melting at 262-263°. A mixed melt

ing point of this material with an authentic sasiple of 3,7-
27, 37 

dlbromo-2,8-dln!ethoxydibenzofuran showed no depression. 

Tills identifies the monobromo derivative of 2,8-ditaethoxydi-

benzofuran as 3-bromo-2,8-dlmethoxydlbenzofuran, 

The mother liquors from the first and second crystal

lizations above were concentrated and found to yield, on 

subsequent recrystalllzation, 50 mg. of needles melting at 
o 

196-197 . A mixed melting point of this material with a 

s^ple of the supposed 1,9-dibroino-2, S-diraethoxydlbenzofui^ 
27 

prepared by Swislowsky showed no depression. 
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The identity of these t\TO compounds establishes the 

fact that the compound previously"- daslf^ated as 1,9-

dibron]0-2,a-dlmethoxydibenzofuron is either 1,7- or 1,3-

dlbrono-2,8-dimethoxydibenzofuran. 

Monobrorainatlon of l-Brono-SiB-dimethoxydibenzofuran 

Seventy milligranis (0,000228 mole) of l-bromo-2,8-

diiaethoxydlbenzofuran was dissolved in 10 cc. of glacial 

acetic acid and to this solution was added 0,228 cc, 

(0,0002^.8 mole) of a molar solution of bromine in glacial 

v«?,cetlc acid. The product was crystallized from the 
o 

same acetic acid by redissolving and cooling to 0 , The 

yield of pure l,7-dlbroi!io-2,8-dimethoxydl-
o 

benzofuran melting at 196-197 was 80 ng. (93^)» 

A mixed melting point with an authentic sejaple of 

the supposed l,9(?)-dlbroKO-2,8-dlmethoxydibenzofuran 

?;as not a ep re seed. 
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Fomylatlon of 2,8-Diraethoxydlbenzofuran 

A mixture of 5 g. {0,022 mole) of 2,8-dlniethoxydlbenzo-

fursn, 12 of phosphorous oxychloride, end 1:3 g. of 

N-methylforaanillde in an Erlemneyer flask heated for 

two and one-helf hours on the steam bath wlUi frequent shak

ing. The reaction slow to start as Indicated by the 

tardiness in the appe&rance of the red color characteristic 

of this type of reaction. The contents of the flask were 

trea-ted with 50 cc. of lO;;^ anroonium chloride. Shaking and 

cooling resulted in the fomnatlon of a solid suspension in 

the flask. This crude product was filtered and dissolved in 

a rather large volume of ethanol. Cooling resulted in 

the forartlon of 3.5 g. of crystals raeltlng at 150-155^. A 

second purification frora the ssjae solvent yielded 2.5 g. 

(45.5^) of pure 2#8-dlinethoxydlbenzofuran-3-alQehyde melting 

at 166-167°. 

teal. Galcd* for C> TO.3; H, 4.70. 

Pound; C, 70.1; H, 4.68. 

Prep£,ratlon of 2,8-Dliiiethoxydiben20furan,-l-oarboxylic acid 

A solution of 1 g. (0.00326 mole) of l-brorao-2,8-di-

Giethoxydlbenzofuran in 25 cc. of dry ether was placed in a 

50 cc. three-necked flask under an atmosphere of nitrogen. 
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and 0,00526 mole of n-butyllithlum in 8 cc. of ether was 

added rapidly with vigorous Gtirring» After ten minutes, to 

allow for complete halof^en-raetal interconvers.lon, the ether 

solu,t3.on was cautiously poured onto freshly crushed dry ice 

In a,n Erleniaeyer flask and allo^'/ed to stand for one hour with 

occaslonel shaking. At the end of this time sll of the carbon 

dioxide hfd disappeared, and the salt of the acid was treated 

\idth a dilute solution of hydrochloric acid. The cru(3e acid 

formed was taken up in dilute sodium hydroxide and filtered. 

The acid waa precipitated by acidification with hydrochloric 

acid. Two purifications from 95^? ethyl alcohol yielded 0.3 

g. (33,9??) of long needles melting et 193-1S5°. 

Anal« Calcd. for C'j^FjHT^oOgi G, 66.2j 4.42. 

Found: G, 66.50; K, 4.45. 

Preparation of E^S-DlBethoxydibensofureji-u-carboxyllc acid 

This reaction ^aG perfoimed at the ssjae time as the 

above reaction, using the eame reagents and the sarae n* 

butyllithlUEi. 

A halogen-metal interconversion v/as carried out on 1 g. 

(0.00326 mole) oi 3-brofflo~2,S-dlRiet^ioxydibenzofuran in 2 5 cc. 

of dry ether under nitrogen by the addition of 0.00326 mole 

of n-butyilithium in 8 cc. of etiier. After ten minutes with 

vigorous stirring, the solution of the organometalllc compound 
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was carbonated by pourinn onto pov/dered dry ice in an Erlen-

meyer flask. After c-11 of the dry ice had evaporated, the 

product was hydrolyzed viith a 50% hydrochloric acid solution. 

The acid was taken up in base, filtered, and aoidlfiad. The 

free acid was filtered and purified from a hot ethanolj solu-

t'on. The yield of pure 2,o~dlmethoxydibenzGfuran-^~c8.rboxylic 

acid melting at 170-171 0.?, g. or 22.GJI of the theoreti

cal • 

Anal. Calcd. for C25%205! 0, 66.2; H, 4.42. 

Pound: C, 66.15; H, 4.39. 

Oxidf tion of 2,8-J)isetho.xydibenzofuran-S-aldehyd0 

One gram (0.0039 mole) of the -jroduct foiroed by the 

action of H-methylfoi^anllide njid phosphorous o3tychloride 

on 2,8-dlra6thoxydibenzofuren wrs refliixed in suBpension in a 

neutral solution of 1 g. of potsssiusn penaanganate for fivg 

hours. The excess permengenate was destroyed by adding 

sodium bisulfite, end the manganese d3.o:tide was filtered off. 

Acidification of the filtrate precipitated the acid. The 

acid was purified by cryBtallization from a 50^ ethanol 

solution. The yield was 0.3 g. (.33.9^) of beautiful needles 
o 

melting at 169.5-171 . 

A mixed oelting point of this acid with the authentic 

2,8-dlinethoxydibenzofuran-3-carbo3cylic aoid showed no depres

sion. 



www.manaraa.com

-60-

Preparation of 4-Hyaroxydlbenzofuran 

Large quantities of 4-hydroxydlbenzof'uraJi were pre-
19 

pared In essentially the same manner as described by Cheney. 

At that time it; ime asstuned thi t the yields of n-butyl lithium 

corresponded •'/jith the findlni:s of Gllman, Zoellner, and 
75 

tielby» Ho'^ever, accurate deterailncitions of yield in the 

preparation of n-butyllithlum according to the prooedxxre of 
73 

Gilaan and Haubeln have demonstrated thet these yields are 

often lov,'er. 

Prom 150 g, of finely divided lithium in 3 1. of diy 

ether in a 5 liter three-necked flask and 1100 cc. of 

freaiily distilled n-butyl broraide was prepared 5.00 mole of 

n-butylllthlum. The 5 liter flask was immersed in an ice-

salt bath during the addition of n-butyl bromide. This 

corresponds to a yield of 50;^ of the theoretical. In nearly 

all casea, where n-butyllthlum ^vaa prepared by this writer, 

the yield seldoci fell below 50?» and moi-^e frequently approached 

the QOf mark where smaller runs were raade. 

The n-butyl lithium was strained through a f?lass wool 

plug into a 12 1. three-necked flask containing a solution 

of 850 g. (5 mole) of dibenzofiiraji in 2 1, of ether. The 
19 

procedure deecribed by Cheney was followed throughout the 

reciainder of the preparation. It is essential to thoroughly 

G-llman, Eoellner, and Selby, J. to. Ghea. Soc,, 55. 
1252 (1933). 
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cool the solution of 4-dlben2ofuryllithiiim before adding 
76. 

an equlvelent amount of n-butylaaf^esluia bromide and to 

allow one hour with stirring before proceeding with the 

oxidation. lietter results v/ere obtained when it was made 

very certain the t the tempemture of the solution did not 

rise above 0-5® during the oxidation. The yield of crude 

4-hydroxydiben2;ofuran \'/as 458 g. or 58.5^ of the theoretical. 

In tv?o other runs comparable in Gize, the yields were 50^5 

snd 51%, 

Preparation of 3-Brorno-4,6-diraetho;:ydibenzofuran 

The 4, S-dimethoxyfiibensofuran uced in this preprirr: tion 

and in subsequent i)repa;;*=-tlons v/£.n prepared according to the 
~ 19 

procedure of Cheney. The added precautions menticned in 

the procedure above \7ere used in the preparation of 4-hydroxy-

6-iaethoxydlbensofursii. The yield of 4-hydroxy-6-methoxydl-
23 

benzofuran was 29fo, end 29»5fi> in the case of the isomeric 
23 

3-hydro3t:y-4-me thoxydiben zof uran. 

Ten greiiis (0.044 mole) of 4,6-diraethoxydlbenzofuran was 

dissolved in 100 cc. of dry ether in a 250 cc. three-necked 

flask supplied vfitti atmosphere of nitrogen. To this was 

added 0.050 mole of n-butylllthivua in 80 cc, of ether. This 
- _ 

Ivenoff, Bull. Soc. Chem. > 47 (1926). 
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solution was stirred and refluxed for 5-6 hours, A deep 

purple color developed. Not quite all of the 4,6-dliaethoxy-

dlbenzofuran dissolved at the beginning. 

Into the above rapidly stirred solution was passed 

0.044 fflole of bromine gas entrained in a stream of dry 

nlti^gen. Stirring was continued for 15-20 minutes. The 

ether solution was washed with a dilute sodlias hydroxide 

solution and dried over sodium sulfate after being washed 

onoe ^itti water. The ether was removed by distillation, 

leaving an oil that would not crystallize readily. Seversd 

purifications from 95^ ethanol yielded 1 g. (8^) of needles 
0 

melting at 117,5-119 . This product is believed to be 3-bromo-

4,6-dlme thoJEydlbenzofui^. 

Anal. Oalcd. for ^X4^11^3* 2?.05. 

Foimd: Br, 26.95. 

Conversion of 3-Broao-4,6-dl3!ethoxydiben20-

furan into 3,4,6-Trlfflethoxydlbenzofuran 

fo 0.4 g. (0.0035 mole) of 3-bromo-4,6-dlmethoxydl-

benzofwsn dissolved in 10 cc, of dry ether under an atmos

phere of nitrogen was added 0.0037 aole of n^-butylllthlua. 

Stirring was oontinued for ten minutes. At the end of this 

period 0.0035 mole of butylaagnesi\® bromide was added to 
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prior to oxidation* 

Into the space above the rapidly stirred and well 

cooled solution was passed a bIop.' stream of well dried 

oxygen f^jas. At the end of two hours a negative test for an 
'7? 

orgeiiometallic compound was obtained. After acidification 

with dilute hydrochloric acid tb.e etl-er layer was washed 

with water end extracted with a 5fl solution of sodium 

hydTOxlde, fhe 3-hydroxy-4,5-dimethoxydlbenzofuran was pre

cipitated with hydrochloric acid and re crystallized, from a 

ten percent mixture of benzene in petroleum ether (b.p., 

77-115 )» The ?/ield wao 150 rag. (405j) of chunky crj'stals 
o 

oeltlnf: at 140-141 * 

Anal» Galcd. for 03_4%o04; C, 68.8; H, 4.92. 

Found; C, 68.4; H, 4.89. 

The methylatlon of this phenol 'as carried out by 

dissolving it in a Bolution of 0.2 ercra of sodium hydroxide 

in 10 cc. of 'A'ater and adding 2 co, of methyl sulfate drop-

wise. ThlB mixture wee refluxed for 15 mlnutee, the excess 

methyl sulfate wae destroyed with 1 gram of sodium hydroxide, 

and the solid product Y/hich foiTried after cooling was filtered 

off. Recrystalllzation from 95>'l ethanol yielded 140 mg. 

{40;i) of needles raeltinf- at 120-127^. 

Anal. Galcd. for G. C, 69.8; H, 5.44. 

Found: C, 69,0; H, 5.64, 
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Attempted Preparetlon of 3,4,B-Trlmethoxydlbenzofuran 

from o,4-Dimethoxydlbenzofuran 

Using the usual nitrogen atmosphere ^?hen c'ealinf:; \?ith 

organometalllc corapoiinds, 5.8 t;. (0.0167 roole) of 5,4—di-

m3thoxydibenzofurcn ?;r,r. dlscc-lved in 75 oc. of dry ether, 

r..nd 0.0167 mole of n~butyll 1 thlum vtps introduced rapidly. 

The solution wa.s stirred for six hours, raaintainlnp; an atmos

phere of nitrogen. An eoulvalent amount (0.0157 mole) of 

n--butylm84?:neBlura "brornide wsb added, and into the cooled 

mixture was passed r ntree.m of drj' oxs't-en. Only two or three 

hours •pjfire req :ired to bring jsbout a negative test for an 
72 

orgsnoraetfillic conipound. After acloiflcatlon the ether 

solution vra.8 separated, ^mshed with \!7&ter, and extracted. The 

sodium hydroxide extract ras acidified. Only an oil was ob

tained. All attempts to isolate a crystalline product re

sulted in failure. There was no base insoluble phenolic pro

duct as was obtsined in the metalation and subseouent oxida

tion of 4-raethoxydlbenzofurffn. It is possible that isomeric 

products are not formed and that metalation Involved the 2-

posltion yielding a viry low melting solid. The preparation 

was repeated with similar results. Petroleum ether (b,p., 

6"-86°) and methanol were tried as solvents for purification. 
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Monobroniinatlon of 

l-Bromo-4,6-dlnie thoxydlbenzof uran 

Sevent^r milligrams (0.000228 mole) of l-brorr'.o-4,6-

dimethoxydlbenzofuran was dissolved in 10 cc. of 

glacial acetic acid and to this soliition was added 

0,228 cc. (0,000828 mole) of a raolar solution of bro

mine in glacial acetic acid. After cooling the pro-

d.uct was filtered and recrystallized once more frora 

acetic acid, fhe yield v;as 60 mg. (72;^) of pure 

l,7-dlbro!ao-4,6-dlmetho>:ydlbenzofuran melting at 173-

174°. 

A roixed melting point with an authentic sample of 

the supposed 1,9(?)-dibrofiio-4,6-dioethoxydrDenzofuran 

was not depressed. 
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Monobroralnation of 3-Brorao-4,6-dimethoxydl'benzofuran 

To 8- solution of 0,4 g. (0.0013 mole) of 3-bromo-4,6-

dimethoxydibenzofuran in 20 cc. of glacial acetic acid was 

added 1,3 cc. of a molar bromine solution in glacial acetic 

acid. The product begen to crystallize before all of the 

bromine had been added. The broralne was absorbed very 

rapidly. Purification was effected by heating and then cool

ing the reaction mixture. The needles thet formed were 

filtered and found to frelgh 0,45 g. or very nearly a quanti

tative yield. The melting point was 167-168*^ and was not 

depressed when the material was mixed with a samDle of the 
19 

product obtained by Cheney in the direct dlbromlnatlon of 

4,6-dlmethozydlbenzofuraii, This compound Is probably 1,7-

dlbromo-4,6-dlmethoxydlbenzofuran. 

Bucherer Reaction with l-Bromo-4-hydroxydlbenzofuran 

Ihe following experiment was performed In order to ob

serve the action of sodium inetablsulfIte and concentrated 

ajnmonlUEi hydroxide on a bromine atom para to a phenol-group 

In the dibensofuran nucleus. In the case of l-broao-E-

hydroxydlbenzofursji only the g-sjBinodibenzofuran was ob-
27 

tained. 

The l-bror:io-4-hydroxydibenzofuraji used in this 
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experiment was prepared accordlnf?: to the directions of P. R. 
26 

Van Ess, 

A mixture of 1.5 g. (0.057 Role) of l-bromo-4-hydroxy-

dibenzofuran, 7.5 g. of sodium met ab iaulfite, 15 cc, of con

centrated amraoRium hydroxide, and 15 cc. of water was sealed 

in a Carlus tube. Il^e tube ?;as then placed in an electrically 

o 
hearted oven at 180 for 20 hours. After the tube was cooled 

and removed from the oven, a black ball of solid product was 

observed at the bottom of the liquid present. The black 

materiel was extracted with ether and dried over sodium sulfate, 

and the amine was precipitated as the hydrochloride by passing 

a stream of dry hydrogen chloride gaa into the solution. The 

hydrochloride was dissolved in water and neutralized with 

ammonlura hydroxide. The product which separated ^as purified 

in a 25,^ ethanol mixture. The yield of pure needles melting 
o 

at 84-85 was 0.2 g. (19;I). A mixed melting point of this 

material with an authentic sample of 4-aminodibenzofuran was 

not cjeT:iressed, 

Since the conditions of the Bucherer reaction have the 

effect of removing bromine atoms from an aromatic ring con

taining a phenolic £froup, this reaction cannot be used to 

prepare l-bronio-4,6-dlajnlnodlbenzofuran as was hoped,. 
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1-carboxyllc Acid 

The 4,6-dimethoxydlbenzofuraJi-l-carboxyllc acid used 

In this reaction was prepared according to the directions of 

19 
Cheney, The l-bronio-4,6-diniethoxydlbenzofuran required 

19 
was also prepared according to Cheney. 

Five grains (0,0182 mole) of 4, B-dlmefnoxydlbenzofuran-

l-carboxyllc aold waa dissolved In one liter of acetic acid. 

Slid 15 cc. of 47^1 hydrobroralc acid was added to the refluKlng 

solution. The mixture ^?as refluxed for 8 hours after the 

addition of the hydrobroralc acid. The darkened solution was 

concentrated by distilling tlie greater portion of the solvent, 
o 

Dilution with v/ater yielded a material melting at S60-270 . 

Attempts to purify this product in various solvents yielded 

only a coiapound of the same melting point. Purification was 

achieved by vacuiM sublimation. In this way 1,9 g, (42.8)1) 

of material melting sharply at 278-280° was obtained. 

Anal. Cslcd. for C, 64; H, 3.28. 

Found: C, 63.7; H, 3.30, 

Bucherer Reaction with 

4, G-Dlhydroxydlbenzofuran-l-carboxyllc Acid 

One and one-half grains (0.0616 laole) of 4,6-dlhydroxy-

dlbenzofuran-l-carboxyllc acid was seeled in a Carlus tube 
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wlth 7 g. of sodium bisulfite and 25 cc. of concentrated 

araraonlm hydroxide. The tube was placed In an electrically 
o 

heated oven at 160 for 16 hours. After cooling and open

ing, the contents of the tube were washed Into a 100 cc. 

beai:er and raade Just acid to litmus. This was filtered, 

taken up in ether, and precipitated from the dried ether 

solution with dry hydrogen chloride gas. The hydrochloride 

was filtered, dissolved in hot water, and barely neutralized 

with ammonluni hydroxide. The liberated 4,6-diaialnodiben20-

fureii-l-carboxylic acid was recrystalllzed three times from 

ethanol, yielding 0.68 g. (43.8^) of darkened needles melt

ing at 183-184®. 

Anal« Calcd. for C-j^^H^qO^No : N, 9.42. 

Found: N, 9.31. 

Deamlnatlon of 4,6-Dlaralnodlbenzofur&n-l-Gerboxylic Acid 

To a solution of 0.44 g. (0.0018 mole) of 4,S-diarnlno-

dlbenzofuran-l-carboxylic acid In 30 cc. of water and 4 cc. 
o 

of concentrated hydrochloric acid cooled to 0 was added 

0.552 g. of sodium nitrite in 10 cc. of water at 0°. The 

addition was carried out in a drop\7ise manner. The solution 

turned e deep red color, and the diazonltm salt crystallized 

out as dark red needles. To this suspension of the diazonlum 

salt was added 5 cc. of 50^ hypophosphorous acid. This 
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mixture was placed In the Icebox for 24 hours and then heated 

for 1 hour on the steam "bath after coming to rooa temperature. 

The residue was taken up in a 5% sodium hydroxide solution 

and filtered. The acid was liberated with dilute hydrochloric 

ecid. Purification from 50^ ethanol yielded a small amount 

of crystals melting at 232*^. A mixed melting point of this 

msterif'l with an authentic sample of dibenzofuran-l-cfirboxylic 

acid vfs.s not depressed. 

Preparation of 4,6-Dlmethoxydlbenzofuran-l-aldehyde 

The procedure in this experiment was patterned after 

77 
that of Fieser and Jones in the N-methylfoiroanlllde 

synthesis of aldehydes, 

A mixture of 5 g. (0.0219 mole) of 4,6-dlBiethoxydlbenzo-

furan, 12 g. of N-raethylformenillde, and 12 g. of phosphorous 

oxychlorlde was heated for 1.5 hours on a steam bath with 

occaslonel shaking. The solution turaed a deep red color, 

and considerable foaming occurred. The excess phosphorous 

oxychlorlde was destroyed by treating ?7ith a 10^ solution of 

eodli® acetate. A solid red msterlal settled out on cooling. 

This crude product was recrystalllzed from a minimum quantity 
. o 

of 95^ ethsjiol, yielding crystals melting at 155-160 « A 

second crystalllzetlon from ethanol yielded 3.5 g, (62,5%) 
o 

of v^hite crystals melting at 162-164.. 

Pleser and Jones, J. Chem. Soo.^ 64. 1666 (1942). 
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A mixed melting point of this compound t^ylth an authentic 

sample of 4,5-dlmethoxy-l-aldehyde wps not depressed. 

Prora the standpoint of yield and ease of preparation, 
49 

thlB method Is superior to thPt of Cook, ^fho prepared 

4, S-dimethoxj'-dlbenzofuran-l-elcIehyde In 41)& yield from the 

action of zinc cyanide, dry hydrogen chloride gas, and 

aluiaintm chloride on 4,6-dlmethoxydlbenzofuran, 

Action of N-Methylforaienlllde on 

4,6-Dimethoxydibenzofuran~l~ald8hyde 

A mixture of 1 g, (0,0039 mole) of 4,6-dliiiethoxydl-. 

benzofuran-l-aldehyde, 1,5 g, of N-methylformanilide, and 

1.5 g. of phosphorous oxychlorlde was heated on the steam 

bath for two hours. There was no evolution of heat at the 

beginning end the red color characteristic of this type of 

reaction did not appear for some time. Treatment with a 

sodium acetate solution and purification of the reaulting 

solid product in ethyl alcohol yielded crystiils meltinf^ at 

o 
152-164 which proved to be starting material. It was 

hoped that 4,S-dlmethoxydibenzofuran-l,9-dlaldehyde would 

be forraed. Such a compound would be valuable In attempting 

to bridge the 1- and 9-posltions, 

Attempts to Chloromethylate 4--Methoxydlbenzofuran 

The first attempt to chloromethylate 4-methoxydibenzo-
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49 
furan was carried out by Cook* Further attempte by vai^'-

Ing the conditione are recorded here. 

(1) T''enty grains (O.IOI mole) of 4—methoxydibenzofuran 

was powdered end placed in a three-neclted flask with 200 oc. 

of concentrated hydrochloric ccid pnd 5 g, of paraforaaldehyde. 

The mixture %'P-8 rapidly stirred vrhlle a stream of hydrogen 

chloride gas wc.s passed through. No heat was evolved at 

first so the flask ras heated to 7r° and the addition of 

hydrogen chloi*ids f'as continued for 3-4 hours. An oily ball 

was foiiaed. 

S3ctractlon of tliis oil with 95/5 ethanol left a 

precipitate which I'^as very nesrly InBoluble in all of the 
o 

common solvents. Small crystals of melting point 235-240 

were formed from a large volume of petroleun ether (b.p., 

60-86®)* An elemental test showed the presence of halogen. 

This neterlal could not be further purified and is likely a 

mixture of polychloromethylation products. 

Grystalllne material could not be induced to forai 

from the original alcohol extract. An attempt to remove the 

solvent by distillation resulted in polymerization. 

(2) Treatment of 20 g. (O.lOl mole) of 4-methoxydibenzo-

fursai in 200 cc. of acetic acid with 3 g. of zinc chloride, 

5 g. of paraformaldehyde, and a stream of hydrogen chloride 

gas for four hours yielded on dilution wllii water a crude . 

materiel which behaved exactly as the product in the first 

attempt. 
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(3) The reaction WES repeated with 20 g. (0,101 mole) 

of 4-methoxydi'ben2ofuran in 200 cc. of concentrated hydro

chloric acid with 5,2 g. of paraformaldehyde at a temperature 

o 
of 0 , Hydrogen cliloride gas was passed through for 5 hours. 

The resulting oil was tele en up in ether and thoroughly dried 

since it was thought that the raaterial might be sensitive to 

water. Distillstion of the ether on a water bath yielded an 

amorphous thermoplastic product. Apparently, heat aids its 

polymerizationi 

(4) In another attempt ten grains (0,05 mole) of 4-

aethoxydlbenzofuran was diasolx'-ed in 100 cc. of absolute 

ethanol <0ith 2,5 g, of paraforaaldehyde. The solution 

o 
cooled to 0 and a stream of hydrogen chloride gas passed 

through for three hours. After dilution the resultant oil 

was taken up in chlorofora) in which it was readily soluble# 

o 
The addition of petroleum ether (b.p,, 60-86 ) resulted in 

the foliation of crystals (this raethod was employed in order 

to avoid the use of heat). This rnaterial r-elted from 60-145®, 

HoweTer, all attempts to further purify this product were 

futile, 

(5) A flnel attempt ?ms carried out wifoh 10 g, (0,05 

mole) of 4-methoxydlbenzofurejn and 2,5 g. of paraformaldehyde 

In 150 cc. of dry ether cooled to 0^, A stream of hydrogen 

chloride was passed into the stirred solution for 3 hours. 
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Careful removal of the ether in a hood x-esulted in a solid 

material (8 g. ) raeltln;^ in the rexige 60-150 . Its T>urifl-

cation could not be effected. 

PrepK.riition of 4~Methoxydibcnsiofux'en-l-aldehySe 

In a typical rim 7 g. (0.0375 mole) of 4-methoxydl'benzo-

fn.ren was placed in a 195 cc. Srlenmeyer flask with 9 g. of 

fresiily distilled phosphorous oxychlorlde and 9 g, of N-

raethylforaenillde. Thio mixture was heeted on a steam bath 

for 1.5 hours with ooeoslonal shakinf-';. The excess phosphorous 

oxychlorlde ̂ ae destroyed vrith a lOJ^ solution of sodlian 

acetate. The product solidified on cooling and was filtered 

off. Grystallizatlon from a 50,^ methanol solution yielded 

5 g. (83,^) of white needles meltin<- at 104-105®. 

Anal. Cslcd. for Gi4%o03; C, 74.5; H, 4.43. 

Pound; C, 75.2; H, 4.71. 

Oxidation of 4-Methoxydlbenzofuran-l-aldehyde 

One gram (0.0044 mole) of the aldehyde was suspended in 

a wcter solution (neutral) of 1 g. of potassliMa permanganate 

end refluxed until the color of the potassium pertnanganate 

did not aho^-? up when a drop of the solution was placed on a 

piece of filter paper. The manganese dioxide was removed 
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filtration and the aold precipitated by aoldlfylng with 

hydrochloric acid. A white gelatinous precipitate formed 

which was twice reorystelllzed from ethanol, yielding well 
o 

formed needles of a product melting at 880-281 , The yield 

was 0.5 g. (4:7%), 

A mixed meltinp; point of this acid with an authentic 

sample of 4-iaethoxydibenzofuran-l-cprboxylic acid shoxsred no 

depresBion, This demonstrates that the formylation of 

4-inetho>:ydlbenEofuran involves the 1-positlon, 

Pi-epgr-Rtlon of 4-Methoxy-l-dlbenzofuralacetic Acid 

Thirteen grams (0.055 mole) of 4-n!etho3i:ydlbenzofuran-

l-aldehyde, prepared as Just described, wps placed in an 

Erlenmeyer flask with 13 g". of pure roalonic acid and 15 cc. 

of dry pyridine. The mixture wss well stirred and then 

placed on the steecs bath for E.5 hours. After a few minutes 

the mixture turned into a homogeneous liquid phase end soon 

began to evolve carbon dioxide. Very shortly, the entire 

solution solidified into a yellow cake which continued to 

swell as more carbon dioxide waB llbereted. Water was then 

added end the Insoluble prodxxct filtered. The ca&e-llke 

material was then dissolved in 200 cc. of a hot 5>S solution 

of sodium carbonate and filtered after cooling. The clear 

and cclorless basic solution was then acidified with hydro
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chloric acid, and the pals yellov/ precipitate which formed 

was filtered. Thin crude product vws dissolved in the 

raininrtiia amount of hot Rlaoial acetic acid whloh yielded, 

on cool in*?:, 9.5 g. (64»5;'0 of beautiful light yellor needles 

meltlnf?: at 231-282^. 

Anal. Galcd, for C!j_gH]_o04: neut. oqui., 268. 

Pound; neut. ecul., 266. 

Preparation l-{4-Methoxydiben2ofuryl)_7p2^opioKiG Acid 

The following is a typical preparptlons 

One and one-half grama (0.0055 mole) of 4-iaet^ ozy-l-di-

benzofuralacetic acid was dlBsolved in 0.2 g. of sodiuia 

hydroxide in 75 cc. of woter and t??o rroms of Pd-CaCO'? o 

catalyst added. Treatment of this solution with hydrogen 

under 20 pounds of pressui-e for two hours resulted in the 

absorption of the theoretical quenitity of hydrogen. The 

catalyst was filtered and the product precipitated from th® 

basis solution with hydx'ochloric acid. The cri^de product 
o 

weighed 1.5 g. and melted at 165-175 . One cryatal11zation 

from 95/1 ethanol yielded thick needles melting at 176-178^, 

The yield of pure^-/ 1-{4~raethoxydibenzofuryl)_7pA'OpiC'nic 

acid was 1.5 r*. or 90% of the theoretical. 

Anal. Galcd. for Cl2^6%404! neut. eouiv., 270. 

Found; neut. ecmiv., 265 and 269. 
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Cycllzatlon of -/"l-(4-Methoxydibenzofuryl)_7-
p^opionlc Acid 

With &8i sulfuric add. 

A solution of l.E jj. (0.00445 mole) of^-/"l-(4-iaethoxy-

dlbenzofu27l)_7piH3pionic acid was allovved to stand at room 

tenperature for fifteen minutes. The raixture was poured onto 

cracked ice and filtered. The filtrate was completely dia-

solved in a solution of sodliaa hydroxide Indicating that no 

cyclizatlon occurred. 

(II) y?ith anhydrous hydro^?en fluoride. 

Into 75 CG. of anhydrous liquid hydrogen fluoride In a 

rouBd-bottomsd copper flask \7as introduced 1.5 g. (0.0055 

roole) of [?-/~l-(4-raethoxydlbenzofuryl)_7pJ^C5ploJ^ic acid. The 

add readily dissolved end wp.s allo'-ed to stand In the open 

vessel at room teraperpture for two and one-half hours. The 

reaaininc^ solution was poured on cracked ice, neutralized 

with ammonliai} hydroxide, and filtered. The white product 

was extracted with a 5% solutir-n of sodiiM hydroxide end 

then purified by crystelllzation from 95^ ethsnol. The yield 

o . 
of pure product melting at 192-193 was 1 g. or 73^ of the 

theoretical. 

Anal. Calcd. for G, 76.2; H, 4.77. 

Found; C, 76.00; H, 4.77. 
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Oxidation of 5~Methox.y~l~ben2/~b 7Indeno/"4.5-d 7furan-5(2)~one 

The oxidation of 0,5 g. (0,002 mole) of the cyclic 

ketone obtained in the previous experiment wee accomplished 

by refluxlng with 2 g. of pot&eeium perraangan&te in neutrsj. 

solution for four hours. At the end of this time the color 

of potassiittn perraanganate had disappeared. The manganese 

dioxide formed wa.a filtered and the filtrate acidified. 

After cooling the acid web filtered and directly methylated 

for purification. The soo mf> of crude acid obtained was 

suspended in di^ ether, and an e?'cess of diazomethejie In 

ether solution was added. Stirring w&s continued until the 

evolution of nitrogen had ceased and all of the acid was in 

solution. The ether was evaporated and the residue talzen up 

in a minimum of methaxiol. On cooling, this solution yielded 

150 mg. (24^) of pure product roeltlnjt at 175-176^. 

Anal. Calcd. for C^gH^QOg; C, 65.00; H, 4.46, 

Found: G, 64,5; H, 4,38, 

The mixed melting i>olnt of this di-acid ester with the 
48 

di-aold ester prepared by Avalcian by the oxidation of 

1,2,3,4-tetrahydro-7-methoxy-l-o:':ocycloocta(ls:lffi)dlben20furan 

was not depressed, indicating that this cycllzatlon involved 

48 
the same position as the cyclisation by Ava&ian with 

y-/~l~(4-methoxydlbenzofuryl)_7t>utyrio acid. This product 
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Is either 4-inethoxy-l, S-dlcarbomethoxydlbenzofursJi or 

4-m e thoxy-1,2-0.1 carbome the xydibenzofuran. 

Reduction of S-lethoxy-l-benz/"b 7indeno/"4,5-d 7furan"5(2)~one 

to 4-Methoxy~l,S-cyclopentenodibenaofuran 

One gram (0,004 mole) of the ketone wes dissolved in 

50 cc. of ethyl alcohol and 20 of zinc araalgam placed in 

the flask. To this refluxlng mixture ?/as added 25 cc. of 

concentrated hydrochloric acid in 5 cc. portions. After 

four hours a second portion of 25 cc. of concentrated l^dro-

chloric acid was added, and the reaction mixture was refluxed 

OTeraight. The solution wes decanted from the zinc, con

centrated by distillation, and diluted with vaster, producing 

an oil which did not solidify in the icebox. The oil wa.s 
o 

telcen up in a minimuia of petroletira ether (b.p., 50-68 ) and 

o 
cooled to 0 for two or three daya. One-half gram of chunky 

o 
prisme was formed. The product raelted at 66-68 . This 

represents a yield of 52.5,^. 

Anal. Calcd. for G3^5%402; C, 80.8; H, 5.88, 

Found; C, 80.5; H, 6.0. 
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Atfiei'ipted 0:Kias,ti'-n of 5~t.fgthoay-I-bena/'l? 7indeno,/~4. rv-d 7-

f«rafi-3(9)~oiie w5.th Bslsnlisa Dloxiae 

A solution of 0.6 g. (0.0021 mole) of ketone and Q.S 

g. of eelenlt® dioxide was refl\ixed overnight In 75 cc. of 

95;:: etiiaitolk Red selenium netal precipitated ourinrj the 

course of the inaction. After coolln/' the solution deposited 

email potfder^ cryst-alB of riaterl?-l which p^poved to be vary 

inpyre starting naterlel. 

Condeu & e ti on of 4-4vl e thojqrdlben xo furan-1 - al fl ehyd e 

^Ith Hipnurlc Aold 

C5 

The oroced-are used in this prer^aratlon is essentially 
78 

that ^plojed In Organic Syntheses. 

A ralxtiire of 18 g. (0,.08 mole) of 4-iHethoxydiben2ofuran-

l-alfiehyoe, 16 g. (0»08 mole) of Mpp^irlo acid, 6.5 r* of 

78 
Blatt* "Ori-anio Syntheses", Coll. Vol. II, Jolm 

Wiley and Sons, Mb'w Xork., (1943) p« 55. 
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freshly fused sodium acetate, and 50 cc. of acetic anhydride 

was placed In a 150 cc. flask. The reacting mixture was 

cautiously heated on a steam jolate until a yellow precipi

tate fortaed. The paste was thoroughly mixed and transferred 

to a steam bath. Caution was tsken to avoid the foimatlon of 

a deep red color by ox-erheatln^g. At no time did the mixture 

fom a corapletely liquid phase. After one and one-half hours 

on the steam bath 50 cc. of 95% ethanol was added cautiously 

to destroy the excess acetic anhydride. The product was 

filtered, -washed with 50 cc. of ethanol, and then washed 

with 100 cc. of boiling water. This material was dried and 

found to i!?elgh EO g. (6Q^0» The melting point of this crude 

material was found to be 240-845°. A sample was purified 

froia acetic acid for analysis. The pure material melted at 

245-246°. 

Anal. Oalcd. for C23%5®4N; N, 3.79. 

Found: N, 3.71. 

Prepcration of 4-Methoxy-l-dibenzofui7'lacetlc Acid 

This prepsiration is patterned after a similar prepara-
79 

tlon in Organic Syntheses. 

Twenty grams (0.0542 mole) of the azlactone, prepared 

as Just described, was refluxed gently with 100 cc. of a 10^ 

79 
Blatt. "Organic Syntheses", Coll. Vol. II, John 

V'iley and Sons, New Xork, (1943) p. 333. 
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sodiuia hydroxide solution for 15 hours. The insoluble 

materi&l in suspension was filtered. Sulfur dioxide gas was 

peesed into the solution to precipitate the benzoic acid. 

This acid was filtered off throup;h on asbestos filter pad 

with suction. The solution of the sodium salt of 4-!netho3cy-

1-dlbenEofurylpyruvic acid wsb oxidized by the addition of 8 

CO. of hydrogen peroxide. After standing for several 

hours the solution was acidified. The crude acid which pre

cipitated melted at 200-215'^ and resisted purification fran 

solvents. The weight of crude acid was 4 g. Purification 

was effected by esterification with diazomethaiie in ether. 

The ether was distilled^and 2.0 of pwre product we.s formed 

after one crystslllzation froro dilute ethanol. The ester 
o 

melted at 95-96 . 

The ester was hydrolyzed by refluxlnr^ for one hour in 

15 cc. of 5?:3 sodium hydroxide solution. Acidification 

yielded 1,5 g-. (10*8?5) of pure 4-methoxy-l-dlbenzofuryl-
o 

acetic acid roeltlng at 220 . 

Attempt to Prepare 4-Methoxy-l-dibenzofurylpyruvic Acid 

Eight grans (0.022 mole) of the azlactone ofc<-benzoyl-

aiBlno-P-(4-!aethoxydibenaofuryl)-ac pyiiQ acid was refluxed 

for 5 hours with 100 cc. of a 10% sodium hydroxide solution. 

The solution was neutralized with hydrochloric acid and the 
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yellow aeid filtered. Several crystallizations from acetlo 
o 

aoid yielded 3 g. of raaterlal melting at 235-237 with de

composition, According to the following analysis, the com

pound is not the desired product# 

Anal. Calcd. for Ci6%g®6' ^leut. equiv., 284. 

Found: neut. equiv., 200 and 198. 

Attempted Cyclodehydration of 

4-Methoxy-1-dIbenzofurylacetic Acid 

With hydrogen fluoride at room temperature. 

A solution of 0.15 g, (0.00058 mole) of 4-methoxy-l-

dlbenzofurylacetlo acid in 20 cc. of anhydrous liquid hydrogen 

fluoride was sealed in a smell 50 cc. copper bomb sJid allowed 

to stand et room tempere.ture for 6 hours. The bomb was then 

heated on the steam bath for one hour and allowed to stand 

overnight before opening. After the bomb was opened, the 

contents i?ere poured over cracked ice in a copper beaker^ and 

the hydrogen fluoride was neutralized with ammoniiBa hydroxide. 

The nroduct dissolved in hot water. However, cooling produced 

o 
needles of acid melting at 221 which was Identical with the 

starting material. 

^3^3:) With hydrojgen fluoride at 100°« 

A solution of 0.1 g. (0.00039 raole) of acid in 20 cc. 

of anhydrous liquid hydrogen fluoride was sealed in a small 
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copper bomb as before and heeted on a steam bath for four 

hours. After ooollnf^ the tube vias opened, and the contents 

T;ere poured over cracked Ice In a copper bealser* The residue 

'.'ras filtered and found to be Insoluble in a dilute solution 

of sodiioa hydroxide, Tlie bssio extract was treated for 

phenolic material by passing carbon dioxide gES into it. Mo 

precipitate formed. Acidification with hydrochloric acid 

produced no addle material. The insoluble residue could 

not be cryetaAlized and waa probably a mixture of inter-

molecular condensation products. 

Attempted Preperetlon of 

9-Methyl-10~phenyl-4,5-phenanthrylene Oxide 

The l-bromodibenzofuran used in this experiment was 

orepsred according to the directions given by P. R. VDXI 
" E5 

Eas. The o(-Dhenoxyt)rop.lophenone was prepared as directed 
" 6 2  

by Bradsher and Rosher. The entire procedure was pat-
6£ 

tertied after that of Bradsher and Rosher in the prepara

tion of 9~methyl-10-phenylphenanthrene. 

1-Dlbenzofurylraagnesluit bromide was prepared by dis

solving 10 g. (0.04 mole) of l-bromodibenzofuran in a mixture 

of 200 Gc. of dry ethor and 200 cc. of dry benzene contain

ing 2 g. of raagneoixffii turnlnp;s. The reaction was initiated 

by lntro4ucing 0.5 cc. of n-butyl bromide and a small crystal 
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of iodine. It was necessary to reflux the solution to com

plete the reaction of the raagnesiura with l-bromoaibenzofuran. 

The disappearance of the iodine indicated that the ree.ction 

had started. One hour of reflxixing was required to complete 

the reaction, and then ir5 g. of c)(-phenoxypropiophenone in 

50 cc. of ether was a,dded quite rapidly. After 15 minutes 

of stirring the solution was washed ̂ ith dilute hydrochloric 

ecid and, then with water. The ether and benzene were distilled, 

leaving an oil t/hich did not solidify. 

The oil thus prepared wes refluxed for 48 hours ^?ith a 

mixture of 60 cc. of 47,^ hydrobromic acid imd 50 co. of 

g;lacl8l acetic acid. Dilution of this aolution produced an 

oil which was taken up in 95/2 ethanol. The crystals which 

foiroed were purified once more frorn petroleuis ether (b.p., 

60-60°) and found to nelt at lOS-lOS*^. An exhaustive search 

for imother product led only to the recovery of more nt&terial 
o 

melting at 103-105 , The coabined yield 7/etS 4 g. (o6.5fl) of 

pure product. 

Another run using 12 g. of l-bromodlbenzofursii gave 

similar results. 

Since the crystals melting at 103-105° readily formed 

an oxime, the material was supposed to bed^-phenyl-o(,-

(l-dibenzofuryl)acetone. 
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The analysis substantiates this conolUBion. 

Anal. Calcd. for 02iHx602*. 0, 84.00; H, 5.34. 

Pound; C, 84.2; H, 5.30. 

The oxlme was prepared by dlsBolving 0.5 g. of tJie 

ketone In 20 cc. of ethyl alcohol "'Ith 0.2 [?. of sodium 

hydroxide, and 0*3 of hydroxylamine hydroGhlorl<3.e was 

added to the hot solution. The oxlme crystallized Iranie-

ulstely. Crystalllaatlon from 95;^ ethanol yielded needles 

melting at 204-806 * 

Anal* Calcd. for Cp3_H^i70pN; N, 4.45, 

Pound; N, 4.4S. 

It was thought thr  t e more j'^owerful-dehydrating agent 
might cause the ring clOBure to occur. Several procedures 

were carried out using the following reagent©: 

(I) Hydrobromic acid and acetic acid. 

Prolonged heating of tlie ketone (0.5 g.) Inter

mediate with this reagent resulted only in the recovery of 

0.35 g. of starting raf terial. 
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sulfuric acid. 

A solution of 0,5 f^. (0.00157 raole) of the ketone 

in 60 cc. of 88/^' sulfuric acid ma ellov?ed to stand at room 

temperature for twenty minutes. After pouring on cracked ice 

and f iltering the product, it v/as found thnt the small amount 

of product recovered was starting- me.terial. Apparently 

considerable sulfonatlon had occurred. 

Cm) Phosphorous pentoxide. 

Heating 0,5 q. (0,00167 molo) of the ketone with 

1 Q. of phos!5horous pen toxide in a sma.ll tube immerBed in a 

metal bath at 150^ resulted in the fomatlon of a. yellow 

polymer vmlch was Insoluble in all of the common solvents. 

Anhydroua hydrogen fluoride at room temperature. 

A solution of 0*4 g. (0.00134 mole) of ketone in 

20 cc. of anhydrous liquid }iydro(';en fluoride was pla.ced in 

an open copper besJcer in a good hood and allo'ved to stand 

xmtll all of the hydrogen fluoride had evaporated. The resi

due waa teJsen up In a sraHll amount of hot petroleum ether 

(b.p., 60-86^) and cooled. Crystals of nieltiiig point 103-

105^ were foi^ied. This product proved to be identical with 

the starting material. 

Anhydrous hydrogen fluoride at 100 . 

One-half grara (0.00167 mole) of the ketone was 

placed in a small copper bomb with 20 cc. of liquid hydrogen 

fluoride pud sealed- The bomb was allowed to stand overnight 
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at room temperature and was thei heated to 100 on a steam 

bath for 2 hours. The bomb was opened, and Its contents 

were poured Into a copper beaker V7lth cracked ice. The acid 

was neutralized ^ith amnonium hydroxide and the residue 

filtered. One crystal!i-?etion from petroleura ether (b.p., 

o 0 
60-86 ) produced churfcy crystals raeltin;:; at 95-100 , A 

second crystallization from the same solvent raised the 
o 

melting point to 103-105 . 

Since this preduot was Impure, an exhaustive search 

was made for a second product. Ho other material oo Jld be 

found. 

Succinoylation of l-Bror30-4,6-diaethox3''diben2ofuran 

To •? sol 'tion of 11. :3 (0.0365 raole) of 1-brorao-

4,6-dlmethoxydiber!zofur©.n and 3.65 (0.0365 mole) of 

succinic anhydride in 200 cc. of tetrachloroethane and 60 
o 

cc, of dry nitrobenzene cooled to 0 in an ice bath was 

added 14 g. of anhydrous al?amlnum ohloride in small portions. 

After the addition of the alminuta chloride the isixture was 

o 
stirred at 0 for 24 hours. The aluminum chloride complex 

was then hydrolys^ed by pourini?: the solution on an lce» 

hydrochloric, acid mixture. The tetrachloroe thane layer wB.e 

separated, \?a3hed with m'ater, and the solvents were re?R0ved 
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by Bteara distillation. The residue from the steaio distil

lation was extracted t;lth a 10'^ Bolution of sodium op.rbonate. 

The Ins'luble residue v^es found to weigh 2,5 g. Acidification 

of the sodluii carbonate extract ?;ith hydrochloric acid pre

cipitated 12 g. of crude acid melting; at 175-180®. One 

crystallization frora acetic acid c.ave 9 g. of product melting 

Rt 186-138°. The yield at this point 615? of the theoreti

cal. This roffterl&l could not be further purified using 

toluene as e eolvent. This Is Rttributed to ths fact that the 

impurity was less soluble than the main product. The acid 

materiel rneltinf- at 186-188° waa extracted with toluene in 

a Soxhlet extrector. fhe residue r^l>jhed 1 g. and melted at 

o 
235-240 . One crystallization from glacial acetic acid pro-

o 
duced crystals meltin;-: ot 240-241 . A mixed raeltlng point 

of this oaterisl with, an authentic senple of 1-succinoyl-

4,6-diinetho:x-ydibenzofurs.n ',7n.a not depressed. 

Further purification of 2,5 g. of the material melting 

at 186-183® from acetic acid yielded 1,5 g. of needles melt-
o 

ing sharply at 200-201 , Another crystallization from the 

same solvent failed to raise the melting point. This cor

responds to a yield of dQfL An elesaental test for bromine 

was positive. TMs compound 3 s provlsionslly desl^piated as 

l-bror'O-7- sue cinoyl*4,6-diin e thoxydiben aofuraii. 
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Anal. Cslcd. for C^QH^gOgBr: neut. eqiilv., 408; 

Br, 19,55. 

Found: neut. ecuiv., 400; Br, 19,75. 

The Debromlnp-tlon of 

l-.Bromo-7( ? )-eucclnoyl-4, S-dimethoxydlbenzofuran 

To a solution of O.o g. (0,0012^ to ole) of l-brono-7(?)-
GuoQinoyl—l, B-dimathoxydihanaofuran in 150 oc. of 

ethanol was added 3 g, of palladi;.'.!?.-calcium carbona.ts 

catalyst, and the entire mixture vta.s shaken for 20 minutes 

with hydrogen under a, proaoure of 35 pounds. The cata.lyst 

7;as filtered from the solution. Dilution, follo^^jed by cool-

in;-; In tJie icebox, produced 0.2 g. of crude This 

moterlf?! was dissolved In a small siriount of 5^ sodlua 

carbonate solution and filtered. The basic solution was 

acidified, and the pr-oduct filtered. One crystallization 

fror.} 95,;l ethanol gave 0,15 g. iZ4:%) of product melting at 

164-^166^. Subsequent crystallization raised the laelting 

point to 167-168®. 

Ansl, Calcd. for C, 65.9; H, 4.93; 

neut. eaui"vr, 329. 

Found: U, 66.4; H, 5.05; neut, equiv. 326. 

Since substitution in the 2-positlon is improbable, 

the Gornpo^.ind is most likely 3~succln0yl-4,6-dimeth0xydlbenz0' 

furaii. 
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Preparation of l,3-Dibromo-4-metho>:ydlbenzofuran 

from l-Bromo-3-8i3lno-4-mGthoxydlbenzofuran 

Thirteen fjranjs (0«0445 mole) of l-bromo-3~an!lno-4-

methoxydibenzofuran Dreoared according to the directions 
80 

of Parker, was boiled \»lth 75 cc. of 48^ hydrobromlc acid 

In 1,5 liters of water to form a suspension of the hydro-
o 

bromide. The suspension -was cooled to 0 and dlazotlzed by 

the dropwlse addition of 3.5 g, of sodium nitrite In 25 cc. 

of water. Stlrrlnf^ was continued for one-half hour. Yellow 

crystals of the dlazonliam salt slowly foraed. Ten grams of 

cuprous bromide In 50 cc. of 48^ hydrobromlc acid cooled to 

0® was added slowly. The red-brown complex which fonaed was 
o 

decomposed by heetlng to 75 . The crude product was dis

solved in acetic acid and the Insoluble portion removed by 

filtration. On cooling, 6 g. of l,3-dlbromo-4-methoxydlben-

zofuran melting at 135-140° was obtained. Further purlfl-

cotion from .the ssjne solvent produced long silky needles 

melting at 139-140°. The yield was 5 g. or 31.5^ of the 

theoretical. 

Anal. Galcd. for C^^^HgOgBrg: Br, 44.69 

Found: Br, 44.71. 

80 " 
Oilman, Parker, Bailie, and Brown, J. Ghem> See.. 

§1, 2836 (1939). 
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Dlbroralnatlon of 4-Hydroxydl'benzofuran 

Seventeen grams (0,0187 mole) of 4-hydroxydlben2ofuran 

was dissolved in 75 cc. of acetic acid, and to this solution 

wae added 187 cc. of a molar bromine solution. The bromine 

WES added rapidly from a dropping funnel. Bromine was ab

sorbed more slowly nepr the end of the reaction. The result

ing solution was diluted, filtered, and the crude product was 

directly methylated. 

Since the sodium salt of tliio Dhenol ras insoluble in 
81 

water, the procedure employed by Stevens and Tucker was used 

The crude phenol was dissolved in 50 cc, of acetone and 

40 cc. of methyl sulfate. To this rapidly stirred and reflux-

ing solution was added dropwise 50 g. of potassiusi i^droxide 

in 50 cc, of wB.tev» Stirring and refluxing was continued for 

one-helf hour. The solution was diluted, filtered, and ISie 

crude product was recin'^stallized from glacial acetic aoid, 
o 

yielding 22 g. (62^1) of long silky needles melting at 139-140 

A mixed laelting point of this materisl with 1,3-dibromo-

4-methoxydibenzofuran was not depressed. 

Stevens and Tucker, J. Cheg. 3oo.. 123, 2140 (1923). 
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Anomalous Reaction of l,3-Dibrorao-4-metho3s^dlbenzofuran in an 

Attempt to Prepare l,3-Dimethyl-4-methoxydiben2ofuran. 

To 10 g. (0,028 mole) of l,3-dibromo-4-!aethoxydlbenzo-

furan dissolved in a mixture of 150 oc. of dry ether and 150 

cc. of dry thiophene-free benzene was added 0,028 laole of 

n-butyllithim in 130 oo. of ether. The solution was stirred 

for ten minutes, and 10 co. of methyl sulfate was added drop-

wise. Stirring was a>ntinued for one hour after the addition 

of the methyl sulfate. The white precipitate which formed 

was filtered, and the solution was washed with a 10^ sodiua 

hydroxide solution. After washing once with water the solu

tion was dried over sodiim sulfate, and the solvents were re-

aoved by distillation. The residue was taken up in ethyl 

alcohol fjrom which it crystallized in fine long needles. The 
o 

yield was 3.0 g. (47.5^) of pure material reelting at 88-87 . 

Anal. Calcd* for Ci3_5®14^2* 79.7j H, 6.S. 

Found: G, 64.8, 64.3, 64.5, and 53.4; H, 4.43, 

4.42, 4.23, and 4.46. 

The product obtained was evidently not the desired one. 

Coupling products and various products resulting from auto-

metalation were considered, but none of t^ie® fits the above 

analyses. 
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Anomalous Reaction of l,3-Dibromo-4,S-dlmethoxydibenzo-
fiaran In an Attempt to Prepare l,3-DiBethyl-4,6-dlmethoxydlben-

zofuran 

The l,3-diBiethyl-4,6-diaethoxydlbeiizofuran used In this 
19 

reaction was prepared according to the directions of Ghensy 

from 4-hydroxy-6--aethoxydlbenzofijran. 

One grata (0,0025 oole) of l,3-dlbromo-4-®ethoxydlbenEo-

furan was dissolved in 50 cc. of dry ether and 50 oc. of dry 

benzene, and to this aolutlon was added 0.0028 mole of n-

butylllthliMB. The solution assumed a bluish color alraost 

immediately,, and after ten minutes of stirring, 3 cc. of 

methyl sulfate was added In a dropwlse manner. After 2 hours 

the while precipitate was filtered and the solution washed 

once with a sodlura hydroxide solution and once with water. 

Evaporation of the solvent left an oil which crystallized in 

white needles from 95^ ethanol. The yield of product melting 

at 115-116° was 0.2 g. (31.5̂ ). 

Anal. Calcd. for C^j^gH^gOgr C, 75.00; H, 6.25. 

Pound: G, 64.3, 64,9; H, 4.23, 4.30. 

These analyses show that the desired 1,3-dlaethyl-4,6-

dlfflethosydlb^zofuran was not obtained. Ho theoretical 

compound could be foiaid to fit the analyses. 
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Hitratlon of 5,6-Dlbromchydrlndeiie 

fhe 5,6-dibroinohydrlndene used in this experiment was pre-
02 

pared aoeording to the directions of Boreche and Bodensteln. 

The S-aGetylhydrlndeiie used in the preparation of 6,6-dibromo-

hydrlndene was prepared aooordlng to the directions of Bmun, 
82a 

Klrechbauia, and Sohuiaann in 90^ yield by seans of the 

Friedel-Grafts reaction with hydrlndene and acetyl chloride. 
82^ 

This Is the yield reported by Braun, Kirschbaua, and SchiMann 

The 5-&cetylhydrindene was converted to the oxiae In 85^ yield 

(m.p., 114^^). No yield was reported in the original work of 

82 
Borsche and Bodensteln . This oxime was converted in 75^ 

yield to 5-acetaminoi^drindene by means of the Beckaann 

rearrangeraient. Broiainatlon gave a 75^ yield of S-aoetaaino-

6-broi!iohydrindene. These seme yields were reported by the 
82 

original authors. Deacetylatlon gave a nearly quantitative 

yield of S-amlno-B-bromohydrindene which was converted via 

the dlazonivffi salt Into 5,6-dibromohydrindene In 25^ yield. 

Several attempts to nitrate 5,6-dibronjohydrindene with 

two equivalents of nitric acid both in acetic acid and acetic 

anhydride at room temperature resulted in failure, fhe reaction 
o 

did not occur even at 100 . 

The nitration was finally carried out in concentrated, 

sulfuric acid and nitric acid. Six graas {0.0217 laole) of 

Borsche and Bodensteln, Ber.. 59, 1926 (1912). 
82a —— —»• 

Braun, Kirschbaum, and Schuaann, Ber.. 55. 1155 (1920). 
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5,6-dibroinohydrindene was placed In a 125 cc. Erlenmeyer flask 

with 10 cc. of concentrated sulfuric acid and cooled under 

the tap. To this mixture was added 5 cc, of concentrated nitric 

aoid in 5 cc. of concentrated sulfuric acid. The temperature 

was allowed to rise 8loi?ly, whereupon the reaction started, and 

heat was evolved. The reaction mixture was mechanically 

agitated and kept below 40-50^ by cooling under the tap. The 

flask was then wanaed for 15 minutes on the steam-bath, ®ie 

contents of the fla^ wa^thai poured on cracked ice and ttie 

crude product filtered. Two crystallizations from acetic add 

gave S,6 g. (28̂ ) of pure yellow needles melting at 139-140*̂ , 

The yields were the saae in three other idmitical preparations. 

Anal, Galea, for CgH702Ĵ Br2t N, 4,36. 

Found: N, 4,40. 

Sine# the two positions available for substitution are 

identiosl, this coropoimd is most probably 4-nitro-5,6-dlbit>mo-

hydrindene. 

Attempted Preparation of 

4-Nitro-5-pheno3cy-6-broBiohydrindene 

Seven grass (0,018? mole) of 4-nitro-5,6-dibroiaohydrlndene 

was intimately sixed with 2,5 g, (0,021 mole) of sodiua 

phenoxide by grinding in a mortar. The ingredients were cazHS-

fully dried before aixing. This mixture was heated for 2 hours 

at 170® in a small Erlenmeyer flask Immersed in a setal*bath. 

The 4-nitro-5,S-dibroffloi^drlndene proved to be very sensitive. 
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and complete charring occurred under these conditions. The 

successful preparation of 4-nltro-5-phenoxy-6-bromol:^drlnd®ne 

would have led to an atteiiipt to prepare 4-brorno-l,2-oyclo-

pentenodibenzofursn via the diazoniiM salt of the reduced 
25 42 

4-nitro-5-phenoxy-5-broniohydrindene. ' The 4-'bromo-l,2-

cyclopentenodibenzofursn could then have been converted to 

4-126thoxy-l,2-cyclopentenodibenzofuran through a halogen-metal 

interconversion if^ith n-butyllithlum, followed by the oxidation 

of this organoroetallic derivative and subsequent raethylatlon, 

*0113 compound was to be compa.red with the product prepared on 

Page 79 of this thesis by the reduction of the cyclization 

product of ̂ -/~l-(4-»ethoxydibenzofui^l)_7pi''opionle acid, 

®ie identity of these two corapounds would have shown that the 

cyclization involved the 2-positlon, The dissliailarity of 

the two compounds would have indicated that ring closure 

occurred in the 9-posltlon. 

Preparation of 4-Hydroxy-5-nitro-o-cresyl Methyl Ether 

Sixty grams (0.33 mcie) of 5-nitrotolul^droquinone di
ss 

methyl ether prepared according to the directions of £rdtraan 

was placed in a flask containing 400 cc. of acetic aeld and 

100 oc. of 42^ hydrobromic acid. The solution was refluxed 

for five hours. The solution was tfcen diluted with water and 

cooled with ice. The precipitate was filtered and extracted 

Srdtman, Proc. Roy. 8oo. (London)j A145. 191 (1933). 
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by boiling with a 10^ eodiuia hydroxide soltttion. This red 

basic solution irae filtered while hot and neutralized with 

hydrochloric aoid. The orange precipitate was ree^stallized 

from petroleiffl ether (b»p., 60-86°). The yield was 17 g. 

(33̂ ) of orange needles melting at 100-101,5̂ , 

Anal» Oalcd* for GgH^O^Hs OCH^^ X6»3« 

Found! OCHg, 17.1, 

The piroduct is probably 4-'hydroxy-5-nltro-j2«-cr00yl 

methyl ether, fhie compound was to be used in an att^pt 

to show the structure of the dibrorainaticai product of 2,8-

2? 
dihydroxydibenzofuran. The. method was discarded in favor 

of a taore promising procedure. 
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DISCUSSION 

Svldence for Assigned Structures 

'The series of tiT'nsformrt.^.one Illustrated in Diagram I 

WES designed to ccnfii'm the otruoture of the supposed 

dibr^mo-SjS-dlffiethoxydibenzofursxi first prepared by {Jilraan, 
84 

8wiBlo\"Sl":-y, and Brown throur:;h the dlbromination of 2,8-

d 1 hydroxydlbenz.ofuran. The success of this method of proof 

was dependent upon the actus! existence of the complete 

structural symraetry of this dlbromo-S,8-dlmethoxydlbenzofuran. 

On this sssusptlon the plcn involved the etep-wiee intro-

daction of raethyl- 3Jid et'iyl-£;ro"v'ps into 2,8-dihydroxydlbenzo-

furan by the expedient of introduoiiij,; a bromine atom into the 

Holecule and then replacing' the broraino atom with the desired 

elkyl-group through a halogen-metol interconversion with n-butyl-

litbium nnd subsequent treetnent f/ith the proper alkyl cul-

fnte. The hydrcxyl-rrro'-'.pa v/sre protected by methylation in 

all co.Goo v;':tere helogen-raotal interconversiona T;ere employed, 

and all broninatlons were carried out with free hydroxyl-

«roup6 in the 2- and S-positi-ns to assure the sp,{3e directive 

influence as in the direct dlbromination of 2,8-dihydroxy-

Gilman, Swlslowsky, and Brown, J. Chea. Soc., 
348 (1940). 
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Diagrajn I 

'fransfoiTO&tlons Involvlnp; the Supposed 
1,9(?)-Dlbromo~2,S-dlmethoxydibenzofuran 

•p_ Bromo-
( 2 )  

'.-Hydro 
j (2E 

oxy 
25) 

l-Bromo-
E-hydroxy-

(25) 

l~Brono-
2-methoxy-

I 
l~Methyl-
E-iaethoxy-

1 
2-hydroxy-

1 
1-Methyl-
2-acetoxy-

mixed 
m. p« 

1-Methyl-
2-acetoxy-

1-Methyl-
2-hydroxy-

1-Methyl-
2-hydroxy-
8-amino-
(hydro chloride) 

3, 7(? )-dl"brorao-
2, rs-dimethoxy-

Dibenzofuran 

T 
E,8-Dlbromo-

i  
2,8-Dihydroxy-

(27) 

l-Brorao-
g,e-dlacetoxy-

(70, 41) 

1-BroDo-
2,S-dliaethoxy-

(70,41) 

l-Methyl-
2,a-dlraethoxy-

i 
l-l!ethyl-
2, S-dihydroxy-/ 

I 
1-Methyl-
7-brono-
2,8-dlmethoxy-

1-Methyl-
7-ethyl-
2,8-diniethoxy-

(Dicrate) 
(I) 

1,7-(supposed 1,9-)Dibromo-
, 2,8-dl}iydroxy-

i (27) 
1.7-Dlbr'omo-
2.8-diacetoxy-

j  (£7) 

1.7-Dibrorao-
2.8-diiaethoxy-

1 (27) 

1.7-Dimethyl-
2.8-dlraethoxy-

(27) 

J-Ethyl-
!,8-difflethoxy-

1-Sthyl-
2,S~dlhydroxy 

1-Sthyl-
7(?)-bromo-
g,8-dinjethoxy-

1-Ethyl-
7(?)-niethyl-
2,8-dimethoxy-

(II) 

The id®itity of (I) and (II) 
would establish the- symmetry of 
the aupposed l,9-dibroRio-2,8-
d 1 ii5'' dro xy d 1 b en a of uran. 
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dlbenzofureji. The acquisition of the same products by the 

step-wise introduction of methyl- and ethyl-groups in reverse 

orders would have eetablished the fact that symmetrical sub

stitution had occurred. 

Tlie first monobronination of 2^ S-dihydroxydibenzofuran 
70 

was accomplished by Yeoman. This compound was laethylEted 

pnd its structure proved by converting it into 1-methy1-2,8-

diaethoxydlbenzofuran via, the interconverelon reaction and 

cleaving this compound to the corresponding l-fnethyl-2,8-

dlhydroxydlbenzofuran, which was then subjected to a Bucherer 

reaction to fona l-methyl-H-hydroxy-S-arainodlbenzofureii, The 

deamlnatlon of this compound and subsequent acetylatlon to 

form a product which was identical by a mixed melting point 

deterinlnation with a sample of l-met-iyl-2-acetoxydlbenzofuran 

prepared from authentic l-bronio-2-raethoxydlbenzofuran also via 
25 

the Interconversion reaction definitely established the 

structure of this compound to be l-bromo-2,S-dlraethoxydlbenzo-

furan. 

The introduction of a single bromine atom into l-raethyl-2,S-

dihydroxydlbenzofuran was accompanied by soine dlbronlnatlon. 

This dlbromo-compound is likely l-inethyl-2,8-dlhydroxy-3,7-

dibromodlbenzofuran. That the bromine atom and the methyl-

group In this monobromo-l-methyl-2,S-dlhydroxydibensofuran 

occupy the same positions as the two atoaa of bromine Inti^-

duced Into 2,8-dlhydroxydlbenzofuran was shown by converting It 
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Into the corresponding diraethyl-2, S-dlmethoxydlbenzoftiran 

by methylatlon^ halogen-raetal Interconverslon with n-butyl-

llthiuK, and aubsequent treatment Tjlth methyl sulfate. A 

comparison of this compound with a sajaple of the supposed 

1,Q-dimethyl-g,8-dimethoxydibenzofuran prepared by Swislow-
27 

sky showed them to be identical. 

This bronio-l-inethyl-2,8-dimethoxydibenzofuran was then 

converted into an ethyl-l-methyl-2,S-dlraethoxydibenzofuran 

by halogen-metal Interconverslon with n-butyllithi-um and 

subsequent treatment witl-i ethyl sulfate. The product 

purified as the picrate (m.p., 144-145 ). 

By the same procedure l-broi30-2, a-dlmethoxydibenzo-

furen vim converted Ijito l-ethyl-2,8-dihydroxydibenzofuran, 

Bromlnetlon of this, followed by methyletlon, ̂ ave a monobromo-

l-ethyl-?;,8-dimethoxydlbenzofureii. An attempt to convert 

this to e. methyl-l-ethyl-2,3-dimethoxydibenzofureii picrate 

resulted only in a red oil. A crystalline product of raelt-

Ing- point other thi?n 144-145° (see previous paragraph) would 

lead one to suspect thet the dlbrono-2,8-dlmethoxydibenzofuran 

in question is not a symmetrical compound. This oily picrate 

may be Just as significant since It ie possible that the pure 

product is a very low melting solid or even an oil. 

Aside from the dibenzofuran derivatives of Diagraia I 

which involve the proof of structure of l-bromp-g,8-dlmethoxy-
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dibenzofuran, the stzn^ctiire of the oompounde included in 

this dlagraia depend upon the definite proof of the supposed 

l,9{?)-dlbromo-2,8-'dliaethoxydlfeensofursn. The evidence 

supplied by the series of tz^ansfortaations included in Diagraca 

II establishes the fact that this coapomd is either 1,7-

or l,3-dibroffio-2,8-dl!nethoxydn3enzofur8'n. Hence, the com

pound resulting from the monobroraination and subsequent 

methylatlon of l-Biethyl-2,8-dihydroxydlbenzofuran is pro

visionally designated as l-methyl-?-brafflo-2,3-difflethoxydlbenzo-

furan. There is no evidence to show that the coapoiand result

ing froia the monobroniination and subsequent raethylatloa of 

l-ethyl-2,8-dihydroxydlbenzofuran is substituted in the same 

position involved in the monobroainatlon of l-iaethyl-2,8-

dil:^drtsxydlbenzofuran. The coffipcand, however, is probably 

l-et,hyl-7-broso-2,8-dira0thoxydibenzofuran. 

38 
Thly>tle, ^cvkXng on the assumption thet the 1,9{?)-

dlbroiio-2,8-dimethoxydibenzofuran in qiieetion was a symoetrl-

cally gubatitutsd dibenzofiiren, r^et out to make use of the 

newly established l-bromo-2,8-dimetho3cydib«nzofuran. His 

work involved the removal of one of the b3X»aine atoos te 

1,9(1? )-dibrorao-2,3~dimethoxydlbenzofuran by treating this 

compound with one equivalent of n-butyllithiua and adding water 

to the resulting organometalllc derivative of dlbenzofuran. 

fhe acquisition of l-bromo-2,8-diiaethoxydibenzofuran in better 
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than a 50^ yield would have established the syrametrical 

nature of this l,9(?)-dibromo-2,8-diBiethoxydibenzofuran. 

However, l-bromo-2,8-di!Hethoxydibenzofuran was not obtained. 

Instead, a small yield of a pure product which analyzed for 
38 

a monobromo-2,8-di£nethoxydibenzofur8n w®s isolated. Thirtle 

also carried out a halogen-metal interconverslon with 1,9(?)-

dibTOmo-2,8-dimethoxydibenzofuran and treated this organo-

metallic derivative with methyl sulfate. This coopound was 

shown by a mixed melting point determination to be identical 

with the l-®ethyl-7-bTOnio-2,8-diniethoxydibenzofuran of 

Diagr^ I. This tieup with the work of Diagrao I showed that 
38 

the monobromo-^,8-diiBethoxydibenzofuran prepared by Thirtle 

was not the product of an anomalous reaction. It was iaraediately 

suspected to be 3-bromo-2,8-dimethoxydibenzofuran. 

Diagram II includes a series of transfonaations which 

further clarify the structure of l-9(?)-dibroiao-2,8-di-

38 
raethoxydibenzofuran. The work of Thirtle encouraged the 

monobromination of 2,8-dimethoxydibenzofuran in the hope of 

obtaining a monobroino-2,8-dli3ethoxydiben20furan different froa 

the known l-bromo-2,8-diBiethoxydibenzofuran and identical 

with the supposed 3-bromo-2,8-diaethoxydiben2ofuran obtained 

froiB the l,9{?)-dibronio-2,8-dimethoxydibenzofuran. S-Brorao-

2,8-dimethoxydibenzofuran identical with the compound 
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38 
prepared by Thirtle was obtained by this method and Its 

structure was shown as such by further bromlnation to the 

74 
known 3, 7-dlbro3o-2, B-dlmetxioxydibenzofuran, The 

uroralnatlon of 3-brorao-2,8~dlmetr!Oxydlbenzofurnn also pro

duced a fraction of pure material Identical vjlth the 

Dlafcrara II 

Transformations In the Proof of Structure of 

1,7-Dibromo-2,8-dlmethoxydibenzofuran 

2,8-Dibromo-

2,8-Dlfflethoxy-
o-aldehyde 

3-Carboxy-
2,8-dlBiethoxy-

mixed 
m. p. 

S-Carboxy-
2,8-dlaethoxy-

(7) 

2,8-I)lmethoxy-j 

I 
S-BrDmo-
2,8-dimethoxy-

'^(38, 41) 

1.7-Dlbroao-
2.8-dimethoxy-

(27) 

Hin-;-" closure 
(37, 70) 

-2,8-Dihydroxy-

i  
1-Broso-
2, B-dihydroxy-

1-BTOmo-
2,S-dlmethoxy-

(?0, 41) 
Diagram I 

1-Carboxy-
2,8-dlmethoxy-

3, ?-Dlbrorao-
2, S-diiaethoxy* 

(27) 
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supposed l,9(?)-dibromo-2,8-dlmethoxydibenzofuran. Prom the 

evidenoe at hand It can now be definitely stated that the 

latter conipound Is either 1,7- or l,3-dlbromo-2,8-diiaetho3cy-

dlbenzofuran. 

There is considerable evidence supplied by a number of 

Bucherer reactions on hydroxyl-derlvatives of dlbenzofuran 

in favor of l,7-dlbronio-2,8-dimethoxydlbenzofuran. Bucherer 

reactions have been carried out successfully with the follow-

19 
Ing phenolic dibenzofurans; 4-hydroxydlbenzofuran, 4,5-

19 
dlhydroxydlbenzof ta*an, 1-carboxy-4,6-dlhydroxydibenzofuran, 

41 l-bi^iao-4-hydrGxydibenzofuran, and l-bromo-2-hydroxydibenzo-
27 

furan. In the latter two compounds the bromine atoms were 

removed, and the corresponding amines were obtained. In none 

of these compoimds were there any substituents in positions 

orthe to the hydroxyl-groups to inhibit the reaction, except 

in the case of l-bromo-2-hydroxydibenzofuran, and the brc®ine 

atom here was apparently removed before the reaction could 

proceed, 

34 
The 1,7- or l,3-dibromo-2,8-dlmethoxydlbenzofurati was 

74 
converted by Sllaan, Swiss, Willis, and Yeoaan to 1,7- or 

27 
l,3-dlfflethyl-2,8-dihydroxydibenzofuran. A number of attempts 

to run a Bucherer reaction on this compound met with failure. 

In striking contrast to this group of compounds without 

ortho substituents which reacted favorably and the one com

pound, 1,3- or l,7-dimethyl-2,8~dlhydroxydibenzofuran, which 
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falled to react even imder more drastic conditions^ have 

the results of the Bucherer rer-ction on l-raethyl-2,8-dihydroxy-
41 

dibenzofurcn In which one hydroxyl-gro\ip is free and the 

other Is ortho to a rnethyl-group. The yield of l-raethyl-2-

hydroxy-8-afflinodlbenzofuran in this case was 66.5^. It was 

only the free hydroxyl-group ?/hich re-soted. This evidence is 

certainly powerfiil support for the existence of heteronuclear 

methyl-groups In positions ortho to the hydroxyl-groups in 

the 1,3- or l,7-dliaethyl-2,8-dihydroxydlbenzofuran. 

From the combined evidence the supposed l,9(?)dlbromo-

84 
2, B-dlmethoxydlbenzofuran can be designated with reasonable 

certainty to be l»7-dlbronio-S,8-dliaethoxydlbenzofuran. 

The struotur^of 2,S-dimethoxydlbenzofursn-l-carboxyllc 

ecld end 2,8-dlniethoxydlbenzofuran-3-carboxyllc acid naturally 

follOT^ from the proof of structure of the corresponding mono-

bron]0-2,8-dli3ethoxydlbenzofur?vns. The structure of 2^8-

ditnethoxydibenzofuran-3-aldehyde was deteralned by oxidation 

to 8,8-dlm0thoxydlbenzofuran-3-carboxyllc acid. 

The results of the investl^r-.tlon on the structures of 
38, 41 

the dlbroraination products of 2,8-dlmethoxydlbenzofuraai 

placed some doubt ur.on the validity of the structure which had 

been provisionally assigned to the dlbromlnatlon product of 
85 

4,6-dlmethoxydlbenzofuran. It was thought to be 1,9-dibrorao-

si ^ 
G-llman and Cheney, J. M. Chem. Spc.. 61. 3149 (1939). 
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4,6-dlmethoxydibenzofuren, and its structure had been 

assigned by analof:y \7lth the rerctions of 4-hydroxydlbenzo-

26 
furan with bromine and benzene dl azonluni chloride in

volving the l~position. 

Diagram III Includes, a series of transformations de

signed to reveal the true structural identity of this dl-

broralnation product of 4,5-dinjethoxydibenzofuran, 

The laonobroralnatlon of 4, S-dlmethoxydlbenzofuran was 

thought to Involve tl^ l-positlon.This was established 

as a fact by the follov?lng series of transformations: The 

l-broino-4,6-difflethoxydlbenzofuran was converted into 1-

carboxy-4,6-dlmethoxydibenzofuran by a halogen-metal Inter-

converslon with n-butyllithium and eubsecuent carbonstion. 

The acid was converted into l-carboxy-4,5-dihydroxydibenzo-

furan by refluxlng with 47;^ hydrobroralc acid. A Bucherer 

reaction on l-carboxy-4,6-dihydroxydibenzofuran resulted in 

l-carboxy-4,6-dianilnodibenzofuran which pave 1-carboxydi-

benzofuran upon deamlnatlon. Tlils final product was com-
25,26 

oared i^ith an authentic sajnple of l-carboxydibenzofuran. 
19 

Cheney observed that the metalation of the methyl-

ethers of phenolic derivetives of dlbenzofuren ^Ith n-butyl

lithium has always Involved positions ortho to the methoxy-

groups or ortho to the dibenzofuran oxygen atom* Ttie 

86 • ' 

G-ilman and M. w. Van Ess, J. Chem. 3oc., 61, 
3146 {1939). 
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Dlafirgja III 

fransfomatlona Involved in the Structure GlarifIcp tion 

of Sorae Derivatives of 4-Hethox.y- sjnd 4,6-Dimethoxydibenzofuran 

1,3-Dlraethyl-
4-me 

i| 
;hoxy-

T-jS-Dlbrono — 
4-inethoxy-

(Mixed ra.p.) 
\ 

1, S-Dlbronio-
lydroxy-

4-Hydroxy-
|19) 

4-Aialno-
|26) 

4-Acetexi;l.no-
1-bromo-

{ ? 6 )  

4-*iniino-
l-bromo-

j(26) 

1-Brorao-
,(25, 26) 

1-Oarboxy-
(Mlxed m.p.) 

(26) 

l-3romo-
5--Pial.no-
4-methoxy-

f (87)  
l-Bromo-
5-nitro-
4—methoxv-

j(a7) 

1-Brorao-
4-raethoxy-

| ( 26)  

4-Methoxy-
I (19) 

3-Hyd.roxy-
4-aethoxy-

I (85) 

3,4-Dlraetho 
(85) 

Dlbenzofuran 

t 
l-Carbox:y-

1-Bromo-
'4,6-dimetlioxy 

1 (85) ^ 
1,7-Dibrorao 
4,6-dimethoxy' 
(85) (Mixed m.p.) 

,l-C?rboxy-
4, 6-dlraethoxy-

i  
1-Carboxy-
4,6-rdlliydroicy-

V 
1-Carboxy-
4,6-dieinlno-

1,5-Dlmethyl-
j_4, 6-dlmethoxy-

1,3-Dlbronio-
4,6-dlmethoxy-

j (85) 

1,3-Dlbro.mo-
4-hydroxy-
6-raethoxy-

(85) 

4-Hydroxy-
5-raethoxy-

i (85) 

4-6-Dimethoxy-
I (86) 

3-Brcmo-
4, S-|.ln!ethoxy-

3-Hydroxy-
4,6-dlmethoxy-

i  
3,4, S-Trlmethoxy-^ 

1-Brorao~ 
7-succinoyl-
4,6-dlmethoxy-

3-Succiiioyl-
4, 0-dlBiethoxy-

8? Gllnaji, Parker, Bailie, and Brown, J. Am. Cheffl. 3oo.. 
61, 2836 (1939). 
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setalation of 4,6-airaethoxydlbenzofuran with ||-b\ityllithliaB 

with subaeq-uent Introduction of bromine yielded a monobaromo-

4,6-dloethoxydibenzofuran which was not identical with l-bromo-
85 

4,6-dlm6thoxydlbenzofuran. Since there are only three 

possible monobrorao-4,6-dlHiethoxydlbenzofuran compounds 

possible, and since raetalation in the 2-position is very highly 

improbable, this compound is most probably 5-bromo-4,6-

dlaethoxydibenzofuran. There is no certainty that the bromine 

atom occiipies the poslticm involved in metalatlon. S-Broiao-

4, e-diaethoxydibenzofuran was converted into 3,4,6-triiiethoxy-

dibenzofureJi through a halogen-metal interconversion with 

n-butylllthiwa, followed by oxidation of the resulting oi^anp-

aetallic derivative and subsequent methylation of the phenol. 

An attempt to prepare the same compound from 3,4-dlmethoxy-

dibenzofuran by a process of metalatlon with n-butylllthiua, 

oxidet ion, and fflethylatlon was tmsuocessful. 

5-BroiBO-4,6-dlmethoxydibenzofuran was monobrominated to 

yield the supposed l,9(?)-dlbrorao-4,6-dim0thoxydlben2ofuran. 

This evidence definitely establishes the fact that the dibiromo-

4,6-dlfflethoxyi.lbenzofupsii in cpeation is not a 1,9-derivative 

and Buggeats that it Is either 1,3- or l,?-dibrorao-4,6-

dlaethoxydibenzofuran. 
85 

Qllman and Cheney dibrominated 4-hydrosgr-6«methoxydl-

benzofuran and, after methylation, designated the compound as 

l,3-dibroiao-4,6-diinethoxydibenzofuran. Since definite oon-

finaatlon of this structure would eliminate one of the two 

most probable structures of the supposed l,9(?)-dibromo-4,6-
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dimethoxydlbensofurpn, the followlnc series of transforma-

olonB was performed (Dia^'jram III): 1, 3-Dibrorao-4,6-dimethoxy-

dlbenzofurBJti, prepared according: to the directions of Grllman 

aid Cheney, was treated with n-butyllithltca and the resulting 

orgsnometelllc derivc^tive of 4,6-dlmethoxydibenzofuran ?ms 

treated with methyl sulfate. A product analyzing for the de-

aired l,3-diinethyl-4,6-diraethoxydlbenzofuran ?;£S not obtained, 

A similar anomalous reaction occurred with 1,3-dlbrorao-4-

methoxydlbenzofuran. The 1,3-dibromo-4-methoxydlbenzofuran 

7/as prepared by the direct dlbromination and subsequent 

methyl at ion of 4-hydroxydlbenzofur8Ji. The structure of this 

coniDOund was confinned by its oreQarfttion from t'le kno^^m 1-
85 

bromo-3-aniino-4-methoxydibenzofuran through replacement of 

the amino group with bromine via the diazonium salt. The in

tention was to convert 1,3^dinethyl-4-methoxydlbenzofursji 

Into l,5-dlmethyl-4,6-diraetho:cydibenzofuraii by raetftlstlon with 

n-butylllthium, oxidation of the metalatlon product, end 

methylatlon of the resulting phenol. This would have estab

lished the structure of 1,3-dlbron30-4,6-dlmetho5:ydlbenzofuran. 

Since the monobrorainatlon of 4-hydroxy-S-metxiDxyd.ibenzo-
85, 41 

furan pcrallels the raonobroralnatlon of 4-hydroxydibenzo-

furan, it is quite likely, in view of t}ie greater orienting 

influence of the hydroxyl-group over the raethoxyl-group, that 
85 

the dlbromination of 4-hydroxy-6-methoxydibenzofuran woiid 
41 

also parallel the dlbroininatlon of 4-hydroxydlben2ofuran, 
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The structure of the supposed 1,9( ?)-dlbroi'no-4,6-dl!aethoxydl-

benzofuran la then most likely l,7-dibromo-4,6«dimet oxydi-

benzofuran. 
48 

Avakian succinoyleted l-bronio-4, 6-dirnethoxydlbenzo-

furan and obtained a product melting at 188-133^. Debromina-

tlcn of this product with palladium-calclun carbonate and 
o 

hydrogen p;Eve him a compound melting at 240 which wes 
48 

shown to be l-Buccinoyl-4,6-dimethoxydlbenzofursji by com

parison with an authentic sample. This eTidence Indicates a 

true 1,9-subBtituted derivative of dibenzofuran. Since the 

introduction of a. bromine atom into l-bro-'.o-4,6-dimethoxydl-
41 

benaofursii and l-bromo-2, S-dimethoxydibenzofuran has been 

shov/n to involve a position other th8,n the 9-position, it 

was difficult to understand '//hy the succinoylation of l-ba?0m0' 

4,6-dlmethoxydibenzofuran should result in a 1,9-substituted 

derivative of dibenzofuran. 

This v/riter repeated the succinoylation of l-brorao-4,6-

diraethoxydibenzofuran and obtained a product melting at 186-
o o 48 

188 (melting point of 188-189 reported by Avakian ) which 

could not be purified further using toluene or 95^ ethanol 
48 

as solvents. These were the solvents used by Avsklan. How

ever, by the use of glacial acetic acid as a solvent the 
o 

melting point was raised to 200-201 , This compound showed 

the presence of bromine in an elemental test by sodium fusion 

and analyzed correctly for a monosuccinoyl-l-brono-4,6-dl-
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methoxydibenzofuran. The quantitative tests were for bromine 

and the neutral equivalent. This shows that the product aelt-
o 

Ing a.t 186-188 was impure. The portion of this material 
0 

meltlnr^ at 186-188 which did not dissolve in a. small quan

tity of boiling toluene was further purified from glacial 
o 

acetic acid. This product melted at 240-241 , and was fotmd 

to be identical with an authentic sample of l-succinoyl-4,6-
48 

diroethozydibenzofuran. Some succinoylation had evidently 

occurred by the replacement of the bromine atom. 

The debromination of l-brorao-7(?)-succinoyl-4,6-dl-

raethoxydibenzofursji by hydrogenation using palladium-calcium 

carbonate catalyst yielded a pure monosuccinoyl-4,6-di-

raethoxydibenzofursji melting at 165-167^. Since It is un

likely that succino-'lation would Involve tJie 2-po8itlon, and 
48 

since the l-succinoyl-4,6-dimethoxydibenzofuran is known, 

the product is probably 3-8uccinoyl-4,6-dimethoxydibenzofuran. 

The compound resulting from the succinoylation of l-bromo-4,6-

dlmethoxydibenzofuran is most likely l-brorno-7-succinoyl-4,6-

dime thoxydibenzofuran. 
48 

l-Succinoyl-4,6-dlmethoxydibenzofuran is much less 

soluble In 95^ ethanol than 3-succinoyl-4,6-dimethoxydibenzo-
41 

furan. The presence of l-succinoyl-4,6-dimethoxydibenzo-
o 

furan in the material melting at 186-188 resulting from the 

succinoylation of l-brorno-4,6-dimethoxy dibenzofuran has been 
48 

demonstrated. It is quite probable, then, that Avaklan 
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Isolated thla l-auoclnoyl-4,6-dlmethoxydlbenzofura.n instead 

of the 3-succlnoyl-4,6-diraethoxydlbenzofuran because of its 

f-reater insolubility. 

Diagram IV includes a series of steos Involving the 
38 

brorao-derivatives of 2~ainlnodibenzofursji. Thirtle bromi-

nated g-affiinodibenzofursn by the ordinary drop-wise addition 

of bromine and obtained only a dibrorno-S-arainodibenEOfuran. 

Diagram IV 

Some Derivatives of 2-Aralnodibenzofuran 

2-Acetejnino-
(14) 

2-Aciino-
(14) 

2-Bromo-
Ring olosttre ($) 

t 
Dibenzofuran 

2-Acetajnino-
3-bronio-

(14) 
l-Brorno-
(25) (See Diagram III) 

1-Broroo-
2-amlno-

1,5-Dlbromo-^ 
2-amlno-

(38) 

2-Am in o-
3-bromo-

I (14) 

^ 1,3-Droromo-
2-aralno-

(38) 

38 
Thirtle also demonstrated that one of these bromine atoms 

was In the 3-'Dositlon when he obtained the same compound by 
14 

the broroination of 2-aniino-3-bronodibenzofuran. This 

writer prepared a new monobromo-2-aniinodibenzofuraji by the 

entrainment brosinatlon of 2-aininodibenzofuran. Deaaination 
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25 
of this product to l-bromodibenzofuran shoifed the compound 

to be l-bronio-2-aalnodlbenzofuraii. It Is unllfeely that 2-

amlnodlbenzofuran would bromlnate in the 9-posltlon and, 

hence, 9-brorao-2-aminodlbenzofuren la ruled out. This Dro-
26 

vides a new oethod for the s:mthesis of 1-broraodlbenzofuran. 

Fiirther bromlnatlon of 1-broino-S-amlnodibenzofuran yielded 
38 

the same dlbromo-E-arainodlbenzofuraii obtained by Thlrtle. 

This demonstrates thet the dlbrominatlon product of 2-asiino-

dibenzofuren is l,o-dibromo^2~aminodlbenzofuran. 

Attempts t:- Bridge the 

1- and 9-Posltions of Dlbenzofuran 

# 
A study of the various attempts to bridge the 1- and 

9-positionfi of dlbenzofuran reveals that in nearly every 

approach the efforts were rewarded only ?Ath blackened oils 

end products of polymerizRtion from which no pure crystalline 

products could be isolated.- This f/ss not true in the case 

of the oyoliz&tion of y--/"l-(4-methoxydibenzofuryl)_J7 butyric 

48 
acid by Avalclan» In this latter case, hor^ever, there are 

two possible cyclization products in addition to the pos

sibility of interiaolecular condensation. 
62 

The method of Bradoher and Rosher for the 

*Hefer to the Historical section of this thesis, P.X7, 

*^See p*22, this thesis. 
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preparation of 9, 10-substltuted derivatives of phensjithrene 

seemed to fulfill all of the desirable requireraents of the 

reaction which would most adequately test the ease of bridg

ing the 1- and 9-posltions of dibenzofuran. Such a reaction 

v/ould not tend to fjive intermoleculer condensation products 

and would react lntraraoleculc,rly in Ju3t one way« To be able 

to rocover the starting material or some precursor to the 

actual 1,9-bridge Is highly desirable since it enables one 

to have a definite indication of the effect of the methods 

employed. The method of Bradsher and Rosher proved^ in

deed, to be Just such a reaction* 

1-Broraodlbenzofuran (see Diagram III, p. 108) prepared 

according to the directions of P. R. Van Ess was employed 

in the following series of reactions; 

62 

25 

o 

cy^-c-c C{45-£-(lj+ 
V 

jzr 



www.manaraa.com

-116-

26 
The Grlgnard reagent prepared from 1-bromodibenzofuran 

imB treated with o(-phenoxyproplophenone, and the resulting 

oil vf8.B refluxed for 24 hours with 480 hydrohromlc acid In 

glacial acetic acid. A pure crystalline product waa Isolated 

7/hich readily formed an oxime. The analysis for carbon and 

hydrogen on this compound and for nitrogen on the oxiiae indi

cated the expected structure I. No other product could be 

isolated. 

The mechanism for this type of reaction was postulated 
65 

by Bradsher and Teas to involve the cyclodehydration of the 

enol-fonn II to give the desired 9-.methyl-10-phenyl-4,5-

phenanthrylene oxide (III). Hence, the ketone (I) was re-

fluxed for a prolonged period (48 hours) with 48^ hydrobromic 

acid and glacial acetic acid. Only the ketone (I) was re

covered. 

It was thought th^it other dehydrating agents might ef

fect the cyclodehydration. Anhydrous liquid hydrogen fluo

ride at room temperat-ure and at 100^"^ ^^as tried. Sulfuric 

acid and phos'.-horous pentoxide were employed. The starting 

material (I) ̂ as obtained in each case except with phosphor

ous pentoxide. This po^verful reagent caused polyiaerization. 

Pyrolysis had no effect upon the ketone (I). 

This work indicates that the bridf^lng of the 1- and 9-

posltions Involves more than the discovery of a suitable 

type of reaction. It is quite likely tliat a certain amount of 

energy of activation involving the strain thf?t would naturally 

be expected in a compoimd containing the 4,5-phenanthrylene 
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oxide nucleus must be generated before reaction can occur» 

Also it Is possible that 9-raethyl-10-phen3rl-4,5-phenanthrylene 

oxide, which has aseumed complete aromatic chs.racter, is of a 

much higher energy level than the ketone II where there is a 

possibility of fixed bond structure. Swislowsky has dis

cussed fJae likelihood of a fixed bond structure in dibenzo-

furan. Although dlbenzofuran is definitely similar to naph

thalene in some of its reactions, it cannot be stated with 

certainty that the bond structure is fixed. 

The followinf,' series of reactions was desii;:ned with the 

hope of Incorporatlnr? a three-carbon bridge between the 1- and 

9-po8itlons which might then be reduced to a two-carbon bridge 

by a process of ring contractlr-

27 

c/Yo 
( 

CH-C^iN 

cHi 
( 

\ O ̂ 0CY/3 

ze: 
O ̂ o Cf/ y 

X xa: 

6 
O (( 
,1 C 
c 

-coi. 

:iz: IZL 
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4-Methoxydl'benzofuran-l-aldehyde was prepared by the 
77 

N-methylforfflanlllde synthesis using N-methylformanlllde 

and phosphorous oxychloride on 4~raethoxydlbenzofuran. Its 

structure was shown by oxidation to the known 4-niethoxydlben-

13 
zofuren-l-carboxylic acid. The structures,of compounds II 

and III depend upon the structure of 4-iaethoxydibenzofuran-

1-aldehyde. 1-(4-Methoxydiben20fural)acetic acid (ll) was 

obtained by the action of malonlc acid and dry pyridine on 

the aldehyde The reduction of II gave^ -/"l~(4-methoxy-

dlben2ofuryl)_J7 propionic acid (III)* It ^as hoped that the 

cycllzatlon of III would Involve the 9-posltlon and that 

the resulting ketone (IV) could be oxidized to the dl-ketone 

(v>^i?lth selenium dioxide* The successful preparation of V 

might possibly lead to methyl m o rphenol (VI) by the use of 

the benzlllc acid rearrangement, followed by decarboxylation 

and dehydration. The selenium oxide oxidation of IV (?) 

gave no pure product. 

The cycllzatlon of(3-/~l--(4-methoxydlben2ofuryl)_7 

propionic acid was accomplished by the use of anhydrous 

liquid hyo.rogen fluoride. The following are tlie possible 

structures of this cyclodehydratlon product: 
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CH 

I II 

5-Methoxy-l-.benz(b)lndeno-^ 2,3-I)ihydro-6-methoxy-l-^ 
Z ~ 5 " d  /furan~5(2)-one oxo-l-cyclohepta(klra)dl-

benzofuran 

The oxidation of this cyclic ketone, followed by the 

raethylation of the resulting di-acld, gave the same dl-
48 

acid ester obtained by Avakian by the oxidation and 

eaterificatlon of the cyclic ketone prepared by the cycli-

sation of y-/~l-(4-iHethoxydibenzofuryl)_7butyric acid. This 

Indicates that the ring closure In both cases Involved the 

sa,ine position. A compound thought to be l,2-dibromo-4-
48 

methoxydibenzofuran prepared by Avakian was converted by 

him into 1(?), 2-dicarbomethoxy-4-methoxydibenzofuraii. This 

corapound -was not identicel with the di-acid ester obtained 

by oxidation and esterification of the ring-closure pro

ducts. Until the structure of l{?),2-dicarbomethoxy-4-
48 

methoxydlbenzofuran is definitely established the course 

of the ring closure will be unknoim. 

A theoretical consideration of the course of the 
* See note on nomenclature fr®ra Dr. Leonard Gapell 

included at the end of this thesis. 
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eyclizatlon of^«/~l-(4-i3ethoxydi'benzofw2ylJ7 prepionie 

aold favors ring closure In the 2-posltioii, By the «a® of 

sulfuric soid this writer was taaable to obtain the ketone 

represented by eititier formula I or II from G-/"l-»(4-
48 

a@thoxydib@Rg©f^i:i^lJ[7 propionte acid. Avakisa, however, 

m® able to effect €(y0liz??tiGn of )/-/~l~(4-'®etho3cydibea2o-

butyric aold by the use of sulfuric acid, Sb 

Goaparison* o(-tetralone osnnot be prepared fro® hydi^oinnasic 

acid ttie sulfuric acid method, while V-arylbutyrle acids 
61 

are Imown to undergo cyolodehydration under -ttiese ooMitlons. 
4S 

If the ring closures of Art&im and this isrriter Involved 

the 9-posltion, it would seera thst there would be little 

aifferenoe in the ease of forraatlon of a sevens or eight-

asKbered rinit by the sulfuric acid sethod,' 

By l&m use of anhydrous liquid liydrogen fluoride 

oL -tetralone siid o( -hydrladon© be prepared in exoellsfit 

yields fs^sf y-phenylbutyris aeld and hydrociiiasfflic acid 

mder exactly the same conditions used in the cyclixetlon of 

these dibensofuren derivatives. It ̂ uld se«s, then, that 

isofflerio products wuld be obtained if the ssme eoiiditions 

are sufficieitt to cause ring closure in bo^ the 2~ and 9» 

positions. No is^eric products were obtained in either case, 

A final consideration Involves tihe aceesslbility of 

the 9-positliiit of dibengoj^ait derivatives alreadi^ substituted 



www.manaraa.com

-121-

In the 1-positlon. The broiolna.tlon of l-bror.io-4,6-dl-

jaethoxydlbenzofuran and l-bromo-2,8-dlmethoxydlbenzofuran 

has been shown to Involve positions, other than the 9-

41 
position, Succlnoylation of l-bromo-4,S-diraethoxy dl-

41 
benzofuran does not Involve the 9-position. The explana

tion for this behavior is niost likely steric hindrance. 

The 9-posltion is partially blocked by the substituent in 

the l-position. Cyclization fron the 1-position to the 9-

position would be, essentially, the substitution in the 9-

position of a 1-substituted dibenzofuran, and there is no 

reason to believe th&t it would not encounter the same type 

of Interference. This would be true only of acid chains 

longer than two carbon atoms in the l-position* 

The compound resulting fron the cyclodehydration of 

P-/"l-(4-niethoxydibenzofuryl)_7 propionic acid may be pro-

visicnelly designated as 5-methoxy-l-benz(b)indeno/~4.5-d 7-

furan-3(2)-one (I) until further evidence is obtained. 

47 
l-(4-M0tho>:ydibenzofuryl)acetic acid" was prepared from 

41 
4-methoxydlbenzofuran-l-aldehyde by the hydrolysis and 

oxidation with hydrogen peroxide of the azlactone formed by 

the condensation of this aldehyde ?7ith hlppuric acid in the 

presence of acetic anhydride. Attempts to cyclodehydrate 

this compound at room temperature with anhydrous liquid 

hydrogen fluoride had no effect on the compound. Prolonged 

o 
heating at 100 with l^drogen fluoride promoted the formation 
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of a non-acidic product which could not be purified. This 

material is probably the product of lntermolecul?r con

densation, Gince ring clOGure v/ould probcMy give s. ketone 

wlilch ?/ould likely enolize to tlie phenol. Hot^'ever, this is 

not certain, and eirailar investigation usini^ a larger amount 

of this acid or of l-{4,G-dimethoxydibenzofuryl)acetic aoid 

would not be unwise. 

The Accessibility of the 9-Posit:lon of 

1-Substituted Dibenzofurans 

The probebility of sterlc hindrance in connection -with 

substitution in the 1- or 9-t3ositlons of dibenzofuran was 
25 

first mentioned by By'.fater.^ Although later has 

shown th?-t at least one of these positions is free "when the 

proper orienting groups are present in the nucleus. It is 

nov; ^r,nown that the presence of one substituent In either the 

1- or 9-pooition prevents the introduction of a seco'id groiip 

into the remaining: of these two positions in spite of strong 

38 41 
orientation influences. ' The bromlnation of l-broino-2,8-

dlmethoxydlbenzofurRn and l-bro:no-4,6-dimethozydlbenzofuran 

end the succlnoylation of l-brono-4,6-diraethoxydlbenzofuran 

have been shown to Involve either the 3- or the 7-poaition, 

The 7-position is preferred. 

Overcoming tMs sterlc effect by the introduction of 

smaller grcaips may have some merit. However, the 
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dlmetalatlon of 2,8-dlmethoxi/dlbenzofuran with n-butylllthlum 

27 
by St? 1 slow sky" with subse'^uent ce,rbonatlon yielded 1,7-

dlcarboxy-2,8-diinethoxyd.lbenzofuren. From this evidence it 

is possible that i-toms an email as lithium can sterically 

hinder the Introduction of a second atom. The flrrit hydrogen 

roTJlaced by lithiucs in 2,8-t3imetho>'ydibenzofuran is probably 

in the 1-position, since the "etalatlon of 2-roet'.'Oxydibenzo-
83 

furt-Ji involves mr-lnly the 1-pooitlon, The second metal 

v^.ton T;ould then tend to enter the 9~position if f-ere ^f?ere 

no hindrance. 

It may be possible to introduce useful p:roups into the 

1- and 9-positlons of a conpotind such as S,7-dlniethyl-?,,8-

d Ira e thoy ydiben zo f ursji. 

3ome General Considerations for Dibenzofurajti Research 

38, 41 
The recent developments in the effort to Intro

duce substltuents into the 1- and 9-posltlons of dibenzo-

furan by direct substitution give very definite indications 

th^it the taak will not be an easy one, if at all possible. 1, 

•9,-disubstituted dibenzofurfns could most probably be prepared 
11 * ^ 

more easily by ring closure methods. The synthesis of 1,9-

dichloromethyldibenzofureji ^^ould provide a valuable compound 

as a precursor to the prepe.ration of phenanthrylene oxide by 

38 
Giltnan and Bebb, J. Ohem. Soc.. 61. 109 (1939). 
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69 
ualnr Bodaraide, It would likely be neoessai^ to prepare a 

1,9-QerlvBtlTe by rlnfj cloBure which could then be converted 

into the 1,9-dichloroniethyl derivative. 

Unt3.1 1, ̂-substituted dlbenzofur-^-ns are ftvalleJDlo, there 

are many i>eactions vr;lch nlpht be a-plied {see Historical of 

tills thesis) in obtaining the 1,S'-bridfjs usin;^ l~substituted 

dlbenzofurens. It ?;oiO-d be intei^estlng t:- try the method of 

62 
Bradsher end Rosher for the pre'^aratlon of l-aethyl-9-'Dhenyl-

89 
4, 5-phenanthrylene sulfide from l-bromodlb^.zothlophene, !!^e 

spatial relationship of the 1- and 9-.posltlGns of dlbenaothio-

phene sho'dd be more favorable to the accomplishment of a 1,9-

bridge than in dlbenzofxwrei) becauee of tlie grerter size of the 

sulf-ur atom as compared to the oxygen atom in dibenzofuran. 

Another expedient which has as yet not been investigated 

Is that of preparing a suitable derivative of a partially 

reduced dlbenzofuren which mlg-ht be induced to undergo 

cyclodehydrptlon by virtue of reduced strain to fonn a 1,9-

bridge. Such a compound might be l-{4-aethoxy-l,2,3,4-

tetrahydrodibenzofuryl)acetic acid. TIils acid could probably 

be prepared by the hydrogenation of l-(4-iaethoxydibensofuryl)-
46, 41 CO 

acetic acid, Bradley was able to obtain 1,2,3,4-

tetrahydro-4-m8thoxydibenzoftiran in 41;^ yield by the hydrogen-

atlon of 4-methoxydiben2ofuraii usin#^ nickel as the catalyst. 
—. ^ g- : - —_ 

Oilman and Jaco"fey, Org. Ofc^a.. ̂  108, (1938), 
CJQ 

Bradley, U^otoi^al Dissertatlmt Iowa State College, 193?. 
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eUKMAKT 

1. fhe stmactures of some mono- dlbromlnatlon pro

ducts of 2,8-difflethoxydibenzofuran have "l^en clarified. 

2. Some additional evidence on the structure of the dl-

brominatlon product of 4,6-diiaethoxydibenEofuran has 

been given. The structure of l-bromo-4,6-diiaethoxy-

dibenzofur8,n has been proven. 

3. 5Hie structures of the »ono- and dibroialnatlon pro

ducts of 2-sfliinodlbenzofuran have been proven. A new 

source of l-bromodibenzofuran has been found. 

4. Souse new 1-aubstituted dibenzofuran derivatives have 

been prepared, 

5. Some new attempts to bridge the 1- and 9-positions of 

dibenzofuran have been made. The actual course of 

these reactions has been discussed. 

6. The effect of this work on the course of future dibenzo

furan research has been discussed. 
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Thie letter la the reply received frora Dr. Leonard T. 

Capell following an In qui 17- on the oorreot ncwenclature of 

the cyclizatlon product of (5-/"l*(4-s!ethoxydihenzofuryl)_7-

p^opionie acid; 

Mr. John A. Hogg 
Iowa State College 
Ames, Iowa 

Dear Mr. Hogg: 

The ring syst^s represented In the suggested 
Btructures for your compound are new systems. The 
least hydrogenated forffis are: 

These rings should be numbered as shown. I can be 
called l~benz^b 7lndeno/~4.5-d 7furan. Ihe 1- indi
cates the position of the extra H atom which la neces
sary for the existence of the ring* Your compound is 
the 2,3-dli^dro-5-fflethoxy-3-oxo derivative which can 
also be named S~aethQxy-l-benz/~b 7ladeno/i| S-d 7furan-
3(2)-one, II should be naaed l-cyclohepta/ klm /dl«> 
benzofiiran. The coopoiaid should be called 2,3-dlhydro-
e-ae^oxy-l-cyclohepta/"klm 7dlbenzofuran-l-one or 2,3-
dlhydro-6»iaethoxy-l-oxo-l-cyclohepta/*kla 7dlben zofuran. 

7 

I II 

Sincerely yours, 

(Signed) Leonard T. Capell 

LTG:MW 
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