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INTRODUCTION

The interest in dibenzofuran chemlstry in these labora-
tories has gone through a very loglcel metemorphosis, The
earliest Investigstions were carrled out by Oatfieldl in the
hope of cleering up certsin problems of orlentation in the
furesn series through the prepsrstion of furan~-tetracarboxyllic
acld by the oxidative degresdstion of derivatives of dibenzo-
furan less resistent to ettack than the parent nucleus itself.

However, derivatives of dibenzofuran, guiteble for the
sbove mentioned pur-ose, were not unknown at that time. Mono-
substituted derivatives, prepared by halogenation,2 nitra~-
tion,s’é'acetylation,ﬁ'z and sulfonation,6 had been reported
end thelr structures established, except In the case of sul-
fonation., Certain heteronuclesr substituted derivatives were
also known, and the structure of some of them had been estab-

7
lished, Dibromination had been reported by Hoffmeister and

the structure of this compound had only recently been

0=tfield, Theais, Towa Stote College, 1933,
leyer snd Kriecer, Ber., 55, 1659 (1922),
Borsche and Bothe, 1bid., 41, 1940 (1908).
Cullinsne, J. Chem. Sog., 2267 (1930).
Galewsky, Amn., 264, 187 (1891).
Hoffmeister, ibid., 159, 211 (1871),

=~ oo o o

Hoffmelster, Ber., 3, 751 (1870).



8 7
determined, Hoffmeister had prepared s dibenzofuran-

disulfonic acid, but made no attempt to determine the position
of the sulfonic acid groups. 2,B-Diacetylaibenzofurang had
been prepared by the Friledel~Crafts resction and its structure
shown by oxldation to the dicerboxylic acid. Brumberglo had
nitrated 2-bromodibenzofuran, recognizing only thot & mixture
of isomers was produced, and left the ultimzte resolution
and structure clarificstlion to later 1nvestigators.ll In 2dd1-
tion, some homonuclesr disubstitution »roducte had been pre-
pared by Borsche and Schacke,lz 28 a result of the nitration of
S-acetaminodibenzofuran., The vproduct wes designated 2-nitro-~
J=acetaminodibenzofuran. Brumbergg confirmed this structure.
Thus, the esrlier work done in this particulzr serles of
13,14,15
dibenzofuran publications was devoted to the confirmma-~

tion of provisional formulas and to lmprovements in the

McComble, Mecmillan, end Scarborough, J. Chem. Soec.,
529 (1931).

9
10 Sugl and Sengoku, J. Pherm. Soc. Jepan, 537, 175 (1933).

11
Bywater, Doctoral Dissertetion, Iowe State College,

1934,
12

13
Gilman, Smith and Qatfleld, J. Am. Chem. Soc., 56,
1412 (1934).
14
Gilman, Brown, Bywater, and Kirkpatrilck, 1ibid., 56,
2473 (1934),
15
Gilman, Bywater, and Perker, ibid., 57, 885 (1935).

Brumberg, Doctorzl Dissertstion, thtingen, (1925).

Borsche and Schacke, Ber., 56, 2498 (1923).



preparation of these basic derivatives of dibenzofuran.
Efforts to obtsin the desired furan-carboxylic acids proved
fruitlesa, and the interest in dibenzofuran chemistry had be-
come es8tablished,

A study of the morphine (II) molecule, as proposed by
Gulland and Hobinson,l6 shows that dibenzofuran (I) and
phenanthrene (III) are two common aromatic nuclel which are

similar to portions of the morphine skeleton:

N CHz
Q@ C% 028
0O/OH
II 111

Although the search for a synthetic morphine subatitute
had been directed primarily towerd derivatives of phenanthrengj
at that time, the dlbenzofuran molecule offered an inviting new
field for new analgesica}a'lg As work in this field progressed,

1t was discovered that metalation of dibenzofuran by means of

16

Gulland and Robinson, Mem. Proc. Manchester Lit. Phil.

Soc., 69, 79 (1925).
17 Small, Eddy, Mosettlg, Himmelsbach, "Studliees on Drug

Addiction®, U. S. Pub. Health Reptis., Suppl. No. 138, Washing-

'501’1, En CO (195 )0

18 Parker, Doctoral Dissertation, Iowa State College, 1838,
1Q
Cheney, Dpotoral Dissertation, Jowa State College, 1938,




mercuric scetate, benzylsodium, or organclithium compounds
involved the 4-position5 end that, by the use of benzyl-
sodium?o dimetalation was effected, involving the 4~ and
6~pcsitiona.21’22 Ghex*u:aylg’z:5 worked out a better, although
more difficult, approach to the preparation of 4,6-dimethoxy-
dibenzofuran than by the oxidatlon of 4,6~dibenzofurylenedi-
sodium,21 through the stepwise introduction of methoxy-groups,
using n-butyllithium as the metalating agent, followed by oxida-
tion of the organometallic compound with subsequent methylation.
It was shown that the bromination and nitrztion of 4-methoxydi-

18,24
benzofuran involved the l-position and that similar re-

25,28,27
sctions with 4-scetaminodibenzofuran ' aleo involved the
l-position., The deamination of l-bromo~4-aminodibenzofuran

26
resulted in l-bromodibenzofuran., Thus, each of the four

0
o Gilman and Young, J. Am. Chem. Soc., 56, 1415 (1934).
Gilman and Young, ibid., 57, 1121 (1235).

2
Gilman and Young, J. Org. Chem., I, 315 (1938).

3
Gllman, Cheney, and Willis, J. Am. Chem. Soc., 61,
957 (1939),

24 Gilman, Jacoby, and Swislowsky, 1ibid., 61, 954 (1939).

25
Van Ess, P, R, Doctoral Dissertation, Iowa State

College, 1936.
” Gilman and Van Egs, J. Am. Chem. Soc., 81,1365 (1939).
e : '

8wislowsky, Doctorsl Dissertation, Iowa State College,

1939, |



positions of dibenzofuren had been reached snd 1t was surmised
that the dibromination of 4,6~d1methoxydibenzofuranl9 and
2,8~d1hydroxydibenzofuran27 involved the 1l- and 9-positions as
well as the 3- and 7-positions in the latter case. A great
part of the work of this thesis 1g devoted to the clarification
of the bromination products of 2,8-dimethoxydibenzofuran and
4,6~dimethoxydibenzofuran.

The acquieition of these new dibenzofuran compounds
substituted in the l-position and a2 promlse of derivatives
substituted in both the 1~ and 9-poeltions stimulated interest
in more nearly spproximating the structure of morphine by
esteblishing a two-carbon bridge between the 1- and S-positions,
thus incorporating both the phenanthrene and dibenzofuran mole-
cules into a new nucleus, the derivatives of which would be
very likely to show analgesic activity and would possibly be
devold of hsbit-forming tendencies, This new nucleus would be
called phenanthrylene oxide (IV) and would be similar to methyl-

morphencl (V), a simple known derivative of it,

—_—

o s 858

v

ot
-
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This thesis 18 devoted to the discussion of dibenzofuran
derivatives which might poasibly be synthetic precursors to
the above molecules (IV, V) or derivatives of them and to
orientation work on some of these compounds which had pre-
viously been designated 28 1, S~derivatives. HNew and previous

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

discussed.



HISTORICAL

The nature of the indifferent oxygen atom of methyl-
morphenol (V), prepared by the exhaustive methylation of
morphlne,gg was made clesr in 1897 by\?ongerlcheen.zg This
was shown by fuslion of morphenol with potassium hydroxide at
elevated temperatures to yleld 3,4, 5-trihydroxyphenanthrene.
The same meterisl wss prepared for comparison by mixed melting
points through the method of Pschorr for the synthesis of
derivativee of phenanthrene, '

Thie accomplishment hae shown that the completely
aromatized nucleus of morphine csn exist with the oxygen
bridge between the 4~ and 5~posit10ns; but gives no clue to
moleculsy strain and valence angles, Bywater;l has pointed
out thet the tendency for dibenzofuran to form direct sub-
gtitution products in all but the 1~ or O«positions nay be
the result of sterdc hindrance, sttributed to the large oxygen
angle between the two benzene nuclel, bringing the 1- and
J-positions close together and into the same plane. Through
dipole moment studies of dibenzofuran, Bretscherso has found@

that an oxygen angle larger then in diphenyl ether 1s indicated.

s ?3 Mosettlg and Meltzner, J. Am. Chem. Soc., 58, 2738
1934).,

29 vongerichten, Ber., 30, 2439 (1897); 31, 3198 (1898);
33, 352 (1900).

30 Bretacher, Helv. Phys. Acta., 2, 265 (1929).
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31
Smythe and Walle  have also determined the dipole moment of
dibenzofuran. Other physicel data on dibenzofuran are the

absorption apectra,sz the Ramen speetra,35

and the magnetic
birefringenee.34 However, no electron diffraction patterns
of dibenzofurzn or any of iis derivatives have been prepared,
end, hence, no exact informetion regarding the spatial re-
laetionships of the 1- and 2-positione 1s available,

The dehydration of 3,4, 5~trihydroxyphenanthrene to
morphencl has never been accomplished, although Schmidt and
Kﬁhpfss tried a number of dehydrating agents. Dibenzofuran
is formed quite readily from 2~2‘~d1hydroxybiphﬁny136. This
‘comparison is indicative of the strain which must be overcome
in forming the phenanthrylene oxide nucleus., $Since the choice
of methods from 4,5-substituted phenanthrenes is quite limited,
it is better to proceed with derivetives of dibenzofuran sub-

atituted in the 1l- and 1,S-positions,

51 Smythe and Walls, J. Am. Chem. Sog., 54, 3230 (1932).

32 ,
Charlampowiez and Merchlewsk8, Bull. Intern. Acad.
Polonsise, A, 576 (1930). / C. A., 25, 5006 %%‘i‘rl ) 7

Donzelet and Chaix, Compt. rend., 202, 851 (1936).
o4

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

35
s Schmidt and Kémpf, Ber., 36, 3745 (1903),
6 -

Cullinsne end Davies, Reg. Trav. Chim., 55, 881 (1936).




Survey of Known 1- and 1,9-Derivatives

Since the problem of bridging the 1~ and 2-positions of
dibenzofuran ls to some extent atill one of obtaining sultable
derivetives with substituents in elther or hoth of these
vositionse, a brief survey of known 1l- and 1,P-derivatives 18
deslrable.

The litersture on dibenzofuran chemistry up to 1833 is
well covered by Oatfielﬁ.l Swislowsky27 has made a thorough
survey of dilbenzofurzn up to 1939 and has tebulated all 1-,
4-, B~ and S-substituted dibenzofuran compounds. %%’1111537 hes
continued this review, bringing dibenzofursn chemistry up to
date in late 1942, and has tabulated all dlbenzofurans with
substitution in the 2- and 2,8-positions. Thirtlegs hag re-
viewed 211 additionzl work up to Janusry, 1943,

Hany of the compounds listed in the following table are
included in the above mentioned tables of Swislowsky27 and
Cheney,lg and a few in the tables of Willia.57 This table 1s
designed to include only those derivatives thst are known with
certainty to contelin at lezst one group in elther the 1- or
the S-posgitions, and care hes been taken to exclude compounds
which would obviously be of little value &8s precursors to the

actual incorporstion of the 1,%bridge. In addliticn, this table
37

¥11lle, Doctorsl Discertation, Iowa State College, 1943,
8
Thirtle, Dociorel Disgsertati-n, Igwe Etate College, 1943,
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is intended to bring up to date recent additions to the
category of 1- and 1,%-substituted derivstives. The lltera-
ture references are not intended to be complete, and only

major references are 1lncluded.

TABLE I

Berivatives of Dibenzofuran wilth
Substlituents in the 1- and 1, -Positions

Neme of Compound u. p.° Reference

Honosubstituted Dibenzofurans

l1-Acetanminodibenzofuran 205 25
l-Aminodibenzofuran 74 25
1-Bromodibenzofuran 87 25
39
26
40
ED
1-Csrbomethoxydibenzofuran 83 40
25
26
1-Dibenzofurancarboxyllc acld 232-233 25
1-Hydroxydibenzofuran 14045 25
1-Hitrodibenzofuran 121 27
o -Phenyl-g(1-dibenzofuryl) acetone  101-102 41
39

Van Ess, P. R. Iowa State College J. Sci., 12, 164
(1237) /¢. A., 32, 4981 (1938)_/.

40 Jacoby, Heyes, and Van Ess, Proc. Iowa Acad. Sci., 43,
2045 (1936). / C. A., 32, 4160 (1938)_/.

41 This thesis.
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TABLE I (Continued)

Name of Conmpound

M, g7 Beference

Disubstituted Dihenzofurns

I-fcetonino~4-pethoxydibenzofuran
i-Acotyl-S-nathovydlibonzofuran
i-fcetyl-dens thovydibenzofuran

1-A11yl-2-hydroxydibenzofuran
1-A11yl~2~-mathorydibenzofuran

l=Amino-4=zoetaninodibenzofuren
l-anino-4-athorydibenzofuran
1=aminoedenethorydibenzofursen
l-Henzeneszo-2=hydroxydibenzofuran
l-Benzensszo-4d-hydroxydibenzofuran
1-Brono-4~ocetominedlibenzofuran
lL-Bromo-Zeaninodibenzofuran
l-Bromo-4d-aninodibenzofuran

143-Er@gaethglné—m&thﬁxyéi~
bhenzofuran

1-Bromo-2-hydrozxydibenzofuran

1~-Brono-4-hydroxydibenzofursn

DEE.E03
120-121
134-1354, 5
82, b=83
57-88
202

21

104

185, 5-168
174-175
228
120-121
118-120

1711716

123-123.8

151.5-1582

18
27

39
40
59
40
27

24

1~Brono=f-nethoxydibenzofuran 117118 25
ég oy et ey rs Fe o
Van Ess, H. ¥%., Doctoral Dlzsertation, Iewsz “tute

Collepe, 13836,
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TABLE I (Continued)

Name of Compound 1. P.° Reference
1-Bromo-4-nmethoxydibenzofuran a7-08 256
26
1-Cerbomethoxy~2-methoxydlibenzo-
furan 99.5-100 25
26
1-Chloroscetyl-4-methoxydl- .
benzofuran 7 (a3
1-Chloro-8-hydroxydibenzofuran 165-1868 /I\
1,4-Diacetaminodibenzofuran-
dlhydrochloride RSYSERNG 27
1, 4-Dihydroxydibenzofuran 217-218 (dec.) 25
25
1, 8-Dihydroxydlbenzofuran 241242 44
1, 2-Dimethoxydibenzofuran 79 25
26
1,4~-Uimethoxydibenzofuran 78.5 25
26
1,2-Dimethyldibenzofuran 61-62 45
1, Z=Diphenyldibenzofursn 154455 46
l1-Ethoxyalyl-4-nethoxydlbenzo- o
fursn : 26 <18 A
l1-Hydroxy-2-methoxydibenzofuran 111-111,56 25
26

z British Patent 470,021 / C. A., 32, 1487 (1938) 7.
French Patent 816,719 / C. A., 32, 2145 (1938)_7/.

° Sugil and Shindo, J. Pherm. Soc. Japan, 54, 829 (1934)
YA Aes 23, 791 (1935) /.

Seko, Bull, Chem. Soc. Japan, 9, 55 (1934). / C. A.,
28, 5730 (1934)_/.




TABLE I (Continued)

Heme of Compound H. P.O Reference
4=Hethoxydibenzofuran-l-

aldehyde 104-1086 4]
1-{4=-Methoxydibenzofuryl)

acetic scid 220 47
1~(4-Methoxydibenzofural)

acetic =cld 281-282 41

Q?-["l—(4aﬁethoxydibenzofuryl);7

propionic acid 177-178 41
)/1§;(4—ﬁethexydibenzofurylj7

butyric acld 165 48
1~(4,6-Dimethoxydibenzofuryl) o \

scetic acid 205,5-206.5 19 | Helwdsd )
1-HMethyl-2-acetoxydlibenzofuran 80-81 41
1-Methyl-2-hydroxydibenzofuran 155-136 43
1-Hethyl-2-methoxydibenzofuran 60-61 41
1~Nitro—é§§éinadihenzofuran 216 29
1-Nitro-4-sminodibenzofursn 219-220 27
1-Nitro-4-ethoxydibenzofuran 1356-135,5 24
1-Nitro-4-methoxydibenzofuran 155 24
1-Propenyl-2-hydroxydibenzofuran 94-05 25
1-Succinoyl-4-methoxydibenzofuren  224-225 48

47

Burger and Avakian, J. Am. Chem. Soc., 62, 226 (1940),

48
1944.

Avakian, Poctoral Discertation, lowe State College,
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TABLE I (Continued)

Name of Compound u. p.° Reference

Trisubstituted Dibenzofurans

1-écetamino—é%%adimethoxydi—

benzofuran 156-186.5 18
l-Acetamino-~4, 6~dimethoxy-

dibenzofuran 244245 18
l-Acetamino-2-nitro-4=-

methoxydibenzofuran 244 18
l-Acetyl-3, 4-dinethoxy~

dibenzofuran 90.5-91 1@
l1-Acetyl-4,6-dimethoxy-

dibenzofuran 178-172 19
1-4mino-3,4~-dimethoxy~

dibvenzofuren 162« 5-163 19
l-Anino-4, 6-dimethoxy-

dibenzofuran 182-182.5 19

l-Anino~2-nitro-4-methoxy-
dibenzofursen 206~-207 18

1-Benzeneszo~4,6~-dimethoxy~
dibenzofuran 170 19

1-Benzeneszo~-4-hydroxy-6-
methoxydibenzofursn 175 19

1-Bromo-3~-acetanino=-4-
methoxydibenzofuran 178~-179 18

l-Bromo=3-amnino-4-methoxy-
dibenzofuran 135-136 18

1-Bromo-2,8«dimethoxydibenzo-
furan 102-103.5 41

1-Bromno-3, 4-dimethoxydibenzo-
furan 108 19
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TABLE I (Continued)

o]

Hame of Compound . P, Reference
i-Brono-4,8~-dimethoxydibenzo~

furan 152 :éz;“
l=Bromo-3-hydroxy-4

methoxydibenzofuran 161~162 19
i-promo=-d-nltro~4~-methoxy-

dibenzofurean 140-.1861 18
1-Carbory-4,6-a1laminodl- 1552 apnT

benzofuran S 5% 41
L=Cerboxy-2,3-dinethoxydl-

benzolfursn 194185 41
1-Corbory-4, 5-1hydroxy-

gib e¢20¢ur“n 273=230 41

1, 3=Dibrono~4-nnethorydl-
benzofuran

Zy 6=-Dinethorydibenzofuren~

1-2ldehyde 153-1064 41
49

leithyl-2, d8=dihydroxydli-

benzoiursan 142-143 41
1-Ethyle?, 3=dinethoxy-

dibenzofuran 7172 41

=llethyl~2,8~dihydroxydi-

henzofursn 187-188 41
l-¥ethyl-2, 3=-dinethoxydi-

benzofuran 85-36 41
1l-Hethyl-2-hydroxy-8~aminodi-

nenzofuran hyérochloride 220 (dec.) 41
1-8uccinoyl-4, s-dimethoxy-

dibenzofuran 241242 48

49

Cook, Doctoral Dissertstion,

Towa Stote College, 1940,
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TABLE I (Continued)

Name of Compound

. P, Reference
Tetresubstituted Dibenzofurans
1-Bromo~7-g8uccinoyl-
4,8-dimethoxydibenzofuran 200-201 4]
48
1, 7-Dibroro-2, 8-diacetoxydi-
benzofursan 173-174 27
l;?—ﬂibromo~9,8~dihydroxyd1-
benzofuran 200-201 27
1,7-Dibromo~4, 6-dihydroxydi-
benzofuran 239-~240 19
1,35-Dibrono-4, 8~-dinethoxydi-
benzofursn 173.5-174 19
1,%—D1%ramo~2,B-dimethoxydi—
benzofuran 186-197 27
1,7-Dibromo-4, 8~-dimethoxydi-
benzofursn 167-168 19
1, 3-Dibrono-4-hydroxy-6-
methoxydibenzofuran 177178 19
1, 7-Dicarbome thoxy-2, 8-
dimethoxydlibenzofuran 128-130 27
1,7-Dimethyl-2, 8~d1hydroxy-
dibenzofuran 168-169 27
1,?—Dimethyl~2,S-dimethoxy-
dibenzofuran 106-107 27
1-Ethyl-7-brono-2, 8-dimnethoxy~
dlbenzofuran 116-117 41
l1-i{ethyl-7-bromo~2, 8~dinmethoxy-
dibenzofuran 1442145 41
l1-Hethyl-7-ethyl-2, 8~dimethoxy-
dibenzofuran plcrate 144-145,5 41
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Reactions Potentially Appliceble to Bridging
the 1- and 9-Positions of Dibenzofuran

Aside from the uncertainty surrounding the space re-
lationships of the 1- and S-positions of dibenzofuran, there
ia every reasson to believe, by anslogy, that 2 method for
bridging the l- and 9-positions might be found among the
many reactions observed in the literature. Cheney19 hes
covered the literature up to 1938, 8w1310wsky27 has sug-
gested a number of reszctions which might be applicable to
the derivstives of dibenzofuran erising from the compound
which was then thought to be 1,9-dibrono-2,8-dimethoxydi-
‘benzofuran. This section is devoted to resctions which have
bheen developed since thst time,

The advent of anhydrous hydrogen fluoride as & condens-
ing sgent hss resultéd in the additi~n of a nowerful new re-

50
apgent for cyoclization reactions with verious typee of scids:

et
[:jdﬁﬂ%mﬂmﬁ [:j’\@L
- cH
Ner z

0
Fleser end Hershberg, J. Am. Chem. Soc., 61, 1272
(1839).
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Other methods of cyclization have many limitations. One
of the most generslly useful procedures is an appllcstion of
the Friedel-Crafts reaction, which consists in treating the
scid in benzene, nitrobenzene, or chlorobenzene with ghes-
rhorbus pentachloride, followed by aluminum chloride.al The
use of thionyl chloride in place of phosphorous pentachloride
is even less desirsble because, if not removed before treating
with the condensing agent, unwanted side-reactions tske placa.sz
Stannic chloride can he used where a more reactive aromatic
nucleus is presemt.bs The acid chlorlide method has the dig~
advantage of gilving rise to tars snd products of dehydrogena-~
tion and has faliled comrletely in some cases, for exanmple,
with Y -(4-methoxy-3-biphenyl)butyric acﬁ.d.54 Cyclizstion by
heaeting the free acld or the acld chloride with the above
mentioned condenging agents seldom prroceeds smoothly. The
cyclization of (A ~naphthylpropionic acid with stannic chloride,
or\by heating the acid chloride with aluminum chloride, has
resulted in a dehydrogenation action.55

Cyclizetion of certain Y -aryl butyric acids has been

Brown, Blessing, snd Cahn, Ber., 57, 908 (1924).
" Fieser and Desreux, J. Am. Chem. Soc., 80, 2253 (1932).
8 Fieser, Hershberg, Long, and Newman, ibid., £9, 4756
Fieser and Bradsher, 1bid., 58, 1738 (1936).

Cook and Hewltt, J. Chem. Soc., 398 (1933).



eccomplished with phosphorous pentoxide in orgasnic solvents
such asg benzene or toluene,56 or in syrury phosvhorilc acid,57
but the method 1is not z general cone,

The method of cyclodehydrsticn with 85-25% sulfuric
acl&58 ig very desirsble since there is 1ittle tendency for
tar formotion, end 1% ocuite frecuently gives pood yilelds.
Often, however, much materisl 1ls lost by sulfonation. This
is particularly true when one tries to force the resction.

The catalytic cyclizetion with zine chloride in acetic
anhydricde hes been gpplied successfully to some sclds of the
type, ér(CHg)n*CGEH, giving ketones.59 Frecuently the acid
1s recovered unchasnged., The cyclizstion of a)/-arylhutyric
2cld with hydriodlc =2cid hss been reported by B. Robinson
end walkergsg

The use of anhydrous licuid hydrogén fluoride by Fieser
anﬁ.ﬁershbergso as an agent for cyclodehydration shows a
merked contrast with the sbove mentioned methods. In genersal,
the resctions were cerried out in an open platinum vessel in
a pood hood by dissolving the acild in commercl sl anhydrous

liquld hydrogen fluoride, without stirring of any kind, for

22 Haberiand snd co-workers, Ber., 71, 470, 2619 (1938).
o Koebner and R. Robinson, J. Chem. Soc., 1994 (1938).
. Haworth, ibid., 1125 (1932).

5«

?1@33? &nd Hershberg, J. Am. Chem. Soc., 53, 1028

H. Robinson and ¥alker, J. Chem. 80g., 183 (1938).
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& period of a few hours or overnight. Pure)/—phenylbutric
ecld gave puredd-tetralone in 92% yield and hydrocinnamic

ecld paveX-hydrindone in 72% yleld, whileo(-tetralone is
prepared only in poor yield by the sulfurlc acld method,and 61
C(~hyérindone cannot be prepared by the use of sulfurlc acid.
In the case of Y-(4-methoxy-3-biphenyl)butyric acid (I), no
cyclizatlion could be effected by elther the sulfurlce acid or
acid chloride method.54 However, there was no difficulty in

obtaining the ketone (II) with hydrogen fluoride.

OCH- oCH-,
et Hd), coHl “—"(\‘Q‘HL
el
~Q.r
H. A 0
I II

Anhydrous hydrogen fluoride seems to have little de-
structive effect on sensitlive products or upon starting
materials. Attempts to acylate several sromatlic hydrocarbons
with hydrogen fluoride znd orgenic aclds throw some light
on the sbrence of intermolecular condensztlon product® in
eyclodehydratione of this type. OFf the many aromatic hydro-

cerbons tried, condensztion was realized only with the very

61
¥. V. Miller and Rohde, Ber., 23, 1887 (1890).




-] -

active acenaphthene. Acetylation ylelded 94% of mixed
scetoacenaphthenes after treating with acetic acid and a
lerge amount of hydrogen fluoride for three days. Benzoyla-
tion resulted in a 62% yield after only two and one-helf
hours, Attempts to acylate benzene, naphthalene, anthrs-
cene, phenenthrense, 1,2-benzanthracene, and dihydrophenan-
threne resulted in fallure. All attempts to cyclodehydrate
the arylbutyric and propionic acids with hydrogen fluoride
have met with success,

Another agignificent discovery of Fleser snd Hershbergéo
is that hydrogen fluoride sometimes orients differently from
the parallel Friedel-Crafts reaction. The mixture of ace-
toacenaphthenes was shown to contein 25% of the previously
unknown l-acetoacenaphthene, while other methods of scetyla-
tion had produced only 3-ascetoacenaphthene., This tendency
could possibly prove useful in ring closure between the 1l-
and 9-positions when other reagents orlented differently.

In general, 1t can be sz2i1d that the usge of anhydrous
hydrogen fluoride is free of the tendency to form tars, the
chief disadvantzge of the Friedel-Crafts tyve of reaction.
In the case of two competing reasctions, where one 18 required
to overcome some s8tress, =8 is likely in bridging the 1- and
S~posgitions of dibenzofuraen, the other is likely to predominate.
It is evident from the work of Fleser and HershbergSo and
others that anhydrous hydrogen fluoride is slow to nromote

intermeclecular condensstion.



In 1539, Bredsher and co-workers introduced a serles
of reactions, slmiler in type, for the synthesis of phenan-
threne and ite derivatives from o-bromobiphenyl. Bradsher
and Rcshersg have prepared 9,10-substituted phenanthrenes

in good yields by the following serles of reactions:

é¢ﬁ¢ b o
V=58
AAC

o &

i
C—q

The ketone wes postulsted os the intermediate but wes never
1solated. The actual cyvclization is8 helieved to be =z
result of the dehydration of the enocl form of the ketons,

The ylelds in this type of rezction were as follows:

Alkyl redical Yield
R= ~CHz 2%
R= ~CHp-CHg 70%
R= phenyl 62%
Another method of preparing hydrocarbons wlth the
phenaenthrene nucleus was devised by Bradsher.63 By thils

~ Iredsher and Rosher, J. Am. Chem. Soc., 61, 1524

Bradsher, 1bid., 61, 3131 (1932).



method 9,10-cyclopentenophenanthrene and 9,10-cyclohexeno-
phenanthrene were prepsred in 30% yield, based on the ketone.
2-Biphenylmsgnesium bromide was treazted with the

sopropriate ketone, the carbinols were dehydrated with
potessium bisulfate, and the resulting l-(2-biphenyl)cyclopen-
tene~1 and 1l-(2~biphenyl)cyclohexene-l1 were oxidized with
monoperphthelic acid, with ultimete ring closure by reflux-

ing with hydrobromic acid and acetic acid.

O Oy G
Mg B — _
KHso O
ST
g ) .,

GO | Z ‘;l/\, Ho O
CeHy-C0sH =4 HOR
~ THAC “
B84

Gelssman and Tess heve carrled out a series of re-
actions for the preparstion of phenenthrene-9-carboxyliec
acid eand phenanthreneQQ,1O~dicarboxy11c acid anhydride from
2-zminobivhenyl which substantliates the theory of an enol

62
intermediate proposed by Bradsher and Rosher. This

&4
Geissmen and Tesas, J. An. Chem. Soc., 62, 514 (1940).




synthesis employs the following serles of resctions:
RNHE —> RCN ——> RCHZNHB-——‘> RCH,OH ———
RCH,Cl — RCH,ON ——> ROH,CO,(CoHp) —> R-CH-COoEL

\
R-C~CO,Et HBR COCOLEt
—_ 2 2

m —_—
HO~C—COEEt HAC
‘ B
R:—— e,
l\
~

That the ethyl 2«biphenyloxalylacetate exists to some extent
in the enol form is shown by the fact that it gives a pos-
1tlve enol test with ferric chloride. The ethyl 2-biphenyl-
oxalylacetste wes not 1solated in pure form but was refluxed
a8 gn oll with hydrobromic acid and glaclal acetic acld for
a2 perlod of twenty-four hours to effect the cyclodehydration.
The over-all yleld of phenanthrene derivatives in this case
is 80%, aB compsared to the yield of Bradsher and Rosher626f
72%. The olly residue, after separating the above acids, was
shown to be unrescted ethyl 2-biphenyloxalylacetate.

Bradsher and T88885 worked out another and somewhat
sinilar metrod of preparing 9-methylphenanthrene. None of
the yields proved to be exceptlonally good. 'However, the

65
(1939},

Bradsher and Tess, J. Am. Chem. Soc., 61, 2184



scone of this type of resctlion 1s indicated. By the addition
of the Grignard resgent of o-bromebishenyl to geveral derlve

cetone in the follovwing genersl procedure, Bredsher

o
C-.b
pese
<
e
]
o
s
o3
[@]

end Tess  were sble to obtsin S-methylphenenthrene in each

‘ N
\QHL S B/L 7 CHz
CHLX ffhc. I\

The finzl »in;y closure in this serles 18 brought sbout

by the use of Lhydrobhronlc acild and glacial etic acid. The

following table is a sumnary of the results of this paper,

I X % Yield
CHg- ~0CHy 30
** -G~ 32
g 004 gHo () 23
" -N (&t)g 10
u -C1 Z1
&5

In 2 later pener Bradsher  worked oub snother modifle-
ceblon of the shove urocedure. g—Q{»Hethoxyaeeto)blphenyl

wes prepared snd reduced to the zlcohol by mesns of aluminum

26
Predsher, J. An. Chem. Soc., 82, 2806 (1940).



isopropylate. The ring closure wss carried out, as usual,

with hydrobromic acid and acetic acid.

= [N ot 3
\ L &-cH. {1 ~CH ~aClh \
oclds z
S HBr .
“ AL T30pRrep’ N H Ac
| |
Y/’ o

The yield of pure phenanthrene from the method was 46%. The
author has suggested that g-bipheny lacetaldehyde might well
yleld phenanthrene under the same treatment.

Bradsher =znd Amor367 have obtained methylrhenanthrene
by 8till another method., The Crignard reagent from o-bromo-
biphenyl wse treated with acetone, the resulting carbincl
dehydrated with potassium bisulfste, and the lsopropenyl
derivative oxidized 1o the oxide with perbenzoic scid, where-
upon 9-methylphenanthrene wes formed after refluxing for a
few hours with hydrobromic acid and glsclal acetic acid. The
yield was 30% of the theoreticel, based on the amount of
g-bromobiphenyl used.

&7
Bredsher snd Amore, J. Am. Chem. Soc., 65, 2016 (1943).
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of the resgents used elther cyclodehydration occurs, or the
starting materials are recovered, except where neroxide
oxldetion 1s used. This indlcates thet there are no side-
reactions competing with the desired trend. Hence, this
type of rezctlon may well be considered a falr test of the
expected esse of bridging the 1- and S-positions of diben~
zofurean.

Kharasch, Nudenberg, and Fieldseg have worked out an
interesting synthesis of phenanthrene, using sodamide as g
condensging agent on o-dibromomethylbiphenyl, according to

the following reactinn?

B 8

!

CHy,  CH.

The yield of a very rure phenanthrene wsg 80%. This would
certeinly be an excellent method of bridging the 1- and 9-
positions should a 1,9-dibromomethyl derivative of dibenzo-
furan ever bhe realized, either by direct substlitution in the

dibenzofursan nucleus or by ring closure.

9 Kherasch, Nudenberg, snd Fields, J. Am. Chem. Soc.,
66, 1276 (1944).



Previous Attempts to Bridge

the 1- and 9-Positions of Dibenzofuran

The achievement'of a 1,9-bridze in dlbenzofuran has as

yet not been realized. However, various attempts have been
on 19 49 48
7made by Swislowsky, Cheney, Cook, Avakisn, Burger

47 70
end Avskian, and Yeoman.
Swlslowsky27 trezted 2,8~dimethoxydibenzofuran with
oxelyl chloride and aluminum chloride, and concluded that

his product had one of the following structures:

o 6
v_on
- Ll N
6-c=o
46— { ‘ %o, — ‘h/o
~C=o
\ <\_>‘<\ />
o X4 A Ye 2
8-Methoxybenzofuro- (5, 6- 2-Methoxybenzofuro~
b) benzofuran-2,3-dione (5,4~b) benzofuren-l,2-dione

Thie conclusion wes based essentislly upon the formation of

a derk red quinoxaline derivative with o-phenylenedizmine.
Several Interesting procedures were investigated by

Gheneyslg One of these was the treatment of 4-methoxydibenzo-

furan with zluminum chloride and A-chloroacetyl chlorlde

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

tive through an intramoleculer elkylation. Only l-chloro-

acetyl-4-methoxydibenzofuran could be isolated, in spite of

attempts to force the reaction, and no intermolecular

70 Yeoman, Doctoral Dissertation, Iowa State College,
1844,



condensgetion occurred. This compound 18 of interest, how-
ever, in thet 1t might be used to test the method of Brad-
sher66 in the field of dibenzofuran.

Cheneylg and Cookég also tried the Friedel-Crsgfts re-
action of 4-methoxydibenzofuran and 4,6~dimethoxydibenzofuran
with oxalyl chloride. Good yields of the dimoleculsar con-
densstion products, bi-(4-methoxy-l-dibenzofuroyl) and bi-
(4,8-dimethoxy-1-dibenzofuroyl), were obtsined. Three
attempnts to synthesize & 4,5-phenanthridene oxide derivative
from l-zcetamino-4,6-dimethoxydibenzofuran by means of the
Bischler-Napleralski reaction71 resulted in fallure.

The synthesls of 4,86-dimethoxy-l-dibenzofurylacetic
acld by Cheneylg afforded s promising compound for bridging
the 1~ and Q-positiené by the methods known at thet time.
One attempt with this compound, utilizing the Friedel-
Crafts resction with the acid chloride, ylelded an oil from
which no pure materlisl could be 1solated. Goek49 prenared
the same compound and geve 1t a thorough test, using sulfurie
acld, zinc chloride, and stannic chloride =8 agents for con-
densatlion. The desired results were not obtained, even
though conditions of time and tempersture were varied.

Cook49 attempted to form a seven-membered ring wlth a
three~-zton bridge between the 1~ and 9-positions of dibenzo-

furan by treating l-dibenzofurylmerceptoecetic =2cid with

1
Bischler and Napleralski, Ber., 26, 1903 (1893).



chlorosulfonic scid, acetlic enhrdride, and phosphorous
pentoxide,

Avekian48 hag attenmpted to nrepsre a derivative of
dibenzofuran with an elight-menmbered ring Iinvolving the 1l-
end 9-positions by cyellzation of })'-(4-methoxy-1l-dibenzo-
furyl)butyric scid in 88% sulfuric acid and Y-&,6-dimethoxy-
1-dibenzofuryl)butyric =cid, usinz stannic chloride on the
acld chlorlde. In each case 2 ketone wes obteined. Although
nothing 1s known about the latter compound, Avakisn has
oxidized the resulting 1,2, 3,4 tetrehydro-7-methoxy-l-oxo-~
cyclodcts (klm) dibenzofuran to the dibasic zcid anéd found
it to be different from snother dlbasic ecid of 4-methoxydl-
benzofuren, which might poseibly be 1,2-dlcarboxy-4~-methoxy
dibenzofursn. Thet one of the cerboxy-groups of this compound
i1a in the l-position is questionable since the only evidence
g thst of analopy. X -Bromo-4-nethoxydlibenzofuran wes
brominated, and it was essumed that the bronminstion involved
the l-position since succlnoylation wes definlitely shown to
involve that position.ég This 1,2(?)-dibromo-4~methoxydibenzo-
fursn wes converted to the corresponding 1,2(?)-dlacid by halogen—
metsl intereonversion with n-butyllithium and carboneticn of the
resultving lithic derivative.

Yeomanvo prepared the disldehyde from the compound that
was thought at that time to e 1,9-dibromo-2,8-dimethorydl-

benzofuran and trested this compound with hydrazline and



p-phenylenediamine, but could isolate no pure crystalline
meterial,

Burzer and Avakian47 have prepsred 4-methoxy-l-dibenzo-
furylccetic =zcid end tried severnsl methods for its cyclode-
hydration to & derivative of methylmornhenol. The resgents
tried were concentrzted sulfuric zcid, 88% sulfuric acid,

anhydrousg lilquld hydrogen fluoride at room tempersture, and

gtannic chloride. 1In no case was the expected phenolic pro-

duct obtained,

cO M

: ok
CH
N o/ ocCly S0/ o,

This paper records the first attempt to use hydrogen fluoride

in bridging the 1- and 2-positlons of dibenzofuran.
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EXPERIMENTAL

The intrelinment Monobrominstion of Z-Aminodibenzofuran

Four gsrams (0.0218 mole) of 2-aminodibenzofuran, pre-
pared according to the dlrections of Bywater,ll wag dlssolved
in 100 cc. of glsclal =zcetic acid in & 250 cc., three-necked
flesk, The flesk wes equinned 7ith a motor-driven stirrer,
en inlet tube of 12 mm, dlameter, placed beneath the surface
of the solution, and an outlet tube arranged to trap any
esc aping hydrogen bromide. Two grams of sodium carboncte
wes added to avold the formetion of amine hydrobromides.
Three and three-tenths grems (0.0218 mole) of bromine was en-
trained by passing a slow stream of air over the bromine in
e smell Erlenmeyer flask end was then introduced through the
inlet tube beneath the surfsoce of the repidly stirred solu-
tion. The stream of alr was adjusted so thst three and one-
helf hours were required to introduce &ll of the bromine.

After the addition of a2ll of the bromine the solution
was diluted and filtered, ylelding four grems of material
melting mainly between 100° and 1140. A smsll portion was
found to be insoluble in methanol and was filtered from the

hot solution., Reecrystallization of this insoluble portion from

a lsrger volume of 95% ethanol ylelded 0.5 g. of product



melting at 180-181°. A mixed melting point determination
showed 1t to be ildenticel with the dibromo-2-sminodibenzo-
furen prepared by John R. Thirtle58 by the dibromination of
Z~-aminodibenzofuran. The main body of material crystallized
from the methanol solution. After two purifications fronm
the same solvent 1.75 g. (30.7%) of a monobromo-2-sminodi-
benzofuran melting at 120-121O was obtained.

Ansl. Celed. for CqoHgON Br: E@i 5.52.

Found: gi, 5.31.

Deamination of 1-Bromo-2-aminodibenzofuran

The hydrochloride of 0.5 g. (0.0019 mole) of monobromo-
Z-eminodibenzofursn wes prepared by bolling with 6 cc. of
concentrated hydrochloric scid in 75 cc. of water, On cooling
in an 1ice-bath the amine hydrochloride crystalllzed as filne
needles. To this suspension of the hydrochlorlde 0.138 g. .
(0.0019 mole) of sodium nitrite dissclved in 10 cc. of water
at;Oo was added dropwise with stirring. After one-half hour
the hydrochloride went into solution as the slightly yellow
diazonium sslt. Then 4 cc. of 50% hypophosphorous acid was
added to the cold solution and the mlxture was allowed to
atand in the ice brx for twelve hours whereupon a tan pre-
cipltate formed. The precipitste was dissolved in & minimum

of petroleum ether (b.p., 60—880) and filtered to remove an
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insoluble brown portion., Cooling in an icebox gave prisms
whicﬁ, after two subsequent »urificstions, melted at 64—650.
The yield wee 0.2 g. or 50% of the theoretical.

A mized melting voint of the sbove product with an
suthentic samnle of 1-bromod1benzofuran25 wasg not depressed.
Thus, the monobromo-2-ocminodibenzofuran can be designated

1-brono-2-anincdibenzofuran if the probability of hetero-

nuclear substitution in the 9-position ia walved.

Honobromination of l1-Bromo-2-aminodibenzofuran

To 0.7 g. (0.00267 mole) of l-bromo-2-eminodibenzofuran
dilssolved in 40 cc. of glaclal ascetlic acld was added dropwise
with stirring 2.67 cc. of a molsr solution of bromine in
scetic aclid. A product began to settle out before all of
the bromine had been added. After the addition of all of the
bromine the flazsk was heated to dissolve the precipitate and
then 2llowed to cool, Seven-tenths of a zram of needles
melting at 180-181° formed. The yield wes 76.5%.

A mixed melting point of this meterisl with the dibromo
derivetive of 2-amlnodibenzofuran prepared by Thirtlesg was

not depressed. This demonstrates thet one of the bromine

atome in thls dibromo-2-~-aminodibenzofuran 1s in the l-position.
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Preperstion of 2,3-Dihydroxydibenzofuran

This procedure 1s essentially the same as thet used by
Swislowskyzv and 18 included for the sake of recording certain
modificetions which have made the preparation less difficult,

Three hundred grems (0.915 mole) of 2,8-dibromodibenzo-
furan (student vrep.) was thoroushly dried and pulverized in a
large mortar. It 1s essential thot the pulverlzing step be
done very carefully to ascertalin that the materisl be well
suspended in the fuslon mixture later on., To thls powdered
mzteriel was added 500 g. of commercisl flake sodium hydroxide,
Ninety grams of copper sulfate in 200 cc. of water wes then
sdded with stirring. Then 70 g. of copper-bronze powder was
stirred 1nfo the pzste until the color was uniform. There was
& considereble evolution of heat when the water contacted the
sodium hydroxide. The consistency &t this point should be &
thick paste to assure minimum settling of the ingredients.

The reaction mixture jJjust filled sz 800 cc. copper besker,
which wes placed in an electricslly heated homb at 2400 for
twelve hours. The besker was removed and its contents trans-
Terred before coolinz to three or four liters of water. The
weter was wermed to agsure comnnlete solutlon of the phenolic
meteriels. When a copper mat wes used to avoid settling, the
extractions became tedlous. The sodium salt solution was

filtered, decolorized with charcosl, and then precipitated.
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The method of purificstion of t?e crude product was
egsentlally thst of Swislowsky.kv e yields varied fronm
80 g. to 92.8 g. (55-404) of pure 2,8-dihydroxydlibenzofuran.
The yield of 2,8-discetoxydibenzofuran reported by Swislow-

s
gky wss 39.7% based on the 2,8-dibromodibenzofursn used.

Prevparctlion of l-Bromo-2,8-dihydroxydibenzefuran

This method is & nodificotion of thet ennloyed by
70
Yeoman.

Twenty rrzms (0.10 mole) of 2,8-dihydroxydibenzofuran
znd 200 ce. of glselsl acetic zcld were nlzced in e 500 ce.
threc-necgked {flcek, The flesgh wes eoulpped with an =2ir-
tizht stirrer with emooth =2etion., Sixteen grams (6.1 mole)
of bromine wes entreined in s stream of sir and passed into
the spece above the solutlon, A vniece of 17 mn. tubing
wlth a bulb-trap ettached wes fitted tightly into the flask

with e rubber gtonper snd berely lmmersed into the stirred

el

olution, thus sllowing the air to escane enly aftsr 211 of

b

h

(@]

bremine had been =zbsorbed ~n the surfzce of the solu-

tion., The escape tube cen be adjusted to allowvthe escap~

ing 28 to bubhle rother smoothly. The flow of air was
2djucted to one or two bubbles every second (28 shown by & sul-

ric acld hubbler).

]
-

The entrainment unit wass o flagk with an inlet tube
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cloge to the bromine snd sn all-gless connection to the
three-necked flagk. The addition of bromine required six

to seven hours. The free flow of g=8 was occasionally
hlocked in the dellivery tube by the form~tion of s red
crystalline matsprlal which was most likely zn addition com-
pound between bromine ond acetic ecld. It decommnses in
contact with bromine-free air. After the bromine hsd all
passed throuzh, the solution was diluted to two 1ilters and
the crude =r»oduct f1ltered. This materisl d1d not nurlfy by
erystallization from azcetic 2clid and weighed 28 3. (theoreti-
cel weizht). The crude nroduct m:8 purified through the

dlscetoxy derivative.

Preperetion of 1-Brone-2,8-dizcetoxydibenzolurs

To 28 g. (0.1 mole) of crmide 1-Lromo-2,8-dlhydroxy-
dibenzofuren wes added 80 o2, of scetic anhydride and & few
dropsg of concentrated sulfuric szeld. The evolution of heot
wes immediste, The mixture wes refluxed for fifteen minutes
snd then trected csutlously with water to decompose the
excess zcetlc anhydride snd then further diluted snd filtered,
The ultimete purificstion required fronm two %o six crystal-
lizationsg from a 30% mixture of toluene in petroleum ether
(bep., 60—860),&nd the ylelds of l-bromo-2,3-&lacetoxydibenzo-

70
furan varied from 7.5 g. to 14 g. (20% to 60% of the
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theoretical). However, 2 yield of 30% was more often the
case., The product melts o% 143—1450.
Hethylation of l-Bromo-2,8-dlecetoxydibenzofuran

To o cooled solution of 59 p. (0,183 mole) of l-bromo-

2,8-discetoxydibenzofuran in 380 cc. of methanol and 850 cc.

4

of methyl sulfate w8 slowly added 40 g, of sodium hydroxide

in 80 cc. of weter. The temnerature wee kent below the holl-

ine noint of methanol in an ice-bath, Yhen the main reactlon

-

wnpesred to be comnlete, the miviture was gheken for ten

?D

minutes and then dlluted snd £11%tsred. Reecryetalllzetion
from 9545 ethanel yielded 32 g. (789) of pure l-bromo-2,8-

70 o]
dimathoxydibenzofuran melting et 102-103 .

Prensretion of 1-Bromo-2,8-dimethoxydibenzofuran
by Vacuum Dilstillstion ~»f Methylsted Crude
1-Bromo-2, 8~-dihydroxydibenzofuran

Gince lerge cuantities of l-bromo-%2,8-dimethoxydibenzo-
fursn vere nceeded, & method for obteining better ylelds was
sought.

Twenty grems (0.1 mole) of 2,8-dihydroxydibenzofursn was
monobrominated by the entrainment method in the usuel manner
(Pape 37)e  The crude l-bromo-2,8-dihydroxydibenzofuran was

digsolved In 200 cc. of water and 10 g. of sodium hydrcexide.
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To this repnidly stirred and refluxing solution 40 cc. of
methyl sulfate wns added dropwise. Heating and stirring was
continued for one hour after the addition of the last »ortion
of methyl sulfate. Ten grams of sodium hydroxide was then
sdded and heating was continued for ten minutes to assure the
complete destruction of the excess methyl sulfate., After
coeiing, the solld product wes filtered, washed with water,
and thoroughly dried.

This crude product was distilled at 182—1840/1 nm.
Crystallization of this meterial from 160 cc. of ethanol gave
17 g. (55%) of smsll necdles melting at 101-103 .

In one run a yield of 80% of the theoretical was obtzined
(bzsed on the amount of 2,8-dihydroxydibenzofuraen used),

Preparation of l-Hethyl-2,8-dimethoxydibenzofuran

To 32 g. (0.127 mole) of l;bromo-z,B-dimethoxydibeﬂzo-
furan in 250 cc. of sodlun-dried benzene wss =z6ded 0,127
mole of n-butyllithium in ether solution. This entire process
was carried out under nitrogen. There was sgome evolution of
hest during the addition of the organometallic compound.
After twelve minutes wlth ranid stirring 25 cc. of methyl
sulfate in 50 cc. of ether was added dropwlse with considerable
evolution of heat, After sbout one-helf of the methyl sulfate
had been added, a whlte »reclpitate began to settle out, The



solution wase stlrred and refluxed for an additi-nal four
hours and then sllowed to stend overnight. At this time
the color test72 for an organometalllc compound was negative.
The solutlion wes filtered free of the gray-white pre-
cipitaete and washed with 2 10% solution of sodium hydroxide
to remove excess methyl sulfate. The soclution was then dried
over sodium sulfate and the solvents removed by distillation.
The amber liquid resldue soon solidifled when placed in a
crystallizing dish. The totsl product was dlssolved in 5O
cc. of 95% ethanol and cooled slowly. The solution was
finally cooled in the icebox. The yleld of crystals melting
et ?7-850 wes 20 g. (66%). After two crystallizatibns from
95% ethenol there were 17 g. (56%) of nure 1—methyl-2,8—(?%
dimethoxydibenzofuren melting at a5-86°, '
Ansl. Celed. for CpgHyOs: C, 74.5; H, 5.80.

Found: (, 74.3; H, 5.91,

-

Demethylation 6f l-Methyl-2,8-dimethoxydibenzofuran

Twelve grams (0.056 nole) of l-methyl-2,8-dlmethoxydi-
benzofuren wes refluxed for 8 hours in a mixture of 35 cec., of
glaclal scetic acid and 40 cc. of 47% hydrobromic acid. The
ecetic acid solution was diluted and cooled overnight in the
lcebox. The crude yileld rapresented 974 of the theoretical

72
Gilman and Schulze, J. Am. Chem. Soc., 47, 2002 (1925).
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end melted at 183»1870. One purification from 33% ethanol
yielded 10 g. (934) of pure l-methyl-2,8-dihydroxydibenzo-
furen melting at 187-188°.
Angl., Calcd. for 015H1005: C, 73; H, 4.67.
Pound: (, 72.2; H, 4.67.

Preperstion of l-Methyl-2-methoxydibenzofuran

The 1-bromo-2-methoxydibenzofuran used in this experi-

ment wes prepared according tc the directions of P. R. Van-

26

EB8E.

To 4.7 £.(0.0154 mole) of l-bromo~-2-methoxydibenzofuran
in 75 cc. of dry benzene under an atmosphere of nitrogen was
added 0.0154 mole of n-butyllithium. The exact quantity of
the organometzlllic compound used wes determined by the double
titration method of Gilmsn and Haubein.7 There wz8 an
immediste evolution of hest with the development of e alizht-
ly reddish color. After 10 minvtes of vigorous stirring 10
cce of methyl sulfete was added dropwise. The addition was
carried out as revnidly as the condenser wag 2ble to handle
the refluxing solvent. After two hours of stirring snd sub-

gequent etanding overnizht, the white preciplitate which formed

on the gddition of methyl sulfste was filtered. The filtrate
73
(1944).

Gilmen and Heubsin, J. An. Chem. Boc., 66, 1515



wes washed with 2 104 sodium hydroxide solution and then
with water. Eveporaztion of the solvent by distillatlon,
efter drying over sodium sulfate, ylelded an oil which soon
solidifled. The crude product was tasken up in petroleum
ether (b.p., 60-860) and after two subsequent purifications
from the same solvent yilelded 2 g. (61%) of pure product
melting at 60—610.
Anel. Caled. for 614H1202: C, 79.2; H, 5.67.
Found: C, 79.1; H, 5.73.

Demethyletion of l-Methyl-Z-methoxydibenzofuran

The demethylation of l-methyl-Z-methoxydibenzofuran
wzg effected by refluxing 1.5 g. (0.007 mole) of this
maeteriel in a mixture of 10 cc. of 47% hydyobromic acid and
10 ce. of glacial acetic acild for 10 hours., 0On dilutlon the
product ceme down &s zn oll, but soon solidified. Recrystal-
lization from petroleum ether (b.p., 60-86°) geve 0.9 g.

A o 7.

(68%) of needles melting &t 135-136 .  The crude yield of
o

product melting at 130-1356 wse 95%.

Found: C, 78.5; H, 5.00.
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Acetylation of l-Methyl-2-hydroxydibenzefuran

In zccordence with the genersl method of acetvlating A U;
phenols, 0.7 F. (0.0035 mole) of l-methjl-aﬁgutnoxydibanzo— :
furen wzs refluxed for -ne-helf hour with b cc. of acetic
anhydride znd two drops of concentrated sulfuric acid. Two

recryatellizetions from metroleum ether (b.p., @0~86°) vielded
cryatels melting st 80~81 + The yield was 75% of pure l=-
methyl-2-acetoxydibenzofuran. |

This material was acetylated in order to compare it
lzter with a sample prepared from the product of deamination
of l-nmethyl-2~hydroxy-8-aminodibenzofuran.

Anal. Calecd. for Clsﬂlzobz ¢, 75.1; H, 5.00,

Found: €, 75.6; H, 4.9.

Bucherer Resctlon with l-Methyl-2,8~dihydroxydibenzofuran

A mixture of 1.54 . (0.0072 mole) of l-methyl-2,8-
dihydroxydibenzofursn, 7.5 . of sodium metabloulflte, 15
ce. of water, and 1B cc. of concentrated ammonium hydroxide
was 8ezled In a Carius tube. The tube was plsced in an
electricslly hested oven ot 180O for twenty houra. When the
tube wes cooled and opened, beautiful white crystals were
found. These were filtered &nd dissolved in a dilute solu-

tion of hydrochloric acid. A small amount of insoluble
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matter was filtered off and the amine hydrochloride
sllowed to crystellize. The aminé 8sslt began to decompose
at about 2200. The yleld of l-methyl-2-hydroxy-8-amino-
dibenzofuran hydrochloride wes 1.2 g. (68.59). ‘

Found: N, 5.59,

Deaminatlion of l-Methyl-2-hydroxy-8-sminodibenzofuran

The amine hydrochloride (1.1 g. or 0.00428 mole) wes
dissolved in 50 cec., of water and 2 cc. of concentrated
hydrochloric acid. Then 0.37 g. (0.00428 mole) of sodium
nitrite in 5 cc. of water wss added to the above cooled
solution in & dropwise manner wilth repid stirring. An in-
soluble orsnge-yellow diazonium sslt formed. The suspension
was 8tirred for one hour to iInsure complete diazotization,
and then 5 cc. of 50¢ hypophosphorous acid was added. The
flask was then placed 1n the ice-box for 50 hours after which
1t showed 1little chsnge in sppearance. Some reactlon appesared
to ocecur after the mixture hed stood for four hours 2t room
temperature. The flask wos finelly heated for 15 minutes on
e steam-bath. The brown »nroduct which formed wes filtered
and found to weigh 0.75 g. in crude form. The purification
wes carried out by acetylating this crude materisl in 9 co.

of acetlc anhydride 2nd two drops of concentrated sulfuric
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gcid. This solution was heated on the steam bath for 20
minutes, and the excess scetic anhydride wes destroyed with
water. Dilution yvielded an oill which resisted attempts at
purlfication. & microvacuum dlstlllation yilelded 0.3 g. of
materiasl which sclidifled rezdily and melted st 61—740.

Three subgsequent crysteillzetions from petroleum ether (b.p.,
60-858°) vielded 50 mg. of materiel melting sherply at 80—810.
Trnig product was ldentified as l-methyl-Z-ccetoxydi-
benzofuren by & mixed melting point (80-81°) with an suthentic

41

ample  prepared for this purpose from the Ynown 1-bromno=2-
i Bre; puIs

25
methozydibenzofuran,

Preparstion of 1-Ethyl-2,8-dimethorydibenzofuran

To 46 ¢. (0.150 mole) of l-bromo-2,8-dimethoxydibenzo-
fursn in 200 eé. of dry thiophene-freec benzene under azn at-
moephere of nitrogen was added 0.150 mole of n-butyllithium in
ether solution. The concentretion of p-butyllithium wes
determined by the double t1tration procedure of Gllman and
Haubein.?5 The interconversion requlred shout ten minutes
and gave 2 reddish color. Then 40 cc. of freshly distilled
ethyl sulfete (b.p., 67°/1 mm.) wes sdded dropwise a8 rapldly
g8 the rate of reflux would »ermlt. The usunl white precipi-
tate began to form at once. The solutlion wes stirred for

one hour after gll of the ethyl sulfate hed been added =nd
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wa8 then filtered., The white preclpitate was washed with
benzene to extract every possible itrace of product, The
excess ethyl sulfate was destroyed by washing the filtrate
with a 10% solution of sodium hydroxide, and it was then
washed once with water. After drying over sodium sulfate
the solvent wes distilled and the residue plsced in & crys-
tallizing dish.. Since no crystallization could be 1lnduced,
the materisl wes distilled under vecuum. Four fracticna
were taken at 50 intervels between 1'?0O end 190° under 1 nm.
of pressure. The first and second fractions (b.p., 170~
1‘?5G and 1?5-1800) 5011diflcd at once and crystallization
from 95% ethanol yielded 7.6 g. (20%) of pure l-ethyl-2,8-
dimethoxydibenzofuran. No pure crystalline materisl could
be isolated frow the two hirher bolling fractions.,

Anal. Caled. for 31631505’ C, 75; H, 6.36.

Found: C, 75.2; H, 6.42.

Demethylation of l-Ethyl-2,8-dimethoxydlbenzofuran

A mixture of 7.6 g. (0.0297 mole) of l-ethyl-2,8-di-
methoxydibenzofuran, 30 cc. of giacial acetlc acid, and 30
cc. of 47% hydrobromic scid was refluxed over a hot-plate
for 8 hours. Part of the vroduct oiled out on dilution %o
400 cc., and crystals formed from the solution after 1t head
stood 1n the icebox overnight. In splite of the high melting
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point, the product persisted in coming down a8 an oll when
recrystallized from 50% ethanol. The yield of pure l-ethyl-
2, 8-d1hydroxydibenzofuren melting at 142-143° wes 3.9 g.
(57.735).

Anal. Calecd. for C14312°3‘ C, 73.4; H, 5.68.

Found: C, 73.8; H, 5.90,

Bromination of l-Methyl-2,8-dlhydroxydibenzofuran

An gttempt to monobrominste l-methyl-2,8-dilhydroxydl-
benzofuran by the dropwise method resulted only in the
formetion of a compound melting at 191-1920, with the re-
covery of some stearting msteriasl. Analysis of thls compound
efter methylation showed thst dibrominstion had teken place.

Anal. Calcd. for 013H802Br?: Br, 44,53

Found: Br, 44.3.

The monobrominstion of l-methyl-2,8-dihydroxydibenzo-
furen wes acconplished through the method of entrslnment
brominstion. The spparstus used was the seme as that em-
ployed in the monobrominstion of 2~-aminodibenzofuran (see
Page 33). To 4.0 g. (0.0175 mole) of l-methyl-2,8~dithydroxy-
dibvenzofuran dissolved in 50 cc. of glaclael acetic acid was
introduced, in a2 stream of alr, 3.33 g. of bromine. After
gll of the bromine had bheen Iintroduced, the solution was
diluted and Tiltered. Methylation of this mixture was accom-

plished by diesolving it in 50 cc. of water contsining 2 g.
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of sodium hydroxide, To thls solution 10 cc. of methyl
sulfete wos zdded with repnid stirring, znd the mixture was
then refluxed for »ne-half hour. On cooling the product
8011dified end wes filtered. This meterisl was tsken up in
the minimum of acetlc acid and allowed to cool, yielding 1.3
g. of product melting =t 191-1920. Thiis was shown to be
identlcel with the dibrominntion nroduct sbove. The mother
liquor wes concentrated and the crystels formed were further
purified in scetic acid to yield 0.5 g. (8.3%) of needles
melting at 143-1450. Later work indicates thst this compound
is probebly l-methyl-7-bromo-2,8-dimethoxydibenzofuran.
Anal, Calcd. for CygHys0zBr: Br, 24.9,

Found: Br, 25.19.

¥onobromlnation of l-Ethyl-2,8-dlhydroxydibenzofuran

To 4 o {0.0175 mole) of l-ethyl-2,8~dlhydroxydibenzo-
furan in 50 cc. of acetic acld wes zdded 2.80 gz, (0.0175
mole) of bromine by the method of entrainment described for
the prepsration of l-bromo-2~sminodibenzofuran (sce Page 33).
The acetic acid solution wass diluted and filtered. The crude
product was taken up in 40 cc. of a 5% codlum hydroxide solu~
tlon, and %o this solutlion wss added 10 ce. of methyl sulfsote
in the usuel dropwise menner, The mixture was refluxed for

one~half hour and cooled, The product solidified =nd was
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filtered. Four crystallizations from ethanol yielded 1.0 g.
(17%) of a pure product melting et 116-117°.
Anal. Caled., Tor Cl'f:‘HlbOSBr: BI‘, 25,0

Found: Br, 25.5,
By anslogy with the moncbrominetion of l-methyl-2,8«
dihydroxydibenzofuran, this compound 1is provislonally desig-

nated as 1-ethyl-7-brorno-2, 8-dlmethoxydibenzo furan,

Preparztlon of 1,7-Dlimethyl-2,8-dimethoxydibenzofuran
from l-Methyl-7-bromo-2,8-dimethoxydibenzofuran

A B0 ml, thres-necked flask wes thorcurhly dried =nd
swept out with nitrogen. A solution of 300 mg. (0.000932
30le) of l-methyl-7=brono-2,8-dimethoxydibenzofuran in 10 cc.
ol thoroughly dried thlophene-free bhenzene was Introduced,

To this sclution 0.0012 mole of n~butyllithium in ether was

o

added. 7Thls is a s8lipght excess. After ten minutes of rapld
stirring, 0.5 cc. of methyl sulfste wes added quite rapldly.
After three hours, with stirring, the vhite precinpltate was
Tiltered snd the filtrate aghed with 5% sodium hydroxide
golution., The solution was washed cnce with water and then
cried over sodium sulfate. Removal of the solvent yielded

an o011l which melted at 75~900 after solidification., Four
recryetallizatione from 954 ethanol yielded 25 mg. of plate-’

3]
like crystals melting ot 104-108 .



A mixed melting point of this material with the conm-
pound desipnated as lié;dimethyl—z,8—d1methoxyd1benzofuran
by 8ilmsan, Swiss, Willis, and Yeoman74 showed no depression.
This demonstretes thet the step-wise introduction of bromine
involves the seme positions as in the case of the direct

dibrominstion.

Preperation of l-Methyl-7-ethyl-2,8~-
dimethoxydibenzofuran in the Form of the Picrate

To 300 mg. {(0.000932 mole) of l-methyl-7-bromo-2,8-
dimethoxydibenzofuran in 10 cc. of dry benzene in s 50 ml.
three-necked flask under en atmosphere of nitrogen was added
0.000932 mole of n-butyllithium in 1.55 cc. of ether. Ten
minutes with rapid stirring was allowed for the intercon-~
verslion, end then 0.66 cc. of ethyl sulfate wes added drop-
wise. Stirring was continued for one and one-half hours.
The greylsh precipitate wes filtered and the excess ethyl
sulfate destroyed by washing the benzene solution with dilute
sodium hydroxlde solution. The oll remalning after removal
of the solvent would not solidify on cooling., Attemnts to
purify from 95% ethenol were fruitless,

The totel solvents were removed and the residue taken
up in the mini-um of chloroform. Then 0.001 gm. of plcric

74

Gilman, Swiss, Willls, and Yeoman, J. Am. Chem. Soc.,
66, 798 (1944).




acid in 1 ce. of hot chloroform was added to the chloroform
solution of l-methyl-7-ethyl-2,8-dimethoxydibenzofuran. The
solution immedlately turned red, and red needles formed on
cooling. The crude picrate melted at 125-1380. Four addi-
tional purificetions from chloroform ylelded 20 mg., of the
pure pilcrate melting at 144-145,5",

Ansl. Calecd., for C

Anzsl o5l

N N, 8.42.

210103

Found: N, 8.3.

Attempted Prepsration of l-Ethyl-7-methyl-2, 8-
dimethoxydibenzofuran

This resction was carrled out simulteneously with the
previoug preparation, using the same reagents and n-butyl-
1ithium sclution.

An ether solution of 0.0012 mole of n-butyllithium was
added to 300 mg. (0L00M32 mole) of l-ethyl-7~-bromo-2,8~di-
methoxydibenzofuren in 10 cc. of dry benzene, After filtra-
tion the solution was washed in the ususl manner with sodium
hydroxide and water. After removsel of the solvent the residue
T=iled to sa6lidify. All attempts to induce crystallizstion
met witﬁ faellure.

Hence, an attempt was made to prepere the picrate. A
red color formed immediately in chloroform solution, but
prolonged efforts feiled to produce anything but a dark red
oil.
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Thie entire procedure was repected with similar re-
sults, It is possible thet the plcrate is a very low melt-

ing so0lid or an oil.

Metalation of 1l-Methyl-2,8-dimethoxydlibenzofuran

It wag thought thet the metslation of l-methyl-Z,8-
dimethoxydibenzofuran mirht involve the some position as in
the brominstion of l-methyl-2,8-dihydroxydibenzcfuren. This
would heve faclilitated the preperstion of l-methyl-7(?)-
ethyl-2, 8~dim~thoxydibenzofursn,

8ix greme (0.0248 mole) of l-methyl-2,8-dimethoxydibenzo-
furan was disgolved in 125 cc. of sodium~dried ether and
placed in a 250 cc, three-necked flask equipped with a stirrer
znd attached to a nitrogen trzin. To this solution 0.0248
mole of p-butyllithlum wss added, and stirring was continued
for elight hours. The solution turned orange after a few
minutes wilth the formstion of en orange preclpitate bhefore
the nmetalation wes complete., Ten cc. of nethyl sulfate wes
added dropwise and the mixture stirred for one hour. The
vrecipltate wes filtered. The sthor solution wes washed
once with sodlum hydroxide and once with water. The residue,
after evaporation of the ether, was tsken up in 95% ethanol
from which 1t oiled out on cocling. The mother llquor after
stending ylelded ~hite needles which melted at 129-1310. The
yield of product meltins at 129-131° was 1.4 g. (22%). No
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other product could be isolated.

Found: C, 74.7; H, 6.21.
This compound may be elither 1,9~ or 1,7-dimethyl-2,8-

dimethoxydibenzofursn.

Monobromination of 2,8-Dimethoxydibenzofuran

Twelve grams (0.0526 mole) of 2,8-dimethoxydibenzofuran
wasg dlesolved in 250 ce. of glaclal acetlic acld and 8.4 g,
(0.0526 mole) of bromine wers 2dded to the ranidly stirred
solution by the entrcinment method,

After a1l of the bromihe had passed over, the solution
was diluted with water 2nd filtered. An attempt to dissolve
thig crude materlal showed that = portion of it was fairly
insoluble in slcohol. Thig insoluble nortion was filtered
znd resolved by crystallization in acetic acid into two
products melting at 196-197° snd 262-263°. Thesc were
shown by the method of mixed melting points to be identical
with the products ohteined hy Swislowsky27 in the dibromina-
tion of 2,8-dimethoxydibenzofuran.

The alcohol filtrate was concentrated and cooled in
the icebox. Three crystellizations of the product which
came down ylelded 1 g. (6.2%) of needles melting at 115~1160.
A mixed melting point of this meterisl with the product



38
obtained by Thirtle in the debromination of the suprosed
1,2=-d1bromo-2, 8-dinethoxydlibenzofuran showed nc depression.
38
Analysis by Thirtle shows that this compound is a mono~-

bromo-2, 8~-dimethoxydibenzofuran.

Monobromination of 3-Bromo-2,8-dimethoxydlbenzofuran

To 0.55 g. (0.00178 mole) of 3-bromo-2,8-dimethoxy-
dibenzofuran in 20 cec. of glaclal acetic acld was added 1.8
cc. of & l-molar bromine solution in & dropwise manner. The
product crystsilized from the vigorously gtirred solution
before =211 of the bromine had veen asdded. The solution was
cooled and filtered. Thies crude »roduct melted at 196-2600.
Four crystellizations were carried out In acetic acid, glving
150 mg. of pure crystals melting at 262-2630. A mixed melt-
ing point of this meterizl with zn authentlc sample of 3J,7-
dibromoﬂz,S—dimethoxydibenzofuranaV' 57 showed no depression.
This identifies the monobromo derivetive of 2,3-dimethoxydi-
henzofuran as 3-bromo-2,8-dimethoxydlbenzofuran.

The mother liquors from the first and second crystal-
lizations above were concentrated and found to yleld, on
subsequent recrystellization, 50 mg. of needles melting at
196—1970. A mixed melting point of this materisl with a
sample of the supposed 1, 9-dibromo-2,8-dimethoxydibenzofuran

27
prepared by Swislowsky showed no depression.



The identity cf these two compcounds establishes the
fact that the compound previously designated sg 1,9-
dibrono-2,8-dimethoxydibenzofursn is either 1,7- or 1,3~

dibromno-2, 8~-dimethoxydibenzofuran,
Honobrominztion of 1-Bromo-2,8-dimethoxydibenzofuran

Seventy milligrams (0.000228 mole) of l-bromo-2,8-
dimethoxydibenzofuran wze dlesolved in 10 cc. of gleeiszl
scetlc acid and to this solution was added 0,228 cc,
(0.000228 mole) of = molar solution of bromine in glacial
acetic ecid. The vproduct was crystallized from the
seme acetic acld by redissolving and cooling to Oo. The
yield of pure 1,7-dibromo-2,8-dimethoxydi-
benzofuran melting at 196-—19’70 was 80 mg. (93%).

A mixed melting point wilth an zuthentlc sample of
the suprosed 1,9(?)-3ibroro-2,8~dimethoxydibenzofuran

wes not denressed.
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Formyletion of 2,8-Dimethoxydibenzofuran

A mixture of 5 g. (0.022 nole) of 2,8-dinethoxydibenzo-
fursn, 12 g. of phosnhorous oxychloride, asnd 12 g. of
N-methylformanllide in an Erlenmeyer flagk was heated for
two and one-hslf hours on the steam bath with frequent shsk-
ing. The reasction wag slow to start as indleated by the
tardiness in the anpearance of the red color cheraciteristic
of this type of reaction. The contents of the flask were
treated with 50 cc. of 104 anmmonium chloride. Shaking and
cooling resulted in the formation of a2 s80lid suspension in
the flesk. This crude nroduct was filtered and dlssolved in
2. rether lerge volume of 95% ethanol., Cooling resulted in
the formction of 3.5 g. of crystals meltine st 150-155°. A
gecond nurification from the ssme solvent yielded 2.5 g.
(45.5%) of pure 2,8-dimethoxydibenzofuran-3-sldehyde melting
at 165-167".

Angl. Caled. for C15H1204: C, 70.3; H, 4,70.

Found: (, 70.1; H, 4.68,

Prevsration of 2,8-Dimethoxydibenzofuren~l-carboxylic acld

A solution of 1 g. (0.00326 mole) of l-bromo-2,8-di-
methoxydibenzofuran In 25 cc. of dry ether was placed in &

50 cc. three-necked flegk under an atmosphere of nitrogen,



end 0,00326 mole of n-butyllithium in 8 cc., of ether was
added rapidly with vigorous atlrring., After ten minutes, to
ellow for complete halogen-metal interconversion, the ether
solution was cautiously poured onte freshly crushed dry ice
in an Erlenmeyer flagl and =llowed to stand for one hour with
occeslionsl sheking, At the end of this time s11 of the carbon
dloxide hed diseppeared, znd the salt of the =cid wss treated
with o dilute sclution of hydrochlorlc z2cid. The crude scld
formed wes teken up in dilute sodium hydroxide and filtered.
The scld wssa precipitated by acidiflcation with hydrochloric
acid. Two purificetions from 95% ethyl alcohol yielded 0.3
g. (53.9%) of long needles melting st 193-185°,

)

Angl. Caled. for 015H1205: C, 66.2; H, 4.42.

Found: €, 65.50; H, 4.45,

Preperstion of 2,8-Dimethoxydibenzofuren~-3~carboxylic acld

This resctlon wee performed et the ssme time o8 the
above rezction, using the same reagents snd the same n~
butyllithium. |

A helogen-metsl intevconversion wes carried out on 1 g.
(0.00326 mole) ot 3~bromo-2,8-dimethoxydibenzofuren in 2 5 cec.
of dry ether under nitrogen by the additlon of 0.00326 mole
of n~butyilithium in 8 cc. of ether. After ten minuteg with

vigorous stirrinz, the solution of the organometailic compound
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was carbonated by pouring onto pouwdered dry ice in an Erlen-
meyer flask. After 11 of the dry ice had evaporated, the
product was hydrolyzed with a 50% hydrochloric acid solutlon,
The ecld wes teken up in baese, Tiltered, &nd acldified. The
frec acid was filltered and purified from a hot ethag%%‘solu~
}

tion. The yield of pure £,8-dimethoxydlbenzcfuraen- ~éarboxylic
acld melting at 170-1710 wes 0.2 . or 22.6%4 of thé thecreti-

cel,.

Anel. Celed. for CigHyo0g: €, 66.2; H, 4.42.

Found: C, 68.15; H, 4,39,

Oxidetion of 2,8-Dimethoxydibenzofuren-3-aldehyde

One grem (0.003% mole) of the uroduct formed by the
actlion of N-methylformenllide and phosphorous oxychlorlde
on 2,8-dimethoxydibenzofursn wee refluzed in suspension in a
neutrsl soluticn of 1 @. of potsssium permenganste for five
hours. The excess permengenste was destroyed by adding
sodlum bisulfite, and the mangenese dloxlide wes flltered off.
Acidification of the filtrate precinltated the acid. The
acild was purlfied by crystallization from a 50% ethanol
golution. The yileld was 0.3 g. (33.94) of beautiful needles
nelting &% 189.5-1710.

A mixed melting point of this ecid with the authentic
2,8«dimethoxydibenzofuren-3-carboxylic aclid showed no depres-

g8ion,.
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Preprratlion of 4-Hydroxydibenzofuran

Lerge quantities of 4-hydroxydibenzofursn were pre-
npered in eacentlslly the seme menner as described by Gheney.lg
At thst time 10 wes assumed thet the ylelds of Q-butyllithium
corresponded with the findings of Gilman, Zoellner, and

Selby. However, accurete determinstionsof yleld in the

g}

reperetion of p-butyllithlum according to the procedure of

Hilma

o]
bk

and Haubein have demonsatrated thet these ylelds are
of'ten lower.

From 150 2. of finely divided 1lithium in 3 1. of dry
ether in 2 5 liter three-necked flask and 1100 cc. of
freshly distilled n-butyl brouide was prepsred 5.00 mole of
n-butyilithium. The 5 liter flask wes immersed in an ice-
szlt bath during the additlon of n-bulyl bLromide., This
corresponds to a vield of 50% of the theoreticel. In nearly
1l ceasea, where n~butylithlum wes »renered hy this writer,
the yield seldom fell below 50% and more Trequently anproached
thie 80F merk where smaller runs were made.

The n~butyllithium was strained through z gless wool
plug Into & 12 1. three-necked flask containing a solution
of 850 g. (5 mole) of dibenzofuran in 2 1. of ether., The
(o]

18
procedure described by Cheney was followed throughout the

rensinder of the preparnation. It 1s essentiasl to thoroughly

75 4
Gilman, Zoellner, and Selby, J. An. Chem. Soc., 55,
1252 (1933).




-51l-

cool the solution of 4-dibenzofuryllithlum beforf’adding

an equivelent amount of n-butylmagnesium bromide{b'and to
allow one houf with s8tirring before nroceeding with the
xidatlon. DBetter results were obteined when Lt was made
very certain thet the temnerature of the solution 4id not
rise above 0-5° durings the oxidstion., The yleld of crude
4~-hydroxydibenzofuran was 458 g. or 52.5% of the theoretical.

In two other runs compsereble 1n size, the ylelds were 504

Preperation of 3-Bromo-4,6-dimethoxydibenzofuran

The 4,6-dimethoxydibenzofursn used in this preperstion
end in subsecuent preperstions was nrepored accordling to the
procedure of Cheney.lg The added precautionsg wmenticned in
the procedure azhove were used in the vreperoticn of 4-hydroxy-
S-methoxydibenzofuran. The yield of 4-hydroxy-S-nethoyydi-
benzofuranég was 29%, snd 22.5% in the cose of the lsomeric

.
3~hy§roxy-4—methoxydibenzofuran.d

Ten grems (0.044 mole) of 4,86-dimethoxydibenzofuran was
dlssolved in 100 cc. of dry ether in a 250 cc. three-necked
flask supplied with &n atmosphere of nitrogen. To this was

added 0.050 mole of n-butyllithium in 80 cc. of ether. This

76

Ivenoff, Bull. Soc. Chem., 39, 47 (19286),



solution was stirred and refluxed for 5-6 hours, A deep
purple color developed. Not quite gll of the 4,6«dimethoxy~
dibenzofuran dissolved at the beginning.

Into the above rapidly stirred solution was passed
0,044 mole of bromine ges entrained in a stream of dry
nitrogen. Stirring was continued for 15-20 minutea. The
ether solution was wsashed with a dilute sodium hydroxide
golution and dried over sodium sulfate after belng washed
once with water. The ether was removed by distillation,
leaving an 01l that would not crystallize readily., Several
purificetions from 95% ethanol yielded 1 g. (8%) of needles
melting at 117.5—1190. This product is believed to be 3-bromo~
4,6~dirnethoxydibenzofuran.,

Anal. Calecd. for Cy,H,70st Br, 27.05.

Found: Br, 26.95.

Conversion of 3-Bromo-4,8-dimethoxydibenzo-

furen into 3,4,6-Trimethoxydibenzofuran

To 0.4 g. (0.0035 mole) of 3-bromo-4,6-dimethoxydi~
benzofuran dissolved in 10 cc. of dry ether under an atmos-
phere of nitrogen waas added 0.0037 mole of n~butyllithium.
8tirring was continued for ten minutes. At the end of this
period 0.0035 mole of butylmegnesium bromide was added to



the solution, and the flask® was cooled in an ice-salt bath
nrior to oxidetion.

Into the space shove the rapldly stirred and well
cooled solutlion wes passed a slow stream of well dried
oxygzen ros. At the end of two hours s negative test for an
orgenometallic compound?g was obtained. After acidiflcation
with dilute hydrochloric acidé the ether layer was washed
with water end extracted with e B% solution of sodium
hydroxide. The 3~-hydroxy-4,86-dimethoxydibenzofursn was pre-
cinitated with hydrochlorlc acld snd recrystallized from a
ten percent mixture of benzene in petrolemm ether (b.p.,
77«1159). The yield wes 150 mg. (40%) of chunky crystals
meltine at 140-141°,

Anale. Cealed. Tor Cq,4H1004; C, 68.8; H, 4.92.

Found: C, 68.4; H, 4,89,

The meth&lation of this phencl =8 carried cut by
dissolving 1% in & solutlion of C.2 grem of sodlum hydroxide
in 10 cc. of water and edding Z cc. of methyl sulfste drop-
wise. This mixture wes refluxed for 15 minutes, the excess
methyl sulfste wee destroyed with 1 grem of sodium hydroxide,
end the so0lid product vwhich formed sfter coollng wass filtered
off., HRecrystzllization from 255 ethanol yilelded 140 ng.

(40%) of needles melting at 126-127°,
Mgnlb \}‘ru’f 05 fOI’ cﬂ E’)H]_&O fj, 6.C". 6; }{, 5- e

S
>
L]

Found: ¢, 69,0; H, 5.64.
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Attempted Preparaticn of 3,4,6-Trimethoxydibenzofuran

from 3,4-Dimethoxydibenzofuran

Using the usual nitrogen atmosshere when deslins with
orgenometallic compounds, 3.8 ;. (0.0187 mole) of 3,4-di-
methovydibenzofuren wre dlscolved in 75 cc. of dry ether,
snd 00,0187 mole of n-butyllithlum weos Introduced ranidly,

The solution wae stirred for six hours, mainteining en atmos-
rhere of nitrogen. An eculvelent emount (0.0187 mole) of
n-butylmagnesium hromide wes zdded, and into the cooled
mixture wee nessed ¢ streem of dry oxygen. Only two or three
hours were required to bring sbout & negative test for an

o
orgenouctallic cnmphund.7d After aclsificatlon the ether
golution was gepersted, vweshed with wster, and extracted., The
sodium hydroxide extrsct wee gcldified. Only sn o0il wes ob-
teined, All attemnts to i1so0lste 2 crystelline nroduct re-
sulted in failure. There was no besge insoluble phenolic pro-
duct 8 wes obteined in the metelation and subsecusnt oxida-
tion of 4-methoxydibenzofursn. It i2 vossible that lsomeric
products are not formed and that metalation involved the 2-
poslition ylelding = vary low melting sollid. The preparation
wes repeated with similar results. Petroleum ether (b.p.,

6°-86°) end methanol were tried e8 solvents for purification.



Honobromination of

1-Bromno-4,6-dime thoxydibenzofuran

Seventy millicorems (0.000228 mole) of l-bromo-4,6-
dimethoxydibenzofuran was dlssolved in 10 cc. of
glaclial acetic azcld and to thls solution was sdded

0,228 cc. (0.000228 nmole) of 2 molsr solution of bro-

mine in glacisl =scetic acid. After cooling the pro-~
cuct was flltered and recrystallized once more frow
acetic acid. The yield was 60 mg. (72%) of nure

1,7-dibromo~-4,6-dimethoxydibenzofuren melting at 173~

174°,

A mixed melting point with an authentic semple of
the supposed 1,9(?)-dibromo-4,8-~-dimethoxydibenzofuran

weg not depressed.



Yonobromination of 3-Bromo-4,5-dimethoxydibenzofuran

To s solution of 0.4 g. (0.0013 mole) of 3-~bromo-4,6-
dimethoxydibenzofuran in 20 cc. of glacial acetic aclid was
added 1.3 cc. of 2 moler bromine solution in glacial =zcetic
acid. The product begen to crystellize before 211 of the
bromine had been sdded. The bromine was absorbed very
rapidly. Purificstion wes effected by heating and then cool-
ing the reasction mlxture. The needles thet formed were
filtered end found to weigh 0.45 g. or very nesrly a quanti-
tative yleld. The melting point was 167-1680 and was not
deprecssed when the meterlel wss mixed with & sample of the
product obtained by Cheney19 in the direct dibrominztion of
4, 6~dinethoxydibenzofuran, This compound 1s probably 1,7-

dibromo-4, 6-dimethoxydibenzofuran.

Bucherer Resctlon with l-Bromo-4-hydroxydlbenzofuren

The following experiment was performed in order to ob-
serve the asctlon of sodium metablsulfite and concentrated
smmonlium hydroride on a bromine atom pare to e phenol-group
in the dibenzofuren nucleus., In the case of l-bromo~Z2-
hydraxyggbenzofuran only the Z-aminodibenzofursn was ob-

tained,

The l-bromo-~-4-hydroxydibenzofuran used in this



experiment wag prepared according to the directions of P. R.
Van Ess.gﬁ

A mixture of 1.5 g. (0.057 mole) of l-bromo-4-hydroxy-
dibenzofuran, 7.5 g. of sodium metabisulfite, 15 cc. of con-
centrated smmonium hydroxide, and 15 cc. of water was sesled
in & Carius tube. The tube was then plsced in an electrically
heated oven at 180o 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
materisl wes extracted with ether end dried over sodlum sulfate,
and the amine was precipltated as the hydrochloride by passging
& 8tream of dry hydrogen chloride gas into the solution. The
hydroohlofiﬁe waé disgsolved in water and neutralized with
emmonium hydroxide. The product which senarated was purifled
in 8 25% ethanol mixture. The yileld of pure needles melting
at 84-850 was 0.2 g. (194). A mixed melting point of this
meterial with an authentic semple of 4-aminodibenzofuran was
not depressed.

8ince the conditions of the Bucherer resction have the
effect of removing bromine atoms from an sromatlic ring con-
taining a phenollic group, this reesction cannot be used to

prepere l-bromo-4,6-dilaminodibenzofuran as wes hoped.



Demethylation of 4,6-Dimethoxydibenzofuran-
l-carboxylic Acld

The 4,6-dimethoxydibenzofursn-l-carboxylic ascid used
in this reaction was prepsred according to the directions of
Cheney.lg The l-bromo-4,6-dimethoxydibenzofuran reaulred
wes also prepared according to Cheney.

Five prams (0,0182 mole) of 4,5-dimethoxydibenzofuran~
l-carboxylic acld wee dissolved In one liter of acetlc acid,
and 15 cc. of 47% hydrobromic acid wes added to the refluxing
solution., The mixture wes refluxed for 8 hours after the
addition of the hydrobromle scid., The darkened solution was
concentrated by distilling the greazter portlon of the solvent.
Dilution with water ylelded s materlal nmelting et 260-2700.
Attempts to purify this product in various solvents yielded
only a compound of the same melting point. Purification was
achieved by vacuum sublimation. In this way 1.9 g. (42.8%)
of meteriel melting sherply at 278-2800 was obtained.

Anal. Celed. for 015H805: C, B84; H, 3.28.
Found: C, 63.7; H, 3.30,.
Bucherer Reaction with
4,6~Dihydroxydibenzofuran-l-cerboxylic Acid

One and one-half grems (0.0616 mole) of 4,86-dihydroxy-

dibenzofuren-l-carboxylic =cld was seszled in a Czarius tube



with 7 g. of sodium blsulfite and 25 cc. of concentrated
emmonium hydroxlide. The tube was placed in an electrically
heated oven at 160O for 16 hours. After cooling and open-
ing, the contents of the tube were washed into a 100 cec.
besker and made Just acld to litmus. This was filtered,
tsken up in ether, and precipitated from the dried ether
solution with dry hydrogen chloride gas. The hydrochloride
wes flltered, dissolved in hot water, and barely neutralized
w1lth emmonlum hydroxide. The libersted 4,6-dlemlnodibenzo-
furan~-l-carboxylic acid was recrystzllized three times from
ethanol, yielding 0.65 g. (43.8%) of dasrkened needles melt-
ing et 183-184°,

=Not N, 9.42,

(8]

Angl. Calcd., for clnggo

Found: N, 92.31.

Deemination of 4,86-Dlaminodibenzofursn-l-csrboxylic Acld

To a solution of 0.44 g. (0.0018 mole) of 4,6-diamino-
dibenzofuran-l-cerboxylic acid in 30 cc. of water znd 4 cc.
of concentrated hydrochloric acld cooled to 0O was added
0.552 go of sodlum nitrite In 10 cc. of water at 0°. The
addition was carried out in 2z dropwise nmenner. The solutlon
turned 2 deep red color, snd the dlezonlum sslt crystelllized
out as dark red needles. To thls suspension of the dlazonium

salt waes 2dded 5 cc. of 50% hypophosnhorous acid. This
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mixture was placed in the 1cebox for 24 hours and then heated
for 1 hour on the steam bath after coming to room temperature.
The residue was taken up in a_ﬁ% sodium hydroxide solution
end flltered. The acid was liberated with dilute hydrochloric
scld., Purificetion from 50% ethenol ylelded a small amount
of crystsls melting at 232°, A mixzed melting point cf this
materlisl with =n authentic sample of dibenzofursn-l-ceérboxylic

acld wss not depressed.

Preparstion of 4,6-Dimethoxydibenzofuran-l-sldehyde

The procedure 1n this experiment wss pstterned after
that of Fleser snd Jones77 in the N-methylformanllide
synthesis of aldehydes.

A mixture of 5 g. (0.0219 mole) of 4,6-dimethoxydibenzo-
furan, 12 g. of N-methylformsnilide, znd 12 g. of phosphorous
oxychloride wes heated for 1.5 hours on & steam bath with
occaslonel shaking. The solutlon turned a deep red color,
and conslderable foeaming occurred. The excess phogphorous
" oxychloride was destroyed by treating with a 10% solution of
godlum acetate. A 8s0olild red mesterisl settled out on cooling.
Thies crude product was recrystallized from a minimum quantity
of 95% ethsnol, ylelding crystels melting at 155-160". A
second crystallizetion from ethanol yielded 3.5 g. (62.5%)
of white crystels melting st 162—164?.

"7 pieser and Jones, J. Au. Chem. Soc., 54, 1666 (1942),
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A mixed melting point of this compound with an suthentic
senple of 4,8-4dimethoxy-l-aldehyde wes not depressed.

From the standpoint of yleld and ease of prepsrstion,
this method 18 superior to that of Cook,49 whe prepsred
4, 8-dimethoxydibenzofuran-l-sldehyde in 41% yield from the

gction of zinc cyanlde, dry hydrogen chloride gas, and

aluminum chloride on 4,6-dimethoxydibenzofursan,

Action of N-Methylformsnilide on
4,6-Dimethoxydibhenzofuran~-l-aldehyde

A mixture of 1 g. (0.0032 mole) of 4,6-dimethoxydi-
benzofuran-l-aldehyde, 1.5 g. of N-methylformenilide, and
1.5 g. of phosphorous oxychloride wss 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
rezction d4id not eppear for some time. Treatment with a
go€lum ecetzte solution end purlfication of the resulting
golld product in ethyl 2lcohol yielded crystals melting =2t
162-164° which proved to be starting materlial. It was
hoped that 4,8-dimethoxydibenzofursn~1,2-dlaldehyde would
be formed. Such & comnound would be valuable in attempting

to bridge the 1- and S-positions.

Attenpts to Chloromethylate 4-iethoxydlbenzofuran

The first attempt to chloromethylste 4-methoxydibenzo-
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furen was carrlied out by Cook.-49 Further attempte by vary-
ing the conditlione are recorded here.

(1) Trenty greme (0.101 mole) of 4-methoxydibenzofuran
vas powdered end pleced in a three-necked flask with 200 ce.
of concentrated hysrochloric ccild and 5 g. of paraformaldehyde.
The mixture wes repldly stirred whille a stream of hydrogen
chloride ges wos pessed through. HNo hest wos evolved at
first so the flazsk was hested to 75° and the addition of
hydrogen chloride gas continued for 3-4 hours, An oily ball
was formed.

Yxtraction of this oll with 95% ethenonl left a
precinitete which wss very nesrly insoluble in all of the
common solvents.  Smell crysials of melting point 255*2400
were formed from a large volume of petroleum ether (b.p.,
60-86%). An elementsl test showed the presence of halogen,
This meterisl could not be further purified and 1s likely a
mizxture of polychloromethyletion prcducts.

Crystelline material could not bhe induced to form
from the original alcohol extract. An attempt to remove the
solvent by digtillzaticon resulted in polymerization,

(2) Treatment of 20 z. (0.101 mole) of 4-methoxydibenzo-~
furen in 200 cc. of acetic acid with 3 g. of zine chloride,
5 g. of paraeformaldehyde, and & stream of hydrogen chloride
ges8 for four hours yielded on dilution with weter a crude

meterisl which beheved exactly a8 the product in the first
attenpt.
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(3) The resction was repeated with 20 g. (0.101 mole)
of 4-methoxydibenzofursn in 200 cc. of concentrated hydro-
chloric acid with 5.2 . of paraformaldehyde et a temperature
of OQ. Hydrogen chloride ges was passed through for 5 hours.
The resulting oil was teken up in sther and thorocughly dried
gince 1t wag thought that the materisl might be sensitive to
water, Distillstion of the ether on 2 water bath ylelded an
smorphous thermoplastic product. Apparently, heat alds 1ts8
polymerization.

{4) 1In enother attempt ten grame (0.05 mole) of 4-
methoxydlbenzofuran was dissolved in 100 cc. of absolute
ethanol with 2.5 g. of parsformzldehyde. The solution was
cooled to OO and & stream of hydrogen chloride gas passed
through for three houra. After dilutlon the resultant oil
was taken up in chloroform in which 1t was readily soluble.
The sddition of petroleun ether (b.p., 60-86") resulted In
the formation of crystals (this method wose employed in order
to avoid the use of hest). This materisl relted from 60-145°,
However, £ll attempts to further purlfy this product were
futile.

(5) A finszl attemnt was carried out with 10 g. (0.05
mole) of 4-methoxydibenzofuran and 2,5 gz. of persformaldehyde
in 150 cc. of dry ether cooled to 0°. A stream of hydrogen

chloride was pasceed into the stirred solution for 3 hours.
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Careful removal of the ether in = hood resulted in a solld
0
naterisl (8 g.) melting in the range 60-150 . Its puprifi-~

cation could not he effected.

Preperntion of 4«iHethoxydibenzofursn-l-aldehyde

In 2 typleal run 7 g. (0.0375 mole) of 4-methoxydibenzo-
faren wss8 plsced in 2 125 ce. EZrlenmeyer flsak with @ g. of
freshly distilled phosnhorous oxychloride and 9 g. of N-
methylformenilide. Thie mixture wes heated on = 8team bath
for 1.% hours with ocessionzl shaking., The excese phosphorous
oxychloride wzs destroyed with a 10% golution of sodium
ecetate. The product sclidifled on cooling and was filtered
off. Crystsllization from a 50% methanol solution yielded
5 g. (83%) of white needles meltins ot 104-105°,

Anal. Czaled. for Cy4Hyn0sz: C, 74.5; H, 4.43,

Pound: ¢, 7b.2; H, 4.71.

Oxidetion of 4-Nethoxydibenzofuran-l-asldehyde

One gram (0.0044 mole) of the aldehyde was suspended in
a woter solution {(neutrsl) of 1 g. of notaessium permengsnate
znd refluxed until the color of the »otassium permangenate
d1id not show up when a drop of the solution was placed on a

piece of filter »aper. The mangenese dloxide was removed by



filtretion and the acid precipitated by scildifying with
hydrochloric acid. A white gelatinous precipltate formed
which wes twilce recrystellized from ethanol, ylelding well
formed needles of 2 product melting et 280~2810. The yleld
weg 0.5 g, (47%).

A mixed melting point of this scid with an authentle
sample of 4-methoxydibenzofuran-l-cerboxylic acid showed no
depression., This demonstrstes thst the formylation of

4-methoxydibenzofuran involves the l-positlion.

Prepsrastion of 4-~-Methoxy-l-dilbenzofurslscetic Acld

Thirteen grems (0.055 mole) of 4-methoxydibenzofuran-
i-sldehyde, prepered rs just described, woe placed in an
Erlenmever flesk with 15 . of nure malonic acid and 15 cc.
of dry pyridine. The mixture wss well stirred and then
nlzced on the steom bath for 2.5 hours. After a few minutes
the mixture turned into 2 homogeneous liculd phese and soon
began to evolve carbon dioxide. Very shortly, the entire
golution sollidified into & yellow cake which continued to
swell a8 more cerbon dioxicde was libersted. Yater wsse then
added snd the inscluble product filtered., The cake-like
meterial wes then dissolved in 200 ce. of & hot 5% solutlon
of sodium carbonzte end filtered after cooling. The clear

and cclorless basic solution was then acidified with hydro-



chlorlic acid, and the nale yellow nrecinitzte which formed
wes Filtered, This crude nroduct weg dissolved in the
minimam amount of hot zlaclel zcetic scid whlch ylelded,
on cooling, 9.5 g. (84.57) of beautiful 1irht vellov needles
melting of 281—2820.

Ansl. <Caled. for 016H1?04: neut. caui., 2868,

Found: neut. ecul., 266,

Preparation o f{A-/ 1-{(4-lethoxydibenzofuryl) /propionic Acid
-/

The fcllowing 1s e typlcel preparstion:

One ond one-hslf grams (0.0055 mole) of 4-met?oxy-l~di~
benzofuralacetic acld was dlssolved in 0.2 g. of sodium
hydroxlde in 75 cc. of water and two ~rams of Pd~CaCO5
catelyst added. Treatment of this solution with hydrogen
under 20 pounds of nressure for two hours resulted in the
ebsorptlion of the theoretical gueniity of hydrcgen. The
catalyst was fl1ltered and the product preciniteted from the
basie sclution with hydrcochlorlc acid. The crude nreduct
welshed 1.5 g. and melted &t 165~1?5O. One crystellization
from 95% ethanol yilelded thick needles melting at 176~1?80‘
The yield of pure(S-/ 1-{4-methoxydibenzofuryl) /proplonic
ecld wes 1.9 2. or 20% of the theoretical.

Ansl. Csled. for CygHy,04% neut. eculv., 270,

Found: neut. eculv,, 265 and 269,
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Cyclization or(E;—[‘1-(4~ﬂethoxydibenzofury1)_7¥
propionic Acid

(I) with 88% sulfuric acid.

A solution of 1.2 <. (0.00445 mole) of@g-[fi-(é—methoxy-
dibenzofuryl)~7propionic ecld was allowed %o stand at room
tempersture for fifteen minutes. The mixture was poured onto
cracked lce and filtered. The filtrate wes completely dia-
solved 1In a solution of sodlum hydroxide indicsting thst no

cyclizztion occurred. .

(IT) wWith esnhyiérous hydrogen fluoride.

Into 76 ce. of enhydrous liguld hydrogen fluorlide In a
round-bottomed copper flask wss introduced 1.5 . (0.0055
mole) of (3-/ 1-(4-methoxyéibenzofuryl) 7oroplonic acld. The
gcld rezdily dissolved znd wes allovwed to stand in the open
vessel at room tempersture for two and one-hal?f hours. The
remsiningz solution was poured on cracked lce, neutrslized
with spmonlum hydroxide, and filtered. The white product
wes extrscted wilth a 5% solutisn of sodium hydroxide and
then purified by crystsllization from 95% ethenol, The yield
of pure product melting ot 192-193° wes 1 2. or 73% of the

theoreticsl.
Ansl. Calcd., for 616H1205: C, 76.2; H, 4.77.

Found: €, 76.00; H, 4.77.



Oxidation of 5-Methoxy-l-benz/ b /indeno/ 4,5-& /furan-3(2)-one

The oxldation of 0.5 g. (0,002 mole) of the cyclic
ketone obtained in the previous experiment was asccomplished
by refluxing with 2 g. of »oteselum permanganate in neutrsl
solutlion for four hours. At the end of this itime the color
of potassium permenganete had dissppeared. The manganese
dioxide formed wes filtered and the filtrate acidified.
After cooling the scld wes Tiltered end dlrectly methylated
for purificetion. The 270 mg. of crude acid obtsined was
sugpended in dry ether, and an excess of dlazomethene in
ether solution wag added. Stirring wes continued until the
evolutlion of niltrogen hed cessed snd 211 of the aeid wag in
solution, The ether was evaporsted and the residue taken up
in & minimum of methanol. On cooling, thils solution ylelded
150 mg. {(24%) of pure product melting at 176-176°.

Anal. Calcd. for 815Hi006: C, 65.00; H, 4.46,

Found: €, 64.5; H, 4.38,

The mixed melting point of this di-acid ester with the
di-acld ester prepared by Avaklan48 by the oxidation of
1,2,3,4-tetrehydro-7-me thoxy-l-oxocycloocta (klu)dibenzofuran
wag not depressed, indicating thet this eyclizetion involved
the ssme position es the cyclizztion by Avakianés wlth

Y-/"1-(4-methoxydibenzofuryl) 7butyric scid. This product



=75

ig elther 4-methoxy-1l,92-dlcarbomethoxydibenzofuran or

4-methoxy-1,2-dicaerbomethoxydibenzofuran.

Reduction of 5-Methoxy-l-benz/ b _/indeno/ 4,5-d /furan-3{2)-one

to 4~Hethoxy-l,2-cyclonentenodibenzofuran

Cne gram (0,004 mole) of the ketone wes dissolved in
50 cc. of ethyl slcohol and 20 . of zinc amalgam pleced in
the flask. To this refluxing mixture was added 25 cc. of
concentrated hydrochlorlc acid in 5 cc. portions. After
four hours sz second nortion of 25 cc. of concentrated hydro-
chloric acid was added, and the reacction mixture wae refluxed
overnight. The soluticn wes decanted from the zinc, con-
centrated by &iatillation, and diluted with wster, producing
en o1l which 414 not sclidify in the icebox. The o0il wes
teken up in 2 minimum of petroleum ether (b.p., 60—680) and
cooled to OD for two or three days. One-half gram of chunky
prisms was formed. The product melted at 66-68°, This
repregents 2 yleld of 52.5%.

Anal. Celcd. for CygHy,0p: C, 80.8; H, 5.83,

Found: (, 80.5; H, 6.0,
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Lbteanted Oxidetion of SB-llethoxy-l-benz/ b Tindeno/ 4, -4 /-
furan-3{2)-one with Salenium Diloxide

A solution of 0.6 g. (0.0021 mcole) of ketone and 0.8
#. of selenium dlorxide wes refiuxed overnisght in 756 ce. of
257 ethenols  fied selenium netel nrecinitated during the
course 07V the resction. ~Afier coolins the splution denosited
anall vowdery crysisls of nsteris) whilch nroved to be very

impure sterting materisl.

Condensstion of 4-lethoxydibenzofuran-le-sldehyd
with Hippurlie 2cid

i
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The nrocedure used in thiz nrepsration is essentislly

78
thet eanloyed in Organic Syntheses,

A mixture of 18 g. (0.08 mole) of 4-methoxydibenzolursn-

l-nldebyie, 18 g, (0408 mole) of hinpuric scid, 8.5 . of

Hlatt, "Oresnle yn?heu@aﬁ Coll. Vel. II, John
%iley znd Sons, Hew York, (1243) p. 55. ‘



freshly fused sodium acetste, and 50 cc. of acetlic anhydride
was pleced in a 150 cc. flask. The reacting mixture was
cautiously hescted on e steam nlate until a yellow precipl-
tzte formed. The psste was thoroughly mlxed and transaferred
to a steam bath. Cautlion was tsken to avold the formation of
e deen red color by overheating. At no time did the mixture
form a completely liquid phsse. After one and one-~half hours
on the steam bath 50 cc. of 95% ethanol was added cautiously
toc destroy the excess acetic anhydride. The product was
filtered, washed with 50 cc. of 95% ethenol, and then washed
with 100 cc. of boiling water. This meteriesl was dried and
found to weigh 20 g. (68%). The melting point of this crude
material was found to be 240-2450, A gsample was purified

from zcetic acid for analysis. The pure materiasl melted at
0

245-246 .

Anal. Celed. Tor C23H15@4N: N, 3.79,

Found: N, 3.71.

Prepsretion of 4-Methoxy-l-dibenzofurylacetic Acld

This preparation 1s petterned after & similer prepara-
78
tlon in Organic Syntheses.

Twenty grams (0.0542 mole) of the azlactone, prepared
a8 just described, was refluxed gently with 100 cc. of a 10%
79

Blatt. ‘"Orgaenlc Syntheses", Coll. Vol, II, John
“iley and Song, New York, (1943) p. 333.




sodium hydroxide solutinn for 15 hours. The inscluble
materiel in suspension was flltered, Sulfur dloxide gas wes
pagsed into the solution to precipitate the benzolc scid.
This acid wes filtered off through an ssbestos filter pad
w1th suction, The solution of the sodium galt of 4-methoxy-
l1-dibenzofurylpyruvic ascid wes coxidized by the addition of 8
cc. of 30% hydrogen peroxlde., After standing for several
hours the solution wee ascidified, The crude acid which pre-
cipitated melted at 200-215° and resisted purification from
golvents. The welght of crude acid was 4 g. Purification
ves effected by esterification with diszomethane in ether.
The ether wae distilled, snd 2.0 g. of »nure product wes formed
asfter cne crystellization from dilute ethanol., The ester
melted at 95-96°.

The ester wes hydrolyzed by refluxing for one hour in
15 cc. of 5% sodium hydroxide solution., Acidificetion
vielded 1,5 . (10.83%) of -ure 4-methoxy-l-dibenzofuryl-

0
acetlc acld melting at 220 .

Atternt to Prepcre 4-Methoxy-l-dibenzofurylpyruvic Acid

Eight grems (0.022 mole) of the zzlactone ofo{ ~henzoyl-
amino- @ - (4-methoxydibenzofuryl)-ac pyiic 2cld was refluxed
for 5 hours with 100 cc. of a 10% sodlum hydroxide solution,

The solution was neutralized with hydrochloric acid and the



yellow acld filtered. Seversl crystalllizatlions from scetlc
acld ylelded 3 g. of materisl melting at 285~25?0 with de-

composition, According to the following anslysis, the com-
pound 13 not the desired product.

Angl. Calcd., for CygHjo0gt neut. equlv., 284,

Found: neut. equiv., 200 and 198.

Attemptad Cyclodehydration of
4-Methoxy~l-dibenzofurylacetic Acid

(I) ¥ith hydrogen fluoride ot room tempersture.

A soluticn of 0.15 g. (0.00058 mole) of 4-methoxy-l-
dibenzofurylacetié acid in 20 cec. of anhydrous licuid hydrogen
fluoride wes sezled in 2 smell 50 cc. conper bomb end allowed
to stend ot room tempersture for 6 hours, The bomb was then
heated on the steam bath for one hour an@ allowed to stand
overnight before opening. After the bomb was opened, the
contents were poured over cracked ice in a copper beaker, and
the hydrogen fluoride was neutralized with ammonium hydroxide.
The nroduct diassolved in hot weter. However, cooling produced
needles of acld melting et 2210 which wae ldentical with the
sterting materisal.

(II) With hydrogen fluoride st 100°.

A solution of 0.1 g. (0.00032 mole) of acid in 20 ce.

of enhydrous liculd hydrogen fluoride was sesled in & small
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copper bomb &8 before and hested on & steem bath for four
hours. ATter cooling the tube wes opened, and the contents
were poured over cracked lce in & copper besker. The residue
was flltered and found $o be insoluble in a dilute solution
of sodium hydroxide. The besle extrsct was treated for
phenolic materiel by passing carbon dioxide gass Into it. No
precipltate formed. Acldiflcation with hydrochloric acid
nroduced no acidlc meterisl. The insoluble reslidue could
noet be crysteillized snd wes ?robably 2 mixture of inter-

molecular condensstion products.

Attenmpted Prepsrestion of
Owtethyl-10-phenyl-4, 5-nhenanthrylene Oxide

The l-bromodibenzofuran used in this experiment was

orepared according to the directions glven by P. R, Van
25

Ess,. The o\ ~phenoxyproplophenone was prepared =8 directed
62
by Bradsher and Rosher, The entire procedure was pat-

terned sfter thet of Bradsher and Rosherﬁz in the »nrepara-
tion of 9~methyl-l10-vhenylphenanthrene.
1-Dibenzofurylnagnesiun bhromide was prepared by dis-
solving 10 g. {(0.04 mole) of l-bromodibenzofuran in a mixture
of 200 cc. of dry ether z2nd 200 cc. of dry benzene contain-
ing 2 g. of magnesium turnings. The reaction was initiated

by introducing 0.5 cc. of n~butyl bromide and a small crystal



of lodine. It was necessary to reflux the solution to com-
plete the resction of the magnesium with l-bromodibenzofuran.
The diseppearsnce of the lodine indilcated that the reaction

had started., One hour of refluxing was required to comrlete

the resction, and then 135 g. of i -phenoxyproplophenone in

80 cc. of ether was sdded qulte repidly. After 15 minutes

of stirring the soluticn wss washed with dilute hydrochlorlc
ecid and then with weter. The ether snd benzene were distilled,
leaving an oll which d4id not solidify.

The o0il thus prepared wes refluxed for 48 hours with o
mixture of 60 cc. of 47% hydrobromic acld «nd 80 ce. of
glacial acetlc acld. Diluticn of thie solution vroduced an
o0ll which was teken up in 95% ethanol. The corystals which
formed were purlfied once more from petrolews ether (b.p.,
6G~68°) end found to nelt at 103-105°. An exhaustive search
for ancther product led only to the recovery of more maoterial
melting at 10:3~1050. The combined vield wag 4 g. {(38.5%) of
pure product.

Another run using 12 g. of l-bromodibenzofuren gave
glmiler resulis,

Since the orystals melting et 105-1050 readily formed
en oxime, the material was supposed to becol -rhenyl-cf =

(1-dibenzofuryl)acetone.
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The anslysis substentistes thie conclusion.
Anegl. Calcd. for CoiHygCe: O, 84.00; H, 5.34.

Found: C, 84.2; H, b5.30,

The oxime wsg prepared by dlseolving 0.5 g. of the
ketone in 20 cc. of ethyl alcohol with 0.2 3. of sodlum
hydroxlde, and 0.2 z. of hydroxylamine hydrochloride was
cdded te the hot selution. The oxime crystelllized imme-
dlsztely. Crystellizetion from 95% ethanol yvielded needles
melting 2t 204—2060.

Anel. Caled. for UpyHynOgl: N, 4.45.

Found: N, 4.42.

It wes thought thrt 2 more rowerful debydrsting sgent
might cause the ring closure to occur. Seversl nrocedures
were cdrried out using the following resgents:

(1) Hydrobromic scid snd acetic scid.

Prolonged hesting of the ketone (0.5 2.) inter-
mediste with this reagent resulted only in the recovery of

0.55 g. of sterting osterial.
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{(11) 887 sulfurlc scid.

A solution of 0.5 &. (0.001687 mole) of the ketone
in 80 cc. of 88% sulfuric =cld w-8s sllowed %to stand &t room
temperature for twenty minutes. After nouring on cracked ice

:nd filtering the product, it wes found thot the small amount

e

of product recovered wee staerting materiel. Anpesrently
considerable gulfonation had nccurred.

(111} Phogphorous nentoxide.

Heating 0.5 ¢, (0.0016%7 mole) of the ketone with
1 g. of phosrhorous pentoxide in o small tube immersed in a
metal bath at 150° resulted in the formation of & vellow
polymer which wes insolubhle in &ll of the common solvents.

(v} Anhydrous hydrogen fluoride st room temperasture.

A solution of 0.4 g. (0.00134 mole) of ketone in
20 ce. of anhydrous liquld hydrogen fluoride wes placed in
an open copper hesker in & good hood end silowed to stand
until 11 of the hydrogen fluoride had evaporated. The resi-
due was teken up in e smell amount of hot petroleum ether

-

0

(b.p., B0-88) and cocled. Crystals of meliing noint 103
0 - - k)

106" were formed. This product »roved to he ldentical with

the starting masteriel.

0
(v)  Anhydrous hydrogen fluoride st 100,

Cne-helf grem (0.00167 mole) of the ketone wrg
placed in e small copner bomb with 20 cec. of liquid hydrogen

fluoride end sealed. The bomb wee 2llowed to stand overnight



o
at room temperature and was theheated to 100 on a steam

bath for 2 hours. The bemb was opened and 1i8 contents
were poured into a copper hesker with cracked ice. The acid
we8 neutralized with amnmoniunm hydroxide snd the resildue
filtered. One crystellizstion from neiroleum ether (b.v.,
6%-880) produced chunky crystals melting at 95-1000. A
second crystallizaetion from the same aolvent raised the
melting point to 105«1050.

Since this product was impure, an exhaustive sesrch
wag made for a second product. Ilo other materizl co:ld be

found.

Succinoylation of 1l-Bromo-4,8-dimethoxydibenzofuran

To 2 solutlon of 11.2 . (0.0365 mole) of l-bromo-
4,6-dinethoxydibenzofursn =nd 3.55 . (0.0385 mole) of
succinlic anhydride in 200 cc. of tetrachloroethane and 80
cc. of dry nitrobenzene cooled to Oo in an lce bath wes
sdded 14 g. of anhydrous sluminum ¢hloride in smsll portions.
After the addition of the aluminum chloride the mixture wes
stirred at OO for 24 hours. The sluminum chloride complex
was then hydrolyzed by pourins the solution on an ice-
hydrochloric szcld mixture. The tetrachloroethene layer was

seperated, washed with water, snd the solvents were removed



by steam distillation. The residue from the steam distil-
lation was extrscted with a 10% solution of sodium corbonste.
The ins-luble residue wes Tound o welsh 2.5 g Acidification
of the sodiun corbenste exirset with hydrochloric acid pre-
cinitated 17 2. of crude scid melting a2t 175-180°. One
crystallization from ascetic acid pave 2 g. of product melting
et 185—1880. The vield st this polnt was 81% of the theoreti-
csl, Thils meterlizl could not bhe further purified using

tolusne 28 ¢ g

<

lvent., This 1g zttributed to ths fecet thet the
impurlity wee lesg soluble then the meln »roduct. The scid
pmoteriel melting et 186-1.28° wee extracted with toluene in

2 Scxnlet extrasctor. The residue welilshed 1 g. and melted st
255—24@0. One crystellizetion from glaclel scetic 2eid pro-
duced crystals melting st 240-241 + A mixed melting vneoint

of this pateris) with an authentic semnle of l-guccinoyl-

4, S=dimathorydibenzofursn was not depressed,

Further nurification of 2.5 g. of the material nelting
at 186-182° from acetic acid vielded 1.5 ¢. of needles melt-
ing sharply =% 20@-2010. Anothsr crystallization from the
same solvent fsiled to resise the melting point, This cor-
resconds to & yleld of 36%. An elemental test for bromine

wae positive. This compound 1s provisionslly deslisnated as

l-brono-7-gsuccinoyl«4, 6~-dimethoxydibenzofuran.
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Ansl. (alcd. for 018H15063r: neut. equiv., 408;
Br, 12.55.

Found: nsut. ecuiv., 400; Br, 19,75,

The Debrominstion of
1-Bromo-7{?)-succinoyl-4, 6~-dimethoxydibenzofuran

To 2 sclution of C.5 g. (0.70122 mole) of l-brono-7(7?)-

DY

«©
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guccinoyl-4, 8-dimathoyvdihanzofuran in 130 cc. of
ethenol weoa cdded 3 g, of palladiume-calcelun cerbonate
stelyst, and the sntire mixture wss shaken for 20 minutes
=ith hydrogen wndsr a preassure of 35 nounds, The catalyst
28 filtered from the anlution. Dilution, fTollowed Hy cool-
ing in the leebox, »nroduced 0.2 g. of crude product. This
meterisl wes dlssolved in 2 spell smount of 5% sodium
carbonete golution and filtesred. The baslc solubion was
acidifled, end the nroduct filtered., One crystellization
from 254 ethanol gave 0.15 3. (24%) of product melting at
184-166". Subsequent crystalllizatlion rslsed the welting
point to 187-158°
Anel. Calcd. for clanlﬁce: ¢, 65.9; H, 4.93;
ngut. eguiv, 328,
Found: ¢, 66.4; H, 5.05H; neut. equiv. 326,
Since substitution in the 2-position is improbable,
the cowpound is most likely 3-succinoyl-4,6-dimethoxydibenzo-

furan,



Preperation of 1,3-Dibromo-4-methoxydibenzofuran
from l-Bromo-3~-smino-4-methoxydibenzofuran

Thirteen grams (0,0445 mole) of l-bromo-3-amino-4-
methoxydibenzofursn prepared according to the directions
of ?arker,ao wes boiled with 75 cc. of 48%7 hydrobromic acid
in 1.5 liters of water to form a suspension of the hydro-
bromide. The suspension wes cooled to O0 and dlazotized by
the dropwise addition of 3.5 g. of sodium nitrite in 25 cc.
of water. Ytirring was continued for one-helf hour. Yellow
crystals of the dlazonium sslt slowly formed. Ten grams of
cuprousg bromide in 50 ce. of 48% hydrobromic acid cooled to
0° wss zdded 8lowly. The red-brown complex which fomed was
decomposed by hezting to 750. The crude »roduct wes dis-
solved in acetic acid and the insoluble »ortion removed by
filtration., On cooling, 6 g. of 1,S—dibromo~4-methoxydiben—‘
zofuran melting at 155—1400 was obtained. Further purifi-
cation from .the szme solvent nroduced long sllky needles
melting et 139-140°., The yield wes 5 g. or 31.5% of the
theoretical,

Anal. Czlcd. for CyzHgOoBrg: Br, 44,69

Found: Br, 44.71.

Gilman, Perker, Baille, and Brown, J. Am. Chem. Soc.,
81, 2836 (1939).
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Dibromination of 4-Hydroxydibenzofuran

Seventeen granms (0,0187 mole) of 4—hydroxydibenzofur&n
wes diasolved in 75 cc. of acetlc acld, and to this solution
wes added 187 cc. of a molar bromine solution. The bromine
wes edded repldly from o drooning funnel. Bromine was ab-
sorbed more slowly nesr the end of the resction. The result-
ing solution wes dlluted, flltered, and the crude product was
directly methylated.

8ince the sodium selt of this phenol was insoluble in
weter, the procedure employed by Stevens and Tucker81 was used,

The crude phenol was dissolved in 50 cc. of acetone and
40 cc. of methyl sulfete. To this ranidly stirred and reflux-
ing solution was added dropwise 50 g. of potassium hydroxide
in 80 cc. of wster., Stirring and refluxing wes continued for
one~helf hour. The solution wes diluted, filtered, =snd the
crude product was recrystallized from glaclal acetlc acid,
yielding 22 g. (62%) of long silky needles melting at 139-14.00.

A mixed melting point of this materisl with 1,3-dibromo-

4-methoxydibenzofuran was not depressed.

81
Stevens and Tucker, J. Chem. Sog., 123, 2140 (1923).
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Anomalous Resctlion of 1,3-~-Dibromo-4-methoxydibenzofuran in an
Attempt to Prepare 1,3-Dimethyl-4-methoxydibenzofuran.

To 10 g. (0.028 mole) of 1,3-dibromo~-4-methoxydibenzo-
furen dissolved in a mixture of 150 cc. of dry ether and 150
cc. of dry thiophene-free benzene waeg added 0,028 mole of
n-butyllithium in 130 cc. of ether. The solution was stlrred
for ten minutes, and 10 cc. of methyl sulfate wes added drop-
wise. Stirring wes continued for one hour after the addition
of the methyl sulfate. The white precipitate which formed
was filtered, and the solution wes washed with a 10% sodium
hydroxide solution., After washing once with water the solu-
tion wag dried over sodium sulfate, end the solvents were re-
moved by distlllation. The residue was teken up in ethyl
slcohol from which it crystsllized in fine long needles. The
vield wes 3.0 g. (47.5%) of pure meterial melting at 86»8?0.

Anal. Caled. for CygHys0p: C, 79.7; H, 6.2.

Found: C, 64.8, 64.3, 64.5, and 63.4; H, 4.43,

4.42, 4,23, and 4.48.
The product obtained wes evidently not the desired one.
Coupling products and various products resulting from auto-
metalation were considered, but none of them fits the sbove

analyses.
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Anomalous Reaction of 1,3-Dibromo-4,8-dimethoxydibenzo-
furan in an Attempt to Prepare 1,3-Dimethyl-4,6-dimethoxydiben-

zofursn

The 1,3~dimethyl-4,6-dimethoxydibenzofuran used in this
reaction was prepared esccording to the directions of Ghensyl
from 4-hydroxy-6-methoxydibenzofuran.

One gram (0.0025 mole) of 1,3~-dibromo-4-methoxydibenzo-
furen wes dlasolved in B0 cc. of dry ether and B0 cc. of dry
benzene, and to thia solution wss added 0.0025 mole of n-
butyliithium. The solution asssumed a bluish color almost
immedliately, and after ten minutes of stirring, 3 cc. of
methyl sulfate wes added in a dropwise menner. After 2 hours
the while precipitete wes filtered end the solution washed
once with & sodium hydroxide solution and once with water.
Eveporetion of the solvent left an o1l which crystallized in
white needles from 95% ethanol. The yleld of product melting
8t 115-116° wee 0.2 g. (31.5%).

Anal. Calcd. for CygHyg0xt C, 75.00; H, 6.25.

Found: C, 64.3, 64.9; H, 4.23, 4.30.
These analyses show that the desired 1,3-dimethyl-4,6-
dimethoxydibenzofuran was not obteined. No theoreticsl
compound could be found to fit the analyses.
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Hitration of 5,6-Dibromohydrindene

The 5,6-~dibromohydrindene used in this experiment was pre-
pared according to the directions of Borsche and Bodenstein.82
The S-acetylhydrindene used in the preparetion of 5,6-dibromo-
hydrindene wes prepered according to the directions of Braun,
Kirschbaum, and Schumanngza in 20% yield by means of the
Friedel~-Crafts reactlon with hydrindens and acetyl chloride.

This 1s the yleld reported by Brsun, Kirschbeum, and Schumanneza.
The 5-acetylhydrindene wass converted to the oxime in 85% yleld
(m.p., 1140). No yield was reported in the original work of
Borsche and Bcdeneteinaz. This oxime was converted in 75%
yield to S5-scetaminohydrindene by means of the Beckmann
rearrangement. Bromination gave a 75% yield of S5-acetamino-
B-bromohydrindene. These same ylelds were reported by the
original authors.82 Deacetylation gave a nearly quantitative
Yield of B-amino-8-bromohydrindene which was converted via

the dlazonium salt into 5,6-dibromohydrindene in 25% yield.
\ Several attempte to nitrate 5,6-dibromohydrindene with
two equivalents of nitric ascid both in acet;e acid and acetio
enhydride at room tempersture resulted in failure. The resction
did not occur ev;n at 100°.

The nitratibn wsB8 finally carried out in concentrated
sulfuric acid and nitric acld. 8ix grams (0.0217 mole) of

82 Borsche and Bodenstein, Ber., 839, 1926 (1912).
82

a
Braun, Kirschbaum, and Schumann, Ber., 53, 1155 (1920).
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5, 6-dibromohydrindene was placed in a 125 cc. Erlenmeyer flask
with 10 ce. of concentrated sulfuric aclid and sooled under
the tep. To this mixture wes added 5 cc. of concentrated nitric
eclid in 5 cc. of concentrated sulfuric scid. The temperature
wasg allowed to rise slowly, whereupon the reseaction started, snd
heat was evolved. The reasction mixture was mechanically
agltated and kept below 40-50° by cooling under the tap. The
flask was then warmed for 15 minutes on the steam-bath, The
contents of the flask %Eg/then poured on cracked ice and the
erude product filtered. Two orystallizations from acetic scid
gave 2.5 g. (28%) of pure yellow needles melting at 139.1400.
The ylelds were the ssme in three other identical preparations,

Anel. Caled. for CgHnOoNBro: N, 4.36.

Found: N, 4.40.

Since the two positions available for substitution are
ldenticel, this compound 1s most probably 4-nitro-5,6-dibromo-~
hydrindene.

Attempted Preparation of
4-Hitro-5-phenoxy-8-bromohydrindene

Seven grams (0.0187 mole) of 4-nitro-5,8-dibromohydrindene
was intimately mixed with 2.5 g. (0.021 mole) of sodium
phenoxide by grinding in a2 mortar. The ingredients were care-
fully dried before mixing. Thie mixture was heated for 2 hours
at 170° 1n a emall Erienmeyer flask lmmersed in a metal-bath.
The 4-nitro-5,8-dibromohydrindene proved to be very sensitive,
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and complete charring occurred under these conditlons. The
successful preparation of 4-nitro-5-phenoxy-6-bromohydrindene
would have led to an attempt to prepare 4-bromo-l,2-cyclo-
pentenodibenzofuran yvis the dlazonium salt of the reduced

25, 42
4-nitro-5-phenoxy-6~bromohydrindene, '

The 4-bromo-l,2-
cyclopentenodibenzofuren could then have been converted to
\4~methoxy~l,2—cyclopentenodibenzofuran through a halogen-metal
interconversion with n-butyllithium, followed by the oxidetion
of this orgenometallic derivative snd subsecuent methylation.
This compound was to be compared with the product prepared on
Pzge 79 of this thesls by the reductlon of the cyclization
product of {3 -/ 1-(4-methoxydibenzofuryl)_7propionic acid.

The i1dentity of these two compounds would have shown that the
cyellzation involved the Z2-position. The dissimilarity of

the two compounds would have indlcated that ring closure

occurred in the Y-position.
Preperation of 4-Hydroxy-S5-nitro-o-cresyl Methyl Ether

Sixty grams (0.3 mde) of S5-nitrotoluhydroquinone di-
methyl ether prepared sccording to the directiong of Erﬁtmanas
was placed in a flask contalning 400 cc. of acetic acld and
100 ec. of 42% hydrobromic acid. The solution was refluxed
for five hours. The solution was then diluted with water and

cooled with ice. The preciplitate was filtered and extracted

83 .
Erdtman, Proc. Roy. Soc. {(London), Al43, 191 (1933).
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by boiling with o 10¥% sodium hydroxide solution. This red
basic solution was filtered while hot and neutrelized with
hydrochloric acid. The orange precipltate was recrystallized
from petroleum ether (b.p., 60—860). The ¥ield wes 17 g.
(33%) of orange needles melting at 100-101.50.

Ansl. Calcd. for CgHgO,N: OCHy, 16.9.

Fomd: OCE:S, 1’7010

The product 18 probebly 4-hydroxy-5-nitro~-g~cresyl
methyl ether. This compound wes to be used in an attempt
to show the structure of the dibromination product of 2,8-
éihydroxydihenzafuran.gv The method was discerded in favor

of & more promising procedura,



DISCUSUION

Evidence for Assigned Structures

The serieg of trensformotioneg 11lustrseted in Disgrem I
weg desligned to confirm the structure of the supposed 1,9(72)-
dibromo-2,E-dimethoxydibenzofuren first prepared by Gilman,

' 84
Swislowsky, end Brown hrough the dibromination of 2,8~

dihydroxydibenzofursn. 1The success of this method of proof
=68 dependent urnon the sctusl existencze of the conplete

structurel symmetry of this dlbromo-2,8-dimethoxydibenzofuran.

On this zssusption the »lan lavolved the step-wise intro-

daction of methyl- 2nd ethyl-grouns into 2,8-dihydroxydibvenzo-

by the expedient of introducing & bromine atom into the
melecule and then replecing the browine ztom with the desired
elkyl-groun through & helogen-metal interconversion with n-butyl-
1ithium and subsecuent trestment «ith the proper alkyl sul-

"

fate. The hydroxyl-prons were urotected by mebhylation in

£11 casca where halogen-metsl interconversions were employed,

end 211 brominsticns were carried out with free hydroxyl-

prounsg in the 2- and 8-positions to assure the same dlresctlve

influence as in  the dlvect dibrominstion of 2,8-dihydroxy-
Y

Gilman, Swislowsky, and Brown, J. Au. Chem. Soc., 62,
348 (1940), :




Disgram I

Trensformetiong Involving the Supposed
1, 9(?)-Dibromo~2, 8~dimethoxydibenzofuran

2~Brono- 1 o 1,7-(supnosed 1, 2-)Dibromo-
¢ (2) 2, 8-d1hydroxy-
(27)
2~Hy&rox¥ 2, 3~Dibromo- 1,7-Dibrono-
(25 l (7) 2,8~-d1lacetoxy-
(27)
l-Bromo- 2,8-Dihydroxy-
2-hydroxy- (27) 1,7-Dibromo-
(25 2, 8~-dimethoxy-
] ] (27)
1-Bromo-~ 1-Brono-
2-methoxy- 2,8~-dlacetoxy- 1,?7-Dimethyl-
(25) (70, 41) 2,8-dimethoxy-
v : (27)
l1-Methyl- 1-Bromo-
2-methoxy~- 2,8~-dimethoxy 1-Ethyl-
l (70,41) >, 8-dimethoxy-
1-liethyl- 1-Mebhyl- 1-Ethyl-~
2-hydéroxy- 2, 8«dimethoxy~ 2, 8=dihydroxy

1-Hethyl-

2-acetoxy- 2, 8=~d1hydroxy-
mixed
Me
1-Methyl- 1-Methyl- 7(?)-bromo-
2-;cetgxy~ 7-bromo- 2, 8~dimethoxy-~
2, 8-dimethoxy~
1-Hethyl- l
Z2~hydroxy~ L
1 1-Methyl- 1-Ethyl-
7-ethyl- 7(?)-methyl-
1-Hethyl- 2, 8-dimethoxy- 2, 8~dimethoxy-
c-hydroxy- (picrate) (11)
8-amino- (1)
(hyérochloride)

3,7(?)-dibromo~
2, 8-dimethoxy~

1-lethyl-

The 1dentity of (I) and (II)

would esteblish the symmetry of

the supposed 1,°-dibromo-Z,8-
Gihydroxydibenzofuran.
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dlbenzofuran, The scquisition of the same products by the
gtep~-wise Introduction of methyl- and ethvl-groupns in reverse
orders would have esteblished the fact that symmetrical sub-
stitution had occurred.

The first mcnabrominatign of 2;8~-d1ihydroxydibenzofuran
was eccomplished by Yeoman.vu This compound weas methylected
#nd 1ts structure proved by converting it into l-methyl-2,8-
dimethoxydibenzofuren via the interconversion reaction and
cleaving this compound to the corresponding l-methyl-2, 8-
dihydroxydibenzofuran, which wee then subjected to & Bucherer
reaction to form l-methyl-2-hydroxy-8-aminodibenzofurzh., The
deamination of this compound and subsecuent scetylation to
form & product which was 1dentlcel by & mixed melting point
determinstion with & ssmnle of l-methyl-P-2cetoxydibenzofuran
prepared from suthentic l-bromo-2-methoxydibenzofuran eslso via
the interconversion regctiongb definitely established the
structure of this compound to be l-bromo-2,8-dimethoxydibenzo-
furan,

The introduction of e single bromiﬁe atom into l-methyl-2,8-
dihydroxydibenzofursn was accompanied by some dibronination.
This dibromo-compound is likely l-methyl-2,8-dihydroxy-3, 7=
dibromodibhenzofuran. That the bromine atom and the nme thyl-
group in this monobromo-l-methyl-2, 8-dihydroxydibenzofuran

occupy the same positions as the two atoms of bromine iniro-

duced into 2,8-dihydroxydibenzofuran wes shown by converting 1t
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into the corresponding dimethyl-2,8-dimethoxydlbenzofuran
by methylation, halogen-metsl interconversion with n-butyl-
lithium, end subsequent treatment with methyl sulfste. A
comparison of this compound with & sample of the suprosed
1,9-dimethyl-2,8~dinethoxydibenzofuran prepared by Swislow-
skyev showed them to bhe 1denticel.

This bromo-l-methyl-2, 8-dimethoxydibenzofuran wase then
converted into an ethyl-l-methyl-2, 8-dimethoxydibenzofuran
by halogen-metal interconverslon with n~butyllithium and
subsequent treatment with ethyl sulfate. The product was
purified a8 the picrate (m.p., 144-148°),

By the same procedure l-bromo-2,8-dimethoxydibenzo-
Turen was converted into l-ethyl-2,8-dlhydroxydibenzofuran.
Brominstion of this folloéed by methyletion, pave a monobromo-
l-ethyl-#,8-dimethoxydibenzofuren. An stitenpt to convert
this to & methyl-l-ethyl-2,8-dimethoxydibenzofursn plcreste
resulted only in 2 red oll. A crystalline nroduct of nmelt-
ing point other thsn 144—1450 (sce nreviocus psragraph) would
lead one to suspect thet the dibromo-2,8-dimethoxydibenzofuran
in cuestion 1s not 2 symmetrical compound. This olly picrate
mey be just as significant since 1t 18 possible that the pure
product is & very low melting so0lid or even an oil.

Agide from the dibenzofursn derivatives of Diagram I

which involve the proof of structure of l-bromp-2,8-dimethoxy-
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dibenzofuran, the structure of the compounds included in

this disgram depend upon the definite proof of the supposed
1,9(?)~-dibromo-2,8-dimethoxydibenzofuran. The evidence
supplied by the series of transformstions included In Dlegram
II establishes the fact that thla compound is either 1,7-

or 1,3-dibromo-2,8-dimethoxydibenzofuren. Hence, the com-
pound resulting from the monobrominstion and subsequent
methylation of l-methyl-2,8-dlhydroxydibenzofursn is pro-
visionally designated a8 l-methyl-7-bramo-~2,8-dimethoxydibenzo-
furen. There 18 no evldence tc show that the compound result-
ing from the monobromination and subsgequent methylation of
l-ethyl-2,8-dihydroxydibenzofuran le subatituted in the same
position inveolved in the monobrominstion of l-methyl-2,08-
dihydroxydibenzofuren. The compound, however, 1s drobsbly
l-ethyl-7-brono~2, 8-dimethoxydibenzofuran.

Thi?tle,ss working on the ascumption thet the 1,2(?)-
dibromo-2, 8~dimethoxydibenzofuran in question wae a symmetri-
cally substituted dibhenzofuran, set cut to mske uge of the
newly established l-bromo-2,8-~dimethoxydibenzofuran. His
work involved the removel of ore of the bromine atoms in
1,9(7)~dibromo-2, 8~-dimethoxydibenzofuran by tresting this
compound with one eguivalent of n-butylliithium and adding watex
to the resulting organometallic derivative of dibenzofuran.
The acquisition of l-bromo-2,8-dimethoxydibenzofuran in better
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than é 50% yield would have estseblished the symmetrical
nature of this 1,9(?)-dibromo-2,8-dimethoxydibenzofuran.
However, l-bromo-2,8-dimethoxydibenzofuran was not obtained.
Instead, a small yield of a pure product which analyzed for

e monobromo-z,a~dimethoxydibenzofﬁran was isoclated. Thirtle
also carried out a halogen-metal interconversinn with 1,9(?)-
dibromo-2,8-dimethoxydibenzofuran and treated this organo-
metallic derivetive with methyl sulfate. This compound was
shown by & mixed melting'polnt determination to be identical
with the l-methyl—Vubromo—e,8-d1methoxydibenchuran of
Disgram I. This tleup with the work of Diagram I showed that
the monobromo~<2,8-dimethoxydibenzofuran prepared by Thirtlesa
was not the product of an snomalous reaction. It was immediately
suspected to be 3-bromo-2,8-dimethoxydibenzofuran.

Diagram II includes a series of transformations which
further clarify the structure of 1-9(?)-dibromo-2,8-di-
methoxydibenzofuran. The work of Thirt1e38 encouraged the
monobromination of 2,8-dimethoxydibenzofuran in the hope of
obtaining a monobromo-2,8-dimethoxydibenzofuran different from
the known l-bromo-2,8-dimethoxydibenzofuran and identleal
with the supposed 3-bromo-2,8-dimethoxydibenzofursn obtailned
from the 1,9(?)-dibromo-2,8-dimethoxydibenzofuran. 3-Bromo-
2,B—dimethoxydibenZOfuran identical with the compound
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38
prepared by Thirtle wa8 obteined by thls method and its

gtructure was shown as such by further bromination to the
known &, 7-dibromo-2, B-dinethoxydibenzofuran., The
bromination of 3-bromo=-2,8-dimetioxydibenzofursn glso pro-

duced & freetlon of pure material identical with the

Disgran IIX

Trangformations in the Proof of Structure of
i,7-Dibromo-2, 8-dimethoxydibenzofuran

Dibenzofuran > 2,8-Dibromo= ——— 2, 8~-Dihydroxy-

(7) z////// L - (27)
2, 8-Dimethoxy- 1-Bromo~
‘(//////’ l (27) 2,8~?1hy&roxy~
2, 8-Dimethoxy-

S=-Bromo- l1«-Bromo-
d-aldehyde 2,8=-dinethoxy-~ 2,8-dimethoxy-
(38, 41) (70, 41
lDiaﬁram I
S~Carboxy- 1,7-Dibromo- 1-Carboxy-
2,8=-dimethoxy~- 2,8-dimethoxy- 2,8«dimethoxy-
mixed (27)
m. D
S=Corboxy- Ring closure > 3 '0=Dibromo-
2,8«dimethoxy- (37, 70) 2, 8=dinethoxy-

(27)
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supposed 1,9(?)-dibromo-2, 8-dimethoxydibenzofuran. From the
evidence at hand 1t cen now be definitely stated thet the
latter compound is either 1,7~ or 1,3-dibromo-2,8-dimethoxy-
dibenzofuran.

There 18 considerable evidence supplied by a number of
Bucherer resctions on hydroxyl-derivatives of dibenzofuran
in favor of 1,7-d1bromo-2,8-dimethoxydibenzofuren. Bucherer
reactions have been carrled out successfully with the follow-

ing phenollc dibenzofurans: 4-hydroxyd1benzofuran,1g 4,6~

dihy&roxydibenzofuran,lg l-carboxy-é,s-dihydroxydibenzofuran,41
1~bromo~4~hydroxyaibenzofuran,41 and l-bromo-2-hydroxydibenzo-
furan.E? In the latter two compounds the bromine stoms were
removed, and the corresponding smines were obtained., In none
of these compounds were there any substituents in positions
ortho to the hydroxyl-groups to inhibit the resction, except
in the case of l-bromo-2-hydroxydibenzofuran, snd the bromine
atom here was apparently removed before the resction could
progeed. |

The 1,7- or l,5~d1bromo—2,B-dimethoxydibenzofurans4 wag
converted by Gilman, Swiss, Willls, and Yeoman74 to 1,7- or
1,3~-dimethyl-2, 8~-d1lhydroxydibenzofuran. A number of attamptBZ?
to run a Bucherer resction on this compound met with failure.

In striking contrast to this group of compounds wilthout
ortho substituents which reacted favorably and the one com-

pound, 1,3~ or 1,7-dimethyl-~2,8-dihydroxydibenzofuran, which
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feiled to resct even under more drsetic conditions, we have

the results of the Bucherer recction on l-methyl-2,8-dihydroxy-
&1benzofuran41 in which one hydroxyl-grour 1s free and the
other 1g ortho to e methyl-groun. The yleld of l-methyl-2-
hyﬁroxy-a-am1nedibenzofuran'1n this case wag 66.5%, 1t was
only the free hydroxyl-group which reacted, This evidence 18
certainly,powerful support for the existence of heteronuclesar
methyl-grouns in positions grtho to the hydroxyl-groups in

the 1,3~ or 1,7—dimethyl-2,8-dihydroxydibenzofuran.

Frem the combined evidence the supposed 1,9(?)dibromo-
?,,B-éimethaxydibenzofurane4 can be_designéted with reasonsable
certainty to be 1,7-dlbromo-2,8-dimethoxydibenzofuran.

The structuresof 2,8-dimethoxydibenzofuren-l-cerboxylic
ecld end 2,8~&1methoxydibenzofuran-3~cérbaxylic acid naturally
follow from the nroof of structure of the corresponding mono-
bromo-2, 8-dimethoxydibenzofursns., The structure of 2,8~
dimethoxydibenzofuran-3-2ldehyde was determined by oxidation
to 2,8-dimethoxydibenzofuran~3-carboxylic acid.

~ The resgults of the investigetion on the structures of
the dilbromination »roducts of 2,8~dimethoxydibenzofuranss’ “
placed some doubt upon the validity of the structure which had
been provisionally assigned to the dibromination product of

a5
4,8~dimethoxydibenzofuran, It waes thought to be 1,9-dibromo-

85 . ' :
Gilmen and Cheney, J. Am. Chem. Soc., 61, 3149 (1939).




4,ﬁ—dimethoxydibenzofurgn, and its structure had been
assigned by analogy with'the}re?ctimns of 4-hydroxydlbenzo-

26 86
furan with bromine  and benzenediszonium chloride in-
volving the l-position.

Diagram III includes. & series of transformations de-~
sirned tc reveal the true structursl identity of this 4l-
bromihatien product of 4,6-dimethoxydibenzofuran.

The monobromination of 4,6-dimethoxydibenzofuran was
thought to involve the l-pcxsitsi.oi’x.B'5 This wes established
28 a fect by the following serles of transfomations: The
1-bromo~4,6-dimethoxydibenzofursan wag converted into 1-
cérboxy—é,6—dimethoxydibenzofuran by & halogen-metsl inter-
conversion with n-butyllithium snd subsecuent cerbonestion,
The acid wes converted into l-carboxy-é,6~aihydroxydibenzo-
furen by refluxing with 479 hydrobromic ecid. A Bucherer
reesction on l-cerboxy-4,6-dihydroxydibenzofuran resulted in
l-carboxy-4, 6~-diaminodibenzofuran whieh pave l-cerboxydi-
benzofuran upon desminstion. This finsgl product was com-
pered wlth an authentlc semple of 1-oarboxyd1benzofuran.25'26

Cheney19 observed that the metalstion of the methyl-
ethers of phenolic derivetives of dibenzofursn with n-butyl-
1lithium has always involved nositions ortho to the methoxy-

groups or ortho to the dibenzofuran oxygen stom. The

886 ,
Gilmen end lM. V. Van Hs8s, J. Am. Chem. Soc., 61,
3148 (1939). |
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PTrensformztions Invelved in the Structure (lerificstion
of Some Derivatives of 4-Methoxy- and 4, 6-Dimethoxydibenzofuran

1,3—Dimethyl%
4denethoxy-

Y

1,5~Dimethyl-
4, 5-8imethoxy-

1-3romo-
S=zmino-
1,3-Dibron0 e=——— 4-methoxy- 1,3~Dibromo-
4-methoxy- T(S?) 4, 8-dinethoxy-
1
(Mixed m.p.) 1-Bromo- (85)
S=-nitro- 1, 3-Dibromno-
d-methoxy-~ 4=y droxy-
1(87) 6-methoxy-
1, $-Dibromno- 1~Bromo- (85)
4-hydroxy- 4-methoxy-
- 1(26)
4uHydroxy- —— 4-Hethoxy- -————=4~Hydroxy-
519) (19 8-me thoxy-
S=Hydroxy- ¢ (85)
4-AniNc=- 4-nethoxy- 4, 8-Dimethoxy-
26) y (85) ¢ (85)
é-Acetenino- Sy 4=-Dimethoxy- 2=-Bromo-
1-bromo- (a85) 4, 8-dimethoxy-
l(?g) i
Dibenzofuran J-Hydroxy-
4, 6-dimethoxy~
1-Bromo-
4eArino- 4,6-dimethoxy-
1l-bromo- (85) 3,4, 8-Trimethoxy-
1(26) 1, 7-Dibromno-
4, 6~dimethoxy-
(a5) (Mixed m.p. 1-Bromo~
1-Browo- 7-succinoyl-
{25, 28) 1-Cerboxy- 4,8-dimethoxy~
l 4, 6-dimethoxy- l
1-Czrboxy- 1-Carboxy~
(mixigﬁ?.p.) é,ﬁiéihydroxy~ i—Succinoyl~
~ 1-Carboxy- Ly B-dimethoxy~
1-Cerboxy- e— 4, 6-dienino-
av

: Gilmsn, Perker, Bsilie, end Brown, J. Am. Chem. Soc.,

61, 2836 (1939).
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metalation of 4,6-dimethoxydibenzofuran with n-butyllithlum
with subsequent introduction of bromine yilelded a monobromo-
4,6~-dimethoxydibenzofuran which was not identical with 1l-bromo-
4,6~dimeth0xyaibenzofuran.85 8ince there sre only three
posgible monobromo-4,8-dimethoxydlbenzofuren compounds
possible, and since metalation in the 2-position is very highly
improbable, this compound is most probably 3-bromo-4,6-
dimethoxydibenzofuran., There is no certainty that the bromine
atom occupies the position involved in metslation. J3-Bromo-

4, 6-dimethoxydibenzofursn wes converted into 3, 4,6-trimethoxy-
dibenzofursen through & halogsn-metal interconversion with
n-butyliithiwm, followed by oxidation of the resulting organo-
metallic derivative and subseaquent methylation of the phenol.
An attempt to prepare the same compound from 3,4-dilmethoxy-
dibenzofuran by a process of metalation with n-butyllithium,
oxidet ion, and methylstlion was unsuccessful,

S~-Bromo-4, 6-dinethoxydlbenzofuran wes monobfominated to
yield the supposed 1,9(7)-dibromo-4,6-dinethoxydibenzofuran.
This evidence definitely establishes the feet that the dibromo-
4,6-dinmethoxydibenzofursn in question is not & 1,%-derivative
and sugcests that it is either 1,3~ or 1,7-dibromo-4,6-
dimethoxydibenzofuran,

Gilman and Cheney85 dibrominated 4-~hydroxy-6-methoxydi-
benzofursn and, sfter methylation, designated the compound as
1,35-d1ibromo-4, 8~-dimethoxydibenzofuran. Since definite con-
firmetion of this structure would eliminate one of the two

most probsble structures of the supposed 1,92(?)-dibromo-4,6-
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dimethoxydibenzofurcn, the following series of transforma-
tlons was performed (Diagram III): 1,3-Dibromo-4,6-dimethoxy-
dibenzofuren, prepsred according to the directions of Gilman
end Cheney, was trested with n-butyllithium and the resulting
orgenometallic derivative of 4,6-dlmethoxydibenzofursn wes
trected with methyl sulfate. A »roduct shalyzing for the de-
glred 1,5~-dimethyl-4,6-dimethoxydibenzofuran wes not obtained.
A sinmilar anomalous reaction occurred with 1,3-dlbrono-4-
methoxydibenzofuran. The 1,3-d1lbromo-4~-methoxydibenzofuran
was vrepared by the direct dlbrominstion and subsequent
methylation of 4-hydroxydibenzofursn. The structure of this
compound was confirmed by 1ts preparstion from the Ynown 1-
bremo-5~amino-4-methoxydibenzofuran85 through replacement of
the amino group with bromine vla the dlazonium sslt. The in-
tentlion wes to convert 1,3-dinethyl-4-methoxydlbenzofuran
into 1,3-~dimethyl-4,G-dimethoxydibenzofuran by metelation with
gnbutyllithium, oxidetion of the metalsation product, and
methylation of the resulting phenol. This would have estab-~
lished the structure of 1, 3-4ibromo-4,8-dimethoxydibenzofursan.
Since the monohromination of 4-hydroxy-G-metioxydibenzo-
furangﬁ' & perallels the monobromination of 4-hydroxydibenzo-
fursen, it 1s quite likely, 1n vlew of the grester orienting
influence cf the hydroxyl-group over the methoxyl-group, thet

85
the dibromination of 4-hydroxy-tS-methoxydibenzofuran  would

. 41
also perallel the dibrominatlon of 4-hydroxydibenzofuran,
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The structure of the supposed 1,9(7?)-dibromo-4,8-dimethoxydi-
benzofuren 1s then most likely 1,7-dibromno-4,6-dimet oxydi-
benzofuran,
48

Avskisn succinoylated l-bromo-<, 8-dimethoxydlbenzo-
furan =nd obteined a nroduct melting at 188—1890. Debromina-
tlcn of this product with pslladium-calclum carbonate and
hydrogen geve him e compound melting at 240Q which wes
shown to be 1-sucoinoyl-4,S-dimethoxy&ibenzofuranég by com-
perison with an authentic semple. This evldence indicates a
true 1,9-substituted derlvstive of dibenzofuran. Since the
introduction of a bromine eton into l-browo-4,6-dimethoxydl-
benzofuran snd 1~bromo~2,8-dimethoxydibenzofuran41 has been
shown to involve & posltion other than the “-positicn, it
wes difficult to understend why the succinoylation of l-bromo-
4, 6~dimethoxydibenzofuran should result in a 1,9-substituted
derivative of dibenzofuran.

This writer repested the succinoylation of l-bromo-4, 6-

dimethoxydibenzofuran and obtained & product melting at 186-
48

188o (melting point of 188-1890 revorted by Avekian ) which
could not be purified further using toluene or 954 ethanol

a8 8olvents. These were the solvents used by Avakian.48 How~
ever, by the use of glaclsl acetic acld z8 a sclvent the
melting point was resised to 200—2010. This compound showed
the presence of bromine in an elemental test by sodium fusion

and snalyzed corrcectly for a monosuccinoyl-l-brono-4,6-41-
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methoxydibenzofuren. The quentitative tests were for bronine
and the neutral equivalent., This shows that the product melt-
ing at 186-1880 was impure. The portion of this materisl
melting at 186-1880 which 414 not dlissolve in s &mall quan-
tity of bolling toluene was further purified from glaclial
acetlic acld. This product melted at 240-2410, and wes found
to be identical with an suthentic sample of l-succinoyl-4,6~
ﬁimethoxydibenzofuran.48 Some succinoylation had evidently
occurred by the reprlacement of the bromine atom.

The debromination of l-bromo-7(?)-guccinoyl-4,6~-di-
methoxydibenzofuran by hydrogenation using palladium-calclum
cerbonate cetalyst ylelded a nure monosuccinoyl—é,ﬁ—di-
methoxydibenzofuran melting at 166-1670. Since 1t is un-
likely thet succino-lstion would involve the 2-position, and
since the l-succinoyl-4,6-dimethoxydibenzofuran is known,48
the product is probasbly 3-succinoyl-4,6-dimethoxydibenzofuran.
The compound resulting froﬁ the succinoyleation of l-bromo~4,6-
dime thoxydibenzofuran is most likely l-bromo-7-succinoyl-4,6-
dimethoxydibenzofuran. -

1—Succinoy1~é,6~dimethoxydibenzofuran48 18 much less
soluble in 95% ethanol than 3-succinoyl-4,6-dimethoxydibenzo-
furan.él The presence of l-succinoyl-4,6-dimethoxydlbenzo-
furen in the materlsl melting at 186—1880 resulting from the
succinoylation of l-bromop-4,8-dimethoxy dibenzofursn has been

48
demonstrated. It is quite probesble, then, that Avaklan
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isolated this l-succinoyl-4,6-dimethoxydibenzofuran instead
of the J~-succinoyl-4,6-dimethoxydibenzofuran hecause of its
greater insolubility.

Dlagran IV includes =z series of steps involving the
bromo-derivatives of Z2-aminodibenzofuran. Thirtlesa broﬁi—
neted Z-asminodibenzofuran by the ordinsry drop-wise addition

of bromine and obtained only a dibromo-2-aminodibenzofuran.

Diagram 1V

Seme Derivatives of 2-Aninodibenzofuran

2-Acetemino~ > 2-Acetamino-
) (14) 3~bromo-
(14)
1-8Bromo-
(2?) (9ee Diesgram III)
2=-Amino- ——ae—ws l-Bromo- 2~Amino=-
[\ (14) 2-amino- 3=-brono-
2-Bromno- 1, 3-Dibromo-__ 5 1,3~-Dibromo-
Ring glosure (8) Pwamino- 2eemino-
T , (38) (38)
Dibenzofuran
38

Thirtle also.aemonstrated thet one of these bromine atoms
wzs in the 3-position when he obtained the same compound by
the bromination of B—amino-5—bromod1benzofuran.14 This
writer prepared a new monobromo-2-aminodibenzofuran by the

entrainment bromination of 2-~aminodibenzofuran. Deaminsation
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of thls product to l-bromodibenzofuran showed the compound

to be l-bromo-Ze-aminodibenzofuran. It is unlikely thet 2-
aminodibenzofuran would brominate in the S-position andg,
hence, S-bromc=-2-aminodibenzofursn is ruled out, This pro-
vides & new method for the synthesis of 1-bromod1benzofuran.26
Further brominstion of l-bromo-2-aminodlbenzofuran ylelded

the same dlbromo-2-aminodibenzofuran obtained by Thirtle,sa
This demonstretes thet the dibrominztion product of 2-amino-

dibenzofursn 1is 1,3-dibromo-Z-aminodibenzofuran.

Attennts ¢ Bridge the
1- end 2-Positions of Dibenzofuran

#*
A study of the verious attempts %o bridge the 1- and

O-positions of dlbenzofuran reveals that in nearly every
gpproach the efforts were rewarded only with blackened oils
end vroducts of polymerizetion from which no pure crystalline
nroducts could be lsolated.. This weas not true in the caose

of the cyclization of Y~/ 1-(4-methoxydibenzofuryl)_7 butyric
2cid by Avakian.48 In this letter cese, however, there are
two nossible cyclizatlon products in sdditlon to the nos-
8lbility of intermolecular condens:tion.

62 ¥
The method of Bradsher and HRosher for the

%*Hefer to the Historlcal section of this thesls, p.yyp,
#*3ce p.22, this thesis,
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preparation of 2, lO-substituted derivatives of phenanthrene
seemed to fulfill ell of the desirable requlirements of the
reaction which would most adequately test the ease of bridg-
inz the 1- and 2-positions of dibenzofursn. 8Such a reaction
would not tend to give Intermoleculer condensation products
znd would react intramoleculaorly 1n juzt one way. To be able
to rccover the starting materisl or some precursor to the
sactual 1,9-bridge 1s highly desireble since it enables one
to have a definite indicstlon of the effect of the methods
emnloyed. The method of Bradsher and Boshers2 proved, in-
deed, to be Just such & resction,

1-Bromodibenzofuran (sec Diagram III, p. 108) vnrepared
sccording to the directions of P. R. Van Ess was employed

in the following series of reactions:

38R
— o — %\ g ?‘¢ gb“'lﬁ‘
\ — /7N /% to-c- G151
o o = —\ HBe
N 7\ /A
NO 7
g & ¢
ClHs *Q* Gyc:Q
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The Grignzrd reagent prepsred from l~br0modibenzofuran2
wes trezted with  -phenoxypropiopvhenone, snd the resulting
01l was refluxed for 24 hours with 48% hydrobromic acid in
glacial escetic acid. A pure crystalline product was i1solated
which readily formed an oxime. The analysis for carbon and
hydrogen on this compound snd for nitrogen on the oxime indi-
cated the exrnected structure I, No other product covld be
isoleated.

The mechanlsn f?r this typne of resction was postulated
by Bradsher and TessO5 to inveolve the cyclodehydretion of the
enol~form II to give the desired 9-methyl-10-phenyl-4, 5-
phenanthrylene oxide (III). Hence, the ketone (I) was re-
fluxed for & prolonged perind (48 hours) with 48% hydrobromie
acld znd placial scetliec zcid. Only the ketone (I).was re-
covered.

It wes thought thsat other dehydrating agents might ef-
fect the c¢yclodehydrstion. Anhydrous liquid hydrogen fluo-
ride at room temperature and at 100 was tried. Sulfuric
zcid and phos-horous pentoxide were employed. The starting
materisl (I) wes obtzined in each case except with phosphor-
ous pentoxlide, This powerful reagent caused polymerizetion.
Pyrolysis had no effect upon the ketone (I).

This work indicates thet the bridging of the 1~ and 2-
posltions involves more than ' the dlscovery of a sultable

type of reaction. It is quite likely that a certein smount of

energy of activation involving the strain thet would naturally

be expected in a compound containing the 4,5-phensnthrylene
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oxide nucleus nuct be genersted before rezctlon can occur.
Also 1t 1s possible thet 89-methyl-10-phenyl-4, 5-phenanthrylene
oxide, which hss assumed complete eromatlc character, 1g of a
much higher energy level thsan the ketone II where there is a
. poseibility of fixed bond structure. Swislowsky  hae dis-
cusgsed the likellhood of a fixed bond structure in dibenzo-
furen. Although dlbenzofurasn is definitely similer to naph-
thalene in some of 1%8 reasctions, 1t cennot be stated with
certainty thst the bond structure is fixed.

The following serles of reactions was designed with the
hope of incorporating s three-cerbon bridge between the 1- and
9-positions whiéh might then be reduced to a two-carbon bridge

by 2 process of ring contractic i

CH €O CH,~CO 1
Cto & oH.
Q- -O— 5
: O7 oCH N o7 OCHy o/ oCH,
I - IE 1
e “elh 'é’ e
( { / D
VY 2= ()
O7 OCH, N 07 OCH, o/ &CH,
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4-Methoxydibenzofuran-l-aldehyde was prepared by the
N-methylformanillde synthesia77 using N-methylformanilide
end phosphorous oxychloride on 4-méthoxy&ibenzofuran. Its
structure was shown by oxidstion to the known 4-methoxydiben-
zofuren~l-carborylic acid.13 The structuresof compoundg 1T
end III depend upon the structure of 4-methoxydlbenzofurasn~
1-aldehyde. 1-(4-Methoxydibenzofursl)acetlc scid (II) was
obteined by the action of melonlc acid and dry pyridine on
the aldehyde (I} The reduction of II gavegg-yfﬁﬁ(é-methoxy-
dibenzofuryl) 7/ propionic azcid (III). It was hoped that the
cyclization of III would involve the 9-position and thet
the resulting ketone (IV) could be oxidized to the di-ketone
Cv)with selenium dloxilde. The successful preparation of V
might possibly lead to methyl morphenol (VI) by the use of
the benzllic acld rearrangement, followed by decarboxylation
end dehydration. The selenium oxide oxidation of IV (?2)
gave no pure product.

The cyclization of(3 -/ 1-(4-methoxydibenzofuryl)_7
propionic acid was accomplished by the use of anhydrous
liquld hydrogen fluoride. The following are the possible

structures of this cyclodehydreticn product:
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ﬁ lalt/
Q(H‘:CI{LC_:O 9, ‘CHL
24 OaY
(o3 OC.H; o’ CH_'?

I IT
5-Methox -1~benz(§)1ndeno-ﬁ 2, 3=Dihydro-8-methox -1-"
/ 4,5-d4 /furan-3(2)-one oxo-l-cycloheptalklm)di-

benzofuran

The oxidstion of this cyclic ketone, followed by the
methylatlion of the resulting di-zcid, gave the ssme di-
acild ester obtaelned by Avakian48 by the oxldstlon and
esteriflcation of the cyclic ketone nrepared by the cycli-
zetion of Y-/ 1-(4-methoxydibenzofuryl) 7butyric acid. This
indicetes that the ring closure in both ceses involved the
sene posltion. A compound thought to be 1,2-dibromo-4-
methoxydlbenzofuran prepered by Avakian wes converted by
him into 1(?),2-dicerbomethoxy-4-methoxydibenzofuran. This
conpound wss not identlcel with the di-acld ester obteined
by oxidatlon and esterification of the ring-closure pro-
ducts. Until the structure of 1(?),2-dicarbomethoxy-4-
methoxydibenzofuranég is definitely established the course

of the ring closure will be unknown.

A theoreticsl considerstion of the course of the

# See note on nomenclature frem Dr, Leons Cepell
included a2t the end of thils thesis.
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cyclization of€3fZ”l—(4~methaxyd1banzcrury1)7 propionic
acld favors ring clasﬁre in the 2-positicn, By the use of
sulfuric apld this writer was unable to obtain the ketone
represented by either formula I or II rnmn§9ejfi~(é~
methoxydibenzofuryl)/ nropionic acid, Avaki&n,és however,
was sble to effeot cyclizstion of )=/ 1-(4~-methoxydibenzo-
furyl)_/ butyric acid by the use of 88% sulfuric seid. In
comparison, Ol~tetrelone cannot be prepared from hydrocinnamic
acid by the sulfuric scld method, while Yearylbutyric acids
sre ¥nowm to undergo cyclodehydration under these conditions,
If the ring closures of Avakianéa and this writer involved
the S-position, 1t would seem thst there would be little
difference ‘n the ease of formation of 8 seven~ or eight-
membered ring by the sulfuric acid method.

By the use of anhydroue liquid hyérogen fluoride
ol ~tetralone and O ~hydrindone csn be prepared in sroellent
yields from Y-phenylbutyric acid and hydrocinnemic znold
under exasctly the szme conditionsg used in the oyeclization of
these dibenzofuren derivatives, It would geem, then, that
lsomeric products would be cbtsined A1f the ssme conditions
ere sufficlient to czuse ring closure in both the 2- and 9.
poBitions. HNo isomeric products were obtained in elither case.

A finsl consgideration inveolves the accessibility of
the S-positinn of dibenzofuran derivatives already substituted
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in the 1l-position. The browlnation of l-bromo-4,&~di-
methoxydibenzofuran and l-bromo-2,8-dimethoxydibenzofuran
hes been shown to involve positiong other then the S-
position.41 Suceclnoylation of l-bromo-4,8~dimethoxy dl-
penzofursn does not involve the 9—position.él The explena-
tion for this hehavior is neost likely steric hindrance.

The Y-position 1s pertielly blocked by the substituent in
the l-position. Cyclizstion from the l-position to the 5-
posltion would be, essentially, the substitution in the S-
nosition of a l-substituted dibenzofuran, and there 18 no
reason to belleve thet 1t would not encounter the asme type
of interference. This would he true only of acld chains
longer than two cerbon atoms in the l-position.

The compound resulting from the cyclodehydration of
-/ 1-(4-methoxydibenzofuryl)_7 propionic acid msy be pro-
visicnslly designated &s 5S-methoxy-l-benz(b)indeno/ 4, 5-d #-
furen-3(2)-one (I) until further evidence 1s obteined.

1-(4~tethoxydibenzofuryl )acetic &cidév was prepared from
4-methoxydlbenzofuran-l-aldehyde41 by the hydrolysis and
oxidation with hydrogen peroxide of the aszlactone formed by
the condensation of this gldehyde with hippuric acid in the
presence of acetlic anhydride. Attempts to cyclodehydrate
this compound at room tempersture with anhydrous liquid

hydrogen fluoride had no effect on the compound. Prolonged

o
heating st 100 with hydrogen fluoride promoted the formation
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of & non-acidic product which could not be purified. This
meterial 1s probebly the product of intermoleculsr con-
denss=tion, since ring closure would rrobably give =z ketone
winich would lilkely enolize to the phenol, However, this is
not certain, and simller investigation using a larger amount
of this acid or of 1~(4,6-dimethoxydibenzofuryl)acetic acid

would not be unwilse.

The Acceselbility of the S-Posltion of
1-Substituted Dibenzofurens

The probebillity of steric bhindresnce in connection wilth
substitution in the 1- or ©-positions of dibenzofugan wes
first mentioned by Bywater.ll Although l=zter workws hes
ghown thet 2t least one of these »ositions is free when the
proper orlenting groups sre wresent 1n the nucleus, 1t is
now known that the nresence of one substituent in either the
1- or Z-position prevents the introduction of a segond group
into the remalining of these two positions in splte of strong

38
, 4 The bromination of l-bromo-2,8-

crientetion influences,
dimethoxyélbenzofursn snd l-brono-4,6-dimethozydibenzofuran
gnd the succinoylation of l-bromo-4,6-dimethoxydibenzofuran
heve heen shown to involve elther the 3- or the 7-position,
The 7-position is preferred.

Overcoming this steric effect by the introduction of

smeller groups may heve some merit. However, the
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dimeteletion of 2,8-dimethoxydibenzofuren with n-butyllithium
by Swislowsky27 with subseuent cerbonation ylelded 1,7~
dicarboxy-2, 8&~dimethoxydlbenzofuren., From this evidence it
ig nozsible thet =toms ze smell 28 lithium can sterically
hinder the introduction of & gecond atom, The first hydrogen
replzced by lithlum in 2,8-dimethorydibenzofuran 1s nrobably
in the l-vposition, ﬁincé the ~etsletion of Z2-met oxydibenzo-~
fursn involves msinly the 1-positﬁnn.88 The gecond metal
ctom would then tend to enter the S-nosition 1f tere were
no hindrcnce.

It may be rossible te introduce useful grouns into the

1- anéd 2-positionsg of & compeund such ae 3,7-dimethyl-2,8-

dimethoxydibenzofursan.

3ome General Considersations for Dibenzofuran Research

z8, 41
The recent developments ’ in the effort to intro-

duce substituents into the 1~ and S-posltions of dibenzo-~
fursn by direct substitution give very definite indications
that the task will not be an easy one, if a2t a1l possible. 1,-
9-d4substltuted dibenzofursns could most probably be prepsred
more essily by ring closure methods.ll The synthesis of 1,8~
dichloromethyldibenzofuran would provide a2 valuable compound

a8 a2 vrecursor to the npreparction of phenanthrylene oxide by

88

Gilmen and Bebb, J. An. Chem. Soc., 61, 109 (19232),
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using sodamiﬁe.sg It would likely bhe necessary to prepzre a
1,2-cerivative by ring closure which could then be converted
inte the 1,9-dichloromethyl derivative.

Until 1, 3-substituted dibenzofurszns are avalleble, there
are meny vesctlions whilch mirht be a-nlied (see Historicsl ef
this thesis) in obtaining the 1, 9-bridse using l-substituted

dibenzofurans, It would be interesting £t~ try the method of

oy
Bradsher end Rosheroa for the prevsrstion of l-methyl-9-nphenyl-
' 89
4, B-phenanthrylene sulfide from l-bromodibenzothliophene, The

spatisl relationshin of the 1- and 9~positiang of éibenzothio-
phene should be more feavorable to the accomplishment of a8 1,9-
bridge then in dibenzofuran because of thie grester size of the
sulfur atcm a8 coumpared tn the oxygen atom in dibenzofuran.
Another expedlient which hag a8 yet not been investipated
12 that of prepering 2 suitable derivative of & vartislly
reduced dibenzofursn which might be lnduced to undergoe
cyclodehydrotisn by virtue of reduced strain to form o 1,9~
bridre. Such & compound might be 1l-(4-methoxy-1,2,3,4-
tetrehydrodibenzofuryl)acetic acid. Thls scid could provably
he prenared by the hydrogenation of 1l-(4-methoxydibenzofuryl)-
acetic acid.éé’ e BradleyQO wag able to obtein 1,2,3,4=
tetrahydro~-4~mathoxydibenzofuren in 417 yield by the hydrogen-

ation of 4-methoxydibenzofuran using nickel os the catslyat,

O
% ¢1imen ana Jacoby, J. Org. Chem., 3, 108, (1938),

90 Bradley, Doctoral Dissertation, Iowa State College, 1937,
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SUMMARY

The structures of some mono- and dibromination pro-

ducts of 2,8-34imethoxydibenzofuran have been clarified,

Some additional evidence on the structure of the 4i-~
bromination product of 4,6-dimethoxydibenzofuran hss
been glven. The structure of 1-bromo-4,6-dimethoxy-

didvenzofuren has been proven.

The structures of the mono~ and dibromination pro-
ducts of 2-aminodibenzofuran have been proven. A new

source of l-bromodibenzofuren has been found,

Some new l-substituted dibenzofuran derivatives have

been prepared.

Some new attempts to bridge the 1l- and 9-positions of
dibenzofuran have been made, The actual course of

these reactions has been discussed.

The effect of this work on the course of future dibenzo-

furen resesrch has been discussed.
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This letter is the reply received from Dr., Leonard T.
Cepell following an inqu’ry on the sorrect nomenclature of
the cyclization product of{3-/ 1-(4-methoxydibenzofuryl) /-
propionic scid:

Mr. John A. Hogg
incs, fora CoLteee
Dear Mr. Hogg:
The ring systems represented in the suggested

structures for your compound are new systems. The
least hydrogenated forms are:

t ' _cly 3
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These rings should be numbered 28 shown. I can be
celled l-benz/ b 7indeno/ 4,5-4 7furan. The 1- indi-
cates the position of the extra H atom which 1s neces-
sary for the existence of the ring. Your compound is
the 2,3-dihydro-5-methoxy~3-0x0 derivative which can
8180 be named 5-methoxy- -benz/ b 7indeno/4,5-4 /furan-
3(2)-one. II should be named l-cycloheptae/ klm /@i~
benzofuran. The compound should be called 2,3~dihydro-
6-methoxy-l-cyclohepta/ klm /dibenzofuran-l-one or 2,3~
dihydro-6-methoxy-1-oxo-1-cyclohepta/ klm 7/dibenzofuran.

Sincerely yours,
(Signed) Leonard T. Capell
LTC:MW
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