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INTRODUCTION

Several years ago (1,2,3) it was found that certain
orienting groups promote substitution in the 1- and
9-positions of the dibenzofuran (I} nucleus. This thesis
is primarily s study of the derivatives and substitution
products of the compound provisionally designated as
l,g-dibromo~2;B-dimathoxydibenzafuran (z,4).

The importance of the 1,9-derivatives of dibenzofuran is
not to be minimized, since 1t is evident that the dibenzo-
furan nuclsus forms a major part of the morphine skelston
(II) and these derivatives open new approaches to the

synthesis of morphine~like compounds.

(H3_N_‘CH2

«O

I il

1. Gilmen and ¥. R. Van fss, J. im. Chem. 30c., 81, 1365
(1939).
2, Gilmen and Cheney, ibid., 3149 (1839).

3. Gllman, Swislowsky, and Brown, ibid., 62, 348 (1940).
4, Swislowsky, Doctoral Dissertation, Iowa State College
(1929); Iowa State Coll. J. gei., 14, 92 (193%)

l C. A., 34, 6273 [1940)_/.




The synthesis of morphine itself is not particularly to
be desired because of its habit-forming properties and other
narmful effects. It is possible, however, that a compound
of similar structure, formed by bridging the 1,9-positions
in dibenzofuran, may be an effective narcotic or be an
intermediate in the preparation of drugs of highly superior
qualities.

Furan, benzofuran, and dibenzofuran derivatives have
been tested for pharmaceutical value. Some furan deriva-
tives have been tested and found to be inert in morphine-
like sction (5). In tests on 142 compounds (6) of which 124
were dibenzofuran derivatives only 4-aminodibenzofuran showed
distinet anslgesie activity (10% that of morphine) on white
mice. Tighteen others showed slight or doubitful activity.
The first 78 compounds in the series (HU) were tabulated by
Parker (7). Cheney (8) presented data on HD numbers 79 -
106, Swislowsky {4) 1listed test results on the compounds
through HD 123 and Cook (9) continued the 1list through

ED 142. The series included 18 compounds of related

5. Hepec ka, Ked. u. Chen. Abhandl. med.-chem. Forschungs-
statten I, G. Farbenipd., %, 403 (1936) / Chem. zentr.
T, 1146 (1937)
6. The tests were carried out by Parke, Davis and Company
by courtesy of Dr. Bywatsr of that company.
7. Parker, Doctoral Dissertation, Iowa State College {1937).
"8, Cheney, Doctoral Dissertation, Iowa State College (1938},
9. Cook, Doctoral Dissertation, Iowa State College (1940).
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structure such as derivatives of dibenzothiophene, benzo~-
furan, phenanthridine and phenoxathiin.

While there are many unexplored possibllities for
pharmaceuticals in the dibenzofuran nucleus, thers is still
greater promise in a compound of the phenanthrylens oxide
type (II1I) which might be formed by bridging the 1- and
g-positions in dibenzofuran.

Some methods of linking the 1- and 9-positions in
dibenzofuran have been proposed by Cheney (8) and by
Swislowsky (4) and some of these methods have been tried
without success. Fhenanthrylene ozide has never been
synthesized {10} but morphenocl (IV), 3-hydroxyphenanthrylene
oxide, has been prspared in about 50% yield by degradation
of morphine (11}.

10, Small, %ddy, Mossttig, and Himmelsbach, "Studies on
Drug Addiction”™, Public Health Reports 3upplement HNo.
138, Government Frinting Office, Washington, D. C.
{1938), p. 41.
11, %oset?ig and Meitzner, J. Am. Chem. 3oc., 58, 2738
1934).



HISTORICAL

Dibenzofuran was first synthesized by Lesimple (12) in
1866 by heating phenyl phosphate with lime. Hoffmeister and
other workers determined its structure (13). Coal tar is a
major commercial source {14) of dibenzofuran, it and its
homologs making up about 35% of the fraction boiling between
270 and 5500 {15), Dibenzofuran is also made commercially by
passing phenol vapors over thorium oxide or lead oxide in a
heated tube (16).

Dibenzofuran was first used in these laboratories in an
attempt to synthesize furan derivatives by oxidative degrada-
tion {17). %Yhen dibenzofuran and some of 1ts derivatives were
found to be resistant to attack, intersst was arcused in di-
benzofuran itself, Until then, although many derivatives
had been made, the position of the substituents had, to a
large extent, remained in doubt., Dibenzofuran, therefore, was

practically unexplolited and this fact, together with its

12. Lesimple, Ann., 138, 376 {1866).

13, Hoffmelster, Bsr., 3, 747 (1870); Tauber and Halber-
stadt, Ber., 25, 2745 (18%2); Kraemer and "eissgerber,
Ber., 34, 1662 (1901).

14. German patent 491,594 / C.A., 24, 2475 {(1930)_7.

15. Kruber, Ber., 65, 1382 (1932}.

16. Cullinane, Davy, and Padfield, J. Chem. Soc., 716 (1934),

17. Oatfield, Thesis, Iowa State Colleze (1933).
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close similarity to morphine, greatly stimulated research.

A thorough survey of the literature up to 1933 of all
types of dibenzofuran compounds was made by Oatfield (17).
The literature to June, 1939, was reviewed by Swislowsky (4)
and to late 1942 by ¥Willis (18)}. The literature to the end
of 1942, including any omissions in the previous surveys, is
reviewed at the end of this thesis,

The literaturs of the l—; 4~, 6~ and 9-substituted
dibenzofuran derivatives has been adequately covered up to
the middle of 1939 by Swislowsky (4). Since then little
work has been published on dibenzofuran, much less on the 1=
and 9-derivatives.

In general, l« and 9-substituted dibenzofuran deriva-~
tives have been made by direct substitution of dibenzofuran
nuclei having the proper orienting groups. There are a few
cases in which ring-closure reactions have been effective in
preparing 1,9-derivatives but only in poor yield. Tetrazo-
tization of 2;2'-diamino-6,6'—dimethylbiphenyl and heating
gave a small yield of 1,9-dimsthyldibenzofuran (19).
1,9-Diphenyldibenzofuran (20} has been made from 2,2'-diamino-

6,8'-diphenylbiphenyl. One other important synthesis is that

18, willis, Doctoral Dissertation, Iowa State College (1943).

19. Mascarelli and Tongo, Gazz. chim. ital., 68, 121 (1938).
[ C.A., 32, 8235 (1938]/. |

20. Sako, Bull. Chem. Soc. Japan, 9, 55 (1934) /[ C.A., 28,
3730 (1s34)_/.
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of 1,9-dihydroxydibenzofuran (21} by ring-closure of
2,2',5,6"~tetrahydroxybliphenyl.

Direct substitution to synthesize l- and 9-derivatives
is the most affective method for obtaining satisfactory
yields. The desired compounds are generally formed when
strong ortho and para directive groups are in the 2~, 2,8,

4~, or 4,6-positions of the dibenzofuran nucleus,

Substitution in the 1l- or 9-Position

There is as yet no method of direct substitution in the
1- or 9-position of dibenzofuran except possibly nitration.
Yamashiro (22) reported that l-nitrodibenzofuran, melting at
91 - 930, was obtained as an isomer in the preparation of
3-nitrodibenzofuran. Recently (23} he reported in the nitra-
tion of dibenzofuran a 70% yield of 3-nitro, 10% of 2-nitro,
and 1% of l-nitrodibenzofuran. However, the l-nitro-
derivative is reported in the latter publication to mslt at
128 - 126.50. This melting point compares favorably with
that obtained by Swislowsky (4) on his l-nitrodibenzofuran

o
{m.p. 120 = 121 } prepared by deamination of authentie

2l1. BSimada and Hata, Sci. Papers Inst. Fhys. Chem. Regearc

(Tokyo), 35, 365 (1958) [/ C.hA., 93, 4594 (1939) /.

22, Yamashiro, J. Chem. 3oc¢. Jdapan, 57, 714 (1936} [/ C.4.,
30, 7575 (1938)/.

23. Yamashiro, Bull. Chem. So¢. Japan, 16, 61 (1941) /[ ¢C.s.,
35, 5111 (1841)_/.
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1-nitro-4-aminodibenzofuran. The following transformations,
howsever, prove the compounds are not identical. Reduction of
Yamashiro's l-nitro- compound gave, he reported, the l-amino-
derivative, melting at 115.5 - 114,59. The corresponding
acetamino- compound melted at 259 - 2600. l-Aminodibenzofuran
(1,24) prepared in these laboratories from suthentic l-bromo-
dibenzofuran melted at ?40 and the l-acetamino- compound
melted at 8050. There is no doubt of the suthenticity of the
latter compounds, and, thus, Yamashiro's work would ssem to be
in error.

Substitution in the 1- or 9-position of the otherwise
substituted dibenzofuran molecule was first accomplished in
these laboratories (1,2,3,4,24,25,26,27). F. R. Van BEss (24)
definitely proved that bromination of 4-hydroxy- and
4-acetaminodibenzofuran involved the l- or 9~-position. Later,
Parker {7) brominated 4-methoxydibenzofuran to obtain the
same product which Van ®ss obtained by methylation of his
bromohydroxy~ compound. It was also shown by Farker that the
Friedel-Crafts reaction acylates either the 1l- or the

g-position when a methoxyl group is in the 4-position,

24. ?. 3.)Van ¥gs, Doectoral Dissertation, Iowa 3tate College
19586} .

£5. Gilman, Jacoby, and Swislowsky, J. Am. Chem. Soc., 61,
954 (1939).

26, Gilman, Parker, Bailie, and Brown, ibid., 2836 (1939).

27. @Gilman and M. W. Van %ss, ibid., 3148 (1939].



T

Nitration of 4-methoxydibenzofuran gives l- or $-nitro-4-
methoxydibenzofuran (25). It is interesting to note that
nitration of the 4-hydroxy- derivative gives the 3-nitro-4-
hydroxy- derivative (25). An interesting reaction in which
the position of the substituent ils dependent upon the experi-
mental conditions 1s the nitration of 4-acetaminodibenzo-
furan. HNitration in acetic anhydride at ~1GQ gave a 35% yleld
of 3-nitro~4-acetaminodibenzofuran (25). On the other hand,
‘nitratiOR in glaecisl acetlic aclid at 709 gave l~ or 9-nitro-4-
acetaminodibenzofuran in 59% yield (4). Bromination of
4-~acetaminodibenzofuran gives the 1- or 9-bromo- derivative
in almost quantitative yileld (1).

It was found by M. W. Van %ss (27) that the benzeneazo
coupling reaction with 4-hydroxydibenzofuran gives a product
which, based on the nature of diazo coupling reactions, was
assumed to be substituted in the same riang. The substitution
could have occurred either ortho, to give the 3-benzeneazo-4-
hydroxydibenzofuran, or para, to give l-benzeneazo-4-hydroxy-
dibenzofuran. Reduction to the amins, diazotization, and
replacement of the dlazonium group with bromine gives the
same bromohydroxy- compound obtained by bromination of
4-hydroxydibenzofuran. Since, as it has been mentioned, azo
coupling is a homonuclear reaction, the compounds noted
previously as either l- or 9- derivatives are thus proved to

be l1- derivatives.



It was found that the dibenzofuran molecule substituted
by a strong ortho-para directing group in the 4-position
directs halogen to the l-poslition even when some otlher
substituents are present. For example, S-hydroxy-4-methoxy-
dibenzofuran brominatss in the l-position (2) in spite of the
fact that the hydroxyl group is a strong ortho directing
substituent and might presumably dirsct substitution to the
2~-position. As would be expacted, 3,4-dimethoxydibenzofuran
also brominates in the l-position (2).

While it has been found that an ortho-para directing
group in the 4-position strongly activates the l~position, the
same groups in the 2~position have anomalous effects. For
example, Z-acetaminodibenzofuran brominates and nitrates in
the 3-poaition., 2-Methoxydibenzoefuran, likewise, brominates
in the 3~-position almost exclusively. On the other hand,
Z-hydrozydibenzofuran gives the l-bromo-2-hydroxy~- derivative
together with a small amount of the 3-bromo- compound {1).

M, W. Van Ess (27) sugeested the possibility of an enolice
double bond between the 1~ and 2-positions of Z-hydroxydi-
benzofuran since the latter compound couples with diazo
compounds almost quantitatively in the l-position. This
theory would require a double bond also bstween the 3~ and

4-pogitions. However, the same experimenter found that

d=-hydroxydibenzofuran couples in the Z-position, indicating

a double bond between positions 2 and 3, and, yet,
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4-hydroxydibenzofuran couples in the l-position, indicating
either that there is no fixity of the double bonds in dibenzo~
furan or that other directive factors, such as the biphenyl
or biphenyl ether linkages, play a prominent part.
Dibenzofuran derivatives having groups in the Z-position

which form a phenolic group by rearrangement generally re-
arrange to the l-position. 2-Allyloxydibenzofuran, under the
~ influence of heat, gives l-allyl-Z-hydroxydibenzofuran {1}.
2~fcetoxydibenzofuran, on the othsr hand, gives a 20% yield
of Z-acetyl-2-hydroxydibenzofuran and a smaller amount of
l-acetyl-2-hydroxydibenzofuran when rsarranged with aluminum
chloride (4).

Ortho-para dirscting groups in both the 4- and
6~positions activate the 1l- or 9-position for monosubstitu-
tion, Thus, 4,6-dimethoxydibenzofuran acylates and brominates
in the l- or 9-position {2). Diazo coupling of 4-hydroxy-6-
methoxydibenzofuran takes place in the l-position (2). The
same reaction with 4,6~dihydroxydibenzofuran, however, gives
a tribenzeneazo- compound. Likewise, bromination of
4,6~dihydroxydibenzofuran has not been controlled to give a
monobromo- derivative, a dibromo- compound resulting (2).

It has recently been demonstrated that 2,8~hyﬁraxy§i-

benzofursn can be monobrominated (28} and it has been proved

28, F, A, Yeoman, unpublished studies.
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{(29) that bromination occurs in the l-position.

Substitution in Both the l- and 9-FPositions

Dibromination of 2,8-dihydroxydibenzofuran (3,4) gives
a product which was provisionally designated as 1,9-~dibromo-
2,8-dihydroxydibenzofuran. This designation is logiesl,
since 2-hydroxydibenzofuran gives the l-bromo- derivétive.
Dibromination of 2,8-dimethoxydibenzofuran gives two isomers
one melting at 196 - 1970 and the other at 260 - 2610. The
former is identical with the product obtained by methylation
of the compound designated as 1,9-dibromo-2,B-dihydroxydi-
benzofuran. The isomer melting at 260 - 2610 wag then pro-
vigionally named 3,7-dibromo-2,8~dimethoxydivenzofuran and
has since then proved as such (30). Proof of the structure
of the so-called 1,9~derivatives has been under study and
experimentation for several years. Swislowsky converted the
dibromo- derivative to the dimethyl-2,8~dihydroxy- compound
and attempted to effect a Bucherer reaction. It was planned
to deaminate the resulting l;9-&1methyl»2,8-diamin0~ compound
to the known 1;Q-ﬁimethylaibenzofuran. The Bucherer rae-
action failed, and zinc dust distillatlon was, likewise,

ineffective. The failure of theass reactions may be attributed

£29. J. A. Hogg, unpublished studies.
30. Dr. H. B, Willis and ¥. A, Yeoman, unpublished studies.
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to sterie factors. It has been demonstrated that l-msthyl-
2,8-dihydroxydibenzofuran does undergo a Bucherer reaction in
the 8-position but not in the 2-position where a methyl group
is ortho {29).

Dimetalation (4) of 2,8-dimethoxydibenzofuran was found
to involve the same positions assumed by the bromins atoms in
the compound deaignated as 1,9-dibromo-2,8-dimsthoxydibenzo-
furan.

Recent experiments have indicated that, while one of the
bromine atoms in the compound designated as 1,9-dibromo-~Z,8-
dimethoxydibenzofuran is in the l-position {29), the other
is probably in the 7-position (£9,31). Until conclusive proof
of the position of the second brominse atom is forthecoming, the
compounds under consideration will be designated in this
thesis as 1,9(%)-derivatives.

This recent work ralses doubts sbout the dibromination
products of 4,6-~dihydroxy- and 4,6-dimethoxydibenzofuran whioch
were deslignszted as 1,9~-derivatives. Thse monobromination
products of these 4,6-derivatives were proved to be l-bromo-
derivatives, Proof of the location of the second bromine
atom i1s lacking. There is reason to belisve (28,29,31}) that
éubstitutian of either the 1l- or the 8-position by bromine

sterically hinders substitution in the other position. This

21, This thesis,



opinion does not apply where smallsr groups, such as the
nitro- group, are the substituents in guestion.

An interecting compound is 4~-hydroxy-S&~-methoxydibasnzo-
furan. Dibromination gives a product which, =fter methyla-
tion of the phenoliec group, is different from the dirsct
dibromination product of 4,6-dimethoxydibenzofuran. The
latter dibromo~ derivative is the same as that obtained by
bromination, followed by methylation, of 4,6-dihydroxydi-
benzofuran. The anomalous behavior of the monohydroxymono~
methoxy- compound may be a result of sterle hindrance in the
9-position =2fter the l-position is ocecupied. The most likely
place for substitution is then the 3-position, ortho to the
hydroxyl group. This placement would result in 1,3-dibromo-4-
hydroxy-6-methoxydibenzofuran, 4,6-Dihydroxy~ and 4,6«
dimethoxydibenzofuran would be expected to dibrominate hetero-
nuclesarly.

The historical development of the 1,9{%)— derivatives
of dibenzofuran has, thus, besn outlined. The importance of
the dibsnzefuran nucleus substituted in the l- and 9-positions
has been mentioned (p. 1); 1ts value in = possible synthesis

of morphine-like drugs is evident.
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BXPERIMENTAL
Diasgram I. Transformations Involving RBoth Benzene Nuclei
Dibenzofuran Ring closure (32)
£,8-Di- « =ixed > 2,8-Dibromo~-
bromo=- fiePe
(13)
2,8-Dioxyacetic acid
\ 2,8-Clallyloxy-
£,8=-Dihydroxy- €«——— 2,8-Dihydroxy- ——> 2,8-Dimethoxy-
1,3,7,9~-tetra- ¢ (4) k// \\N {4)
nitro-

L3

32, Wolomble, Macliillan, and

531 (1931).

Searborough,

{(30) 1,9(?})-Dibromo- 3=-Nitro-| 1l~Kitro-
2,8-dilhydroxy~ 2,8~di- 2,8~di~
(4) methoxy-| wmethoxy-
- 2,8-Dimethoxy- ~ M mixed . 2,8-Dimethoxy-
1,3,7,9-tetra=- HePe 7 1,3,7,9-tetranitro-
nitro-
(30}
1,9(9)~Dibromo~ 2,8-Dimethoxy~-
£,8~diacetoxy~ 1,3,7,9-tetraamino~
1,9(%)-Dibromo- 1,9(?}=-Dibromo- 1,9(%)-Diamino-~-
2,8-dihydroxy- 2,8-dimethoxy- 2,8~dimethoxy-3,7(%7)-
3,7(%)-dinitro- (Q)\\\\Ndiacetamino~
N
1,9{(?}-Dibromo- 1,9({?)=-Dibromo~
mixed &,8=0imethoxy~- 2,8=-dimethoxy-
Mmep. 3(?)~nitro- 5 4,7(%)~trinitro-
v
1,9(7)=Dibromo- 1,9(?)~Dibromo- 1,8(?)-Dibromo-
£,8-dlhydroxy- «——— 2,8~dihydrozxy- 2 B-dxmethoxy—
3,7(%)-dinitro- 3{%?)=-nitro- 3 7(:)-ain1tro-

Jd. Chem. S0¢.,



Diagram I. {continued)
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(2)

1,2,8,9(%?)-Tetra~
hydroxy-

(7}

1,2,8,9(7)-Tetra-
scetoxy~

| =
1,2,8,9(?)-Tetra-
methoxy-

2,8=~Dihydroxy- <————

2,8~Uinsthoxy~ —> 2,8-Dimethoxy-I-

(4)

v
1,9(?)~Dibromo~
2,8-dimethoxy~

\N (4)

1,9{?)-Di-
hydroxy-
2,8~di~
methoxy-

\ 4
1,9(%)-Dicar-
boxy=2,8-di- ——>
methoxy-

(4)

l

1,9{(%)~Dicar~
boxy-2,8-~di~
hydroxye-

(z8)

1,9({%)~Dicar-
boxy=2,8~di~-
hydroxy=-3,7(%)-
dibromo=-

(28)

1,9(?)-Dicarbo-
methoxy~-2,8-di~
hydroxy-3,7(?)-
dibromo-

bromo-
(29)
mixed | m.p.
2,8~Dinethoxy-35-
bromo-

l-Methyl-Z,8-di-
methoxy=-7(?)~-bromo-

mixad$ MeDo

1-Methyl-2,8-di-
methoxy-7{%)~bromo
(29)

l-Methyl-2,8-di-
methoxy=- ‘
{29)

1,9(7)-bDicarboxy-
Z,8«~dimethoxy~
3,4,6,7(7)-tetra-
nitro~ l

1,9(?)-Dicarbo~
methoxy-2,8-di-
methoxy=-3,4,6,7(%)-
tetranitro-

1,9(%?)=-Dicarbo-
methoxy-£,8-di-
methoxy-3,7(?)-
dibromo=

)

1,9{%?)-Dicarboxy-
2,8-dimethoxy-
3,7(%})-dibromo=




Neacetylation of 2,8-Diacetoxydibenzofuran

¥ollowing the dirsctions of Bwislowsky (4], 02.6 g.
{0.1%6 mole) of 2,8-dimectoxydibenzofuran was refluxed for
4 hours with 135 cec. of concentrated hydrochlorie acid and
1%5 e, of 95% ethanol. The m terial had not all dissolved
%t any btiee. “Then coolsd to room temperature, ths entire
mixture was poured into 2 1, of water to insure complete
nrecipitation. Ths dry product wsighed £6.2 g. (96.3%),

o

melted at 241 - 242 , and wasg, thsrefore, pure 2,8-dihydroxy-

dibvenzofuran.,

Bromination of 2,8-Dihydroxydibenzofuran

Ten graans {(0.05 wmole) of 2,8-dihydroxydibesnzofuran was
suspsnded in 125 ce. of glacial scetie acld, “hile stirring,
99 cc., of 2 molar bromine solution in gl:cial ascetic zeld was
added at the rate of onse drop vsr second., The solid graduslly
want into solution and =11 was dissolved when about one-hslf
of the bromine solution had been =dded. After standing for
Z hours, the reaction mixture was transferrsd to a £ 1. besker
and a liter of watser wae added with stirring. The dry product
of two preparations as dsscribed weighed 37.3 g, {(103%). This
meterial wss not purified but was convsrted at once into

1,9(¢)~-dibromo~-2,8-diascstoxydibenzofuran,
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Preparation of 1,9(%?)-Dibromo-2,8-~dlacetoxy-
dibenzofuran
The 7.3 g. {0.104 mole) of crude 1,9(%?}-dibromo-2,8-

dihydroxydibenzofuran described in the preceding preparation
was suspended in 225 ce. of acetie anhydride and 0.5 cec. of
concentrated sulfuric acid was added. The resulting solution
was heated on a boiling water bath for 1 1/2 hours. The solu-
tion was well chilled in an ice bath and 50 c¢c. of water was
added through the condenser a few drops at a time at first and
with shaking. The product was then poured into a liter of
water and the lumps were broken to complete hydrolysis of the
acetic anhydride. The dry, white crystalline product welghed
43 g, and melted at 164 -~ 1696. Crystallization from &
mixture of 300 cc. of acetons and 300 ce. of ethanol gave

31.5 g., melting at 167 - l?OG. A third crystallization, from
200 cc. of glacial acetic acid, gave 23.8 g. melting at 171 =
1730. & final crystallization from 800 cc. of sethanol gave
long white needles melting at 173 - 1?40. The yleld was 24.0 g.
{54.4% based on the weight of 2,8-dihydroxydibenzofuran).
1,9(?})~Dibromo~2,8-diacetoxydibenzofuran has been convsrted to
1,9(?)~dibromo~-2,8-dimethoxydibenzofuran in 82% yield (28).
These reactions give 2 better yleld of pure 1,9(%?)-dibromo-
2,8-dimethoxydibenzofuran than is obtained by direct methyla-

tion of the crude 1,9(7?)-dibromo-2,8-dihydroxydibenzofuran.
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Preparation of 1,3(%?)-Dibromo~2,8~-dimethoxy~
3{?)-nitrodibenzofuran

To a solution of 7.72 g. (0.02 mole) of 1,9(?)-dibromo-
2,8-dimethoxydibenzofuran in 1.0 liter* of glacial acetie
acid at 850 was added with stirring 50.0 cc¢. of fuming nitrie
acid over a perlod of 10 minutes. Crystals began to form in
a few minutes. The reaction mixzture was allowed to stir while
eooling to room temperature. Slx and tweniy-elght hundredths
grams (723% yleld) of product was obtained after filtering and
washing, first with glaclsl szeetic acid and then with water,
The product was in the form of pink needles and melted at
238 = 2410. After crystallizing from 600 cc. of glacial
acetic aclid, 6.2 g. of pale yellnw needles was obtained melt-
ing at 242 - 2436. & sacond recrfstallizatieﬁ of a small
portion gave a product melting at 243 - 2440.

Anal. Caled. for Gy, HgBrp NOg5: N, 3.25. Found: N,
b.42 and 3.57.

The same product was obtained using scetyl nitrate in

acetic anhydride. Nitration is believed to have occurred in

the 3-position.

¥ A large volume of acetic acid is necessary in this reaction.



Attempted Nitration of 1,9(%?)-Dibromo-2,8«
dimethoxy-3(%)-nitrodibenzofuran

In an attempt to obtain the dinitro- derivative, U.43 g.
{0.001 mole} of 1,9({?)-dibromo-2,8~dimethoxy~3(?}-nitrodi-
benzofuran was dissolved in 100 cc. of glacial acetic acid
at 1390. A solution of 5 ce. of concentrated sulfuric acid
in 30 ce. of glacizl acetic acid was added with stirring,
followed by an acstic acid solution containing 0.001 mole of
nitric ascid. The temperature was maintained at 160o for
20 minutes, stirring constantly. On cooling, most of the
starting material crystallized cut. Therefore, another
0.001 mole of nitric acid was added and the reaction mixture
wag malntalned at 1000 for 2 hours longer. +“hen cool,V.l4 g.
{33%) of the starting mate¥ial was recovered by filtration.
The filtrate was diluted with 200 cc. of water, giving 0.22 g.
of yellow material which melted at 175 - 2109. Crystalliza-
tion from an sthanol and acetone mixture gave 0.070 g. of
yellow crystals melting at 205 - 2150. Dilution of the
ethanol filtrate gave a yellow material melting at 185 - lQOQ.
Neither of these products could be purified further.

An sttempted nitration using acetyl nitrate in acetic
anhydride =t ~150 gave a guantitative recovery of starting

material.



Dinitration of 1,9(7)-Dibromo-2,8-dimethoxy~-
dibenzofuran

In an attempt to dinitrste 1,9{(?)-dibromo-2,8-dimethoxy~
dibenzofuran, 3.886 g. {0.01 mole) of this material was
dissolved in 100 ce. of glacial acetic acid and heated to re-
flux temperature in a stirring apparatus. Eighty-four
hundredths of a cubic centimster {(0.02 mole) of fuming nitric
acid in 25 ¢cc. of glacial acetic acid was added over a period
of 35 minutes., Stirring and refluxing was continued for one
hour in additiaﬂ; the solution becoming a clear ruby red and
the condensing droplets losing the yellow color of oxides of
nitrogen. After cooling, a precipitate formed which was
filterad, washed with glacial acetie acid and then with water.
This product weighed 2.30 g. and melted at 227 - 2330.
Crystallization from 200 ce, of glaecial acetic acid raised the
melting point to 237 - 2390. Purther recrystallization gave
the product previously designated as 1,9(?)~dibromo-2,8-
dimethcxy-st?)-nitro&ibenzofuran; melting at 243 - 8440.

From the filtrate, on standing, 0.27 g. of yellow

o

material settled out. This melted at 200 - 204 . Crystalliza-
\ 0

tion twice from toluene ralssd the melting point to 220 - 222 .,

A furthsr crystallization from xylene gave a pale yellow

o)
powder melting at 282 - 223 ., This product analyzed for two
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nitro groups and is probably 1,9(%?)~-dibromo-Z,8-dimethoxy-
3,7{?)~dinitrodivenzofuran.

Apal. Caled. for Cj, HgBrphyls: N, 5.88. Found: N,
5,66,

Dilution of the filtrate after removal of the dinitro-
derivative gave 1.17 g., melting from 115 to 1693. Efforts

to isolate a pure product from this material were fruitless.

Trinitration of 1,9(%)-Dibromo-2,8-
dimethoxydibenzofuran
In a 50 cc¢. Erlenmeyer flask was plaged 0.50 g.
(0.0013 mole) of 1,9(?)~dibram9-2;3~dimethezydibenzofuran,
and a solution of 5 c¢e. of glacial acetic acid and 35 ce. of
fuming nitric acld was added., After heating on a steam bath
for one hOhf; the reaction mixture was poured over corushed
lce. When the ice had melteﬂ; the pale yellow product was
filtered by suction and washed with water. The product
welghed 0.26 g. and melted at 190 - 1960. After crystalliz-
ing twice from dilute acetone .09 g. was obtained melting at
212,5 =~ 2143. This analyzed for three nitro groups per
molecule and is, probably, 1,9(%?)~dibromo-2,8-dimethoxy-3,4-

7(?) ~trinitrodibenzofuran.

Apnal. Calecd. for C;,Hy0qBroNiz: N, 8.07. Found: N,
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Preparation of 2,8-Dimethoxy~1,3,7,9(%7)-
tetranitrodibenzofuran

Five grams (0.0219% mole) of 2,8-dimethoxydibenzofuran
was heated on a stesm bath with 30 cec. of fuming nitric acid
for one hour. Yellow crystals formed in sbout 10 aminutses.
After dilution to 200 ce., 5.66 g. (81.3% yield) of product
was obtained melting at 245 - 2460. Recrystallization from
acetone diluted with water raissd the melting polint to 2486 -
2470.

Anal. Caled. for Cy,HgH,0:,: W, 13.7. Found: N, 13.6.

This compound proved to be identical (mixed m.p.) with
the product made by Dr. H. B., ¥illis and F. A. Yeoman from
2,8-dihydroxydibenzofuran by aitration and methylation (30).
The yield by the method described above is much superior,
Because of the strong ortho-directing influence of the
hydroxyl~ groups and the relatively small size of the nitro-
groups e¢ompared to bromine stoms, it iz belisved that these

compounds are actually substituted in the l- and 9-positions

by nitro- groups.

Attempted Bromipation of 2,8-Dimethoxy-
1,3,7,9(%)-taetranitrodibenzofuran

To 0.1V g. {0.000Z5 mole) of 2,8-dimethoxy-1,3,7,9(%)-

tetranitrodibenzofuran was added 1lU cc. (0.01 mole) of 1 ¥



bromine solution in carbon tetrachloride. After refluxing
for 3 hours,ths reaction mixture was cooled and the solid
filtered out. There was recovered 0.09 g. {90#) of the
atarting material, identified by an undepressed mixed melt-
ing roint.

An asttempted bromination of 0.10 g. of the tetranitro-
derivative by 2 g. {(large excess) Qf bromine in 20 cc. of
boiling acetic acld was, likewise; ineffective even after
refluxing for 6 hours.

These experiments were repeated using iron filings,
aluminum chloride, and strong sunligit individually and
collectively. HNo bromination occurred, the starting material

heing recovered in each case,

-

)=

Preparation of 2,8-Dimsthoxy-1,3,7,%2{
tetraaminodibenzofuran
Tro grams (0.0049 male)’of 2,8-dimethoxy~1,3,7,9{(%}-
tetranitrodibenzofuran was suspended in 50 cc. of ethanol and
was completely reduced in one hour using Raney nickel at a
hydrogen pressure of 40 pounds. After filtering off the
catalyst by suetion, a stopper was placed in the neck of the
guction flask and the solvent was removed wlthout heating.
There remained 1.4 g. (99% yield) of grayish-white crystals
melting =t 181 - 182G wlth decomposition. The product is

very unstable whsan moist or in solution.



Anal. Calcd. for 014}{165403: ;N. 19-4. Found: 3‘%, 12‘5‘
The hydrocnloride {(1.81 g.; 86% yleld) melted at 242
with decomposition. Diazotization by the method of Schoutissen

{33) to obtain the bromide was unsuccessful.

Acetylation of 2,8-Dimethoxy-1,3,7,9(%)-
tetraaminodibenzofuran ,
The amine prepared from 2.0 g. {0.0049 mole) of 2,8~
dimethoxy-1,3,7,9(%7)-tetranitrodibenzofuran by reduction was
diszolved in a mixture of acetone and benzene and 2 cec. of

scetic anhydride was added. Most of the solvent was removed

by distillation. On cooling, a gray precipitats formed which
melted at 235 - 2450. Two crystalllizations from ethanol gave
a product melting at 295 - 29%9 (a).

Analysis indicated incomplete acetylation had occurred,
giving a diamino-diacetamino compound.

Apal. Caled. for clBHEOﬁéoﬁz H, 15.1. Found: KN,
15.4, 15.1.

It is believed that steric hindrance prevented acetyla-
tion in the l- and 9-positions and that the compound is

1,9~diamino~-2,8~dimethoxy-35,7~diacetaminodibenzofuran.

3%. Schoutissen, J. Am. Chem. Soc., 55, 4535 (1933},



Preparation of 1,9(7)-Uibromo-Z,8~
dihydroxy-3{7)-nitrodibenzofuran
®ight grams {0.0188& mole) of 1,8(?)-dibromo-2,8~
dimethoxy=-3{7)-nitrodibenzofuran was dissolved in a liter of
boiling glaclal acetic acid, One hundred cublie centimsters
of 47% hydrobromic scid was added very slowly*. The reaction
mixture was refluxed for 22 hours and 100 cc., more hydro-
bromic acid was added and refluxing @as continued for 6 hours
longer. After cooling, 5.30 g. (70.6% yield) melting at 265
o

266 was obtained., Recrystallization from glacial acetic

o
scid raised the melting point to 267 - 2868 .

'

Anal. ¢€Caled, for Clgﬁsﬁrgﬁﬁsz N, .48, Found: H,
4.48, 3.73.

Nitration of 1,9(?)-vibromo-2,8~dihydroxy-
3{?)~nitrodibenzofuran
One~-tenth of a gram (0.00025 mole) of 1,9{(%)-dibromo-
2,8-dihydroxy-3{?)}-nitrodibenzofuran was dissolved in 20 ce.
of glaclial secetic acid at 60 - 700. With stirring, 0.70 cc.
{(0.00025 mole) of a glacial acetic acid solution containing
0.02 g. of nitric acid per cubic centimeter was added. After

about one minute the solution turned ruby red. The

¥ Slow addition is necessary to msintain solution,
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0
temporature was maintained at 60 - 70 for 10 minutes longer.

No precipitate formed when the reaction mixture cooled to room
temperature, even after a few cubloc centimeters of water had
been added. After d4iluting to 200 ce. and allowing to stand
overnight at Oo, 0.030 g. of a bright red solid formed which
melted at 201 - 2080. Crystallization from acetic anhydride

o
gave Ted clusters melting at 204 which d4id not depress the

melting point of the product of the following experiment., The

products are, thus, identical.

Hitration of 1,9(%})-Dibromo~2,8-dihydroxy-
dibenzofuran
One gram (0,00345 mole) of 1,8(%)~-dibromo-2,8~-dihydroxy~
dibenzofuran was dissolved in 15 e¢c. of glaclal acetic acid
at 590. A solution of 0.441 g. (0.007 mols) of nitric acid
in 15 cc, of glaeial acetic acid was added and,sfter stand-
ing for 10 minutes,tbe rsaction mixture was chilled in an
ice bath., After the acetic acid had melted 0.17 g. of bright
red crystals melting at 199 - 2010 was obtained. In an
attempt at acetylation of 0.05 g. of the product in 1 cc. of
acetic anhydride, red crystal clusters were obtained after
o o)

standing for 48 hours at 0 . These melted at zﬁév with

decomnosition and were non-acetylated msterial.

Analysis indicated that dipitration had occurred. The



product is probably 1,9(?)-dibromo-2,8-dihydroxy~3,7(7)-
dinitrodibenzofuran.
Anal. Caled. for Cy H,BrpliO4: K, 6.25. Found: N,

6.38.

Mononitration of 2,8-Dimethoxydi-~
benzofuran

To a stirring solution of 1.14 g. {(0.005 mole) of 2,8~
dimethoxydibenwzofuran in 20 ce. of glaclal scetic acid was
added 0.636 cc. (0.01 mole) of 69.8% nitric acid in 5 cec. of
glacial acetic acid over a rperiod of one-hslf hour. After
stirring for 15 minutes longer, the reazction mixture was
cooled to 200 and poured over crushed iece., The dry product
woighed 1.36 g. (99.6%) and melted at 126 - 1550. The
material was dissolved in boiling ethanol and =llowed to cool
slowly to room tesmpsrature. The precinitats, 0.54 g. (40%),
wag filtered »ff and melted at 168 - 1740. Crystallization
from dilute acetone gave a product melting at 172 - 1740

which snalyzed for one nitro- group.

Anal. Caled. for Eléﬁllﬁﬁsz M, 5.12, Found: N, 5.13,
From the filtrate, after standing overnight, was

o
obtained 0.19 g. of needles melting a2t 148 - 155 . Two

erystallizations from dilute acetone gave 0.13 g. (10%) melt-
o
ing at 158 -« 159 . A mixed melting point with the product
o o
melting at 172 - 174 was depressed to 128 - 153 ., This
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compound likewise analyzed for one nitro~ group.

4nal, Caled. for Oy, H, NOg: N, 5.12. Found: N, 5.02.

Chilling the filtrate gave 0.37 g. and concentration of
all othsr liguors gave 0.29 g. of produect, Thesse crude
materials mslted at 128 - 1550 and a repetition of the frac-
tional crystallization process was not mads.

The position of nitration has not yet been definitely
proved, but it has beeun shown that the l-substituted isomer
generally has a lower melting point than the J-substituted
isomer. Pending proof, the compound melting at 172 - 1740
is assumed to be Jd-nitro-Z,8~dimsthoxydibenzofuran, and the
compound melting at 158 - 1590, l-nlitro~-g,3~-dimethoxydi-

benzofuran.

Attempted Bromination of £,8-Dimethoxydi-
benzofuran-1,9(?)-dicarboxylic iAcid

To 0.5 g. (0.00156 mole) of 2,8-dimethoxydibenzofursn-
1,9(?}-dicarboxylic scid (4) in 50 cec¢c. of dry carbon tetra-
chloride was added 0,05 g. of aluminum chloride and 0.512 g.
{0.0032 mole) of bromine in 25 ec. of carbon tetrachloride.
The rzaction mixture was kept av the reflux temperature for
22 hours without brominstion having had occurred. The start-
ing material was recovered unchanged.

A similar experiment in which glaclal acetic acld was

the solvent was, likewise, unsuccessful. Iron filings were



added, causing a deepening of the color of the reaction
mixture, but unreacted starting material was recovered.
Bromination does occur, howsver, to give a dibromo-

derivative when the methoxyl- groups are cleaved (28).

Preparation of 2,B-Dimethoxy-3,7(%?)-dibromo-
1,9(%?)-dicarbomethoxydibenzofuran
One and two-tenths of a gram (0.0027 mole) of 2,8~
dihydroxy-3,7-dibromodibenzofuran~1,9({%)-dicarboxylic acid
{28) was suspendsd in 50 cc. of ether and an ethereal solu-
tion of diazomethane prepared from 2.0 g. of N-nitrosomethyl-
urea was added., After standing for 20 hours,the insoluble
material was filtered off. It weighed 0.52 g. (5384%) and
melted at 200 = 2100. Crystzallization from dioxan raised the
)

melting point to 230 - 231 with considerable loas,.

H, Br.0

Anal., ©Caled, for Gla 14T T

Br, 81.9. Found: Br,
32.0.

Evaporation of the ether layer gave a resinous ﬁﬁterial
from which only a small gquantity of the pure product could

be isolated.

Preparation of 2,8-Dihydroxy-3,7(7}~-dibromo~-
1,9(?)~-dicarbomethoxydibenzofuran

Ten milligrams of 2,8-dihydroxy-3,7{(%)-dibromodibenzo~

furan-1,9(?)-dicarboxylic acid was dissolved in 1.0 ce, of
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dioxan. Ten cubie centimeters of methanol was added and the
solution was saturated with dry hydrogen chloride. After
refluxing for 2 hours, fine needles had formed. A quantita-

o
tive yield of product was obtained melting at 268 ~ 269 .

De-esterification of 2,8-Dimethoxy-3,7(%7)~
dibromo-~1,9(?}~-dicarbomethoxydibenzofuran
4 solution of 0,050 g. (0.001 mole) of 2,8-dimethoxy~
3,7(7)-dibromo-1,9(7)~dicarbomethoxydibenzofuran in 10 co.
of methanol, 10 ce. of a saturated sodium methoxide solution
in methanol, and 10 ce¢., of water was refluxed for 4 hours.
Acidification %o Congo Red gsve whits floes. After dilution
to 500 cec. with water; 0.045 g. (95%) of 2,8-dimethoxy-
3,7(?)-dibromodivenzofuran~1,9(?)=~dicarboxylic acid was
obtained melting at 322 - 3240 with loss of carbon dioxide.
A mixed melting point with 2,8-dihydroxy-3,7(?)-dibromo-
dibenzofuran-l,9(?)-dicarboxylic acid (m.p. 318 =~ 3198) wag
depressed to 295 - 3050, indicating that cleavage of the
ather linkages had not occurred. The product is very in-
soluble in glacial acetic acid. It is soluble in hot
dioxan.

Anal. Calcd. for CygHygBrp0p: neut. eguiv., 237.

Found: neut. equiv., 236.
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Attempted Decarboxylation of 2,8-Dimethoxy-3,7(%)~-
dibromodibenzofuran-1,9{?)-dicarboxyliec Acid

One-tenth of a gram of 2,8-dimethoxy-3,7(?)~-dibromo-
dibenzofuran-1,9(%?)~-dicarboxylie acld was heated at the melt-
ing point in a vacuum sublimation apparatus. Hspealsd sub-
limations were not successful in isolating a pure dscarbox-
ylated rroduct although some of the sublimed erystals melted
at 2640. Isolation of the proved compound 2,8-dimethoxy-

5, 7-dibromodibenzofuran would partially prove the structure

of the 1,9(?)-substituted dibenzofuran compounds.

Decarboxylation of &,8-Dihydroxy-3,7(%)~
dibromodibenzofuran~-1,9{7?)-dicarboxylic
Acid
Using the method of Jobhnson (34) for decarboxylation of
acids, 0.15 g. of 2,8-dihydroxy-3,7(?)-dibromodibenzofuran-
1,9(%)~-dicarboxylic acid was heated with 1 cc. of quinoline
)
and 0.1 g. of copper powder ("Naturkupfer") at 200 Tfor one
hour and at the boiling point for 15 minutes. The quinoline

was removed by extraction with hot 6 B hydrociloric acid.

The residue was extracted with hot 5% potassium hydroxide.

34, Shepard, ¥Yinslow, and Johnson, J. Am. Chem. So¢., S,
2083 (1930).




Acidification of the alkaline sextract gave 0.12 g. of com-
pound. The latter wag redissolved in the minimum smount of
potassium hydroxide solution, diluted to 200 ce., and the
golution was saturated with carbon dioxide. 4 brown sonlid
appeared, Sxtraction with ether, and distillstion of the
ether gave a residue which, on solution in 10 ec. of ethanol
and dilution, was reprecipitsted ylelding 0.050 g. of yellow
30l1id melting at 2Z£0 -~ 8590. This product was apparently
erude 2,8-dihydroxydibenzofuran (m.p. 240 - Eéla), the
material being debrominated as well zs decarboxylated under
these conditions., 2,8~Dibydroxy-~3,7-dibromodibenzofuran
{m.p. 260 - 2610} is only very slightly soluble in ether and

alecohol.

Tetranitration of 2,8-Dimethoxydibenzofuran-
1,9(?)-dicarboxylic Acid

To 0.316 g. (0.001 mole) of 2,8-dimethoxydibenzofuran-
1,9(?)~-dicarboxylic acid was added 1 ce. of fuming nitrie
acid. After standing for 2 minutes,ths solution was poured
over crushed iee. Filtration gave 0.20 g. of compound melt=-
ing at 233 ~- 2400. Two crystallizations from dilute acetone
raised the melting point to 247 - 2496 and yielded 0,095 g.
Analysis indicated the product to be impure, = mixture of the

trinitro~ (9.33% N) and the tetranitro- (11.30% N} derivatives,
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A value of 9.60% N was obtainsed. HEsterification, however,

gave a purs product as indicated in the following prsparation.

Treparation of 2,B-Dimethoxy-3,4,6,7(?)~tetra-
nitro-1,9(7)~-dicarbomethoxydibenzofuran
The 0.005 g. of product obtained szbove was refluxed in
methanol while passing dry hydrogen chloride into the solution

until saturation., After cooling, 0.060 g. of crystals formed

o
which melted at about 200 . After crystallization from dilute
o
ncetone the melting point was 1989.5 - 200 .
Anal. Caled, for G18H12R4515 N, 10.68, Found: N,
10.73.

Kierenstein (35) and Erdtman (36} have formed hexa-
substituted dibenzofuran compounds by ring closure reasctions.
This is, however, the first completely substituted dibenzo-

furan compound,

Reaction of 2,8-Dimethoxydibenzofuran-1,9{(%)-
dicarboxylic Acid with Acetyl Chloride
Many attempte were mnde to form an anhydride linkage
between the l- and 9-positions in the substituted dibenzofuran

molecule. Failing this it was hoped that a diacidanhydride

35, Nierenstein, Ann., 386, 318 {1912;}.
Sﬁq &:rfitm& iiy éﬁtr}uﬁo, 513, &‘%U (13154}‘
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might form which would, on losing a molecule of acsetic an-
hydride, cyclicize to give the desired bridge. The following
is a repressntative experiment.

¥ivae-tenths of a gram (0.0016 mole} of 2,8-dimethoxy~
dibenzofuran-1,9(%)~dicarboxylic =cid was refluxed with 10 ce.
of acetyl ehloride. Solution was effected within one hour and
refluxing was continued for 5 hours longer. Colorless plates
- formed toward the end of the refluxing period. The reaction
mixbture was chilled in an ice bath and filtered, washing the
erystals with ether. The crystals welghed 0,45 g. and melted
at 1SSQ with dscomposition when hested rapidly. The product
was ingoluble 1n cold sodium carbonate and cold potassium
hydroxide solution. It dissolved in hot potassium hydroxide
solution and did not precipitate out when cooled. 4Acidifica-
tion of the alkaline solution precipitated 2,8-dimethoxydi-

benzofuran-1,9(%?)-dicarboxylic acid. An attempted rscrystslli-

o

zation of the crystals melting at 132 from glacial acetic acid
o

gave a product melting at 247 -~ 250 . 4 second crystalliza-

o
tion gave a product melting at 258 -« 260 , Hvidently the

anhydride, if formed, is not stable and decomposes to give
the starting material, 2,8-dimethoxydibenzofuran-1,9(%)-

o
dicarboxylie acid, m.p. 271 - 272 .
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Caustic Fusion of 1,9(%?)-Dibromo-2,8-
dimsthoxydibenzofuran

An intimate mixture of 11.58 g. (0.03 mole) of 1,9(%)=-
dibromo~2,8-dimethoxydibenzofuran, 40 g. of technical sodlum
hydroxide, 2.4 g. of copper powder, 10 g. of copper turnings,
and 15 e¢c. of an agqueous solution containing 3 g. of
CuS04.6Hp0 was heated in a copper beaker in a bomb at 230 -
240Q for 12 hours., The reaction mixture was sxtracted with
three 50 c¢c.-portions of water., After filtering, the extract
was acidified to Congo Red. A tarry precipitate formed, This
precipitate, £.485 g., was refluxed for one hour with 10 cc.
of acetic anhydride and 2 drops of concentrated sulfurle acid.
After hydrolysis of the excess acetic anhydride and cooling
2.38 g. of brown solid was obtained. A portion of this
product decomposed on attempted vacuum distillation. No
purification method succeeded in isolating a pure material.

The acid filirate was extracted saveral times with ether
giving a total of 400 cc. of a red solution. The ether
distilled off to about 20 cc¢. Twenty cubic centimeters of
toluene was added and the remaining ether was removed and
water was digtilled out with toluene, about 2 ce. of toluene

remained over a tarry black residue whieh hardened on cooling.

The toluene was deecanted off and the residue was refluxed with
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%3 cc. of acetic anhydride and 2 drops of sulfuric acid for 2
hours. After hydrolysis of the excess =acetic anhydride,
0.235 g. of buff colored crystals was oblained melting at
172 - 1?40. Vacuum sublimation gave white needles melting at
174.5 - 1?5.50. It was supposed that this compound was
1;2,3,9(?)-tetraaeatoxydibenzsfuran, but the following re-
action negated that suprosition.

One-tenth of a gram of the supposed 1,2,8,9(%)-tetra-
acetoxydibenzofuran was dissolved in Z ce¢. of dimethyl sulfate
and 5 ce. of methanol. With cooling and stirring, 4 cc. of
50% sodium hydroxide solution was added. After standing for
2 hours, the reaction mixture was diluted and Tiltered. There
was obtained 0.060 g. (83%) of product melting at 99 - 168‘50.
Crystallization from methanol gave white crystals melting at
100 - 1610.

Anal. Caled. for CygHy405: OCHz, 43.1. Found: CHy
38.25, 38.13.

The analysis indicated that the product was not

1,2,8,9(%)-tetramethoxydibenzofuran. It probably is a bi-

phenyl derivative, but this has not been definitely established.
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sttempted TPrepsration of 1,9(?)-Dihydroxy-2,8-
dimethoxydibenzofuran

A Tiltered solution of p-butyllithium, m=sde from 2.0 g.
(0.29 atom) of lithium and 13.0 g. {(0.095 mole) of n~butyl
bromide in 10 ce. of dry ether, was addsd with stirring to
a solution of 7.72 g. (0.02 mole} of 1,9(?)-dibromo-2,8«
dimethoxydibenzofuran in 400 cc. warm dry tolusna. The
mixture was maintained at the reflux temperaturs for 15
minutes and was then cooled to ~5a. A nitrogen atmosphere
was maintained.

A solution of n-butylmagnesium bromide, made from 3.42 g.
{0.025 mole) of n~butyl bromide and 0.73 g. (0.03 atom) of
magnsaium in 30 ece, of ether, was added and a stream of dry
oxygen was pasgsed ovar the surface of the stirring reaction
mixture. A tan color was poted almost immediately. After
2 hours color test I was negative. The process was continued
for one hour longsr.

The reaction mixture was steam distilled to remove ether
and toluene. The aqueous residue was filtered, removing
4.5 g. of a zray solid. This material was refluxed with
100 ce. of 5% potassium hylroxide solution for 2 hours and
filtered hot., The filtrate was ameldified to Congo Red, giving

0.80 2. of material of indefinite melting point. Ho pure



product was isolated from this material.

The alkaline filtrate from the steam distillation was
acidified to Congo Red giving a tarry precipitate. This was
filtered and dried and extracted with bolling petroleum ether
(bep. 77 - 1150). After standing at 00, 0.31 g. (6.0%) of
white crystals was obtalined melting at 111 - 1186. Re~
erystallization from petroleum sther gave = melting point of
113 - 1176. From methancl colorless needles melting at 133 -
1460 {some at 1319) weres obtained., Analysis indicated that
the desired product, 1,9{?)-dihydroxy-2,8-dimethoxydibenzo-
furan had, probably, been obtzsined though in crude state.

Anal. Caled. for Cy4Hy50g: OCHz, 23.85. Found: OCHgy,
24,36,

The product is probably a mixture of 1(7%)~-hydroxy- and

1,9(?)~dihydroxy~2,8-dimethoxydibenzofuran.

Reaction of 1,9(%)~-Dibromo-£,8-dimethoxydibenzofuran
with n-Butyllithium (1 ¥quiv.} and 7ater
To a refluxing snd stirring solution of 1,0 g.
{0.0026 mola) of l,g{?}~dibrama*2;8~dim@thaxydibaﬂzofuran in
100 cc, of dry sther and 50 ce. of dry benzene was added
dropwise 7.7 cc. (0.00£6 mole) of 0.34 W n~butyllithium
diluted with 25 cc, of ether. The addition required 10 minutes.,

After an egual length of time 1.0 cec. of water was added and
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the milky solution bscame clear, The ether-benzene laysr was
dried nver anhydrous caleium sulfate and filtered. Hvapora-
tion of the solvent lsft a pasiy solid containing some

needles. The material was transferred to a test tube and re-
fluxed with 7 ec. of 95% sthanol for 20 minutes, aAfter filter-
ing hot, the residue weighed 0.20 g. and melted at 185 -~ 1900.
Reerystallization from 7 ce. of glaclal acetic acid gave long
nesdles melting at 195 - lgéa, evidently starting material
(m.p. 196 =~ 1973}.

The alcoholic filtrate was asllowsed to cool slowly and
then was kept at OO for & hours, The 0.06 g. of solid which
had formed was [iltered off and melted at 140 - 1700. It was
crude starting material., The filirate was heated to boiling
and water was added until a slight cloudiness persisted. On
shaking in an ice bath, a yellowish 0il separated out. The
clear golution above the oil was decanted and cooled further
and white crystals bvegan to form. After a few minutes the
latter were filtered and 0,08 g. (10% yield) of product melt-
ing at 100 - 1340 was obtained., Crystallization from Z ce.
of 95% ethanol gave white needles melting at 117.5 - 1180.
Since this compound is not l-bromo-2,8~dimsthoxydibenzofuran
(m,p. 102 - 1650) it would seem that it is Z,8-dimethoxy-3-

bromodibsnzofuran,

Apal. Caled. for C,,H,,Br0z: Br, 26.1. Hound: Br,
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£5.9, 26,2.

ixhaustive ssarch was made for l-bromo-2,8-~dimethoxy-
dibenzofurasn {(m.p. 102 - 1330) but nons wag izsolated. The
erude product sesmed to be contaminsted by Z,8-dimethoxy-
dibenzofuran (m.p. 896).

Recently, ¥r. John A, Hogg (29), encouraged by the above
work, monobrominated 2,8-dimethoxydibenzofuran and obtained
the compound melting at 117.5 - 1180. A mized melting point
was not depresgsd.

These experiments cast doubt on the provisional loca-~
tion of the bromine atoms in the le and 9-positions (see

Discussion, p. 74 ).

Reaction of 1,9(%)-Dibromo-&,8~dimethoxydibenzo-
furan with p-Butyllithium (1 Eguiv.) and
Dimethyl Sulfate

To a stirring solution of 3.86 g. (0.0l mole) of 1,9(%)-
dibromo-2,8-~dimethoxydibenzofuran in 100 cc. of dry benzens

o
at 65 was added 24 cc. (0.0l mole) of a 0.294 N n-butyl-
lithium solution over a period of 15 minutes. Five cubic
centimeters (6.5g. 0.052 mole) of dimethyl sulfate in 10 cc.

of ether was added slowly. The reaction was vigorous, caus-

ing refluxing. After stirring for 30 minutes and finding
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ecolor test I (37) negative, 5 cc. of water was ndded and then
2 g. of potassium hydroxide to destroy the excess dimethyl
sulfate., After 5 minutes the ether~benzene layer was dried
over c¢alcium chloride. The solvent wasz removed by distilla-
tion, finally using a water pump while heating by a boiling
water bath. An 0ll remained which hecame a pasty solid on
astanding. ZExiraction with thrse 15 ec.-portions of boiling
ethanol laft a8 tan solld which was crude =ztarting material,
The ethanol extract showed & tendency %o oil out. The super-
natant liquid was decanted and cooled under running water,
shaking vigorously. 4 tan gummy precipitate formed and the
supernatant liquid was again decanted. Cooling the solution

o

for one hour at 0 gave 0.53 g, of a white solid melting at
0

100 - 120 ., One crystallization from ethanol ralsed the
melting point to 134 - 13?9. Two mors cerystallizations gave
tiny white needles meliing at 144 - 145&.

Since the preceding experiment showed that the halogen
in the l-position is the more reactive, the compound des-
cribed above is probably lemethyl-7-bromo-Z,8-dimethoxydi-

benzofuran.

37. Gilmsn and Schulze, J. Am. Chem. Soc., 47, 2602 (1925).



snal. Caled, for Oj ;.Bry0.: Br, 24.9. Found: B&Br,
£5.0, 24.8.

A mixed melting point with the compound melting at 143 -
145O obtained by Mr. John 4. Hogg (£29) by wmonobromination of
suthentic l-methyl-2,8-dimethoxydibenzofuran was not depressed.

This fact proves the location of the methyl group in the l-

position of the compound described above.

Attempted Prsparation of 1,9~Diamino-
2,8~dimethoxydibenzofuran

Sodamide was prepared by the procedurs of Vaughn, Vogt,
and Nieuwland (38).

To 100 ce. of liguid ammonia was added 0.3%94 g.
(0.0171 atom) of sodium and 0.3 g. of Fa(NOz):.9Hp0. To this
stirring solution was added 3.0 g. (0.0078 mole) of 1,8(%)~
dibromo~2,8~dimethoxydibenzofuran in 50 ce. of dry toluens,
After stirring for 2 1/2 hours the reaction mixture was heated
to 60 - 700 and stirring was contipued for 3 hours longer.
Ammonium chloride was added to destroy the excess sodamide
and 25 cc. of acetic anhydride was addsd to react with the
diamine., After stirring at 60 - 700 for 3 hours the reaction
mixture was filtered hot and, on cooling, the original
material crystallized out.

58, ?aughn, Vogt, and Nieuwland, J. Am. Chem. Soec., 56, 2120
1934).
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Bromination of 2,8~Diaminodibenzofuran

This experiment was performed in search of 1,9-dibromo-
2,8-diaminodibenzofuran. Removal of the amino- groups would
give the 1,9-dibromo- derivative which could be converted to
1,9~-dimethyldibenzofuran, a known compound, and counversion of
1,9-dibromo~2,8~dlamino to 1,9-dibromo-2,8-dihydroxydibenzo-
furan would prove the latter., The following is a represanta-
tive attempt to obtain the desired compound,

To 0.50 g. (0.0025 mole) of 2,8-diasminodibenzofuran
suspended, by stirring, in 50 cec. of chloroform was added
5.0 ce, {0.0050 mole) of a molar bromine solution in chloro-
form over a period of 15 minutes. After one hour the tan
solid was filtered. It turned gray on drying. The product
weighed 0.97 g. (10% above the theoretical) and d4id not melt
helow SOGQ. The fact that an amount of product greater than
the theoretical had been obtained indicated that some of the
hydrogen bromide which had formed had reacted with the amino-
groups. The product was, therefore, rsfluved with 1 cc. of
12 N hydrochbloric acid in 850 cc. of water, filtered, and the
filtrate wasgs made alkaline with ammonium hydroxide. There
was obtained thus 0.34 g. of 5 white solid which melted at
182 - 1600 with decomposition., This material was dissolved

in 5 ce. of ethancl and diluted with an equal volume of

water, After filtration and reheating, the solution was



allowed to cool, giving 0.27 g. of crude crystals melting at
155 -~ 1590, The same process was repeated except that when
white crystals began to form (0.09 g., m.p. 157 - 1700),

the supernatant liquid was decanted and cooled, giving 0.11 g.
of product melting =t 160 =~ 1766. Dilution of the filtrate
with water gave 0.03 g. of product melting at 162 - 1640 (2},
The latter, however, melted at 174 - 180Q when recrystallized
from ethanol. No purs product was isolated from this reaction.

“hen 2,8~diaminodibenzofuran was dissolved in glaclal
acetic ncid and an acetic acid solution of bromine was added,
there was an immediate precipitation of = non-melting product
such as that described sbove,

*hen bromine was carried in a stream of esir into a solu-
tion of 2,8~disminodibenzofuran in glecial acetic zecld there
was a rapid darkening of the solution. In this casse, although
4 molecules of bromine were used per molecule of 2,8-diamino-

dibenzofuran, 15% of the diamino- compound was recovered un-

reacted,

Freparation of 2,8-Diallyloxydibenzofuran

The procedure used in the preparation of 2-allyloxydi-
benzofuran (1) was followed. A mixture of 20 g. (0.1 mole} of
2,8-dihydroxydibenzofuran, 30.4 g. {0.22 mole) of anhydrous
potassium carbonate, 26,86 g. (0.22 mole) of allyl bromide and

50 ce, of scetone was rafluxed for 10 hours. The rsaction
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mirxture was poursd into 500 ec. of water with stirring. The

01l droplets which appeoared soon solidified. The product was

drawn dry on a3 suction filter and crystallized from 200 ce,

of ethanol giving 21.6 g. (77.2%) of product melting at 70 - 710.
Anal. Caled. for CygHyg03: €, 77.2; H, 5.71. Found:

c, 77.0; H, 5.80.

Attempted Rearrangemsent of 2,8-Diallyloxydibenzofuran

Ter grams {0.0357 mole) of 2,8-diallyloxydibenzofuran was
heated in 2 teat tube in a metsl bath until the tsmperaturs
inzide ths test tube was 2260. An exothermic reaction
occurrad and the tempersturs rose raplidly to 2750. The
temperature of the bath was raised to 2500 and was held there
while the internal temperature dropped. “hen the internal
temperature had Jdecreased to 2529 {15 minutes), the tempera-
turs of the bath was raised to 2600 and hsld there for 20
minutes. ©On cooling, the contents of the tube set to a
glaasy solid, The materiasl was seraped out of the test tube
and trested with 200 cec. of hot 5% potassium hydroxide solu~-
tion. The insoluble material was filtered out and the
filtrate was acldified to Congo Red with 6 N hydrochloric
acid. A brown gummy precipitate (8.0 g.), covered by a milky
supernatant liquid, was formed. Attempls to 1isolate a pure
product were fruitless. The product seemed to be a polymer
and formed a gummy precipitate from ethanol. HNo crystals were

obtained.
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Preparation of 2,8~nibenzsfuryfbxyacetic deid

By the method of Houben (39) for the preparation of
phenoxyacstic acid a solution of 5.5 g. {(0.0275 mole) of
2,8-dihydroxydibenzofuran in 25 ce¢. of 33% sodium hydroxide
solution was added to 25 ce. of a 50% aqueous solution of
chloroacetic acid., Ten cublc centimsters of water was used
to wash the remainder of the alkaline solution into the
reaction mixture. After heating on a bolling water bath for
1 1/4 hours and adding 10 ce. of water to redissolve the
erystals whieh formed, the solution was acidified to Congo
Red with 6 N hydrochloric seid while still hot. A gquantita-
tive yield (8.7 g.) of the product was formed as a white
crystalline precipitate. After cooling 1n an ice bath the
product was filtered. It shrinks at 2650 and melts at 271 =~
2730, losing carbon dloxide slowly.

Anal. Caled. for 816H1207: neut. equiv., 153, Found:

neut. equiv., 155,

Attempted Fries Rearrangement of 2,8«
Diacstoxydibenzofuran

The procedure was essentially that described by Hey and

Jackson (40) for the ¥ries rearrangement of 4-benzoyloxybiphenyl.

39, Houben, Ber., 46, 3988 (1513).
40, Hey and Jackson, J. Chem. Sogc., 802 (1936).
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Five grams (0.0176 mole) of 2,8-diacetoxydibenzofuran (4)
and 30 cc. of gym.-tetrachloroathans were placed in a 200 ce.
flask equipped with an efficient sealed stirrer, a condenser
protected by a caleium chloride tube, and a hopper for adding
aluminum chloride. The contents were stirred at 606 while
5.2 g. (0.039 mole , 10% excess over 0.035 mole of aluminum
chloride was zdded in small quantitises. The resction mixture
thickened considerably. The temperature was raized to 1400
for oune hour and the reaction mixture was then allowed to stir
at room temperaturs for & hours. Following hydrolysis by ice
and hydroechloric acid, the solvent was removed by steam dis-
tillstion and the residue was filtered. The solid material
was extracted with hot water and sdded to the filtrate. The
filtrate gave, on cooling, 0.35 g. of pale yellow material
melting at 185 - 2550. Recrystsllization from ethanol raised
the melting point to 240 -~ 2410 and a mixed melting point with
Z,8-dihydroxydibenzofuran {(m.p. 240 = 2419) was not depressed.
The residue after the extraction with water welighed £.5 g.
and melted at about 1450 after crystallization from sthanol.
Racrystallization twice more from sthanol raised the melting
point to 180 = 1510 and a mixed melting point with 2,8«
diacetoxydibenzofuran {m.p. 150 - 1519} was not depressed.
There was evidently little, if any, rearrangsment,
Swislowsky (4) reported a 20% crude yield of 2-hydroxy-3-acetyl-~

and a much smaller yield of l-acetyl-Z2-hydroxydibenzofuran



using this procedure.

In another experiment, using a procedure adzspted from that
of Rossnmund and Schnurr (41), £.84 g. (0.0l mole} of 2,8-
diacetoxydibenzofuran was stirred in g test tube immersed in
an oil bath at 1608. To the stirring mixture was added 3.32 g.
(0.025 mole, 25% excess) of aluminum chloride. The mixture
thickened and mechsnical stirring had to be discontinued.
ATter stirring manually for 20 minutes, the reaction amizture
was cooled to room tempsrature. The material was removed from
the test tube and ground to a powder. It was then suspended
in 30 ce. of water and allowed to stand overnight., After
filtering and drying, 2.6 g. of materinl was obtained which
melted at 123 - 1350. Crystallization of 1.6 g. from ethanol
raisaed the melting point to that of 2,8-diacetoxydibenzofuran
(undepressed melting point at 150 - 1510}. The 1.0 g. remain-
ing was allowed to stand for 5 minutes in 10‘00. of 10%
sodium hydroxide solution. The so0lid msteriasl was filtered
off and found to melt at 134 - 1&10. Crystallization from
ethanol proved this to be crude 2Z,8-discetoxydibenzofuran. The
alkaeline filtrate was acidified giving a product melting at
240 - 2410. 4 mixed melting polint with authentiec B,S»ﬁihyafoxy-
dibenzofuran was not deprsssed,.

This latter experiment indicated that some hydrolytiec

cleavage of 2,8-diacetoxydibenzofuran had occurred giving

41. Rosenmundé and Sehnurr, Ann., 460, 56 {1928).
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2,8-dihydroxydibenzofuran and that the latter was the only
phenolic compound present. Thus, no resrrangement had

noourred.



Diagram II, Transformations Involving One
Benzene Nucleus

mixed
E=Bromo- < M. —> 2-Bromo- > Z-iminoe
' N {42) (43)
\
2=iAcetamino~
Ring closure (32) {43)
\
Ring closure {45} Dibanzofuran 2=-Acetamino-
S=bromo-
l (43)
3-Chloro- \
A {45) 2=Anino~3-
bromo-
(43)
y
Z-Amino~ < S=-Nitro-
(44) (44)
Z-Dibenzo- 1(7),3-Di- < 2ixed _  3(9), 3-pi-
furyl- bromo~2~ DePe bromo~2-
glycine amino- amino~
' '} \\\\&
Methyl ester 3,3 -Az0~ 1{(?),3=-Dibromo~-
: 2-hydroxy~
K-o-nitrophenyl=-

42. Mayer and Krieger, Ber., 55, 1659 (1%22).

43, Gilman, Brown, Bywater, and Kirkpatrick. J. Am. Chem. Soc.,
56, 2473 (1934).

a4, TBorsche and Bothe, Ber., 41, 1940 (1908).

45. Cullinane, J. Chem. 3Spc., 2267 (1930).
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Bromination of E-Aminodibenzofuran

To a stirring solution of 1.83 g. (0.0l mole) of
Z-amina&ibenzofuraﬁ and 1.0 g. of sodium acstate dissolved
in 50 ec. of glacial =ncetic acld at room temperature was
added 10 ec. of 1 M. bromine (0.0l mols) in acetic acid at
the rate of one drop per second, After sbout half of the
bromine had been added, & prscipitate began to form. The
reaction mixture was allowed to stir for 1E minutes after all
of thas bromine had been added. Filtration gave 1.64 g. of
white =01id melting at 157 - 1530. The filtrste was made
slkaline and 0.87 g. of unresacted Z-aminodibenzofuran was
recoversd, The 1l.64 g. was dlssolved with difficulty by
150 ce. of hot ethanol. Cooling gave 0.85 g. (47.5% of di-~
bromination product based on rescted 2-aminodibenzofuran)
malting at 178 - 1810. Hecrystallization from 150 ce¢. of
ethanol gave colorless needleg melting at 181.5 = 1820. The
oroduct turns buff eolored on exposure Lo air. Analysis in-
dicated the presence of two bromine stoms. The location of
one in the 3-position is proved by thas following experiment.
The other is believed to be in the l-position and the gra&ucti
is, therefore, probably l;S-dibroma-2~amincdibsnchuran.

Anal. Caled. for 81£H7Er2EO: N, 4.11. TFound: N, 4.18.

In a small-secals asxperiment 0.183 g. {0.001 mole) of

Z-aminodibenzofuran was dissolved in 3 ce. of glacial scetic



acid, and, with stirring, 1 cec. (0.001 mole) of a molal
bromine solution in glacial scetic acid was =sdded. Thers was

an immediate separation of a white solid. The product welghed
0.160 g. and melted at 125 =~ 1550. Without further purifica-
tion, this material was dissolved in 3 c¢ce. of benzene, and
C.5 ce. of scetic anhydride was sdded, After refluxing for
one hour, the reaction mixturs was hydrolyzed with a Tew cublc
centimeters of water. The so0lid was filtered out and was
found to melt at 195 - 280ﬂ. Racrysta}lizaticn from 2 ce. of
ethanol raised the melting point to 254 - 2580 and yielded
0.11 g. of product. The product was not purified further or
analyzed.

Thie experiment, which precsded that described above,
indicsted that bromination of 2«aminodibenzofuran and ncetyla-
tion did not givs 2-acetamino-3-bromodibesnzofuran (m.p. 240 =

0
241 ) and prompted further investigation. The product iso~

lated was probably 1,3-~dibromo-2-acetaminodibsnzofuran,

Bromination of Z-amino-3~-bromo=-
dibenzofuran

A solution of 1,13 g. (0.005 mole) of Z-amino-3-bromo-
dibenzofuran (43) in 100 ce. of glacial acetic acid was
stirred at room temperature while 25 ce¢. of an acetic acid

anlution containing 0.005 mole of bromine was added dropwise.
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The addition of bromine waz regul:ted so that the ysllow color
did not permeate the entire rsaction mixturs. 4 white
erystalline so0lid began to foram after the first few drops had
been added. The reaction mixture was stifred for one-half
hour after the last of the bromine had been andded, Filira-
tion gave 1.45 g. (85%) of product melting at 176 - 1?96.
Crystallization from 200 ce. of ethanol gave 1.21 g. {71%)
melting at 181 - 1829. 4 mixed melting point with the product
of direct bromination of Z2-aminodibenzofuran was not depressed.
The compound is believed to be 1,3-dibromo-2-aminodibenzofuran.
Diazotization of 0.262 g. (0.00077 mole) of the amino-
dibromo~ compound was effected by the procedure of Misslin
{46). The diazonium group was replaced by hydroxyl by adding
to & boiling solution of 30 g. of copper sulfate {47) in 125 cc.
of water. There was obtained 0.025 g. (9.5%) of product
{m.p. 111 = 1130) whiech was volatile with steam. Reerystalli-
)

zation from ethanol raised the melting point to 112 - 113 .

Anal. Caled, for ¢, H BrgG

1286 Br, 46.8. Found: Br,

of
47.3, 47.0.
The compdun@ iz probably 1,3-dibromo-2-hydroxydibenzo-

furan.

46, Miselin, Helv. Chim. Acta, 3, 526 (1%20) / C.A., 15, 61
(1s21)/.

47. Tatematsu and Kubota, Bull. Chem. Soc. Japsn, 3, 448
(1954) /[ C.i., 29, 1081 (1935)/.
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Abnormal Reduction of 3-Hitrodibenzofuran

Puring some reductions of 3-nitrodibenzofuran to 3-amino-
dibenzofuran using Raney nickel and hydrogen, reductlon
stopped at an intermediate stage. From 18 g. of the reaction
product of incomplets rsduction of 20.0 g. of d-nitrodibenzo~
furan was obtained, by crystallization from acstic écid,

2.0 g. of fine, bright yellow needles melting at 268 - 2?00.
This product was very insoluble in most general solvents, It
was believed to be 3,3'-azodibenzofuran.

Anal. Caled. for C, Hy ,N,Op: N, 7.74. TFound: N, 7.8l.

Borsche and 3chacke (48) reported the formation of 3,3'-

0

azodibenzofuran (m.p. 282 ) by reduction of 3-nitrodibenzo-

furan with sodium and amyl aleohol.

Attempted Freparation of p~Hitrophenyled-
dibvenzofurylamine

Many attempis were made to prepare derivatives of 5~
aminodibenzofuran which could be cyclicized to give a combined

dibenzofuran and carbazole nucleus (V), derivatives of

48. DBorsche and 3chacke, Ber., 58, 2498 (1923).



whieh might have deslirable analgesic properties. This
experiment is representative of the unsuccessful work,

A mixture of 4.0 g. (0.022 mole) of 3-aminodibenzo-
furan, 3.0 g. (0.022 mole} of g-nitroaniline, and 0.1 g. of
iodine crystals was heated in a metal bath at 250 =~ 2600 for
% hours. The evolution of ammonia, noted at the start, gradu-
ally diminished ss the heating was continued. The temperature
was raised to 2885 - 2900 for 2 hours longer. The solid was
extracted with ether and dry hydrogen chloride was passed
into the ether solution to precipitate any amine as the
hydrochloride. One-tenth of 2 gram of amine hydrochloride
was obtained, which melted at 240 - 2450. When dissolved in
water and made alkaline with ammonium hydroxide a yellow pre-
eipitate which meltsd at 89 = 920 was obtained. Insufficient
product was obtained for identification. The material was

0
probably crude 3-aminodibenzofuran {(m.p. 98 }. No pure

material could be isolated from the ether-extracted solid.



Treparation of o-Nitrophenyl-5-~
dibenzofurylamine

A mirture of 5.% g, (0.03 mole) of 3-aminodibenzofuran,
1.6 g. (0.01 mole) of g;chlaronitrebanzen@; 0.7 g. {G.01
equiv.) of anhydrous potassium carbonate, 0.05 g. of copper
bronze ("Naturkupfer™) and 17 ce., of nitrobenzene, which had
been neutralized by shaking with potassium carbonate, was
refluxed for 22 hours under a steam~heated condenser. The
heated condenser allowed the water formed during the course
of the resaction to escape but retained the nitrobenzene,.

The nitrobenzene was distilled off with steam, and the
residue was extracted repsatedly with 3 N hydrochloric acid.
¥rom the lastter, on trestmsnt with ammonium hydroxide, was
obtained a small amount of 3~aminodibenzofuran, melting at
98 - 990. The residue from this extraction was dissolved in
hot toluene. Cooling gave 1.0 g. {30%) of crude yellow
product melting at 130 - 1350. Recrystallization from toluene
gave 0.31 g. {10.2%) of bright orange crystals, melting at

¢

139.5 - 140 . Analysis indicated that the desired product

had been obtained.

dnal, Caled. for Clsﬂlzﬁgﬁsz N, 9.21. Found: KN,
9,31,

Insufficisent product was obtained in these experiments

to warrant further work.,



- 57 -

Trsparation of 3-Dibenzofurylglycine

The procedure for the prepsration of phenylglycine by
Houben (39) was Tollowed.

To a solution of 0.95 g. (0.01 mole) of chloroacsetie
acid and 0.40 g. (0.01 mole) of sodium hydroxide in B cc. of
water was added 1.83 g. (0.0l mole) of 3-aminodibsnzofuran.
The mixture was refluxed on a hot-plate. The 3-sminodibsnzo-
Turan melted and, after a few minutes, a white solid bvegan to
form. After 30 minutes zall of the 3-aminodibenzofuran seemed
to have reacted. Refluxing was continued, however, until one
hour had elapsed., After cooling in an ice bath, the white
crystalline material was filtered by suction and washed with
ics~water. The product dasrkened to a buff color on drying
and weighed 2.20 g. (91.5%). The product melted at 139 - 1420
with loss of carbon dioxide above 1420. The product waé U=~
usually insoluble in alkali. It was insoluble in ether and
benzene, slightly soluble in acetone, and solubls in glacial
acetic acid, |

The sgucceeding expariment; egterification, indicated
thet this product was impure and probably contained some

3-dibenzofurylammonium H-chloroacetats as well as some

sodium chloride. The preparation of the glycine derivative

was not repeated, howsever,



Preparation of 3-Dibenzofurylglycine
Methyl Hater

One and two-tenths of a gram {0.005 mole) of crude 3-
dibenzofurylglycine was covered with 5 c¢cc. of ether and an
ethereal solution of diazomethane made by decomposition of
1.0 g. of H-nitrosomethylurea. After standing overnight,
ether was added to increase the volume to 20 ce, and the
insoluble meterial was Tiltered out by suection. The filtrate
wag evaporated, leaving a clear vizcous syrup. Ethanol
dissolved the syrup bub was insfficlent as a crystallizing
medium. From dilute methanol was obtained 0.15 g. (12%)
melting at 121 - 1830. Recrystallization from methanol
reised the m2lting polint to 183 - 1240.

Obviouély the dibenzofurylglycine was impure, possibly
containing a considerable guantity of the 3-dibenzofuryl-

ammonium salt of chlorocacetic acid.

4nal. Caled. for Clsﬁlﬁﬁaﬁz N, 5.49. Found: N, 5.85.



Diagram III. Transformations in the Biphenyl

Systen
2,3,5-Trimethoxy-
benzolc acld (49]
A
1,2,4~Trimsthoxy~ < N\ 1,2,4~Trimethoxy~
S-nitrobenzene (51) benzene | (90)
\
mixed ,
MePo \ \
2,3,6-Trimethoxy~ «— 2,3, 6-Trimethoxy~
v benzole acid phenyllithium
1,2,4-Trimethoxy~
S5-nitrocbenzene
Methyl Tthyl
ester gster
\
2,3,6~Trimethoxy~ _ 2,3,6-Trimethoxy~-
5-nitroiodobenzens iodobenzene
2,2',3,3',6,6'~
Hexamethoxy~
biphenyl
‘ \L
2,2',3,3',6,6'«  mixed . 5,5'=Dinitro-
Hexamethoxy-5,5"%« P g
dinitrobiphenyl <P

49. Omith and LaForge, J. Am. Chem. Sogc., 53, 3072 (1931).
50. Bargellini and MHartegiani, Gazz. chim. ital., 41 II, 448
(1911) [/ Chem. Zentr. I1I, 1026 {1911) /.
51. Schuler and Thoms, Arch. Pharm., 245, 267, 276 (1907)
[ Cheam. Zentr. II, 806 (1907)/.
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Freparation of 2,3,6~Trimethoxyiodobenzene

To a stirring and refluxing solution of 9.8 g. (0.05835
mols) of 1,2,4-trimethoxybenzene (50} in 100 ec. of dry ether
was added 0.,0655 mole of p-~butyllithium dissolved in 100 cc.
of ether. The resction mixture was refluxed with stirring
for 2 hours. The system was allowsd to cool under nitrogen,
and a Gooch =dapter was nlaced between the rsaction flask and
the reflux condenser. A Soxhlet thimble was charged with
17.8 g. (0.14 atom) of iodine and was supported in the
adapter by means of a piece of c¢lay plate., OStirring was
gcontinued and heating was regulated in such a manner that the
jodine was dissolved slowly. The reaction of the iodine with
the organolithium compound wssg very vigorous at the start.

As the reaction heat diminished, heating was regulated to
extract the lodine more rapidly. The entire sextraction re-
quired 45 minutes. Toward the end a distinet yellow to
orange conlor dus to excess lodine was noted and the white,
insoluble, organolithium compound had disappesrsd, & clear
zolution resulting.

The ether solution was extracted with dilute sodium
bisulfite to remove iodine and lithium iodide. After drying
ovar calcium chloride, the ether was evaporated, leaving
10.6 g. {61.5% crude yleld) of somewhat oily crystals.

Crystallization from 40 ce. of ethanol gave 8.7 g. (51%)



- 81 -
o

melting 2% 107 - 108 . 4 second crystallization raised the

melting point to 108 -~ 168‘60.

Anal. Calecd. for CQH11103: OCHg, 31.63. Found: OCHz,
31.61, 31.61.

The compound was proved ladirectly to be 2,3, 6~trimethoxy-
lodobenzene. Carbonation of the metalation product, described
in the next experiment, gave 2 monobasic acid melting at 149 -
1500. This acid, previously synthesized by Smith and LaForge
{49) by a lengthy procedure and in very poor yield, was des-
¢cribed as melting at 145 - 1469. A mixture of equal portions
of this latter acid* with the acid obtained from 1,2,4-tri-
methoxybenzene melted at 146 - 1490, indicating their identity
except in purity. Furthermore, the methyl and ethyl esters of
the scld obtained by carbonation proved different from those
of the other possible products, 2;3,5~trimethoxybenzoie acid
{m.p. 1050) and the 2,4,5-trimethoxybenzoic acid (m.p. 1440).
The esters of 2,3, t-trimethoxybenzoic acid have not been re-
ported previously.

Since the acid and the iodo- compound were formed from
the same intermediaste, the iodo- compound is, thus, proved

to be 2,35,6-trimethoxyliodobenzene.

¥ The author is indebted to Dr. LaForge and ¥r. Smith for
this melting point sample.



Preparation of 2,3,6-Trimsthoxybenzoic Acld

To a stirring solution of 6.72 g. (0.04 mole) of 1,2,4~
trimethoxybenzens in 150 cc. of dry ether at the reflux
temperature was added 100 ce. of 0.4 N m-butyllithium solution.
The additlion required one-half hour and refluxing was con-
tinued for one-hslf hour longer. The resulting suspension
wag poursd over an excess of "dry ice". Hydrolysis of any
excess organometallic was effected with water of whieh a
total of 400 cc. was added. The agueous layer was acidified
.te Congo Red and boiled to drive off ether. After cooling
thoroughly 4.0 g. (47% yield) of white crystals melting at
148 - 1490 was obtained., Crystallization from water raised
the melting point to 149 - 1500‘

Apnal. Caled. for 810H1205: neut. equiv., 212, Found:
neut. equiv., 219,

The structure of this acid was proved by a mized melting

point determination with an authentlc sample (49).

Preparation of Methyl 2,3,6~Trimethoxybenzoats

2,5,6~Trimethoxybenzoic acid was esterified with great
difficulty. One gram was dissolved in 10 ¢c¢. of methanol and

gaturated with dry hydrogen chloride. After refluxing for

one hour and cooling no c¢rystals formed. HEvaporation left an
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oil. The oil was dissolved in ether and washed twice with
10% sodium carbonate solution. The ether layer was dried over
anhydrous sodium sulfate and evaporsated to dryness. There was

obtained 0.3 g. {28% yield) of white crystals melting at 54 -
o o
56 . Crystallization from petroleum ether (b.p. 860 - 68 )
o
raised the melting point to 57 - 57.35 .

Anal. Caled., for Cl H, .0 ZH

1514 54,87, Found: OCH

5° 3 33

Preparation of Ethyl 2,3,6-Trimethoxybenzoate

One gram of 2,5,6-trimethoxybenzoic acid was dissolved
in 6 ce. of ethanol and 1 ce. of concentrated sulfuric acid,
After refluxing for one-halfl hour the reaction mixture was
poured into 20 ce. of water. A milky suspension resulted
which gave a solid precipitate on standing at 00. The solid
was dissolved in ether and shaken with dilute sodium car-
bonate solution. After drylng the ether layer over anhydrous
potassium carbonate, the ether was evaporated, leaving an oil
whiech crystallized on agitation. The crude product melted at
38 - 419. Crystallization from petroleum ether {b.p. 60 =-
680) raised the melting point to 42.5 - 430.

Apnal. Calcd. for CypH,.04: alkoxyl, 57.50. Found:

alkoxyl, 57.41.



- 84 «

FPreparation of 2,2',5,3',6,0'-llexa~
msthoxybiphenyl

The copper powder used in this preparation was of the
"Naturkupfer” type. It was purified by the method of
Kleiderer and idams (52). Fifty grams was treated first with
a asolution of 4 g. of iodine in 200 cc. of acetone for 10
minutes then with a solution of & cec. of 6 N hydrochlorie
acid in 100 cec. of zcetone. After drying, an intimate
mixture was made with 17.3 g. (0.0588 mole) of 2,3,6-tri-
methoxyliodobenzene., The mixture was placed in a flask which
was attached to an alr condenser. While slowly circulating

nitrogen above the reaction mixture, heating was effected by
o
an oil bath at 185 - 190 for 3 hours. The temperaturs was
o
finally raised to 210 - 215 for 15 minutes,

Extraction in a Soxhlet apparatus was effected iﬁ one
and one-half hours using £50 ce. of acetone. Concentration
of the extract to a small volume and dilution with water gave
9.5 g. (97% yield) of crystals melting at 122 - 1240.
Crystallization from 30 cc. of hot acetone diluted with water
until crystals began to form gave 7.5 g. (76.4%) of product
melting at 125.0 - 125.50.

Anal. Caled. for CygH;50.: OCH, 55.69. Foundf OCH 4,
55,50, 55.68.

2, Kleiderer and Adams, J. Am. Chem. Soc., 55, 4219 (1933).




Attempted Ring Closure of 2,2',3,3',6,6'-
Hexamethoxybiphenyl

Two-tenths of = gram (0.006 mole) of 2,2',3,5',6,6%-
hexamethoxybiphenyl was dissolved in 5 ce. of glaclial sacetlc
anid and refluxed for 6 hours with 0.43 ce. (slight sxcess
ovar 6 moles) of constant boiling hydrobromic acid. The
reaction mixture began to darken in a few minutes. A positive
test for phenolic material was obtained with ferric chloride.
Two cubic centimeters of acetic anhydride and 2 drops of con=-
centrated sulfuric acid were added and refluxing was con-
tinued for 2 hours longer. A purple~colored precipitate formed
but no pure product could be isolated., ZRvidently, the poly-
hydroxy- compound is very unstable, Refluxing 0.1 g. of the
hexamsthoxy- compound with 2.0 cec. of constant bolling hydriodie
acid for ons hour resulted in the formation of a great deal of
tar.

Two-tenths of a gram of the hexamsthoxy-compound was re-
Tfluxed in 5 cc. of glacial secetic acid with 0.3 ce. of 12 N
hydroehloric acid for 6 hours. Ferrie chloride gave no red
color and dilution with water to 25 ce. and cooling gave an

85% recovery of starting material.
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Preparation of 2,2',3,3',6,6"-Hexa-
methoxy-5,5'-dinitrobiphenyl

It was found that the hexamethoxybiphenyl compound formed
an unstable polyhydroxy- compound when cleaved by hydriodic
or hydrobromic acid. Since methoxy- groups ortho to nitro-
groups are more readily cleaved by acid than those meta or
para, the hexamethoxybiphenyl was dinitrated, hoping to obtain
the 5,5'-dinitro- derivative. This compound was obtained and
ite structure was proved.

This preparation is similar to that used by Van dArendonk,-
Cupery, and Adams (53} for the preparation of 2,2',6,6'-
tetramethoxy~3,5'-dinitrobiphenyl. Only one-gram quantities of
material were nitrated in shell vials because of the explosi-
bility of the nitrating reagent, amcetyl nitrate.

One gram (0.003 mole) of 2,2',3,3',6,6'-hexamethoxybi~
phenyl was dissolved in 10 ce. of acetic anhydride and 0.5 cec.
of concentrated nitrie acid. The latter was made by warning
fuming nitric acid until colorless. The mixture was heated
gently on a hot-plate to start the reaction and then removed
from the heat. "hen boiling had ceased, heating was continued
at ineipient bolling for 5 minutes., ‘“hen cool, the product was

isnlated as follows: 3Six reaction miztures were combined in an

53, Van irendonk, Cupery, and Adams, J. Am. Chem. 359c., 535,
4225 (1933).
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Erlenmeyer flask. Ten cublec centimeters of boiling acetic acid
was used to rinse 21l of the shell vials. The ecrystals which
formed were redissolved by slight warming; and 10 cc. of water
was added dropwise to hydrolyze the exceas acetic anhydride.
The solution was kept at 00 overnight giving 6.9 g. (80.5%
yisld) of yellow crystals melting at 149 - 1530. Crystalliza-
tion from ethanol raised the melting point to 1581 - 151.50.
Apal. Caled. for C; H, N50,,: OCHg, 43.87. Found:
OCHyz, 43.91, 43.77,

The structure was proved by the following experiments.

Preparation of 2,3,6-Trimethoxy-5-
nitroiodobenzene
2,3,6-Trinethoxyiodobenzene was nitrated desiring to
obtain the S-nitro- derivative which could be coupled by the
Ullmann reaction to give 2,2',3,3',6,6%~hexanethoxy-5,5"-di-
nitrobiyhenyl; thus proving the structure of the hexamethoxy-
dinitro~ derivative obtained ir the preceding reaction.

4 solution of 3.34 z. (0.0114 mole) of 2,3,6~trimethoxy-
ipdobenzene in 12 cc. of glacial acstic acid at 690 was
stirred while 6 cc. of concentrated nitric acid in 20 ce. of
acetic acid was added over a period of 5 minutes. 3Stirring
was continued at 590 for 15 minutes longer. Aifter cooling,

the crystals were fTiltered and washed with acetlic acid and

with water. Two and nine~tenths grams (75.3%) of pale yellow
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o
neadles melting at 119.5 - 120 was obtained. Dilution of the
filtrate zave 0.8 g. melting at 115 =- 1180. Crystallization
from scetic acid gave 0.45 g. more pure product. Dilution of
the filtrate again and crystallization from dllute acetic acid
gave 0.27 g. more. The total yield of pure product was 3.62 g.
(94.1% yield).

anal. Caled. for CgH;,INOg: OCHz, 27.43. Found: OCHz,

£7.25.

The position of the nitro- group was proved by removal
of the iodine atom by hydrogen and palladium-caleium cerbonate
catalyst. Two-tenths of a gram of the compound was shaken
with 1 g. of the catalyst in 20 ce. of absolute ethanol at
15 pounds pressure of hydrogen for 30 minutes. After filter-
ing and noting that no preciplitate formed when a smmll portion
was saturated with dry hydrogen chloride, another small por-
tion was svaporated to dryness andé gave crystals of the start-
ing materiel, m.p. 119 - 1200. Consequently, the remainder of
the filtrate was shaken with 1 g. of catalyst for 2 hours at
30 pounds pressure of hydrogen. After filtering, concentrat-
ing to small volums, and ecaling; crystals formed which melted
at 125 - 1270. Reerystallivation from ethanol ralsed the
melting point to 128 - 1290 and a mirxed melting polnt with an

authentic sample of 2,4,5~trimethoxynitrobenzene (51), prepared

by nitration of 1,Z,4-trimethoxybenzene, was not depressed.



Ullmann Coupling of 2,3,6-Trimethoxy~-5-
nitroiodobsnzene

An intimate mixture of 2.0 g. (0.0059 mole) of 2,3,6~
trimethoxy~5-nitroiodobenzene and 6.0 g. of specially pre=-
pared copper powder (see p. 64) was placed in a Pyrex test
tube, covered with a thin layer of copper powder, and pro-
tected from air by a closely~fitting cork stoppsr placed
just above the reaction mixture. The tube was placed in a
heating bath at 2100. After 5 minutes the stopper rose
slightly. Heating was econtinued at 2100 for one hour and
10 minutes, The temperature was ralsed to 2500 and held there
for 350 minutes.

The reaction mixture was placed in a Soxhlet apparatus

and extracted with 100 cc. of acetone. Ivaporation of the

acetone gave 0.2 g. of a tarry material, Txtraction of this
product with boiling petroleum ether (b.p. 60 =~ 683) gave

0.2 g. of yellow crystals melting at 142‘- 1490. Reerystalli-
zation from dilute acetlc acid raised the melting point to

147 - 1490. A raecrystallization from ethanol gave pale

yellow crystals mslting at 149.5 - 1510 and a mixed melting
point with 2,2',3,3',6,6"'~-hexamethoxydinitrobiphenyl (p. 66)
was not depressed. The positions of the nitro- groups in

the biphenyl compound are thus proved to be 5,5'.
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Attempted Ring Closure of 2,2',3,3',6,0"~
Hexamethoxy-5,5'-dinitrobiphenyl

Since hydrochloric ascid was without effect on hexa-
methoxybiphenyl, it was hoped that 1t would preferentially
cleave the methoxyl- groups ortho to the nitro groups in
£,8%,3,3',6,6'~-hexamethoxy-5,5'~-dinitrobiphenyl. Conseguently,
0,2 g. of the hexamethoxydinitrobiphenyl was refluxed with
1.0 ce, of 12 N hydrochloric acid and 5 ec. of glacial acetic
acid for 2 hours. 4 negative test for phenolic material was
obtained with ferric chlorids.

4 solution of 1.08 g. (0.0025 mole) of the hexamethoxy-
dinitrobiphenyl compound in 2 cec. of glacial acetic acid was
refluxed with 0.58 cc. of constant boiling hydrobromic acid
for 5 hours. After pouring over ice; a bright yellow pre-
cipitate, weighing 0.95 z., was obtalned. The latter was
treated with dilute sodium hydroxide to dissolve phenolie
materisl and filtered. The insoluble material weighed 0.1 g.
and melted at 148 - 1600. The filtrate was acidified giving
a yellow s0lid melting at 66 = 740. No pure product could be
isolated; therefore, 0.4 g. was treasted with 2 ce. of acetic

anhydride and one drop of concentrated sulfuric acid and re-

fluxed for 2 1/2 hours. 4 tarry material, whieh could not

be purified, resulted.
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DISCUSSICN

Ryidence for the Assigned Structures

Many of the compounds synthesized in the course of the
work on this thesis were made in approaches to a proof of
structure of 1,9(?)-dibromo~2,8-dihydroxydibenzofuran, Their
atructures, therefors, depend on the structure assigned to
1,9(%)-dibromo-2,8~-dihydroxydibenzofuran,

The following transformations ars illustrated on Diasgram
I, pages 14 and 15. 1,9{(?)-Dibromo-2,8-dihydroxydibenzofuran
was dinitrated to give the =ame compound that is obtained from
1,9(?)-dibromo~2,8~dimethoxydibenzofuran by mononitration,
cleavage of the methoxyl- groups, and furthser nitration. The
compound is probably 1,9(?)-dibromo-2,8-dihydroxy-5,7(%)-
dinitrodibenzofuran.

The structures of 2,8-dibenzofuryloxyacetic acid and
2,B~diallyloxydibenzofuran are based on the structural proof
of £,8-dihydroxydibenzofuran.

Z2,8-Dimethoxydibenzofuran was mononitrated, giving two
isomers. By ansalogy with previous sxperience, the lower melt-
ing isomer is nsmed the l-nitro- derivative and the higher
melting the 3-nitro-~ derivative. Reduction to the correspond-

ing amines which could be converted to the known bromo-
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derivatives would prove the structures of the nitro- compounds.
2,8-Dimethoxydibenzofuran was tetranitrated to obtain the
same compound that 1s given when 2,8-dihydroxydibenzofuran is
nitrated and then methylated. By virtue of the strong directive
influence of ths hydroxyl- groups the assigned structure is
1,3,7,9-tetranitro=-2,8~dimethoxydibenzofuran, horeover, re-
duction gave a tetraamino- compound whieh could be only
diacetylated, indicating steric hindrance. The latter compound,
then, is probably 1,9-dlamino-2,8-dimethoxy~%,7-diacetaminodi-
benzofuran.
2,8-~Dihydroxy~3,7(?)=-dibromodibenzofuran~1,9(%?)-dicar-
boxylic aclid syntheslzed by Yeoman was converted to the dimethyl
ester and, also, to £,8-dimethoxy-3,7(%)~dibromo~1,9(%)=
dicarbomethoxydibenzofuran. The latter was saponified to 2,8«
ﬁim@tnoxy~5,?(?)-dibramadib&nzofnran—l,g(?)~dicarbaxylie acid.
The structures of these compounds will depend for proof upon
the structural proof of the starting mmterial.
2,8-Dimethoxyilbenzofuran-1,9(7})~-dicarboxylic secid was
tetranitrated to give, probably, 2,8-dimethoxy-4,4,6,7(%)-
tetranitrodibenzofuran~1,9{%)~dicarboxylic acid whosestructure
depends on tha proof of the starting material.
1,9{?)-Dibromo~-2,8-dimethoxydibsnzofuran was fused with
caustiec in an attempt to obtain 1,2,8,9-tetranhydroxydlbenzo-

furan. The compound isolated as the acetoxy~ derivative and
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converted to the methoxy- derivative was not, according to
analysis, a tetrahydroxy~ compound of dibenzofuran.
1,9{7)-Divromo~2,8~-dimethoxydibenzofuran was monointer-
converted and hydrolyzed to give Z,8-dimethoxy~-3-bromodibenzo-
furan which was identified by a mixed melting point with an
authentic sample prepared by Hogg (29). 3imilarly, monointer-
conversion and trestment with methyl sulfate gave a bromomethyl-
2,8-dimethoxy~- derivetlive which did not depress the melting
noint of the produet of bromination of l-methyl-2,8-dimethoxy-
dibenzofuran (29). 3Since the bromine atom which resmained alter
the hydrolysis of the organolithium compound was in the
3-position, the methylbromo- compound is, presumably, l-methyl-
2,8=-dimethoxy~7-bromodibsnzofuran,

Z-Aminodibenzofuran (see Diagram I1II, page 50) was di-
brominated obtaining the same product that was obtalned when
2-smino-3-bromodibenzofuran was brominated. Thus, one of the
bromine atoms was proved to be in the 3-position. The compound
iz probsbly 1,3-dibromo-2-aminodibenrzofuran. The proof of
structure of 1(?),3-dibromo~2-hydroxydibenzofuran prepared from
the amino- compound depends on the latter.

The structures of N-p-nitrophenyl-%-dibenzofurylamins,
3-dibenzofurylglyeine, the methyl zster of the latter, and
3,3'=azodibenzofuran depnend upon the proved structurss of

Zeamino- and 3-nitrodibenzofuran.
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1,2,4~Trimethoxybenzene (ses Disgram III, page 59) was
metalated and earbonsted to give 2,8,6-~trimethoxybenzoic acid
and s mixed melting point with an authentic sample (49) was not
deprasged. The msthyl and ethyl esters are, thus, also proved.
The 2,3,6-trimethoxyphenyllithium was treated with iodine. The
position of the iodine atom is proved by the proof of the acid.
2,3, 6~-Trimethoxyiodobenzene was coupled to give 2,2%,3,5',6,6%~
hexamethoxybiphenyl whose proof of structure is based on that
of the iodo~ compound. 2,3%,6-Trimsthoxyiodobenzens was
nitrated and the product was proved to be 2,3,6~trimsthoxy-5~
nitroiodobenzene by rasmoval of the lodine atom by hydrogen.
The resulting 1,&,4-trimethoxy-i~nitrobenzene was identical
{mixed m.p.) with that prepared by direct nitration (51) of
1,2,4-trimethoxybenzene. 2,3,6~Trimethoxy~5-nitroiodobenzene
was coupled to gzive 2,2%,3,3',6,06'-hexamethoxy~-5,5'-dinitro-
biphenyl. The same compound was prepared by direct nitration
of 2,2',3,3',6,6"-hexamethoxybiphenyl. A mized melting point

showed no depression.

Validity of 1,9-Derivatives

“hen Swislowsky (4) isolated from the bromination of
2,8-dihydroxydibenzofuran a dibromo~ derivative, it appsared
that, by enalogy with the brominstion of Z-~hydroxydibenzofuran

(1), the 1,9-dibromo- derivative had been formed. Methylation
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gave & product which was provisionally designated ss 1,9(%)-
dibromo~-£,8-dimethozydibenzofuran. The same product, togsther
with the 3,7-dibromo- derivative, was formed when 2,8-dimethoxy-
dibenzofuran was dibrominasted. The compound designated as
2,B-dimethoxy-3,7-dibromodibenzofuran has since been proved by
ring closure by Willis {18} and Yeoman {288}, Swislowsky (4)
converted the 1,9{(%)-derivative to 1,9(%?)~-dimethyl-2,8-dihydroxy-
dibenzofuran and attempted to make 1,9(%)-dimethyl-2,8-diamino-
dibenzofuran by the Bucherer reaction. This compound, by
deamination, would give 1,9-dimethyldibenzofuran, a kuoown

compound. Unfortunately, the Bucherer rveactlion falled to occur.

Jodn

Likewise, a zine dust distillation was unsuccessful.

nece & dibenzofuran molecule substituted in the 1- and

93]
e

9~-positions is a very important compound, possibly as an inter-
mediate in a synthssis of a morphine-like molscule, a great
deal of time and effort was expended in various approacies to
a proof of its structure. Some of these approaches srs des-
cribed in this thssis.

1,9(%?}-Dibromo-2,8-dimethoxydibenzofuran was nitrated
{zee DiagramI, n. 14 ) with the hops of obtaiuing the 3,7~
dinitro- derivative. A dinitro- derivative was obitalned in
very small yield and was not used in further reactions., Hydro-
genation would have given a diamino-Z,8-dimethoxy~ compound
which could have been converted to a dibromo-2,8-dimethoxy-

derivative. If the original bromine atoms had been in the
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1- and 9-positions, the resulting dibromo- compound would
probably have been the 3,7~dibromo-2,8~-dimethoxy- dsrivative.

In another approach, 2,8-dimethoxydibenzofuran-1,92(%}-
dicarboxylic ncid was nitrated (Diagram I, page 14) hoping to
get the 3,7-dinitro- derivative. The latter could bse de-
earboxylated and the resulting 2,8-dimethoxy~3,7-dinitro-
compound converted to Z,8~-dimsthoxy-3,7-dibromodibenzofuran.
In this case, however, the only product isolated was 2,8~
dimethoxy-3,4,6,7(?)-tetranitrodibenzofuran-1,9(7)-dicarboxylic
acid.

A third approasch was by a ring closure synthesis of
1,2,8,é(?)—tetrahyﬁrexyﬁibenzefuraﬂ. slthough the proper bi-
phenyl derivative was synthesized (Diagram III, page sg) the
ring closurs was not successful.

Another approach was that of bromination of 2,8~diamino-
dibenzofuran. Swislowsky (4) brominated 2,8-diacetaminodi-
benzofuran and obtained the 3-bromo~ derivative, Broaination
of the diamino~ compound, like that of 2,8-dihydroxydibenzo-
furan, was expected to give the 1,9(?)-dibromo- derivative.
Polyhaslogenation seemed to occur, however. Z-Aminodibenzo-
furan brominated very rapidly to give 1{(%?),3-dibromo-2-
aminodibenzofuran (31}, and thus, polybromination probably
oceurred when Z2,8-diaminodibenzofuran was treated likewise.

The most marked gains were made in the proof when



Yeoman {28) monobrominated 2,8-~dihydroxydibenzofuran and Hogg
{29) proved that the bromine entersd the l-position. Yo
utilize this informaztion, ths author sat out to perform the

reactions indicated bslow.

<H,0 Br Br  OCH, CH,0 Lo Br  ocH;
—
0 0
A
v
"0 8r __ OCH, CHy0 CH, 8r OCHy

> o
N

CH;0 CHy CHy _ QcH, CH,0 ety Y OCH
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If the reactions had oeccurred as designated and in good
yield the compound (A) would have been proved as drawn,
namely, 1,9-dibromo~2,8-dimsthoxydibenzofuran, However,
compound (B} was not l-bromo-£,8-dimsthoxydibenzofuran as
drawn but did, neverthslessg, analyze for a monobromo-Z,8-
dimethoxy~ derivative, Thig led to ths opinion that one of.
the bromine stoms was in nsither the 1- nor the 9-position.
Recently Hogg {(29) monobrominated £,8-dimsthoxydibenzofuran
and obtained the same monobromo- derivative and proved that
substitution had oceurred in the 3-position. Thus, the
compound obtained by monointerconversion and hydrolysis of
1,9(%)~dibromo-2,8-dimethoxydibenzofuran was 3-bromo-2,B8~-
dimethoxydibenzofuran., Compound (C) proved to be identical
with the product of bromination of l-methyl-Z,8-dimethoxydi-
benzofuran (29). Hydrogenation was, thus, unnscessary to
prove the nosition of the methyl- group.

Renlacement of the bromine atom in (C) by a methyl-group
would have given the 1,9{7)-dimethyl- derivative but not the
actual 1,9~-dimethyl- compound designated by (D) since it was
ghown that the bromine stom was not in the l-position.

These reactions quite definitely prove that, though one
bromins stom is in ths l-position, the other is not in the
g-position., There remain, then, two possibilities, excluding
direct substitution into the 4- or 6-position. The compound

designated as 3 1,9(?}=-derivative could be a 1,3(%?)-derivative



- 78 -

or a 1,7(7?)-derivative. The former would be likely to undergo
a Buchersr reaction in the 8-position. However, Swislowsky
recovered his starting material unreacted. If there is %o be
interference with both hydroxyl- groups in the dimethyl-2,8-
dihydroxy- compound, then the methyl- groups must be ortho to
both of the hydroxyl- groups. This allows only three possible
arrangements, 1,9~, 3,7-, or 1,7-dimethyl-2,8-dihydroxydi-
benzofuran. The first possibility is exeluded by the proof
that one of the bromine atoms is in neither the l- nor the
$-position. The second possibility is a known compound which
is different from the compound in guestion. By exclusion,
then, the derivative provisionally designated as 1;9(?)~
dibromo-2,8-dihydroxydibenzofuran is shown to be, probably,
1,7-dibromo~2,8-dihydroxydibenzofuran.

It has been concluded by Hogg, Yeoman, and this writer
that the entrance of a second bromine atom in the 9-position
is sterically hindered by the bromine ato& already in the
l-position. This theory may apply also to the derivatives
previously described as 1,9-dibromo-4,6~dihydroxy- and 1,9-
dibromo-4, 6~dimethoxydibenzofuran (2). The structure of
1-bromo=~4, 6~dimethoxydibenzofuran is definitely established.
That of the dibromo~ derivative has not been proved. Doubt
that these are 1,9-derivatives is aroused by the behavior of

4-hydroxy-6-methoxydibenzofuran toward bromine {2}. “hen
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4,6-dihydroxydibenzofuran was brominated snd msthylated the
product was the same as that obtained by dirsct bromination
of 4,6-dimethoxydibenzofuran (2). Van Hss (1) showed that
btromination of 4-acetaminodibenzofuran gave the l~bronmo-
derivative. Likewise, the 4-methoxy- (7) and 4-nydroxy- (1)
compounds gave substitution in the l~-position, Therefors, it
was sssumed that the dibrominsted products obtailned from
4,6~dihydroxy- and 4,6-dimethoxydibenzofuran were 1,9-
derivatives, However, when 4-hydroxy-t-methoxydibsnzofuran
was dibrominated and methylated, the product was not the so-
called 1,5~dibromo-4,6~-dimethoxydibenzofluran.

This anomalous behavior seems to be attributable to the
hydroxyl- group , and Cheney (2) postulated what is probably
the correct gtructure, 1,3-dibromo-4-hydroxy-6-methoxydibenzo-
furan., With this in mind it is difficult to understand why
.the yield of the compound dssignated as l;gwdibromo~4,ﬁu
é¢ihydroxydibenzofuran was almost quantitative. One would
ezpect soma 1,7~ and, possibly, 1,3-dibromo~ derivative if
the hydroxyl- group direects bromine to ths ortho position so
strongly as 1s indicated by the 4-hydroxy-6-methoxy- compound.

On the basis of the theory of =steric hindrance by bromine
already in the l-position these dissgreeing results can be
explained. In the bromination of 4,6-dihydroxydibenzofuran,

the first bromine can enter the l-pozition without interfsrence.
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The second bromine is, howsver, hindered and can enter the
8-position, para to the biphenyl sther linkage, or the 7-
position, ortho to the 6-hydroxyl- group. 3ince the hydroxyle-
group exerts greater directive influence than the ether link-
age, the second bromine atom probably enters the 7-position.
The same reasoning holds for the dibromination of 4,6~dimethoxy-
dibenzofuran.

*hen 4~hydroxy-6-methoxydibenzofuran is brominsted, how-
sver, the first bromine should enter the l-position. The
second can then enter the 8-, 7-, or the S-position. Silnce
the hydroxyl- group is the most powerful directing agent in
the molecule, the second bromine probably snters ortho to it
in the 3-position, giving 1,3-dibromo~4-hydroxy-&-methoxy=-
dibenzofuran., The reported yields may also give some insight
into this thsory. 4,6-Dihydroxzydibenzofuran dibrominated
quantitatively, giving a single product; 4,6-dimethoxydibenzo=-
fuf&n gave a 74% yield of the dibromo- derivative; 4-hydroxy=-6&-
methoxydibsnzofuran, however, gave only a 58.6% yisld of the
so-called 1,05-derivative. The latter yield may indicate thsi
at least s;me of the bromine entered the other ring, possibly
in the 7-position.

If these are not 1,9-derivatlives, the outlook is still
not hopeless, It is felt that groups smaller than the bromine

atom or with greater freedom of rotation can be substituted in



both positions. Also, when 2,8-dimsthoxydibenzofuran is
tetranitrated, two of the nitro- groups probably enter the

l«= and 9-positions. Reduetion to ths tetrasmino~ derivative
and acylestion gove a disminodiamcetamino-2,8-dimethoxy-
compnound, indieating that two of the amino- groups were
sterically hindered from acylation (31). Thesse two groups

are probsbly in the l- snd 9-positions. £,8-Jimethoxydibenzo-
furan can be mononitrated glving two isomers, probably the 1-
and the 3-nitro- derivatives (31}, It may be possible, then,
to nitrate l-~bromo-2,8-dimsthoxydibenzofuran to obtain l-bromo-
9-nitro-2,B8~-dimethoxydibenzofuran. Sueh a compound could be
converted into a number of 1,9-derivstives which might be use~

ful intermedlates 1in the synthesis of a morphine-like structure.
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SUMMARY

1. The preparation of l- and 1,9(%)-substituted dibenzo-~
furan compounds has been discussed.

2. HNitration of 1,9(?)-derivatives has been studied,

Z. The 1,9(%)-derivatives have been proved to be not 1,9~
as designsted, and evidence has bsen given that they are, prob-
ably, 1,7-derivatives.

4, %Wvidence for steric hindrance in the l- and 9-

positions has been discussesd.
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