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The formation of highly colored products has been observed
in the interaction of aniline (or other smines) and a variety
of furan compounds; yet, with the exception of the reactions
involving furfural and very alvsﬁiy related types, the chemistry
of these transformations is practieally unknown.

In a study of S-nitro-2«furolec acid by Hill and %White {1},
& curious spontaneous decomposition of the eniline salt of this
acid was observed. Even at ordinsxry temperatures, the aqusous
solubtion of the salt deposited brownish flocks., The addition
of more aniline, or bhetter, enlline acetate, accelerated the
reaction and a voluminous red praaiyit&ta formed with the
evolution of carbon dioxide ges, The same product was more
conveniently prepered by the actlon of slightly more than two
molesuler egquivelents of aniline hydrochloride on an agueous
sodium acetate solution of the nltrofurocio acid., This red
precipitate on eloser examinaetion proved to be two substancesy
the main portion, & yellow compound, &nd the smeller frection,
& brilliant red product. 4 sizmiler palr of substances were
obtained by substituting p-toluidine for aniline in the above
reaction. All of these colored bodies were analysed; the yellow
compound obtalned in the anilire run was reduced and the
products idantifig&; but no structures were postulated for any

of the colored eompounds,

(1) Hill end White, Am. Chem. J., 27, 193 (1902).
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A Turthey examination of the reaction ilnvolving anlline
was ehosen for this study, since 1t might furnish s new method
for determining the orientation in substituted furans by
conversion to known ocompounds, and salso to discover more facts
concerning the menner in which the furan ring is opened by
amines,

Constitution of the yellow eompound,

Approximately 80% of the precipitate deposited in the
resction of anlline and S-nitro-2«furcic acid was found by
Hill and White to be the yellow compound, C,  H, ,},0, which
melted with descomposition at 232° when rapldly hested, They
reported that the compound was nét sensitive to aqueous acid
or alkall, but with alooholic sodium or potassium hydroxide
formed an intense carmine red solution, from which the material
was precipitated apparently unchanged. {(That the repraeipitated
material was truly anﬁh&n@eﬁ was shown laeter by Vander Wal (2)
by meens of & mixed melting point determinetion.) Concentrated
'aalﬁhuria neid dissolved the compound, prcﬁuéing 8n oL 8-
yellow solution whiok b&a&mé deep greenish biuve upon the addition
of ferric chloride or potussium dichromate, The greenish tinge
was thought to be dus to sither excess axi&izing agent or the
golor of the original sulphuric seid solution. immonium sulphide
reducsd ths compound, but no definite product was isolated.

However, reductlon with zinc and hot glacial scetlc aeld

{2) Vander Wal, Rk, J., Unpublished work.
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yielded ammonia, sniline, and suceinanil,

The observations of H1ll and White, with the exoception of
the aaalyﬁas, were all cheocked by Vander wWal {2). This
investigator &lso found that the same yellow compound was formed
by the reaction of nitrofuran and anilin$§~han¢e the csarboxyl |
group of the nitrcfuraie acld must be sliminated in’tha course
of the reaction., That carbon dioxide gas 18 evolved during the
reaction had alrsady been observed by Hill and White. On the
| basis of his studles, Vender Wal, in conferemce with ¥Wright,

aﬁggestaa the formula:

E—ﬁ————~ﬁ%ﬁ
HQ—C\\ﬁ//S—ﬁ?N

He also demonstreted the dyelng propertles of the compound by
1@mﬁrsiﬁg samples of wool, silk, scetate rayon, and odtton in
the :aaatimn mixturs during the period of the reaction. All
except the cotton were dyed & clear desp yellow., The cotton
was only tinted. |

Vander Yal's formula appears to the writer to be in
harmony witﬁ 8ll of the known propertizs of the compound, The
enollic behavior is accoounted for by the phenollice hydroxyl group
on the pyrrole ring (8). Reduotion may be explained by the
following sequence of reactions:
{3} For examples of the enolic properties of pyrrolones see,

Thiele, Ann., 306, 246 (1899); Borsoche and Fels, Ber., 39,
3877 {1906).



-G
HO-G.  C-Ne (> -l i no e:~z»'zﬁ, +

0 O
. =]

| HqC

CH, H,C CH,

Q'C\R/C‘EE HOH, Oﬂ'ﬂ'\ﬁ/

01 0

111 IV

CeC + NH,

The hydrolysls of the imlide group in III is similar to that
observed by Ansehiitz end Heyerfeld (4):

ﬁﬁ;‘?———-?mﬁ}. . CE;*T—(])-GI
i ng in H,0 or ,
O=C C=KH dilute HC1 . O=C C=C + XH,

An alternative interpretation of the transformation from

IT to IV involves the direct hydrolysis of the aumino group
without ah&fti_ng first to the imide form s in the previous

gxplanation:
Iwﬂz ﬁn}a ﬁ*ﬁ tﬁ:sﬁ ﬁ.{iz CH,
& |
HO &'}\ E/C m, ii{}ﬂ EM\N /Gws}ﬁ 3 0.0\2% /c-o
IX ' I‘V

(4) Anschutz and Meyerfeld, Ann., 2985, 61 (1eg7).
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Sueh direct replacement of an amino group by an hydroxyl group has

‘been found in certain hydroxypyridines:

it ' H
OEN- 04 HeQm ™ N ( )
- or : H See 5,6
Hem O CHqg Fel CHy —  H-0 mCH, ’
N .
1

H by

bolling '
H ECl T H=0 O {See 7)

'

The only cese in the pyrrole series is not at all elsar out. (8).

HO~( ——C~NO, "
" ! R etTe meT N
snc\\ﬁ/,a» QCH,4 acetie ac FH, ?
H

Sinee reduction with zinc and ecetic aeid msy or may not open
the pyrrole ring, depending on the copeentration of the acld and

~the duration of the rsaction (9), it is not certein that the
ammonie was gensrated by the removal of the amino group formed
by the reduction of the nitro group.

Though Hill and White reported thet the yellow compound
was not attacked by aoid or alkall, it was found in ths present
study that by prolonged r@flaﬁing {six hours or umore) with 20%
hydrochlorie scid solution, the compound was finally dissolvsed,
(5) Hess, Ber,, 382, 1885 (1899).

6} Lapworth and Colllie, J. Chem. Sog., 71, 844 {(1897).
- v; Stokes and von Pechmenn, Ber., is, 2701 (1886).
() Wleland end Glooh, iun., 240, 76 (1905).

() clemician end Dennstedt, Der., 16, 1838 (1883); Clamioian,
Ber., 34, 3952 (1901).



Only ome produet, aniline, could be isolated. Refluxing five
hours with 10% sodium hydroxlde solution had 1little afreét
though there was & distinet odor of anlline. The aniline is in
gach cass probably formed by ring scisslion, & reactlion observed

with other Xw~pyrrolone derivetives (10):

concsntrated HCEL |
100°

. 5;, . ﬁ§~g- -ca.-g-O

In the hydrolysis of the yellow compound 2 sirilar cleavage appears
to take place; 50% of one equivalent of aniline was isolated, but
the other fragment decomposed to & tar, E&lnce no phanyihydrazine
could be identified among the products, one of the taﬁtameric

formulas for the yellow compound seems to be exoluded (11):

BeG CwH

mz!\g xl;urugO
S

Fcllswin& the above indicstions of the proposed formula, a

synthesis of the yellow compound was undertaken involving the
- followlng steps:
Hwll a»g ﬁ»c

|| OE’ Gl- | || ﬁ‘“ﬁ 10] Il T

'O» O e

(10} Klobb, Bull. sog. chim., (3), 18, 395 (1898).
{11} For evidence of such tantommriﬂm'ar X =~benzeneezopyrrole, see

Plancher and Soneini e B it&l 3%, II, 447 (1908);
Attl Accad, Lineei, Is Ql »
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The Nephenylpyrrole was coupled with benzensdiazonium chloride
by the method of Plancher and Ghigli (12) to obteln the known
F~phenyl- o =benzaneazopyrrole., The oxidation was accompllished -
by means of perbenzole scid, which had been used successfully
§y Eéesak&n in the oxidatlon of furan {(13). The structure of
the oxidation product is based on the fact that the oxidation
of pyr&ala‘cam@ﬂnnéa appears to always involve hydroxylation
in the x~positions as the first step (14). The final step of
proving the identity of the synthetic product and the yellow
compound was established by & mlxed meltling point determination,
The only derivative whioch wes sucoessfully prepared from
the yellow compound wes & yellow monoacetyl derivative melting
at 167°, This derivative did not prove tévbe very useful sinoce
the yleld was poor and the pradﬁat rather difficult to purify,
Consequently it was not possible to prepare thia derivative
ﬁram.tha exbtremely small amount of the yellow aoﬁpaund obtalined
in the synthesis from Nephenyle X~benzeneszopyrrole. éaveral
attenpts were made Lo prepare tkﬁ methoxy derivaetive by ro-
actlon with dlszomethane, but the compound was so very slightly
soluble in the sultable solvents thet no reaction occurred even

on long stending.

Constitution of the red compound,

The minor product of the Hill and White reaction is the

(12) Plancher and Ghlgl, Gazz, chim, ital., 585, 49 {1825).

{13) Bﬁaaekﬁn,g?@nm%j,'gﬁp&a, end ven | aau%éﬁ?’?ac, trav, chinm,,
50, 1023 {1931).

{14) Ciamicien and Silber, Ber., 45, 1842 (1812); Plancher and
cattadori, Attl Aoced. Lincel, (5}, 13, I, 489 (1904).
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red compound, Caolly ol30s, which melts at 216° with decomposltion.
Ho degradation reactions or derivatives of this eompound werse
found by Hill and White, The compound wes not studied by
Vander Wal. | |

On the basis of the properties of the aaﬁponnﬂ, and the
study of the mechenism of the resction, the following formula
{or a teutomer of it) was found by the writer to be the mest
probable: |

Og-w?/ C&cl"«rﬁn—ﬁ

O=C C=0
g~

()

Sines the difference between the yellow and the red compound
is one molecule of carbon dioxide, one's first thought is that -
the red ocompound may differ from the yellow only by a oarboxyl
group., It was scon discovered, however, that a;though the
compound dissolves in alkeline solutions slowly, it does so
with decomposition hence it is not seidle. The compound is
ragdily soluble in alecholic potassium hydroxide with & red
golor, but the solution repldly becores light drown. Cold
agqueous 10% ﬁad&um,nyéraxidé &1éaalvas the compound very slowly
to form & similar solution; in warm alkall the same result is
obtained more rapidly. ﬂaidifieaéiaﬁ does not precipitate the
compound unchanged. v

Reduction of the red compound with zinc and boilling

glaclel acetic acld was not successful., Stennous chlorlde and



hydrochlorile acid in hot asetic eold gave 877 of one eguivalent
of aniline, but no significant amount of any other product.

The reduction does not aid greatly in the proof of struoture,
since the anlline could be formed not only by reduction of the
a&zo group but also by the hydrolysis of the anil fragment, I1.

_oE «
O‘.ﬁ i%*{: e < Om, + HN-C” &G OH
oet o= =0 il e-clz bmo
\ﬁ/ TNy

O O

. Iz
Ei
HH
Om. + |HOw- ~c~¢-¢~g-€>ﬁ

N,

Numerous attempte were made to prepere a quinoxaline
derivative of the red compound by resetion with g~phenylenediamins,
but none was successful., Due to the anil type of structure, the
typleal cerbonyl properties are probably lacking in the =-position.

An orange monoacetyl derivatlve was prepared in & manner
similer to that smployed for the ysllow compound. The melting
polnt was 195°. The mixed melting point with the acetyl
derivative of the yellow compound showsd a large depression,

The two compounds &laa,diffar in thelr composition, as revealed
by anelysis,

When the red compound was rsfluxad with C.1 K sodium
hydroxide, hydrolysis proceeded smoothly and both fragments of
the molecule were isolated. 4Anlline and l-phenyl-3,5-dicarboxy-
pyrazole were obtained in ylelds of 774 and 81% respectively.



- 14 -

The anlline was converted to benzanilide, end the identification
of the acld was ¢heoked by mlzed meliing poiﬁt determinations
of both the aold snd its dimethyl ester with authentio
specimens, | |

It is obvious that the simplest compound which could glive
these products would be the monocanilide of the dlcarboxypyrazole

eompound : ,
Ogng—?————?% or Efii::-g%--?l: E-ﬂ
| zﬁ\ﬁ _ c~g~aﬁ z@\g o .-g.g.o

9 9l

On closer Inspeotion, it ia'avi&ant thaet both of these
possibllities are barred by the yrésanse of & free carboxyl
group and the lack of é shromophore, The anilides of some of
the pyrazele aclds are also hydrolysed with much more difficulty
(18} than wes encountered with the red compound,

The dicarboxypyrazole must then be formed by a secondary
ra&&tion from one of the products of the ﬁydrolysis' Judging
by the methods of preparing pyrazole derivatives, (16}, this
intermediate must be the following phenylhydrazone which

produces the dicarboxypyrozole in the manner indleated:

15) Déins and Harpger 3. X : . 862 (1918) Delns
( )‘&Iﬂ » ’ &9 z:ﬁw"ﬁ’ H

e T20
{16) Meysr ané ) éan gxaﬁrbueh der organischen Chemie, "Vol,
2’ yﬂrt 5’ lgkg’ pv 35$Q
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mg_mal‘fﬁcn "‘-'ffF""g"‘@** HO=GwG

&
0

If the red compound breeks down into the above aliphatioc

’ 2 | | N /q-g-ﬁﬁ

s

derivative and one molecule of aniline, and yet hes no ocarboxyl
groups, 1t must be the anil of the acld {or some tautamerioc

form) as shown below:

BE H B H '
NN & D= (: ( >1M:
Y N¢-0 Se” Ncm0n c/c \0-0
0 zI: | c'm | 0 zI: é 0 oF c )
i3 . . y o R e - Q
;'\Q) 13/ \K/ . \1‘3/

w0 U 0
o“g}lﬁ/'}' ) . -~ l

%@ehaniam‘of the resction.

If one uompara& the strueture of the red and yellow
products with that of the initial compound, nitrofuroig'aaid,
1t is obvious thaet the reactlon must be rather complex. For
this reason it was planned to hﬁlﬁ ths reaction at various stages
to isolste intermediate compounds. It was first nﬁceéaary to
find whioch of the two regotsnts, aniline or sodium acetate,
initiated the reaction with pitrofurole acid.
If one recalls that the remotion was first observed when
the equsous solution of the aniline selt of nitrofuroic acid
was sllowed to stend, it is obvious that the alkeline medium,



as provided by the sodium acetate, is not & necessity. In
addition, it wes reported by Hill and White that this gradual
reaction was hastened by adding snlline ascectate, In this
study 1t was found that though the rezction proceedesd well in
the presence of & wesk acld sz indlcated, a small amount of
strong acld inhibited the completion of the reectlion.

Owing to the sensitivity of nitrofuran derivatives to
strong alkall, it was thought by Wright (17) that this reaction
- would 1n?nlva, in its first phase, the raplaeamént of the nitro
group by an hydroxyl group. Nitroeoumarone (18) has been shown
to undergo = reaeiicn in the presence of sodium alooholate
whiﬁh‘isvelvaa the nitragreuﬁ:

=0
o NO4 | o ~NoE

Eitrqthiaph&n@ derivetives Torm colored products when treated
with alkall or sodium alecoholste. Steinkopf (19) has isolated
& series of such compounds in which sodium methoxide hes added
to the nitro group. Acstic apld regenerated the eriginal
nitro eompound. The ﬁitra group in certain polysubstituted
“benzene compounds may be replaced hy hydroxy or nethoxy groups
by the uss of so&ium'ﬁyércxi&@ or methoxide respeotively (20).
(1?3 Wright, George, Private communicatlon.

Kshlert, Disssrtation, Rostock, 1902.
(lg) Steinkopf, Ann., 513, 285 (1934).

20) Clark and Carter, Trens, Roy. Sog¢. Canada, (3}, 21, part 1,
323 (1927).
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In the furen serles, Hill and White (1) havs reported the
hydrolysis of 2,5-dinitrofuran and Senitro-2-furolc aclid with
boiling berium hydroxide., In the first instance a deep red
color daveloped which fuded to yellow on contimued boiling with
the formation of & little ammonie. Berium maleate and bariﬁm
nitrite were identified in the solution. The nitro-scid under
the same trestment developed & reddish yellow color, end finally
& brown precipitate., Barium nitrite wss detected, but the
brown éraaigitaza wes not identificd., The nitro-aclid wes found
to be sufficlently sensitive to alkall that 1t acted as its
‘own indicator when it wes titrated with & strong base, Marquls
© (21) also noted the effect of alkell on nitro-furens. He found
that alkaii nitrite was slways among the produots, but he asa
not identify any other produsts, a feilure which he attridbuted
to the resinification of the mldehydic compound formed on ring
scission, ‘3u§port of the aldshydie nature of the products
was drawn from the r@ﬁuatien‘mf Fahling*a‘solution or ammoniacal
silver nitrate by nitrofuran., Reduction 41d not teke place
in the cold, only on heating. This behavior appeared to be
general for éll»furan compounds except furaen itaelf. Hthyl
nitrofuroate wes found to be particuluarly sensitive to alkall,
whersas dinitrofuran wes not attecked in the cold. Hore
recently, 1t has been shown that nitroeylvan is converted to
;avnlinie scid by prolonged refluxing (13 héurs) with water (22).

{21) Msrquis, inn., chim. phys., (8), 4, 229 {1905).
{22) Van EZss, Paul R., Unpublished work.
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HeG—CH,

It appears to be established, however, that in the

reaction of Se-nltro-2-furoic acid with anlline in 10% sodium
acatate solution, the replacement of the nitroe group by hydroxyl
a2 & preliminary step does not teke placs. This is not
entirely surprising when it is considered thet cold 109 sodiunm
agetate 18 a nmuch weaker base than dilute sodlum hydroxide or
beolling barium hydroxide solution. In all of the cases Just
deseribed in which the nitro group has been removed strong
bases or higher temperatures have Laen employed., It has been
obssrved by'thﬁ writer that S-nitro-2-furoic scld does not even
on standing 1in 109 sodium scetabe solution develop the
characteristie red brown color produced by stronger alkelis,

| It is &lso true that when S-nltro-~Z-furolie acld reacts
ﬁithyamilina,in the presence of atraﬁgai bagses such &s sodlum
carbonate, dark -red tars sre formed whieh yield almost none of
the usual red and yellow ecompounds., However, if the nitroe
furoic aeld is first treated with standerd sodiwm hydroxide
until almost neutralized and this solution added to the usuel
r&aetian.mixtur@, the reletive proportion of the red compound in
the product is greatly inecreased,. By the originsl prooedure,

the rétie of red to yellow compound was approximately 1:13, dbut
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with the modification, 1:8, The combined yleld is decereased
eonsiderably by the modification, owing to the formetion of
maré tar.

A final proof of the unlmporbtance of the sodium acstate
fuﬁ the initial steps of the reaction was obtalned by allowing
an agueocus sodium scetate solution of nitrofurole acid to stand
for the usual period of the reaction. HNHot until elight hours
heve elapsed, may a falnt test for nitrite lon be noted, wharaaé
in the usual reaction, a strong test for nitrite 13 observed
" in less than one hour (23), Elghty five percent of the
nitrofuroic acid was reeovered,

If the sodium apetate 18 nat'neeaasary for the initial
ateps of ths reaction, the aniline must then be involved. The
first sction 1s apparently the formation of the aniline salt
of the nitrofurole acld, since some of this salt separates out
if the remction mixture 1s too concentrated, This salt also
rascts ﬁihh mors aniline seetste to glve the normal ylelds of
red and yellow compound.

The probable second step of the reaction is suggested by
the known reactions of enlline with other furan compounds, of
w&iah farfural has bsen th§ principal one studied. Furfural
combines with both alliphetic and eromatlie amines,. With aromatlc
amines, tihe resction may ha‘ana of three types depending on the
amine used and the conditions of the raaetian. (1) with
{23) Nitrite ion was detected by acldifying a drop of the

gsolution with dilute sulphuriec scld and testing with
potassium iodide~stareh paper.
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tertiary amines, s dimethylaniline, dyes of the diphenylfuryl-
methane type are formed (24)3; (8) primsry and secondary amines
react in 1:1 ratio by condensetion of one molecule of amine with
the &ldehy&e group; end {3} in 2:1 ratio by condensation of one
molecule of amine with the sldehyde group and with the second
molecule by ring selission. The latter type of reaction is the
basls of the aniline scotats test for furfurel (25). Since
the Hill end White reaction seems aimost certaeln to involve
ring opening, the reaction of type (3) only will be discussed
in detall, Because the mechanism of this resction, the
congtitutisn of the product, and thre chemicel properties of the
product have long been the aabjact of investigation and have
not yet been entlirely expleined, an historical review is here
included.
‘he color reczetion of furfursel with apiline has long been
known, having been first observed in 1850 by Stenhouse ({28).
The use of aeld to deepen the color was discovered by Persoz
{27) and a deocads later the dye salts were lsolated and anslysed
by Stenhouse (28). Sobpiff (2¢) became interssted in the problem,
{24) Fischer, Ber., 10, 1623 (1877); Ann., 208, 141 (188l1);
Renshaw &na Naylor, L. im. Chem. S00., 44, 862 (1922);
Mahood and Aldrieh, J, 4m. Chem., 500., 82, 4477 (19503.
The S5-bromofuryl and Sechlorofuryl enalogs were prepared by
Hewlett, Dooctoral Dissertation, lowa State College, 1830,
{28) Gllmen &nd Wright, Chem,. Rev,., 11, 346 (1932).
(26) Stenhouse, Ann., 74, 262 (1850).
{27) Persoz, Hep. cuim. &ppl., 1860, 220 (1860), Original not
seen, Ses Teunlssen, Dissertation, Lelden, 192%.
(28) Stenhouse, Ann., 156, 197 (1870).

(29) Schiff, Ber,, 10, 775 (1877); 19, 847, 2153 (1886);
Ann,, 201, 355 Tiee0); 239, 345 (1887]. ’
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and reported in 1877 that the reaction was rather general for
arometic amines, inecluding primary end secondary eawmines,
diemines, and even smino aclds, ‘ |

Twenty years later the sﬁruetur& of the dys salt was
finally proven by Zincke and‘ﬁﬁhlh&usan {30}, who demonstrated
thet the Otenhouse salts were té&nararmad into pyridinium sslts
by heating, and who also suceeeded in preparing one of the

Stenhouse salts from the appropriste (A-hydroxypyridine

derivative.
HeQ (f«ﬁ
b b g-gv & — |
| 6 Ho + NH
ékﬁ H | RZC1 <:::> *

55 0

Stenhouse salt

| H—ﬂ—————c«-ﬂ
on , ‘
+ e (oMW, — > H-T /{":»g‘-}ﬁ\o + XNH,CN

K : NH O H Br
R 9

Stenhouse salt

These resctions proved ths ﬁ?@ﬁiﬁg of the furan ring, & possibility
which had appesrently been overlooked by Sehiff,

The steps of the reaction according. to Zincke and

A

(30) Zincke and Milhlbausen, Ber., 38, 3824 (1905).
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Mihlhausen are: (1) condensation of the azldehyde group and
aniline, and (2}‘tha opening of thse ring by the anilin@,aalt.

ﬁ-ﬁ — .'«-}i | HeQ —— (-l
N COom, Bb _G==t=8_ > { Wi ECL R
I
He( =i | H«-ﬁ tlf-ﬁ
. H . H .
Hel Cunl=N—<{ > or He- Cualmli= >
O Jétﬁ fo3 gﬁ RH H}q\cl
II 1II

That the product had configuration II rather than III, was shown
by ring closure to Nkphenyln(3~hydrmxypyriainium ehioride, since
IITI could not posslbly elose to thils compound, The seme
mechanism was almost simnlﬁanaau&ly advaenced by Dieckmenn snd
Beck (31} and Konig (32).

Konig (33) recently has egein confirmed the above mechanism
of reaection, and also §ragaraﬁ the vinylene homologs of oompounds
of typé I and IT:

E*i————-cwﬁ

H-C_ O/c--(chncm —«%«};K > and Omﬁ-ﬁ—%&;(&%);gg{pv

{31) Dieekmann end Beck, Bar., 38, 4132 (1905).

W

(32) Xonig, J. prakt. Chem. (2), 72, 555 (1905); 88, 193 (1913).

-

(33) Konig, Hey, Sohulze, Silberwelt, end Trautmenn, Ber., £7,
1294 (19e34].
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These higher homologs (n*i,a) are wore stable then the
gorresponding furfural derivatives of type I, but less stabls
than the derivatives of type II. Secondery emines form the more
stable derivatives of type II, whersas dyes of type I are more
gtable when prepared from primery amines, This isg not surprising
since ons would aor&&lly 1ot axpect to graparé Serdff bases from
secondary amines, However, Xonlg prepared compounds whilch on
the basis of analyses and properties appear to have the same
general formula as the primary amine derivatives and were so
designeted by Ednig. It will be remembered thet Schiff (29)
had alsc obssrved that secondary amines appeared to resasct with
furfursl in the scme fashion as primery esmsines.

{0ddly enough, &t the time the mechenism of the resction
was established no one had yet been sucecessful in isolating the
free color bese, TFiftesn yesrs later, Otto Flschsr and co-
workers (34) had rather msager success in obteining the free
golor bases with nitrosnilines, 4An snliline base was flnally
obtained by Boehm (35). It then appesred that some of the bases
had been isolated earlier by Kénlg and Schiff, but they had not
recognized their compounds as suech., There wes now conslderabls
aséfu&i&n; since there was not puoh agreement among these
?ériaus reports. Lowensteln {(38) harmonized all the discordsnt
f&ata}by showlng that the bsse exists in two isomerie forms,
{34) Fisener, Balling and Aldinger, J. prakt. Chem., 100, 105
{35) éizigi‘?rivata Gammnﬁieatien, Lowénstein, Dissertatlion,

" Berlin, 1931.
(36} Lowenstein, Dissertation, Berlln, 1931.




The low melting esslly soluble type preparsd by Schiff and
Kénigvia the true base of the Stenhouse salts, and may be
formed by the condensation of the amine and furfural in the
absence of a solvent. The lsomerie compound is higher melting,
forms no salts, is insoluble in most media, and dissolves

in sulphurie scld with & yellow rather than a violet or red
Qalar. The insrt isomer, the pseudo base, sagreed in properties
| with Filsocher's and Boehm's compounds, and 1s formed by carrying
out the condensation 1irn sthyl &@etata‘in the presence of

acetlic seid, Lowensteln was able to prepare both ilsomers with
all three of the nitroanilines, but aniline; thcluidihe,
p-phenetidine, and gychlmraaniline.rormad the pseudo base even
when reacted in the absence of solvent. The pseudo bases may
also be obtained by sllowing the true base to stand or to be
warmed in pyridine., The reverse fransformetion may teke place
to & very limited extent, but is ascém@agied'hy mueh decomposition.
The pseudo bases are rather resistant to sclds and hence must
nwﬁ contain the furen ring. They hawve no properties indlcating
& carbonyl group, but appear to have an hydroxyl group since
esters are obtained upon treatmgnt with Ernitrohenzayl'chlcrida,
maleic aclid or malelc anhydride,

Lowenstein gave the pseudo bases the formula:

Hel f-H

T
B G-omeN-( D

(:) H
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He sesms & little ineonsistent, since he expleins thet the
abgence of éﬁlt forming propertiss iﬁ‘due to both nitrogen atoms
baing present ln -CH=NeAr groups, yet in his formuls for ths
dye selte he hes {like sll of the other investigators) represented
this very group &g salt forming. |

' In more recent work of Koniz {24), mention is mede of Y-
buses whieh are formed along with the trus bases, or by
tresting the true color baszs with cold concentrated alksli,
godiunm ethoxlde, or potassium eyanide. He does not meke 1t
elsar whether these w-besss are bye-products alse in the
proparation of the ﬁaﬁaa of the higher vinylens howmologs, but
mentions specifically that only the furfurel bases are subdbject
to the action of the slkaline resagents, and further glves no
sooount of the alreet synthesis of the y-bases of the higher
homologs, The Yebases form no salts, are higher melting than
the true bases and scem te correspond to what Lowensteln called
*peeudo bases", but Kénlg does not meke it clear whether they
are the same or not, and does not even mention the work of
lLowenstein., HZAbnig did not use prim#ry emines Yor these ocompounds,
but cyolle secondary amines, ss tetrahydro-p-methyl guinoline,
end dihydromethylindole, Fe suggests the following formula:

HeC C-B

R | E R
}th: CmLaN
AP

HBe offers no other evidence for ithis etructure and doss not

@xplain why such & molscule is not salt forming.
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¥énlg also observed snother kind of ring closure when the
true dye sslts from the higher vinylene homologs are hested. It
will be recalled that the primary amine derivetives of furfursl
on heating lose one molecule of amine to form pyridinium saitagso);
The higher vinylens homologs from secondary emines on heating

also lose a moleocule of amine and the remainder closes to & furan

compound ,

R_ EHEH iR o0 ——— ]

P I N
Ar |ar ﬁga\\ //C~(GL=Ch)n—¢~N H

x ar

-X
The reversion to the furan derivative is greetly dlminished by
acylation of the enol with scetic &nhyﬁyiﬁa, gcetyl chloride, or
benzoyl chlmrid@. Aeylation 1s rather &ifficult, since other
rea@tienﬁ occur simultaneously. Aschan and Sehwalbe (37) obtalned
three different products when the aniline color base was
acetylated with acetle mnhyﬁfide in the yrﬁaenée of sodium
acotate, The acetylation was accompanied by the loss of one

molecule of smine:

| K-ﬁ ﬁ»ﬁ ( } . <::>$-CﬁFGH~CE?$~¢~O
— : + (CH4C0),0 CH4COONa Le
HaC ~§¥f e _ Ae
NH  OH I

B
CONimelimCH-CH=G~C0
Ao OH

11
<::>R~uﬁﬂbnwbH=Q»¢*0

. III Xc

(37) Aschan and Schwalbe, Ber., 67, 1830 (1934).
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Lowenstein noted that when furfural was droppsd into three
equivelents of aniline, there was formed, beside the pseudo base,
a compound melting at 127°, which was rather unstable and went
over to the pseudo base with ease. 4Analysis indlcated the
formula CyeHas Ny, for which the following structure was suggested,

A close relatlonship to the pseudo base is lndicated by this
formula; but the new aémyaund could not be obtained from the
resction of ariline with the pssudo base. A compound which
appears to be an acetyl derlvative of the 127° product was
obtained from the prolonged rsaction of anliine and furfural in
a mixture of gleclel acetlc &cid and ethyl acstate, The compound
is not formed except in the presence of sthyl weetate, and other
acids may be substituted for the acetic acld.

Reports of the reaotion of other furen compounds with
aniline are not abundant. Levene {38) investigated the color
reaction of some twenty seven different furan derivatives with
Shear's resgent (13 volumes of aniline &nd 1 volums of
hydrochloric scid); but found the results far from uniform.

Some compounds gave no color whatever, and among those whlch
formed colored products there was no uniformity of hue, The
chemistry of these reactions was not exemined. Burtner {39)

{5&% Levens and Seaman, Blochem. J., 27, 2047 (1933).
(39) Burtner, R.R., ﬂnéﬁhiishaﬁ work.



found th&t a nunrber of nitrofuran derivatives gavevcolered
products with aniline, but azgain the products were not individusl-
ly studied. |

A r&th@f cmmpiex case mf-ring selssion has bgen‘observed
by Ekeley end Rogers (40). The mechanlsm is, by emelogy, thought
~ %o be the following:

P D
- OH Eﬁ i Hal(}———C=H
. ‘nﬁ ‘
\\Q// ' Nmih- C-H
\0/
ha-C {IT"-H
Gl
\n B \m/'
0 O0H
ci\ ; d%\
1T ‘ |
, Ac
" sl (3 Ced — — * o= ag-é*c——N
E/QH o /Ho%; o
iC , ﬁ
0 ‘?‘"
cII . N
o mﬂ_/ AN
\__C—=Q=CH—C __
K HO 0
Ae E 0

(40) Ekeley and Rogsrs, 5. Am,., Chem, Soc., 44, 2655 (1922).
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Similar ring 0paning reactions have been obszerved with
hydrezine, hydroxylamine, and ammonisa, though many of these
oeeurred under more drastic conditions. 3Seks and Preiszecker
(41) observed that when 2,05~dimethyled,4-dlcarboethoxyfuran
weas trested with hydrszline hydrete in ether (sealed tube) the

following rsaction took place:

0=C C=Q

c,ﬁ,masoﬁ . E-—com oHs ZO_K

CHg=C C=-CH + HoN-NH, *Hs0 —> H,C- C~CH
\0/ 3 ] E ] : ] 3 _Cm‘“zq/ 3
H B

Seunders (425 obtained an upldentified highly colored
compound when furamide wes r&&pteé first with one mple of
‘brcmin@ and’then treated with yhenylhy&raZina. The compound
has the formula C,;ﬁl*ﬁ,é,.

A tetrahydrofursn &arivativa‘has baen reported to undergo

ring seission with hydroxyl amine (43).

H,eC H,
A CHy + KH,0H — CH 3 CH~CH g=C=CH
cﬁ./c\e/\' * ’ e e

g,“",ﬁﬁu

(&l; Seke and Preiszecker, liomatsh,, 857, 81 (1931).
(42) Saunders, Am. Chem, 5., 1B, 130 {1893).
(43) Lipp and Scheller, Ber,, 42, 1966 (1909).



With ammonla, 2-methyl=-3-carboxy-S-furylecetic aeid at 320°
in a sealed tube reacts to form 2,5-dimethylpyrrole (44). 2,5~
Dimethyl-3~acetylfursn (or 2,5-dimethyl-3-acetyle4-carboxyfuran)

and

smmonie at 100° yields 2,5edimethyl-3-acetylpyrrole (45).
2,5-Dihydrodehydromucic acid reescts with emmonium hydroxide and
apmoniuvm bromide et 160° to form 2«~hydroxy-6-carboxypyridine
{46}, Furan 1tself when treated with ammonia in the presence of
a catalyst (elumina) at 450° produces pyrrole (47). Sylvan under
the same conditions is converted to K-methylpyrrole (4B),
Apother ons of ths furfural color reactions has been very
recently shown to involve ring splitting by means of amines,
Husek {(48) observed that when the aleohollie solution of furfural-
malonltrile was treated with potassium hydroxide or alcoholloe
amunonia, & daap\r@d eolor developed., Boehm &nd Grohnwald (50)
have raaahtly reported that hydrofuramide behaves similerly.
Th@ir resaareh, however, was primarily concerned with furfural-
malonitrile. They found that whereas varlous amines could be
uged in the reaction, benzyl amine leads to the grsatest yleld.
The folléwing mechanism of reaction sppears to be reasonably
well established:
{44) Trephilieff, Ber., 41, 2845 (1908).
(45) Magnenind wid Beniiyoflioc, gemp. S, itgl.. 26, L, 430
46) Fischer, Hess, and Stahlschmidt, Ber,., &5, 2456 (1912).
%ﬁ&} Jur jew, Ber., £%, 440 (1938).
148} Jurjew, Eﬁfé,ﬂﬁw, 1002 (1938).

(49) Hueok, Ber., 28, 2251 (1895).
(50} Boelm &nd Grohnwald, Arch. Pharw., 5, 318 (1938).
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The intermediate blue dye, I, was isolated. When treated with
melonitrile it gave dye III previously obtalned by the
uninterrupted reaction of furfurslmalonitrile and ﬁgnzylamine.
Dye XIII forms an scetyl derivative 1&&36&%1&@ the presenae of
an hydroxyl group. OCysnacetemide mey be substituted for
melopitrile to give a dye corresponding to III.

It is avidant from these numerous sexamples of ring seission
by sulnes that there is considerable basis for postulating ring
scission by enlline as the second step in the Hill and White
rsaetian, fer~it is seen that not only 1s this type of reaction
the only one observed with smines (other than reaction with
functional groups), hut.alaa in many ceses the ring opening
t4akes plece under oconditions whioh are very mild indeed, This
step in the Hill and White resction may %heﬁ be represented

as follows:
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ﬁ«c Q-H

,Hm!’ $~GGQ§1‘H,E§O Om,

o

-GGOH'H,NO

The next {third} step is thought to be tha ramoval of the
nitro group by hydrolysise
HPW C~H | " He—C-H
QO glwanG ~COOH*H N _HOH _ HO~G
R S o

9

It is probably &t this polnt that the mildly slkaline msdium

-csowa,n + HNO,
H (NaX0,)

hastens the reaction by its hy&ralytie aotion,

The nitro group is probebly particularly sensitive to
hydrolysis when the ring has been opened dus to the presencs of
this very negative nitro group on & carbon stom now holding the
very positive &niiian group. This explanation may also apply
to the loss of halogen in the reaction of Se-chloro-and S5-bromo-
furfural with eniline (51).

In obssrving the effeet of substituents on ths opening of
the furan ring with aniline, a number of curious paredoxes were
discovered. Sinee the resotion of aniline end furfural had been
Tairly well established, it was thought desirable to try this
seme reaction with B-nitro-2-furfural. This was disappointing
for Henlitro-2Z-furfural condensed with one molecule of aniline

sasily, but resisted even forced attempts at ring opening with

{51) Hewlett, A. P., Doctoral Dissertation, Iowa State College,
19830. Ses also pege 34 of this thesis.
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& second moleoule of aniline in the absence of seid. The use of
aniline hydrochloride in sodium sostate solutlon waus also une
availing. In the presence of ucld, as when anlline and aniline
hydrobromide are reacted with the aldehyde in sleohol solution,
Hewlett {51) found that the resction was vigorous and exothermie.
He was not sble to lsolate sny pure products from the green tar
which formed along with considerable gas. It is possible that

it is the acid which actuslly sccomplishes the ring opening in
Hewlett's reaction, since acid appears to be eassential for the
reaction and is known to heve a prénauneaﬁ influence toward

ring opening (58). The feot remalins that the nitro group in
furfursl greatly decreases the sepsitivity of the ring to aniline,
for it was found in this study that furfursl 1s easlly cleaved
by eniline even 1n the sbsenee of acld, wheress nitrofurfural

i8 not cleaved ih‘tha abssnes of ascid., 4 most atriking enomaly
is that whereas the nitro group reduces the sensitivity of the
ring in furfursl to aniline, 1t greatly inore&seé the

sensitivity of the ring in the aclid series., 2~Furoic aocld itself
is not attacked at the rimg by anlline under the conditions in
whieh Se-nltro=2«furolec seid is rapldly eleavn&. A further sontraw
diction is that although S-nitro-2-furoic acid readily undergoes
ring scission with &niline, the anilide of this acld does not,
One of the difficulties 1n this case may be that of the solvent.
The pitrofurole mcld itself did not umdergo ring opening in

{62) Teunissen, Doctorsl Dissersation, lLelden, 192¢, or see
Reo. itrav. chim., 48, 784 (1930]).



aleobol solution, but did In aqueons solution., The anilide of
the acid is of course not soluble in agusous media of any kind.
Teunissen (52) found that the solvsnt has considerable influence
on the ring opening of hydroxymethylfurfursl by hydrochlorie
acld. Furfural itsslf is apparently opened by amines under &
variety of conditions.,

With S-chloro~ or Sebromofurfural and the corresponding
aelds, the results are also somswhat paradoxical, though the
avidence 12 not entirely conelusive, since ths two types of
compounds were reacted under different sonditions. The
helogenofurfural derivatives reset in the presence of ecld (81),
eand 1t may be that here, a5 In the cuse of Senltro-Z-furfural,
the ring splitting is due primarily to the acid., The aclds -
were treated in agueous sodium acetate solution, but were not
attacked, When either Beochloro~ or S~bromofurfursl raaet with
aniline in sleohol in the pressence of hydrogen bromide, the
halogen groups sre thersby removed (38). Hewlett suggested the
following formula for the product:

CeH
Hwﬁ// <§§>G~&H
I L
H H ¢ Ha0

He was not asble to remove the water of erystsllization,

nor wes he successful in closlng the ring to a pyridinium selt.



The removal of halogen during this reection 18 remindful
of the loss of the nitro group in the Hill and ¥hite reaction,
end it seems very possible that botli are the result of & similar
process, In sach case the negative chloro, bromo, or nltro
group finds itself upon ring opening attached to & cerbon atom
now holding the positive enlilino group and hence is raadily
removed by hydrolysis. According to thiz view, Hewlett's compound
is ant'rarmﬂﬁ by the elimination of helogen acld, but rather by
the replacement of the halogen by hydroxyl, end ths produet
probably is:.

{ or a teutomeric form)

This interpretation aseccounts for the difficulties experienced
by Hewlett in trying to remove & molecule of water from his
assumed hydrate.

 The fellure of S5-chloro- and S-bromo-2-furole acids to
rageot with aniline in sﬁdium’aaetata solution is rather
surprising for one would expect them to resemble the corresponding
nitro-sacid rather closely, sinoe the halogen and nitro groups
are &ll negative substituents.

Other substituted furfursals have been subjected to the



.ﬂﬂillﬂ& acotate color test. Teunissen, (52,53) reported that

t&ﬁt both methylfurfural and hyﬁroxymﬁthylfurfural give colorad
pr@&aeﬁa with enlline acetais. &,5mﬁihramgfuéfuyal also glvos

a positive test (54). 3-Furaldehyde and 2,5-dlmethyl-3-furaldehyde
{65,58) glve no coloy with this reagent. Turfuryl sleolol, a
close relative of furfural but lacking the sldehyde group, is

also negatlve o thls test when a pure sample is tested (57).

It would appear thet the aldshyde group In the Z2-position ls
essential for & @mﬁiﬁiva result(28). |

From the sbove discussion, 1% ssems T6ir to conolude that
the opening of the furen ring by anliine is not a general
reaotion, but is rathey grafaunﬁly influenced by the substituents
already present in thé ring.

Tue fourth step in the Hill and ¥White rezction is probably
the dlazotizaitlion of the unreacted aniline by the sodlum nitrite
formed in step three. The presence of benzenediszonium
nydroxide in the reaction mixture was demonstirated by adding
B -nsphtiol to the usual reaction and isolating the known
Sudan I (imheﬁzénaazamEnhyﬁrnxyn&phthalana}, among the
products. The identity of the Sudan T obtained was estublished
(63} Por othsr reports on the reaction of hydroxymethylfurfural

and aniline acetate see: Middendorp, Ree. trev. chim,, 38,

83 (1919); ven Ekenstein end Blanksua, “ggngﬁﬁéﬁﬁigj; 8,
{54) %izaéigggij-ﬁ. J., Unpudblished work,

{s8) %gggnﬁr, R. R., Doctoral Dissertation, Iowa State College,

(56) Gilman end Burtmer, J. Am. Chem, Sog., 54, 3014 (1932).
{57) Wissel and Tollens, inn,, 272, 293 (1893).
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the two different compounds:

. o
Hel) ﬁtw - Hal 41& mlo msom
mmtm m s@& m@tw acam » mb!% 0!0
R w 5 v

precursor of yellow  Precursor of
gompound red compound
It vill be recalled that in some of the resactions already

deseribed, it was shown that the furan ring once opened by
amines awamﬁ&,m@w»ﬂ to & heterocycle conteining nitrogen (58).
There it wes noted, smong others,that 2,5~dimethyl-3-zcetyl-
4-curboxyfuran ( 8,5«dinethyl-d-~acetylfuran) and S2emethyle3-
amwvaﬁ%:mtwgwww(muaawn aeid give pyrrole derivetives, These
are in o sense only nodifications of a freguently used method
of synthesizing pyrroles, nsmely, the reaction of amines with
,m;&»waﬁaﬁﬁaﬂ or keto acide {H9). Lactones of crotonic end
butyric escid derivatives or maleic anhydride dsrivatives (60)
may be casily opened by amines and closed sgeln to form compounds
which are generally regerded *@ww.mm pyrrole dsrivatives.
(58) Ses puge 30 of this thesis.

(59) Meyer and Jacobson, "Lehrbuch der owﬂwmwmawwm Chemie," Vol,
2, part 3, 1920, p. 210. For more recent uses of this

muﬁ«gﬁmu sge: M&Sw@uém. i ga 131 (1813); Carriere,
inn, ghlm. &g. AmV 1982); and Fischer and adler,
I ﬁ.aw. LI 7 2nY nw@mwv.

{60) WWwa@mamwwa mmmﬁ* 89, 131 nwm@ww. Gysee, Ber.,, 26, 2478
, *wmwamw Jupp and ymmmwﬁan‘ J. Chem. Soc., BS ualw {1004);
leyer, Kissin, end Pfotenheuer, Ber., S 42, Ta57 {19089},
(61) Fischer end Orth, "Die Chemie des %wmmmw.z Vol. I,
skademi gohe 4&&w¢mm&m&wwvmawmmu m.bH,e, Lelpzig. 1934, p.
124.
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Ring closure to the slx membered pyridine ring has also
been observed under condltions similar to those Just indicated
for gyrrﬁla derivatives, The cesse of 2,0-dihydrodeahydromuecic
acid {48) whiech forms 2~eﬁr%axy~6ahy&raxypyridine is particularly
interesting sinece 1t 1s guite similer to the ring closure
postuleted for the precursor of the red epmpound., In both of
. these cuases san A~carboxyfuren undergoes ring sclssion, end
closes again through the carboxyl group to give & pyridine
derivetive. Another somewhat similey instance wes reported by

Zasterfield end Sell (62):

| C~§SQH
ﬁti i‘cgﬁﬁﬁﬁ o o Q«F
+ NHOH 120" _ ,
{im] a(y EQ*G O
~o~ | \\Né/ﬁ

The sams compound with aniline, however, closes to the five
membered pyrrole ring instead of the six membered riﬁg (83)1:
HeC C=CHCOOH HoC

Feist and co-workers (64) observed in the reaction of ammonia,
ethyl oxalscatute, and chlorocacatone, in ether solutlion, ring
eclosures to both five end six m&&hera& rings, The mechanlism of
the resction has not been @fevan«

(62) Basterfield end Sell, J. Chem, Zoev., 81, 1003 (1892).

{83} Bertrem, Ber., 88 lﬁlﬁ {1908).
{64) Felst, WidEer, and Dubose, Ber,, ,§§, 1545 (1902).
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The ring closure of the furfuraleniline color base to a
(B~hydroxypyridinium saslt has already been mentioned, The
mechenism of this resction does not appsar appliecable to the ring
closure of the intsrmediete of step three of Hill and White's
resoction, The resotion of aniline apd furfurel was carried out
in sodium acetate smlutian in the hope of inducing the pyrrole
type éf ring closure, but ths produst was found to be the usual
solor bese.

It was mentioned earlier that by inoressing the alkalinity
of the solution, the formation of ths red compound was favored,
If the proposed mechsnism of the resetion is valld, this excess
of slkell must favor the riﬁg closure to the slx membered ring.
One poszible axglanatiwﬁ is that in the wmore slkaline solution,
the aniline salt of the scid is less stable and hence the
carboxyl group is fresr to enter into the ring closure.

The sixth, end Tinel, step in the resetion sppesars to be
the coupling of the benzens _diuzonlum hydroxide with the produots
of the ring alusuvas of step five:



HO-C. C-CO0H + Qﬁ,ﬁﬂ—ﬁﬁﬁ*ﬁ\ﬁ e

(:j E:) {yellow compound)

gn Hy
G
H,¢” \fw@ S5 ﬁae ea
v Omon S
f\g //Q*Q G'C\\ _ =)
N - R (red compound)

O 0

The ﬁispiau&m&n@-&f the A~carboxyl group by the entering
azo group to form the yellow compound is in agreement with the
findings of Fischer and co~workers {65), who found that in the
pyrroles serles an omcarboxyl grau§ is displaced in preference
to coupling in the B-position.

The eoupling resction yiélﬁiﬁg the red compound is seen to
be the usual éanpling reaction which tekes place with an active
méthyi@na group, 28 in varlious aliphstic compounds, of which
soetoacatic ester is typlesl (66), cyclohexsnones (67), and
uartain hydroxy aromatic compounds which can teke the keto form
(68,69,70)

{85) Pischer and Hepp, gg - 2251 {(1886); Fisoher end
Rothweller, Ber., 513 1923}~

(668) Heyer and ?&eaﬁﬁan, "Lehrbueh der organischen Chemle,” Vol.
2, part 1, 1920, p. 830,

fﬁ?} Sen and Gheak, guart, J. Indien Gham. Soe., 4, 477 (1e27).

68) ?alvefmach&r, Ber., ;Q, 2406 (166873 al Ber., 20, 12056
168%7}). ‘

{69) Dlecknmann, wm%,, 47, 1439 (1914]).

(70) Wolff and Lu ringhaus, Ann., 212, 155 (1900).
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That coupling takes plece as & final step seems to be
“indicated, slnece coupling of the straight eheln intermediate of
stap three does not lead as clearly to the right produst: |

Oﬁ«-}g;g‘-sn*ggmm&f {OR 8 —> Q?g;gmégg-aon

0

This intermediate might possibly lead to the formetion of the
red compound though there sesms to be considerable chance that
it would not. Inspection of the formuls revesls four possible

modes of ring closure:



Sc-H
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The yellow compound can not possibly be formed through this
internmediate, and since it offers & much less elaar‘cut
explanation of the formatlion of the red compound than the one
previously outlined, the coupling of the dlazonium compound with
& straight chaln intermediate is regarded as rather improbabdle,

'In the case of the yellow compound it is particularly clesr
that coupling must take place elither while the furan ring is
intact or after the pyrrols ring has been formed; otherwise
the &z0 gfoug would not be found in its proper plaece, as has
Just been expleined. That the ecoupling does not occur during
the furen stege 18 indiceted by the following experiments. It
was found thet benzenedlazonium chlorlde coupled easily with
Seritro-2-furoic acid with the elimination of the cerboxyl
group. This produet, however, could not be made to resect with
anlline end hsnce is probably not an intermediate in Hill and

white's reaetion. PFurther, the compound 1s very insoluble in
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agueous solutions, and for this resson would precipitate out
of the reaction wmlxture 1f formed.

In connection with the resetion of nitrofuroic secid with
benzenediazonium chloride, it 1s of interest to note that some
furan compounds underge coupling, though atharé do not readily
react with diazonium compounds. Esﬁuroie aold under the
conditions used for S-nitro-2-furoiec acid gave & red compound
which, however, was never obtained in the pure state., Vright
(71) reported that furole acid did not couple with p~sulpho~
benzenediezonlum hydroxide. Vander Wal (78), following the
method of Khotlinsky and Soloweitschick (73) for the preparation
of Owbenzensazopyrrole, attempied the coupling of fursn with
benzenediazonium chloride in both neutral and slkaline solution
but was unable to isoclate & pure product., Puran did not couple
with p~sulphobenzenediazonlum chloride, but did give a yellow
product with p-~nitrobenzenediazonium chloride which melted at
153-154°, Aﬁalysia of the compound was not conclusive, Vhen
the seme resction was run by Paul R. Ven Iss (74) in alecoholie
potassium scetate solution a very smell yleld of yellow needles
melting at 133«-134° was obtained, BPBthyl furoate (72) was not
successfully ocoupled with either benzenediszonium ebloride in
alooholie sodium acetate solutlon or with p-nitrobenzenediazonium
{(71) ¥right, George, Private Commuhication.

(78) Vander Wal, R.J., Unpublished work.

(73) Khotinsky snd Soloweltschiek, Ber., 42, 2508 (1909).
(74) Ven ¥ss, Peul R., Unpublished work.
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gchloride in dilute sloohol. Mﬁyef, Irschuck, and Schlosser (75)
ware successful in reactlng furfuryl alecohol W1th 2,4~-dinitro-
bsmzaﬁ$éi&zaaiumv$u1§§ata in glacial acetic aeid, 4L yellow
brown produet melting at 167 with decomposition was produced,
inalysis indicated that the furfuryl alecohol had coupled with
one molecule of the diazonium compound.

IT the valldity of all of the preceding postulutions be
granted, the mschanism of the Hill and White resction may be

sunmarized ss follows:

0484 COOH + Om. — OuX Gﬂmi'ﬁaﬂQ ONH-

ng g-e;g«ca' 2 )

§S§~§~a~g~aﬁﬁzz,w< > _HCH Oﬁ-g};iq-saéng-cﬂ.a.ﬁo
+ HNO,

Oﬁ' -G«ug*¢~6~aﬁ*ﬁ,§o HNO, OR-EH?-@:S»Q-.OE + { w0

(75) Meyer, Irschuck,and Schldsssr, Ber., 47, 1753 (1914).
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Modlfied progedurs for Hill and White's resotion,

?ha.ﬁunitra~£~furais acid, 15,7 g. (0.1 mole), prepured
according to the method of Hill and ¥White (1) was suspended
in about 35 co.of water, and almost one equivalent of standard
0.1 ¥ sodium hyérexidekrun in slowly from & buretie, The flask
was sheken vigorously during the sddition. The resulting |
solution was then edded to 1 liter of 10% sodium acetate solution,
to which 25.8 g. (0.2 mols) aniline hydrochloride dissolved in
the least &maunt of water had «lso been edded. The solution
turned greenish in & few minutes, then the ecolor darkened and
graduslly %urnéd red., Finelly s red precipltate begen to form
and bubblss of carbon dloxide were slowly evolvsd, The rsaction
was cerried out in a lerge besksr to avold foaming over. The
mizture was allowed to stand 48 hours, at which time the reaction
was practically complete, Emsll amounis of precipitate continued
to form in the filtrate for seversl days, but the guantity thus
obtained was insignificant.

Th@ red precipitate wes filtered off and washed very
thoroughly with water, for the removel of all alkaline material
is very necessary. The pr&cipitata was then dried. in avereage
yleld was 24 grams. TRe dried meterial wee finely pulverized
and extracted with chloreform until the insoluble portion wes
no longer tinged with red, The residue was the ysllow compound,

and was pramctically pure, melting at 232° with decomposition
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and evolubtion of gas., JAbout 8.0 grams was obtalned, The
yellow compound mey be recrystasllized from glaclal aocetic aeid
from which 1t is obtsined in small four pointed sters which are
red by transmitted light, but usuelly heve a blulsh luster,
¥hen crushed, the erystals yleld & bright yellow powder.

By oconcentrating the chloroform solution to a small volume
and sdding aloohol, the red compound was obtained in lustrous
red @?yat&l§. Great care must be exereised that the ohloroform
be not alkeline (& drop of hydrochlorie aeld may be added to 1t)
or bhe evaporated too far, otherwise no red compound will be
isolated at all or else it will bs contemineted with & tarry
meteriael which is extremely hard to remove. If necessery, the
red compound may be rascorystallized from glaciel acstioc eeid
or alcoheol.« %¥When pure, it melts at 216°, decomposing to form &
gas, The yleld of red compound is varlable; an average is 4
grams.,

The proesdure es desceribed is recommonded when the red
compound is particularly desired. Almost twlee ss large ylelds
of the yellow compound may be obtalned by dissolving the
nitrofuroic scid in the seodium scetste solution direcetly without
previous neutralizstion, but the yleld of red compound deereases
very markedly. In an average run by this simpler procedure,

1% g. of the yellow compound and 1,2 g. of the red compound are
obtained in comparison with 8 g, of yellow and 4 g. of red
aﬁﬁp@ﬁné by the modified ?raeeﬁuﬁa previously described.
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Preparation of the ac&tz&jderivatlve of the yellow compound.,

The ysllow compound, 0.5 g. (0.019 mole}, was gently
werned in 2 to 3 ec. of acetic enhydride to whioch a drop of
econosntrated sulphuric acid haed been added, Cboling gave 0.3 g.
of arude product melting st 177° with decomposition. The
produot was recrystallized three times from dllute alcoohol and
once from dilute scetone, and was finally obteined as yellow
flattened needles melting ﬁt 19v6, Analysis indicated &
monocacetyl derivetive. ‘

apal, Caled. for C,gH, 40,N;: N, 13,77. Found: W, 13.96
and 13.68, |

Aeid hydrolysis of the yellow eompound,

In order to facilitate the reaction, the yalla# compound
was first finely pulverized. O0f the powdersd material, 0.2 g.
{0.0078 mole),was refluxed in 20% hydrochloric aeid. Solution
was practically complete in five hours, at whioh time the
solution was flltered hot, cooled, and & very small amount of
brownish material filtered off. The filtrate was made alkaline
vith sodium hydroxide solution, and distilled until the
atstillate was cleer and had almost no odor of emiline (15 to 20
cc, of distillate). The distillate was made 104 with respect
to sodium hydroxide by adding an appropriate guantity of
concentrated sodium hydroxide solution, 0.4 g. (0.0l mole) of
benzoyl ehloride added, and the mixture shaken and stirred at
intervels until the d&ar of benzoyl chlorids had dis@ppesered.
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The precipitete was flltered off and dried; the melting point
was 157-1599, mixed melting point with authentle benzanilide

not d@prasaa&‘ The yleld was 0.8 g. or 50% of one eguivelent,
The alkelipe solution remsining after distilletlion was

extracted with sther, the ether extraet dried over scdium
sulphate and evaporated. The small amount of dark brown oll
remaining was treated with acetophenone to test for‘tha presence
of phenylhydrazine, but no reasction oceurred, The alkeline

layer after extraction with ether was acldified with hydrechlorie
.aaid &né avaporated to dryness. No fumaric acid was obtalned

by vacuum sublimetion of this residue,

Synthesls of the yellow compound,

The 1~phanylnawbenxanaazopyrrala used in this synthesis
wes prepared sccording to the method of Plencher and Ghigil (76)
from l-phenylpyrrole. In sach run, 2.75 g. {0.011 mole) of 1~
phenyl~8-benzeneazopyrrole was added to & freshly prepared
chloroform sclution of the calculated amount of perbenzolo
aeid {77). The solution immediately turned green and a little
heat was evolved. After stending 24 hours at room temperature,
the solution was weshed with 104 sodium cerbonate, and the
chlarafcﬁm layer evaporated under somewhat diminished pressure
{water pump). The viseeus'bra%n resldue was extracted with
300 ce. of ﬁatrcleum,etﬁ@r (b.p. 60-88°) in six portions,
(76) Plancher and Ghigl, Gazxz. chim. itel,, 55, 49 (1925).

{77) The perbenzolic scld wes prepared and titrated as desoribed
by Brooks snd Brooks, J. Am. Chem, Soc., 58, 4309 (1933).



- 8l -

working the tarry material thoroughly with & stirring rod
during thé extraotion. In anath@r run, an alternative procedure
was used, The tar was entirely dlssolved in benzene and the
petroleum ether added to precipliate out a black-brown powder.
This powder wes redissolved in banzene, andvrepraaipitated with
petroleun sther, then discarded, The petroleum ether solutions
wers combined and evaporated to & ce, and ehliled, 4n oll
separated out which orystallized after much stirring. The
filtrate was further concentrated, chilled, and the product
filtered off, and the process repsated until the prescipitate
obtained was terry. The first fractions appesared to be un-
oxidized materlial (0.2 to 0.4 g.). The middle fractlions melting
from 180 to 215° were combined and reorystallized from glaclal
acetie acid, or alecochol, Partial purification may aiso be
effeoted by dissolving in alcoholic potassium hydroxide and
praeipitating with scid. The finel ﬁfo&uat melted at 232° with
decomposition to form a gas, and gave no depression with e
semple of the yellow compound obtained by the reaction of
nitrefﬁrai@,ﬂﬁi& and anlline in sodlum scetate solution, The
synthetic material gave all of the color reactions desorlbed by
Hill and White for the yellow compound. It dlssolved 1n
alcoholic potassium hydroxide with a carmine red color, from
which 1¢ @r@éi@itaﬁa& unchanged by weldification. In concentrated
&uiphurie &Gid; it formed an orange-yellow solution which turned
blue~green upon the addition of ferric chloride or potassium

dichromate. The yleld was extremely small; only a few erystals
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of pure materisl were obtalned. The use of larger runs falled

to inorease the yield significantly.

Preparation of the scetyl derivetive of the red eompound,

Five«tenths gram.(ﬁ,@ﬂlEAmple} of the red compound was
warmed gently in 2 to 3 co, of mcetic anhydride to whieh a
drop of concentrated sulphurle acid had been added. The produet
was preciplitated by the addltion of water, The crude product
m@it@a at 166-170°, bn€ after several reerystellizations from
dilute acetone, the mslting point was 195°., The mixed melting
point with the acetyl derivetive of ths yellow compound was
158-162°. The product erystellizes in red needles, It is a
monoacetyl derivative, though it appears likely that some of
the dlecetyl compound 1s slso pressnt since the values obtalned
on analysis tend to be low. ,

Anal. Caled. for C,gH, 40.Ngt N,12.03. Found: N, 11.65 and
11,77, A

Reduetion of the red compound,

The red oompound, 0.5 g. (0.0016 mole), was dissolvad in
17 éa. of bolling glacial aeetic acld, 1.0 g. {(0.0052 mole) of
stenpous chloride hydrate dissclved in 5 cc. coneentrated
hydraehlafia aeld added, and the solution refluxed a few minutes,
The deep ocolor of ths solutlion graduglly faded to a light red.
Cooling deposited & very few white ﬁrystals which were not‘
1dentified. The filtrate was treated in en ice bath with small
poﬁtieas of & 39% sodlum hydroxide solution until the precipitate
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of tin hydroxide had redissolved. The resulting solution wes
extracted with ether, the ether extract dried over sodium
sulphate, and the amine hydroehloride preclpitated by pessing

in dry hydrogen chloride, The hydrochloride was dlssolved in
dilute sodium hydroxide and 0.4 g. (0.0l mole} of benzoyl
chloride added, Aftsr the reaction was complete, the preeipitate
wag filtered off, washed and drled. It was identified as |
benzanilide by & mixed melting point determination with an
suthentlie sample. The benzanlillde obtalned mﬁltad‘at 189-160°,
The yleld was 7% of one equivalent.

sikeline hydrolysis of the red compound,
The red compound may be swmoothly hydrolysed by means of

dilute alkeli. Too soncentrated solutions are to be avoldad
due to the formation of tears, One gram (0.0032 mole) of the red
compound wea refluxed with ai&gtly two equivalents of 0.1 K.
sodlum hydroxids for 2.5 hours, or until solution was complete.
At the end of thls time, 10 ce. of liquid was distilled off and
mede 10% with respect to sodium hydroxide, and an excess, 1.2 g.
{0.0088 mole), of benzoyl chloride added, After stending with
fr@quéﬁt,shaking'antil the odor of benzoyl chloride had |
disappeared, the preclplitute was removed, washed, snd drieé.
After one reerystellization from aleohol the melting point

was 161°, end was not depressed by mixture with authentie
benzenilide. The yield of purified product was 0.4 g. or 77%

of one eguivalent,



- 54 -

The slkaline solution remaining after the distlllation was
filtered while hot, ther cooled and acldified with hydroochlorie
soid. A eresam colored flocoulent preciplitate separated out.
This preciplitets when dried melted at 250° with the evolution of
gas. Concentration of the mother liquor gave an additional
guantity of the compound. The two Tracticns were combined and
washed with hot benzene, ylelding 0.61 g. of insoluble material
melting at 264-268°. Purther reerystallization from water
resulted in a sharp melting polnt of 268°, which was unchanged
by mixing with an authentic sempls of l-phenyl-3,5-dicarboxy-
pyrazole, The yield of @artiélly purified msterial, m.p. 264«
266°, wes B8l%. The sold was aeﬁvart&dlte its dimethyl estsr by
satureting & methyl alcahelic.saluti@n of the scld with dry
hydrogen ohloride at the boiling polnt of the aleohol., 4 part
of the ester preciplitsted out upon cooling, and the remalinder

was pxaei@itat&d out with water. The ester was recrystalliszed
| from methanol. The melting point {126-126,.5°) was not
depressed when & sample wes mixed with an authentic specimen of
the ester. The samples of the dloarboxypyrazole and its di-
ester wers prey&r%@ﬁhxovgh lwyh3n31~3~o&rboxy*sﬁmsthyipyrazele
ag desoribed by Claisen and Roosen (78). The structure of the

di-acid was well established by these investigators.,

Condensation _ of $-nitro-2-furfursl with eniline,
The nitrofurfural used in tha&e experiments was synthesized
in the manner of Gilmsn &nd YWright (79). Vhen this compound

(78) Claisen and Hoosen, inn., 278, 2686, 279 (18%4).
(79) Glimen and wWright, J. Am. Chem. £og., 52, 2550 (1930).
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was reacted with either one or two equivalents of eniline in
alcohol solution at C° or st room temperaturs, & bright yellow
eomybunﬁ erystallizing in lustrous Tlakes and melting at 126.5-
129° was formed., From the analysis 1t is evident that only one
molecule of the emine resots with the sldshyde, presumsbly
through the eaa&ana&tien with the cerbonyl group.

Lpel, Calod, for €, HaOuN,t N, 12,96, Found: N, 13.05 and
12.72, | |

The gane compound was aisa obtained but in more impurs
form by reacting the nitrofurfural with aniline hydrochiloride in
109 sodium acetate solution, &s in the Hill and White reaction,

The compound resisted all attempts to react 1t with a
ssoond equivalent of anilina in the ahsaneé of acld, It did not
react when warmed on & steam bath with aniline in the sbsence
of other solvents, or when raflaxaﬁ ﬁ1th an alooholle sclutiqn
of sniline. When wermed with anilime hydrobromide in aleohol
solution, & red tar wes formed. Ko f&&atian took place in the

QQ l‘i »

Isoletion of Suden I from the Hill end White resction in the

presensge of /S-naphthol,

The nitréfufaia acid, 2.5 g..(ﬁ‘alﬁg mole), was dissolved
in 150 ee. of 10% sodium acetate solutlon to whieh 2.29 g.
(C.0159 mole) of (B~naphthol dissolved in the least emount of
5% sodium hydroxide had also been added. The (-naphthol was

partially reprecipiteted, Somewhset more than two equivalents
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of eniline hydrochloride, 4.32 g. {0.0335 mole), wes dissolved in
water and @dded to the above mixture. In & short time the
preelipltate bscame rved, and after stending two days was filtered
off. The totel welght of dried precipitate wes 5.3 g.
Lxtraction with petrolsum sther (b,.p. 80-88¢) removed the
unchanged Aenephtbol and the Sudan I, The residue was
fractioneted into 1.1 g. of yellow compound and 0.7 g. of red
compound in the usual meannsr. ?hé petrolsum sther solution was
washad wlth dilute sodlum hydroxlde to remove the excess
/3 =naphthol, dried over sodium sulphate, and eveporated. The
produet thus obtalned was recorystallized from.sth&nol.tc &
melting point of 126-12%°. 4 mixed melting point dstermination
. with authentic Sudan 1 {1-benzeneazo-E-hydrozynapthalens )
proved the ldentity of uhe compound. The yield was 0,2 g. or
2,5-Dimethyl-l-nitrofuran, l.4 g. {(0.01 nmols), was dis-
solved In s few e¢c¢, of alcohol and rescted in'ths presance of
(3 =naphthol with eniline hydrochloride in sodium acetate
solution to yield 0.15 g. ef_éué&n I (6% yield).

Raaetianvef;5mnitraw£~rﬁrage acid with benzenediezonium chloride,
Selitro=-2-furole acld, 3.14 g. (0.02 mnla),‘w&s dissolved
in 200 ae, of 109 sodiun scstate solution in a 500 ee. three

necked flask squivnsed with a stirrer, dropping fumnsl &nd &
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thermometer. The dlezo sclution was prepared by pouring 1.86 g.
(0.02 mole} aniline on 15 g, cracked ilce, stirring in 5 ee.
congentrated hydrochloric seid, and adding in small portions a
golution of 1.70 g. (0.02 mole) sodium nitrite in a few cec,
water untll & permensnt test with starche-potassium iodide
paper was obtained. Since coupiing did not take place at lower
temperatures, the nitrofurole scid solutlon wes not eocoled below
20°, The benzenediazonium ahlari&a sélutian was added dropwise
through the praviously'ahillad dropping funnel, and stirring’
sontinued until a test for benzensdiazonium chloride with
/3 -naphthol was negative, or about 3 to 4 hours. About helf of
the product was removad Ey filtraetion, and the remainder was
obtained by extraction of the filtrate with chloroform. The
combined crude yleld wes 2.3 g. {53% of the theoretiocal) m.p.
118-120e, After several reorystullizations from dilute scetone,
the compound erystallized in red-bronze needlss malting at 140°,

Anal, Celod. for GuoH.OsNa: N, 18,36, Found: ¥, 19.23
and 18,17, | | |

The oompound is soluble in alkalline solutions with bright

red color, but 1s not reprecipitated unchanged by aeidiricatioh.
It gives no color with aleoholie ferric chloride or when ferric
ehloride is added t& & ﬁﬁlphuria agld solution of the compound.
From these facts and the anklysls, the compound must be formed
by the displacement sf the carboxyl group to form R-benzeneazo-
S5nitrofursan. |

%When suspended in a solution of aniline hydroehloride in
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10% sodium acetate solution, no reaction took place. A slight
reaction occurred with aniline hydrobromide in salcohol sclution,
but even after stending seversal days the extent of the reasction
was very slight., The eompound wes &lso recovered unchanged after
warnlng one hour on & steam bath with anilline hydroehlnride in a

glacial scetic scid solutlon of sodlum acetate,



I.

II.

III.

4 study of the reaoction of S-nitro-2-furole acid with
aniline hydrochloride in sodium scetate solution has been
made .

Evidence pertelning to the structure of the solored
produsts of the reaction has been obitsined.

Some of the steps involved in the mechanism of the

resction heve been established,



The importance of the study of dlbenzofuran in the
preparation of gynthetic morphine~liks compounds has already
been completely outlined by Kirkpatrick {80}, Sinoe morphine
containg sp hydroxylated dibenzofursn nucleus, the study of the
orientstion of the hydroxydibenzofurans is of perticular
silgnifiesncd, The coupling resctions of the hydroxydibsnzofurans
with benzenedliazonius chlorlde here reported represent a part
of such & study which was undertaken by Paul R. Van Ess (81).

The examination of the orientation of substituents in
éaeaéhamathnxyﬂibanxcfuran'al&a beers an lrsportant relationship
to the study of morphine-like eompounds, The 4- {or 6-) position
1s one of the most erltical positions in the dibenzofursn nuecleus,
for net only are the hydroxyl groups in mﬂrphinﬁ in the 4- and 6
pasitiana of the dibenzofuran portion of the nueleus, but also a
4~substituted dibenzofuran {(4-acetamino) has the greatest
anelgesic action of any dibenzofuran derivetive yet tested (80),
Eince &ne&rb@mstﬁmxydibﬁnszﬁran is the most evellable of the 4
substituted dibenzofurans 1t 1B of especlal velue to know the
pesltions chosen when other substltuents ave introduced into the
molegule, It 18 also possible that the polysubetituted compounds
having tha‘car%ﬁxyx {or ester) group in the 4¢-position might be
useful in the preparation of anelgesic compounds sinee suech
{80) §§§§9&triek, W.H., Dootoral Dissertation, Iowe State College,

935,

(8l1) Ven &ss, Paul R., Doctoral Dissertation, Iowe State Collegse,
1936, .



compounds oan be converted, thrau@h the amides, to substituted
4~aminodibenzofurans.

The first investigation of the substitution reactions of
&&e&rbémﬁthaxyﬁib@nzafaraﬁ was thet of Heyes (88). 4 further
study of the constlitution of the bromination and nitration

products of thls ester was underteken by the writer.

(82} Hayes, D.M., Thesis, Iowe State Colleze, 1934,
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The 2=, 3=, and 4-~hydroxydibenzofurans were coupled with
benzenediezonium ehloride in order to determine whether such a
coupling resotion would inveolve the same positions as the direct
brominsetion of the hydroxydibenzofurans.

The azo dyes derived from the 2 and 3- hydroxydibenzo-
Turans wefe found to be inscluble in dilute alkall even when
heated, whersas the dye derived from 4~-hydroxydibenzofuran wes
easily scluble in c¢old slkeline solutions, This difference in
behavior lmmedistely suggested that the 2- and 3-hydroxy
derivatives are coupled in og~positions, and that the 4~hydroxy
derivative is ocoupled in the zrpaaition. Though in the benzene
series the o~-hydroxy~azo compounds appear to be generally soluble
in slkall, 1% is to be noted that in the naphthalens series,
l-hydroxy~2-~benzensazonaphthalene (83) and l-ben eneazo~2-
hydroXynaphthalene {(84) are insoluble in &lkeli, and l-hydroxy-
4~benzeneazonaphthalene (8&) is readily soluble., The 9«hydroxy~
10~p-nitrobenzeneazophenanthrene is difficultly soluble in
alkall (85]). A

?hé orientation thus indicateé for the hydroxydibenzofurans
might also have been predieted on the besls that the ocoupling

of phenols with benzenediszonium chloride involves the position
pare to the hydroxyl group when it is available, otherwlise,

(83) MePherson, Ber,, 28, 2418 (1895).
(84) Liebermenn, per., 16, 2860 (1883).
{85) Von Hyde, Ber,, 32, 1815 (189¢).
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the o-positions (86)., It is only in the 4-hydroxydibenzofuran
that a position peres to the hydroxyl group is avelleble, hence
the B and'the S-hydroxydibengefurans would be az@aeteﬂ to
coupls in the p-positions,

The dyes obtained from aaéh of the hydroxydibenzofurans
were in turn reduced to the corresponding hydroxyaminodibenzoe
furans whiéh ware converted to hydroxy-brome compounds by the
Sandmeyer resction. In esoh case, the resulting hydroxye
brome derivative was shown to be identicsl with the product of
proven orientation obteined by direet bromination of the
corresponding hydroxydibvenzofuran (87), proving thet the
coupling reaction was subject to the same orienting influsnces
as the auhatitutian resction., The szo dye derived from 3=
hydroxydibsnzofuran was thus established as B-benzene&zo-3-
hydroxydibvenzofursn by its conversion to 2~bromo-3-hydroxy-

dl benzofuren, The guhydroxyu and ¢~&y&ruixuazo dyes were
siwilarly proven to be 1~banzsne&za~2-hyércxyﬁib@nz§rur&n and
l-benzeneazo-4-~hydroxydibenzofuren by conversion to l-broio-zw-
hydroxy~ @md l-bromo-4-hydroxydibenzofuran, respectively. The
iﬂenﬁity of all of the hydroxy«bromo compounds was proven by
mixed melting point determinations with authentic samples
provided by Peul K., Van Ess.

An unsucesssful attenmpt wes nads to convert leaninow2-
hydroxydibenzefuran, obteined by the reduetion of l~benzeneazo-
2-hydroxydibenzofuran, to 1,2~dlbenzofuroquinone. The method
[57) Tho bromination produsts mse Sespesot by Seuy o Yan gas.

See Ven Iss, Paul R,, Doetoral Dlssertation, Iowa State
College, 1936,
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employed was that used by Groves (88} for the preparation of

- naphthoquinone from l-amino-2-hydroxynaphthalene, A4An amorphous
reddish purple materlal was obtainsd from which no crystalline
products could be separated.

The author was also unsuccessful in nitrosating 2-hydroxy-
dibenzofuran either by the method of Marvel and Porter (8¢) for
the preparation of nitroso-/3-naphthol, or the Lagodzinski
method (90) for nitroso-2-~-hydroxyanthreocene,

Failure alsc attended the efforts to couple dibenzofuran
itself and certain of its amino derivatives with diazonium
compounda, Dibenzofuren did not couple with beﬁzanediazonium
chloride in salcohol solution in the presence of potassium
acetate, nor with the more active 2,4-dinitrobenzenediazonium
chloride (91) in seetic acid. 2,4,6-Trinitrobenzenedlazonium
chloride (92}, like the dinitro derivetive has been reported to
couple with mesitylene, but the writer experienced considersable
difficulty in diazotizing this emine, 2-Amino- or 2-acetamino-
dibenzofuran also falled to couple wlth benzenediazonium chloride
}under conditions which glve quantitative ylelds with B-naphthyl-
gmine (93). The principal difficulty in this case seemed to be
the greater insolubility of the dlbenzofuran amine {(or acetamino
{88) Groves, J. Chem. Soc., 45, 298 (l884).

(89) Marvel end Porter, Organic Syntheses, Coll. Vol. I, 403, 1932.
(80} Lagodzinski, inn. 345 89 TTE08)—— S

(91) Meyer, Ber., 47, 1747 |1914), Teported that 2,4-dinitrobenzene-
dlazonium chloride will couple with mesitylene and sascena-
phthene under these condltions,

(e2) Meyer and Tochtermann, Ber., 54, 2283 (1¢21).

(93) Bamberger and Schieffelln, Ber., 22, 1376 (1889).
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enalog) in the alecholie reaction medium even when the reaction
wes run et & somewhat higher tempereture.

A% the eoncluslon of the study of the coupling of dibenzo~
furen derivatives with benzensdiszonium chloride, sttention was
turned to the completion of the investigation of the orientation
of substituents in 4-cerbvomsthoxydibenzofuran, This problem wes
. begun by Hayes (82), who isolated the bromination and nitration
products of this ester and partially proved thelr structure.
This Investigator showed thet bromination in carbon tetrachloride
solution geave an ester melting at 166-167°, By hydrolysis this
gster was convarted to ap aeld melting at 363-264’; from whiceh
the known 2-bromodibenzofuran wes obtained by decarboxylation.
¥itretion of 4~cerbomethoxydibenzofuran wes reported by Hayes to
give two lsomers, the prineipal one melting at 156-158° and the
other at 205-205,5°., The 156-158° ester on hydrolysis gave an
acld melting at 160-165°, which ylelded 3~nitrodibenzofuran on
decarboxylation, The 205-205.5% aster'yielded en scld melting
at 506«%@5", whieh when decarboxylated formed Z-nitrodibenzofuran,

The experiments of Hayes could only be partially dupliocated
by the wrltsr. The nitro-ester melting at 205-205,.5° was not
obtalned in any one of several runs in which Heyes' directions
- were followed. Varistious of this method also trisd to no

avall woere, the use of Tuming nitrie @cild instead of concentrated
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nitric @cid, the use of lower teuperatures, and the use of
erude instead of purified ester as starting material (94). The
yield of the one ester obtained wes 80% of the theoretical
based on the welght of the highly purified préauot. The melting
point of the crude material ﬁa& 115ﬁ145°, where Hayes reported
120-170°,
| Incidentel to the preparation of 4-carboxydibenzofuran used
&s starting material in these experiments, 1t was noted that in
the carbonation of 4-dibenzofuryl-lithium, verylng esmounts of
& non~acidic product were also formed. On the basis of other
reports on the carbonation of orgzanolithium compounds (95),
this eompound was thought to be die-4-dibenzofuryl ketone. Sube
ﬁ@quant.an&lysis of the compound confirmed this expecﬁatian.
e garffieé product arystallizsé in white needles, melting
sharply at 172-173%, Attempts to prepare the oxime were not
sucbaaarul‘
Owing to the previous work of ﬁayas, the conmpletion of
the proof of structure of the bromo~ and nitro-esters derived
from 4-~carbomethoxydibenzofuran involved only the problem of
ﬁhethsr homo- or heterosubstitution had taken plaecs,
The first objective was to d#finitaly prove the orientation
of thé bromo~ester which he had shown to be
(94) Tue methods used by Bywater (unpublished work) to ineorease
the formation of isomers in the nitration of dibenzofuran
did not come to the attention of the writer until the
gonclusion of these euperiments. Bywater's methods might
have been more sucoessful then the ones dsseribed,

(95) ?1lma? and Van £ss, Peul R., J. Am. Chem. Soc., 55, 1258
1933} .




2e{or 7=} bromo-8-carbomethoxydibenzofuraen., The following ring
glosure was undertsken 1n order to prepare 2«-bromnc~d-methyl-
dibenzofuren, whieh by oxidation should yield 2-bromo-4-carboxy-

dibenzofuran:

Br No, KO B %0, B NH 5 Neli0,
=0 =X = O () B

Br 0 )

CH, CH, CH,
Br TLC1 Br
__50%
D . EQS‘Q‘ D
CH, |

CHs

The a~brnmo~4~mﬁthyléihenzefuran*w&s obtained but it resisted &ll
gfforts to oxidize the methyl side chain to a éarboxyl group., It
was unaffected by refluxing four days whith alkaline potessium
permanganete, & mixture of potessium permanganate and dilute
nitrie acid at 180° for slght hours, end &n zlkeline solution of
potagssium ferroeyanide at reflux tempereture for twelve hours.
When trsated with a glacial scetic acld solution of chromio zeid
four hours at 50°, the compound was y&rﬁiélly destroyed but no
scld ecould be isolated, and & part of the compound was recovered
unchanged. In the same soclution at the boiling point the
compound was completely deatroyed. The uéa of chromic seld in
dilute sulphurie acid also destroysd the compound without stopping
at the desired dibenzofuran acid.

A seoond ring closure was then attempted in order to

prepare the isomsric 2-bromo-8&-carboxydibenzofuran,
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K0< )Br maie.
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Snc@@@a was resllzed In thls synthesis, and the bromo-azeid
obtained weas found, by the wethod of mixed melting polnt, to

be ldenticsal with the acld obtalned by the hydrolysls of Tayes®
bromo-ester. 48 a further cheok, the scld prepared by ring
closure wag oconverted to the methyl ester with diszomethene,
which by & mized melting polnt, wss proven ldentical with Heyes!
éster abtained by brominating 4~cerbomethoxydlbenzofuren, IHence
the struecture of Hayes' bromo-sster was unequivocally estublished
88 2-bromo-8-carbometnoxydibenzofuran.

The ring olosure resctions are of more than passing interest
since they illustrate the wide applicability of this mode of
synthesls. They are not only the first successful attempts
to prepare 4-substituted dibenzofurans by this method, but
glso inelude the first reported inatguc@ of the preparation
of & carboxydibvesnzofuren by_ring closure., 1t has besn observed
b& the author that the arrangement of substitusnts in the

diphenyl ether is of
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yartinulﬁr importance in determining the success of the ring
closure. The positions of the groups whieh are to become the
substituents of the dibenzofuran product are, of course, fixed;
but the nitro group through which the ring is ultimately closed
by reduction and diazotization, theoretically, might ocoupy &
position in aithar'ring ortho to the oxygen bridge. Aetually,
it appears, that the nitro group nmust be in the same ring with
thé»grmnp whieh 18 to be the 4-gubstituent of the dibenzofuran
produet. Thus far, at least, success hes attended every
synthesls in-ﬁhieh these acﬁﬁitiana were fulfilled, and @very
attempt in which these conditions were not ﬁeb has ended in
failure (96,81).

The orientation of Heyes 3- (or 7-) nitro-t-carbomethoxy=
dibenzofuran still rﬁm&in&é to be graven; The structure of this
veatar was established by the introduetion of & third substituent.
In this menner, 1t was possible to establish a structural
relationshlip betﬁeeﬁ the nitro-ester end the Z2-~bromo-B-carbomethe

oxydibenzofuran esteblished by ring closure,

(986) %ccom?ia,‘ﬁaemillan, and Scerborough, J. Chem. Soo., 529,
{1921). ‘
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Having prepared th@'aame 2~bromo=3~ (or 7-) acetamino=6-
eax&omathaxydihanzafur&n from both the nitro-ester and the proven
bromo-eater it wes only necessary to prove that the bromo a&nd the
ecetamino (or amino or nitro. ) Eroup werse gzgég to each dther in
ar&ar'ta'aamylataly esteblish the structure of the nitroe-ester,
Proof of the ortho configuration of the bromo-nitro-ester was

attempted by the following sejuence:

By o
4] WO, 0 0, T
QCOOCH,, ‘ coon

0— 04
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The ester wes hydrolysed without difficulty, but decarbozylstion
by treating the acid in guinoline with copper bronze ylelded
S=-nitro_dlibenzofuran. Th@ same result wes obtained when copper
sulphate hydrete wes substituted for the copper bronze (97).

By considering the series of reactions by which Z-bromo=
- 3={or 7-) nitro-8-carbomethoxydibenzofuren was @répareﬁ from the
bromo-gster and from the nitro-ester, it 1s evident th&t decarb=
oxylation of the bromo-nitro-acid must ylesld tr&naientlylaither
3~br6m0w&~nitrﬁ«&ib@nzﬁfur&n or E-bromo-7-nitrodibvenzofuran,
becsuge the bromo-nltro-sster was obteilned by nitration of the
established Z~bromo-8-garbomethoxydibenzofuran, and the position
of the nltro group was kvpown to be either 3- or 7- by the
relationship %o Hayes' J-(or 7-} nitro~6-carbomethoxydlbenzofuran,

If the aecld was certain to form eithsr E-bromo-3-nltro-
divenzofuran or 2-bromo-7-nitrodibenzofuran by decerboxylation,
1t only rewalned to prove that only one éf tﬁese compounds would
lose its helogen atom under the conditions of the sxperiment.
suthentic sumples of Z2«dbromo-d-nitrodibenzofuran and 2«bromoe7-
nitrodibenzofuran (98) were then subjeeted to the exact conditions

usad Tor the decarboxyletion of the bromo-nitro-acid;

(97) Decarboxylation by heating the eoid with caleium oxide was

- not tried since this would aimost eerteinly cause a loss of
helogen., For a deseription of this method, see Smith, Z.V.,

' Doctoral Dissertetion, Iowa State College, 1936,

{98} The writer is indebted to Dr. Glen Bywster for samuples of

. thess two ocompounds,
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B-bromo=-7-nitrodibenzofuran was recovered unchanged, whereus
2-bromo~3=-nitrodibenzofuran was eonverted to 3-nitrodidbenzo-
furan, It was thereby established that the bromo-nitro-acld
Was 2=-bromo~3-nitro-é~carboxydibenzofuran, The ease with which
the halogen is removed from 2«bromo-3-nitrodibenzofuran is in
hermony with the known feet that & pete-directing group rendsers
substituents ortho or pare to it more labile (99).

When the structure of the bromo-nitro-acid was estubllished
&8 2-bromo-3-nitro-8~carboxydibenzofursen, i*_& was automatiecally
proven thet the 3-{or 7-) pitro-é-carbomethoxydibenzofuran was
none other then J-nitro-6-carbomethoxydibenzofuran by the
relationship previously estsblished between thess compounds (100).

It is of interest to comparse the findings of this study
with the resulis obteined by other investigstors with different
divenzofuran esters. The bromination of 2-carboethoxydidbenzo-
furan wes shown by Brown (101) to involve the B-position.
Bailie (102) found thst the nitration af the 3=-garbomethoxydl-
benzofuren ylelded 8- {or 2-) nitro-3-carbomethoxydibenzofursn,
Recently, Peul R, Van Zss (81) nitrated the le-cearbomethoxydi-
benzofuran and obtained 7- {(or 3-) aitrowlwcarbomsthoxydibanzo;

furan »

{98} The writser is indebted to Dr. Glen Bywater for samples of
these two coupounds.
(99) Sehépf, Dsr,, az, 900 (1889).
{100) See puge 70 of this thesls for thess inter-relationships.
(101) Brown, G Zey Unpublished work.
102) Bellle, J. ﬁ,, Unpablished work.



The bromination of 2-carboethoxydibenzofuran, like the
bromination end nitration of 4-carbomethoxydibenzofuran, has
been deflinitely proven to involwve heterosubstitution, The
nitration of the 3-carbomethoxydibenzofuran appears guite
certainly to involve hatérasubﬁtitutian, for from the facts
already establishbed, bhad homosubstitution teken plece it would
regulire that the @ntaring nitro group teke a positlion ortho
to the carboxyl group when the other ring still remeined un~
substituted., The 7« (or 3-) nitro-l-cerbomethoxydibenzofuran
end the Z~ {or 8-) nitreuﬁéearbﬁmmthaxyéibanzcrnr&n obtelined
by Hayes are probably heterosubstituted also, though here homo-
substitution would not contradict the meta-directing influence
of the carbomethoxy group. However, the factors favoring
heterosubstitution~-the pressnce of one uasubstiiutaa ring
end the presence of & @gﬁgrﬁir@etor in the othar ring=--would
appsar to be of gresater welght. It was obssrved by the author,
that the introduction of a second substituent in & ring alresdy
Gacﬁgiaﬁ by a "de-activating" group, as in the nitration of 2w
bromo-f=carbomethoxydibenzofuran, required considsrably harsher
conditions then heterosubstitution of a monosubstituted dibenzo=-
furan, Both the 7- (or 3-) nitro-l-carbomethoxydibenzofuran and
tha 8~ {(or B«) nitro-6-carbomethoxydibenzofuran were cbtained
under mild conditions. Further, as the supporting evidence
mounts, one may rely with inereasing security on the gensralization
that in the dibenzofuren series, heterosubstitution will take

plece when one ring is previously ocecupled by & meta-director,



- T4 -

or to a somewhat lesser axtaﬁt‘wh@n & halogen substituent is
present. |

A further point of interest in the orientution of
substituents in the dibenzofuran ester series is that it adds
more evidence for ihe gemeral rule thet in the heterosubstituted
dibenzofurans, the second substituent, be 1t like or unlike the
Pirst, is directed to the pbsitian involved in the mono=-
substitution of the nucleus itself, with the exception of the
ritro group which mey involve predominantly the a4r&ther than
the B3- position, In the bromination of the 4~ or 2- carbometh-
- oxydibenzofuran, the zescond substituent hes entered its "normal"™,
that is 2- or 8, positions favored in bromin&tion of dibenzo-
furen itself. The nitration of the lecarbomethoxydibenzofursn
glves rise to substltution in the normal 7« {or 3-) position,
“and nitretion of the 4~carbomethoxydllbenzofuren invelves botih
nornal 7= {or 3-) substitution and to & smaller extent the less
expected 8- (or 2~) position. Hitration of the 3-cerbomethoxydi-
benzofuran likewlse involves substitution in nmore unusual 2-
{or 8-) position, 7The omnly other similar instance ie the
dinitretion of dibenzofuran (103) whioh sgein involves the
introduction of the second nitro group in the 8- positian. It 15
curlous thaﬁ thls sowmewhat snomalous orientetion incident to

certaln heterosubstitutions has never been observed except in

(103) Cullinene, J. Chem, Soc., 2365 (1932).
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nitration, and that the nitro group in all of these execeptlonal
cases invariably involves the 2~ {or 8-) position. It must be
remembered, however, that nitration of dibenzofuran itself glves
some 2-nitrodibenzofuren (104}, Henece the heterosubstitution
by & nitro group in the 2« {(or 8«) position i1s not entirely
without basis, It i8 only the predowinance of the 2« {or 3-)
position which variess in sccordance with the other substituents

present.

(104) Gilmm?, Bywater, and Parker, J. Am. Chem, Soc.,_ 357, 885
{19235} .



Preparation of l-benzepeazo-2-hiydrozydibenzofuran,

The R2-hydroxydibenzofuran used in this syntheslis was prepared
as directed by Bywater (105)}. The general procedurs for the
coupling reection waes adapted from that used by VWerner end Trey
(1C6) in prepering the benzeneszo derivative of l0-hydroxye-
phenenthrene, The 2«hydroxydibenzofuran, 3.88 g. (0.02 nmole),
was dissolved in 15 cc. of 157 potassium hydroxide solution, and
subsequently dlluted with 60 ce¢, of water, then cooled to 0% in
a 200 cc. three-necked flask equipped with a stirrer, dropping
funﬁ@l; and thermometer. The dlazonium solution was prepered by
sdding 5 ce. of concentrated hydrochloric acid to & mixture of
1.88 g. (0.02 mole) aniline and 15 g. finely eoracked leca, then

- adding dropwise a solution of 1.46 g. (0.021 nole) sodium nitrite
in & few ce, of water, until & slight but permenent test for
nitrite fon was indicated by & test with starchepotassium iodids
papar., The dlazonium solution was sdded dropwise to the cold
solution of Z-hydrozydibsnzofuran through the chilled dropping
funnel. The temperature was maintained at 0° by mesns of an ice
beth,. & red preelpltate formed at once. To ensure complete
reaction the mixbure was stirred for 30 minutes after addition
was completed. The produet was then removed by filtration and

\%ﬁghad.well with water. Acidificeation is not necessary since
thé\aeair@d product 18 insoluble in alkall, The yleld wes
(105} Bywater, W.G., Dooctoral Dissertation, Towa State College,

1934. -
(106) Werner and Frey, Ann,, 321, 303 (1902).
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almost quantitative. The ecrude produet melted at 181-184°,
and two racrystallimatisn$ from aleobol gave red needles melting
at 165.5-166°,

Ansl,. Caled. for CypH, 40sNg: N, 9.72, Found: ¥, 9,84 and
2.98, |

Preparstion of Z~benzeneazo-S-hydroxydibenzofuran

The 3-hydroxydibenzofursn, prepared according to Bywater's
synthesis (108}, was coupled with benzepediszonium chloride in
axactly the manner deseribed above for 2-hydroxydibvenzofuran.

It was found to be advantageous, however, to run the reaction at
a alightly lowsr tempsreture (-5 °}. The mixture wes Tiltered
at the elose of the resction without previous se¢idification.
The yleld from 3.68 g. ,(0.02 mole), 3-hydroxydibenzofuran was
4 g. or 73% of the theoretical. The product after twice
erystallizing from aleohol, &and once from ethyl acetate, and
onee from & mixture of ethyl sacetate snd eleohol melted at 177«
17§”u It orystellized in minute lustrous golden brown plates.

. Apel, Culod. FOT Cygi, 40sNat N, 9,72, Found: 1, 9,70 and
9.83, |

Preparation of l-benzeneazo~4-hydroxydlbenzofuran,

The 4-hydroxydlbenzofuran was prepared by the method
desceribed by Byweter (108}, It was coupled with benzenedisazonium
ghloride by the procedure described for Z-hydroxydibenzofuran,

In this casce the resulting szo compound Tormed & salt whieh

separated in very fine orsnge crystels, Direet acldifiocation of
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the resction mixture gave purplish msterial whiech turnsd green
upen drying &nd was v@r&.ﬁiffieult to purify. In order to ‘
obtain & pure semple it was necsssary to either filter out tha'
potassium sslt from the rdsction mixturs and then acldify, or

to crystalllize the purplish meteriul obtained by acidification
of the reamction mixture st once from dilute alcohol without
"allowing it to stend, The purified product separated in yellowe
orange needles from 4ilute alechol which melted at 174-175°.

| Angl. Caled. for Cugl,a04Ns: N, 9.72. Found: ¥, 9.77 and
9.9%.

Conversion of 1~bagzan@ameoamhydro§ydibanchuran to l=-bromo-2=-

hydroxydlbenzofuran,

The method described by Pschorr (107) for the reduction of
g=hydroxy=-lO-banzensazophenanthrene wﬁ; uged 83 & bvasls for the
reduotion of the hydroxyszodibenzofurans. One gram (0.0045 mole)
of l~b§nz@n&&ze»2-hydroxyﬁib@nzofnr&n wes dlssclved in 40 ce. of
boiling glecial acatlie ecid, and e salntibn of 2,0 g. of stannous
chloride hydrete In 15 c¢e. concentrated hydrociloriec acid added
gredually, The color of the ﬁolutian‘qnfckly faded to yellow.
The solution was then coolad, wh@rsupoﬁffina white needles
saparated out, Th@savcryatals proved té be the hydrochloride
of 1~émino~zmmyﬁrcmyaih@nzafuran, A gusntitative yleld was
abtainéﬁ;‘ The compound had & tendency to oxidize in air, hence
it was used at once to prepare the corresponding bromohydroxy
‘cm@pnunﬁ.

(107) Pschorr, Ber., 35, 2734 (1902).
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The dlazotlizetion of &ll of the hydroxyauminodibenzofurens
proved rather difficult owing to thelr marked sensitivity teo
oxidation., The procedure finally used was baczed on & patented
proocess for the diszotizetion of g-aminonaphthols (108). The
- hydrochloride of ln&minowamhyﬁrcxydibaﬂzofurén was suspended in
ether and treated with an egulvalent amount of sodium carbonate
solution., The ether layer was washed with wster, dried over
sodium sulphate end the amine hydrobromide preecipitated by
passing in dry hydrogen bromide (109)., Of the hydrobromide,
0.45 g.(0.0085 wole), was suspended in 30 oec. of water at 0°,
poured gradually into & simllarly cooled solution of 0,12 g.
{0.0017 mole) sodium nitrite end 0.08 g. copper sulphate hydrats
iﬁ 10 cc. of water, 4 light brown preciplitute forued. Fifteen
minutes wes allowed for ths completion of the dluazotization,
whersupon the mixturc was poured into & suspension of 0.81 g.
(0.0081 mole) cuprous ﬁramiae in 20 cec. of water, end 13 co.
of 40% hydrobromic acid wes added greduslly. Ae soon &s the
evolution of gas ceased, the mlixture was bolled a few minutes.
Some very dark precipltate was filtered from the hot solution.
The riltrste on coeoling deposited %rayiéh nesdles, 0,015 .,
melting at 115-116°, when decolorlzed with qﬁarcﬂal and
erystallized from dilute aiechol, the meltlng polint was 121,5«
122° and wes not depressed by mixture with an authentie sample
{108} Ger., 172, 446, (J. Chem, Soec., $0, 907 (1908)). ?

(109) Hydrogen broside gas wes prepared by the method of Ruhoff,
‘Burnett and Reld, QOrganic Synthesss, Vol, 15, 35, 1935,




of l~bromo-f-hydroxydibenzofuran (110).

- gonversion of Z~bonzenoazo-3-hydroxydibenzofuren to 2-bromo=3-

hydroxydlbenzofuran,

The S-benzeneazo-G-hydroxydibenzofuran was reduced mosording
to the procedure described for the l-benzensazo-2-hydroxydibenzow
furan. In the case of the 3-hydroxy derivative, the hydroxy-
amine formed a complex with the tin selt and hence dld not
precipitate out direetly as the hydrochloride upon cooling the
resction mixture. IR order to break up the complex, the solution
ebtained efter redustlon was complete, was cooled in an ice bath,
end treetsd with small portions of 309 sodium hydroxide solution
until the preciplteted tin hydroxide had redissolved, then made
barely acid with hydrochloric aecld, and finmally slightly basic
with smmonium hydroxide. The solution was then extracted with
ether, the sther layer dried over sodium sulphate, and the spin®
hydrobrouide precirltated with dry hydrogen bromids.

The conversion of the hydrobromide to 2-bromoe-d-hydroxydie
bengofuran wes accomplished by the m@thﬁd employed for the
hydrobromide of l-asino-2-hydroxydibenzofuran. ¥From 0.45 g.
(0.0085 mole} of the hydrobromide the yield was 0,04 g. of
erude product, whieh after éaeeloriziﬁg and orystallizing from

. {110) Authentlc samplss of l-bromo-8-hydroxydibenzofuran, 2-
bromo-S-hydroxydibenzofuran, snd l-bromo-4-hydroxydlbenzo-
furen were obtained through the oourtssy of Paul R. Van
Esg - :
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dilute aleohol melted at 111-112°. 4 mixed melting point
determination with authentic 2-bromo-3-hydroxydibenzofuran (11¢)

showed no depression,

Conversion of l-benzonsazo~4~hydroxydibenzofuren to l-brouo~d-
hydrexydibenzofuren,

The l-benzensazo-4-hydroxydibenzofuran was reduced in the

seme manner es described for l-benzensazo-2-hydroxydibenzofuran,
The amins hydrochloride did not form a complex with the tin salt,
“but separated out st onaé in greenish gray crystals. 'The hydro~-
chloride was aenv&r@aﬁ to the hyarobrﬂmide,diazotized, and the
diazunium~grauplr@pl&c@ﬁ by bromine as previously outlined for
1-amino~2-hydroxydibenzofuran. From 0.45 g. (0.0025 mole) of
the hydrobromide, & crude yleld of 0,015 g. bromo-hydroxydibenzo-
furen welting at 145-146° wes obtained., By decolorizing and
| erystallizing from dilute aloohel, white needles were produced
melting at 150%°, Identification of the compound &8 l-bromo-de
hydroxydlbenzofuran was completed by & mized melting point
‘dat@rminati@n with an authentle speeimen (110).

Isolation of di-4-dibenzofuryl ketone.

The alkall insoluble fraotion from the carbonation of 4=
dibenzofuryl-lithium {(108) was flrst extracted witﬁ bolling
- petroleum eth@r (b.p._@@*ﬁ&“}’te remove. dlbenzofuran, For 5 g.
of materisal, 1&5 ce. of solvent was used, 4 sescond extreetion
with 300 ce. of boiling eth&nél yislded when cool 1,3 g. of
fine whits naa&i&s melting et 121-i78°, One réeryst&lliz&tion
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from the seme solvent raised the melting ?oint to 172-173°,
Anal. Caled, for O,H, 05t C, 82.85; H, 3.90. Pound:
g, 82.58; H, 3.89.. |

Prepuration of E~Lromo-4-methyldibernzofuren Ly ring closure.

The metlhod for the synthesis of 2«bromo~4-methyldlbenzo-
furan from & substituted dlphenyl ether was based upon the
sinilar syntheses of’ﬁa Combie, Kscmillan snd Scarborough (98).
The reactions whieh were involved in the preperstion of 2Z-broug-

4~-maéthyldibenzofuren may be summﬁrizaﬁ as Tollows:.

‘%
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one hundred thirty-four grems (l.2%poles) of freshly
dilsvilled gytéluidiﬁﬂ was asetylated by treating the benzene
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solution of the emine with & slight exeess, 143 g. (1.4 moles),

of acetlie anhydrids. After stending 30 minutes an egualvvalﬁmﬁ
of petroleum ether {D.p. 60~68°) was sdded and the product
precipiteted completsly by ehilling inp thé ice box. The compound
erystallized in clustered needles which melted st 108°. The
acst-o-toluldide obtained, 138 g., was brominated in 50 g. lots
by ths procedure of Bogert and Hand (111}, and the product
purified by ery&tallia&%iaﬁ from & large volume of water. A
yleld of 187 g. (80§ of the theorotlosl) melting at 153,5-154°
was reslized. The bromo-ucet-toluldide wis nitrated by dissolving
in fuming nitrio asid (a=1.50) zllowing & ec. of meid to 1 Be

of compound {112). The acld was oooled in an lce~salt bath,

&nd the compound added greduaslly. After stanéing 30 minutes, the
solutlon was poursed on lce, and the product removed by filtration.
" The aeetyl group wes removed by bolling 25 g. lots of the

nitrated produet with 120 ee. ethyl alcohol and 30 co. concentrated
hydrochlorlic aciﬁ for & hours; ﬁha crude product was reerystallized
from petroleum ether (b,pf 80-682) to givé 52 g. of compound
melting at 134°. The amino group was then replaced by bromine
acoording to the proeaaﬁra outlined by Holleman (113). By this
meens, 23 g. of crude 2,4-4lbromo~3-nltrotolusne melting from

59° to 64° wss propared. Two rearystallizations from petroleum
(111) Bogert and Hend, J. Am, Chem, Soo £» 27, 1479 (1805).

{112) Wroblewski, ﬁnn'."lsﬁ Eﬁﬁ"Tiﬁv 3 se6 ©lso Niementowski,

. Ber., 2B, 869 TIEOTT,
{113) EoTlenar, Reec. trav. ahm“ 27, 185 (1908).




ather {D.pa 60*&8“} relsed the m.p. to 68«69, (Reported m.p.
68-70) .

The 2,4fé1brmmm~3~nitratsluenﬁ, 14.2 g. (C.048 mole), was
heated at & temperature of 170° for 3 nhours with 6.86 g. (0.052
mola) potassium pﬂénsxide {114). The evoled reaction mixture
was sheaken with ether and weter. The residue cbtainea'by
evaporation of the ether layer was orystallized from petroleum
ether (b.ps 60-568%), The purified product, Z2~nitro~4-bromo~Ge
methyldliphenyl ether, melted at $2-94" eand was obtained in B1%
vield (12 g.)+ The nitro group was reduced by dlssolving the
sompound, 12 g,.(0,03¢ mole) in 150 oc, dry ether to which 20.85
2+(0,093 mols} stannous ¢hloride hydrate had also been added,
‘and satursting the resulting solution with hydrogen chloride at
9‘4 The nydrochloride ﬂ@gérated out as & iight brown solid
{10.9 g.)« It wes dlazotized without further purifieaticn by
dissolving in 200 co. of 10% hyérdehloria acid, cocling to 07,
gnd adding gredually a satursated solution of sodlum nitrite until
the solutlon was permanently positive towaerd starch-potassium
iodide peper. The resulting diazonium solution waé added,
through & dropping fumnsl, to 150 ce. boiling 50% sulphuric acid
solution in & 500 oo, distilling flask. The side arm of the
distilling flask was connectad to & conden®eT making it possible
{114) The dry paﬁaéﬂiam.phﬁnoxi&@ was prepared by dissolving

phenol in & saturated methyl aleoholie solution of potase
gium hydroxide, sllowing a slight excoss of alkali, The
resulting solution was dlluted largely with anhydrous

gther, The precipitated potassium phenoxide was removed
by filtretion &nd dried in a wvacuum deslcoator.
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for volatile products to be collected by steam distillatlon
during the additlon of the diazonium sclutiom. Only smsll portions
of the diazonium solutieor wers placed in the dropping funnel
8t o time to minimize decomposition by haat; ‘The'rate of sddltion
was 80 regulated that the voluwme of liquid in the distilling
flask remained econstant., ¥hen the diazonium solution had all
been a&é@é, watér was dropped in and distillation eontinued until
1o more productétean ¢istilled. The distillate was made alka-:
line with dilute sodium hydroxide to dissolve all phenolie
m&tariai, and the remaining precipitete removed by filtration.
The yleld was 4 g. of 2-bromo-i-methyldibenzofuran melting at
§G~98°* ﬁ&eryat&;liz&ti@ﬂ’fram aleohol gave whité nsedles whioh
melted &t 106-108,5%°., Sublimatlon did not raise the melting
point further. | _

- bnal, Celod. for C,,H,0Br: Br, 30.62; Found: Br, 30.43
and 30.23. o

Fr&gﬂgatimn ef 2~hrams~6~e&rbem@thq§x~;benzazuran bx ring closure.

z-ﬁramu~&~earbaxyﬁibenzarur&n wes prepared by the same
g@nﬁrﬁl mathod af ring closure deseribed rar the synthesis of

 2-bromo~t-methyldivenzofuran:

COOH COOH COOH
{(CH4000) 2l BY,
COOE Gﬂﬁ Vw—on Br




The preparation of the 3-nitrophthalie ascid was accomplished
by meens of Culhene and Woodwsrd's procecdure (115). This compound
was meroureted &s desoribsd by Whitmﬂra, Culhane and Neher, (118),
and the mereurl group replaced by bromine {117). The ZS~bromo=3-
nitrobenzole aeld was oconverted to its potasslum salt by dis-
solving 1t in a saturated methyl aleoholic potassium hydroxide
solution, allowing a slight excess of the hydroxide. 4 part
of the éait precipitated out dirsetly, and the precipltation was
@a&pl@t&ﬁ by adding dry ether.

The synthesls of the substituted dipﬁanyl ather was effected
by dissolving 1.54 g. (0.025 mole) potassium hydroxide in the
least amount of hot methanol, cooling, edding 5.19 g. (0.03 mols)
p~bromophencol, 7.10 g. (§‘92§ mole) of the potassium salt of
2-bromo=3-nitrobenzole acid, 0.5 g. cupper bronze, heating graduel-
ly in un oil batk ﬁc 170® to drive off the slcohol and water
and waintaining the tampa?ature at this polnt for two hours.

The cooled product was shaken with ether and water, The filtered
aqueous layer on aclidifleation precipitated a brown oily solid
which was.ﬂiﬁaalvmd in the lsast amount afihot benzene and

~ reprecipitated by the addition of petroleum ether (b.p. 60-68°) .
A yield of 5.0 g. (59% of the theorstical) wss realized on

the basis of this partially purified product, melting &t 165-

167°; Further r@akyﬁaallizatien by the same procedvre raised

{118) Culhane sand ‘ioodward, ic Syﬁthaﬁea, Yoi. 7, 70, 1e27.
(116) ¥Whitwors, Guih&n@ and ﬁagar, Organie uynthesaa, Yol. 7, 1,

1927
(117) Culhsene, Organic Syntheseg,Vol. 7, 12, 1927.
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the melting point to & constant velue of 167.5-168,5°,

Feutral equivelent csled, for CasligOaNBr, 338; Found: 333.

The reduction of the nitro group was brought about by the
reaction with tin end hydrochloric acld by the procedure of
Sohmidt and Kémpf (118). The Z-nitro-B-carboxy-4-bromodiphenyl
ather, 8.4 ». (0.025 mole), was suspended in 60 cc. concentrated
hydrochloric seid, warmed on & steam bath, and 12 g. (0.1 atom)
granpulated tin added in several portions., Hsating was continued
until =11 of thé metal hed dissolved., The greenish yellow
amine uydrochloride precipitated during the course of the
reaction, 4t the completion of the resetion, the product was
Filtered on & mat of glass wool, washed with concentrated hydro-
chloric acld and finally with water. The drled produect, 5.04 g.
(674 of the theoretical yleld), melted with decomposition at
190~200°, The compound was erushed and suspended in 100 ce.
10% hydrochlorie acid, cooled to 0° end the calculated quantity
of sodimm nitrite, i.ﬁ&ng‘ {0.01% mole}, was added gradually.
The mlxture wes allowed to stand at 0° for 3 hours. The di-
azotlzation was slow dus to the 8light solubility of both the
amine hydroehloride and the dlazoniwn gampoun&.

The sua@anaionver the diaxonium oompound wes added to
100 ce. bolling 507 sulphuric ceid as desoribed in the synthesis

of 2«bromo-~4-methyldibenzofuran, The mixture was boiled for

{118) Sehmidt and Kémpf, Ber., 36, 3738 (1903).
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3 hours at constent volume after the addltion of dlazonium
compound had been completed. The contents of the distilling
flask were diluted with half the volume of water, cooled, and
filtered, The bluck precipltate was treated with a small
volume of 10% sodium hydroxide, The major portlon dissolved,
but & gquentliy of light colored material was insoluble, The
insoluble portion was filtered off, digested with dilute
hydrochlorie seid for & few minutes, und agein filtered. The
acld thus obtained, 0.5 g., melted at 260-262°, and the melting
point was not depressed by mizture with the acld obtained hy
hydrolysis of Hayes' 2~ {(or 8-) bromo-B-carbomethoxydibenzofuran.
.As a further eh&ck,tﬁa‘aaié obtained by ring closure was
gonverted to its mﬁthyi ester, The aclid wes suspended in 10
e¢c. sther and treated at 0¥ with en excess of diazomethane (11%)
in ether solution. ifter standing 30 minutes at 0°, the solution
was filtered and the excess dlazomethene and sther allowed to
eveporate. A crystalline residue mslting &t 180-162° remained.
One recrystallizetion from glaclal scetic acld, end one de-
golorization in methanol solution with boneblsck raised the
melting point to 185-166°, No depression was observed in a
rd¥ed ﬁﬂltiﬂg polint d&t@rmin&tiaﬁ-with Hayes' 2~ (or 6«) bromo-

S-carbomethoxydibenzofuran.,

Conversion of Senitro-6-carbomethoxydibenzofuran to 3-acsteminoe

~ 8-carbomethoxydibenzofuran,

{119) For the preparation of diazomethene, see Arndt, Orgenie
Syntheseg, Vol, 15, 3, 1935,
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3-11ltro-g-garbomethoxydibenzofuran, 6.78 g. (0.025 mole)
was &i%aﬁlv&d in 250 oe. bolling gleoial acetic acid., 4
solution of 17.5 g. {0.078 mole) stannous ochloride hydrete in |
115 co. concentrated hydrochloric ecid wae added slowly and the
solution heated &%t reflux temperature sbout 2 minutes, Cooling
deposited 7.0 g. (quentitative yleld) of the amine hydrochloride
which brovned but did not melt at 240°. It wes soluble in cold
water, and was converted to the free apmine by treeting the
water solution with emmonium hydroxide. The amine was converted
o thé acetamino &ariwati?a by dissolving it in the lsast amount
of hot bana@na, adding a slight excess of scetic ﬁnhy&riée,
and allowing the mixture to stand overnight. Petroleum ether
{bip. 80-B8%) wms added to preeipitate the produst when
BECeSsary. ?hﬁ zeaetanino-ester was best erystellized from a
mixbure of methyl alcolicl and glaciel sestic &eid. The pure
ester orystallized in yollowish needles melting st 245-246°,

anal, Calod. for O (H,;,0.,H: N, 4.85., Tound: XN, 5,17 ana

Prepsration of 2-bromo-3Se-agetamino-tecarbomethoxydibenzofuran

from- S-anstani no-G-garb. oxydibenzofuran.

Five-tenths grem (0.001l8nols)of J~acetaminoeBewcarbomethoxys-
dibenzofuran wes dissolved in ?5>c&. hot glacial scetic aeid,
coolad o room hemyﬁr&tarﬁ and 1,8 ge. of 1 ¥ bromine solution
in glaclal scetic seld (0.0018 mole of bromine) addsd dropwlse,

On stending overnight, 0.4 g. flne white needles separated
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out. The melting point was 2428-243°3 the yleld, 81% of the
theoreticel. ﬁacryak&lliz&tiaa fron glacial acetic acld gave a
melting point of 247-247.5%, Thoush the product melted only 2e
higher then the origlinel acstamino-ester, the two compounds are
@istinét, as shown by analysis and a mixed melting point.

Anel, Calcd. for Cg J, ,0,8Br: N, 3.87. Yound: N, 3.77
and 3,77.

B, From Z-bromosdenitro-S-cerbomethoxydibenzofuran,

The 8nh:qma~3~nitrunﬁéa&rbamathaxyﬁibanzofuran, Cedb Ea
(Q;ﬁ@lﬁﬁmﬂla}, was dissolved in 15 ce. boiling glacial acetic
soid and reduced by adding slowly 0.7 g. (00,0031 mole} stunnous
chlorids hydrate 1n 5 eo. coneentrated hydrochloric acid and
refluxing tive winutes, Cooling of the resulting solution de-
posited crystsls which proved to be the  complex composed of
the tin salt and the emine hydrochloride. The crystels were
suspended in ether, and treated im an lee bath with cold 30%
aoﬁiam\hydraxiéa nmtii both layers were c¢lear. The sther leyer
wes washed with weter, dried over sodium sulphate and aaturated
with dry hydrogen chloride to praci§it&t@ the amine hydroechloride.
An additional anount was obtained by diluting the origlnael acetic
geld mother liguor end worklng up with s@éiumAhydrexida and
ether in tha‘mannmr desoribed. The hydrochlorids was suspended
iﬂ‘%ﬁﬁ&? and treated with smwonium hydroxide to liverate the
freec smine., The amine obteined, 0.2 g. (50% of the theoretical
yield), was convertsd to the aedtamine derivative by adding a
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8light excess of acetic anhydride to thes hot benﬁena solution
and ellowing 1t to cool. The 0.1 g, bromo-acetamino~ester thus.
prepared melted at 241-242°, Reorystallization from & mixture
of methyl aloohol and glaclal acetic mcid ralsed the melting
point to 245°. The melting point was not depressed, when the
compound wes mixed with the érmﬁueﬁ prepared by the bromination

of Beacetanino~-8-carbomethoxydivenzofuran.

Hitration of 2-bromo-8-carbomethoxydibenzofuran,
A, Dinitrstion,

When 1,85 g. {0.0041 mole) Eubramav6~earhnm@thexydibenzo~
furen wes added slowly to 4 ceo. fuming nitric ecid (d=1.50)
at room tempereture the ester dlssolved, but after standing 30
mlnutes the whole mass solidifisd. The groéuet wag broken up.
and stirred into oracked 1ee, When the ice had melted, the
nitrated @stér was filtered off, The eruﬁa product, 1.9% g.,
melted at 236-245°, Reerystallizetion from glacial acetioc
acid, in which the ester was but sparingly soluble, gave 1.0 g.
pale yellow crystal aggregates melting et 256-260, A second
r&éryat&llizﬁtian from benzene and petroleum ether (b.p. 60-68%)
ralsed the melting point to 259,5~260.5%, The yleld of product
melting at 258-280° was 62% of the theoretiocal.

Anal, Caled. for Oy Ji,0.M.Br: N, 7,09. PFound: XN, 7.17
and 7.45.

B. Mononltration,
The E-bromo-6-carbomethoxydibvenzofuran was rether resistant
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to nitric acid. It was not nitrated by treating for 30 minutes
with fuming nitrie scid in glsolal acetic acid at 75°.
Nitration with mixtures of concentrated nitric acid and fuming
nitriec aeld gave poor results dus to the formation of a mixture
of mono- and dinitration products. 7The best ylelds of the
mononitration product were obiained by treating ths ester with
concantrated nitric scid at stesm bath temperatures, The
2-bromo=s-carbomethoxydibenzofuran, 2.5 g. (0.0082 mole), was
added to 7 co. coneentrated nitric acld (&=1.42) and the mixture
heated with stifring for one hour. During this time the ester
g&rtly‘§&$aéﬂ into solﬁtian, end at the close of the reaction
two layers were present. The product wes poured on ice and the
preoipltate removed by filtration and dried, The dry meterial
after powdering was extracted with hot methanol which removed
all un-niireted 2-bromo-6-carbomethoxydibenzofuren. The residue
- was then r@éryatallimaﬁ from glaclial ascetie acld to produce

0.8 g. (28% of the theoretiecal yleld) of materiel melting at
203-205°. Further recrystallizetion from the seme solvent
brought the meliing point to 205-206f, The ﬁobramﬂ*3~nitra-6~
carbomethoxydibenzofuran erystellized in small, pale yellow
‘needles. The inconvenienca of the low yisld 1s in part
eompensated by the easy recovery of the gn&ttaa&e& bromo-ester
whiech may‘be resubjected to the ritration tresatment, Attempts
to 1nareé5@ the yleld of the mononltro-sster resulted in the
formation of the dinltro derivative making purification most
diffioult.
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Anal, Caled. for Oy Jg0,Br: N, 4.00,Found:N,3,93 and 3.90.

Bydrolysis of Z-bromo-S-nitro-6-carbomethoxydiconzofuran,

2-Bromo«-3«-niltro-t-carbonethoxydibenzofuran, 0,72 g. {(0.002
‘mﬁl@}, wes refluxed 3 hours with a mixture of 30 cc. glacisl
soetie acld &hﬁ 30 co. concentrated hydrochloric aeid, as
described by Hayes (88}, At the olose of the reesotion, the
mixtnr@ was covled end diluted with weater to coumplete the
precipitation., The precipitate @aa extracted with 100 oo,
boiling glaaiél acetic seld. On cooling this extract, 0.48 g.
of yellow nesdles was obtained. This yiald represanted 70%
of the theoretical., The melting polnt wes 331-334°, oOwing to
the groat insolubility of both the acid and its salts, it was

not possibls to secure the neutral oqulvalent.

Degarboxylation of 2-bromo~3-nitro-6-carboxydibenzofuren,

4 sanple of Z-brono-Jw-nitro-8-carboxydibenzofuran, 0.24 g.
(0.00071 mole), was heated with 1 £« cOpper bronze &nd 5 oo,
freshly distilled quinoline in a small pyrex test tube {120).
The test tube w&é irmersed in & metal beth, and the mouth of the
tube connected to & short plece of glass tublng bent in an
inverted U shape, The other end of the tubing led the evolved
gus inte a solution of barium hydroxide. Vhen the metal bath
reached 2 tempereture of 180°, vigorous bubbling bsgan and a
heavy precipltate formed in the barium hydroxide solution.
Heeting was continued &t 200-210° for 30 minutes, At the end

{1z0) ?ha@afd, ¥inslow, and Johmson, J. Am, Chem, Soc., 52, 2083
: (1830} .
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of this time, the contents of the test tubs were poursd into
10% sulphuric acid solution and the whole subjected to sté&m
distillation, The stesanm distillate yiélﬁad 0.04 g. of matefial
melting at 174-179°, Reorystallization from aleohol raised the
melting point to 178~-179° which wes not depressed by mixture
with suthentie 3-nltrodibdenzofuran, Decarboxylation in the
presence of copper sulphate hydrete instead of copper bronze,
regulred & higher temperature, but also gave J-nitrodibenzofuran.
An authentio semple of 2-bromo~3-nitrodibenzofuren (121),
0.1 g., was Leated st 200-210° for 30 ninutes with 0.5 g. copper
bronze and 2.5 cc. freshly distilled guinoline, The produet,
worked up in the same menner as the above deovarboxylation, gave
0.04 g, materiel melting at 172-177°. Rsorystellization from
aleohol raleed the melting polnt to 178«180¢, which was not
gepressed when a-s&mple wasg mixmd,witn an enthentic speelimen of
Z-nltrodiberzoluran,
| Lo suthentlc ssuple, 0.1 g., of 2-bramo-7-nitrodidenzofuran
(121) was treated in a manner identlcal with that just deseribed
for E~bromo-3-nitredibenzofurean. Iﬁ this case, st&ém diatillation
yi&l&éﬁ no product. The contents of the flask after the at-
tempted steam dlstilletion were cooled and filtered. The solid
residue wus extructed with glaclel scstic &eid, from which
0,06 g, grayish white needles yr@eip&t&t&ﬁ. The melting point
WE8 gﬁ@wﬁﬁlo, and wes not altered by mixlng with a ssnple of

(121) Sanples of 2«bromo-3-nitrodibenszofuran and Z-bromo-7-nitro-
dibenzofuran were supplied by Dr. Glen Bywater.



the origlnel Z-bromo-7-nitrodibanzofuran.



I. The 8«, 3«, and 4-hydroxydibenzofurans heve been coupled
with benzenediazonium ehloride,
II. The structures of the azo derivatives thus obtained have
| been determined.
1II. The proof of struoture of the principel mpawﬁawew and
bromination preducts from 4-carbomethoxydibenzofuran has

besr oompleted,
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