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INTRODUCTION

The ourpose for which experimental work with dibenzofuran
derivativis weas undertaken in this laboratory, and & historieal
developme:t of the field have been set Torth fully by %. H.
Kirkpatrick (1). |

Bromlnstion studies of 2« and 3-acetaminodibenzofurans
already kaving been completed in this laboratory, the writer wes
allotted the task of investigating the brominstion resction of
4-aoetaminodibenzofursan &n&, in addition, 2=, 3-, and 4-hydroxy--
divenzofursans,

Bromination of 2-dlacetemino= or 2-azcetaminodibenzofuran
oceurs in the 3-position to givé 2~acetanino-3-bromodibenzofuran,
while 3-acetaminodibspzofuran brominsates in the Z-position,
yielding 2-bromo-3-acetaminodibenzofuran, The structure of these
derivatives was established by conversion of each to the 2,3-
diamine, whose ortho conflpguration was proven by lormation of a
quinoxaline derivative, Nitrstion of 2-acetamino- and 3=
acetaninodibenzofurans follows bromination (2).

Shortly after the writer had undertsksn bromination studles
of the hydroxydibenzofurans, and simulteneously with publiecation
of & paper on nuclear substitutions of dibenzofuren by Gillman

and oco~-workers (2), there appeared an article by Tatemetsu and

(1} Kirkpatriek, W.H., Doetoral Dissertation, Iowa State College,

(2) Gilm&n, Brown, Bywater, and Kirkpatriek, J. Am. Chem, Soc.,
56, 2473 (1934).
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Kubota (3) reporting the brominetien of 3-hydroxydibenzofuran.
They obtained Z-bromo-3-hydroxydibepzofuran znd proved ilis
structure by conversion from Z~bromo-3-aminodibenzofuran which,
in turn, was synthesized and established indspendently in a

similar manner to that employed by Gilmen and co-workers (2).

(3) Tetematsu and Kubots, Bull. Chenm. Soc. Jupan, 8, 448 (1934).




u&m
DISCUGSION OF REQULTS

Bromination of 2Z~hydroxydlbenzofuran geave predominently a
colorless crystalline monobromo derivative melting sharply at
123-123.5°, Treatment of this ocompound with dimsthyl sulfate
furnished & methoxy dsrivative meldting at 117-118°,

Bromination of 2-hydroxdibenzofuren might be expected to
take place in the 8~pos&tion, according to anslogy with bromine
ation of 2-bromodibenzofuran (4), or in the l- or 3-position im

consideration of the strong ortho and pars orienting influence

of the hydroxyl group. BExperiments were undertaken to confirm
or eliminate thease possiblities.

Authentic Z~-methoxy-8-~bromodibenzofuran, prepared by a
reliable ring elosure metiod employed in the synthesis of
similar derivetives (4), was found to melt at 92,5° and to be
dissimilar from the 117-118° melting bromo-2-methoxydibenzo-
furan.

The next step 1n the proof of structure was the ?raparation

of 2-hydroxy-3-bromodibenzofuran by conversion from the
| authentie 2~amino-3-bromodibenzofursn of Gilman and co-workers
{2)., 2-Hydroxy-3-bromodibenzofurasn was found to maslt &t 143-
1449, obviously dissimilar from the 1283-123.5° m&lting isomer,
Methylation of the 143-+144° melting compound ylelded 2-methoxy-
3-bromodibenzofuran melting at 172°, which was found to be
jdentiocal with the chlef product from bromination of

(4} %ecﬁmhia, Meemlillan, and Scarborough, J. Chem, Soe., 529
1931). ‘
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S-methoxydibenzofuran. Sinee 1t wss shown that the bromine
atom had not entered the 3« or 8-positlon on bromination of 2-
hydroxydibenzofuren, the only loglesl position left to conslder
wuas the l-position. Proof of strusture by ring closure methods
was out of the questlon becosuse no unambiguous synthesis was
avallable.

The problem was finally solved by utilization of the
Cleisen allyl ether rearrangement (5a,b,c,6}. Claisen has shown
that when allylphenyl ether is heated, rearrangement ooccurs
whereby the &llyl group migrates to the ortho carbon atom of the
nucleus to give g-allylphenol. If one of the ortho positions is
oceupled by a substituent group, the allyl group will always

rearrange to the other ortho position; and if both ortheo positions
| are blocked by substituéﬁt groups, the allyl group will migrate

to the para-position. This 18 known as Claisen's rule (54), and

1s supported by & good dsal of sxperimental work by Clalsen
himselfl, and others. ‘ |

Thus, according toc this rula, the allyl group in 2-allyl-
oxydibenzofuran, on heating, could rearrange only to the l- or

SmmmMmorm%(ﬂ.

{8) {a) Claisen, Ber., 45, 3159 (1912); (b) Claisen &nd Eisleb,
Apn., 401, 21 (191%); (e) Claisen, Eisleb, and Kramers,
Znn,, 418, 69 {1919); (d) Claisen and Zisleb, inn., 401,
F5 (19137, - T

(8) 4n exesllent summary of published work on the &llyl ether
rearrapgement is found in C.D. Hurd's "Pyrolysis of Csarbon
Compounds", Chemicel Catalog Co., 192%, pp. 214-228.

{(7) For the sake of convenience, the sllyl group is denoted by
8.,



OH OH
or
and

Most of the experimental work in support of Claisen's
rule has been carried out with benzene derivatives, Can the
a&aum@tian‘than be made that Clalsen's rule holds for other
sromatic nuclei, and for dibenzofuren in perticular? Have any
excaptions to thls rule ever been reported? |

Exemlning those few ceses wherein the Clalsen rearrangement
has been carried out with allyl aryl ethers other than phenyl,
we find that Z-sllyloxynaphthalens glves & guantitetive yleld of
l-allyl=2-hydroxynaphthalene (5b}; while lfallyoxyn&phthalene
rearranges to l-hydroxy-2-allylnaphthalene, However, l-allyl-
Z-allyloxynaphthalene 1s stable when hesated (5e). p-illyl-
 oxydiphenyl also mﬁﬁ&rg@as ortho rearrangement (8). 4=-Allyloxy-
1,8-naphthoguinone and 2-allyloxy-l, 4-naphthoguinone both re-
arrange to 2-allyl-3-hydroxy-l,4-naphthoguinone (¢).

A most interesting end illumineting rearrangement is that
of 4—allylaxyquinaldina (16). Anisole does not undergo any re-
arrangement on h&&ting,vbut 4-methoxyquineldine does, the methyl
group migrating to the nltrogen atom ﬁll). Similarly with 4-

- allyloxyquinaldine, it\might be expscted that the allyl group
(8) Gilmen and Kirby, J. Am. Chem, Soc., 48, 2191 (1926).
(9) ’?‘iii‘?i’: J. im. Chem, Soe., 4B, 5205 (1926); ibid., 49, 657

{10) Mmnder-Jones and Trikojus, J, Am. Chem. Soa,, 54, 2570 (1932).
111} ~onred and Limpash, Ber., 20, ¢56 (1687).
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elso would migrate to nitrogen. Ouch, however, is not the case,
for reasrrangement proceeds in accordance with Claisen's rule to
give J-allyl-d~hydroxyguineldine whose strueturs wes proven by
synthesle from o¢-&8llyle- B-hydroxy-phenyleminocrotonlic ester,
¥ 1 .
' N<Scn, NNews

[ 3 a

5 L)

Sa On
For ortho rearrangement of ellyl ethers, an «,B-unsaturated
system 18 necessary (8), - :gﬁ*, for Clsisen hes shown that
aellyleyleohexyl ether does not rearrange on heating in a sealed
tube for severael hours at 210° {5e¢). If this «.8 -unsaturated
gystem 18 a sufflieient as well s necessery condition for ortho
resrrangenent, then the allyl'alkyl‘as wsll 88 allyl aryl
ethers should undergo thls change. Such hasg bsen found to be
the cese with the purely alipheatie O«allylicetoacetic ester (Sa).
ﬁﬂ,~gﬂeﬁesﬁ,ﬁgﬁ, Gﬂ,wg—QB—GG,H
Qwa &
Pare rearrangement involves & l,4-conjugated system:
| g-a H 8
~C=CR~CH=CH »gwaﬁ-Cﬁ"G«
If the ﬁec@sa&ry snd sufficlent eonditions for para rearrangenent
are fulfilled by this system, then it should be possible with
proper blocklng groups present to obtain & migration of the
allyl groug to an appropriate side ohein as wvinyl or propeényl.
Such a nigration was demonstreated by Claisen (12) in the

(12} Clalsen, Amn., 449, 84 {1926).
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following trensformatlion:
OH

a
CHy CH=CH-ChHy Ch, Ch=C-Cry

Chy CH,

Since Z-allyloxydibenzofuran in common with other allyl
aryl ethers possesszs an «,(3-unsaturatasd system, 1t may reason-
ably be assumed that 1%s rearrangewment will follow Clalsen’s
rule, v

Ko sxceptlions to Gl&iaenfa rule when both ortho positions
sre open heve ever ﬁéan noted, Only ons exception, and a
partlsl one at thaet, nes ever been r&portﬁa when one of the
ortho positions contains a substituent group. Kewal (13)
pyralyﬁad the monosllyl ether of cateehol, a4nd obteined a
mixture of J-allyl- and 4-sllyleatechol. He was not eble to
separate the two lsomers but proved thelr axisbénae by methyle
stion, oxidatlon, and separation of the two resulting known

acids.
oa OoH . [
a a

Perkin end Trikojus {14) repeated this work and succeeded in

separeting the two lsomers, the ratic of ortho to paras lsomer

being S14. According to Claisen's rule, no para rearrangement

(13) Komai, gel. Papere Inst, Phys. Chem. Res. (Tokye), 3, 263
{14) Perkin snd Trikojus, J. Chem, Soe., 1683 (1927).
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should have occurred unlcss both prtho positions were blocked.
This exception does not militate against the spplicability of
Claisen's rule to the rearr&ngamént of B-allyloxydibenzofuran
as there is no para position open, that is, no § -hydrogen in
the l,4-conjugeted system is available for interchange.
Accordingly, whan 2-allyoxydibenzofuran was heated to 220
230°, an exothermic resction cecurred., The orude alkall soluble
produot, recrystallized from petroleum ether, yielded a cclorlesé
definitely erystalline gggggyallyl~a~hydraxyﬁibenzofuran.melting
sherply st 83°., fTreatment of this phenol with dimethyl sulfate
ylelded grtho-allyl-2-methoxydibenzofuran melting at 67-68° and
which was found to be identical with the allyl-2-msthoxydibenzo-
furan preparsd from the 11?»118°‘melting brcm&—2~methoxydibénzo~
furan by reaction of its Grignerd rsagent with allyl bromide.
Authentic 2e-methoxy-3-a8llyldibenzofuran was also prepared by
reaction of the Grignard resgent of Z2«methoxy-3-bromodibenzofuran
with allyl bromide and found to be & liquid, thus dissimiler
from the 67-68° melting methylated Claisen rearraengement de=~
rivative, OSince the a&llyl group in the 67-68° melting ortho-
ellyl-2-methoxydibenzofuran 18 shown to be not in the 3-position,
it must, therefore, be in the l-position. From the sequence of
reactions described, 1t follows that the chief bromination

product of 2-hydroxydibenzofuran is l-Uromo-2-hydroxydibenzofuran.
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Reaotions Involved in Proof of Structure of l-Bromo-2hydroxydi-

benzofuran,
By
ox OCH,
, B o gg 0y
© o)
™p 123-123% -.p 1T nr'
Kicoy
CH it H B r C”.,-co.,(‘,u'-a'
a
A @-@ f«“s),SOq
o O
82" ™. p. "l—b?'
OCH, CH, OCH,
Br, Mme
CHy=CHyCH, Br »
o o Br o a
o 172° BuP 153137 e,

%
:J
S

NH, N, #30, , Ok
Naﬂoq i Cu SO )
H, 30
o Br Br ®) Br

™.p 1431y’

Coupling of benzenediazonium chloride with 2-hydroxydl-
benzofuran in slkaline solution was found to teke plece in the
1-position also, yielding l-benzeneazo-2-hydroxydibenzofuran
{15). This coupling was esstablished by reductive oleavage of
the azo compound to an amino-phenol which was converted by a
modified Ceattormann-Sandmeyer reaction to l-bromo-2-hydroxydl-
benzofuran.

While bromination of Z-hydroxydibenzofuran gives as chlief
product l-bromo-8-hydroxydibenzofuran, some of the 3-bromo

(15) VenZss, M.W., Doctoral Dissertation, Iowa State College,
1936,



isomer 1s also formed. The residue obtained from the mother
licuor was repeatedly recrystallized in vain to obtain the
isomeric 2-hydroxy~3«bromodibenzofuran, but methyletion of the
reglidue and purification by repeated recrystallization gave
e small amount of the 172° melting 2=-methoxy=-3=~bromodibenzofuran.
Also, some af the l-bromo=-2-methoxy lsomer was obtained from the
mother liquor of the brominstion of 2=methoxydibenzofuran.

Bromination of 4-hydroxydibenzofuran yielded s monobrominated
derivetive melting &t 151.5-152° end whose methylated derivetive
melted at 97-97,5°, P, T. Parker, in this laboratory, found
th&t bromination of 4-methoxydibenzolfuren occurred smoothly to
give a good yield of a bromo-4-methoxydibenzofuran melting at
97-98°, which wes found to be identicel with the ebove methylated
derivative of bromo~4~hydroxydibvenzofuran. 4-~Acetaminodibenzo-
furan on bromination and subseguent hydrolysis ylelded & bromo-
4ﬁaminmdibenzofuran melting aﬁ 1l9-120°, Conversion of this
bromo-4-amine to the 151.5~152° melting bromo-~4~hydroxydibenzo=-
furan estaeblished the fact that the same position was involved
in bromination of 4-acetamino~ and 4~hydroxydibenzofursns.

Theoretically, the most probable positions to be involved
in substitution resctions of 4-hydroxydibenzofuran are the 1-
and 3=positions on the basls of the strong ortho end pare
directing influence of the hydroxzyl group.

Diazotation of the 119-120° melting bromo=4~aminodibenzo-
furan followed by the removel of the &lazonium group with hypo-

phosphorous scid gave & crystalline bromodibenzofuren melting
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sherply &t 87°. This compound was not identical with the 2-,

Smy O 4-bromodibenzofurans whleh had besn previously esteblished.
That thddl benzofuren nucleus was intect after the series of
transformutions incidental to its preparation wes established

by dehelogsnatiorn and isolation of dibenzofuran.

By the method of exeluslon, thersfore, the 87° mslting
compound e&n be only l~bramedib®nzofur&n; this was also sone
verted to the l-hydroxy-, l-aunlno-, l-scetanino-, lecarboxyw,
and l-carbomsthoxydibenzofurans; in cach case the l-derivetive
was found to differ from the corresponding &=, 3=, and 4-

substituted compounds, as will be ssen In the teble on puge 18,
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Reaotlons Involved in the Proof of Structure of Brominetion

Products of 4~hcetamino-, 4-Hydroxy-, and 4-hethoxydibenzofursns.

Br Br
B (€h).50¢ B
o] O o] (o]
OH OH OCH,
. p. 15)5<152° 2
By
_Natvo
(o]
N;NSO-,
m.p g19-120°
H_, Po,

m™.p67°



Helting Polnts of lonosubstituted Dibenzofurans

Br OH NH, NHCOCH, COOH  CO4CHg
1= 67° 140-140.5° n4° 205° 2B2wRBS 83°
2 110° 134° 127-128°  1g2-163° 249° 73740
(a) {b) {e) (o) (a) (a)
3~  120° 1368-138,5° 101° 178°  271.5-272° 138.5°

(2) (e} - {a) (£) (&) (&)

102° 84 .5-85,5° 1? 2.5° 209~210° 93-94°
{h) (1) (N () (k) - {1)

,\
£

%iaoﬁ?ie kacmillen, and Searborough, J. Chem. Soe., 529
831} .
?ilma?, Byweter, and Perker, J. am. Chem. Soc., 87, 885
1938} .
‘Bywater, '.G., Doctoral Dissertation, Iowa State College, 1934.
Bailie, J.C., Unpublishad work, Towa Stats College, 1936.
?suauki Bull. Chem. Sog. §gp&n, s 79 (1927).
-Borsche and GeLacke, DET., 2498 (1923).
Gllmen, Swith, and Cheney, Am* Chem. Sos., 57, 2005 (1935).
Propared in tids 1abaratary"by George Brown by the resction of
4~dibenzofuryl-lithium with bromine vepor in ether solution.
Gilman snd Young, J. Am. Chem. Soe., 57, 1121 {1935).
Kirkpatriek and Parker, J. m. Chem. boc., 57, 1123 (1935).
Kruber, Ber., §§, 1382 (1@5%?.
%ayas, D.H., Unpubiishod Master's Thesis, Iowa State Collegs,
g34.

———;
g
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il sicl® Sapet* S S St il S Wit W



-19 -

From the isoclation of l-bromodidenzofuran, the conclusion
can be drawn that the bromination of 4-sestaminodibenzofuran,
and consequently that of 4-hydroxy~ and 4-methoxydibenzofuran,
involves the 1- or S-poaition. Consideration of the strong
ortho~ end pars-directing influence of acetemino, hydroxyi, and
mﬂthaiy groups leads one further to conclude that le- or homo=-
substitution is extremely probable and that 9« or hetero-
substitution 1s but & remote possiblity.

In ardar.ta adduce sxperimental evidence of homosubstitution,
an unsuccessiul attempt was made to prepere l.4-dimethoxydl-
bénzafur&n by ring alss&r@ of Z-smino-2',5'-dimethoxydiphanyl
ether, Thls failure was not unexpected, as others have experienced
negative results in att@mpﬁiﬁg to prepare 4~substituted dlbenzo-
furaens by the diphenyl ethsr ring closure ﬁétho&. feComble,
and oco-workers (4) were not eble to prepere 4-chlorodibenzofuran
from 2-amino-2'-chlorodiphenyl etheyr, ¥.T. Parker, in this
laborstory, obtained only phenollc produets in an attempted ring
elosure of 2~mathexy*2*waminﬁa@'ubrcmgdiphanyl ether.

MW, VenEss (15), in this laborstory, found that benzene-
diazonium chloride couples wilth the sodium salt of 4-hydroxydi-
benzofuraen in the sams position taken by bromine in substitution.
This fect was ﬁatabliahed by conversion of the benzsneazo
compound to thevlﬁl.5~152° melting l-bromo-4-hydroxydibenzofuren
by raductive cleavage followed by a modified Gattermesnn-Sand-

meyer reaction.
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&L, Jacoby end J. Swislowsky, in this laborastory, studied
the nitration of @;aahﬁtitut&d divenvzofuran derivetives and
found that 4-hydroxy- and 4-scstaminodibenzofurans when trested
with fuming nitrice acld in scetle anhydrlde at low tempsraturss
yield respectively, S-nitro~4~hydroxydibenzofuran, melting &t
193°, and 3-nitro-4-acetamlnodibenzofuran, melting at 288°.
Proof of structurs of these compounds restsd op conversion of
the 3-nltro-4-amine to & quinoxeline forming ortho diamine, and
conversion of the J~nitro-4-amine to the 3~-nitro-4~hydroxydibenzo-
furen. On the other hand, they found that under the same
conditions 4-methoxydibenzofuran yislds primeipally le-nitro~4-
methoxydibenzofuran melting at 154,5-155%, and whose structure
was determined by catelytic reduction to the l-emino-4-methoxy-
divenszofuran, identlical with the amination produet of the writsfiQL
l-bromo~4-methoxydibenzofuran, They also found that nitration
of 4-acctaminodlbenzofuran with fuming nitriec secid in glaciel
acetic scld at 60° resulted in the lsomeric l-nltro-d-scetamino=-
dibenzofuren melting at Blﬁa‘ The orientation of this derivative
wWes eat&bliﬁhed by conversion to the corresponding, l,4~dlaono-
acet&minaﬁihanzarur&n which was identical with the acetylation
product of the l,4~diamine obtained by aminetion of the l-bromo-
4~-sgminodibenzofursen. Deaminstion of l-rnitro-4-aminodlibanzofuran
yielded l-nitrodibenzofuren melting st 120-121°,

P.T. Parker, in this laboratory, found thaut Friedel~Crafts
acetylation of 4-methoxydibenzolfuran takes plece in the l-position

to glve l~asoutyled-methoxydlibenzofuren. This compound was



oxidized to le-carboxy-4-methoxydibenzofuran meltlng at 279-280°,
and found to be identicel wiith the aeld obtelnsed by earbonation
of the Crignard reagent af‘tha writer's l-bromo~-4-methoxydibenzo-
Turan.
| Likewise, L.C. Cheney, in this laboratory, obtained 1~
ehloracetyl~4-methoxydibenzofuran by the Frlaﬁal-ﬂr&fts reaction
of chlorecetyl ehlorids with 4-methoxydibenzofuren. This compound
was also oxidized to the 879-280°% melting l-oarboxy-4-mathoxy-
dibenzofuran. An a&ttempt to obtain intramolecular coupling of
the l~chlorscetyl group in the @~position to prepare & phenan-
throline derivetive was unsuccessful,

Nitration of l-carbomethoxydibenzofuran yielded & mononitro-
ester melting at 216%, The nitro-acid obtained by hydrolysis
waes deosrboxyleted by beating with quinoline and copper., Stean
distillation of the acidified reaction mixture ylelded 3-nitro-
dibenzofuran, found identleal witﬁ an authentie specimen. Thus,
S« or 7T-substitution must have occurred.

vnibanzafur&n nitrates normally and smootbly in the J-position
{(16). The relative ease of nitration of l-cerbomethoxydidbsnzo-
yrfuran, sooomplished by concentrated nitric acid at room temp-
srature, lndicetes that 7- or heterosubstitution is the mora%
likely, for ilntroduetion of e nitro group mets to a carboxyl
group is, in general, of & relatively greater degree of diffiaﬁity,,
This assumption is supported by the verified hypothesis (18)
that dibenzofurans, monosubstitutsd with metua-directing groups,
undergoe further substitution 1n hetero feshion,

(16) Borsche snd Bothe, Ber., 41, 1990 (1908).
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EXPERIMENTAL

Preparation of 2-liydroxydibenzofuran,
The preparation of Z-hydroxydibenzofuren in 36,79 yield by

oxidation of 2-dibenzofuryluagnesiun bromide In the pressnce of
p-butylmegnesium bromide was &aaampiiﬁﬂad_by %.G. Bywater (17).
This procedure wes followed by the writer, but found to be not
Yoo satisfactory because of low yields and time and labor involved.

In 1935, & Germen patent appeared (18) desoribing the
?rgﬁﬁr&tian of 2«hydroxydibvenzofuran by trestment of 2«~bromo-
dlvenzofuren with dilute alkells or slkeline earths in &n auto-
clave at bigh te perstures. As an exsuple, "50 g. of 2-brouce
dibenzofuraen with 256 g« of 16% sodium hydroxide was heated in
an uwutoclave at 250¢ for elght howrs.” Typleal of patent
descriptions, the catalyst ussd was not mentioned. Such a
cdtalyst was found necessary, for when 2-bromodidenzofursn was
treated under the condtions specified in the patent, no phencl
was obtalned,

After several trisl runs, copper sulfate and metallle copper
weye found to be effective cstalysts, In & typlecel rumn, 100 g.
{0.406 mole} of 2-bromodibenzofursn, 85 g. of sodium hydroxide
ﬁisgalvaﬁ in 100 ec. of water, 30 g. nf copper sulfate dlasoclved

in 150 co. af‘yater, 100 g. of copper turnings, end 10 g. of

{17) %1lma?, Byweter, and Parker, g; Am. Chem. Soe.,, 57, 885

(18) I.G. Farbenind,, A.G., Germen Patent 606,350 /T.A., 28,
1434 (1935)77,



copner hronrze were plased in a stesl bomb {19) of about ore-
liter cepeclity and heated for twelve hours at 240°, Crn conling,
the eontents wers transferred to & two-llter Lrlemmeyer flask,
diluted with & liter of water, and brought to bolling to ir.8ure
complete solution of the sodium salt. The solution wus filtered,
cooled, end eeidifised with hydroochlorie aecld; whereupon the
phenol ceme down s8s & brown solld melting at 117-120°, The crude
yleld was 49 g. (0.268 mols) or 64%. In other runs, the crude
yield varied from 56-75%. Distillation was found to be the most
- gonvenlent method of purification; 100 g. of the crude phencl
WES éiatill&é at 175-160°/ Smm. to sive 78 g. of pure white
neterisl melting at 125-130°, One resrystalllization from water

5urfic@ﬁ'tm bring the melting point to 134°,

Bromipation of 2-Hydroxydibenzofuran,
To & solution of 18.4 g. (0.10 wole) of 2-hLydroxydibenzow

furan dlssolved in 300 ec. of glaeclsl acetic aecid, 100 ece, of

a molar solution of bromins in glacial acetic seid was added
dropwise et room tenperature with sheking, The bromine was takoen
un ragidly; After ﬁt&n&ing‘@ne nour, the solution was diluted
with water to one liter, allowed to settle, and’filtered. The
erude bromination product, 23.4 g., melting &t 113-118° was

dlssolved in 200 ce. of hot alcohol, refluxed with norite, and

(19} The writer wi&has to thenk Dr. ¥.E. Brown for the use of
the steel bombd and assistenes in its operation,
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dlluted with 200 eo. of hot water. On cooling, 19.05 g. of
a white erystalline substence nelting at 117-120° wes cobtalned.
Further raary&t&lliz&ﬁian from a mixture of 180 cc. of benzene
and %0 co. of y@trﬂlaﬁm ether {b.p. 60-68°) gave 11,4 ¢. or &
437 yield of product melting at 123-123.5°%. This melting point
gcould not be improved by further recrystsllizetion.

Analyslis showed the substance to bs & monobrominsted
derivative leter proven to be l-bromo-28-hydroxydlbenzofuran.
Ko color was developsd on adl@img dilute ferrie chloride to an
aleohol 5&1ution‘af this phenol. ,
. Anal. Caled. for O, H,04Br: Br, 30.39. Found: B3Br, 30.74
and 30,58,

Methylation of l-Bromo-g-hydroxydibenzofuran,

A solutior of 5.26 g. (C.02 mole) of the above l-Dromo=2-
hydroxydibenzofuran in E00 ce. of 104 sodium hydroxids wus
sheken with an excess of dimethyl éalfa@a added in three portions,
then sllowed to stand on & water bath for thirty minutes, The
solld produet, 3.85 g., & 76% yileld, melted at 117-118°; this
was reeyrstallized from slecohol to glve a white erystslline
substance still melting at 117-118°, Another reerystallization
from benzepe and petroleum ether (b.p. 60-86°) did not raise
the melting point.

snal. Caled. for C;,Hg0,.Br: Br., 26.85. Found: Br,
29.12 and 29.35. |
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Preparation of 2Z-Methoxydibenzofuran,

|
; ]
A solution of 14.6 g. (0.08 mole) of 2-hydroxydibsenzofuran

in dilute alkali. (3.3 g. of sodium hydroxide in 200 occ. of
water) was treated with 9 cc. of dimethyl sulfate, After shsking
vigorously, an additional gram of sodium hydroxide was added
and the reactlon mixture allowed to stand on a water bath for
one hour, On cooling, the product was extracted with ether,
dried over anhydrous sodium sulfate$ eand distilled., Ten and
one-~tenth grams of the msthyl»ather}diatilling gt 164-165°/ 6 mm.
was obtained, On stending in the ice box, the liquid product
solidified in prisms melting at 45°, Reorystallization from
petroleum ether (b.p. 60-68°) raised the melting polnt to
46-47°,

Anal. Caled. for C,3H;0,04t C, 78,765 H, 5.09., Found: C,
79.18; H, 5,15.

Bromination of Z-lethoxydibenzofuran,

Ten grams (0.05 mole) of 2-methoxydibenzofuran was dissolved
in 50 co. glacial acetic acid; to this wes added with stirring
8 g« {0.05 mole) of bromine dissolved in 50 c¢co. of glacial
acetic acid., After standing one hour, the bromination product
was thrown out by diluting with water and filtered., The orude
produet, 14.7 g., melting at 113-162° was extracted with 100 cec,
of boiling alcohol, filtered hot, and the residue extracted with
aﬁother portion of hot aleohol end filtered. The residue, 4.4 g.
melting at 168-171° was recrystallized from 30 cc. of benzene
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to glve 3.6 g. of white needles melting at 172°. On cooling,

the second 100 ce. portion of eloohol yiselded sn additional

gram of product melting at 171-172°, The total purified yield
of monobrominsted derivative was 4.6 g., or 5%:. This derivative
i8 shown later to be 3-browmo-Z-methoxydibenzofuran,

fnel. Caled. for Ciaﬁgcgsr: Br, 28.85., Pound: DBr, 28,94
and 29,08,

On cooling, the first 100 co. of alcohol used in extracilon
deposited 5,9 g. of brownish erystals melting st 100-1400, _
Further reorystallization from 200 cc. of 807 aloohol gave 5 g.
of white crystals m@lting at 100-115°. The melting point was
raised only to lO?*iﬁﬁ“lby recrystallization from 40 ce, of &
1:1 mixturs of benzene and petroleum ether (b.p. 60-680), On
slowly evesoratling the benzeiw-petroleun e;har filtrate, two
different kinds of crystals wers deposited, large prisms aﬁd
small needles, Seversl of the lerpge prisms wers sseparated
mechanically and found to melt &b ll?-ll%” and to be identiecsal

with lebromo-gZ-methoxydlbenzofuran,

Preperation of $~Hgﬁrexy~5~bramodib@nzafuran.

W.G. Bywater (2) prepared 2-acetsmino-3-bromodibenzofuren
by bromination of 2~dlacetamincdidenzofuran. It was found that
the more conveniently prepared 2-scetaminodibenzofuran could
alsc be used,

8~iminodiberzofuran wae preparsd by high tem?erature and

praessure amination of the corresponding bromoe-compound in
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ageordance with Bywater's directions (2). 2-iceteminodibvenzo-
furan wes prepared by treatment of the amine wlth wgetic
anhydride in benzens solution (20).

Bromination of 2-acetaminodibenzofuren was effected by
adding 100 ee. of & molar solution of bromine in gleclal sacetlio
acld to & solution of 22.5 g. {0.10 mole) in 800 ce. of glacial
acetlc anid at room temperature. After stending several hours,
the solution was diluted largely with weter. The filtered
product was extracted by bolling with 800 ec. of alecohol, then
filtered hot., The inscluble reslidue, 7.1 g., melted at 285~
238%; recerystellization from glasclsl acetic seld ylelded
5.0 ey 16.4%, of Z-ascetanino-3-bromodibenzofuren melting at
240-241° (2). In removing the aeetyl group the writer preferred
elkaline hydrolysis to the saleoholie hydraehlorie aeid procedure
of Bywster {(2). Five and thres-~tenths grams (0.017 mole) of 2~
acetanino-3-bromodibenzofuran was refluxed for two hours with a
solution of 15 g. of potassium hydroxide in 130 cec, of aleohiol
and 20 oc. of water, then &i;uté& with 130 ce. of hot water, On
cooling, 4.3 g., & 96% yleld, of erystslline R-amino-3-bromodi-
benzofursn melting at 172-173° was obtained.

Plazotization mfaEnaminmu3~brame&ibﬁnszuran wes
scoomplished according bo themethod of Misslin {(2l). The
well powdered smine, 4.3 g. (0.0164 mole), was addsd slowly
with stirring to & solution of 1,19 g. of sodium nitrite in
{20) Bywater, W.G., Doetoral Diesertation, Iowa State College,

J1ed4. _
{21) ¥isslin, Helv. Chim. Aota, 3, 626 {1910).



100 ec. of concentrated sulfurio aoid cooled to 0°. Forty
grams of lce weas added slowly with stirring. After allowing
the resction mixture to stend in an ice bath for three hours,
it was poured ovsr 500 g. of iece, diluted wlith BOO oc. of
water, and allowed to stend in the ice box ovemnight., The
dlazoniuvm sulfate solution was sllowed to werm up to room
temperature and filtered from & small awount of brownlsh
insoluble material,

Conversion of the diazonium group to hydroxyl weas curried
out in & menuer similsr to thet employed by Tetematsu and
Kuvota {(3) in the preparetion of E~bromo-3-hydroxydlbernzo=-
furan, The dlezonlum sulfate solution waz sdded slowly to &
bolling solution of 1850 g. of copper sulfate in 300 g. of
. water contalnsd in & one~liter distilling flask. The distll-
lation was continued &t such & rate that the volume of ligulid
in the {lask remsined constant, 2-Hydroxy-3-breomodlbenzofuran
steam dlstilled and pathered in the condenser, from whieh it
wus removed from time to time. The erude produet, 1,05 g.
melting &t 130~133°, was dissolved in warm 10% sodium hydroxide
solution, Tiltered, and amcidified with hydrochloric acid, The
0.85 g. of phenollic product thus obtained wes reorystallized
from 30 cc. of 50¢ aleohol to give 0.8 g., a 13% yield, of
colorless nesdles melting at 143-144°, This bromophenol gave
no aaldr with ferric chloride in aleohol solution.

inal. Caled, for Oy H,0.,Br: Br, 30.39. Found: Br, 30.86
end 30.,71.
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Preparation of 2-Methoxy-S-bromodibenzofursn,

Two-tenths gram of the 143-144° melting 2-hydroxy-3-browmo-
dibsnzofuran wes dlssolved in 30 cc. of 109 sodium hydroxide
and treated with an excess of dimethyl sulfate with shaking,
then allowsd to stand on & water bath for one hour. The 0,1 g.
of product obbulned was recrystallized from s&leochol to give
white needles wmelting at 172°, This product wes identical with
the 1?26 melting bromination product of Z2-methoxydibenzofuran,

sz & mixed melting polnt showed no depression.

Preparation of 2--llyloxydibenzofuran,

In seocordence with Claisen's genersl method for preparing

811yl ethers (5b), 21.7 g. (0.118 mole) of 2-hydroxydibenzofuran,
17.9 8. (0.130 mole) of anhydrous potassium carbonate, 15.7 g.
{0,130 mole) of sllylbromide, and 30 ce. of acetone were placed
in & 300 ¢e., Erlenmeyer flask fitted with an efficlent condensar
and refluxed gently on a water beth for six hours, ‘“ater was
then added to dissclve the solld residue and the solution
axtracted with ether, The ether layer was separated and twlice
extracted with 109 sodium hydroxide to remove any unchanged
phenol, After drying over snbydrous potasslum carbonate, the
solvent was removed and the allyl sther distilled under reducad.
pressure, Nineteen and three-tenths grauns, a 724 yield, of &
heavy yellow liquid distilling st 178-180° / 4mm, was obtalned,
In another run the yleld wes 88%. No allyl ether rearrangement

took plaee during the distilletion &s 1s sometimes the case (5b},



for the distillaete was insoluble in dilute sodium hydroxide.
25
The constants, n 5 1.6248, and 4 Eg 1.1553, give a
found molar reactivity of 68,53 while theory reculires a value
of 65,09, an exaltation of B3.44 unlts being exhibited.
Anal, Caled. £Or C,sH,,0,4: C, BO.32; H, 5.40. Found:
C, 80.32; H, 5.45.

Rearrangement of 2~illyloxydibenzofuran,

Agcording to Claisen's general method for rearranging
allyl ethers (5b), 56.8 g. (0.164 mole) of 2-allyloxydibenzo-
furan wes placed in & BO co. Erlemmeyer flask equipped with a
small air condenser through which & thermometer was lowered
until the buld wes immersed in the liquid. The flask was placed
in & metael bath in which & thermometer was suspended. The
mgtal bath was heated with & small flame, As the temperature
of the mstal bath incressed, the temperature of the liqguld also
inereased but with a lag of sbout ten degrees, ‘hen the outer
temperature reached 220°, an exothermie reaction occurred,
the innér temparature rising rapldly to 230°, The outside temp=-
erature was raised to 230° and held thers for fifteen minutes,
On cooling, & gquantitative yleld of dilute alkall soluble
product was obtained, Acidification of the alkaline solution
with hydroshloric acid yielded s gray solid melting &t about
75°., Three recrystallizetions of the erude product from
petroleum ether (b.p. 60-68°) gave 15.4 g., a 34% yield, of

beautiful colorless needles melting at 82-83°, Further



reacrystaellizastion from potrolews ether resulted in a constant
melting point of 83°. 1In another run, the orude product was
first purified by vecuun distilletion, the materlal distilling
constently at 173° / Smm. Isomers were ssarched for but not
Tound,

Aecording to Clsiszen's rule (5d), this allyl-phenol nmust
be either leallyl- or 3-allyl-2-hydroxydlbenzofuran, It ls
shown below that the sllyl group is not in the S-poeition,
henes 1t must be in the l-position. No coloration was shown
by thisg allyl-phepol on the addition of ferric chloride to an

sloohol solution.

Anal. Calod. for C,el, o0s G, 86.38; H, 5.40, PFound:
¢, 80.81; H,5.50.

droxydibenzofuran,

Six and seventy two-hundredths grams (0.03 mole) of 83°
melting le-cllyl-2-hydroxydlibenzofuran was dissolved in a solution
of 4,0 z. of sodium hydroxlde 1n 100 cec., of waler, then 7.4 cc.
of dimethyl suifate was added in ssveral portlons with vigorous
shaking. After allowing the resaction to stand one hour, the
praciplitated white solid was flltered off and washed with
water. Seven and four-tenths prems, & guantitative yleld, of
leallyl=-2-methoxydibenzofuran melting st 56~ﬁ6.5° was obtained.
Several rescerystellizations from petroleum ether (b.p. 28-38°)
gave lsrge prismetic crystals melting et 67-68°,

Apnal. Caleod, for C, (i, ;0. C, 80,643 H, 5.935, Found:
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¢, 80.48; H, 5.62.

Allylation of Z-iethoxy-l~dibenzofurylmegnesium Bromlde

While most alkyl halides do not react with the Grignard

reagent, Tiffernsau (22) found thet &llyl bromide and other
g¢. B ~unsaturated halides couple smoothly with it.

hecordingly, the Grignard reagent of the 117-118° melting
l-bromo-2-methoxydibenzofuran was prepared by reacting 13.8 g.
{0.05 mole) of the bromo-methoxy derivative, 2.43 g. of 40-80
mesh magnesium, oﬁ@-ﬁalf ec. of p-butyl bromide, end a orystal
of 1odine in & solution of 75 ce. of anhydrous ether and 75 ec.
of dry benzene in an atuwsphere of &ry’nitragan. The reaction
started readily after a few minutes of heatingy after sponteansous
refluxing subsided, heating over & hot plate was continued for
one hour. On cooling, the Grignard reugent was transferred
under dry nitrogen through a plug of gless wool into a 250 ce.
three-necksd flask equipped with a meroury-sealed stirrer,
condenser, and & dropping funnel, An excess of ellyl bromids,
12.5 co., was edded dropwise with stirring. 4 slight warning
was noticed, After refluxing for one hour, the reaction mixture
was hydrolyzed by pouring on ice and hydrochlorie acid; the
ather layer separated and washed with water and 10% sodium
hydroxide, then dried over anhydrous sodium sulfate, After

removal of ether and excess allyl bromide, the product wes

{22} Tiffeneau, Compt. rend., 139, 482 (1004).



distilled under reduced pressure. Elght and eight-tenths

grems, & 744 yleld, of oll distilling at 155-161°/ 4-5mm, was
obteined, This oil soon turned to & solid melting at 80-65°,
Two recorystalllzaetions of this solld from petroleum ether

(b.ps. 28-38°) ylelded colorless massive prisms meltling at 67-68°,
This compound was found to be identical by the msthod of mizxed
melting polnt with the 67-68% melting sellyl-g~methoxydibenzo-
furen sbtained by the Claisen ullyl ether rearrangement of 2
allyaxyﬁih@nmafuran and subsegquent methylation.

' Aceording to Gl&iaén*a rule {(54), rearrangement of 2
allyloxydibenzofuran can yield only l- gg& Seallyl-2«hydroxydi-
benzofuran, But this sllyl-methoxy derivative came not from the
authentic 172° melting 2~-methoxy-3-bromodibenzofuren, but from
ite 117-118° melting isomsr, It is elear by the method of
exclusion that oniy the l-position can be involved, and the

structure of the above compound, therefore, is l-allyl-2-lethoxydie

bengofuran.,

yl-2-hydroxydibenzofuran,

In accordance with the directions given by Clalsen (5¢) for
the 8llylle rearrangement of g-allylphenol to g~-propenylphencl,
2.0 ge {0.009 mole} of le-asllyl-2-hydroxydibenzofursn was dis-
solved in 6 ce. of & satureted methyl sleoholle solution of
potessium hydroxide in a 25 ce. ﬁrlénmey@r flesk, About one=
half of the methyl aleochol was removed by distillation, then
the flesk wes plaeced in an oil bath snd refluxing continued at



160-170° for two hours. The reaction mixture wes dissolved in
water and the solution filtered hot, On acidificetien with
hydrochlorie scid, 1.9 g. of &n ammorphous solld melting at
£6-90¢ was obtained, Tﬁra@ reerystallizations from petroleum
ether (b.p. Bﬁ»ﬁ@“} followed by one from dilute methyl aleohol
yielded white needles melting &t 94-95°, Thie phenol gave
no coloration with ferric chloride in selcohol solution,

bnal. Caled. for C,,.H,,0.: C, 80.32; H, 5.40. Found:
€,80.27; H, 5.37.

Preparation of 2-WMethoxy-3-allyldibenzofuran,

The Grignard resgent of the 172° melting 2-methoxy=3-
bromodibenzofuran wes made in the customary manner by resacting
13.8 g« {0.05 mole) of the halide, 2.4 g. of megnesium turnings
in & mixture of 75 ec¢. of anhydrous ether and 75 ec. of dry
benzene. In order to start the resaction, 1t was necessary to
add a little p-butylmegnesium bromide. After refluxing for
one hour, the solution wes flltered from the magnesium 1ﬁto
snother flask, and an excess of allyl bromide (0.07 mols) was
added slowly, then refluxing was continued another hour. Thé
reaction mixture was hydrolyzed by pouring into ica.and dilute
sulfuric aecld. The sther-benzens layer was washed with water,
then dried over snhydrous sodium sulfste. After removal of
the solvent, the product wa.s distilled under rsduced pressure,
Seven and nine~tenths graus, a 6&% yield, of & heavy yellow

oil distilling et 155-159°/ 4mm. was obteined. This oll did



~35~

not solidify on standing. Ir order to meke sure that no
volatile impurity as Z-psthoxydibenzofuran was present to
impede solidification, the oll was subjected to steam distil-
lation, and a small amount of wolatile impurity went over,

When the steam distlllete wes cleer, the residual oll was taken
up in ether, dried over anhydrous sodium sulfate, snd redistil-
led. This time the product distilled more comstantly at 158=-
159°/ 4mm. However, no solidificatién of this oll took placs,
even after loug stenuing in the ioe box.

Theory regulres a mmlar’r@fractiVity of 69.51, while the
determined constants, niﬁ, 1.82681 and &%g s 1.1488, glve a
found molar refrectivity of 73.38, en exaltation of 3.87
units., This exaltation is in the sume order of magnitude as
thaet of 2=allyoxydlivenzofuren which was found to be 3.44 units,

Apal, Caled, for C,  H, ,0g: €, 80.64; ¥, 5.93. Found:

c, 80,03 end 79.90; K, 5.79 and 5.75,

xvgmsff (23) showed that the presence of salkylmesgnesium
halides catalyzed the oxidation of erylmagnesium halides,
resulting in an improved yleld of the phenol.

Accordingly, the Grignard rsagents of l-bromo-8~methoxydi-
benzofuran and n-butyl bromide wers prepared simultansously by

reacting in the customary manner 42.4 g. (0.15 mole) of the

(23) Ivenoff, Bull. sce. chim,, 3¢, 47 (1926).
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Tormer halide dissolved in 75 ee. of dry benzens, one
squivelent, 20.6 g. of the letter dissolved in 100 ce, of
dry ether, and 10 g., of magnesium ﬁurminga. After the finsl
rafluxing to complete the formation of the Gripgnard resagents,
the solution was cooled to 0° in en ice~salt bath., Dry oxygen
way passed oveyr the surface of the solution at 1-2 bubbles
per second with stirring untll & negative color test was obtalined.
The reaction mixture wes hydrolyzed by filtering through glass
wool into lee and hydrochlorie scid., The ether-benzene layer
was extracted with two 100 co. portions of 10% sodium hydroxide,
and the slkaline solution washed with ether. The alkaline
solution was warmed to expel the dissolved ether and filtersd
hot. Acidification with hydrochlorice acld ylelded 28.9 g. of
grude l-bydroxy-Z-methoxydibenzofuran es e brown amorphous
solld melting at 108«110°, ‘The yleld of phenol for this type of
reaction was unusually good, being 71%. Reerystallization from
307 slechol gave a 1light ten crystalline solld melting at 110-
111° while & further recrystallizstion from petroleum ether
(b.p. 80=-68°) resulted in colorless nesdles melting at 1lll-
111,5°,

anel. Caled. for Oy H,005r €, 72.87; H, 4.71. Found:
¢, 72.88; H, 4.61.

l-Hydroxy-2g-methoxydibenzofuraen in aleohol solution glves
& reddish color with ferrie chloride. It is also rather un-
stable in alkeline solution, & deep brown color being developed

and & dark brown insoluble substence belng deposited slowly,
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Reasoning by anslogy with [ ~msthoxye o -naphthol (23b), thise
instebility in alkell is indlcatlive of the ortho relstionship
of the two substituent groups. le-Hydroxy-4-methoxydibenzofuran,
deseribed later, does not exhibit this instebllity in alkall.

An unsucceessful attenpt wus umsde to prepers l,2-dlhydroxy-
dibvenzofuran by hydriodlec aeld cleavege of ths methoxyl group.
Only &n alkall insocluble purple resin wes obtalned.

Preparation of 1,2-Dimethoxydibenzofuren,
This compound was prepared for its possible value for

reference purposes in the determination of orlentation of 1~
substituted derivatives, One and sixty five-hundredths grams
(0.0077 mole) of l-hydroxy-2-methoxydlibenzofuren, 1.75 g.
(0.0125 mole)] of anhydrous potassium carbonate, 0.93 ce, of
mathyl lodide, and 5 60, of aestone were placed in a 185 ce,
Erlemmeyar flask squipped with an efficient condenser and ree-
fluxed on a water bath for elight hours, The produet was taeken
up in ether, then steam distilled., One and forty seven-hundredths
gromé ( sp 83% yield) of & white erystalline substance melting
at 75-79° was obtalned, One recrystallization from petroleum
sther (b.p. 28-38°) ylelded colorless orystals melting sharply
at 79°,

Ansl. Caled. for C, J, .04t €, 78.85; H, 5,30, Found:
C, 73.83; H, 5.13.

(2%b} Bezdzlk and Friedlander, Monatsh., 30, 283 (1909¢).
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Preparation of lanrbazgnaamﬂgﬁaxz&ihaazafurang

The Grignard resgent of 36.6 g. {(0.15 mols) of 1-bromo-2-
methoxydibenzofuran in 300 ce, of 1l:1 ether and benzene
solution wes made in the customery meanner, the sddition of one
ec. of n-butyl bromide belng required to start the reaetlion.
Cerbonation was offeoted by Tlltering the Grignard solution
under ary nitrogen Into an excess of s0lld esxrbon dioxide. The
addition produect was hydrolyzed by eddling ice and hydrochloric
acid, The scid, belng rather insoluble in the ether-benzene
solution, was flltersed of7 directly, washed with dilute hydro-
 ehloric aecid, then taken up in werm dilute sodium hydroxide
solution., The filtered sclution was acldifled with hydrochloric
acid, In this menner, 17.2 g. of ucld melting at 152«157°
was obtalned, Alkall extrasction of the ether~benzene layer
jialda@ an addlitional 7.8 g. The totael crude yield was 25 g.
or 70%. Severs). recrystallizations from benzene ylelded white
needles melting at 156-157°, |

Anal. Caled. for O, H;0,0,.1 C, 69.40; H, 4.16. Found:

C, 69.37; H, 4.05. |

H. L. Bebb, in thls laboratory, found this acld to be
identical with one of the two acids which he obtaired by“gr
butyl-lithlum metalstion of Z2-methoxydibvenzofuran and sube
seguent carbonation., The m@thyl ester was prepared by him and

Tound to melt &t 99.5-100°.

Preparetion of g-lMethoxy-3=-carboxydibenzofuran,
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The Grignard resgent of 20 pg. (0.072 pole) of B«methoxy-.
S=bromodibengefuran in 150 oc. of a 1+l mixbure of anhydrous
ether snd dry bsnzen2 wus mede in the customary menner, a 1ittle
n~butylmegresivm bromide being wdded to stert the reactlion,
AfTter ecarbonation with dry lece and hydrolyelis with édillute
hydrochlorie azcid, the solid aeld wes found Insoluble in the
ether~benzene selution, so it wes filterxed off directly. Ten
and one-half grems, a 80% yisld, of white s0lid melting at
204-207° was obtained. Recrystallization from 500 cec. of
sleohol gave 8.8 g. of nsedles malting at 206-207°, An ade
ditional resrystallization from 700 ce. of toluene dld not ralse
the melting point.

Anal, Caled. Tor € H,o0,t C, 69.40; H, 4.16. Founds
C, 689.22; H, 4.05.

This weid was found by R. L. Bebb, in this laboratory, to
be identleal with a second acld obtained by n-butyl-liithium
metaletion of 2-methoxydibenzofuren and subsequent cerbonation,

The methyl ester, prepered by him, melted at 122,5°%.

Preparation of Z~-NMetloxy-Bebromodibenzofuran,

This compound was prepared by the diphenyl ether ring
closure method employed by HoComble and co~workers (4) in the
synthesis of 2-chloro-, 2~ and 3-bromo-, 2,8edichloro-, 2,8«
dibromo-, 2,7-dibromo~, and Z2-chloro-7-nitrodibenzofurans.

The monomsthyl ether 6? hydroguinone was prepared according
to the directions of Tieman and liller (@4). The potassium
(24) Tieman snd Miller, Ber., 14, 198¢ (188l1).
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salt was made by adding & caloulated gquantity of potassium
hydroxide to & methyl aleohol solution of the p-methoxyphenol
and throwing out the salt by dlluting with ether.

2-Ni tro~4-bromo-4 ‘methoxydiphenyl ether w&a prepered by
heating directly in e 250 cc. Erlemmeyer flask jmmersed in an
oil bath 8.8 g. (0.054 mole) of potassium p-methoxyphenoxlde
and 15.26 g. (0.054 mole} of nitro-p-dibromobonzene at 170°
for two hours. On cooling, the crude product was extracted
with ether and unreacted nitrofgr&ibramohenzane {22 o) TE-
moved by eteam distilliation, The residusl oily substance was
taken up sgaln in ether, drled over sodlum sulfete, and the
ether removed by dlstillation., 4An oily residue of 12.9 g.
(0,04 mole) was obtained.

Reduction of ithe crude Z2-nitro-4-bromo-4‘'-methoxydiphenyl
ether was sccomplished by dlssclving the crude sther and 29.6
g» of stannous chloride in 300 ¢c, of sther, cooling in an loe

bath, and introducing & streanm of dry hydrogen ohloride just
under the surface of the ether solution for three hours with
stirring. The sther sclution was transferrsd to 8 one-liter
Erlemmeyer flask, coolsd in an icd-sslt bath, and detinned by
eautious addition, with shaking, of fceecold 30% szodium
hy@roxide solutlon, When both laysrs were clear, the ather
solution was washed with water and the amlne extracted with
several 100 ce,. portions of 104 hydrochloric aeid.

The hydrochlorie aeid solution of the amine hydrochloride

was cooled to ¢° and diazotized by adding 10% sodium nitrlite
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solution until a positive starch-potassium lodide test was
obteined,

Ring closure wes effected by adding the dlazonium chloride
solution dropwise to 200 ce. of boiling 504 sulfuric scid
solution contalned in a 500 ce. distillingAflask. A white
s0lid began immediately to colleet in the condenser., Jster was
added from time t0 time to keep ths volume of liquid égﬁstant.
Distillation was continued until no more solld ceme over. The
white s0lid (1.2 g.) melting at 70-80° was treated with hot
dilute sodium hydroxide to remove any phenolie products that
might have been formed., The product was then recrystallized
from dilute alcohol, and a colorless crystalline substance
melting sharply at 92,5° was obtained. The purified yield was
0.94 g, or 8%, based on the crude nitrodiphenyl ether derivative.

To demonstrate thet & dibenzofuran compound had been
fcrmﬁd, the ring closure product was dehalogenated catalytical-
1y {24e). One-~tenth gram of the ring closure product wes dis-
solved in 25 occ. of 10% methyl alcoholie potassium hydroxide,
and G?S g« of palladium-calcium carbonate catalyst added, The
suspension was shaken for two hours in an Adems hydrogenation
apy&r&ius under & pressure of 34 pounds of hydrogen. After .
filtering, the alcoholic solution was steam distilled. An
oll came over, which on standing in the ice box, deposited

erystals melting at 44-45%°, This solid was found identicsel,

(24a) Borsche and Stowe, Ber., 49, 1063 (1916),
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by mixsd melting point, with the 48-470 melting B-methoxydi-
benzofuren, This fact snd consideration of the mode »f
synthesis leud %o the eonclusicn thot the ring closure product
can he only 2-wethoxy-8-bronodihanzofuran {23).

Anal. Caled, for ©, H ,BroGy: 3Br, 88.85; 00M,, 1l.19%9.

Found: Br, 29.21 and £9,25; 00H,, 11.10 and 10.90.

Bromination of 4-Hydroxydibenzofuran,

4-liydroxydibenzofuran hes been prepared in 35% crude
yield by the oxidation of 4-dibenzofurylsodium (26). The
writer obtained a crude yield af’écwaﬁ% vy the oxidation of
4=dibsnzofuryl-lithium. Howsver, applying the modification of
Ivanoff (23}, it was found tiat the addition of one eguivalent
of n-butylmsgnesium bromide prior to oxidation increased the
vield of crude phenol to 35%,

In the bromination, 5.52 g. (0.03 mole) of 101-102° melting
4=-nydroxydibenzofuren was dissclved in 60 ec. of glacial acetic
acid. To this solution at room temperature was added 30 ce.
of a molar solution of bromine in gilaelal acetic acld. The
bromine was taken up readily. After allowing to stand one
~hour, the solution was diluted with 160 cc. of water, &nd the
so0lid that separsted was filtered off. 8lx and eight-ténths
grems, an B3% yield, of erude tan colored product melting et
(28) The writer 15 indebted to ¥.M. Hoehn for the micro-Zelssel

analysia of this e@mpmund,
{28) Gllmen and Young, J. An. Chem. Soc., §7, 1121 (1835).
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137~146° wes obbtelned. Deecclorization with norite &nd re-.
grystallization from dilute alcohol gave 5.5 g. of white needlss
welting at 145-147°, Two recrystellizations from benzene
yielded 3.8 g., & 35% yield, of long colorless needles melting
at 151,5-152°. This compound in alechol gave no color test
with ferric chloride. This moncobromo derivative 1s very
probably l-bromo~4-nydroxyéibenzofuran.

Anel., Calecd. for C, H,0,Br: Br, 30,.39. Found: Br, 30.71
and 30.80.

dethylation of leBromo-4-hydroxydibenzofuran,

1~-Bromo-4-hydroxydibenzofuran, 1.15 g., (0.0043 mole),
was dissolved in 30 co. of methyl aleochol and 100 ee, of 5%
sodium hydroxide solution added. An e¢xcess of dimethyl sulfate
was added with shaklng and the soluticn allowsd to stend on s
water bath one hour, Ninety slght-hundredthe gram (an 819
yleld) of l-bromo-4-methoxydibenzofuran melting at 96-97° was
obtained, Two recrystallizetions from aleohol geve colorless
reedlss melting at 97-97.5°. |

Anal, Celed. for C, zHg0,Br: Br, 28.85. Found: Br, 20,10
and 29.15.

Preparation

of l-bromo-4-methoxydibenzofuran,
Brouinstion of 4-metlicxydivenzofuren was found by P.T.

Parker, in this lsboratory, to go smoothly glving an sxeellent

yield of bromo-4-methoxydibenzofuran ldsntiocsal with that prepared

by methylation of l-bromo=-4=-Lydroxydibenzolfurun,



- 44 -

Twenty-seven and flve-tenths grams (0.139 mole) of 4
mﬁthaxydib@nzofnr&n (26) was dissolved in 200 cc. of glacial
acetic acld, and brominated by adding 139 cc., of & molar
solution of bromine in glaelal acetic seid., Aifter allowing
the solution to stand for one hour, it wes diluted with water
and the precipltste was flltered off, The crude materisl was
dissolved in 300 cc. of hot alcoholj on cooling, 33 g., an
86% yleld, of colorless needles meliing at 97-98° was obtained.
The high yield snd ease of purification of this compound indiocute
that there 1s very little if any isomer formstion In the

bromination of 4-methoxydibsnzofuran.

Preparation of l—ﬁy&roxy~4»methgxxngbanchuran.

The Grignard resgent of 27.7 g. (0.10 nmole) of l-bromo-4-
methoxydibenzofuran was prepared by refluxing 2.7 g. of magnesium
turninges in 200 ce. of & 1:1 mixture of anhydrous sther and dary
benzene, The addltion of one ec. of n~butyl bromide was neca§~
sary to start the reaction. One eguivalent of p-butylmegnesium
bromlide was then amdded, the reection mixture cooled to 0°, and
oxidetion effected by pﬁsaing in dry oxygen gas et the rate of
about two bubbles per second. At the appearance of a negative
ualar test, the addition product was hydrolyzed by filtering
the solution through & plug of glass wool into & mixture of ice
and hydroohlorie weid. After washing with water, the ether-
benzene layer wes extracted twice with 109 sodium hydroxids
solution., Acldification of the elkaline solution with hydrochloric
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acid yielded 8.5 g., & 39% yleld, of brown solid melting &t
145-150°, The erude product was decolorized with norite in
aleohol solution, &nd rserystellized twlce from 10% alcohol to
give colorless nsedles melting sharply at 155°. 4n sleohol
solution of this compound guve & green coloretion with ferric
ehloride, It 1s also much more stable ln alkaline solution
than the cerr@&pauﬁin@ l-hydroxy-2-methoxydibenzofuran,

Anel. Caled. for O, ,H,004:  C, 72.87; H, 4.71. Found:
o, 72.75; 1, 4.73.

Sreparation of 1,4-Dibydroxydibenzofursn,
Two-tenths of & gram of l-hydroxsy-4~methoxydibenzofuran

wag cleaved by refluxing two hours with 5 cc. of constant
boiling hydri@éiﬁvaaid‘in the presence of & small amount of red
phosphiorus, On dilution with water & brownish solid sepsrated
out, This solid was teken up with dilute sodium hydroxids,
filtaf@a, and repreclipltated with hydrochloric acld, The crude
brown solid melting at 200-210° was recrystallized twice from
water to glve & suell amount of light tan erystalline solid
melding at 217-818° with decomposition. A deep yellow coloration
was produced by adding ferrie chlorlde to an aleohol solution,
Anal. Caled. for C,, H ‘{},: c, 71.66; 1, 4,03. PFound: C,

8
72,203 1, 4.18.

Preparation of 1,4~Dimethoxydlbenzofuran,

Filve grams (0.0233 mole) of l-hydroxy-4-msthoxydibenzofuran
was dlssolved in dilute sodium hydroxide solution (1.4 g. (0.035
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mole) of sodium hydroxide in 150 cc. of water) and 2.8 oc. (0.03
mole) of dimethyl &ulf&t@ was added with sheking. The
product that saparated was steam dlstilled with superhsated
steam. The 2.9 g., a 54% yleld, of solld obtained from the
distillate melted at 77-77.5°., Recrystallization from
petrolsum ether {b.p. 80-68°) gave 2.1 g. of colorless prisms
melting sharply at 78.5°,

Anal, Caled., for O, H,,0,: ©, 73.65; H, 5.30. TFound:
c, 73.96; H, 5.24.

Preperation of 4-~iminodibenzofuran.

4-Aninodibenzofuren has been made by ¥W.G. Bywster (20, 27)
by gmination of 4-hydroxydibenzofuran with zine chloride and
ammonium ehloride, and by the Hofmenn degradetion of 4-dibenzo-
furanecarobxylic ecid smide, the yleld in the former case belng
164, and in the latter 30-50%, bused on the amide actually used
Up.

L.C. Chensy, in this laboratory, has devsloped & method
for preparing the 4~amine by amination of 4-bromodibenzofuran
with ammcniﬁm hydroxide and cuprous chloride in s steel bomb
at 190-200°, His yleld of pure smine was 50-60%.

| The writsr hag employed & mo&ified Hofmann reaction adapted
from Jerfreys® procedure {28) for preparing p-nitroanlline
from p-nitrobenzemide, The reaction is carrled out in methyl

(27) Kirkpatrick and Parker, J. Am. Chem, Sos,, 57, 1126 (1935).
(28} Jeffreys, Am. Chem. J., 28, 14 (1899),
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aleohol solution, the methyl urethane being formed., The urethane
15 converted to the amine bty heatling with four times its welght
of slaked lime.

9 | 0
R-0-MH, + Br, + B2NaOCH, m=we=w-m> R-NH-8~0CH, + 2NaBr + CH,OH

O +
R-NH-G-0CH; + Ca(0H), =memmme=m—- R-FH, + CaC0, + CH4O0H

Ten and six-tenths grams (0.0% mole) of 4~dibenzofuran-
carboxyllc acid amide preparsd aegording to directions of VW.G.
Bywater {(20) was suspended in 100 cc. of méthyl aleohol., To
this was added the sodium methoxide solution prapa?ﬂd by dise
solving 2.3 ¢. (0.1 g. atom) cf‘émdium in 80 c¢o. of methyl
sloohol. Bromine, 8.0 g. (0.05 mole), was then added slowly
with shaking, whereupon practlically sll the solid went rapldly
into sclution. To complete the reaction, the solution wes re-
fluxed for one-hslf hour. During xh& refluxing, & precipitate
of the ures appeared which ¢aused vigorous bumping,., This was
filtered off end refluxing econtinuved. The solution containing
the msthyl urethene was poured over 38 g. of ocgleium hydroxide
in a large evaporating dlsh, and allowed to atand on the steam
plate until dry. To the dry lime mixture was addsd the 2.1 g.
of the urssa previously obtained, and the whole mixture thorough=
1y pulverlized, The dry powdered solld was placed in a 125 cc.
Erlemmeyer flask snd hested in &n oll bath for one and one~half

hours at 200~210%, The light brown colorsd contents were then
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extracted with ether end the emine hydrochloride precipiteted
with dry hydrogen chlorids, The &aiaa hydrochloride (8.5 g.)
was dissclved in hot water, filtered, and on cooling to 60°,
the axine wes thrown out by the addition of an excess of
emmonlium bydroxide. The yleld of partielly pure amine melting
at 80-81° was 5.0 g. or 54.4%. In seversl one~tenth mole

runs, worked up together, the yield of anine was 58,7%.

Bromination of 4-igetemipodibenzofuran,

Twenty-two and five-tenths grems (0.1 mols) of 4-acetamlino-
dibenzofuran (27}, prepared by acetylating the amine in benzene
solution with scetle snhydride, was dissolved inm 300 cc. of
glaclial scetle acld, snd 100 cc. of a molar solution of bromine
in glacial amcstlo acld added slowly with stirring. The bromine
wes taken up readily and a yellow pr&sipit&té appeared. ifter
allowing to stand for one hour, the reaction mlixture weas diluﬁed
with water to one liter and the product filtered off, A
guantitetive yield, 31.1l g., of monobrominated derivetive melting
at 222-224° was obtalned, Several recrystallizations from
%ﬁluana'ylaiﬁeﬂ & crystalline solid of pearly lusﬁer mnelting at
228°, This compound is very probably l-bromo-4-acgetaminodibenzo-
Turen.

Anel. Celed. for C, JH,,0,NBr: Br, 26.256. Found: B5Er, 26,23
and 26.41,

Hydrolysis of l-Bromo-d-acetaminodibenzofuren,

Twenty one and four-tentins grems (0.07 mole) of



l-bromo-4-acetaminodibenzofuran was refluxed two hours in a
solution of 40 g. of potassium hydroxlde In 400 ce. of aloohol.
The solution wes then dlluted with 400 cc. of hot water. On
cooling in the ies box, 16.2 g., an 89% yleld, of l-bromo-4-
aminodibenzofuran melting at 118-118.5° was obtalned. A further
recrystallization from dilute aleahél rallowea by one from &
mixture of benzene and petroleum ether [b,p, 680-68°) gave fine
colorless needles melting at 119-120°, The highAyield of
relatively pure crude product ie indlestive of the smcothness

of bromination end ebsence of lsomer formstion.

Anal,. Caled, for Gz,ﬁgﬁﬁﬁr: Br, 30,81, ¥ound: Br, 3C.82.

Conversion of l-Bromo-4-uminodibenzofursn to l-Bromo-4-hydroxy=

dibenzofuran.,

Six-tenths of & gram (00,0025 mole) of l-bromo-i4-~aminodibenzo-
furen was Glezotized by adding the well powdersd amine to &
solution of 0,17 g. of sodium nitrite in 75 cc. of concentrated
sulfuric acld cooled to 0°, The solution was diluted by the
acdition of 40 g. Qf ice, sllowed to stend one hour, then poured
over %5@ £, 0f lee,. The solution wes [illtered awsy from &
small emount of inscluble residue end added dropwlse tb &
boiling solution of 75 g, of copper sulfate in 300 ec. of water
conteined in & 500 ce. distilling rlésk. The dlstillation weas
gontinued, the volume being held canat&nﬁ, until no more aolié
came over, Of the crude bromo-phenol, 0.15 g., a 25% yleld,

melting at 147-150° was obtained. Recrystallization from



benzene snd petroleum ether (b.p. B0-68°) guve a melting point
of 152”. This compound was found by mixed melting point to bve
ldentiecal with the 151.5-158° melting brominstion produect of

4=-hydroxydibenzofuran.

Preperstion ardggﬁramgggbenzafugggA

Thirteen end one-tenth grams (0.08 mole) of l-bromo-4-
aminodibenzofuran (m.p. 118-119°) was bolled with 800 cc. of
104 hydrochloric &cid to form the hydrochloride, The suspension
of the hydrochlorids was cooled to 0, and diazotized by the
addition of 3.83 g. of sodium nitrite dissolved in 50 coc, of
water, The solution wes sllowed to stend one hour 1n en lce
bath,

Removal of the diﬁzmnium chloride group was sccomplished
by the method of Mei (2¢). To the lce-cold suspension of the
yellow crystalline dluzonium chloride was added 80 cs. of 507
hypophosphorous acid, whereupon nitrogen begsn slowly to be
svolved, The reaction was completed by allowing to stand threse
Gays in the icebox with oocasionel shaking. The grayish yellow
s011d wes filt@:a& of f and steam éiatilleé. Hine and sixty
six-hundredths grams, a 78% yield, of colorless l-bromodibenzo-
furan melting at 63~6?‘ was obtained., Ceveral recrystallizations
from petroleum ether (b.p. 28-38°) gave large prisms melting

| constantly at 67°, By the method of exclusion, this compound



was proven to be l-bromedibenzofuran. In & mixed melting
point with the 72° melting 4-bromodibenzofursn, & depression
wus noted.

Anel. Caled, for O, ,H,0Br: Br, 32,35. TFound: Br, 32.30

Preparation of l-iminodlibenzofursn,

Two grams (0.008 mole) of l-bromodibenzofuran wes aminated
by heating in & scaled tube with 2 g. of cuprous bromids and
10 ce. of concentrated smmonium hydroxide st 230-240° for ten
hours, Ou eooling, the contents of the tube weres extrected
with ether, the ether solutlon weshed with weter and dried over
sphydrous sodium sulfate, Of the amine hydrochloride, pre-
cipltated with dry hydrogen chlorids, (.49 g. was obtuined,
This was dissolved in 20 co. of hot 2% hydrochlorie acidj the
solution was decclorized with norite, and filtered hot, The
free sxine wese preclplteted in grayish white needles by addition
- of ammonium Lydroxide. 7The yleld of erude euine mslting st

Pe73% was Cued g OF 24%. Orne reocrystallizstion from 4ilute

methencl furnished white needles melting st 74°, |

Anal. Caled. for C,,HyON: N, 7.685, TFound: N, 7.84 and
7.86. -

While the 2~, J-, &nd 4-sminodibenzofurens are without
odor, it is interesting to note thet the l-amlne does possess
g slight odor simllar to that of ol -paphthylamine., Pharmeaco-
logleal tests carried out in the leboratory of Parke-Davis Co.
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reveal theat leaninodibenzofuren hydrocliloride hss am analgssic

getion simllar in degress to that of acetylsallieylle acid,

Preparction of l-iceteminodibenzofuran,

One-tonth of & gram of le-srinodlibenzofuran wes dlssolved
in & small amount of warm petroleum ether (b.p. 80-68°) and a
siight esxcess of acetic anhydride added. In & short tine, 1-
acetuminodivenzofuran was preciplitueted as a white amorphous
5ﬂlid’mﬁlting at 205°. ﬁaeryat&lliz&tian fram\?@% aleohol
yieldﬁd‘fin& white necdles melting sharply at 208°.
éggé, Culed. fﬁr-8x¢ﬂxgﬁ,ﬁ: ¥, 8.28, Found: H, 6,38 and

ﬁaég’u

Preparation of l-llydroxydibenzofuran,

l-Dibvenzofurylmagnesium bromlde was prepared ia»th@ presence
of one eguivalent of n-butylmegnesium bromide by reacting in
the customery mepner €.56 g. (0.039 mele)} of l-bromodibenzofuran,
4.3 co. of gpbutyl‘br@mié@; end 5 g. of nmagnesium turnings in
& mixturs of 70 ¢c. of anhydrous ether and 70 cc, of dry benzene,
Iﬁ order to escertsin the formation of the aryl Grignard reagent,
1 cc. of the solution was hydrolyzed and steem distilled to
yi&l& & suall amount of dibenzofuran. Oxldatlon wes effected
by pessing dry oxygen inte the well stirred, lee-salt cooled
reasction mixture until a nag&tive eolor test was obtained, The
resction mixture was filter&é through a plug of gless wool into

dilute hydrochlorie acld, and the ether-benzene laysr washed
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with water. The pherol wes teken up In dilute sodium hydroxlds
gnd preceipltated by the addition of hydrochlorie aecid. The
yield of 1i.ht tan colored l*hy&rwxyéibanzofuran melting at
138.5-140° was £.42 g. or 3l%. Recrystallization from about &
liter of wsater furnished & gray crystalline sollid melting st
140~140.5°. Of the 2-, 3~-, and 4~hydroxydibenzofurans, the one
nelting closest to l-hydroxydibenzofuran is 3-hydroxydlbenzo=-
‘furan (m.p. 137-138%). On teking & mixed melting point of the
latter material with 1»hy&r9xy@ihenzerﬁran, & depression of
ten degrees was noted. In aleohol solution, l-hydroxydibenzow
furen gava &/pﬁrplﬁ color on addition ar‘farria chloride.
ggg&& Calcd. for C,,.Hu0,: C, 768.24; H, 4,38, Tound:
G, 78.54; H, 4.53.

Brominetion of l-Hydroxydibenzofuran.

Two and four-tenths grome (0.013 mole) of l-hydroxydibenzo-
furen was dissolved in 50 ceo. of.glaalal scetic acid and 13 oo,
of & molar sclution of bromine in glacial acetic acid wes
added at room tempersturs, The bromine was teken up lmmediate~
l1y. The solid product, 3.42 g., which eame down on dilutiom
with wat=r ropresented & guantitative yleld of erude bromoe-l~
hydroxydivenzofuran melting at 94~145°., This wes refluxed with
1850 ee. of 50% sleohol and all %ént into solution exoept &
small amount of grayish residue, On eocoling, 2.2 ge of a
white erystalline substence melting at 103~115° was obtsined,

Aslternete recrystallizetions from 1:1 benzene-petroleum ether



- Bh -

(bups 60=88°) and 50% sleohol reised the nelting point to
111-118°, Turther efforts to obtain from this fraction &
definite compound were wlthout avall,

On diluiion of the mother liquor frowm the dlluts aleohol
recrystallization of the erude material, 1.0 g. of sollid mslting
at 150-165% was obtained. Rapeated recrystallization from
benzene, with great loss involved, gave dsfinite fins whits
nesdles welting sharply at 178°%°. This monobroamination product
is probably l-hydrosy-=2-bromo~ or l-hydroxy-4-broumodibsnzofuran.
The small amount avallable made it impracticable tc attempt
proof of structure by its conversion to & dimethoxy derivative
for comparison with the 1,8« and 1,4-dimethoxydibenzofurans
alrsady prepasrad. No color was developed on treating en ~leohol
solution of the 178° browination product with ferriec chloride.

Ansl, Caelod. for Oy H,0,Br: Er, 30,39, TFound: 3r, 30,24,

Preperation of l-Carboxydlibenzofuran

l-Dibenzofurylmegnesium bromide wes meds in the customary
mannay from 9.88 g. (0.04 mole) of l-bromodibenzofuran, 2 g.
of megnesium turnings, and 1 cc. of p~butyl bromide in &
mixture of 75 c¢, of anhydrous ether and 75 ce., of dry benzene,
After the Tinal refluxing, the Grignerd solution was filtered under
dry nitrogen into an excess of ﬁ&liﬁ.earbon dloxide, The addition
product was hydrolyzed by sddition of ice and hydrochlorle acld.
The ether~benzene layer was washed with water, then extracted

twice with 10% sodium hydroxide sclution,., Precipitation with
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acid Qﬂ?@ 7.65 g., & 90% yisld, of l-carbozxydibenzofuran mslting
et 250-238°, After rsorystallization from 507 aleochol, the
seid, obtalned as & white erystallline substance, melted at
232-2355°, Theory requires & neutralization equivalent of 2124
the found valus was 207. v

Anal. Caled. for C&gﬁsssz c, 73.58; B, 3.82, Tound: C,

73,76; H, 4.07.

Preparstion of l-Carbomethoxydibenzofuran.

Bsterification of l-carboxydibenzofuran was &céamgliaﬁsd
by refluxing 7.6 g. (0.035 mole) of the weld with 100 ce. oOf
methanol, cooling, and saturating with dry hydrogen chloride at
roos temperature. The solutlon was sllowed to stand twelve
hours, thsn was refluxed for two hours. On coocling, 5.2 g. of
methyl ester melting &t B82.5-83° was obtalned; dilution of the
mﬁthar liguor ylelded an additional 2 grams, The total yleld
wes 7.2 g. or 88%. Recrystallization from methanol furnished
lustrous plates melting &t 83", o

Apal, Caled. for C; M, o051 C, 74,313 H; 4‘&6. Found:

G, T4.313 8, 4.48,

Nitration of l-Cerbomethoxydibenzofuran,

Two and ons-half grams (0,011 wmole) of l-carbomethoxydie-
banzofuran was placed in & B0 ce. Srlenmeyer flask and 10 ce.
of conocantrated nltrie acid {d. 1.42) adﬁad; and the reaction
mixture shaken from time to tlme. AL first an oll came downg

thig turned solid a&ftar about sn hour. The =0l1id was broksn
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up with & glass rod and the reaction slloved to stand ovemnlight.
The reaction mixﬁura was diluted, the sollid flltered and washed
throughly with water. Ths crude yield of yellow solld melting
&t 140-181° was 2,83 grams, Four recrystallizations from
glaclal acetic acld were required to obtain a definite compound,
The purified yleld of eclorless needlss melting at 216° was
1.0 g. or 33%. Analysis revealed this compound to be & mono-
nitro derivative,

Apal. Caled. for C;;ﬁgﬁ,ﬁz N, 5,17, Found: N, 5.34 and
5.43.

Hydrolysis of Titro-l-carbomethoxydibenzofuran,

One gram {(0.0037 mole) of the 216° melting nitro-lecarbo-
methoxydibenzofuran was refluxed three hours with 75 co. of a
121 mizture of glucial ascetic acld and coneentrated hydrochlorie
acid, The reaction mizture was diluted with water and the solid
filtered off, The crude aecld was dissolved in warm dilute
alkell, filtered hot, end reprecipltatsd with hydrochlorie acid.,
The nitro-cerboxylic seld thus obtalned melted st 295-207°,
Reerystallization from glacial aocetiec acld ylelded fine ligut
yellow needles melting st 297-298°,

One-tenth gras of the nitro-acid was &eoar@bexylated by
heating st 230° for twenty minutes with 2 ce. of guinolime and
& trace of copper bronze. The guinoline was neutr&lizaa with
dilute sulfuric ucid, then the residue was Steam distilled,

The solid thet came over melted at 178-179° and was ldentified
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by mixed melting point as 3-nltrodibsnzofuran, Hsnoe, the
nitro-acld is 3- or 7-nitro-l-carboxydibenzofuran.

Anal. Caled, Tor O, H,0,N: N, 5.45., Pound: N, 5.45 and
5,38,

Preparetion of Monobromohydrogulnone.

The synthesis of 2,5-dimethoxy~2'aminodiphenyl ether for &n
attempted ring closure requlired the preparation of & number of
intermediates,

Bydroquinons wes brominated in apcordance with the directions
of Sarsuw (30). One hundred ten greme (1 mole) of hydroquinone
was dlssolved in 900 cc. of ether, then 3J00 ec. of chlorofom
wes sdded. One mole of bromine dissolved im 150 oo, of chloro-
form was added dropwise with stirring over a pericd of three to
four hours., The solution was then svaporsated in & large dish
at room tempersturs., The crude materlsal was ground to & powder
end the monobromohydrogulinone taken up by extrecting six times
with one~liter portions of hot pstroleum ethsr {b.p. 77-115%).
On ecooling, partially pure monobromohydroguinone separated out,

The yleld of materisl nelting st 105-111° was 104 g. or 55%.

Preparetion of ﬁramﬂuﬁfdim&thaxx§g§z&na‘

In secordance with tne praecdure of Votocek and Koehler

(31}, 94.5 g. {0.5 mole) af monobromohydroguinone (m.p. 105-111°)

{%0) Sareuw, Ann., 2098, 105 {168l1).
(31) Votoecek ""‘E“m“ﬁi@r, Ber., 48, 1*?@7 (mls).



- 58 =

wag dlssolved in dilute alkell (48 g. of sodium hydroxide in

500 oc. of water). To this solution was added wlth stirring

121 ce. (1.3 mole) of dimethyl sulfate. .in additlional 10 g. of
sodium hydroxids weas sdded, then the reaction allowed to continus
on the weter bath for one hour with stirring. The eruds
methylation product wes steam distilled, Thers cams over flrst
a little dimethyl ether of hydrogulnone, then the desired produet,
end finally & smell smount of the 143° melting di bromo=p-
dimethoxybenzene, The middle fraction wes taken up in ether,
dried over anhydrous sodium sulfate, and distilled twlce under
reoduced pressure, In this manner 57 g., & 52% yleld, of =

hesvy yellow oll distilling at 139-142°/ 14-15mm, was obtained.
The material wes entlrely soluble in 804 mcetie acid, which

diffarentictes 1t from the dibromodimethyl-ether,

Freparation of 2, S~Dimethoxyphenol.

The Grignard reagent of brcmaagfdimathaxybanzane was mads
in ths presence of g&butylmagn&aiam bromide. One hundred eight
and five-tenths grams (0.5 mole) of the aryl bromids, an
egquivalent guantity of n-butyl bromide, and 285 g. of megnesium
turpings in & mixture of 400 co, of dry benzene and 500 co. of
anhydrous ether were reacbed in the customary manner. ifter the
final refluxing, the reactiéonm mixture waé coolad to 0° and dry
oxygsn was introdueced at the rate of about 1~2 bubbles per second
with stirring until & negative color test was obtained, The

solution wes flltered through glass wool into a mixture of los



and hydrochloric aecid, The benzenewether layer wus weshed with
water and sxtracted with two 100 ec. portions of 10% sodium
hydroxide., The phenol was precipitsted with hydrochlorie eoid,
again t&ken ap in ether, drisd over anhydrous sodium aulfata, and
distilled under reduced pressure., Thirty three grams, a 437
yield, of a light yellow oil distilling at 134-135°/ 15 mm. was
obteined, It is soluble in the usual orgunic solvents, but
insoluble in water, In 50Y alecohol solution, this phenol
developed & reddish brown color on the addition of ferrie
ehloride., |

Anel, Caled. for sgﬁwasz’ ¢, 62.31; i, 6.54, Found:

C, 82,413 H, 6.37.

The benzoate of 2,5~ﬁ1m@thg&§§h@ncl, preparsd by &
Schotten-Baumenn reaction with benzoyl ohloride and recrystsl-
lized from alcohol, melted at 73.5°%.

Anal. Caled., for Gigﬁ;‘ﬂ‘: C, 88.73; H, H.48, TFound:

G, 69.38; H, 5.39. |

Preparation of 3,ﬁmﬁzggthaggaaiu&migadig&enzi Ether.

Thirty-three grams (0,17 wmole) of the potessium salt of
2,5-dimethoxyphenocl {(made in guantitetive yield by reacting
tli® phenol with potasssium hydroxide in wethanol solution and
throwing out with ether) was mixed intimetely with 41.2 g.
(0.204 mole} of g-bromonitrobenzene in a 500 ce. Erlenmeyer
Tlask. Coupling was effected by heating in an oil bath at

1?00 for two hours. The reaction mixture was extracted with



w B0 -

ether, the ether removed by dilstlllation, and the resldue steam
distilled to remove excess g-bromonltrobenzens. The stoam
distillation residus was agaln teken up in ether, dried over
sodium sulfete, and distillsd under reduced pressure, Righteen
grams, & 38% yield, of 2,5-dimethoxy-2'-pltrodiphenyl ether
dletilling at 190-1$3°/ 3 mm. wes obtained. Thls compound wes
not enalyzed.

The nitro-diphenyl ether was reduced with stennous chlorlds,
Eighteen grams {0.065 mole) of 2,5~dimethoxy-2'-nitrodiphenyl
ether was dlssolved in 500 ce. of ether and 53 g. {0.234 nols)
of stanpous chlorlde dlhydrate added. The ether solution was
covled in an lee bath and dry hydrogen chloride passed in for
two hours with stirring. The tin complex was braken up by
addipng slowly ice~cold 309 sodium hydroxide to ths sther solution
cooled in an ice-salt bath, YWhen sll ths white solld at the
sther-water interface hed been dissolved, the ether layer was |
separated, washed %ith Wﬁtér, and dried over anhydrous sodium
sulfate., The ether wes removed and the residue distilled under
reduced pressure. Geven grauws, & 45¢ yleld, of a heavy oil
dlstilling at 183-185°/ 4 mm,. was obtained. This oill on standing
& short time turned to & yellow solid melting at 67-70.5°. Two
recrystalilzations from petroleum ether (b.p. 60-68°) yielded
crygtaiiin@ 2,5-dinsthoxy-2t=aminodl phenyl ether melting at
72°.

inel. Caled., for Cg H, OsN: N, 5.74. Found: ¥, 5.73 and
5.99,
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Attempted Ring Closure of 2,5-Dimethoxy-2%'-aminodiphenyl Ether,

Three and four-tenths grams of 2,5-dimethoxy-2'-aminodi-
phenyl ether was dissolved in 100 ec. of 104 hydrochloric acid,
The solution was cooled to 0° and diazotized with sodium nitrite
solution (stareh-iodlde test). The dlazonium chloride solution
was dropped slowly into & boiling solution of 50% sulfuric acid
{100 ce.) contained in a 250 c¢cc. distilling flask, and the
distillation continued, The only materlal that came over was
an alkall soluble phenolie product. Apparently, instead of
tke expected coupling to give l,4~dimethoxydibenzofuran, re-
placement of the diazonium group by hydroxyl occurred.

Tebulated Results of Ferric Chloride Tests

Phanol Color

l-Hydroxydibenzofuran

light purple

2-Hydroxydibvenzofuran Green
S-Hydroxydibenzofuran Green
4-Hydroxydlbenzofuran | Green

l-EBromo-g2«-hydroxydibenzofuran None
1-Allyl-2-«hydroxydlbenzofuran None
l-Propenyl-2-hydroxydibenzofuran None
1-Hydroxy~8-methoxydibenzofuran Red
l-Bromo~-4«hydroxydibenzofursn Jone
lnﬁydrcxywémmﬁthoxydibénzofuran Green
1l,4~-Dihydroxydibenzofuran Deep yellow
Bromo=l-hydroxydibenzofuran None

2,5-Dimethoxyphenol Reddish brown
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The ferric chloride tests wsre carried out by dissolving
tﬁ@laﬁbaﬁanaa in & small assount of aleohol and adding a drop
of ferric chloride solution, Water was then sdded until the
solution began to be turbld.

l-Hydroxydibenzofuren glves & light purple color while the
2=y 2=, 4-hydroxydlbenzolfurans give & green color., This is
similar to the behavior of like nlphthalene dsrivatives, for
o-naphthol gives a violet color while [ -naphthol glves a
green color (&2},

¥uile lesallyl-2-naphthol and 2-allyl-l-naphthol both glve
a green color, l-sllyl-2~hydroxydibenzofuran glives no color.
This 1z not surprising, es soms of Claisen®s allyl-phenols
(5) give "weak snd little charasoteristic colors® with ferrie
ochloride,

{(32) Meyer, Hans, "iAnalyss und Konstitutlonsermittlung organ-
ischer Verbindungen”, Jullus Zpringer, 1931, pp. 301-302.
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CURBMARY

Brominatlion of 2« and 4-hydroxy- end 4-acetaminodibenzofurans
has been investigsated,

Evidence is presented besring on the structure of the
brominated derivetives obtained. ~

The preparation of & serias of l-monosubstituted aibenzo-
furens, the first to be reported, has been dsscribed,
Substitution resctions of several of thess derlivatives have
been secomplished,

Seversl ring closure ayntheses of dibenzofuran derivetives

have besn attempted, one successfully.
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INTRODUCTION

The term metelation has been proposed by Gllman end Young
{1) for the r&&%ﬁiaﬁ involving the replsacement of hydrogen by
& metal to glve & true organometallle compound. '

¥ueh hes been accomplished in this lsboratory in the metsal-
ation of unsaturated heterocycles. Dexrivetlves substituted in
positions hitherto not entersd by direct substitution reactions
have been made avallaeble by the rsaction of metaslation. Thus,
4-subgtituted dibenzofurans have béen made avallable by the
matalation of dibenzofuraen with p-butyl-lithium and mercurie
scetate (1l). Blologlecally signifiocant 4,6~-dibenzofuran deriva-
tives have been prepered by treatment of dibenzofuren with n-
butylsodium and subsequent resuctions of the disodium-compound (2),

Howsver, metalation of & glven aromatic nucleus with
various agents does not always involve the ssepe position, Glle
man snd Kirby (3) have found that metualation of S-ethylearbeazole
with p-butyl-lithium tekes plece in the 4-position, while
mercuration occurs in the 2-position. In addition, with a
glven polynueclear heterocycle, the posltion occupled on metal~
ation 1ls also dépenéent on the substituent groups alrsady
@ré&@nt. Pivepnzofuran 1itselfl mestalates in the 4gpesition,‘
but R.L. Bebb, in unpublished work, hss shown th&t metalation
(1) Gilman snd Young, J. Am. Chem, Soe., B6, 1415 (1934).

(2) Gllmen and Kirby, J. im, Chem. SoC., 1121 (1935).
(3) Gilman and Kirby, J. OTg. Ohew., 1, 146, (1936).



of 2-methoxydibenzofuran involves the l- and 3~positions,

‘ A.L. Jacoby, in unpublished work, treated didenzothiopliene
with p-butylelithium, Carbonation of the resulting organos
netelliec compound gave & 55% yleld of a crude monocarboxy-acld
which, when purified, nelted at 252-253¢, The structure of this
acid has not baen proveni however, the possibility of Z2-metel~
ation was excluded by the preparation of authentic 2-carboxydi-
benzothiophene melting at 258° and which was found by the
method of mixed melting polnts to be dissimllar from'tha
metelation seld., Attempts to mercurate didenzothiophene have
been unsuccessful,

R.L. Bebb, in this laboretory, metaluted lO-ethylphenoxezine
with p-butyl-lithium. Carbonation of the organometallic com-
nound gave & 50% yleld of crude secid. Purificetion resulted in
& monocarboxy-acld Qﬁlting at 181-161.5°. There was some
evidence of dimetalstion, but the dl-acld could not be entirely
geparated from the mono-acid, The struecturs of the wmonocarboxy-
acld hes not been proven. Attenpts to mercurate lG-ethylphen-
oxazine were unsuccessful.

¥.%. Vanfss, in unpudblished work, obtalned a 53-81% yisld
of erude monccarboxy-ecid by metalation of phenoxthin with n-
butyl-lithium and subsequent carbonation. The structure of
this metalation secld, melting at 168-169°, has not been proven;
hmwsvar, the possibility of 2« and J-metslation has been exi=-
eluded on the basis of the meliting polnts of the 2- and -

carboxyphencxthins,
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In this series of metalation studies of various poly~-
nuclear heteroeyeles, the writer wss concerned with the nitrogen
and sulfur containlng heterocycle, phenothiezine. The object
of this study waa‘ta detersine the sase of metaletlion of 10~
ethylphenotiniezine with p-butyl-liitbium and to determine, if
possible, the position teken by the entering group, Further-
more, any new method of obtaining substituted phenothiazine
derivatives might be useful to those interested ip preparing
phenothlsazine derivetives for phermecologlcal studles,

Recently, De EZds, Thomes, Eddy, and Stockton (4) have
studisd the urinery antiseptlc propertises of phenothlazine in
rabbits infected with sxperimental cystlitis, They state,
"foute toxiclty of phenothiszipe is o low thet fatul dosss
heave not been deteraminsd, FPowever, admlnistretion of very high
or extretherapeutic doses produce vearisble degress of fleasting

anemian

(4)'&(}& Ed?, Thomes, Bddy, and Stoeckton, J. Pharmescol., 57, 118
1936).




HISTORICAL

Application of ithe internationzl rules for numbering ring
systems (5) results in the following numbering order fer

phenothiazine.

aln

A much used synonym is thiodiphenylasminpe, but this term
is not iﬁ fﬁ?or_with Putterson (5). Phenothlazine is the name
usad by Chemical Abstracts; however, Heyer and Jacobson (6)
suggest thet a rationsl neme would be dibenzoparathiazine,

An axaallant revisw of phenotbiezine and 1its derivatives
is found in Jeyer and Jecobson's "Lehrbuch" (8)., Ths substitution
reactions of phenothiazine, not particularly stressed in the
Meyer snd Jecobson review, will recsive speeclal sttention here.

Phenothiazine was first prepared by Berntusen (7) in the
course of his proof of structure work on Lauth's violet and
methylene blue. In 1876, Lauth {8) heated p-phenylenedizmine
with salfur; the hydrochloriec acid solution of the resetion
Fatterson, J. Am. Chem. Sog., 47, 540 (1925); 50, 3074 (1928).
¥eyer and Jacobson, "Lehrbuch der orgavisehen Chemie," Vol,
2, Part 3, (1820), p. 14%0, |

B&mth&an, Ami’ B3 » 77 (1&@5)0

m-3 en

e pr— " g,



producet was treated with ferrioc chlorlde and a purple dye
regulted, In the same year, Caro {9) sapplied Lauth's reaction
to peaminodimethylaniline and obtained & blue dye later known
as wethylsne blue., DBernthsen suspseted that the phenothlazine
nucleus wos prea@nt‘in thess two dyes, Ireviously, pheno=-
thiezine h&d not besn revorted 8o Dernthsen set out to prepare
it. Diphenylemine end sulfur wers heated direotly at 250-300°.
Purification of the crude product by distilletion and recrystal-
lization gave about a 40% purified yield of produet melting &t
180-181°. Knoevenagel (10) later found that the addition of
17 fodine to the dry melt acted catalytieally to lower the
temperature and lessen the time necessary for eompletion of

the reaction, le obtained & juantitetive yleld of crude
materiel melting st 1B0°,

Thaet en imino group wes present in phencthiszline was
demonstreted by Bernithsen by the preparation of & methyl, ethyl,
and seetyl derivetive,., Likewlse, the presence of & sulfide
lickeags was proven by oxidation of lU-methylphencothlazine to
& sulfone. The sulfide linkage wus shown to be ortho to the
imino group by the conversion of phenothiazine to phenyl-
soridine by heating with benzole ecid and zine chloride (11).

Bernthsen {(12) nitrated phenothlezine with fuming nitric
(9}, ?igiﬁ?san‘a obltuary on Heinrieh Curo, Ber., 45, 2012
| . |

{10) Kmoevenagel, J. Egggg. Chem., (2), €9, 1 (1913).

(11) Bernthsen, anil, 88, 93, 95, *100 "(1885).
(12) Bernthsen, ﬁnn., 230, llﬁwlas (1835}
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acid &t 0° and obtained two dinitrophenotliieazine sulfoxides,
‘the so-called o«-and B-lsomers, The a-isomer wae reduced to
& diesminopnenothiazine; oxidation of this diswine geve a dye

identioal with Lauth's violet, more commonly known as thionine,

0k = 0 = 0.

ot~ 1'30mer T hionine

————pe

FeCl,

Hy

H
™~
2 +128 2., (::I :[:)

NH,

The fmfmatiom of thionine by these two series of reactions
proves thet a phenothiazine nuelsus is present in thionine,
and also that in o-dinitrophenothlazine, the nitro groups are
para to the imlnoc group. The structure of the (3 -isomer has
never been proven,

Bernthsen also obtained & mononitro-sulfoxide by more
moderate conditions of nitrationi reductlion of this to an
amins followed by oxidation with ferric chloride furnished a
dye whose propertics were so similer to thoss of the other
dyes of the methylene blue 3@riw$ that 1t wss considered to
‘be & paraguinoid dye. Thersfore, in the parent nitro-compound,
it wag conoluded that the nitro group was in the 3-position |
(13). ,

(13) Bernthsen, Amn., 230, 100-107 (1885).
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Kehrmenn and Zybs (14) nitrated lO0-methylphenothliazine to
glve 3J-nitro-l0-methylphenothiazine sulfoxide and 3,7-dinitro-
phenothilezine sulfoxide, The structure was proven by showing
the identity of these compounds with tha mathylated derivatives
of Bernthsen's suthentie 3«ﬁit:o~ and 3,7-dinitrophenothiazine
sulfoxides,., Barnett and Smiles (15) reported & tetranitro-
sulfoxide vhich they believed to be 1,3,7,%9-tetranitrophsno-
thiezine sulfoxlde. Kehrmeann and Nossenko (16) were unable to
repeat the inglish work. They did, however, obtain & trinitro-
derivative whieh they believed to be 1,3,7-tyinitrophsnothiazine
sulfoxide. |

Phenothlazine is very samsitivé to oxldizing sgents us
ferric chloride, a dark green solution end an iron-containing
precipltate being formed (17). Hydrogen perozide in alcohol
‘Gxi&izeﬁ phenothiazine to the sulfoxide which ascts &s a base
in the presence of mineral acids to glve & serlez of phsnazo-
thionium salis, 1@»@ethylphenothiazina also ylelds sulfonium
salts on oxidetion in acld media (18).

Dirset chlorinetion of phenothiazine, according to Unger
and Hofmenn (19) produces & very small yleld of di- and tetre-
chlorophenothiazines, and some tetrachlorophenothiszine
(14) Eehrmenn and Zybs, Ber., 52B, 130 (1918).

(15) Bermett and Smiles, J. Chem. Soc., 95, 1257 (1909).

{16) Kehrmann snd Nossenko, per., 46, 2809 (1913).

(17) Bernthsen, Ann., 230, 63 (1865].

(18) Smiles &nd co-workers, (&) J. Chem. Soc., 85, 1253 (120%);

(b} 87, 186 (1910); (o) 99, 145 (1e11); (dJ 1ol, 2294 (19l2).
(19) Unger and Hofmaern, Ber., 29, 1362 (1896).
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sulfoxide. The dichloro-derivative melting at 222° when
nltrated, reduced, and trested with ferric chloride yielded no
dye., From this it wes concluded that the chlorine atoms must
cecupy poait&anﬁrgggg'to the imino group. The tetraschloro-
darivativa melting at 235° was considersd most probably to be
1,3,7,9«tetrachlorophenothiszine. Unger and llofmann also
chanced upon the fect that chloripation occours when aen ether-
hydrogen chloride solution of phenothiezine is trested with
nitrogen tetroxide and then heated, & mlxture of mono-, di-,
and tetrachlorophenothiazine, belng formed., The tetrachloro-
compound eould be seperated from the mono- and di-compounds
and wes found to be ldentiecal with that produced by direct
chioxiaation. The dichloro-derivetive was separated from the
muﬂaehlcr@¢deriVﬁtiva, but the CGermen authors ware unable to
cbﬁ&in the monochloro-derivetive in a pure state., This dichloro-
derivative mslting at 225-227° was found to be isomeric with
the direct chlorination dlechloro-derivetive; snd on the basis
of the bahavior of its dinltro-derivative, 1t was considered
to be 1,3-dichlorophenothlazine,

?agavan& Smiles (20) further investigated thls method of
chlorinating phenothiszine with hydrogen chloride and nitrogen
tetroxide, They have shown that this reaction tukes place
through rearraengement of the phenazothionium selt. Aﬁpgrenﬁly,

nitrogen tetroxlde oxlidizesa the sulfide group to the sulfoxidey

{20) Page and Smiles, J. Chem. Sog., £7, 1112 (1910).
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and in the pressncs of hydrogen chloride, ths phepnazothioniun
chloride is formed. On heating, hydrogen chloride causas
reduection, and rearrangement of the chlorine atom from the
sulfur atom to the nuclsus occurs, To demonstrate this
hypothesis, the Znglish asuthors treated phenothiezine sulfoxide
with hydrochloric aeld to obtuln the zulfonium chloride, VWhen
this aclid solution wes warmed, Unger and Hofmann's mono- and
diehloro-mixture was obtained in 70% yleld, While Unger and
Lofmann were not able to isolsts the monochloro-compound,

Page and 3miles proved conslusively that it was present in the

sulfoxide, The position of the echlorine stom in monochloroe
phanothiazine has never been determined, This rearrangement-
halogenation does not go with hydrogen iodide, but does with
hydrogen bromide giving a small yleld of & monobromo-compound
whieh could not be obtained pure. ¥With lO0-methylphenothiazine
sulfoxlde, this method of helogenation yields all monochloro-
1l0~methyl-phenothlazine and none of the dichloro-derivative,
Direot haloganstlon of l0-alkylphenothiazines has not been
reported. Kehrmann end Nossenko (168) synthesized the previously
unknown Je-nitrophenothiazine by werming Bernthsen's 3J-nitroe
sulfoxide (13} with aleololie sulfurie scid, Also, J-nitro-
phenothliazine sulfoxide on treatment of & glaclal acetic acld
ﬂalutimn_witﬁ hydrogen chloride ylelded euloro-3-nitro-

phenothiazine, with the chlorine atom probably in the 7-position.
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Finzl (21) bes shown that l0~methyle and l0~ethylpheno-
thiazines merecurste with sase when refluxed with an alcohol
solution of mercurie scetate to yield a mixture of S-acstoxy-
mercuri~ and 3,7-discctoxymercurl-l0-slkylphenothilazines, The
corresponding pbenyl and benzyl derivatives do not mercurste
but are oxidized. The mono- and dimercurisls of 1l0-alkylpheno-
thi&zina&yara readlly separsted by the solubiliﬁy of the former
in hot alcohol. The seatoxymercurl groups, converted to the
chloromereurl groups, &re replacesbles by brnmine snd iodine
in the ususl mapner. The structure of the 3,7-diacetoxymereurl-
lo-methylphenothiazine was proved by the replacement of the
acebozymercuri groups by pitro groups. The dimercurial was
heated & few minutes with coneentrated nitric acid; this treat-
ment fufﬂishad & dinitro-sulfoxide identical with Kehrmenn's
authentic 3,7-dinitro-lO-methyl sulfoxide (14). Since the
monomércurial could be further mercuratsd to the 3,7-dlmercurisl,
it was svident that the monomercurial must contain its acetoxy-
mercurie_group in 336/3-§051ti0n. By anslegy, the 10-ethyl-
derivatives were considered to mercurate in the same positions
as the lO-pethylederivatives,

Sl@&f&g@ in the presence of mlnersal scids 1s a generel
reaction of mercurials, 'Finzi's method of proving structure,
then, 18 open to the objection that instead of direct re-
placement, cleavege might ooeuﬁ followed by nitration of the

(21) Finzi, Gezz. chim. itel., 62, 175 (1932)yC. 4., 26
seze (1532)7, =



demercurated nuoeleus not necessarily in the seme positions
originally occupled by the mereurl groups, Finzl doss not
mention this objection bul scems to have bsen aware of it Tor
he cites the work of Sachs and étt {28) who were sonfronted
with the same difficulty in tﬁa replacemant of the mercuri

group in 4-aceboxymercuridishenyl sulfide, obtained by
mareuration of diphenyl sulfide, In order to determine thet tné
reaction did not proosed by demsreurstion &nd subsaquent
ﬁitr&tiéﬁ, they treated dlphernyl sulflde with rnitrie ceid in

the presence of mercurle scstate., Nitration occurred, to be
sure, but the nitro-sulfoxide obtained wes different from that
obtained by treating the merourisl wlth nitric seld. Additionel
svidence in defense of stralghtforwurd replacement was furnished
by Hanke (23) who treated p~chlorophenylmereuric acetute with
concentruted nitric seid at 65° for ten minutes; he obtained

nly o~chloronitrobenzene. Henke further stated thet 1f the
reaction were one of demsrouration and subsequent nltration, &
mixture of priho-, and para-chloronltrobenzene should be obtained.
¥o suoeh mixture was found,

Finzl (21) also attempted to link his 3-1l0d0-l0-nmethyl-
prenotiblezine with Kehrmann's ﬁaﬁmina-lofmethylph@ﬂothiazine,
but « ﬁanﬁm@yar reaction of the latter compound could not be
acecomplished.

{22) Swmchs and Ott, Ber., 5%, 173 (1926).
(23) Hanke, J. im. Chem. S08., 45, 1384 (1923),



Friedel-Crafts acylation of phenothiazine has baen reportsd
by Seholl end Seer (24) who treated phenothlazlne with phthalie
anhydride in the presence of aluminum chloride in carbon di-
sulfide sclution, They obtalned & very small yleld of pheno-
| thiazine diphthaloylic scid. They did not prove the structure
of this di~&aié,“but assligsned the phthaloyl groups to peositions
3 snd 7 by analogy with nitration of plenothlezine, 1l0-iethyl-
phenothiazine likewise gave a diphthaloylie aeld., M.R. McoCorkle,
in this laboratory, trsated phenothiarine with stesroyl chloride
in the presance of aluminum chloride in carbon disulfide
solution., Is obtalnad two ketonle products, opne melting atb
768=79°, and tns other at 125-1385°, The forusr was regardsd as
the monostesroyl compound and the latter &s the di-derivative.
Nelther cowmpound has yet been analyzed.

A degredation of phenothilazine theat might be of velue In
proof of strusture work 1s thst of Goske (25) who heated
phenotilazine and freshly reducsed eoppser under reflux in an
atmoephere of illumineting gas to give & 60% yield of carbazole.
Under the sawe conditions, lﬁam%thylphénmthiazine ylelds not
S-methylearbazole, hut carbazole ltsslf (26).

Several typleal exsnples of ring closure syntheses of
phenothiezine derivatives will now be considered, l-Iitropheno-
thiszine (the only l-monosubstituted derivative to be reported)
{24) Scholl and Sesr, Ser., éézllaél (1911).

(25} Holzmenn, Ber., 21, 2069 (1888).
(26) Ullmenn, Anp., 5@“ 87 (1908).
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was prepared by Kehrmann end Nossenko (18) by refluxing 2,2%'-
diaminodiphenyl disulfide (1 mole} with 2,6~dinitrochlorobenzene
(2 moles) and sodium acetate (2 moles) in alcohol sclution

for twenty four hours. The condensation product was treated
with sodium sulfide solution to give a very poor yleld of 1~
nitrophenothiazine melting &t 111°, The only pherothiezine
carboxylic aeid to te reported 1s l-nitro-3-carboxyphenothlazine
which Ullmann (27) prepared by condensing 4-chloro-3,5-dinitro-
benzole acid with g-aminothlophenol, end heating the condensation
product with dilute sodium hydrcxide, The yield of acid melting

at about 316%° was not reported.

(27) Ullmenn, Ann., 366, 97 (190%).
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DISCUSSION OF RESULTS

The phencthiazine usad 1n these axperiments wes prepared
by the dry wmelt method of Knosvenagel (10) and also using o-
dichlorobenzene &s & solvent, Yor preparing pure phenothiazine,
tﬁ@_uﬁa of & solvent was found advantageousy but for the
purpose of ethylation, the corude naterial prepared by thes dry
melt method was found satisfactory.

Hetulation of 1l0-ethylphenothiazine with p-butyl-lithium
and subssyuent carboration furnished en scidic gum in 36,69
yiéld, and 599 of the starting lO~-sthylphenothisazine unchenged,
R@pé&ta& extraction of this gum gave & s0lid acld (167 yleld)
malting at 156-1656°, Further recrystallizetion of this wueid,
denoted for convenience as the "metaletion agid", resulted in
& econstant melting polnt of 176-179°, inalysis of the metal-
stion seid and its methyl sster showed 1t to be a nonocarobxy
20ld of lO-ethylphenothiazine, There wus no evidence of die
metalation,

DPibenzofuren undergoes n-butyl-lithium metuletion with
sase, only & éix hour raflux perlod belng necessary. On
cerbonation of the lithlum compound, the writer ard P,T. Parker,
in this luboratory, have stbeained ylelds es high as 50% of
erude 4~carboxydibenzofuran, Nercuration of dib@nzofuran,
however, goss with difficulty, the dry melt method being necese
sary {(1). In aamy&rismn'with dibenzofuran, lO-ethylpheno-

thiazine undsrgoes n-butyl-lithium metelation with difficulty,
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& twenty hour reflux period followed by carbonatlion furnishing
only 36.6% of very crude aecld, MNercuration of l0-ethylpheno-
thlszine, however, goes with ease, taking place even in boiling
alsohol solution.

L8 %o the position taken by the lithium atom in metalation
of 1l0-athylphenothiazine, positions 1,2,3, and 4 ars &ll pos~
sibilities. The most probable positions, however, are 1 and
3. Seietalation iz &8 probability becauss mereuration (21) and
ritration {14) both invélve the 3-positien, ~Jdetaletion 18 &
probabllity because H-sthylesrbezole hes been shown to metalate
ortho to the tertiary nitrogen atom (3}).

The paﬁaibilit? of S-metaletlon was sxcluded by the
praparation ol 3-carboxy-lO-ethylphenothiazine from Finzi's 3-
&@@texym@rcuri-l@e%thylphanothi&zin@. The deacld was found to
melt &t 197.5-198.5°%, thus dissimilér from the metalation acid.

Several unsuccessful attempts to synthesize l-carboxy-10-
athylphenothiazine by ring olosure were nade ,

It is the opinion of the writer, based on analogy with

the metalation of BS-ethylcarbazole griho to the tertiary nitrogen

atom {3), that 1l0-sthylphenothiazine slso metalates ortho to

the nitrogen atom, or 1n the l-position.
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EXPERIMENTAL

Preparation of Phencthiazine,

- Phenothlazine was prepared in one run in accordance with
the directions furnished by L.E. Smith in a private communicatlon,
Eighty five grams (0.503 mole) of diphenylamine, 32 g. (1 g.
atom) of sulfur, 0.85 g. of iodine (1% of the diphenylamine
employed) end 100 cec. of o-dichlorobenzene were placed in a 300
cc. Erlenmeyer flask fitted with an air condenser and heated in
an oil bath at 175° for about fifteen minutes until there was
no more evolution of hydrogen sulfide, The reaction mixture was
cooled in an lce bath and the resulting solid filtered and washed
three times with smell portions of iece~cold aslcohol. The washsd
product was then recrystallized from about 800 c¢c. of toluene,
using norite for decolorization., The yield of yellow srystalline
material melting at 178-179° was 60 g. or 60%. Another
recrystallization from toluene ralsed the melting point to
180-181°,

The use of & solvent was found convenient in the preparation
of pure phenothiazina, but for the purpose of ethylatlion the
crude product made by the dry melt method of Knoevensagel (10)
was found satisfacotry. 4 run of the same size as above was
made omitting the solvent, The temperature was ralised to 188
190°; after fifteen minutes of heating, evolution of hydrogen
sulfide ceased, The melt was poured inﬁa & large evaporating

dish and ground to a gray powder., The yield of crude product



wes guentitative.

O-Ethylphenothiazine,

Phenothlazine was sthylated sccording to the method of
Bernthsen {(11). One hundred grams (0.5 wmols) of erude
phenothisazine, RBOO ce. of absolute slechol, and 80 g. (0.75.
mole) of ethyl bromide were placed in a steel bomb (278) of
about one-liter capscity and leated at 120-130° for fifteen
hours. On apenigg the bomb, the olly contents soon solldified,
The filtered s0lld wes washed with & small amount of cold
sleohol, then dissolved in 1500 cc. of hot alcohol, decolorized
with norite, and filtered hot, 1lO0-Zthylphenothliazine separated
out in lomg white prisms melting st 101-1038°, The yleld wus
85 g. or 56%

In snother run starting with one mole of erude phenothiuzine,
176 g. of erude ethylated derivative wus obtalned., This was
distilled et 1761790/ 4mm. to give 150 g., & 667 yield, of
white eryetalline meterliel melting at 92-101°,

The m@thgd of Stevens ﬁn& Tucker {28} for slkylasting
carbazole with methyl end ethyl sulfete was employed in an
attampt to ethylate phenothiezine, but pegative results were
obteined. R. L. Bebb, in this laboratory, wes also unable to

athylete phenozazine with sthyl sulfste,

{27a) The writer wishes to meknowlsdge his thanks to Dr. T.E.
Brown for the use of his steel bomb and hslpful advice in
its opsration. ‘

{28} Stevens and Tucker, J. Chem. Soe., 1235, 2145 (1923).,
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Fetelation of 10-Ethylphsnothiazine,

Zix-hundredths of & mole of p-butyl-lithium wes prepared
by rsacting in the customery menner 13.7 g. (0.1l mols) of n-
butyl bromide in 175 co. of ethsr with 1.52 g. (0.82 g. atom)
of metalllc lithium. The n-butyl-illthium solution was flltered
through glass wool under dry anltrogen into a solution of 13,62
Ze (0,06 mole) of l0-ethylphenothiaszine dissolved in 100 cec. of
anhydrous ether. The solution was refluxed with stirring for
twenty hours, During the first few hours, a little gas was
obssrved to escape from the mercury trap.  Carbonation was
effooted Ly pouring the solvtion into en excess of solld carbon
dioxide, The ether was dilstlilled off and the dry residue was
extracted with several portions of hot water., The filtered
agueous solution, on cooling, wus acldified with dllute hydro-
chlorie acid. The odor of valeric acld was epparsnt, indlcating
the presence of an sxcess of nebutyl-lithium. There also
appesred, instead of a sollid acid a brownish viscous gun, The
emount of this gum, pressed between filter papers but probably
not entirely water-free, was 8 g., and if consldered a mono-
carboxy~acid, represented & yleld of 36.67%. The gummy acid was
soluble in benzene, toluene, chloroform, and alcohol, but
insoluble in hot weter and petroleum ether (bL.p. 60«689); The
gun was also entirely soluble in dilute sodium carbonate,
" forming & red solution. On acldification with scetic aecld, 1t
wss reprecipltated ss & tarry substance, RKight grams, or 59%

of the starting lO-ethylphencthiazine was resovered unchanged,



The gummy acld was suitracted by refluxing with three
sucesssive portions of & mixture of 50 co,. of petroleum ether
{(bep. B0~88°) and 10 cc. of toluene, This trestment left a
8011d reslidue of 2.6 g., & 169 yleld, melting at 156-165°,
Reerystallization from & 1:1 solution of chloroform and
petroleum ether (b.p. 60-68°) yilelded 0.95 g., & 67 yleld, of
yellow prisms melting at 173-175°, Further recrystallization
from dilute alcohol gave fins yellow crystals melting at 178-
176%°, This melting point remeined the same after & reorystel-
lizatlon from 1:1 chloroform-petroleum ether (b.p. 80-68¢)
followed by one from dilute slcohol. This aeid 1z soluble in
concentrated hydrochloric acld, as is also lO~ethylphenothlazine,

For mmnoc&rbaxynlﬁuethylph@gothiazine, theory requires a
neutralization squivelent of 271,.2; the found value was 273,

Anal. Calod. for O, H, ,0,N8: X, 5.17. Found: N, 5.37
and 5,23,

This secld does not crystallize readily, even when pure.
In recovering the sample of &cld used in the determination of
the neutralization equivalent, acidification with hydrochloric
seid brought @own the scld s & viscous oll. However, on
standing over-night, the oll turned to & solid which melted
norm&lly et 178-179°,

The structure of this ecld was not proven, However, the
poesibllity of the carboxyl group being in the 3-position was
excluded by the preparation of S-garboxy-l0-ethylphesnothiazine,
deseribed lster, which was found to melt at 197.5-198.5 .



Esterfication of Carboxy-1O-sthylphenothiazine,

Seven-tenthe of & grem (0.0028 mole} of the above carboxy-
lo-athylphenothiazine was treated with sn excess of dlazomethsne
in ether solution. {n removal of the ether, & yellow oll
remained; this oll wes dissolved in hot methyl slcohol and
water was added dropwlse to inelplent turbidity. On cooling,
.42 g., & 57% yleld, of light yellow prisms melting at 1ll-
112° wes obtained., This melting point remsined constant after
another reerystallization from dllute methyl alcohol followed
by one from petroleum ether {(b.p. &Q»&ﬁ?.

% Caled. for G, H,s0.85: ©, 67.32; H, 5.30; N, 4.91.
. Tound: C, 66.873 K, 5.20; ¥, 5.05 and 5.08.

Praparation of B~icetoxymercuri-i0-sthylphenctibiazine,

l10-EBthylphenothiazine was nmercurated in accordance with the
directions of Pingi (281)., Twenty two and seven-tenths grems
(C.1 mml&) of l0-athylphenothlagzine was dissolved in 400 ¢c,. of
warn aleohol. To this wes added a filtered solution of 50 g
(0.16 nole) of mercuriec scetete 1n 450 eo. of sloohol end 10 co.
of rleclal acetic secld, The zolution was refluxed g&nﬁly for
three snd one-Lalf hours. 4 deep wine color was developed and
much dimercurial saparated out in the course of the rsaection.
The solution was filtered hot from 17 g. of the dlmereurial and
allowed to stand in the iee box for twelve Lours. The rose
eolored precipitate that waa‘mbtainaﬂ on filtration was washed

well with water, then dissolved in 450 cc. of hot sleohol, The
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solution was filtered hot from a ém&ll smount of green insoluble
residue, After decolorization with norite, the sclution was
again filtered hot. On standing in the ice box, the monomsrourial
separated out as a practically whits crystalline solld meliting
at 146-149°. The yield was 18.2 g., or 37, Two recrystale
lizations from alcohol gave white platelets melting at 151-153°,
Finzl (21) reports @« melting point of 153°., Further reorystal-
lization of & suall amount of the 151-153° melting material
lowered the melting point to 146-«150°. It was found sdvisable

to prsheat ths solvent vefore dlssolving.

Preperation of 3-

dw-lodo-l0-ethylphenothiazine was prepared lr & manner
sinllar to that smployed by Pinzi (21) in the preparation of
the corresponding methyl deriveative, The chloromercuri compound
of 3-aaetexymarouri»16uathylph@na?§ggzine was prepared by
suspending 4.5 g. (0.0094 mole) f:ﬁéﬁ exeess of 10Y sodium
chloride solution. The suspsunsion wes allowsed to stend on &
water vath for seversl hours with stirring. The filtered solid
was suspended in 25 ce. of & molar solution of potassium fodide
and 50 cc, of carbon tetrachloride was added to form a bottom
laysr, Twenty cc. of & Q.05 molar 8olutiag of iodine in
potasslum lodlde wes added slowly draywiaa, with stirring.} The
iodine was taken up graduelly from the aqusous layer, When it
was apperent that the bottom layer wes taking up no more lodine,

the excess lodire was removed by adding dilute sodium sulfite
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solution., The sclutlon was filtered evay from & sludge of
mereurie iodide, and the curbon tetrechleride laysr washed with
water, and dried over srhydrous sodlum sulfate. The filtered
solvtion woes allowed to evsporate at room tsmpersture, The
residus consisted of pinkish white needles melting et 124-1285.5°,
The yield wes 2.7 g. or 80%. Two recrystallizations from aloohol
geve white needlss meltlng constantly at 126-127°,

In sn attempted Cerius analysls, & two-tenths gram senmple
was heated wlth 2 gec. of fuming nitrie acid for ten hours at
300, but instesd of complete decomposition taking plaecs,
erystals of & polynitro-compound were obtained., Neither could
a good decompesition be secured in & Parr bomb, anslyses 15%
below the theoretical bhelng obtained., The compound was finally
snalysed successfully by the method of Beublgny and Chavanne (29).

Ansl. Caled. for Cg i, NIS: I, 35.95. Found: I, 36,39
and 36,23,

rreparation of J-Carboxy-lO-sethylpbenothiezine,

The Grignard resgert of J-lodo-li~sthylphenothiazine was
prepered in the customery menner by reacting 3.53 g. (0.0l mole)
of the 1odide dissolved in & mixture of 30 ce. of anhydrous ether
and 30 eo. of dry b@na&n@, 0.8 g. of magneslum turnings, several
drops of n-butylmagnesium bromide, and & crystel of iodine.

After sbout twenty minutes of refluxing, the resction started

{29) Meyer, Hens, "in&lyss und Konstitutionsermittlung organischer
Verbindungen®, Julius Springer, 1831, p. 140,
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and the color turned to & gresnish brown. Refluxing over a
hot plate wes continued for one hour. On cooling, the solution
was filtered through glass wool into an excess of solid carbon
dioxlde, After hydrolysis with 107 hydroehloric acid, the
ather-banzene layer wes washed with weter, then sxtraoctsed with
10% sodium hydroxide solution. The rather insocluble asedium salt
immedistely separated out but was dissolved on the addition of
more water. The baesic solutlon was heated to expsl dissolved
ether, and aoidified with hydroehlorie acid. The yleld of acid,
e yellow solid melting at 1$4-198¢, wes 2,08 g. or 76%. 4 re-
crystallization from dilute aleohol followed by one from chloroe-
form ylelded yellow nluvtes mslting at 167.5-188,5%,

Theory requires aneutrelization squivelent of 271.2; the
found value was 272,

Ansl, Caled. for O, ,H, 0,85 ¥, 5.17, Found: N, 35.27

end 5.31.

Preparation of 2-Carboethoxydliphenylemine,
| 2*Sarbcathnxydi@hﬁnylamina was prepsred in the hope of

obtaining lwaarb@@thmx?phanethi&zine by heating with sulfur,
zwﬂarboxydigh&nylamin@. melting &t 182-183%, was prepared
in 86% yleld according to ths proecedure of Ullmann and Disterle
{30} by coupling gychlerab@nzaié acld with anllins in the
presencse of potassium cerbonate and a granule of coppar oxide,
- In the attempted esterification of 2~aaxboxyﬂ1phanylaminé,
(30) Ullmann snd Dieterle, Ann,, 355, 322 (1907).
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Schroster and Bisleb (31) reported negative results. They tried
the resctlon of the silver salt with ethyl iodlde apd the absolute
sthanol-hydrogen ohloride method, Lvidently, in the latter
procedure, sufficlent time wes not allowed, for the writer,

ualing & long psriod of refluxing, wuas sucoessful.

Forty grams {(0.188 mole} of Zwcarboxydiphenylamine was dis=-
seolved in 200 ce. of sbscoluts ethenol. The solution was ssturated
with hydrogen ohloride and refluxed for two hours, The solution
w&as cooled and azain saturated. The reaction wes allowed to
stand fourteen hours then refluxsd for an additionael Tive hours
with & slow strsam of hydrogen cohloride passing over the surface
of the solution. The resction mixturse wus poured on i¢e and an
ail‘éeyﬂraxaﬁ out. This oll was extructed with 109 sodium
carbonate solution, then with saturated csleium cokloride solutlon,
After drying over anbydrous sodium sulfete, the ester was distile-
led at 184-187°/ 6mm. The yield of yellow oil was 33 gz, or
80%3.5 g. of ths starting scid was recovered unchenged., To show
that ﬁatarificatién and no ovher resetion hed tak@n place, &
small amannt of the oll wes refluxed with alcohollce potassium
hydroxide, diluted with'water, and ecldified with hydroehloric
aeld to glve the starting ecid melting at 181-183°,

hnel, Caled, £OT C,4H, 40Nt N, 5.8%. Found: N, 6.07.

sttempted Ring Closure of 2«Carboxy- znd 2-Carboethoxydiphenylamine,

(31) Schroeter and iisleb, Ann., 387, 144 (190%).
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Tour and twenty six-hundredths grems {0.02 mole) of 2-
carboxydiphenylamine, 1.28 g. {0.04 g. atom) of sulfur, and
0,04 g. of lodine were dissolved in 20 ¢c, of p~dichlorobenzene
and heated under reflux at 180° for fifteen minutes. The acld
1s unstable undsr these conditions for carbon dioxide @s well
a8 hydrogen sulfide wes evolved, On working up this run, 2.2 g.
of the starting ecid was raeovér@& unchenged,

In the attempt with 2~earhoathoxydiphanylémine, 4.82 g«
(0.0z‘mole) of the ester and 1.28 g, (0.04 g. atom) of sulfur
with no solvent were heated in a 50 cc. Erlemmeyer flask
equipped with an alr condenser, The temperature of the metal
bath was maintained at 285-3009, Hydrogen sulfide was evolved
slowly at first, then the odor of ethyl mercaptan in the
escaping ges became very apparent, Heating was discontinued
after two hours when the evolution of gas had ceased. The dark
colored tarry residus was extracted with ether, the ather removed,
and the residue distilled, One and one~-helf grams of forerun
distilling at 164-168° / 4 mm, was found to be the starting ester.
A tailrun of 0.2 g. distilling at 168-240° / 4 mm, was dissolved
in werm petroleum ether {b.p. 60~88°); on cooling, yellow
needles of phenothiazine melting &t 178-180° sepafated cut. Mo
phenothiazine-aster was found.

What happens, apparently, 1s that some of the ester is
pyrolyzed to form & reducing agent for the sulfur. The ester,

then, is clsaved by the hydrogen sulfide thus generated to yield
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athyl mercapten and the free scid. The free agld undsr those
conditions decarboxyleétes to yield dlphenylamine which, in turn,

undergees normal ring closure with the unchangsd sulfur,

Attempted Coupling of Z-Bromo-3-nitrobenzole feid and 2,2'-

tlemivodiphenyl Disulfide,

An sttempt was mede to prepsre l~carboxyphenctuiazine by &
method aualogous to that used by Kehrmenn and Nossenko (16) in
the synthesis of l-nitropherotblezine, 4s starting meterials,
S-brono=3~nitrobenzoliec scld weas prepered aegcording to the
Crganle Syptheses procedure (32), and 3,2’;diaﬁinodiphanylﬂdi-
sulflide was prep&raé in sccordance with the directions of
T&§§smm‘anﬁ Sebrell (33) by the sodium hydrosulfite reduction
of 2,87«dinitrodiphenyl disulfide.

In the attewpted coupling, 0.47 g. (0.0019 mole) of the
diamine, 0.52 g. {0.0019 mala}kaf Z-bromo-3-nitrobenzolc acid,
and 0.51 g. {0,0038 mole} of sodium acetate were dissolved in
12 ee. of gloohol and reflﬁxu& for twenty four hours. Coupling
did not take plaeocs as both sterting meterials were recovered
unehanged.

In another attempt, & modificstion suggested by Ullmenn's
preparation of 2,2'-diecarboxydiphenylemine (34) was used. Sixzty-
two-hundredths of a gram (0.0025 mole} of the diamine, 1.4%2 g.

Culhens, Orgenic Syntheses, Coll. Vol. I, 120 (1932).
Teppeme and Ssbrell, 7. Ai. CLE. 200., 48, 1751 (1%27).
Ullmenn and Hoz, Ann,, 355, 352 (1907).
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{0,008 mole} of potasslua p-shlorebenzoate, 0.82 g. {0.006
nole] of sodlun avetate, 30 ce. of amyl aleohol, and & trece

of copver bronze were refluxed for two hours, The anyl &leohol
wag removed by stsam distillation; on working up the resldus,

the starting nateriels were recovered unchanged.
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SUMMARY

MErcuréticn of l0-sthylphenothiezine has been found to go
with sase, but n-butyl-lithium metalation with difficulty.
Authentic 3-carboxy~lO~ethylphenothiazine has been prepeared.,
A monocarboxy-&cld has been obteined by carbonation of the
lithium compound of lO-ethylphenothlazine, The position of
the carboxyl group has not been determined, but the
possibility of the 3-position being involved has been
eliminated.

Several unsuccessful ring closure attempts have been

desaribed.
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