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tinned abnve was added dropwisc to a J00-rol. ether solution
of phenyilithium, which had beea wade from 110 g. (0.70
incle) of bromobearene aod an excess of lithiue mctal.
After rrduxing for one bour, this reactiom mixture was
poured, onto cracked ke and ditute sulfuric acid 1o destroy
the exces ~henyllithium. The ether was then removed by
cvaporatioa, leaving a white solid, which was coliccted and
dried. Th-sohdmphadhlSmhktcxumwmdn-
tracted for coc bour with 20-40° prtrokeum cther to dis-
solve the methyltnpbcn lilane (derived from the metbyl-

phenykilane). of this com was 7.9 g.
(ooamolc).np.es-ee'" The solid was ex-
tracted with toloene for 13 hours to give 33.0 g. (0.10 mole)

of tetnpbenyb:‘hn (derived from pbenykilene), m.p. 232~

of w&ywm

Bromide —A 43.-(0.” mok)-npltolq-d:pbcnyldl-
Irun.lk h::hhad“ie.eum-d'.

sohition of ethybhoagnesiom - e
lmmz.(o.wnde)dnhyihmﬂemdm;wm‘
atom) of taruings. The reaction meoture was
beld at the tempersture for one bowr, then hydrolysed
and worked up as described i the above exporiment. The
pbeayhilane -and eth

pressure,
.(CJiaSlHC;H'.):O.du-
m‘m 0.05 mm.). The crude prodoct was re-
dintilied at 107° (0.08 mm.) to obtaia a sampie for 2nalysis
and pbysical propertics. The infrared spectrum of the
co.pound was idestical with that® of an anthentic sempie
of sym-~diethyipbeaykdisilorane, s™p 1.523.

Anal. Caled. for CuHuOSi: C, 672; H, 7.75; mol.
wt., 288. Found: C, 67.0; H, 7.90; mol. tt..282
miuny Bromide. Km (Ommk)nmpkdq-dpben
duﬂa::nnzg'ml of cther was dd:up-a'e';;m
ether tion of pbenylmagnesiom bromide, w
nudehm&‘.(Oﬂmok)dbromobmmudl.Sg.
(0.40 g. atom) of magnesann turnings. reaction mix-
tmmbddulher:ﬁaxtmpamfaooebmr then
hydmlymd whdnphthemlny. ‘The ether

removed, and the residiaf d fractionated. A

30—;. {0.03 mole) feaction com ol phenylsilane dis-
tiled at 118-120°, This _compound was ideatified by its
infrared spectrum™ and its boiling point. The resdual
1 dmdmindundamdnccdm giving 11.7 ¢.
(0.0¢4 mole) of dipbenybsilane, which distilled at 60° (0.8

mm.). Tbe dipbenylsilace was identificd by its infrared
spectrum.i? A fraction consiwting of 5.0 . (0.014 mole) of
2 4.6-triphenylcyclotrisilozane, CJ‘!.&HO).. distilled at
168° (0.02 mm.), n®p 1.568; cakd. mol. wt. 368, found
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with that of the sumple of the trimer obtained by the by-
drolysis of phenylbeomasilace.

Amel. Calcd. for CHOSE: C, 50.0; H, 4.88. Found:
C, 5.9, H, 520.

Cleavage of sym-
Chloride . —A 23-g.
disiloxane in 23 ml. of ether wus
ml. ether solution of benry!
bren made from 63 g. (0.50 =x
g (0.5 g. atom) magnesin tumings., resction
started and refuxing of the sobvest resulted.
The reactlon mixture waa bekd at the refiux temperaturs for

5

10 mole) umpkd
added dropwise to s
chiaride,

phenykilane and toloene distilied at 1307, e a tenidng
which was distilled later. The mixtore of and
toloene was treated with had besn

cess of lithium metal. Thyhﬂdmw-u
7.0 g. (0.03 maole), m.p. 233-233". Tha i
distilled under

s pox THned
;;-tcfmm% cthlnnl ynHl&‘.(0.0-innk).np.N—

zam Hydruo —ﬁw :l m

to2.0‘ (0.7
lhmmmh)’dndeﬂ%ﬂml. ether,  Slight refiuxing of
formed.

the solvent resulted, and a beary white
Theructham-uaﬂo-edzomnd two bhours

Tb_e prodoct was tknuﬁed s pbu:ykahne

Acimowiedgments, —Analyses were by Mis J.
Dickey of the Indiana University M)cma.nalytxnl
Laboratory. This paper is based upon work per
formed under contract Nonr-90802 NR 356-821
(Office of Naval Research).

(16) C. Hasce and C. Hawsar, Tum Jooaxar, T4, 18548 (104T),
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Halogen Derivatives of Dibenzo-p-dioxin
By HENRY GuLwaN AND Joszpy J. DieTaICH
Raczrvep'Ocrosex 1§, 1956

irect preparations for ..-chloro- {11, 2.7-dichloco- (111), 2,7-dibromo- {VI) und 2.3 78-teu-abromo-d|bcnxo- in

woxin (1) are ted. The l-bromo-dibenzo-p-dioxin (V) an

u\e obta
chioropbenol in low yield.

Studies on the orientation of entering groups on
the dibenzo-p-dioxin (I) nucleus have led to the

W 111 and 1X are new compounds.  Structure proofs lur these end 2 3-di-
btmo-dabenm—p—dnom (VII) are included :long with a beief theoretical discussion dealing with VI, VII and VIII. Brief
inxtructions are given for the preparation of 2. -bromo-dibenzo-p-dioxin (V) and of VII.

llafa'medlromln::pcnﬁuo—

preparation of & sumber of helogen derivatives end
confirmation of their structures,
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dentification of the unamigned dibromo com-
wund® was accomplished in the course of these
tudies. ) . e . .
Direct chlorination of dibenro-p-dioxin in glacial
cetic acid at room temperature gave 2-chloro-
ibenzo-p-dioxin and a swmall amoant of 2,7-di-
hloro-dibenro-p-dicxin. Attempts to increase the
ield of the 2,7-compound by mse of ultraviolet
ght and elevated temperatures were oaly partially
uccessful. 2-Chloro-dibenzo-p-dioxin was also
srmed when a Sandmeyer reaction was run on
Metalation of dibenzo-p-dioxin mt.h- pbeayl-
thium followed by addition to a bromine-ether
iixture produced & moaobrcmo compound differ-
1g from 2-bromo-~dibenro-p-dioxin and must there-
yre be 1-bromo-dibenzo-p-dioxin, the only other
ossible isomer. . .

With the constitution of 2-bromo-di

ioxin known, the structure proofs of the two di-
romo-dibenzo-p-dioxin derivatives were under.
iken. 2,8-Dibromo-dibenzo-p-dioxin, being the
axier to obtain, was converted to the di-Gri .
wrbonated and finally treated with thionyl chio-
de followed by sbeolute methyl alcobol to give
1¢c dimethyl ester of 2,8-dibsnro-p-dioxin-dicar-
oxylic acid (XII), a koown compound.! The
ther dibromo-dibenro-p-dioxdn was thus consid-
red to be 2,7-dibromo-dibenzo-p-dioxin on the
(1) S. Use, Bell. Chrm. Sec, Japesn., 38, ITT (1841),

(2) M, Julis and M. Haillarge, Ball. soc. chim, Prasce, $40 (1943).
(3) Prwach Patant 790,037 (Jume 16, 1536). To.

4V Swim Potewt TH 02T (July 34, 1M43).
(3) M. TomMHa, J. Pharm, Sox. Japan, M, 906 (1836),
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out oa 2-amino-
dibenzo - ¢ - diorxin gat\: 2-iodo-dibcnzo-p-dig;in.
Attempts to maoke the compound directly a
method developed for the iodination of a closely re-

lated comm in this failed ¢

It hes been found WMM
dioxin can be made in 22%, yield whereas 2,7-
dibromo-dibenzo-p-dioxin can be formed in oaly 7%,
Yield using forced conditions. These results can
gccxphincd satisfactorily by consideration of Fig.

®
/ Br H Br
H
A
®
a b
Fig. 3.

In Fig. 3(a), the ozoaium ioa focmed in the inter-
mediate stage rectived po assistance from the beo-
mine atomin the 2-position. However, in Fig. 3(b),
the oxonium jon is pars to the initial bromine atom
and can therefore receive a certain amount of reso-
nance stabilization. The evidence for a quinoid-
type intermediate is enbanced by the formation of
2,3,78 - tetrabromo - dibenzo - p - dioxin, whese the
third and fourth entering bromine atoms, despite
steric hindrance, enter ortho to the bromige, al-
theugh a com uwohindered ition ortho to
theoxygmisnm. posttion

(6) H. Cllmaa, O. Brows, W. Bywater and W. Kirkpatrick, Tum
Jovawatr, 84, 2473 (1834).
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Dibenzo-p-dioxin (I).—Usiag the metbod deveioped
Tomita® but substituting for '

It hgc-a'bletoobu.hyhldsnn‘:h{!mnl
this ibexpensive starting smtariai., Under the conditions

yield
»~Chloropbenol (410 g-, 3.18 nd-l.‘m(, (1.8 moles) of
anhydrous carbonste and . of copper
were bea fwﬂh’.hneﬂh&hﬂl?‘)—l&'. The tarry
mixture was further refiuzad with aguecas ky-
draxide, allowed to ecol aad fisally extractsd with etber.
Washing the sther layer with comoemtrated potassium ky-
droxide dispelled the dark color. The ether was evapo-
rated, the residoe dissclved in bansene and chromatographed
on aluminag. PBest remilts were obtained by evaporation of

the effueat and recrystallisation of the residoe from bot

tmelting over the ra: es-as;_’. ghdﬂsdnn)dthh

produced 2.4 g. of materisl, = tom. ).
tk:u from 1. (18%) of

white peedles, m.p. &7-90°. A 0.08 ras

at 75° did not result io a higher yield.
Ancl. Cald. far CoBOL: Cf, 16, Found: CI,
15.81, 15.88.

et e e o (ot Tastis o2 It the peaciding
= “:l Jh’r“g!vhg aﬁ:‘y&ddﬁs nithj
violet tior 4 . s -
-.I:ob‘ol:‘?nid ﬁm.. from petroleum ether
[ 3 recrystalimation
(b.p. 60-70°) produced 03#%) of white needles, m.p.
201-203° (reported™ m.p. « I=-202°).
only a trace of product when tun
the abeence of sitraviolet light. A

perature
flask weed jo all of the .
B oo Aibeme pdiaxin (IV). ~A 0.05-mole

of m lower,

A 0.05-mole tion of was added to
9.2 g. (0.05 mole) of in 50 ml. of ether and
reffuxed with st# for 5 kr. The resulting mixture was
added to a stirred of 10 g. (0.08 mole \ of broezioe jo

150 m!. of ether st jce-bath temperatwre over & period of 18

min. It was allowed to warm to rooen temperature, sticred
for 8 hr. and then washed with sodivm bisulfite,
over sodiam salfate,

‘I'beetbu'hyu.l.!;:drrh(

evaparsted
136° (0.1 mm.) to give 1.5 ¢. of crwde product. Two

tions from

Anal. Caled. for CHOWBr: Br, 30.40.
20.51, 20.52. .

(7) All meiting polsts ary mpcoarrecied.
(8) M. Tomkta, J, Pherm, Sec. Jopou, B, 8 (1932).

Found: Br,

1
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(¥} —Several 0.05- to 0O.1-
200ke preparstions were carried out uslng potasalum broquide-
lroaate b reffuxing scetic acd as the brominatiog agent.
The crude prodoct was i by vacuum distilistios and
a &xnel thoo etbanol-water, m.p. S3—94.5°.
Yields of % were obtained cg:i:'unlly. &‘a‘;‘ wockers®
prepared compound by brocninat in carboo
mmunn;hhzxpdntdw'butmkin(no
ention of percentage .

(V1).—In 100 ml. of gla-

- a7
clal acetic acd were dissolved 4.8 5. (0.025 mole) of dibearo-

c;!hdﬂundlz.l .(OMmaﬁdhrmbclndtkrmh-
uohtknnk'ru:'udrdu for 5.5 hr. Dikution with
agueoms podinm bisulfite and fltration gave 11 g, of crude

material meiting over the range 110-130°.  Five recrystal-
Hmtions of this material from giscial acctic acd yxided
0.8 g. (T%) of white peedles, m.p. 174-176°.

Awnal. Cakd. for CoHO,Bry: Br, 48.75. Found: Br,

458.91, 46.73
:ran-d n 229% yiid using mgl compom:(!
was t amount
; im refluxing scetic .ddi;; ;A;:e
tions

pitrobenzene at room temperature with
a elting range of 145-150* and in unspecified

smbsequent carbosation and esterification of this dibromo
meited at 168-171°. A melting point of 167°
has reported® eartier for the dimethyl ester of 2,8-di-

2 Jode-dlbenze-p-diczin (IX).—Nitrosybulfuric scid
mdeydhdrhgo.a .((Onl):lgdmk)dludhmniuﬁm

4
i
£§

_to dastzoy the complex, diluted and filtered.
of the crode material from ethanol-water
( A) pave 1 g. of product, m.p. 92(-;4.5_'.“) xe
ethepol-wat ot result
In 0.4 g. of fine, white peedies, m.p. :6—97'.

‘OA‘Bd. Calcd. for CiyHeOy1: I, 40.06. Found: I, 40.64,

—The autbors are indebted to -~
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) This precaders vaa pdapted brom K. R, Sassders, “The Are
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> date. z'{,-nichiao-d: was
s pesction Later, Jutia tnd Bad.

the same compound by ring closure
14 A Sandmeyer reection was

ication of the inassigned

Vol. 79

Br, v ‘ﬂ’:

on A moux and
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¢ was accomplished in the course of these

1.
<t chlorination of dibenzo-p-dioxin in glacial
acid at room temperature gave 2-chloro-
o-p-dioxin and a small amomnt of 2,7-di-
dibenzo-p-dioxin. Attempts toincnm:. the
s the 2,7-compound by wse of ultraviolet
nd elevated temperatores were caly partially
sful. 2-Chloro-dibenzo-p-dioxin was also
i when a Sandmeyer reaction was run ou
it o dioxi
alation of dibenzo-p-dioxin with phenyl-
a followed by addition to a bromine-ether
e produced & monobremo compound differ-
m 2-beomo-dibenzo-p-dicxin and must there-
¢ ]-bromo-dibenzo-p-dioxin, the oaly other
[e isomer. ,
h the coastitution of 2-bromo-dibenzo-p-
known, the structure proofs of the two di-
~dibenzo-p-diorin derivatives were under-
2,8-Dibromo-dibenzo-p-dioxin, being the
to obtain, was coaverted to tbe di-Grignard,
mted and finally treated with thiooyl chlo-
sllowed by abeolute methyl alcobol to give
‘methyl ester of 2,8dibsnzo-p-dioxin-dicas-
c acid (XII), a konown compound.® The
dibromo-dibenzo-p-dioxin was thus consid-
o be 2,7-dibromo-dibenzo-p-dioxin on the
Uso, Bell. Chem, Sec. Jopou,, 26, 177 (1941).
. Jubia and M. Belllarye, Ball, sor. chism. Frence, $40 (1853).
~mcl) Puteat 799,637 (Juae 16, 1834). -

vies Putest 238,677 (July 3L, 148,
Tomia, J. Pharm. Sec. Jopaa, W, 90¢ (1936).

ibromo com- IGO0 GeXivalive &S $howD in Fig. 2.

It has been found that ibenzo-p-
diozin can be made in 229, yield whereas 2,7-
dibromo-dibenro-p-dioxin can be formed in onty 79
yiddd vsing forced cooditions. These results can
be explained satisfactorily by consideration of Fig.

3
®
/ Br H Br
H
B \Z
) ®
a b
Fig. 8.

In Fig. 3(a), the oxoaium jon formed in the inter-
mine atomin the 2-position. However, in Rig. 8(b),
the oxocium ion is fora to the initial beomine atom
and can therefore receive a certain amount of reso-
pance stabilization. The evidence for a quinoid-
type intermediate is enhanced by the formation of
2,3,78 - tetrabromo - dibenzo - p - dioxin, where the
third and fourth entering bromine atoms, despite
steric hindrance, enter ortho to the bromine, al-
thcugh a com uchindered poaition ortho to
tbcoxygmhnm.

(8) H. Gilman, G, Brwwn, W. Bywater sad W. Kirkpatrick, Tms
Jouvrmar, 86, 2473 (1034).
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