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tinned abnve was added dropwise to & J00-ml. ether solution
vl phenyllithium, which had been made from 110 g. (0.70
mule) of btromobeneoe and an cxcems d lithiuos metal,
After rcduxing for one bour, this roaction mixture waa
poured, onto cracked ice and ditute sulfuric acid to destroy
the exces nhenyllithium. The cther was tben removed by
evaporatioa, leaving a white solid, which was collected and
dried. ﬁ-sohdmphadhnSthmunndn-
tracted for coe hour with 20-40° petrolcum tther lo dis-
solve the methyitripbenyidiane (derived from the metbyle

phenyhilape). The yield of this com was 7.0 g.
(0.03 mole), m.p. 65-08°.% The solid was ex-
tracted with toluene far 13 bours to 330 g. (0.10 molke)

ozlnteu-‘phm. yhilane (derfved from feilane), m.p. 232~

Cleavage of Diphenyidisliozsna by Ethyimagnesivm
Bromide,—A 42:-(0.” nx:h)-.npkd:y.—dzabmyldl-
siloxane in 50 ml. of ether was added dropwise to a 200-ml.
schition of ethybkoaguesinrs bromide, which had beea made
frmmt.(o.wnnh)dﬁ.hyihmﬁel.ndu; {(0.50 g.
atom) of turnings. The reactiom mOxture was

2 ¥ s tbut, of tripbeny lethyhilane
was 7.0 ¢. 034 mols), m.p. * The Hquid remsin-
-ing aiter the of the pbayhihne and ethylphenyl-

silane was under redoced pressure, giving 12.0 g. of
crude sym-dieth (c.H.&HC.H.):O. dis-
at 140-200° (0.05 m=.). crode prodoct was re-

distilled at 107° (0.03 mm.) to obu.h s sample {or analysis
and phbysical propertics. The infrared spectrum of the
coz.pound was ideatical with that® of an asthentic sample
of rym-diethykliphenyidisilczane, a®p 1 .523.

Amngl, Caled. for CWHeOSi: C, 672; H, 7.75; mol.
wt., 288. Pound: C, 67.0; H,7.90; md.rt 252,

Clesvige Diphenyidisllorsne yhaagne-
sium m.—zm {0.10 mole) -mp:’d sym-dipheny}.
disiJoxane in 20 ml. of ether was added dropwise to & 200-ml.

cther solution of phenylmagnesiem
made from 63 g. (0.40 mole) of
(0.40 g. atom) of magnesiom turnings.
beld at the refiox temperzture for coe bour, then
hydmlyudmd'utu!npintheumlny ‘The ether
removed, snd the residual id fractionated. A
3&; (0.03 moie) Imction com of pbenylsilzae dis-
tilled at 118-120°, This compound was identified by its
liquid was distilled nndu’mdn:tdm gll.7g
(0.084 mole) of dipbenylsilane, which d:w.lled at 60' (05
mm.). Tbe dipbenylsilane was identified by its infrared
spectrum.}* A fractioa consisting of 5.0 g. (0.014% mole) of
2 .4 68-triphenylkcyclotrixiloxane, (CH,SIHO), distilled ot
168° (0.02 mm.), =¥ 1.508; caled. mol. wt. 368, found
352. Themlnredspccmdthumpoundmdcutml
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with that of the samplc of tbe trimer obtained by the bhy-
drolyis of phenylbromosilane.

Anel. Caled. for CHOSi: C, 50.0; H, 4.95. Found:
C.,%.9; H, 520.

Cleavage of sym- yldhﬂonn-bth
- . (0. of
Chleride.—A Z3-g. (0.10 mole) :;wh zg'.

diziloxaoe in 23 ml. of ether was ed dropwise to &

ml. ether solutiom of benxy chloride, which had

hccnmdcfrmdaj.(o.w ) of benryl chioride and 13
Tha reaction

£. (0.5 g. atom)
ed i and

cess hiam R yieki of tetraphenyhilans was
7.0 g. (003 mole), m.p. 233-233°, Tha

was vacnum, giviag & 34-g. of 13-
dipbenylethane and benzylpbenylsilane, which

at 100~180° {0.43 mm.). This mixtore was eated with
(L] solation of pbenyllithiom, which had beses made

silane to compound was recrystallised
;;—i:f.&m% cthanol; yiek{ 15 g. (0.04 male), m1.p. 06~

mnvmdr-bﬂngdﬂm‘zr.kh“
tum Hydride.—A 4.0-g. (0.03 mole) sam m
disilaxane was added dropwise to 2.0 g. (0.7 ) of
alumisum hydride in 250 ml. of etber. Slight reffuring of
the solvent resnlted, and a beavy white - formed.
The reaction mixture was allowed $o stand

ether
and the product (2.1 g., 509%) distilled at 110° (7403 mm.).
Thewdnctmndenuﬁedupbenyhhnebyhabuﬂhg
point and infrared spectrum.t4
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Halogen Derivatives of Dibenzo-p-dioxin

By HENRY GILMAN AND JosgPH J. DIETRICH
b Recrrvep Ocrosxx 15, 1958

e 1-bromo-dibenzo-p-dioxin (1V) an

Il and X are new compounds. Structure proofs for these and 2.8-dI-

H t preparations for 2<chloro- (1), 2,7dichloco- (I11Y, 2,7-dibromo- (V1) and 2.3.7,8tetrabromo-dibenso- tn
Rkin (1) are rpocted_ T S e e
n(e obu Yy r

bremo-dibenzo-p-diorxin (Vl[) are included’ :llon[ withk a brief theoretical discussion dealing with VI, VII and YIII. Brief

instructions are given for the preperatioa of 2-bromo-dibenzo-p-diozin (V) and of VII.

chioropbenal in low yield.”

lhformedfmln:qu:ﬂno—

Studies on the orientation of entering groups on  preparation of a number of balogen derivatives and

the dibeazo-p-dioxin (I) nucleus have led to the

confirmation of their structures.
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< g 4
. lBr.

Plig. 1
Lo Xi, Xoy Xoo X Xs = H Br
lllx.-CI’ x‘ox&x‘mx‘-u
HERTEE RN oOxXy
IV, Xy = Br; Xo Xoo Xoo Xs = H
vx'ﬁi""n’i"{‘kﬁ'ﬁ B
ML INAI LR VRO
T Xa =T X, Xa Xo Ko = H B Be - Be
X, Xes = NHy; Xo, Xo, Xs = H Br, ;
XI, Xy = NHj: Xy, Xoo Xoo Xa = H
XII, X3, Xs = COOCH,; Xy, Xa. X4 = H . B 0
[bese coansist of the (11), vi Vil
1,7-dichloro-dibenzo-p-dioxin (I1I), 1-bromo-di- Br Vo 5
»enzo-p-dioxin (IV), Br 2
!, 7-dibromo-dibenzo-p-dioxin (VI), 2,8-dibromo-di- U/\‘;L(

odibenzo- and an tmassigned dibromo-
ll:bu:.z.o-p-d:onn bave been in the Ltera- basis of infrared spectra comparisons. Both com-
ure to date. 2,7-Dichloro-dibe mpounds gave the same infrared spectra which

'btained from 2,7-dami betme:ft.hemondbmmentom

3
HH
ﬁé

lioxinfmmz-amno-&benm-pdmnn (XI).* The
dentification of the unassigned dibeomo com- X
wund* was accomplished in the course of these

tudies. i.ibenzouptod:onn gnt\lr'e 2-iodo - dibenzo - p- dioxin.
Direct chlorination of dibenzo-p-diaxin in glacial tt.emp make e compound directly by a
cetic acid at room temperature gave 2-chloro- dﬂtbpedforthuodmat.mdndocdyn-
bcnzo-p-d:onn and a small amount of 2,7-di- lated compound in this Laboratory failed.®

joxin. Attempts to increase the It has been found that

ﬂddthc&?-eompoundbymedn!hvnlct @mnmbemndcmﬁ%ﬁddwbam&?-
ght and clevated temperatures were only partially dsbromo-d:'bemo-p-dmnmbefamedmon}y?%
uccessful. 2-Chloro-dibenzo-p-dioxin was also Yyield maing forced conditions. These results can
srmed when a Sandmeyer reaction was run o bcexplmnednusfactuﬂybymdnﬂmdhg

Metalation of dibenzo-p-dioxin with phenyl-

thium followed by addition to a bromine-ether
tixture produced a monobrcmo compound differ-
1g from 2-bromo-dibenzo-p-dioxio and tmust there-
re be 1-bromo-dibenzo-p-dioxin, the only other

ossible isomer.
With the e:::hwhon of 2-ho:lzo-tabenzo-p- Fig. 3.

kn ’ structure two di-
.ﬂ:'mo-d:cmn benzo-m p-dioxin dmm were undg- In Fig. 3(“)-th°MMIwmedmthemta-
iken. 2,8-Dibromo-dibenzo-p-dioxin, being the ™Dediate stage received no assistance from the bro-
amier to obtain, was cooverted to the &i-Gri mmmhz’l’mt‘m Hm,ml’:‘ 3(b),

wrbonated and finally treated with thiog chlo- :ﬁ‘d‘::“mmumtothe t!-llbtonmﬁ

de followed by absolute methyl akohol to give nance ‘hﬂdﬁm&lm amount of reso-
1c ‘dimethyl ester of 2,B-dibanro-p-dioxin-dicar- stabilizal evidence for a quinoid-
oxylic acid (XII), s koown compound.! The tyapf,mtﬂmedllte“cnhmcuibythefamstwnof
ther dibromo-dibenzo-p-dioxin was thus consid- 2:3+/8 - tetrabromo - dibenzo - p - dioxin, where the

to be 2,7-dibromo-di third and fourth entering bromine atoms, te
red to benzo-p-dioxin on the steric hindrance, enter e d:sp(d_

(1) S. Uso, Ball. Chrm. Ser. Jopesn., 18, 177 (1941). though tely ortho
(2) M. Jubla and M. Balllarge, Ball. soc. chim. Prance, 460 (uu) the a mmple unhindered m to
(3) Premch Putast 790,637 (June 16, 1536). oxygen is available.

141 Swim Patent 38,677 (July 31, 1945).° (6) K. Gilmaa, O, Brwwn, W. Bywater sod W. Kirkpatrick, Tar
(5) M. TomHa, J. Pherm. Soc. Jepexn. M8, 000 (1030). Joummar, ll,-;l.ﬂ (1834). 7 w )
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Experimental'
- &m (1).—Using the method developed
* but
"h“ ble-l.o tuting e-chiorophesal
this incxpensive starting meatarfai.
and with th t mead below, it bas bees found that
thoo decresscs

yield
o Chlorophenol (410 5., 3.16 molm), 230 x. (1.8 moles) of
anhydrous carbonate and Jcopps

were bes fuch.humulﬁ-lm‘. The tarry

mixt further refirzad with agueous potamium ky-
mﬁ'ﬂhwmummmﬁ
Washing the ether layer with comoextrated potamiom ky-

droxide dispelled the datk eolor. The cther was evapo-
mated, the residpe disscived in banyene and chromatograpbed
on slumins. Best resuits wers obtaimed by evapontios of
the cfffuent and recrystallimtion of the residue fron hot
cthanol to white plates or needles, m.p. 130-122° {reported®

m.p. 118°).
w (I1).~—Chlarine

bubbiled into a stiTed solution of 4.8 g. (0 mole) of d-
in 125 ml. of glecial acetic ackd over & period

of Z hr. st room temperatwre, At that tiee, a yellow colar
evident In the

E

was cear molgtion. Agueous
bisulfite was used to dliute the resction mirture aod destroy
the excess chlorine. Filtration gave 8 g, of cude material
tnelting over the mnge 65-85°. Vacmm distiflation of this
produced 2.4 g. of msterial, b.p. 85-04° (025 mm.).
recrystallimtions from 15.(18%) ol
white peadles, m.p. 57-90*. A 0.05 mole prepasation ros
at 75° did pot result In a kigher yield.

Awnal. Calcd. for CoH/OCl: 1, 183, Found: O,
15.81, 15.88.

i

nu}ynmdpmduct. when
thuhuadlh.nrinletli;bt.mx

peratore
yrex flask used ia all of the .
F XWM).—TOM

anhydrons cther under sa atmosphere of

dry, oxygen-free sitrogen.  Due to the ease of di-metalation,

an excess of metalating agent wes svoided. Di-metalation

did pot occur whea methyiiithism was moed, but the yield
of m product was lower.
A 0.05-mole tion of was

9.2 g. (0.05 mole) of Im 50 m!. of ether and

ed with it

refux jug for 5 hr. The resuilting mixture was
ﬂdw-uﬁ%dlol.(omwﬂdh@eh

tions
white peedles, m.p. 104-108°,
Amal. Calod. for CoHsOwBr: Br, 20.40. Fouand: Br,
20.51, 29.62, .

(7) AY meiting palats are necarracied.
) M, Tomka. J. Fherm. Se. Jopsn, IR, 8 (1932).
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3-Bresme-dibeare p-dloxin (V). —Several 0.05- to 0.1-
mole preparations were carried out using potassium bromide—
broceate in refluxing scetic acid as the brominating agent.
The crode prodoct was i by vecuum distillation and
s &oal thony cthapol-water, m.p. 9304 8",
Yields of were obtained consistently, REarlier workers?
prepared compound by direct bromination in carbon
dimlfide reporting & melting point of 90-92¢ but making po

meution of percentage yield.
bR ¢ (Y1).—In 100 ml. of gla-

clal acetic acid were dissolved 4.6 g. {0.025 mole) of dibenzo-
C.duhlndu.s .(Dm:bo:zdhrmhe-ndtbcrmh-

d-thnnhdudfdnx for 5.8 br. Dikition with
aqueons sodinn bisulfite and fltratioa gave 11 g. of crude
material melting over the range 110-130°.  Five recrystal-
Hmstions of this malerial from glackl acetic ackd ywelded
0.8 g. (T%) of white needles, m.p. 174-176°.

Anal. Caled. for CHO4Bry: Br, 46.75. Found: Br,

46.91, 40.73.
2 8-Dikromc-dibsazo-p-diaxia (VII).—This compound
was prepared ia 2% yidd naing the theorrtical amount of
bromide-—tromate fn refluxing sacetie acid. The
crude matecin] was purifed by repeated recrystallisations
froms ethenol to & eonstast nduum of 140.5-151°",
It had betn prepared previoualy by bromination of
at room temperature with

n pitrobenseme
o melting range of 145-150° and fn unspecified

The dimethyl ester obtalned »a the Grignard reagent and

g et et T TIo TN i O 1kl dirom
at . t 1

bhas reported® earlier for the dimethyl ester of 2,8di-

0 .
OOA;J. Caked. for CoHOsl: 1, 40.06. Found: I, 40.64,

—The autbors are indebted to -

R. McCord of the Institute of Atomic Research,
Ames, JIowa, for infrered spectra.
Axzs, Iowa

(") This precadure was adapted brom K. K. Seusders, “The Ao
:&MM"WNMC@.,M.IH#.’.

g () g -




Hxxry GrMax AND Joszra J. DisTRICH

PhLpes

1
2

1

=

X

H
H
H
H

ﬁﬁﬁfﬁf?
¥
)

i‘l
18
:3-.(
¥
&
x

jcation of the unassgned dibromo com-

Vit

Fig. 2.
basis of infrared spectra comparisons. Both com-
pounds gave the same infrared spectra which

¢ was accomplished in the course of these

5.
xct chlorination of dibenzo-p-dicxin in glacial
acid at room temperature gave 2-chlom-
o-p-dioxin and a small amount of 2,7-di-
dibenzo-p-dioxin. Attempts to increase the
'aftheZ?-wmpmndbymednlmvgolct
nd elevated temperatures were only partially
dul. 2-Chloro-dibenzo-p-dioxin was also
{ when a Sandmeyer resaction was fun ou
alation of dibenzo-p-dioxin with pheayl-
nfoﬂowedbynddiﬁontonbrouﬁnrc-thcr

le isomer.
h the constitution of 2-bromo-dibenzo-p-
known, the structure proofs of the two di-
~dibenzo-p-dioxin derivatives were umder-
. 2,8-Dibromo-dibenzo-p-dioxin, being the
to obtain, was cooverted to the di-Grj .
1ated and finally treated with thionyl chio-
“ollowed by abeolute methyl alcobol to give
imethyl ester of 2,8-dibenio-p-dioxin-dicar-
c sad (XII), a koown compound?® Tbe
dibromo-dibenzo-p-dioxin was thus consid-
to be 2,7-dibromo-dibenzo-p-dioxin on the
Ueo, Bull. Chrm, Sec. Jopan., 18, 17T (1041).
‘. Jubla and M. Bailtarge, Bell. sor, chism. Francs, $40 (1943).
remcls Patamt 799,837 (Juze 14, 1538), T
v Putrat 139,627 Uuly 31, 1M42).
! Tomia, J. Pharm. Sec. Jopen. M, 906 (1938).
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o0 deTvative a3 shown in Fig. 2. .

A Sandmeéyer mcﬁﬁ?'mﬁ—o'ut on 2-amino-
dibenzo - p - dioxin gave 2-iodo - dibenzo - p-dicxin.
Attempts to make the compound directly by a
metbod developed for the iodination of a closely re-
lated compound in this Laboratory failed.*

It has been found that 2B-dibromo-dibenzo-p-
- yicd whereas 2,7-

yield using forced conditions. These results can
be explained satisfactorily by consideration of PFig.

3
®
Y Br H Br
H
B\
] e
a b
Fig. 3.

In Fig. 3(a), the oxoninm jon formed in the inter-
mediate stage received no amistance from the beo-
mine atomin the 2-position. However, in Fig. 3(b),
the oxoaium ioa is para to the injtial bromine 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
2,3,7,8- tetrabromo - dibenzo - p - dioxin, where the
third and fourth entering bromine atoms, despite
steric hindrence, enter ortko to the bromine, al-
though a completely nnhindered position ortho to
the oxygen is available.

(8) H. Gilmas, O. Bewwn, W. Bywatar ned W, Kirkpatrick. Tum
Jounwar, M8, 2473 (1BN),
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