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■ tinned abnve w»s added dropwwe to a 300-ml. ether solutioa 
pheny llithiurn, which bad been made from n o  c. (0.70 

mole) of bromobenxenc «nn »n excess of Litbruir metal. 
After re during for ooc boor, this reactioa mixture wax 
p o u n d , onto cracked Ice and dilate sulfuric acid to destroy 
the races TbenyUrthium. The ether waa then removed by 
evaporation, leaving a  white soUd, which waa collected and 
d ried . This solid waa placed in a S ublet extractor and ex­
tracted  for ooe boor with 20-40* petroleum ether to dis­
solve th e  methyhripbenybflanc (derived from the met by 1- 
phenylailane). The yield of this compound waa 7.0 ( .  
( 0 .0 3  m ole), m .p. 6 5 -6 6 * ."  The remain big solid waa ex­
tracted  with tokaenc for 13 boon to give 33-0 g. (0 .10 mole) 
of letrapbenybilane (derived from phesyiulane), m.p. 232- 
2 3 3 * .“Cleavage d  iym  Dtyhaayidiadagana by Ethyimagnaefam
B rondda.—A 4o-g. ( 0 J 0  mole) aample at sym dipbcayldi- 
■ iloxaae in 50  ml. at ether waa added dr e y  an to a 200-mi. 
sohitioa at ethyhnagneshna bromide, which had been made 
from 7 0  g . (0 -50  mole) at ethyl bromide and 12 f .  (0-50 g. 
a to m ) of tunings. The reaction mature waa
he id a t  the reflex temperature for one bonr, then hydrolysed 
and worked up as described ia the above experiment .  The 
pbcnytsilaae and ethjHbhenykdaaa ofttaiard were coo- 
verted to  tetrapbenykuane aad cthyfcripbesybilane, re­
spectively. The yfcid at tetxasheaylrihae waa 24.0 g. 
(0 -0 7 3  m ole), m .p. 233-233*; t W  at tripbesylethybOanc 
was 7 JO g . (0X 34 mole), sa.p, 73-73*.*  Tbc Squid remain- 

-tag after the separation at the pfaenyUkne and cthylphenyl- 
« h iw  waa distilled wader radweed p r a a s t ,  firing I2X f . of 
crude ryas dirthykUpbenykflaariiaiif , (&H*SiHCtH«)rO, da- 
tilling a t  140-200* (0X 6 m m.). The crude product waa re­
distilled a t 107* (0X 3 mm.) to obtain a sample for analysis 
nad physical propaties. The infrared spectrum of the 
coenpoond was identical with that* of an an then tic mmplc 
of fj— ^L^hyMjphxtyMwnfmiie, a*D 1X23.

A nat. Calcd. for C.*H«QS,: C, 67.2; H, 7.75; mol. 
w t., 2 8 6 . Found: .C ,67X ; H , 7.00; mol. w t., 282.

Clacrago of rym -D Iphanjldhfloim  by PbesytmigM- 
anxm Bromide.—A 23-g. (0 .1 0  mole) mm pie of s jm d ipbeoyl- 
disfloxane in 20  ml. of ether was added drop wise to a 200-ral. 
ether sohttion of pbenyhnagn rnim  bromide, which had been 
made from 63 f .  (0 .4 0  mole) of bromobenxene and 4.8  g. 
(0 .4 0  f . atom) of magneaaun turnings. The reaction mix­
tu re  was held a t the reflux temperature far ooe boar, then 
hydrolysed and worked op ia the nwtal way. The ether 
was removed, and the residual liquid fractionated. A 
3 .0 - f . (0 .0 3  mole) fraction composed of pbeaylsilaae dis­
tilled a t  118-120*. This compound waa identified by its 
infrared spectrum14 and its hoiKng point. The residual 
liquid was.dwtiBed under reduced prnnure, giving 11.7 g. 
(0 .0 6 4  mole) of dtphenybOaoe, which distilled st 60* (0 .6  
m m .). The dipbesylsUme was identified by its infrared 
spectrum .1* A fraction consisting of 5 .0  g. (0X14 mole) of 
2,4.6-tripbenylcycIotrisiloxane, (CJUSiHOh, distilled at 
168* (0 .0 2  m m .). a*n 1X66; calcd. mol. wt. 366, fooad 
3 5 2 . The infrared spectrum of this compound was identical

\

with that of the sample of the trimer obtained by the hy­
drolysis of pbeoylbromosilanc.

AmoJ. Calcd. for C«H/3Si: C, 50.0; H, 4.95. Found: 
C. 59.9; H, 5X0.

Cleavage of sym-DiakomyWisilarana by Benxjlmaraeefana 
Chloride.—A 23-g. (0 .10  mole) sample of ryw -diphari- 
disilaxanc in 25 ml. of ether waa added dr op wise to a 3 u ^  
ml. ether sofutioa of benxyhnagnesium chloride, which hod 
been made from 63 g. (0X 0 mole) of beuxyl chloride aad 12 
g. (OX g. atom) of magnrsinm turnings. T bt reaction 
started immediately and refluxing of tha solvent rsauitad. 
The reaction mixt ure  waa bdd a t the reflux temperature far 
ooc boor, then hydrolysed and worked up in the usnal man­
ner. T bt ether was off and a  19-g. ailaunt of
pbenybolane and tolurm disffflrd a t  120*, fcavfag a  residua 
which waa distilled later. Tba m Utins of phenyfcflhaa and 
toluene waa treated with phesyUzthiuin, wkkJa bad t
made from 94 g. (0X 0 mole) at h u n o h a w a i  and an «*- 
ccn of lithium metal. The yield of tctrapbeuyUane wna 
7.0  g. (0X 3 mole), m.p. 233-233* . Tba resUnal Squad 
was dhtfllrd under vacuum, giving a 24-g. uihrtnre cf 1,3- 
dipbenykthanc aad bcaxylpbenyinlaae, which distilled 
at 106-160* (0 .43  m m .). This mixture was treated with 
an ether solutioa of pbeayUfthlum, which had been made 
from 63 g. (0 .4 0  mole) of bromobenxene aad an w v w  of 
lithium metal. The reaction mixture was hydrolysed sad  
worked up la the usual manner. The ether was evaporated, 
and tba residual Squid * under reduced p r a a n  to
remove tbe 1,2-dipoenyirthaae. The residua was treated 
with 20-40* petroleum etber, which caused benxyltripbeny^ 
■ ilaac to precipitate . This compouod was recrystalHsed 
twice from 9 5%  ethanol; yield 15 g. (0X 4 mole), m .p. 9 6 -  
0 7 \ *

CtMvaga of iv—.plphsnytdlsHavas by Lkhhm  D snd- 
ttmn Hytfrida.—A 4.0-g. (0X 2 mole) sample at rvm-dipbenyi- 
dtsilaxane was added dropwbe to 2 .0  g. (0 .7  mole) of tfehlua 
aluminum hydride in 250 ml. of etber. Slight *w*” *"g of 
tbe solvent resulted, and a  heavy white pr edpitats farmed. 
The reaction mixture was allowed to stand for two hours 
and then it was poured onto a  mixture of cracked lea and 
dilute hydrochloric ad d . The etber layer was separated, 
washed first with dilate hydrochloric acid aad then with 
water, aad dried over Drierite. Tbe ether was oS
and tbe product (2.1 g., 5 0% ) distilled st 119* (740X  m m .). 
Tbe product was identified as pbeaybiiane by hs boiling 
point aad infrared spectrum.14

Acknowledgment».—Analyses were by Miss J . Dickey of tbe Indiana U niversity M icroanalytical 
Laboratory. This paper is based upon work per­formed under contract N onr-90802 HR 355-321 (Office of Naval Research). *
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^Dy£c£__preporatious_fa^2-chIoro- (U), 2,7-dichloro- (III), 2,7-dibromo- (VI) and 2.3.7X-tetrabromo-dibenxo-^dioxm (V m ) froBi_ulbcnMl-/>-dwxm (I) reported. The l-bromo-dibenxo-p-dioiin (IV) and 'tbe 2-»odo-dibemô->^baai (UCT 
*<5 obuw ed by-itiairect metnoda. il, IV. VT/'VIII m d IX are new compounds. Structure proofs for these aad lX-dl- brorno-dibcnxo-p-dioxin (V I0 are included along with a brief theoretical discussion dealing with VI. VII and VIII. Brief io r th c tw o i are given for tbe preparation of 2-bromo-dîbenzrvp-dk)xm (V) and of VII. I b  formed from b ap e s tiv v  #- chloropbrnol in law yield.

Studies on the orientation of entering groups on preparation of a number of halogen derivatives and the dibenzo-p-djoxin (I) nucleus have led to the confirmation of their structures.
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rh eac  coosast o f tb e  2<hlorx>-d£benzo-p-<liaxin (II), 
^-cbch to ro -d ibenzo-p -d iax in  (III), 1-bromo-di- jenxo-p-d iox in  (TV), 2-brxmio-dibeiixo-P"-diaxin (V), ^7^brom o-<ttbenzo-p--diG xin (V I). 2T8-dibeoc><>-di- «nxo-p-dioarin  (V II). 2ft7,8-tetrab»omo-<Hbenzo-^ B o n n  (V III)  and th e  a-sodO"<hbcnzo-P"dioxin "’lA jT 1' O nly  ¡¿¿T-dichiotTHKhrnso-p-dioEm, 2-bro- 
nodibenzo-p-dioxin  and  an w"»«*e,w< dibromo- libenxo-p-dioxin  have been r eported in the Htera- u re  to  d a te . 2.7-D khlofo-duxnzo-^dkm n was obtained* from  2,7-diamiDo-dibenzo-p-diaxxn (X)
1ia  a  S andm eyer reaction .1 Later. ToHa and Bail- 
axge* p rep ared  th e  aam r oompoond 07 ring closure 
if 2,4-dicnloropbenoL  A Sandmeyer reaction was _ 
la o  txaed in  th e  preparatioa of 2-bromo-<Hbenzo-p- lioxin from  2-amiim-dibenzo-^diooan (X I).1 ~ den tifi ca tio n  of th e  tm assigned dibromo com_ 
•otznd4 w as accom plished in tbe course of these tu d ie s.D ire c t chlorination of dibeazo-p-diaxin in glacial c e tic  a d d  a t room tem perature gave 2-chloro- ibenzo-p-d iox in  and a  small amount of 2,7-di- 
h lo ro -d ibenzo-^d iozin . A ttem pts to  inaease the 
ie ld  o f tb e  2.7-cooponnd by use of ultravioiet g h t a n d  elevated  tem pera tures were only partially 
ucceasful. 2-Cbloro-ciibenzo-p-diaxin was also arm ed w hen a  Sandmeyer reaction was run on -am ino-dibenzo-p-dioxin.

M eta la tio n  of dibenzo-p-diaxin with pOenyl* 
thitxm  followed by addition to a brom ine-ether 
lix tu re  produced a monobrcmo compound differ* lg  from  2>bcomo-dibenzo-p-diaxin and m ust tbere- jre  b e  l-bcocnodxbenro-p-dioxin, tbe only other 
ossib le isom er.W ith  th e  constitution of 2-brocoo-dibaizo-p- ioxin know n, th e  structure proofs of tbe two di- rom o-dibenzo-p-dioxin derivatives were tmder- 
ik en . 2 3 -Dibrom o^benzo-p^diaxin, being the u ie r  to  obtain , was coaverted to tbe di-Grignard, ixboo&ted and finally treated with thiocyi chlo- de followed by absolute m ethyl alcohol to give 
ic  dim ethyl ester of 2^-dibenzo*^-dioxin-dicar- oxylic a d d  (X II), a known compound.* Tbe ther dibtom odibenzo-p-dioxin was thus coosid- red to  be 2,7-dibromo-dibenzo-p-dioxin on the
(1) S. U*o, BtJl. Chm. Sac. /«H i., K, IT7 (INI).
(3) M . J -U t  m <1 U . 3*U . me. <Um. Fr.»e*. U 0  ( I t u ) .(3) FTwdi N te l r*0.U7 Cfm 1«, ISM).(O S -l- JM.M7 U»It «1, IM3).(M W. Toatu. J. fW a . S*. Jifum. M, KM (IMfl).
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basis of infrared spectra comparisons. Both com­
pounds gave the same infrared spectra which would only be true if the second bromine atom  were in the 7-position. The positions occupied by 
the bromine atom s in tbe tetrabrom o-dib^n»w>- morin m ust be Z.3,7,8, since ^yHawtUve 

-  r  . tjQQ 01 a m ixture ol 2-bromo-. 2.7-dibrom o and The 2^-dibrom o-dibenzo-p-diorin gavp only one te tra - 
am - derivative as shown inFigTST

A iSandroeyer reaction earned ou t oq 2-amino- 
dibenxo-p-dioxin gave 2-iodo-d ibenzo-p-d iaxw . A ttem pts to  make the compound directly by a  
method developed for the iodination of a closely re­lated compound in th is Laboratory failed.1

' I t ' has been found th a t 2.8-dibeonio-dibenzo-p- cboxin can be made in 22% yield whereas 2,7- 
dibromo-dibeaxo-p-dioxin ***" he farm ed in only 7%  yield using forced conditions. These results can 
be explained satisfactorily by consideration of Fig. 3.

Fif. 3.
In Fig. 3(a), the axouhnn ion form ed in the in ter­

mediate stage received no assistance from  the bro­mine atom  in the 2-position. However, in Fig. 3(b), the oxonimn ion is pom  to tbe in itia l hftirmn» atom 
and can therefore receive a fq t t in  am orm t of reso- 
nance stabilization. The evidence for a qmnoid- type interm ediate is enhanced by th e  form ation of 2,3,7,8 - tetrabrom o - dfbenxo - p  - dioxin, where 
third and fourth entering brom ine atom s, despite stenc hindrance, enter ortho to  the bromine, al­
though a completely unhindered position ortho to the oxygen is available.

(6) R, Cilku, O, 
J ovkmai,, M, 247» (ISM ).W » ( W. >r*«*ar wd W. tkfc**trk±, T ia
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Bxpecinw ttaP
Dlb«aio-/>-diojd* (I) .— Uakg the method developed T o m iia ' bu t m b o titu tin f s-chlaraphewol farft U po—Jble to  obtsin fk ld i tu id u  from 1 th is m expend re  ( tu t ln i a t tv k i .  Umte the eoodlticpj Mid w ith th- equipment wad below, H has been found that increasing tiic six* of the preparation apparently (k o u tu  th e  yield .v-Chlorophenol (410 f . ,  8-lfl mofea). 830 a. <14 motes) oI anhydrous pntsmtmn carbonate and M i. at copper powder were beatea for 6 hr. kaaed0-bathatlTO-180*. Tbe tarry m ixture was further refluxed with aqaaoai potssriutn hy­droxide. allowed to  cool mad finally extracted with ether. W ashing th e  ether layer with ccwcortnted pofeedere hy­droxide dispelled the dark color . The ether was evapo­ra te d , tb e residua dlsanlvart k  b — ewe and chromatographed ou alum ina. Best r— Its aw e obtained fay evaporation of tb e  e fiu en t and reerystelUseHew of tbe residue from hot ethanol to  white plates or needles, n .p . 13&-12S4 (rtp o rtaf m .p . 110*).2-Chlocu dTti—i i  f  filsxk (II).—Chlorine n i  was slowly bubbled in to a stirred solution of 4 4  g. (0425 mole) of dj- benxo-^-dkodn h  125 mL of glads] aortic add over a period of 2  h r. a t room tem po a t are . At that time, a ytOow color waa evident in tbe dear solution. Aqueous sodium bisulfite was used to dilute the reaction mlxtmt sad destroy th e  excess chlorine. Filtration gave 5 g. of crude material m elting over the range 55-45". V acant dMQation of tide produced 2.4 ff. of material, tup. tS-M* (0-25 mm.). Five reerystalH satioes from ethanol-water yielded 1 g. (18%) of w hite needles, m .p. 87-00*. A 045 mole preparation roa a t 75* did not result In a higher yield.
A nal. Calcd. for CoHiOiQ : O . 1534. Found: a ,  1541 , 1535.I / r  frii fajuie flksam  /  f f irk  (HI).—An Identical pro* cedure was employed lor this reaction as Is tbe preceding experim ent except for kradktiaa erf tbe flask with ahra- rio lc t light for 4 4  hr. firing a trade yield of 5 4  fm ritin g  over the range 93-106*. Two recrystslU n tioes from methyl and a  Anal rroystaSbatioa from petroleum ether (b .p . 00-70*) produced 0 3  f - (*%) of white needles, m.p. 201-203* (reported1̂  m.p. X fT , 801-802*).This same reaction gave only a  trace of product when ran a t room tem perature m tbe absence of ultraviolet tight. A Pyrex flask was ased In all of tbe preparations.I Di mini fiflisnssj flarhi (IT).—A 045-mole preparation of phenylliltuum  was added to a sokticn of 046 mole of di- beoso-fN lioiia in anbydroea ether aader aa atmmpbere of d ry , oxygen-free aitrogem. Due tothcesoeef di-meislatiou, s a  excess of metalatiag agent was avoided. Di-metslatioo did not occur when metkyfiklxk» was ased, bat the yidd of mooo-mctslsted product was rigmificastiy lower.A 0.05-mole preparation of pbcayttithiam was added to 0 Jt g. (0.06 mote) of d3*n»o->-dh*dn is 50 ml. of ether and refluxed with stirring for 5 hr. The m nhing mixture was added to a stirred uiiita re of 10 g. (040 mole' of in150 m l. of ether a t ice-bath tem pentara over a period of 16 m in. I t was allowed to warm to room temperature, stirred for 3 h r. and then washed with aqueous snrfmm bisulfite. Tbe e tb o ’ layer, a its ’ dryiag over anhydrous sodium sulfate, was evaporated and the residue vacuum dfetfiVd a t LSI- 135* (0.1 mm.) to give 14  f . of crude product. Two re- crystaU A tioos from methyl alcohol resulted in 1 g. (8%) of white needles, m .p. 104-106*.
A nal. C skd. for CuHrOhBr: Br, 80.40. Found: Br, 2941 , 2942.

(1SX71.

(V).—Severs! 0.05- to 0.1- pi» preparations were carried out using potassium bromldc- farmxate in refluxing acetic acid as the brouilnatlng agent. The ernde product was Durified by vacuum distillation and a final rcsratulttsatlou rrexD ethanol-water, m.p. 69-94.5*. Ykids of 40% were obtained caasbtently. Earlier workers' prepared this compound by direct bromlnatiou in car boo disulfide reporting t  melting point of 00-92* bat making no BMiitkxi at MfccntAic rield.2,T-Dlhriaus iMliansii f  fVirin (VI).—In 100 ml. of gla­cial acetic add were rfiaaofvfrf 4 4  g. (0.025 mole) of dlbenxo- A-dkxda and 124 f . (048 mole) of bromine and the rtsult- lag solution stirred sad refluxed far 5 4  hr. Dilation with aqueous sndinia bisulfite and filtration gave 11 g. of crude m atsial melting over tbe range 110-130*. Five reenrstai- Ksstiont of this material from glacial acetic add yielded 04  g. (7%) of white needles, m.p. 174-176*.
Aasf. Calcd. for C«HiO,Br,: Br. 46.75. Found: Br, 46.91, 46.73.

84-Dlhromo-dihugTO-^-dkain (VII).—This compound was prepared k  32% yield using the theoretical amount of potsiukim bromlrls hrransfs k  refluxing acetic acid. Tbe crude material was purified by repeated reaystalluatious from ethanol to a constant mehing point of 1494-151*. I t had bets prepared previously by direct brom Inst too of dfbrneo-p-djoxin hi sttrobenrene a t room temperature with a^nyert ed mriting range of 145-150* and la unspecified
The dimethyl ester obtained no the Grignard reagent and subsequent carhaaation and esterification of this dlbromo compound melted a t 168-171*. A mehing point of 167* has b c a  reported1 earlier for the dimethyl ester of 24-di-benao p diniiln ilhailim itic add. ___TJ.TA-Tatrabromo-qlh—an p itlaifn (VUI).—A solution of 9 3  g. (046 mole) of dlbepxo-p-dirrrm, 64 ( . (0.4 mole) of bromhw and 300 ml. of gladal acetic add was stkied and refluxed for 6 hr. Dilation with aqueous «ndhiim bisulfite followed by filtration produced 183 g. of crude material mehhsg over the range 297-330*. Due to  tbe insolubility cf this a a ts k l hi all solreats, only a small portionwas fair died by three recrystaBisxtions from hot pyridine to yield a white, gran alar product, m.p. 234-336*.

Awaf. Cakd. for CmHjOiBt«: Br, 62.00. Found: Br. 62.49, 8244.
(IT).—Nhrasylsulfuric add was by (tissoMeg 0 4  g. (0416 mole) of nitrite in8 mL of concentrated sntfurfe add and then slowly warming h  to 70*. This was cooled to 15* In an fee-bath and 2 g. (041 mole) of frasripo-riflanswi P rtlnrln In 25 ml. of gladal acetic add was added slowly with vigorous stirring.1 After addition, h  was fik n d  15 mbs. before bring added rapidlyto a cold solution of 2 4  g. (0415 mole) of potassmm iodide m dikate ulfuric add . The now brown mixture wss heated

r . of product,r a r yWxBrrifioc j from ethanol-water (Norit A) resulted k  0.4 g. of fine, white needles, m.p. 95-97".
Aasf. Cakd. for CtsHiOJ: 1,40.96. Found: 1.40.64, 40.40.
AcknowW dfnvrrt.—Tbe an tb o n  are indebted to  R. McCord of the Institu te  o f Atomic Research, Ames, Iowa, for infrared spectra.
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