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Dibenzofuran. XXIII. Rearrangement of Halogen Compounds in Amination by 
Sodamide' 

BY HENRY cILJI.!N AND SOKTKRN . \ \ 'AKI. \N 

h i  connection with the preparation of 4 , h I i -  
aminodibenzofuran for ;in timalarial studies, ari 
examination was made of the amination of -I,(i- 
diiododibcnzofuran. The products isolated were 
~-aminodibeuzofuraii, :~-aininodibenzofurati, a di- 
aminodibenzofuran and :~-amiiio-(j-iododibenzo- 
furan. 'The structure of the :~-amino-(i-iodo corn- 
pound was established as follows 

i i 

:~,S-tliaiiiiiiotlibeiizc,furaiis were riiled out by 
coniparison with authentic specimens. I t  is al- 
most certain that our diamine is the ;$,ci-coni- 

T h e  :(,(i-cliLtiiiiiiodibenzo~u~dn and :hniino-ti- 
iotloclihenzofuran wtsre foriiied by amination with 
sodaiiiicle and liquitl animoriia. Under corre- 
sponding conditions, but with ether also present, 
only :~-~~ininodiberizofuran was isolated (42oJ, 
yield). In a high pressure amination with arn- 
nioriiurri hydroxide and using cuprous bromide as 
a catalyst, 4 -aiiiinodibenzofuran was obtained in 
an 11 '/r yield. 

It was then shown that -l-iododibenzofurari 
when treated under corresponding conditions with 
s( idainide in liquid ammonia gave hminodibcnzo- 
furan. However, 2-broniodibenl.ofuran and 2,8- 
tlihroinodibenzofuran show no rcarrangcinent in 
amination by sodamide in liquid arniiionia.3 Fur- 
thermore, 2-iodo- and 2,8-diiododibenzofuraii are 
aniiiiated without rearrangement under the se- 
lected experimental conditions. This suggested 
;in amiliation of ~-broiiiodibeiizclfurari to deter- 
ni i i iv  whrt1ic.r the kind o f  halogeii was ;I rlrterinin- 
ttig /actor ill thta rearr;in~citicrit. 1 t w s  i o u d  
I hi i t  ~-1~rci inocl ibr~t1~0~11r~i i1  like t h e  !-i(ido arialog 
: i l ~ )  reacted with . ; ( i t l a t ~ i i c l t ~  i l l  l i ( l i t i ( l  ;iitittionia to 
xi\.c. tlic rcarraiig:eiiictit 1)ro(liict, :<-~iitiiiio(lil)riizo 
I'ur:iii. 

.\ccc~rtliiigl>~ i t  :il)l)c;irc(l I l ia  t tlic. rearraiigcliiciit 
l; i l \es j ) l : i w  with ~ i 1 1 . v  hdogt~it  o r t h o  to i i i i  rtlirr 
lii1h;tge. 'l'his i c i u n t l  sul)~)cirt i i i  tlic foriiiation ui  
/waiiisidinc I'roiii 0-iodoaiiisdc, o-LrcJiiic)3iiisulc 
ant1 o-chloro~iiiisole. .\lso, '7-io~lodil)licliyl ether 
gave, with sotlaiiiitlc i i i  liquid ;tniiiionia, the ;l- 
;iiiiitiodiPhenyl cthcr. Shoultl the reactiuii be 
ioLitid later to  1x2 t m d  i i i  s c ~ q c ,  it iila). rift'cr 
s>nthetic. 1xissil)ilities for tlic. p re~x~r~1t io i~  

pound. 
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called abnormally oriented types like @-sub- In an  earlier experiment, the reaction products were 
stituted aminofuran, etc. N~ study has as yet acetylated by acetic anhydride to give two compounds. 

one of which rncltecl a t  321-322" and the other (coiitaiiiiiig 
been completed on optimal conditions for the re- iodinel at  2fj8-2(390, These corllpounds were shown tu be 
action, but orienting experiments with o-chloro- identical with the acetylation products of the separate 
anisole have shown that a 57.5y0 yield of nz-anisi- ainiiies and, accordingly, are 3,6-diacetaminodibenzofurari 
dine can be obtained conveniently. and :;-acetamiiio-fi-iodorlil,cnzofuraii, respectively. Thc 

the fact that 3,1j-diacetaiiiinodii~eiizofuran crystallized froln acetic acid 
as leaflet s 

the catalyzed Of 4,6-diiododibenzo- :I nul .  Calcd. fiir C I & < I ~ O ~ N ~ :  x, 9.93. Fourltl: N,  
furan proceeds normally to give 4,B-dihyrlroxydi- 9.76. 

mention should be made 

benzofuran. The 3-acetainitio-6-iododibenzofuran crystallized from 

:iw/. Crtlcd. for C I ~ ~ I O O ~ S I :  S, 4.10. Found: N, 
e1 lrariol as necdlcs. Experimental 

4,6-Diiododibenzofurano-The following directions give 4.02, 
a marked improvement in yield over the method described . 
~ a r l i e r . ~  F i s t ,  pheiiylsodIum was prepared by placing a 
iiiixture of 1200 cc. of toluene, 115 g. (5 g. atonis) of sodium 
>and, aud 225 g. (2 moleSJ of chlorobenzeiie in a three-liter, 
:biiecked round-bottomed flask equipped with a Hopkins 
condenser having a nitrogen inlet, a mercury-sealed stirrcr 
arid a tliermonieter. A sinal1 crystal of iodine was added 
as a catalyst. Five minutes after the  addition, the tein- 
perature began to  rise aiid by appropriate cooling was not 
allowed to  exceed 5,5' during the entire reaction period, 
which lasted about four hours. 

A solution of 168 g. (1 niolej of dibenzofuran in 800 cc. uf 
toluene was added directly to the organosotliuin mixture 
prepared above, and the temperature was raised to  100- 
105" by  means of an oil-bath. The mixture was stirred a t  
this temperature for twelve hours, then cooled in an ice- 
salt bath (- 15') and 635 g. (2.3 inoles) of iodine was added 
at  a rate to  keep the tempcrature below 12". The reaction 
was completed by heating a t  (jU-65" for one hour; then 
the mixture was filtered. washed with 400 cc. of water con- 
taining 10 g. of sodium thiosulfate, an3  dried over ca1cii:rn 
chloride. Concentration of the  solution to  300 cc. yielued 
2%1 g. of crude product meltiiig a t  155-158". One crys- 
tallization from toluene gave 256 g. ((i0.lqib) of colorless 
crystals melting a t  160". 111 t h e e  other preparations the 
yields were 50, 57 and G1':b. 

Ambation of 4,6-Diiododibenzofuran. [A ] With 
Sodamide in Liquid Ammonia.--Sodamide was prepared 
by the  directions of Vaughn, Vogt and Nieuwlandl from 
Iti.1 g. (0.44 g. atom) of sodium and 0.3 g. of hydrated 
ferric nitrate in 400 cc. of liquid ainnionia. Then 84 g. 
(0.2 mole) of 4,6-diiododibenzofuran was added over a 
period of fifteen minutes; the reaction was not vigoroui, 
and after stirring for three hours the excess sodamide was 
destroyed by  aniirioriiuni chloride. The ammonia wab 
allowed to evaporate and the solid was extracted with one 
liter of ether. The amine was precipitated from the ether 
solution as  the hydrochloride, which was subsequently 
treated in water with anii~ioiiitiin hydroxide. 'Two crys- 
tallizations from nit>thaiiul yicltled 37.8 g. of product melt- 
ing at 143-144°and 2.1 g. of product melting at 154-155" 
'The lower melting co~~ ipo~ i i t f  is :3-ainiriu-li-iodotliheiizo 
furan. 

Anal. Calcd. for C I ~ H ~ O N I :  N, 4.53. Found: S, 
4.52, 

Six-tenths gram (0.002 mole) of the iodo-atniiie iii 75 cc. 
of absolute ethanol was subjected to hydrogenation using 
a palladiuin -calcium carboiiate catalyit,  to yield 3-amino- 
dibrnzofuran (mixed ni. p . )  

111 another experiment, 3 g. (0.01 inole) of the iodo-amine 
was diazotized to rcplace the ainiiio group by hydrogeii, 
arid 4-iodoiiibenzofuran (mixed i n .  p . )  was obtained. 

Tlic iodinc-free arniiie melting a t  151--1% O waq shown by  
analysis to be a diamine, vel-y probably 3,ibciiamiiiotii- 
1)enzofuraii. 

;Inul. Calcd. for Cl r l I iuOSn:  A', 1-1.14. Founrl: N, 
1-t.20. 

-. - .. .- 
( 4 )  G i l m n n a n d  Yoiiny, Ttirs Torrnsar., 57, 112I fl!l:i-,i ' 

a i l ,  \ Ioorc  m11 Bairn, , h d  63, 2 1 7 1  i L O l 1 1 ,  : ,nd  ( , ~ l m ,  
n i c l  I $ A : I ~ c ,  iiiid. 62, 1.71-1 : i ! l l i ) s ,  

Vaughn, V o g t  arid S ~ e u w l : i n d .  ~ b r d . ,  66, 2120 (IOX-iJ 

[B] Amination with Sodamide in Liquid Ammonia 
and Ether.--A solution of 21 g. (0.05 mole) of 4,G-diiodo- 
dihenzofuran in 300 cc. of ether was added with stirring 
to  a solution of 0.13 i i i u k ~  ol' sodainide in PCIO cc. of liquia 
anitnoma. Stirring aa\  curitiiiiied fa lwelve hours, aiid 
o i i  wcirking U ~ I  the rcactiuri nlisturc therc was obtained 
i . :3 ,  g. (-Ef i )  oi ;~-aininodibciizofur3rl. 

Amination with Ammonium Hydroxide and Cu- 
prous Bromide.--A mixture of 42 g. (0.1 mole) of +,ti- 
dii~~tiotlibenzofura~i, l t i  K .  !(I l l ii~ole) of cuprous bromide 
ani1 I90 cc. of aiiiiiiotiiuiii iiy:lroside was heated i n  a bomb 
a t  180 -1SLi' for tweiity-eight hours. The yicltf uf 1- 
a~nino~i i~enzof~t ran  (m. p.  and niixcd 1 1 1 .  I ) . ,  84.5-85") ivas 
2 g. (111';) 
4,6-Dihydroxydibenzofuran. [A ] From 4,6-Diiododi- 

benzofuran.-A mixture of 100 g. (0.238 mole) of 4,6-di- 
iododibenzofuran, 22 g. of copper bronze and 200 g. of 
sodiuni hydroxitie was place1 in a copper beaker containing 
100 g ,  of copper turnings and 30 g. of copper sulfate dis- 
solvrtl in 100 cc. of water. The niistiire was heated in a 
bomb at 215~-22Uc for fiftien hours. There was isolated, 
siii)sequeiit tu dissolving i i i  \rater aiiJ acidifyiiig with 
hyrlrochloric acid, 3,5 g ,  175~ I of crui!e 4,ti-dihy;iroxydi- 
1;ciizoitiran i~eltiiig at i45-1X0. Recrystallization cit 5 g. 
frciiii tJciiLeiie gave -I,ii-dihyiirory,iibenzofurari jniixed 
111. p.J, and ;hc remainin, 30 g \ T J ,  cotivcrted to 1, t i . t l i -  

IC] 

met hoxyiiilxmofuran. 
IB] From Oxidation of 4,6-Dilithiodibenzofuran.-.~. 

solution of 8.4 E, (0.002 mole) of 4.6-diiododihenzofuran 
in 75 cc. of ether was added with stirring to 0.004 mole of 
n-:iiityiIithiuni iii ettiei Thcu, i n  accordance with the 
pi-otwiuri: of IvariolT,e O.OLJ.4 inole of ?i-butylrnagnesiurn 
l)rox:iL1c it! 50 cc. ( ~ f  ctlici was adtici  to imprcJ.qx the yield 
of uxiriatiuii product. 'l'he reaction mixture was cooled 
1)clow 11' hy 311 iu - ia l t  mixture, aiiti oxygen (hubbled 
through sulfuric acid and passed ovei  wcia-lir:ie) was swept 
over the surface of the well-stirred solutiun at  n rate to  
maiiitain the tciiiperatuit 1,eltJw 0" uiitil a iicgative color 

twnmfi i imn (niixcd in.  ;I.) w a  
4,6-Dimethoxydibenzofura he procedure used was 

essentially that descrilxd for the methylation of 4-hy- 
~ i r o x y - t i - ~ i i e t l i r , x v ~ , i ~ ~ e ~ ~ ~ ~ - ~ f u ~ a ~ ~ . ~  To 3 stiri e.i aiid refluxed 
solution of 3) g. of cmitle I,fi-ililiy~ir~~uy~li~r~t~~ofurari and 
Xl i  g. ; , ! t . tW t n ; ~ l t . )  (if tiimethsl sulfatc i n  7 5  cc. of acetone 
was adrleil a wlution of 112 g. (2.S i i i ~ ; l * . h t  uf potassiuni 
1iydroxi:ir i r i  80 cc .  u; nzter.  Alicr stiiring at a reflux 
teinpernt uri for two hoiir,, ti:(. i x cduc t  was ;)uured into 
water. CI p ailization frorii petIulwini ether (b. p.  60-- 
1iW j gxve 21 g .  (tj1.4'. 0; of -;,t;-,!,iiicthosyilibeiizof~iraii 
iiicltiii: at  128 12'3'.? 

4-Iododibenzofuran.-The following arc improved di- 
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of iodine mas added a t  a rate to  keep the temperature below 
5'. Subsequent to  hydrolysis and drying of the  ether 
layer, a reddish-brown solid melting at 63-65' was ob- 
tained when the ether was removed. Two recrystalliza- 
tions from petroleum ether (h. p , ,  60-68") gave 12 g. (42(,6) 
of product melting a t  72-73". 

Amination of 29.4 g 10.1 mole) of 4-iododibenzofuran 
hy addition to a solutioii of sodamide (0.15 mole) in 600 
cc. of ammonia, followed by four hours of rapid stirring, 
yielded 8.6 g. (47.5' c )  of pure 3-anliiiodibciizofLir~ti (mixed 
in. p,). The compound was further identified by the 
preparation from it of 3-acetamiriodibenzofIlran (mixed 
m.  p. ) .  

4-Bromodibenzofuran.g"-Amination of 37 g. (0.15 
mole) of 4-bromodibenzofuran by 0.2 mole of sodamide in 
400 cc. of liquid ammonia gave 8.5 g. (31%) of 3-aminodi- 
benzofuran. The melting point and mixed melting point 
with an authentic specimen was 97-98'. 

2-10dodibenzofuran.~~~-A solution of 29.4 g. (0.1 mole) 
of 2-iododibenzofuran in 70 cc. of dry benzene was added 
dropwise to  a solution of 0.17 mole of sodamide in 400 cc. 
of liquid ammonia. The mixture was then stirred for one 
hour. The yield of 2-amiaodibenzofuran (melting point 
and mixed melting point, 126-127') was 6.2 g. (30%). 

I n  another experiment, 29.4 g. (0.1 mole) of 2-iododi- 
benzofuran, 0.15 mole of sodamide, and -100 ee. of liquid 
ammonia n'cre allowed to react for two hours. After de- 
compo-irig the excess sodarnide by aminonium chloride, 
removing the solvctit, and extracting thc product with 
ether, the amine was precipitated as the hydrochloride. 
One crystallization of the free amine (obtained from the 
hydrochloride by treatment with ammonium hydroxide) 
from ethariol gave 3 p. (1:3?;) of pure %-alilitiodibelizofuran. 
1 t i  addition, thcre was recovered 6 g. of ?-iodoriibenzofuran. 

2,8-Diiododibenzofuran.g"-From a reaction between 
42 g. (0.1 mole) of 2,s-diiododihenzofuran and 0.3 mole of 
sodamide in ijU0 cc. of liquid ammonia, there was obtained 
(after stirring for four hours and then workirig up the prod- 
uct in a cu3toriiary manner) 1.2 g. (6' ;) of 2,s-diaminodi- 
benzofuran. Iroiti the rcaction mixture was recovered 
14 g. of 2,X-(liioiior!il,enzoiurari. 

Amination of o-Iodo-, o-Bromo- and o-Chloroaniso1e.- 
To  a stirred solution of 0.7 mole of sodamide in 800 cc. of 
liquid ammonia was added dropwise l l i  g. (0.5 mole) of 
o-iodoanisole. After stirring for two hours, the mixture 

worked up i n  the usual manner a2d yielded 20.5 g. 
,;J of m-aiii4(iitie tli~tilliriq a t  90-9t (0.5 mm.).  The 

acetyl derivative \\-as prepared, and a niixed ni. p.  deter- 
tiiination with an authentic specinien of acetyl ,ii-anisidii~e'O 
,bowed no tiepres4on 

From the amination of 93.5 g. (0.5 mole) of o-bromo- 
anisole and 0.7 mole of sodamide in 800 cc. of liquid am- 
monia (under the  general conditions described for o-iodo- 
anisole) there was obtained 20.5 g. (33%) of m-anisidine. 
This also was derivatized as the  acetyl-m-anisidine (mixed 
m. p . ) .  

From 40 g. (0.35 niolc) of o-chloroanisole and 0.5 mole 
of sodamide in 700 cc. of liquid ammonia was obtained 
(after stirring for four and a half hours) 10 g. (23.2%) of 
?)I-anisidine (characterized by boiliiig point; nZoD 1.5810; 
and mixed m. p. of the acelamino derivative, with an 
authentic speciineii). 

From 71.25 g. (0.5 mole) of o-chloroanisole, 0.7 mole of 
sodainide, i U 0  cc. of liquid ammonia and a one-hour period 
of stirring was obtained 31 g. (50';;) of m-anisidine; b. p.  
84-85" (0.3 mm.); nZoD 1.5812. From a parallel experi- 
merit in which the reaction mixture was stirred for fifteen 
minutes (after the twenty minutes required for addition), 
the  yield of m-anisidine was 28 g. (4570); ~ Z * ~ D  1.5811. 

A 57.5% yield (30 g.) of m-anisidine was obtained from a 
reaction between 60 g. (0.42 mole) of o-chloroanisole and 
0.85 mole of sodamide iii 800 cc. of liquid ammonia. The 
reaction mixture was stirred for one-half hour after the 
one-half hour period of addition. 

2-Iododiphenyl Ether.11-From 15 g. ,(0.05 mole) of 2- 
iododiphenyl ether and 0.08 mole of sodamide in 250 cc. 
of liquid ammonia was obtained, after a fifteen-minute 
period of reaction, 3 g. of oily amino product. This on 
acetylation yielded 2.3 g. (22yA) of 3-acetaminodiphenyl 
ether rnclting a t  83-84", A mixed m. p. with an authentic 
speciinenlZ showed 110 depression. The  authors are deeply 
grateful to Dr. Ray (2. Brewster for supplying the 2-iodo- 
diphenyl ether as well as the 3-acetaininodii)heiiyl ether. 

Summary 
It has been shown that the amination of 4,6- 

diiododibenzofuran by sodamide in liquid am- 
monia gives 3,6-diaminodibenzofuran and 3- 
amino-64ododibenzofuran. A similar rearrange- 
ment takes place with 4-iododibenzofuran and 4- 
bromodihenzofuran, but not with the 2-bromo-, 
2-iodo-, 2,s-diiodo- or 2,8-dibromodibenzofuran. 

The rearrangement appears to be general with 
ortho-halogenated ethers. o-Iodo-, o-bromo- and 
o-chloroanisole give m-anisidine; and 2-iododi- 
phenyl ether gives 3-aminodiphenyl ether. 
AivIes. IOWA RECEIVED NOVBMBER 6 ,  1941 

(11) Clnrkson a n d  Gornberg, THIS J O U R N A L ,  62, 2883 110:jl)t 
f l 2 j  Ull rnann a n d  Spon;igeI, . 4 n i i . ,  350, 83 (19l)lj). 


