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INTRODUCTION

Three numbering systems have been employed in the litera-

ture to describe derivatives of dibenzo-p-dioxin., The one

adopted by Chemical Abstracts and also to be used in this dis-

sertetion is shown by I. The cother two systems are illustrated

by ITI end III.
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Even though the use of I is mos% common, a certain amount of
confusion sti1ll exists due to the usage by some sbstractors of
'II, which, because of the symmetry of the molecule, is not too
ambiguous.

Diphenylene dibxide is the common neme for dibenzo-p-
dioxin and appears frequently in the literature. The Japanese

workers stlll favor this name and have used it in recent
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henoxathiin~, & non-planar molecule, and was found tc heve

m

zero or nearly zero dipole moment wnen meéssured in cerbon

- . 2
tetrachloride, cyclohexane, or besnzene solutions. The re-

. St oa - - - ia 3
molecule, Dbut the other vosslibility cannot be exciuded.-

)
- s - ~ b . o ~ - o
Eigesi and Uyeo *- rerorted dipole moments of C.84 and C. 57
Pebye unite when divenzo-p-dioxin was measured in benzene and

ths molscule ©to be Folded about the 0-2 axis with the benzen
- . ~~ O -
rings lying et an sngle of 180 . The oxygen valence angle is

Rl a - - 5 < v Tl o
C. Zennety, ©. Zarn, ané £. Glssston, <. Chem. Scc.,
- ~ [4 ~Neade N
1273 (12347,
’-_‘ . - - T . K3 -— 3 -~ —~ H
“R. ¥eod ené Z. Villisme, ZPhil. Meg., 31, 115 (1941)
r ~ { \
[c. 2., 35, z786 (1921]].




evidence presented, it may be concluded that dibenzo-p-dloxin
deviates only slightly, if at 211, from a plansr configuration.
It forms crystals of the monoclinic holohedral class and con-
tains four molecules per unit cell with s strong teandency for
twinning.3

The substituted dibenzo-p-dloxin nucleus has beesn isolated
from the degradation of some naturally occurring materials such
as trilobine, isotrilobine6, and micranthine.? Nelther these
nor dibenzo-p-dloxin itself has any pharmacological value at
the present time.

Of the many dibenzo-p-dloxin derivatives tested for anti-
bacterisl activity, only 2,7-di( 6 -chloropropionyl)dibenzo-p-
dioxin and its 6’ substituted derivsastives were effective (at

a dijution of 1:160,000) for Mycobzcterium tuberculosis,

Staphylococcus aureasg, and Es. coli.8 Subcutaneous injections

of dibenzo-p-dloxin and the hydrochloric acid salt of 2-
aninodibenzo-p-dioxin were tried on mice, rabbits, and frogs.
Both proved to be depressants and death was due to respiratory

fallure when a dosage of 50-100 mg. per kg. was used.9

6M Tomita and C. Tani, J. Pharm. Soc. Javen, 62, 468
(19%42) [C. 4., 45, 4728 (19517] -

7I. Bick and A. Todd, J. Chem. Soc., 1602 (1950).

8M Tomita and W. Watanabe, J. Pharm. Soc. Japan, 71,
11198 (1951) [C. 4., 46, 7617 (1952)]-

M. Okeda and S. Frese, Jepan J. Med. Sci. IV, Pharmacol.
Trans., 2, 9 (1936) [C. A.,.z_, 8021 (1937)7.




The present study was undertaken to elucidate the basic
chemistry of dibenzo-p-dioxin. This necessarily led to the
preparation of many derivatives and proof of their structures
by both chemlcal and physical means. Direct nuclear substitu-
tion 1ls esveclally attractive since the molecule contains two
oxygen stoms capable of delivering thelr activating influence
to elght positlons, four of which are known to be susceptible
to electrophilic attack.

In additlion to elucidating the basic chemistry of dibenzo-
p-dioxin, some of the dibenzo-p-dloxin derivatives are beilng
tested for possible use in brain tumor therapy by Dr. Otho D.
Easterday of the Brookhaven National Laboratory. Others have
been evaluated as organic liquid solution scintillators by
Drs. Wright 3. Langham, F. Newton Hayes, and Donald G. 0tt of

the Los Alamos Laboratories.



HISTORICAL

The literature has been surveyed up to March, 1957, and
wlll cover only derivatlves that can conceivably be made by
direct nuclear substitution and are pertinent to the elucida-
tion and prediction of new nuclearly substituted products.
Derivatives obtalned by modification of functional groupvs
attached to the ring will, however, be included in the table

of compounds.
Dibenzo-p-4dioxin

A general procedure for the production of dibenzo-p-dloxin
involves heating the alkall salt of o-bromophenol or o-
chlorophenol to 180-250° for a period of about 4 hr. with or
without copper powder as a ca.talyst.lo"13 A variation of this

method involves the heating of o-bromophenol or o-chlorophenol

- .with anhydrous potassium carbonate under conditions similar ¢o

10
German Patent 223,367 (May 26, 1909) [C. 4., %, 2981
(1910)] . LEe

11y, Tomita, J. Pharm. Soc. Japen, 52, 429 (1932) [C. A.,
27, 724+ (1933]. T

( §2N. Cullinane and C. Davies, Rec. trav. chim., 55, 881
1936 o

13y, Tomi‘ca, T. Nakano, and K. Hirai, J. Pharm. Soc.-
Jepan, 74, 934 (1954) [C. A., 49, 10964 (1935)].




those employed above.ll’lu

The dry distillation of sodium
o-chlorophenoxide afforded a 37% yield of dibenzo—prdioxinl5
as compared to 15-25% for the heating of potassium o-chloro-
phenoxidelz’lu and 32-65% for the heating of potassium
_g_--bromophenoxide.13

Ring closure of 2, 2'-dihydroxydiphenyl ether with hydro-
bromic acid and a trace of red phosphorous is also possible,

but has proved to be of little practical importance for the

preparation of dibenzo—_'g_—dioxin.16
Alkyl Derivatives

Ring closure of 2,2'-dihydroxy-4-methyldiphenyl ether with
hydrobromic acid and red phosphorous produced 2-methyldibenzo-
p-dioxin. Employing the aforementioned ring closure, the un-
symmetrical 1,3-dimethyldibenzo-p-dioxin and 2, 3-dimethyldi-
benzo-p~-dloxin were prepared from 2, 2'-dihydroxy-3, 5~-dimethyl-
diphenyl ether a}nd 2,2'-dihydroxy-4, 5-dimethyldiphenyl ether,

respectively. 16

%5, Gilmen and J. J. Districh, J. Am. Chem. Soc., 79,
1439 (1957).

15H. Gilman and C. G. Stuckwisch, J. Am. Chem. Soc., 65,
1461 (1943).

1. Tomita, J. Pherm. Soc. Japan, 56, 814 (1936) [C. &.,
32, 8426 (1938)].
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Chlorcomethylation of dibenzo-p-dioxin produced 13% of the

-

2-chlorcome thyldivenzo-p-~-dioxin.

Carbonyl Derivatives

S

Acylation of dibenzo-x-Gloxin with acetyl chlorids in

-

cerbon disulfide resulted in the Tormeation of 2,7-diacetyldi-
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dioxin. Treatment of dibenzo-p-dloxin in chlorobenzene at

o _.. s . s
10-15" with phthalic snhydride produced a 98 yield of dibenzo

v

he chlorodibenzo-p-dloxinoyl-o-
25
~

|

>-dioxinoyl-o-benzoic =zcid.

venzoic acid was obtained in the ssme yileld.

~

The Gattermann-Xoch reactlon on dibenzo-v-dioxin resgulsed

~ Y

in the formetion of dibenzo-p-dicxin~-Z-czrboxeldehyde in poor

20
3 - o
vield.

Carboxyl Derivatives

Divenzo-p-dioxin may e metalated with methylllithlium ir

-

diethyl ether to proluce divenzo-n-dioxin-l-carboxyiic

after cerbonetion. Yhen n-vutyllithium wae used inste:rd, a
mixture of 2 zclds was obtained upon cerbtonation. These were

ES Ll -y

vieléed dibenzo-p-dioxin-2-carboxylic zcid after rydroliysis.
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acid.26 The dibenzo-p-dioxin-2,8-dicerboxylic acid was ob-
tained by the oxidation of 2,8-di(f -chloroacetyl)dibenzo-p-
dtoxin. 22

Dithlocarboxylate Derivatives

Ethyl bromide failed to give the normal Friedel-Crafts
procduct in carbon disulfide, but ylelds instead ethyl dibenzo-
r-dloxin-2-dithiocarboxylate. Methyl iodide underwent the same
reaction produclng the methyl ester. Bubbling ethyl chloride
Into the reazction mixture resulted in the formstion of diethyl

dibenzo-p-dioxin-2,7-bis(dithiocarboxylate). 2"

Ealogen Derivatives

2-Bromodibenzo-p-dioxin may be prepsred by elther using
27

bromine in carbon disulfide or using bromide-bromate in
refluxing glaclal acetic acid, the latter method giving a 40%
yie1a.* The 2-bromodibenzo-p-dioxin may also be obtained
from 2-aminodibenzo-p-dioxin via the Sandmeyer reaction.27

Bromination of dibenzo-p-dioxin in glacial acetic acid using

26M. Tomita, J. Pharm. Soc. Japan, 62, 476 (1942)
[C. 4., 45, 5146 (1951)].

2lFrench Patent 799,627 (June 16, 1936) [C. A., 30,
7868 (1936)] .
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a 2:1 ratio of bromide-bromatel? or in nitrobenzene using 2:1
ratio of bromine28 produced the 2,8-dibromodibenzo-p-dioxin in
22% and an unspecified yield, respectively. When 1liquid bro-
mine was employed in a 3:1 ratio, another dibromo compound was
obtained and this was considered to be 2,7-dibromodibenzo-u-
dioxin;n, but this has been shown to be in error.29 Exhaustive
bromination of dibenzo-p-dloxin in refluxing glacial acetic
acid produced 2,32,7,8-tetrabromodibenzo-p-dloxin. Metzlation
of dibenzo-p-dioxin with phenyllithium followed by the addi-
tion of bromine produced 8% of l-bromodibenzo-ggdioxin.14
Diazotizatlon of 2-aminodibenzo-p-dioxin followed by
acdition of copper (I) chloride or direct chlorinetion of
dibenzo-p~-dioxin in glaclal acetic acid resulted in the forma-
tion of 2-chlorodibenzo-p-dioxin. The latter method afforded
an 18% yield of product. A small amount of 2,7-dicklorodibenzo-~
p-dloxin was also formed in the preparation of 2-chlorodibenzo-

Qrdioxin.lh Condensztion of sodium 2,4—dichloropbenoxid330 or

diaszotlzation of 2,7-dlaminodivenzo-p-3dioxin followed by

Bsuiss Patent 238,627 (July 31, 1945) [ C. A., 43, Lbgh
(1949)] .

29See Experimental section of this thesis.

3Ou. Julia and M. Baillerg'e, Bull. Soc. Chim. France,
640 (1953).
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addition of copver(I) chloride3l was also used to produce
2,7-dichlorodibenzo-p-dioxin.

Dilazotization of 2-aminodibenzo-p-dioxin followed by the
additlon of potassium iodide produced 2-iododibenzo-r-dioxin
in low yield.

Hydroxy Derivatives

2-Hydroxydibenzo-p-dioxin was obtained from 2-aminoéibenzo-

r—-dloxin via a dlazotization reaction or from eny 2-halodi-
benzo-p-dioxin via a basic hydrolysls under sezled tube
conditions.27 Hydrolysis of 2,7-dimethoxydibenzo-p-dioxin
afforded 2,7-dihydroxydibenzoﬁgfdioxin.l? It may alsoc be ob-
tained from 2,7-diamino-dibenzo-p-dioxin via a diazotization
reaction.32 The 1,6-d1lhydroxy-3,8-dimethyldibenzo-p-dioxin

was obtained from the dimethoxy compound after hydrolysis.21

Methoxy Derivatives

Condensation of potassium 2-bromo-6-methoxyphenoxide pro-

duced both l-methoxydibenzo-p-dloxin and 1,6-dimethoxydibenzo-~

5. Uyeo, Bull. Chem. Soc. Japen, 16, 177 (1941) [C. A.,
35, 7964 (1941)]

EE— 32§i ngégazi%§7§?arm. Soc. Japan, 55, 1080 (1935)
. A., 31, )
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&

2
_rdioxin.‘B Employing similsr conditions, it was possible to

form 2,7-dimethoxydibenzo—grdioxin;7

s 3,8-diethyl-1,6-dimeth~
oxydibenzo—grdioxinZl, and 3,8-diethyl-4,9-dimethyl-1,6-
dimethoxydibenzo—grdioxin.l9 Degradation of trilobine and
isotrilobine produced 3,8-diethyl-4,7-dimethyl-l-methoxydi-

benzo-p-dioxin as one of the products}6

Nitrogen Derivatives

Flve nitro derivatives of dibenzo-p-dioxin have been
reportec. These consisted of 2-nitrodibenzo-p-dioxin, ob-
talned by nitration of dibenzo-p-diloxin in glaclal acetic acld
at ice-bath temperature; 2,7-dinitrodibenzo-p-dioxin, obtained
by nitration of dibenzo-p-dioxin in glacial acetic acid at room
temperature; 2,8-dinitrodibenzo-p-dioxin, obtained by nitrating
dibenzo-p-dioxin with warm, concentrated nitric acid; 2,3,7-
trinitrodibenzo-p-dloxin, obtained by nitrating dibenzo-p-
dioxin with warm, fuming nitric acid?z; anG 1,3-4initrodibenzo-
p-4dloxin, obtained by hesting piecryl chloride with catechol.34

The aforementioned nitro compounds all ylelded the corre-

2,35
sponding amines when catalytically reduced.3 ’

33M. Tomita, Y. Inubushi, and ¥. Kozuka, Pharm. Bull.,
(Jepan), 1, 360 (1953) [C. A., 49, 10990 (1955)].

3%3. Hillyer, Am. Chem. J., 23, 126 (1900).

358, Hillyer, Am. Chem. J., 26, 362 (1903).



Dibvenzo-»-4ioxin may be metalated w

}Jc
ct
jn)
12
]
ct
Fye
<
[IN]
]
H‘
ct
n
|_k
ct
(o]

ck

give the 1-1ithlodibenzo-p-dioxin in 10€ vield subsecuent %o
carbonation. Using n-butyilithium, two Gilistl
dioxins were obtained which were conslidered to be the 1,6~ and

1,9-dilithiodibenzo-n-3ioxins. Cearbonztion of the dilithiodi-

o 1 -© 3 - > =~
masely 20 times fester in tetrehydrofursn than in diethyl

[¢)]
¢t
Ry
(U]
H
L ]
-3
3
(1]
o]
L]
(o]
h
<
0
ct
’..h
1
+
O.l
(o]
ct
]
(¢)
»
m
()]
0
w
4
m
0
N
i
(¢
m
"i
o’
(]
i
5
N
I
|.
I
)
[o]]
H
(o}
b
&
fol)
}..l
|

phenyl ether subsequent to carbonation in 56 and 23% yislds,

|
g
[WR
(5]

. 6 . . C aen
respectively. cod licuid ammonia clezsved divenzo-n-
dioxin to wyieléd on werk-up 2-hydroxydiphenyl ether. Under
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M, Tomite, Y. Inubushi, and E, ¥iwa, J. Phzrm. Soc.
Jepen, 72, 203 (1952)[ C. £., 47, 6h28 (1953)].
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Reduction of Dibenzo-p-dloxin

Catalytic reduction of dibenzo-p-dioxin with platinum(IV)
oxlde produced dodecehydrodibenzo-p-dioxin and ecis-cyclohexene-

daio01.38
Miscellaneous Derivatives of Dlbenzo-p-dioxin

A series of compounds has been derived from the condensa-
tion of tetrahalo-o-gquinone with tetrshalocatechol. Two
examples of this type of derivative are 2,3-dione-2,3-dinhydro-
1,4,6,?,8,9—hexachlorodibenzo-gfdioxin39 and 2,3-dihydroxy-
1,4,6,?,8,9—hexabromodibenzoﬁg-dioxin.40

Condensation of the potassium salt of l-bromo-2-
hydroxynephthelene yielded 1,2-dinaphtho-p-dioxin.t8® In
similar manner 1t was possible to make 5,6-phenylenedioxy-

Ly Ly 42

guinoline — and diguinoline-5,6-dioxide

from the

appropriate sodium or potassium salts.

384. Tomitzs and C. Tani, J. Chem. Soc. Japan, 64, 972
(1943) [C. &., %1, 3802 (1947)7. o

39C. Jackson and R. MacLaurin, Am. Chem. J., 37, 7 (1914).

hoJ. Frejka, B. Sfranek, 2nd J. Zika, Collection Czecho-

slav Chem. Commun., 9, 238 (1937) [C. A., 31, 7046 (1937)] -

Mg, Fujite, T. Saijoh, and N. Takao, J. Pharm. Soc.
Jeven, 73, 453 (1953) [C. 4., 48, 5193 (195)] .

AZM. Tomita and N. Yoshida, J. Pharm. Soc. Japan, 72,
718 (1952) [C. A., 47, 6419 (1953)] .
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Table 1. Derivatlives of dibenzo-p-dioxin

Name of Compound M.P. °C Ref.
2-Acetamidodibenzo-p-dioxin 184-186 29
2-Acetyldibenzo-p-dioxin 131-133.5 29
2—Acetyldibenzo—2¢dioxin oxime 174-176 29
2-(f -Aminoacetyl)dibenzo-p- 300 23

dioxin HC1l salt

2-Amino-7-bromodibenzo-p-dioxin 180-183 29
2-Amino-X~bromodibenzo-p-dioxin 152-154 29
2-(f -Aminoethylamino)dibenzo-p- 255 dec. 16
dioxin HCl salt

2-Aminodivenzo-p-dloxin 134-136, 157 29, 32
2-Aminodibenzo-p-dioxin HCl sals 288 32
2,2'-Azodibenzo-p~-dioxin 239-2h1 29
2-Benzoyldibenzo-p-dioxin 140-145 29
2-Benzoyldlbenzo-p-dioxin oxime 215-216 29
2-Benzyldibenzo-p-dloxin 106-108 20
1,1'-Bis(dibenzo-p-dioxin) 217-219 29
2,2'-Bis(dibenzo-p-dioxin) 235-236.5 29
2,8-Bis(# -dimethylaminoethyl)- Ll
3,7-4iformyl-4-methoxydibenzo-

p-4dloxin

1-Bromodibenzo-p-dioxin ioLk-106 14

Ll

H. Kondo and M. Tomita, Ann., 497, 90 (1932).




18

Teble 1. (Continued)

Name of Compound M.P. °C Ref.
2-Bromodibenzo-p-dioxin 93-94.5, 1k, 27
90-92

2-Bromo-7,X-dinitrodibenzo-~ 190-192 29
p-dioxin

2-Bromo-7-nitrodibenzo-p~dioxin 215-217 29
2-3-Butyldibvenzo-p-dioxin 95.5-97 20
7-Carboxy-2,3-diformyl-8- bh
hydroxyme thyl-4-methoxydibenzo-

p-dlioxin

2-Chlorodibenzo-p-dioxin 87-90 14
Chlorodibenzo-p-dioxinoyl-o- 215 25
benzoic acid

2-Chloromethyldibenzo~-p-dioxin 111-113 20
2,7-Diacetamidodibenzo-p-dioxin 356-357 29
2,8-Diacetamidodibenzo-p-dioxin 292 32
2,3-Discetoxy-7,8-dichlorodibenzo- 218 Lo
p-dioxin

2,3-Diacetoxy-1,4,6,7,8,9- 300 bo
hexabromodibenzo-p-dioxin

2,3-Diacetoxy-1,4,6,7,8,9- 301, 282 Lo, 45
hexachlorodibenzo~-p-dioxin

2,7-Dizacetyldibenzo-p-dioxin 248, 21, 29

255-260

&50. Jackson and R. Maclzurin,
(1915).

Am. Chem. J., 38, 127
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Table 1. (Continued)

Name of Compound M.P. °C Ref.
2,7-Diacetyldibenzo-p-dioxin 265, 21, 29
dioxime 274-275
2,7-Diacetyl-3,8-dimethyldibenzo- 211 21
p-dloxin
2,7-Diacetyl-3,8-dimethyldibenzo- 255 21
p-dioxin dioxime
2,7-Di(f -aminoacetyl )dibenzo- 300 23
p-3dloxin HCl salt
1,3-Diaminodibenzo-p-dioxin 198-200 35
2,7-Diaminodibenzo-p-dioxin 264-266, 29, 32
249
2,8-Diaminodibenzo-p-Gioxin 178 32
2,8-Diaminodibenzo-p-dioxin acetate 262 32
Divenzo-p-4ioxin-l-horonic acid 296-304 28
Dibenzo-p-4dioxin-2-carboxaldehyde 91-93 20
2,4-Dinitrophenylhydrazone of 300-301 20
dibenzo-p-4dioxin-2-carboxaldehyde
Dibenzo-p-4ioxin-l-carboxylic acid 210, 15, 29
217-219
Dibenzo-p-dioxin-2-carboxylic acid 239-240, 26, 29
24 5-246
Dibenzo-p-dioxin-1,6(9)-diboronic acid 430 29
Dibenzo-p-dioxin-1,6(9)-dicarboxylic 335, 378 15, 29
acid
Dibenzo-p-dioxin-1,9(6)-dicarboxylic 297-298 15

acld
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Table 1. {(Continued)

Name of Compound M.P.,OC Ref.
Dibenzo-p-dioxin~2,?7-dicarboxylic acid 300 21, 26
Dibenzo-p-dioxin-2,8-dicarboxylic acid 300 22
Dibenzo-p-dloxin-X,¥-disulfonyl 227 .5-230 29

chloride
Divenzo-p-dioxinoyl-o-benzoic acid 215 25
1-(2-Dibenzo-p-dioxinyl)-1, 2- 141-142 29
diphenylethanol
1-(2-Dibenzo-p-dioxinyl)-1, 2- 123-125 29
diphenylethene
2,7-Dibenzoyldibenzo-p-dioxin 24 2hg 29
2.7-Dibenzoyldibenzo-p-dioxin dloxime 253.5 29
2,8-Dibromodibenzo-p~-dioxin 149-151, 14, 28
145-150
2,X-Dibromodibenzo-p-dloxin 174-176 14
2,7-Dibromodibenzo-p-dioxin 197-198 14, 29
2,8-Dibromo-3,8-dinitrodivenzo-p- 276-278 29
dioxin
2,7-Di(eL ~bromoisobutyryl)dibenzo- 160-167 24
p-8iloxin
2,X-Dibromo-7-nitrodibenzo-p-dioxin 217-220 29
2,7-Di(fP -bromopropionyl)dibenzo- 213 2k
Dp-dioxin
2,7(8)-Di-4~-butyldibenzo-p-dioxin 226-228 20
2,7-Di(@ -chloroacetyl)dibenzo-p- 282 22

dioxin
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Table 1. (Continued)

Name of Compound ¥.P. °C Ref.
2,7-Di(e¢ -hydroxy- £ -piperidylethyl)- 168-170 Ly
dibenzo-p-dloxin
2,8-Di{ ¢ -hydroxy- @ -piperidylethyl)- 181 Lo
dibenzo-p-dloxin
2,7-Di(X ~hydroxy-f -piperidyl)-3, 8- 211 oL
dimethyldibenzo-p-dioxin
2,7-Di( X ~hyéroxy- @€ -pirveridylpropyl)- 215 2k
dibenzo-p-dioxin
2,7-Di(et¢hyéroxy- Y -piperidylpropyl)- 120 dec. 24
dibenzc-p-diloxin
1,6(9)-Diiododibenzo-p-dioxin 216-218 29
2,3-Diisopropyldibenzo-p-dioxin b.p. 128-131 20
(0.25 mm.,)
1,6-Dimethoxydibvenzo-p-dlexin 193.5-195.5 33
2,7-Dimethoxydibenzo-r-dioxin 131 17
1,3-Dimethylditenzo-p~dioxin 16
2,3-Dimethyldibenzo~-p-dioxin 113 16
2,7-Dime thyldibenzo-p-dioxin 116 18
Dimethyl dibenzo-p-dioxin-1,6(9)- 202-204 15
dicarboxylate
Dimethyl dibenzo-p-dioxin-1,9(6)- 142-143 15
dicarboxylate
Dimethyl dibenzo-p-dioxin-2,7-dicarboxy- 220, 23, 26
late 245- 26
Dimethyl dibenzo-p-dioxin-2,8-di- 167 22

carbtoxylate
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Tabls 1. (Continued)

d
o
p)

Name of Compound M, 2, nef
2,7-Di(8 -piperidylproplonyl)dibenzo- 135-188 2L
n-d&ioxin
2,7-Di( Y -vipsridylpropionyl)dibenzo- 138 2L
»-dloxin
2,7-Dipropionyldibenzo-o-dioxin 241 2k
2,7-Ciproplonyidibenzo-p-dioxin dioxime 235 2k
Diguinoline-5,5-dioxide 280 dec. L2
2,7-Disulfanilamidodivenzo-p-dioxin 300 48
Dodecahydrodibenzo-p-¢éioxin t.p. 150-165 g

¢ -

\ 18 Lllmo )
Ethyl Civenzo-p-dioxin-2- 105-1908 20
dithiocarboxylate
1,%,86,7,8,9-Hexachloro—2- 198 Ls
hyroxy-2-methoxy-3-one-2, 3-
dinyéroditenzo-p-4ioxin
Eexelicopropyldibenzo-p-dioxin 251-252 20
2-Hydroxydibenzo-p-dioxin 148-147 27
1-Tododihbenzo-p-~-&ioxin 114-335 28
2-Iododivenzo-p-dioxin 25-97 14

Isopropvidibenzo-n-dioxin 87.5-89 20

l1-¥ethoxydivenzo-p-4ioxin 127-128 33
2-}ethyldibenzo-p-dioxin Sk 16
Methyl dibenzo-p-Sioxin-l-cerboxylate 36 15
Metnyl dibenzo-p-46ioxin-z-cerboxylate 107-108 26

J, Pnarm. Soc, Javan, 63, 10

M, Tomita end G. I %

(19k5) [C. 4., &5, 7975



Table 2. (Continued)
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Neme of Compound M.?, ©C Ref.
¥ethyl ¢ibénzé-p-dioxin-2- 121-123 20
dithiocarboxylate )
2-Nitroditenzo-p-4ioxin 147-149, 23, 3
141
2-Phenyldibenzo-p-dloxin 108-110 25
5,86-Phenylenedioxyquinoline 27-12% 41
8,7-Phenylenedioxycuinoiine 184 49
5,7-Phenylensdioxyquinoline =CI sal%t 282 Lg
8,7-Pnenylensdioxyouinoline methiodide 252 L9
2-{@ -Phtreliminozcetyl)dibenzo-p- 2L 23
dioxin
2-( B -Fiperidylethylemino)dibenzo-n- 2LL dec. 16
dioxin HC1l s2l%
2-{ ¥ -Piveridyliproprlanino}dibenzo-p- 2Ls dec. 16
Gloxin =C1 s&l%
2-Sulfenilamidodibenzo-p-dioxin 22k L8
2,3,7,8-Tetrabromodibenzo-p-dioxin 334-336 ik
2,3,7,8-Tetrachlorodibenzo-p-dioxin 300-2C2 22
2,3,7,8-Tetraisopropyldibenzo-o- b.p. 158-181 20
diocxin (C.5 mm,)
1,3,6,8-Tetramethyldibenzo-0-4ioxin 138 17
2,32,7,8-Tetremeghyicibenzo-p-&dickin 218 16
2,3,7,3-Tetrenitrodivenzo-p-dicxin 334-335 29
2,3,7-Trisminodibenzo-~-o-4dioxin 173 32
Phenantrreneguine derivetive of 339 32
2,3,7-%tr iemino dibenzoﬁ_~dioxin
- - P . _ -0
2,3,7-Trinitrodivenzo-p-4ioxin 225-228, £7 s

215-217

N

mite, J. Pherm. Soc. Japan, 56, 65 (1926)[ C. 2.,
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EXPERIMENTAL

A1l reactions involving organometalllic compounds were run
either in dlethyl ether previously dried over sodium or tetra-
hydrofuran which was shaken wlth sodlum hydroxide pellets,
dried over sodium and finally distilled from lithium aluminum
hydride prlor to use. These reactlions were 2l1ll conducted under
& dry, oxygen-free nitrogen atmosphere. A copper block was
used for the determinestion of melting points which are

uncorrected.

Derivatives

1-Tododibenzo-p-dioxin

£ slight excess of phenyllithium was added to 9.2 g.
(0.05 mecle) of dibénzoﬁg-dioxin in 50 ml. of diethyl ether and
refluxed for 7 hr. This metalation mixture was then slowly
added to 12.6 g. (0.05 mole) of lodine in 100 ml. of diethyl
ether at ice-bath temperature. The reaction mixture was
allowed to warm to room temperature and then washed with an
aqueous sodlum bisulfite solution. Evaporation of the ether
layer after drying over anhydrous sodium sulfate left a residue
which was vacuum distilled to yield 3.6 g. of product, b.p.
144-145° (0.1 mm.). Two recrystallizations of this material
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from ethanol produced 3.2 g. (20%) of fine, white needles,

m.p. 114-3115°.

Angl. Calcd. for 01257021: I, 40.96. Found: I, 41.11,
40.83.

1,6(9)-Dijododibenzo~p-dioxin

Seventy milliliters of diethyl ether contalning 0.12 mole
of phenyllithium was added to 9.2 g. (0.05 mole) of dibenzo-n-
dioxin in 100 ml. of %tetrehydrofuran and stirred at 42° for
1 hr. The resultling mixture was then slowly added to 27 g.
(0.106 mole) of iodine in diethyl ether at ice-bath tempera-
ture. A sodium bisulfite solution was used to wash the ether
layer before 1t was evaporated. Three recrystallizations of
the residue from toluene yielded 2.9 g. (13%) of tan needles,
m.p. 216-218°.

Ana2l. Caled. for G H;0,I,: I, 58.25. Found: I, 58.186,
58.31.

2-Tododibenzo-p—-dioxin via dlazotization

Nitrosylsulfuric acid was prepared by dissolving 0.8 g.
(0.015 mole) of sodium nitrite in 8 ml. of sulfuric a2cid and
gentle warming of the resulting mixture to 70°. 4 clear
solution resulted. The temperature was then lowered to 10°

after which 2 g. (0.01 mole) of 2-aminodibenzo-p-dioxin in
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25 ml. of glacial acetic acld, cooled to 18°, was added with
stirring at a controlled rate consistent with meintalining a
temperature below 15°.50 Stirring was continued for 15 min.
after additlon at which time the mixture was poured into a
solution containing 2.5 g. (0.015 mole) of potassium lodide in
15 ml. of dilute sulfurlic acid. The complex which formed was
destroyed by heating the mixture to 80°. Dilution with water,
fiitration, and recrystallization from ethanol-water (Norit &)
produced 1 g. of crude product melting 92-94.5%, Two recrys-
tallizatlons from ethanol-water resulted in the isolation of
0.4 g. (13%) of white needlies, m.p. 95-97°.

Anal, Calcd. for GyoHpy0pI: I, 40.96. Found: I, 40.64,
40.40.

2~Tododibenzo-n-dioxin emplovinge lodine monochloride

A solution of 9.2 g. (0.05 mole) of dibenzo-p-dioxin in
100 ml. of glacial acetic acid was stirred at room temperature
while 8.1 g. (0.06 mole) of iodine monochloride was slowly
added. After addltion, the temperature was slowly raised to
80° over a period of 5 hr. The reaction was terminated after

2 hr. of reflux. Dilution with aqueous sodium bisulfite

50This procedure was adapted from K. H. Saunders, "The
Aromatic Dlazo Compounds ", Edward Arnold and Co., London,
191"'9) p' 13’
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followed by filtration produced 14.5 g. of crude material which
was vacuun distilled to yield 6.5 g. of product, b.p. 131-135°
(0.25 mm.). Two recrystallizations of this materisl from

ethanol-water produced 6.1 g. (40%) of vroduct melting 91-94°.

2-Tododibenzo-p-dioxin (attempted)

Using directions for the preparation of 2-lododibenzo-
furan, ol a mixture of 9.2 g. (0.05 mole) of dibenzo-p-diloxin,
L ml. of concentrated nitric acid, 12.7 g. (0.05 mole) of
iodine, and 50 ml. of chloroform was refluxed for 8 hr. The
chloroform layer was washed with aqueous sodium bisulfite and
then evavorated. Three recrystallizations of the residue from
ethanol produced 2 g. of yellow needles melting 147-149°. a4
mixture melting point with authentic 2-nitrodibenzo-p-dioxin

showed no depression.

£ dilododibenzo-p-dioxin mixture

A& solution of 9.2 g. (0.05 mole) of dibenzo-p-dioxin,
19.4 g. (0.12 mole) of iodine monochloride, and 100 ml. of
glacial acetic acid was refluxed for 5.75 hr. After cooling,

the dark solution was diluted with aqueous sodium bisulfite and

51¥. Gilman, G. E. Brown, ¥. G. Bywater, and W. H. Kirk-
patrick, J. Am. Chem. Soc., 56, 2473 (1934).
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the precipitate filtered off. Numerous recrystallizations of
the material from ethanol-benzene or glaeclal acetic acld failed
to alter the melting range of 184-205°. The crystalline form
from both recrystallizing systems was shiny platelets. The
infrared spectrum indicated this materisl to be a mixture of
2,7- and 2,8-diiododlbenzo-p-dloxin, since there was a strong
1,2,4 trisubstitution band at 12.4.« and no 1,2 disubstitution

band at 13.31¢.52

Anal. Calcd. for 0,I,: I, 58.26. Found: I, 59.70.
2hcatl. 2 2-2

2,3,7,8-Tetrachlorodibenzo-p-dioxin

¥ollowing the procedure of Silberrad,53 2 solution of
0.5 g. of sulfur monochloride in 33.6 g. (0.5 mole) of sulfuryi
chloride was slowly added to a mixture of 0.25 g. of aluminum
chloride and 9.2 g. (0.05 mole) of dibenzo-p-dioxin at room
temperature. After 45 min., the reaction mixture became very
viscous so 20 ml. of sulfuryl chloride was added. Stirring
was continued for another 45 min. at room temperature and then
the temperature was raised to 69° (refiux temperature of

sulfuryl chloride) for an additional hour. Dilute hydrochloric

52A11 infrared spectra were run on a Beird infrared

spectrophotometer by E. M. Layton, Jr., of the Institute of
Ltomic Research.

530, silberrad, J. Chem. Soc.,12L, 1015 (1922).
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acld was added and a solld filtered from the reaction mixture.
The crude sclid was recrystellized four times from pyridine to
yield 5.1 g. (32%) of creesm coclored needies, m.p. 300-302°.
The infrared spectrum of this material was very similar to
the spectrum of 2,3,7,8-tetrabromodibenzo-p-dioxin.

Anal. Caled. for Gy Hy0pCly: C1, 43.74. Found: C1,
k3.73, 43.62.

2-Cyanodibenzo-p-dioxin (attempted). Run I

Two grams (0.0l mole) of 2-aminodibenzo-p-dioxin was
Gissolved in 25 ml. of glacial acetic acid, cooled to 18°, and
slowly edded witk stirring to a mixture of 8 ml. of concen-
trated sulfuric acid and 0.8 g. (0.01%4 mole) of sodium nitrite
at 50.50 This mixture was tken added to 2.5 g. of copper (I)
cyanide dissolved in a solution of potassium cyanide. The
resulﬁing mixture was heated and then filltered, but no product

wag 1isolated. A duplicate run precduced the same result.
Run IT

Using the method of Koelsch and Whitney, ' a mixture of

13 g. (0.05 mole) of 2-bromodibenzo-p-dioxin, 11 g. (0.06 mole}

5%G. Koelsch and A. Whitney, J. Ors. Chem., 6, 795 (1941).
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of copper (I) cyanide, as the dimer, and 50 ml. of dry quino-
line was heated at 180° for 24 hr. The reaction mixture was
boiled with 1:1 hydrochloric acid and the inscluble masterisl
filtered off and recrystallized four times from ethanol. This
materisl proved to be 2 g. (15%) of 2-bromodibenzo-p-dioxin.
No identifiable product was isolated from the combined mother

liguors of the 2-bromodibenzo-p-dioxin.

2—-Bromo-7-nitrodibenzo-v-3dicxin. Run I

A mixture of 2 g. (0.0087 mole) of 2-nitrodibenzo-v-dioxin,
3.6 g. (0.029 mole) of potassium bromide, 1 g. (0.0058 mole) of
potassium bromate, 5 ml. of water, and 50 ml. of glscial acetic
aclid was refiuxed for 1.5 hr. The reaction mixture was then
diluted with a sodium bisulfite solution and filtered. Three
recrystallizations of the crude material from glacial acetic
acid yielded 0.6 g. (23%) of yellow needles, m.p. 215-217°.

Anal. Calcd. for G ,HgOuNBr: K, 4,60. Found: N, 4,41,
4.32.

Run II

A solution of 1.5 g. (0.005 mole) of 2-bromodibenzo-p-
dioxin, 2 ml. of concentrated nitric acid, and 20 ml. of

glacial zcetic acid was heated to 50-60° for 10 min. The
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solution turned a green-yellow color. After cooling, the
reaction mixture was dlluted with water and filtered. Four
recrystalllizations of the materlial from glaclilal acetic acid
resulted in the isolation of less than 0.1 g. of yellow
needles, m.p. 214-216°. A mixture melting point of this
meterlial and that obtained in Run I showed no depression.

Vhen the same reaction was run at 18° in 50 ml. of glacial

acetic acid, there was a near quantitative recovery of starting

material.

2-Amino-7-bromodibenze~-v-dioxin

A solution of 12 g. (0.041 mole) of anhydrous tin (II)
chloride in 25 ml. of concentrated hydrochloric acid wsas
slowly added to a hot solution of 4.2 g. (0.014 mole) of
2-bromo-7-nitrodibenzo-p-dioxin in 25 ml. of glacilal acetic
acid. The resulting solutlon was hested for 10 min. at which
time the yellow color had disappeared. The mixture, now con-
taining a white precipltate, was méde strongly basic with
aqueocus potassium hydroxide and then filtered. Recrystslliza-
tlon of the crude materlial from ethanol-water {(Norit A) pro-
duced 3 g. of materizl melting 150-1?00. One gram of this
materlal wag recrystallized three times from benzene to yield
0.3 g. (23%) of white needles melting 180-183°. An infrared

gpectrum of this compound showed that totzl reduction had
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taken place since the customary nitro band was absent from
the spectrum.

Anal. Calcd. for O, EgO,NBr: N, 5.04. TFound: N, 4.90,
L.96. '

2,7-Dibromodibenzo-p-dioxin, BRun I

4 solution of 2 g. (0.007 mole) of 2~amino-7-tromodibenzo-
p-dioxin in 25 ml. of glaclial acetic acid, cooled to 18°, was
diazotized with 8 ml. of nitrosylsulfuric acid according to
the procedure of Saunders.5o The resulting mixture was stirred
for 10 min. and then added at 5° to a hydrobromic acid solu-
tion of freshkly prepared copper (I) bromide.”” The mixture
was hezated to 800, diluted with water, and filtered. After
drying under a heat lamp, the crude materlal was dissolved in
benzene and chromatographed on a2lumina. Evaporation of the
excess eluate followed by two recrystallizatlions from benzene
produced 0.6 g. (25%) of light yellow plates, m.p. 197—1980.

Anal. Calecd. for Cj,FgO0.Br,: Br, 46.75. Found: Br,
Ls.31, 46.54.

55w. C. Fernelius, "Inorganic Syntheses', Vol. 2, McCGraw-
H1ll Bookx Company, Inc., New York, N. Y., 1951, ». 1l22.
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Run IX

A solution of 4.5 g. (0.021 mole) of 2,7-diaminodibenzo-
p-dloxin in 50 ml. of glacial acetic acid was dlazotized as in
the preceding experiment. The mixture was stirred for 10 min.
after addition and then added to a solution of copper (I)
bromide55 at 5°. A brown complex formed which was destroyed
by heating the mixture to 80°. Dilution with water followed
by filtration produced crude material which was dissolved in
benzene and chromatographed on alumina. Evaporation of the
eluate followed by four recrystelllzations from gleclal scetic
acid ylelded 1.2 g. (17%) of product, m.p. 195-197°. £ mix-
ture melting point with material from Run I melted 196-198°.

Comparison of their infrared spectra served as an additional

check.

2,8-Dibromo-3,7-dinitrodibenzo-p-dioxin

To a stirred solution of 50 ml. of concentrated nisric
aclid and 30 ml. of concentrated sulfuric acid was slowly added
1.5 g. (0.0044 mole) of 2,8-dibromodibenzo-p-dioxin at room
temperature. Stirring was continued for 20 min. at room
temperature, the temperature raised to 60°, and then aliowed
to cool. Dilution of the rezction mixture wilth water, fol-

lowed by filtration, produced 1.5 g. of crude material. Four
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recrystallizations of this material from glacial zcetic acid
yielded 0.5 g. (26%) of yellow needles, m.p. 276-278°.

Anal. Calecd. for G F;0gN,Bro: N, 6.48. Found: N,
6.51, 6.38.

2-Bromo-7,X-dinitrodibenzo-v-dioxin

To a solution of 50 ml. of concentrated nitric acid at
ice-bath temperature was slowly added 1.3 g. (0.005 mole) of
2-bromodibenzo-p-dioxin. The yellow mixture was =2llowed %o
warm to room temperature, stirred for 10 bhr., diluted with
water, and filtered. Three recrystallizations of the crude
material from ethanol produced 0.5 g. {28%) of yellow needles,
m.p. 190-192°.

Anal. Calecd. for ClZH506NZBr: N, 8.00. Found: N,
8.07, 8.11.

2,X~-Dibromo-7-nitrodibenzo-c~dioxin

A solution of 2.7 g. (0.011 mole) of 2-nitrodibenzo-v-
dioxin, 8 g. (0.05 mole) of bromine, and 50 ml. of glacial
acetic acid was stirred and refluxeéd for 5.5 hr. The rezction
mixture was diluted with a sodium bisulfite solution and

Tiltered. Extraction of the crude materizl left a residue

which was recrystallized three times from glaclal acetic acid
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to yield 2 small quantity of yelliow crystalline materizl
. - o - " n
melting 217-220°. Trkis range could not be altered even when

O
ct
!:S

her solvsnt systems were trisd such as petroleum ether

oy . -
{b.p. 60-70" )-benzene. From a previous experiment {(see
2-Eromo-7-nitrodibenzo-p-dioxin. Run I), it is assumed thaet
scme Z-bromo-7-nitrodibenzo-p-&ioxin 1s present. The infrared

syectrun wae of no help in determining the impurity.

anel. Caled., for Oy, HeQpNBr,: ZzZr, 41.45. Found: Br
= 12 5 ’

chloricde was stirred for 2.5 hr. =%t room temperature. The

green solutlion wae washed with agueous sodium tisullite

tetrachnloride layer followed by two recrystaellizations of the
residue Trom ethznol-water resulted in ths isolztion of

. . o]
.8 g. (28%) of fine, pink needles, m.p. 152-15% . The infra-

red spectrum nas = sharp band at 13.32 4, indicating that btoth
groups are in one ring. Howevsr, there was no simple wey of
cetermining the position of the bromine atom.

Anail. Cealcd. for (. HgO,liBr: Er, 28.77. Found: Br,
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gLZ-Diacetamidodibenzo—gfdioxin. Bun I

4 Beckmann resrrangement was run on 1.7 g. (0.006 mole)
of 2,7-dlacetyldibenzo-p-dioxin diloxime using 4.2 g. (0.02
mole) of phosphorous (V) chioride in 150 ml. of sodium dried
benzene. During the slow addition of phosphorous (V) chloride,
a yellow color developed. After addition, the mixture was
stirred for 18 hr. at room temperature, hydrolyzed with a
dilute sodlum carbonate soluticn, and a yellow so0lid filtered
from the benzene layer. Two recrystallizations of this solid
from acetic acid-water produced 0.8 g. (47%) of tan needles,
m.p. 354-358° dec.

Anal. Caled. for C;gH;;,0uN5: N, 9.40. Found: N, 8.88,
8.84.

Run IT

A mixture of 1 g. (0.005 mole) of 2,7-diaminodibenzo-p-
dioxin and 30 ml. of benzene wee refluxed while 2 g. (0.02
mole) of acetic anhydride wae slowly added. Refluxing was
continued for 0.5 hr. at which time the mixture was cooled and
filtered. The crude material, filtered from the benzene layer,
was recrystallized twice from glaclial acetlic acid to yield

1 g. (66%) of tan needles, m.p. 356-257° dec. A4 mixture
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meilting point of this materizl wlth that obteined from Run I
melted 354-356° dec.

2-Nitrodibenzo-p-dlioxin

This compound had been prepared earlier by Tomita in
unspecified yileld with only genersl directions avallsble in
the abstracts.3?

A solution of 18.4 g. (0.1 mole) of dibenzo-p~dioxin in
80 ml. of glacial acetic acid was cooled with an ice-bath until
a slurry was formed. Then 40 ml. of concentrated nitric acid
was slowly added and the stirring at ice-bath temperature con-
tinued for 0.5 hr. At that time, the reaction mixture was
diluted with water, filtered, and the crude product recrys-
tallized once from ethanol to yield 21.5 g. (94%) of yelilow
needles, m.p. 147-149° (1it. value 141032y,

2-Aminodibenzo-n-dioxin

This compound was reported by Tomlta in unspecified yield
with no directions available in the abstracts.32

To a2 hot solution of 21.5 g. (0.094 mole) of 2-nitrodi-
benzo-p~dioxin 1in giacial acetic z2cid was slowly added e
solution of 80 g. (0.42 mole) of tin (II) chloride in 50 ml.

of concentrated hydrochloric acid. An exothermic resction
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took place and the yellow color disappeared. The reaction
mixture was cooled, made strongly basic with concentrated
potassium hydroxide and filtered. One recrystallization of
the crude amine from ethanol-water produced 18 g. (85%) of

white needles, m.p. 133.5-135.5° (1it. velue 15793%).

2-Acetamidodibenzo-p-~-dioxin

To a solution of 0.3 g. (0.0015 mole) of 2-aminodibenzo-
p-dloxin in 10 ml. of d&ry benzene at reflux temperature wes
slowly added 0.5 g. (0.005 mole) of acetic anhydride. After
refluxing the solution for 0.5 hr., the benzene was removed
under reduced pressure and the residue recrystallized three
times from ethanol-water to yield 0.2 g. (55%) of white
ne=dles, m.p. 184-186°.

Anal, Calecd. for 01431103—: N, 5.54. Found: N, 5.50,
5.52.

2,7-Dinitrodibenzo-p-dioxin

£1lthough reported by Tomita, no specific directions or
percent yleld were given for the vreparastion of this com-

32

pound.
To 330 ml. of concentrated nitric acid at ice-bath

temperature was slowly added, with stirring, 18.4 g. (0.1
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iibenzo-p-dioxin. The temperature was then reised
tc 907 over a period of 45 min. Cooling, diluting with water,

and Tiltering the reaction mixture ylelded, af

3

(J

Ak

s2illilzetions of ths crude material fro

P

oyridine, 11 g. (30%

(8}
N

] ° ~ ~ o - (o R of 2y
of vellow needjes melting 270-273 (1it. value 258°

2,7-Disminodibenzo-v-dioxin

Tomite 1n unsvyecified yield with no diresctione avelleble in
. 22

S = ", o ~ A = oar Ty s
added a solution of 30 g. {0.18 mole} of znhyircus tin (II)
chioride 1n 50 ml. of concentretel hydrochloric acid. The

- i R 2 b -, ~ - ~ P A e T8 -
recryetallizaticn of the crude material from sthenol- - yridine-
~ o
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2,3,7-Trinitrodibenzo-p-dioxin

The prepearation of this compound has been reported by
Tomita in unspecified yleld with only general dlrectlons
available in the abstracts.’?

To a solution of 80 ml. of concentrated nitric acid and
20 ml. of fuming nitric acid at 40° was slowly added 3 g.
(0.016 mole) of dibenzo-p-dioxin. The tempersture was raised
to 90° and held there until a clear solution resulted.
Dijution with water after cooling, followed by filtration,
produced 2.8 g. of crude material which, after dissolving in
benzene and chromatographing on alumina, was recrystallized
twice from glacial acetic acid to yisld 1.6 g. (31%) of yellow
needles melting 223-226° (1it. value 215—217032).

Using the same condlitions, 2,7-dinitrodibenzo-p-dioxin

also yielded 2,3,7-trinitrodibenzo-p~dioxin.

2,3,7.8-Tetranitrodivenzo-p-dioxin. Run I

A solution consisting of 150 mi. of concentrated nitric
acid and 100 ml. of concentrated sulfuric acid was cooled to
lce-bath temperature while 9;2 g. (0.05 mole) of dibenzo-p-
dioxin was added in small portions. After addition, the
temperature was slowly raised to 90° over 2 reriod of 1 hr.

and then allowed to cool. Dilubion with water, filtration,
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one recrystallization of the crude material from pyridine, and
two recrystalllzations from acetic anhydride produced 3.1 g.
(17%) of red-brown needles, m.p. 334-335° dec.

The same product was obtalned from the nitration of 2,7-
and 2,3,7-trinitrodibenzo-p-dioxin.

Anal. Caled. for Gy HyOigNy: N, 15.38. Found: N,
14.79, 1h.66.

Run II

A mixture of 1.7 g. (0.006 mole) of 2,7-dinitrodibenzo-p-
dioxin, 50 ml. of concentrated nitric acid, and 50 mi. of
fuming nitric acid was slowly warmed to 60° over a period of
2 hr. Dilution of the reaction mixture with water followed
by filtrztlon produced 1.9 g. of crude materiel which was re-
crystalllized once from pyridine and three times from acetic
anhydride to yield 0.4 g. (18%) of red-brown needles melting
330-333° dec. A mixture melting point with material from

Run I showed no depression.

1,1'-Bis{dibenzo-p-dioxin)

A mixture consisting of 4 g. (0.015 mole) of 1l-iododi-

benzo-p-3dioxin and 4 g. of copper bronze was heated in an
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oll-bath at 250° for 5 hr.56 After cooling, the reaction mix-
ture was pulverized, extracted with hot benzene, and filtered.
Concentration of the benzene followed by dilution with ethanol
produced 0.9 g. of product, melting 215—2180. Lnother recrys-
tallizetion from ethanol-benzene yielded 0.6 g. (22%) of white
plates, m.p. 217-2190.
Anel. Galed. for CyyF,0,: C, 78.69; E, 3.82. Found:

C, 78.36, 78.50; E, 4,24 L 28,

2,2'-Bis§dibenzo—n-dioxin2

A mixture consisting of 4 g. (0.015 mole) of 2-1iododi-
benzo-o-dioxin and 5 g. of copper bronze was heated at 240-250o
for 4 hr.56 Lfter cooling, the reaction mixture was pulverized,
extracted with hot benzene, and chrometographed on a2lumina.

The eluate was concentrated and then diluted with ethanol to
produce 0.7 g. of materiel, melting 225—2300. One further re-
crystallization from glaclal acetic acid yielded 0.6 g. (22%)
of white plates melting 227-230°.

£Lnal, Calcd. for Czbﬁi404: C, 78.69; H, 3.82. Found:

C, 78.40, 78.49; B, 4,08, 4.07.

56D. A. Shirley, "Preparation of Organic Intermediates?,
John Wiley ané Sons, Inec., New York, N. Y., 1951, p. 122.
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2-Phenvldibenzo-p-4dioxin

Nitrous fumes57 were slowly bubbled through a solution
consisting of 4 g. (0.016 mole) of 2-acetamidodibenzo-p-dioxin,
130 mi. of glasclizl scetic acid, and 20 ml. of acetlic anhydride
at 10° for 2.5 hr.58 The yellow-green solution was poured into
2 liter of ice water &nd a bright yellow solid filtered off.
This s0lid was air dried and then stirred for 8 hr. with 200
mi. of dry benzene. After 8 hr. at room temperature, the sclu-
tion was wermed for 1 hr. and the bulk of the benzene distilied
off. The concentrated benzene solution was chromatographed on
alumlna fcllowed by evaporation of the eluate. Two recrystal-
lizations of %the residue from ethanol pfoduced 0.7 g. (18%) of
white plates, m.Dp. 108-110°. The infrared spectrum had bands
indicative of 1,2,4 trisubstitution, 1,2-disubstitution, and
mono substitution.

&nal. Caled. for CygH;,0,: C, 83.08; E, L.,81. Found:

C, 82.64, 82.71; H, 4.84, L.72.

573. Eaworth and D. Hey, J. Chem. Soc., 361 (1940).

58W. L. Bachmann and R. A. Foffman in R. Adzms, "Organic
Reactions ¥, Vol. 2, John Wiley and Sons, Inc., New York,
N. Y., 1944, p. 249,
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1-(2-Dibenzo-v-dioxinyl)-1, 2-diphenylethanol

An excess of benzylmagnesium chlorlde was added to 5.76 g.
(0.02 mole) of 2-benzoyldibenzo-p-dioxin in 100 ml. of diethyl
ether over a period of 15 min. After addition, which ceaused
gentle reflux, the resction mixture was refluxed for another
1.75 hr. and then hydrolyzed with ice-ammonium chloride. The
ether layer was separeted, dried over anhydrcus sodium sulfate,
and evaporated to produce 6 g. of crude materlal which after
three recrystallizations from ethanol-weater yieided 4.5 g.
(60%) of white needles, m.p. 141-142°.

Ansl. Caled. for CpgEppO3: C, 82.10; H, 5.26. Found:

C, 82.12, 82.15; H, 5.22, 5.48.

1-{2-Dibenzo-r-dioxinyl)-1, 2-diphenylethene

A mixture of 3.5 g. (0.009 mole) of 1-( 2-dibenzo-p-
dioxinyl)-1,2-diphenylethanol, 45 ml. of benzene, arnd 15 ml.
of Lucas rezgent was refluxed for 2 hr. The benzene layer was
seperated and washed with dliute socdium carbonate solution.
Eveporation of the benzene vproducedé an oll which solidified
when boiled with petroleum ether (b.p. 60—700). Three
recrystallizations of this materisl from ethanol-water yielded

1.1 g. (33%) of white needles, m.p. 123-125°.
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fnal. Caled. for C,5H,g05: G, 86.18; H, 4.97. TFound:
c, 86.18, 86.19; H, 4.83, 5.08.

2-4cetyldibenzo-p-dioxin

A mixture of 4.6 g. (0.025 mole) of dibenzo-p-dioxin,
11 g. (0.08 mole) of zluminum chloride, and 50 ml. of carbon
disulfide was stirred at room temperature while 1.97 g. (0.025
mole) of acetyl chloride was added over a period of 5 min.
The rezction mixture was stirred for 20 min. more, hydroly:zed
with ice-hydrochloric &cid, weshed with sodium carbonate solu-
tion, and the csarbon disulfide layer dilstilled. Three recrys-
tallizations of the carbon disulfide residue from methanol-
water produced 0.3 g. (5%) of white crystals melting 131-
133.5°. £n iodoform test on this material was positive
producing dibenzo-p-dloxin-2-carboxylic zcid which was identi-
fied. The infrared spectrum was slso compatible with this
structure.

Anal. Calcd. for Cy4Hp03: C, 74.40; E, 4.43, Found:
C, 73.86, 73.74; ®, L.,19, L4.22.

2-Acetvidibenzo-p-dioxin oxime

£ smell amount of 2-acetyldivenzo-p-dloxin was mixed with

10 ml. of pyridine, 5 ml. of absolute ethanol, and an excess of
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hydroxylamine hydrochloride.59 After refluxing the reaction
mixture for 1 hr., 1%t was diluted with water and flltered.
One recrystaliization of the material from ethanol produced
the pure product as tan needles, m.p. 174-176°.

Anal. Caled. for Gy5FH703N: N, 5.82. Found: N, 5.75,
5.89.

2,7—Diacetyldibenzo-g:dioxin

This compound has been prepered in unspecified yield by

Tomite using acetyl chloride with carbon disulfide as the

solvent.21

4 mixture consisting of 4.6 g. (0.025 mole) of dibenzo-u-
dioxin, 26 g. (0.2 mole) of zluminum chloride, and 50 ml. of
carbon dlsulfide was stlirred at room temperature while 7 g.
(0.06 mole) of acetlic anhydride was slowly added. A vigorous
reactlion ensuved, and it was refluxed for 2 hr. longer after
additvion had been completed. After hydrolysis with ice-
hyGrochloric acid, s white solid was filtered off and recrys-
tallized twice from pyridine to yield 3.9 g. (55%) of white
nesdles melting over the range of 255-260° (1it. value 248021).

Recrystallizstion of the product from glacial acetic acid did

59R. L. Shriner znd R. C. Fuson, "Ths Systematic Identifi-
catlon of Organic Compounds', John Wiley ané Sons, Inc., New
York, N. Y., 1948, p. 202.
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not alter the melting point range. The lnfrazred spectrum was
in agreement wlth the given structure. Preperation of the
dloxime in the following experiment produced only one product .

which was resdily purified.

2,7-Dizcetyldibenzo-c—-dioxin dloxime

This compound has been prepared by Tomita.21

A mixture consisting of 3 g. (0.013 mole) of 2,7-discetyl-
divenzo-p-dioxin, 2 g. (0.04 mole) of hydroxylamine hydro-
chloride, 35 ml. of pyridine, and 15 ml. of ebsolute ethanol
wes refiuxed for 6 hr.59 The product crystallized dlrectly
from the solution and was recrystallized once more from
pyridine-ethanol to yield 2.9 g. (75%) of tan needles, m.D.
274-275° dec. (1it. value 26504%1),

2-Benzovldibenzo-p-dioxin, Hun I

A mixture consisting of 4.6 g. (0.025 mole) of dibenzo-p-
dioxin, 5 g. (0.038 mole) of aluminum chloride, 2.7 g. (0.025
mole) of benzoyl chloride, and 100 ml. of carbon disulfide was
refluxed for 7 hr. The rezction mixture was hydrolyzed with
ice-hydrochloric acid, washed with a dilute sodium carbonate
solution, and dried over anhydrous sodium sulfate. Evaporation

of the carbon disulfide produced 3.2 g. (44%) of white plates
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melting 140—1&50. Recrystellizing from three different sol-
vents plus chromatographing on alumlnzs, using benzene as the
solvent, falled to alter the melting point range. The struc-
ture was in agreement with infrered data and previous knowledge

of electrophilic substitution.

Anal. Calecéd. for Ci9H105: C, 79.10; EH, 4.18. Found:
C, 79.21’ 79.16; H, 4.10, Ll’.360

Run TI

To 2 stirred mixture consisting of 9.2 g. (0.05 mole) of
dibenzo-p-dloxin, 22 g. (0.16 mole) of zluminum chloride, and
50 ml. of chlorobenzene at 100 was slowly &dded 7 g. (0.05
mole) of bernzoyl chloride. Stirring was continued for 50 min.
at 10° and then the reaction mixture wes hydrolyzed with ice-
hydrochloric scid. Distillation of the chlorobenzene layer
ané recrystallization of the residue from glacial acetic acid
produced 12 g. (83%) of product melting 1&0-1450.

Another run, using a2 3:1 excess of benzoyl chloride,
produced only 2-tenzoyldibenzo-p~dioxin.

2-Benzoyldibenzo-p-dioxin oxime

4 solution consisting of 0.4 g. of 2-benzoyldibenzo-p-

dioxin, an excess of hydroxylamine hydrochloride, 10 ml. of
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pyridine, and 5 ml. of absolute ethanol was refluxed for 1.5
hr.59 The product was forced out with weter and recrystallized
once from ethznol to yield tan needles, m.p. 215° dec.

£nal. Celcd. for Cl9H1303N: N, 4.63. Found: N, 4,54,
L.s8.

2,7-Dibenzovlidlbenzo-n-2dioxin

To a well stirred mixture of 4.6 g. (0.075 mole) of
dibenzo-p~dioxin, 17 g. (0.13 mole) of aluminum chloride, and
100 ml. of carbon disulfide was added 8.4 g. (0.05 mole) of
benzoyl chloride. The reaction mixture was refiuxed for 5 hr.,
hydrolyzed with ice-hydrochloric acid, washed with a dilute
sodium carbonate solution, and the insolublis so0lld filtered
off. Four recrystallizations of this meterisl from pyridine
produced 3.6 g. (37%) of silver plates, m.p. 284-246°, Pre-
vious Xnowledge of electrophilic disubstitution (i.e., 2,7-
dizcetyldibenzo-p-dioxin) and infrared data are consistent
with the given structure.

Anal. Caled. for CpogHhg0y: C, 79.55; H, 4.09. Found:
C, 79.44, 79.33; H, 4.32, 4.37.

2,7-PDivenzoyvldivbenzo-p-dioxin dioxime

£ mixture of 1 g. of 2,7-dibenzoyldibenzo-p-céioxin, an

excess of hydroxylamine hydrochloride, 20 ml. of pyridine, and
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10 mi. of sbsolutzs ethanol was refluxed 1.5 hr.59 Dilution
of the reaction mixture with water followed by two recrystal-
lizations of the vrecipltate from ethanol-pyridine yielded the
dioxime ss tan needles, m.Dp. 253.50 dec.

Anel. GCalcd. for CpgHgyN,: N, 6.64. Found: N, 6.36,
6.79.

Dlibenzo-p-dioxin-l-carboxylic acid

nis compound has been prepared in 107 yield using methyl
lithium in diethyl ether and subsequent carbonation.15

To a stirred solution of 9.2 g. (0.05 mole) of dibenzo-p-
dioxin in 70 ml. of tetrahydrofuran was added 0.0514 mole of
methyllithium in 60 ml. of diethyl =ther over a period of 20
min. The temperature rose to 42° and was kept there for 0.5
hr. Flltration of the reaction mixture through glass wool
into a Dry Ice-ether slurry produced 5 g. of crude acid. This
was recrystaliized twice from benzene to give 3 g. (26%) of
product, m.p. 216-218° (1it. value 210015).

Phenyllithium may a2lso be used to mono metalate in better
yield than methyllithium, but some di-metalated product was

also formed which was troublesome +to eliminaste.
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Dibenzo-g-dioxin—l,X—dicarbozzlic acid

Preparation of this compound has been reported using
n-butyllithium in refluxing diethyl ether to produce a 27%
yield of two dicerboxy acids subsequent to carbonation. Sepa-
retion of the twe isomeric aclds was accompllshed throﬁgh
esterification. Subsequent hydrolysis ylelded two pure acids
melting 297-298° and greater than 335°.

To a stirred solution of 9.2 g. (0.05 mole) of dibenzo-p-
dioxin in 100 ml. of tetrahydrofuran was added 0.1l1 nole of
phenyllithium in 100 ml. of diethyl ether over a period of 15
min. The temperature rose to 42° during additlon, but cooled
to room temperature during the ensuling houwr of stirring.
Carbonation by the previously mentioned method produced 10.7 g.
of crude acid. Since the acid was very insoluble, it was
extracted with benzene and ethanol. £ smell portion was re-
crystallized from glaclial acetic acild to give & white powder
melting 378-330° dec. The amount of acid melting grester than
330° was 3.3 g. (24%).

From experience gained from later metaelation reszctions,
it was found that the yield of dl-metalated product was im-
proved by meintaining o temperature of 42° for 45 min.

Piethyl ether may also be used for di-metzlation with
phenyllithium, but only a 2.1% yield of the acid was obtained

subsequent to carbonation.
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Dibenzo-p-4dioxin-2-carboxylic acid

The preparation of this compound has been accomplished
by ring closure of the methyl ester of 4-carboxy-2,2'-
dihydroxydiphenyl ether.26

To 0.5 g. (0.021 g. atom) of magnesium in 20 ml. of
diethyl ether was added 4 g. (0.015 mole) of 2-bromodibenzo-
p-dioxin in 20 ml. of diethyl ether. A gmall quantity of
iodine and ethyl bromide was used to catalyze the reaction,
after which it was refiuxed for 2 hr. and carbonzated in the
aforementioned menner. The reaction mixture was hydrolyzed
with saturated ammonium chloride solution. Three recrystal-

lizations of the acid from glacial acetic acld yilelded 1 g.

(29%) of white prisms, m.p. 245-247° (1it. value 239-240028),

Dibenzo-p-dloxin-l-boronic acid

To a solution of 18.4 g. (0.1 mole) of dibenzo-p-dioxin
in 100 ml. of tetrahydrofuran was added 0.1l1 mole of phenyl-
lithium in 100 ml. of diethyl ether. The resulting mixture
was stirred for 1 hr. at 42° and then added to 100 mi. (0.4
mole) of tri-n-butylborate in 300 ml. of diethyl ether at a
-70° over a period of 30 min. An hour of stirring was followed
by hydrolysis of the reaction mixture with 10% suifuric zcid

and eXtraction of the boronic acid with dilute base. Removal



56

of the product from the crude acid by extracting it with ben-
zene produced 5 g. (21%) of material melting 296-304°.

4nal. Calcd. for CyoHgO4B: C, 63.16; E, 3.94; B, 4.33;
neut. equiv., 228, Found: C, 63.35; H, 4.09, 3.91; B, 4.94,
4.65; neut. equiv., 232.

Dibenzo-p-dioxin-1,X-dlboronic zcid

To a solution of 18.4 g. (0.1 mole) of dibenzo-p-dioxin
in 170 ml. of tetrahydrofuran was added 0.22 mole of phenyl-
lithium in 200 ml. of dlethyl ether. The resulting solution
was stirred for 1 hr. at 42° and then added over a veriod of
1 hr. to 100 mi. (0.4 mole) of tri-n-butylborate in 300 ml.
of diethyl ether at a -70°. Hydrolysis of the mixture with
10% sulfuric scid followed by extrzction of the acid with ai-
lute base produced, after acidificszstion, crude acid which was
recrystallized from ethanol-acetone-water to yield 6.5 g.

(24%) of white material, m.p. greater than 4300.

e
lwy)
-

Angl. Caled. for G128 00gB2: G, 52.94; E, 3.87
7.94; neut. equiv., 136. Found: C, 52.63; H, 4.15; B, 7.81;
neut. equiv., 142,
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Halogen-metal interconversion of 2-bromodibenzo-p-dioxin

(ettempted). Run I

To a stirred solution of 2 g. (0.004 mole) of 2-bromodi-
benzo~p-dioxin in 20 ml. of diethyl ether at -10° was added
4 ml. of 1.05 N n-butyllithium over a period of 5 min. The
resulting mixture was stirred for 70 min. while the tempersture
was gradually raised to 10°. Terminstion of the reaction by
carbonation followed by the usual work-up produced no zacidic

material and a 50% recovery of pure starting material.

Run IT

The reaction was run at room tempersture for 1 hr. em-
ploying the preceding guantities and then terminated by
carbonation. No zcidic materizl was isolated upon work-up,

but 55% of pure starting materisl was recovered.

Run ITT

Six milliliters of 1.05 N n-butyllithium was added to a
solution of 2 g. (0.004 mole) of 2-bromodibenzo-p-dioxin in
20 ml. of diethyl ether and stirred for 1 hr. at room tempera-

ture. Teraination by carbonation and subsequent work-up
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produced no acidic material. There was a 25% recovery of pure

s tarting material.

Mercuration of dibenzo-p-dioxin (attempted). Run I

& mixture of 4.8 g. (0.025 role) of dibenzo-p-dioxin,
11.3 g. (0.025 mole) of mercury (II) acetate, and 100 ml. of
glacial acetic zcid was stirred at room temperature for 8.5
hr. At that time, 0.1 mole of agueous sodium chloride was
added and stirring was continued for another 0.5 hr. Filtre-
tlon of the diluted reaction mixture produced a near quantita-

tive recovery of starting material.

Bun IT

In this experiment, the reaction mixture was kept at 50°
for 15.5 hr. and then worked up as in Run I. Besides starting
material, 0.2 g. of material, m.p. 327-3290, was obteined after
two recrystallizations from glacial acetic acid. No analysis
was run on this materizl, but qualitative tests showed it to

contain mercury andé chlorine.
Run IITI

During this reaction, the temperature was maintained at

o
80 for 10 hr. The usual work-up produced 1.5 g. of starting
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material and 8 g. of insoluble material which contained

chlorine and mercury, but could not be purified.

Run IV

A mixture of 9.2 g. (0.05 mole) of dibenzo-p-dioxin,
33 g. (0.105 mole) of mercury (II) acetate, and 200 ml. of
hglaci%; acetic acid was stirred and refluxed for 7.75 hr.
An excess of aqueous sodium chloride was added to the hot
solution, and the precipltate which formed was filtered off
while the mixture was still hot. Cooling of the mother liguor
produced 2.2 g. of matesrial which was recrystallized twice from
ethanol to yield 0.3 g. of white crystals, m.p. 210-212°. This
material contained mercury and chlorine and analyzed correctly
for z mono-mercurated dibenzo-p-dioxin, but it wes not chem-
ically ldentified. Subsequent reactions failed to vroduce a
workable quantity of this materizal.

4nal. GCaled. for CypH,0,EgCl: G, 34.40; =, 1.67. Found:
C, 33375, 33.62; H, 1.78, 1.71

The insoluble material filtered from the hot éblution

could not be purified.

2,2'-Azodibenzo-p~-dliexin

£ mixture consisting of 5 g. (0.022 mole) of 2Z-nitrodi-

benzo-p-dioxin, 70 ml. of methanol, 3.6 g. (0.05 mole) of zinc
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dust, &4 g. (0.1 mole) of sodium hydroxide, and 50 mi. of water
60

was stirred and refiuxed for 23 nr. The reszction mixture was
diluted with water, Tilterad, and the precipitate washed with

dilute hyvdrochloric acid. Two recrystalllzations of the crude

¢

materisl from pyridine and twice Trom ethanol-bvenzene produced
» R o}
0.2 g. (4%) of yellow crystals, m.p. 236-241

Anzl. Calcd. for CouHaplpNz: N, 7.18. Found: X, 7.05,

Dibvenzo-p-Cioxin-X,¥Y-disulfonvl chloride

A solution of 4.6 g. (0.025 mole) of dibenzo-p-dioxin in

50 ml. of chloroform was cooled to ice-bath tempersture wxile

20 z. (0.21 mole} of chlorosulfonic zcid was a2dded over &

L in g

0.3 g. (3%) of clear, granulsr crystals, m.p. 227.

12logen test was pocitive and the infrered spectrun snowed

. Horning, "Organic Syntheses', Coll. Vol. 3, John
ons, Inc., New York, N. Y., 1655, p. 103.

R. L. Bhriner and =®. C. Fuson, "The Systemstic Identifi-
cetion of Orgenic Compounds', John Viley end Sons, Inc., New

=

York, N. ¥., 1942, p. 189.



snel. QCalcd. for Gy Fg0g55C01,: S, 16.8%. Found: 8

i17.07, 18.96.

Counline of p-nitrobenzencediazonium chloride with dibenzo-p-

dloxin {(attemoted)

adlition of ice. Six milliliters of concentrated hydrochleric

3
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nin., the mixture was diluted with ice. Ures was then added

to destroy the exces:z nitrous acid. The cold diazzonium salst

solutlon was filtered snd z26ded in one opersticn to a stirred
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anhyérous sodium acetate wes added, keeping the temperature
pelow 30 . BStirring was continued for 26 hr. at which ¢

the solution wes brown. IDilution with water followed by fil-
tration produced 4.7 g. of crude mesteriel which upon purifica-

tion was found to be starting materiszsl.
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Coupdiines of 2,4-dinitrobenzenediazonium chloride with dibesnzo-
n-dioxin (zttempted)

acetlic acid %o 11 ml. of concentrated sulfuric zcid containing
G

Clzavezre of dibenzo-v-4ioxin witsr hyvériocdic =cid {zttempted).
Bun I

~ - . ~ - - s =~ a - o - -
z. (0.05 mole) of L7 hydriodic scid, znd 25 ml. of glacizl
eacetic acid wag heated and stirred at 90

with agueous sodium bisvifite followed by filtretion produced

[y

9 g. of crude dibenzo-p-Jioxin.
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9.2 g. (0.05 mole) of &i

e

(i}

mixtures o
g. {0.05 mole) of 47% hydriodic acid, and 25 ml. of glacisl

etic acid was refluxed and siirred for 4 hr., Dijution with

0

a
uecus sodium sulfite followed by filtration produced & nesar

quantitative recovery of starting material.
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o-halophencl. Since streng slkalil and elevsted temperatures
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the rezction. However, since there is no knowvn example of
reerrangement, once & wnroduct ieg Tormed and enslvzed

structure ls unsmbiguous provideld the starting msterisl wss
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In essentially all cases, the msterial to e used for the

-

closure must ve synthesized beferehand in anything but fevor-
able yield. Also, not all substituente ere stable under the
conditicns emnloyed in the two steps necessary to reach the
final product. Two distinct advaitages over the intermclecular
reactlon arée the possibility of vrepering unsymmetrical derive-

-

tives and ths milder reszct
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on cenditione emvployed.
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whether the cleavage 1s effected by & metal, an acid, or other
11sc, the substituent or subsetitu-
ents present on the nucieus must be of a nature whereby they
will not react with the cleaving agent or the clesaved product
in eny way. Otherwise the whole purpose of the reaction is

defeated.

By direct nucliesr substitution




electrophile has & choice of attacking the 3, 7, or 8 position.

entrance of the second group can usually be predicted using the
general rules of ring activation. Vhen ths possibility of
entering the 7 or the 8 vosition exists, proper choice of re-
action conditions may yield =z »recominance of cne iscmer.

Finel icdentificetion is basced on relating the sbove compounds

by chemical end vhysicel means S0 dsrivetives possessing
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use standard rezctions tc modify o substituent and obtein & new

derivetive wrich needs no Further identificaticn. 4L few ex-
emples sre Crignerd reectlone, diszotization reszctions, end

metaletion reactions. NMetalation is unlcue in the resvect that
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the substituznt modified is hydrogen. Therefore, oniy af

tne prosifticn of metalation ies determined may the organometallic

compound pe used as sn intermediate to produce derivatives
resssegling unamoiguous sitrucitures.
Ev vphvsical mesans

Two ccmmon methods used in identification vrocedures sre

points with an suthentic svecimen and study or

[

nixture melting
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cemparison of infrered spectra. The infrered specira sre of

£

particular importance in determining relistive peositions when

such as ditenzo-p-dioxin. Considerable importance may be at-

ct
©
[¢]
iy
[¢)
0,
ct
o]
1}
49}
H
ct
e
(¢)
9]
]
%]
o]

spectrum if & sulitable reference spec-

B

trum 1 esvaileble Tor comperison, allowances bpeing made for

o’
o
3
Qs
n
ry
Jde
L
ct
0]
(o]
Q

czslioned by eiectron withdrawing or electron

donating character of the subetituents rresenst.

through metalation of the perent heterocycle with an orssno-

A

{F

1ithium compound either in diethyl ether or tetrahvérofuran.
The new orgenolithium derivative formed was then used as an
intermediste. Since the product obteined from the orgeno-
lisriuvm compound was Sifferent from the only other mono

sutstituted isomer possible with divenzo-p—dioxin, the struc-
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condlitions 2, i.e. in diethyl ether at room temperature or

-

o
reiuX,.

2 Positicn

Mono electrophilic attacks seem to take vlace exclusively

&t this posltion. The identity of 2-acetyldibenzo-p-dioxin

was rroved by converting it to dibenzo-n-dioxin-2-carboxy

2 S, > a .\‘ylic
acid. From the preceding evidence plus comparison of infrared

)

c TC be

-

L ccmpound consilered ecrlie ne 2,7-8itromodi-

L
benzo-g—dioxinl‘

ct

¥

hze been shovn to te another iscmer. This
isomer mey well be 2,3-ditromcdibenzo-p-dioxin since its
infrared spectrum, run in carbon disulfide, had & strons 1,2

pstitution kand at 13.3 ., indicating th

disu

62.- . S ey s e .
®“E. Gilmen and J. ¥. Morton, Jr. in R. 4dame, "Crgenic
Reections ', Vol. 8, John ¥iley and Sons, Inc., New York, N. ¥

1954,



Nitration of 2-brecmodibenzo-p-dioxin or bromination of

tion rezcivion., Tnis dibromo compound proved to e the same
ths &ibromo compound obtained viz the diazotizeticon of 2,7-

s En 32 - —— -
dieminodibenze-n-4ioxin, & known compound.” £3c0 helping T

’

ment carried out on ths dioxime of 2

(

dioxin., Tiis rezctlion produced z dizcetamido compcocund

s together was the Beckmann rearrs

idesnticel witn thet obtalned by acetylating 2,7-diaminodibenzo-

n-4dloxin. 4 large discrepancy between the reporied mel

points of 2,7-4dinitrodibenzo-p-dioxin, 2,7-48iaminodibenz
- 22 : . : - e - .
dioxin’™, end the melting points, which were Iigher, 0D

in the Experiméntal section for the seme compounds made

last seguence of resctlions imperaztive.
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either cdilsthyl ether or tetrahydroluran produced only one of

three possible disubstituted lscmers &s contrasted %o

 procduceé 2 mixturs of twc of the thnree
These possible iscmers were the 1,4; the

1,6; and the 1,9. Since homonuclear di-nmetelation is less

e ruled out. This lesves the two aforementioned isomers, dut
does not tell which is the 1,38 and whienr is the 1,9. There is

no simole chemical method to &ifferentistes between fthe two

Givenzo-p-dioxin was metalated with phenyllithium at 42

.

L5 min. and ther

3

-n ~ - A
ceroonsested. L1

metalating a than p-bvutyllithium and therefcre would tend

ct

en
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to be more selective in its second afttack on dibenzo-y-dioxin.
The difficulty sncountered in di-metalsting Ciphenyl ether with
n-vutyliithium in diethyl ether (i.e., 72 hr. 2% refiux} to

may te uselC as an argument

ageinet 1,9 di-mstelation in divenzo-p-dioxin end a gooé case
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2-Nitrodibenzo-n-diloxin may be brominated te yleld a

dibromonitrodibenzo-p-dioxin. Likewise, 2-bromodibenzo-p-

dioxin may be &1 nigtrated. Thig, fronm brominationlh and

. 32 - - - e
nitrztion~ " studies, falrly well 1limitved the substituents to
the 2,3,7 positions. ono bromination of 2-nitrodibenzo-p-

dioxin and mono nitration of 2-bromodibenzo-p-dioxin have been

shovn to yield the same compoun Therefore, only the posi-
tion of the last group wes in question. ¥orking only with

ianfrsred &zta, the assignments of the two compcunds in cues-

tion were belleved to ve 2,3-dibromec-7-nitrodibenzo-p-diox

l.h

end 2-bro 0-3 7-dinitrodibenzo-p-~dioxin, DSoth compounds had a
1,2,% trisubstitution band at 12.2.4. This was consistent with
the band found in thes spectrum of 2-nitrodibenzo-p-dioxin at
12.2.4, but not with the band found in the spectrum of
2-promodibenzo-p-dioxin at 12.4%4. Therefore, one ring must
contain the nitro group wihlch was responsible for the band at
12.2 wevwhiiie the other ring contained the other two groups.
Both asslignments are theoretically sound when directive effects

of the substituents zlready present are considsred.

Exhzustive nitration of divenzo-p-dioxin or 2,7-dinitro-

dibenzo-p-4ioxin produced a tetranitro derivetive which has
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been designszsted 2,3,7,8 because the 2,3,7-trinitro derivative
. <= 2 . . o
served as an 1ntermeq1ate.3 Using 2,3,7,8-tetrsvoromodibenzo-

s infrared spectrum as analogies, the tetra-

ot

p-dioxin znd i

m

chloro compound was assigned the same configuration. Since
tetranitro- and tetrabromoditvenzo-p-dioxin were formed directly,
it seemed reasonsble to ascume that dinitration of 2,8-4ibromo-
dibenzo-p-dioxin would follow the same course. The derivative
obtainsd in this menner was, therefore, designated as 2,8-

Gibremo-3,7-dinitrodibenzo-p-4dioxin,

Meiting Point Piscrepancies

£ number of Xnown compound prepared in tais Laborastory
had melting points which were higher then ths reported melting
voints {see Table 1). FHowever, in &lil insitances the compounds
reported were shown to e the same as thoss prepared in this

Laboratory, but of inferior quality.

Directive Influence of Substituenis

For mono substituted dibenzo-p-dioxins, it is a general
rule that electron withdrawing substituents will direct substi-
tution into the other ring, wheress electron doneting substitu-

ents will direct substitution into the same ring.



Bromination of 2-bromodibenzo-p-dioxin vroduces the 2,8
Gerivative zlong with a comoound considered to be the 2,3
Gerivative, but none of the expected 2,7-dibromo derivetive
has esn isolated.la’

Isopropylation produces the 2,3 derivative and then the

,3,7,8 derivative. If a2 bulky alkyl group, such as t-butyl,
1s in the 2 position, the second j-butyl zroup goes to th
other ring.

Scylation hes so far, with the exception of —-ckiocro-
acetyl chloride, produced only the 2,7 deriva

£
ﬁ’ -Chloroacetyl chloride produces both the 2,7 and the 2,8

enter the & position leads 4o the conclusion thet the direciive

influence of the oxygen vara to the withdrawing group is

scercely affected under certain conditions



¥Yercuration

Mercuration a% verious temperatures gave at best only a
trace of mono-mercuratsd product which, although ana'yzed,—was
never chemically identifi=&. ‘The reaction did not ovroceed at
low temperatures. FEHowever at higher temperatures, above 800,
there was formed insoliuble mercury (II) derivstives of unknown
structures. Numerous attempts to identify thess insoluble

meterizis through conversion to te romo ¢r chicro derivatives

Diazo couvnling

In connection with compounds %o be used in brain tumor
studles, a number of stitempts were mede to couple various aryl

Giszonium sglts with dibenzo-p-4dioxin. It wes hoped thet this

would be preferentially absorbed in brain tumors. Czrture of

= A . A 10 - 3 e - 11% | s o
siow neutrons vy the 5B present would then form 5B which
v s . . M en oam o 7 L .
disintegrates to sHe (o particie) and .Li', thus tresting the

3

tumor in situ. Fowever, ths elesctromeric effect of the oxyvgen

atom in dibenzo-p-dioxin was not strong sencugh to cause
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2. Evelustion of selected compounds as liguid
solution scintillators
Compound Peleative

Pulse keight

&

(1]

2,2'-RBis{dibenzoiuran) c.14

6,6'-Dimethoxy-2,2'-bis- c.h6
(divenzofuran)®

. < g oes . a

L Lt Bis(dibenzothiophene) 0.12
- . -

1,1 '-Binephthyl £.87

2,2'—Bina;hthylc 0.25

- !

rhenoXeazineg 2.12

. S . D

2,2'-Bis(dibenzc-p-dioxin) 0.59

- 1 = (-~ == 2 \b A =z

1,)l'-Bis(dibenzo-p-diloxin] 0.15

. - © ,

2-henyldibenzo-p-dioxin 0.40C

1-{2-Ditenzo-pr-dioxinyl)- .12
1, 2-&inkenylethene

1-{2-Dibenzo-p-diloxinyl)- 0.12
1,2-diphenylethenol

Dibenzo-p-dioxin® 0.12

“From Dr. EZ. CGilman's Besearch CGrourn, Iovs State
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4 striking exception is 1,1'-binephthyl. No explanation has
been given so far for this irregularity.

The two derivetives shown of dibenze-p-dioxin, whichk do
not have & direct phenyl linkage to the dibenzo-p-dioxin

nucleus, &re very poor sc

e

ntillators. From this and the less
than 0.12 values of dibenzo-p-dloxin and phenoxazine, the
logical step is to attach aromatic nuclel directly to the
rvarent heterocyclie. The aforementlioned btils compounds and
2-vhenyldibenzo-»-dloxin show the increase in relsetive pulse
height when this is done. 3RBenefilcisl groups, such as dimethyl-
emino and methoxy (i.e., compare 2,2'-bis({dibenzofuran) and

,8'-direthoxy~2,2'-tis(ditenzofuran), may slso be added %o

The identity of ths twe lsomers obtained when dibenzo-xn-

Gloxin was di-metaleted with butsyllithium has not been

rigorously e€siablished. This vroblem may well be resolved

)

through phaysical rather than chemicsl mesns.

o
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Chemicel verificatlon should be cbtained for the struc-
£ 2,(3)-dibromo-7-nitro- and 2-bromo-{3)},7-dinitrodi-
since only infreared evidence was used as an aid

ot

o

H

(]
mn
0]

in assignment of structure.
It would 2lsc be of interest to carry out a2 more extensive
study on the mercuration and sulfonation of d&ibenzo-p-dioxin.
T z-oromo-

explanation for the Tallure o

tal interconvert. & thorough

There is no logilcel

p

ditenzo-pr-dioxin to halogen-m
investigation of thies resction might vrrove worthwhile.
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3

The chemistry of dibenzo-p-dloxin has been reviewed with

emphasis placed on functional groups. 4 tazble containing =211

[o]]

Dibenzo-p-&ioxin has been found to resct in the expecte
manner when halogenated or venzoylated.

£ series of bromo-nitro compcunds was mede in an seffort
to study directive effects of varlious substituents. ¥ono
tromination of Z-nitrcdibenzo-p-dioxin and mono nitration of

-

ded Z-bromo-7-nitrodibvenzo-

O
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ct
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e
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D
| ~1

Gibenzo-p-48ioxin derivetives tested and some othsr selected
OXygen netcerocyecles is incliuded.
£ mono- and a divoronic scid of dibenzo-p-&ioXxin have

been prewmzred for use in brain tumor studi

®
2]
[ ]

<t

Improved directions for the mono- and specific directions

for the preperation of one of two posecible di-metalated lsomers

L)

were presented.



Unsuccessful attempts were made t0 obtain & mono-mercurated

Gibenzo-p-dloxin, to directly couple dibenzo-p-4a

[—J'
o]
]
(=
3
)
=
ct
)
o

dizzonium selt, and to cleave dibvenze-p-dioxin with hydriodic
aclig.
General methods Tfor the preparstion of ditenzec-p-dioxin

derivatlves have been discussed.

Structural assignments of the n2.; derivatives of dibenzo-
p-GioXxin prepared were explsined.

Melting point discrepsncies, attempted reactions, direc-
¢ive influence of substituents, and licuid solution escintil-
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