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liXPHRIMENT:S ON THE SYNTHE~\IiS OP' FURANO COMPOUNDS. 
PART VII. I: :z-DENZODIPHENYLENE OXIDE 

Bv J. N. CaA"rT£R.JEA 

Two uriequi.vol'nl ~yntheses CJf I : ~-I:Jenzot~iphenylctte oxide (")1-braz~n) are reca.rded, proving the 
earJi ... .- o.lcscripliCJns of the componnn in the literature as incorrect. 

Derivatives oi 1 ;,;z-beuzodiphenylene oxide (y-brazan•) (I), such as a.-anhydro­
trimcthylhrazilone and allied product:;;, have been 'SY11thesi:;;ed by Johnson and 
Hobertson (J. Clzem. Soc., I950, :Z,38I ; also d. Chattcrjea, this Journal; 1953. aa, 103)­

'l'Ju,re 1s discrepancy in the literature with regard to the parent compound (I). Graebe 
aud Arx claimed to have prepared this compouad by heating a mixtare of .B-uapbthol 
and phenol with litharge an<l reported the m.p_ zg6" (Annalen, r88r, 209, I4sl• 
Sabatier and Mailhe (Compt. f'end., 19r2, 159, 202) obtained a produd:, ru.p. zoo", 
by heating a mixture of P-oaphthol and pheaol O\"et thorium oxide and formulated 
it as .eitper "Y-W or .B-brazan (II). But as the latter (m.p. zo8°) did not produce the 
colour reactions described by Sabaticr ,.and Mailhc Uor:;. cit.} for the above product. (Kos­
tanceki and Lloyd, Bc.r., I!;l'"lJ, 38, ~t93l. it appt>ared !ikcly that they had really obtained 
(l). It was ther. fore de:;irable io resolve this obvious discrepancy. 

[I : R = H; 
III : R = OH; 
VI: R = COOH] 
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(II} 

By an adaptation of the method of Johnson acd Robertson (lac. cit.). the s-hytltoxy­
")'tbrazan (III) has been prt:pared from 2-hydroxybenzophenone. '!'he latter was 
converted into ethyl 2-benzoylphenoxyacetate (IV) and then cyclised with sodiun1 
ethoxide in alcohol to ethyl J-phenylcomnarone-z-carbo:.-ylnte JV: R = C02Et}. The 
corresponding acid (V: R = C02 Hl on homologation by the Arndt-Eistert procedure 
afforded J-phenylcoumarone-2-acetic acid tV: R = CH,COOJn, isolated by way of 
the amide. On cyclisation with phos:,horic anhydride in benzene, a quantitative yi&ld 
of the d-naphthol (III) was obtained. The phenol on redu~tion with hydriodic acid 
furnished" a poor yield c1f ")'-brazun which was obtained as a low-melting solid (tn.p. 31-32"), 
characterised by a .well-crystalline picrate. 

• Drnzo[b]naphtho [r.2-d] furaa (II is terml"d ')'-bra~aD and 3: 4-benzodiphenyleue oxid!!' lbenzo­
[bl napbtbo [~.1:-d] furan) is termed •.brazan (Patterson and Capell, "'l'ht Ring Ililatx",llf'.lnhold, 
king System No : 2483 aDd 248~ respectively!. 
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A better route to y-braza•. was frum 2-fonuyl-3·phenylcoulllarone CV: R = CHO) 

which was obtained in poor yk:ld by the Gatt~rma11n synthesis from 3-pheoyl­
coumarone · (.V ; R = H), p1·epared conveniently by the action of sodium acetate and 
uceti~ ·ab'hydlide on the acid {l V ; H in !>lace of llt). The alclebyde was, however, 
obtained in quantity from the corresponding acid by the Stevens-McFadyen method 
involving the dccumposition of the sulphonliydmzidc (VII) with sodium carbonate iu 
c\hylcnegtycol (]. Ch;;m, .~oc., 1936, 5S4i. The az.la.ctone· (vlll}, derived fro.H l.he 
aldehyde, afforded tbc pyruvic add lV; R = CH~CO.COOH}, isolated by tbe sulphur 
dioxide m~thod. It underwent cyclisation in quantitative yield tc the acid (VI) ~vilh 

hydrobromic acid in acetic acid. On decarboxylation with the aid of liuu:; tl)is acid 

:.Lffonlcd ")'-bra7.:JU, :dent kal with the product, ment,ioncc..lt bove. 

(VIII) FIG. I 

~-· 
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It is clear fro1n the above work that the products of Graebe and of Sabatier 
must have different constitutions and this was further confirmed by an independent 
synthesis of y-braza'tl from the cyclic ketone (IX), described earlier (Mosettig and 
Robinson, f. A mer. Chem. Soc., 1939, 61, u48 ; Chatterjea, loc. cit.). 1'-Brazan was 
obtained from this ketone !:.'ither by reduction with lithium aluminium hydride to the 
correspondiup- carbinol, followed by treatment with palladised charcoal· or ~by the Wolff­
Kishner· reduction to the tetrahydro-y-brazan, followed by dehydrogenation with 
selenium. The absorption spectrum of (I) is shown in Fig·. r. 

E X P K K I III U N 'l' A J.* 

3-J>I;cn:J'Icoumarollc-2-tarboxylic Acid.-·A mixture of 2-hydroxybenzophcnone (s g.), 
clJJyl bromo::~cetate (s c.c.) ami dry potassium cari.JoJwte (12 g.i in dry acetoue l40 c.c.) 

m1s refluxed for 8 hours. Isolated as mmal, the resulting phenoxyacetic ester was 
obtained as a light bi'OWll oil (negative ferric reac-tion) which was heated in vacuum 
at r8o 0 to remove all volatile impurities. 'rhe crude ester was cyclised by adding a 
sol~ti~n of the compound in dry alcohol !rs c.c.) to a solution of alcoholic :;;odium 
cthoxide (Na, o.s g. in alcohol," 35 c.c.) and refluxing the mixture for 1 hour. The 
mixtur~ was then poured int~ cooled water when ethyl 3-Phenylcoumarotle- 2-
carboxy/ale se(larated as an oii, which easily solidified, yield 3 g. 'rhe ester crystallised 
from alcohol in prisms, m.p. 64 o and developed a pinkish red coloration with H=Su •. 

(Found : C, 76.0; II, 5-5- l'17 HuOa requires C, 76.6; H, 5-3 ptr cent}. The 
alkaline filtrate, after removal of alcohol, on acidification furnished J·phenylcouma­
rone-2-ca.rboxylic acid !o.3 g.). 'Ibis acid wa~ prepared from the above ester (3 g.) 
by hydrolysing with alcoholic sodium hydroxide (4o c.c., ro%) for! hour on a boiling 
water-bath. On acidification, the acid was obtained which crystallised from acetic acid 
in yellowish needles (2.1 g.), m.p. 234 ° (Fuson et al., ]. Org. Chem., Ig4I, a •• &ts. 
report m.p. 232-33° for the same compound obtaiued by a different method). The 
compound dissolved in sulphuric acid with a yellow colour which became pinkish on 
warming. 

3-Phenyicouma.tone.-The crude ethyl 2-benzoylphenoxyacetate, obtaine~ in the 
above preparation, on hydrolysi5 afforded the corresponding acid as an oiJ which was 
isolated with ether. 'this phenoxy-acid (s g.) was dissolved in acetic anhydride 
l4o c.c.), anhydrous sodium acetate (8 g.) was added and the mixture heated on aD 
oil-bath at 165° for ! hour. After the brisk reaction was over, the mixture was added 
to water (so c.c.), extracted with ether and the ethereal layer washed several times 
with sodiun1 bicarbonate solution. On removal of the ether, J-phenylcoumal·one 
(2.g g.) \vas obtained as an oil which solidified, ru.p. 42° (Stormer and Kippe, Bet., 
1903; 36, 4005, recor.d m.p. 42°). The compound developed an orange-yellow €olora­
tion with H:~Sp.. (Found: C, 86.4; H, S-4· Calc. for C1aH1GO: C, 86.6; H, s.:.c 
per cc:nt). 

* Allm.p.'s are ancorrectc-d. 
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. 3-Phenyl~oumaTone-2· acolic Acid.-(a). The acid (V: R = COOH)· {3.0 g.) was 
cmn·erted into the acid chloride by boiling in thiophen~-Free benzene (ro c.c.) with 
purified thionyl chloride (6 c.c.). The colorless crystalline aciQ chloride, obtained 
on removal of benzene and volatile impurities in vacuum, was dissolved in betlzene 
(ro c.c.) and added drop~vise to a solution of diazomethane lfrom·nitrosomethyhuea, 
r2 g.} in ether (.r:zo c.c.) at o •. The :~ext day the solution was filtered and the 
solvent removed in vacnum. The diazo-ketone (3.o g.) crystallised from benzene­
petroleum ether ill yellow pris~ns, m.p; II2·I4 • (decamp.). (Found: N, 11.0. 

C,.HlUOu~2 requires N, 10.7 per cent). A solution of the diazo-ketone (2.9 g.) in 
purified uioxan (70 c.c.) was added. during t hour to a stirred solution of silver nitrate 
(4o c c., 1o%J in concentrated aqueous ammonimn hydroxide (30 c.c.) at 70". After 
healing on a water-bath for 3 hours, the mixture was left overnight, filtered and 
poured into a large volume of water. The crude 3·phenylc:oumarone-:z-acetamide was 

collected and hydrolysed with aqueous alcoholic putasb (30 c.c., Io%) for 5 hours. 
After removal of the alcohol, the cooled residtte was diluted with water-, clarified 
with charcoal, filtered and acidified to alford the acid {V: R = CH2COOFp (2.6 g.), 

crystallising from benzene-light petroleum in crellin-coloured needles, m.p. 146". (Found: 
C, ;6.o; H, s.o. C10Hn03 requires C, 76.2; H, 4-7 per cen~). 

The compound dissoll;cd in HoS0.1 with an or~uge-yellow colour, huning gre~~ 
slowly with !he appearance of a violet fluorescence. 'l'hr: acid also exhibited a violet fluor­
escence iu acetic acid. The p-toluidide crystallised from acetic acid in colorless needles, 
lll.p. 183"· (Fonud :C, 8r.~; H, s-8. C,.H.,O"N r.:qllires c. So.g; H, s.6 perceut). 

(b}. Tlte pyruvic acid ~V: R=CH2CO.COOH) (o.3 g., ~ide i11/ra.} was dissolved 
in dilute NaOH solution (s c.c., s%J, cooled to s" and treated with perhydrol (o.6 c.c., 
go%) dudng 5 minutes. After leaving for 2 hours, the mixture was 3('idificd to yield 
the acid (V: R = CH,COOH) (o.2 g.) ns cream-coloured needles, m.p. 145-46" (from 
acetic acid). 

.Cyclis~ta~on of 3-PhenylcaumaTone-2-acelic Acid:-The add (1.2 g.) was dissolved in 
betizene (45 c. c.) and treated witl1 constant stirring with P=O, (7.2 g.) and refluxed fctt 
4 hours. The mixture was then. decomposed with ice and the benzene layer wa:.hed 
several times with sodium <!arbonatc solution. On removal of benzene the phenol, 
s.-hydro,x;v-y-b,.azan (Ill) was obtained (o.75 g.) which crystallised from acetic acid in 
cream-c~lonred prisms, m.p. I4l! 0

• (Fottnd : C, 8z.o ; H, 4-4· C1BH1o02 requires C, 
82.1 ; H', 4-3 per cent). 

-y-BTazan.-The above tt-naphthol (o.s g._) was boiled with freshly di&tilled hyd.tiodic 
acid (s c. c.l for 8 hou1·s. The mixture was es:tracted with ether, washed with sodium 
thiosulpbate solution, dried (sodium sulphate) :md distilled in \'acuum at rSo 0 (bath 
temp.). The mobile di:.tillatc furnished a crystalline picrate (o.oS g.) which cry~tallised 
from alcohol in orange needles. m.p. 1:2,1°. -(Found : C, 59,5; H, .;.2.; N, 9-4· 
C,aHioO.CoH.O,.N. requires C, 59.1 ; H, :~.g; N. 9-4 per cent}. , ;t-Brazan, liberated 
from the picrate by alkali, was obtained as a liquid which solidified on keeping. m.p.. 
31-32°. !Found :C, 88.3; H, 4.6. C,.H,dO reqLlires C, 88.1; It, 4.6 per cent). 'l'he 
compound showed with H.,SO~ tl1c following successive changes in colour: blue ~ 
deep blue ::---~ green ~ pin;kish --i'- yellowish green. 
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U.V. absorption (Fig.r) :Aa.J.:::~ot. 2450 ~ (log "• 4.64~. 28ooll (log s, 3-74), 31oo.£ 
(loge, 4.13). 

The residual gla!l'sy material in tha distilling flask iu the ahove experiment solidifietl 
on trituration wit!J acetone and was obtained as a gt·ecnish yellow mass, m. p. 2 46°. This 
wns not investigated. 

1'1fi.emM to prepare y-Bra,zanqui11one *by oxfdaiion of s·flyd1oxy-y-&razan.-Tbe 
phe11ol (0.4 g.l was dissolved iu acetic acid (w c. c:.) nnd to the hailing solution was 
added a solut'ion of chromic acid (o.38 g.) in water (3 •. c.). After boiliug for 5 minutes 
the mixture was poured into water. The deep orange-red resinous mass (o. I g.) sepa­
rating •\"IJS o. mixture ·of qnit1ones (tile coloL1r was rapidly discharged on tedndion with 
zinc dust in acetic acidl. On attempting to i~olate "'1'-hrazanquinone as the azine, the 
above mixture was boiled witb o·plJeuylenediaminc (o.r g.) in acetic acid {6 c.c.L An 
!Jilidentified product, m.p. 245" (from acetic acid), was d~posited as brownish prisms 
(2o mg.). de,•eloping a yello.vish green coloration with H 2S04 • (Pound :C, 78.5; H, 
4-3 ; X, o.o per CL"nt). 

2-Formyl-3cf>l,rn,,/coumaronr.-(,1L To a sulution of 3-phenylcoumarone (z.S g.) 
in ether (So c. c.) fused zinc chloride (r.2 g.) ancl anhydrous hydrogen cyatlide (4 c.c.) 
were added and the mixture saturat~d with hydrogen c!1loride at on. The next day the 
crystalline product. separating w;~~s collected, washed with dry ether, treated with water 
!so c.c.) and heated on a wntcr·hath for~ honr. The 0il (o.2 g) separating was i;;olated 
with etl1er. The aldehyde did not cry~tallisc. It dissolved in H,SO., with a yellowish 

~:oluur, turning green. 
The semicarbazone. crystallised from alcohol in cream-colo11rcd needles, m.p. 

2.·16-48". (Found: C, 68.7; H. s.o. C,,Il 100,Na require!' C, 68.8; H, 4-7 pe1· cent). 
'fhe :2 :4-dinitrof>lun:yl11ydrazone, prepared in alcohol with the aid of HCI, was 

obtained in two forms: (i) Dark red leaflets with a steel-blnc reflex, m.p. 264° (from 

acetic acid. (Found: N, 14.1. C21H,40.N., requires N, TJ.9 per cent). (i~ Orange­
yellow needles, m.p. 234" clearing at 26o" (hom acetic acid). (Found : N, 1~.8. 

C"H,.O_,N. rcqnir·~s N, 13.9 per cent). 
(b). From 3-Phenylcoumaronc-2-ca?·bn.'l·)•lic Ac:id..-This acid was esterified with 

cliazometbane yielding the melh;t'i ester which crystallised from methyl alcohol in 
cream-colored prisms, m. p. 97". (Found :C, 76.3; s.o. C,.H,=O• reqt1ires ~. 76.2; 

, H, 4-7 per centl. A mixture of the ester (I ~.), hydrazine .bydrnte (2 c. c.,_ go%) and 
ethyl alcohol (3 c.c.) wa~ boiled under reflnx for sl hours and then poured into water: 
1'he lz)•dTazide (V: R =CONHNH~) (o.g g) was obtaiuetl as a crystalline solid, 
crystallisillg from methanol in color!c:ss long 11cedles, m.p. 79-8o". (Fonnd: N, II .s. 
C,.H,20 2N 2 requires N, IJ.I per centj. The picrate crystallised from alcol1ol in yellow 
prismatic needles, m.p. 195" (decomp.). . 

A solutioo of the hydrazide (r.s g.i in dry purified pyr;dine (roc. c.) "·ns cooled to 
o" and treated drogwise with benzenesulpho11yl C"hlo.ri<le (o.g g.). TI1e solution t11rned 
yel.low and after sometime yellowish needles began to separate. Tl1e mixture was kept 
itt a refrigerator for 6 hm1rs and then poLned U.1to iced HCI. The gummy yellow mass 
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of the sulphonlaydra.zide (VII) (quantitative yield) solidified easily and was obtained in 
colorl~;Ss prisms from methanol, m.p. 233·34° (dccomp.). (Found: N, 6.8. c2,H,.04N.s 
requil"es N, 7.I 11er cent). 

A solution of the sulphonhydrazide (o.4 g.) in ethyleneglycol (3 c.c.) at I6o 0 was 
treated with .anhydrous sodium carbonate Co.4 g., added in one loti. A vigorous 
evolution of gas took place and after So seconds the reaction was que11ched by pouring 
rhe mixtme into bot water which was then cooled and the oily aldehyde. {o.is g.) 
was extracted with ether. 

3-Phenylcoumarone.-2·P;:vru'l!i!; Acid . ..:-The crude aldehyde (J.O g.) was converted 
into the azlactone (VII I) by heeling on a bo1ling "'·ater-bath with a mixture o.f hippuric 
acid (2.0 g.1, {u!;ed sodium acetate (r g.) and acetic anhydride f2o c.c.) for 20 minutes. 
Dilute alcohol (40 c. c., so%1 was then added to the mixture and the crystalline 
material collected after 2 hours, washed with boiling wa'ter and then with cold alcohol. 
The azlactollc (3.4 g.) crystallised from benzene in orange-yellow needles, m.p. 240-42". 
(Found: C, 79·4 ; H, 4·5· C~4H150,N requires C, 78.g ; H, 4-I per cent). 

The azlactone (2.5 g.) was boil~d uDder reflux with KOH (35 c.c., Io~) for 
4! hours. An oily product separated. The mixture was filtered, cooled, diluted with 
water (30 c c.) and saturated with S02 at 25°. The f>yru'llic acid ~V: R = CH1CO.COOH) 
was isolated in the usual manner. It crystallised f1·om acetic acid as a colorless powder 
(0 .4 g.), m. p. 242-44" showing a violet ferric re:o1ction. (Found·: C, ;2.2; H, 4.6. 
C,.H,.O. requires C, 72.8; H, 4·3 per cent.l. The compound de,·cloped a yellowish 
green coloration with H3SO •. 

Cyclisa!ion of tlze PJ•ru"Uic Acid.-The foregoing ketonic acid (o.J g.) was dissolved 
in acetic acid (3 c.c.) and boiled under reflux w:th HBr (:z c.c., 413%) for 3 hours. On 
cooling, -y-brazan-s-carboxylic acid (VI) separat~. crystallising from acetic acid in 
colorless slender needles, m. p. 290°, yield o. 22 g. (Found : C, 7i .4 ; H, 3·9· CJ7H .. Os 
requires C, 77.9; H, 3.8 per cent). 

t 

~ The methyl ester, obtained by the 
methanol in colorless nee<lles, m.p. IOI

0
• 

C, 78.3 ; H, 4·4 per cent). 

action of diazomethane, crystallised from 
(Found: C, 78.2 ; H, 4.8. CuH,.03 requires 

"1'-Drazan.-(i). The decarboxylation of the above add was csrried out by mixing 
with 3 fimes its weight of lime and heating in a horizontal tube. The y-brazan 
distilled as a colorless oil, yielding a crystalline picrate, m.p. 123-24", uudepressed on. 
adtnixture witb the specimen obtained before. 

Iii) (a).-A solution of r-keto-1:2:3: 4-lctrahydro--y-brazan (IX, 0.1 g.) in ether 
(s c.c.) was treated with the usual precautions wilh lithium aluminium hydride (so mg.) 
and left for I hour. The mixture was carefully decom~losed with dilute acid, the ethereal 
layer worked up to give the corresponding carbinol, I-h:ydroxy-I : 2 :3 : 4-tetra.hydro--y­
braz~n, as colorless prisms, m.p. IOS·I06°. (Found: c, 80.1 : H, 6.o. c,.H ... o. requires 
C, 80.7 : H, 5.9 per cent). This carhin°1 (6o mg.) was mixed with'· palladised charcoal 
(so rug.) and heated at 300° fo~ 3 hours, The resulting violet fluorescing oil was taken 
up in ether and obtained from low-boilU.g petroleum ether in colorless prisms, m.p, 

· 3I-32° (_picrate, m.p. I23-24"), ,identical with the specimen of i'-brazau obtained above. 
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(ii) (b).-The ketone (IX, 1.0 g.) was heated in a sealed tube with hydrazine hydra~ 
(I c.c., Ioo%) and alcoholic sodium ethoxide (o.s g. of sodium in absolute a(QQ.bol, 
ro c.c.) at I80°·I90° for 8 ho11rs. 'fhe oily product was distilled in an oil pump afiordin~ 
the reduced product as a colorless oil (o.J g.) which did not solid1fy on keeping. It was 
mixed with selenium (t.o g.) and heated at 300'" for 2 hours. The resulting oily 
product was dissolved in alcohol (Io c. c.), fi[tered and treated with picric acid. The 
picrate" of 'l:-brazan separated ; it was collected aud crystallised from alcohol in orange 
needles, m.p. and mixed m.p. 123-:24°, yield o.l2 g. 
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