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AbQLmct-The onidatron of l.fGdibromo-2.7-dimcthoxynaph~halenc has been remvatigatcd and the 
I-bromodimcthoxycompound hat ylcldcd a new bromonaphthaquinonc. A transbromination of 
t.&dibromonaph~halcne-2.7d1ol has been notlccd. whilst an azo-dyc from this dibromodiol is shown 
10 have a structure different from that cxpcctcd from the earlier litcrzrurc. 

AS a sequel to rcwnt work’ the present paper concerns investigations relating mainly 
to the structures of the chief products of mono- and di-bromination of naphthalcne- 

2.7401. 
Cooke et 01.~ have prcparcd, for the first time, pure 1.6-dibromonaphthalcne-2,7- 

diol and have indicated that the l,&dibromo-compound can bc converted into the 
apparently more stable 1,6-dibromodiol by heating in hydrobromic acid in acetic acid. 
Full details of their methods do not appear to have been published,’ but the present 
author has prepared pure 1,64bromonaphthalcnc-2.7-diol by chromatography on 
alumina. It seemed likclyt that the crude product of attempted dibromination of 
naphthalenc-2,7-diol consisted of mainly the I,(,- and I .8-dibromo-derivatives. Thus 
treatment of this product with hydrobromic acid in acetic acid was cxpectcd to give a 
bcttcr yield of the 1,6-dibromo-compound by isomcrization of the 1,8-dibromo- 
derivative in the mixture.’ With hydrogen bromide in aqueous acetic acid an inter- 
molecular change seemed IO occur, since the only isolated compound was the 1,3.6- 
tribromodiol. To cnsurc that this result did not arise merely from the presence of the 
tribromocompound in the starting material, a similar cxpcriment was conducted on 
pure 1.6-dibromodiol. The only pure product obtained in this case. as also when 
water was omitted, was the tribromodiol. It appears. then. that, in the preparation of 
I .6-dibromonaphthalcnc- 2.7-diol by direct bromination, it is inadvisable IO heat the 
reaction-mixture, since production of the tribromo-derivative may ensue in the medium 
containing hydrogen bromide as a product of the initial bromination. 

The mechanism of this transbrominarion is presumably as indicated below.’ Steric 
hrndrancc to substitution in the &position of the 1.6-dibromodiol would make the 

l The work. of H. G. <‘ooke. H. L. Johnson and W. R. O~cn has now been pubhshcd m dclall [Awrral. 
/. Chcm. 13,256 (IY6O)J. They have g~vcn cwdcnw [hat the compound. whxh war earlwr’ thought IO be Ihe 
1.8.dlhromo-dlol. IS rhc 1.3.lsomcr. 

t S-x Ref. 2 and analyc~cal rcsulrs of Ref. 3. 

1 R. D. Wilson, Tcrruhr&un 3. 236 (1958). 
* R. G. Cooke. H. 1.. Johnson and W. R. Own. Chrm. dr fnd. 1623 (1957). 
’ I. S. loffc and N. M. Fedorova. Zh. Ohrhrhri Khrm. 6. 1079 (lY36); C’hrm. Ahsr. 31. 1022 (1937). 
’ R. 11. Thomson. Qwrr. Rec. 10, 32 (1956); P. B. D. de la Marc and J. II. Rldd. Ax~muric Sub~rrrurron: 

hs~rarron and Hulop~orrun p. 123. Huucruonhs. London (1959). P. W. Robcrrson. 1. C’hrm. SIX. 1883 
(1956); 11. Franzcn and ci. Srauhlc. 1. Prdr. Chrm. 103. 352 (1922): F. S. l.ew~r and M. c’. R. Symons. 
Quorr. Rw. 12, 242 (IYSR). 
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I ,3,6-tribromo-compound the main product of further bromination.5 Regarding the 
structure of the tribromo-derivative. Cooke et a/.* have made 3,6dibromonaphtha- 
lene-2,7-dial by the reduction of the product of brominating naphthalene-2,7-diol with 

three moles of bromine per mole of the dial.’ In view of the reduction of the 1,8- 
dibromodiol to the 3-bromodiol,* it is possible that reducing I ,3.8-tribromonaphtha- 

lene-2,7-diol would give the 3.6-dibromo-compound. 
Ethylation of the 1,6-dibromodiol afforded crude material melting at about 85”. 

In preliminary work some difficulty was encountered in trying to obtain a pure 

compound. analyses indicating incomplete cthylation. 
Methylation of the dichloronaphthalenc-2,7-diol has been shown to give a product 

identical with that from the chlorination of 2,7-dimcthoxynaphthalene.’ Thus it is 

confirmed that naphthalcnc--, 7 7diol and its dimcthyl ether yield similarly orientated 

main products on direct dichlorination (cf. dibromination’?. 

,Yaphtiraquinone.s 

2,6- and 2,7-Dimcthoxynaphthalcnes wcrc separately trcatcd with chromic acid. 
Ry chromatography 2,7-dimcthoxy-l,4-naphthaquinone has been prepared in a purer 

state than herctoforc.‘*r No pure compound was isolated from this oxidation of 
2,6AmethoxynaphthaIcnc. but the USC of a diffcrcnt oxidant? yielded the expected 
quinone as one of the products. 

Oxidation of the product of direct monobromination of 2.7-dimethoxynaphthalcne 
has, despite the use of chromatography, afforded only a bromo-2.7-dimethoxy-1,4- 
naphthaquinonc, s hich is concluded to have the structure (I). Assigning this formula 
(5-bromo-3,6-dimcthoxy-l.4-naphthaquinonc) is compatible with the results of, first, 
the oxidation of l.6-dibromo-2.7-dimethoxynaphthalcne and, secondly, the bromina- 
tion of 2,7-dimcthoxy-I ,4_naphthaquinonc, ie8 in which 6-bromo- (II) and 3-bromo- 
2.7-dimcthoxy-1,4naphthaquinonc (III) were prepared. It is to be noted that these 

l Set Ref. I on the rcsulr of rhr owla~~on of I .?.6-tr,bromo-2.7.dlmcrho~ynaphthalcnc. 
’ P’orrhcommg pnper. 

’ P. 8. I). de la %4~are and J. H. Ridd. Aromatic Suhstirutron: K~fru/tonond Iidylrnutcon p. 180. B~ftcr~orthr, 
London (IYSY). 

‘ F. Bell. J. A. <ilhson and R. I). Wilson. 1. Chcm. Ser. 2335 (1956). 
’ 1.. F. k’~c.scr and R. H. Brown. 1. Amrr. Chow. SIX. 71. 3615 (1949). 
’ P. H. I). de la Marc and J. Il. R&J. Aromotrc Subrtiturion. 6twotlonond lfologrnu~ron p. 18s. 9ultenvorlh.s. 

I.ondon (19SY). 
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Number of 
s*ogram* 

Name of compound 
Perczntagc of 

compound in KBr 
_._._ -- - -- --_ .- .____ 

1 6-Brome2.7-dimcthoxy-l.4naphtha- 1 

quinone 

2 3.8~Dtbrcmo-7-mcthoxy-1.2-naphrha- 1 03 

quinonc I 

3 S-Rromo-karboxy4mcthoxyphenyl- 1 0.3 

glyoxal 
I 

I. I .6_Trlchloro- 1.2-dihydro-7-hydroxy-2- 
oxonnphthaknc 

3.8-Dtbromo-1.1.6~trichloro-l,2dihydro-7- 
hydroxy-2-oxonaphthalenc 

0.5 0.8 

I 
0.5 19 

l The spectra were obrawd with a GrubkAksonr double-bum spccwoww. using a KBr dirt 

two compounds would be the only likely significant quinones from the oxidation of 
the product of monobromination of the dimethoxynaphthalcne, if the claim of Ioffc 
and Fedorova, that monobromination of the 2,7-diol gave the 3-bromoderivative, 
were corrects 

P 

“0 ’ ICW Br/ 

%\ ‘c0.w dY Moo\ /our 
Br 

P YI 

The oxidation of I$dibromo-2,7dimethoxynaphthalene* has been repeated, and 
it has been possible to isolate purer specimens of the quinones (II, IV) and also an 
acid (V). The structure (VI) was previously’ attributed to the 1,2quinone (cf. the 
conversion of I-tetralone into 1.2~naphthaquinone*). The determination of the con- 
tents of bromine, oxygen and mcthoxyl group now shows this to be incorrect. It is 

* T. Sho)i. /. Pluvm. Sot. Japan 79, IO34 (1959). 
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interesting that, while the monobromodimcthoxynaphthalcne yields, on oxidation, 
the quinone with the bromine atom retained in the s-position. the dibromo-cther gives 
the I,4-quinonc with the r-bromine atom rcmovcd by the formation of a carbonyl 
group (cf. the oxidation of the dichloro-cther’). The latter result may be related to 
the inductive deactivation, by the 6-bromo-substituent, to elcctrophilic attack by the 
oxidant.‘0 From the oxidation of 1.6-dibromo-2-mcthoxynaphthalcne,” however. both 
IA-quinoncs (VII, VIII) were obtained. It is possible that the 7-mcthoxy-substituent 
in 1,6dibromo-2.7-dimethoxynaphthalcnc impedes sterically the lateral displacement 
of the &bromine atom that may bc necessary for the attack in the S-position by the 
oxidant. The formation of the l.2-quinone (IV) by removing the 7-mcthoxy-group 
from the dibromodimcthoxynaphthalcne then appears to be the prcferrcd mode of 
oxidation of the ring bearing this mcthoxy-substituent. In the oxidation of 1.3,6- 
tribromo-2,7-dimethoxynaphthalenc’, in which the stcric situation is cvcn more 
congested, the z-bromine atom is displaced. 

The microanalyses of the acidic product suggest an aldchydic and kctonic mono- 
carboxylic acid. The spectrogram (3). sho\ving strong bands at wavelengths of 5.6. 
5.8 and 7.8 pu, is compatible with this. ‘I The oxidation of the dibromo-ether seems 

likely, from the foregoing discussion, to in\.olve prcfcrential attack on the ring with the 
z-bromo-substituent. The bands at I I.5 and 12-O 11 suggest 1.2,4,5-tctrasubstitution 
as opposed to the possible 1,2.3,4-tetrasubstitution I2 in the acid, which would arise 
from rupture of the ring bearing the /I-bromo-substitucnt. Lndcr the influence of the 
methoxyl group the opening of thr ring is then expected to occur between the I- and 
2-carbon atoms. A possible intermediate is an o-carboxycinnamic acid. which, on 
further oxidation, might give the compound V. 

.m ml 11 

So far no success has attended efforts to identify. by reduction, the dyes prcparcd 
by couplingp-nitrobcnzencdiazonium chloride with I-bromonaphthalenc-2,7diol and 
with the 1,6-dibromodiol. The products of coupling themselves appeared to be 
impure*, but in one case, from the reaction of I ,6-dibromonaphthalenc-2.7-dial with 
the diazonium chloride, the analytical results suggl%t that the compound IX was 
formed. The coupling involving the displacement of the bromo-substituent (as in the 

l Cf. Ref. 3. 

I* W. A. Waters, Quurr. RN. It, 290 (IY58); I. Nccso~u and C. I). Ncnwacu, Chrm. & Ind. 377 (IY60). 
I1 E. Brmatck. Terruhcdron4. 216 (19%). 
I* L. J. ikllamy, The Infrared Sprcrro of Complex .Moleculrr (2nd Ed.). Methuen. London (19%); A. I). 

Cross, Inrroducrlon IO Prarticol Infrared Sprrrrorcopy. Huttenvorths. London (IY60). 
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coupling of I -bromo-tnaphthol 13.r4) thus appears to occur to a significant cxtcnt 

despite the presence of the unsubstitutcd g-position in the dibromodiol. 
loffe and Fcdorovaa considered that the dibromodiol gave a bisazo-dye containing 

two atoms of bromine in the molecule. This result might bc accounted for by the 
displaccmcnt of the z-bromo-substitucnt as hypobromous acid.16 which, in the absence 
of thiosulphatc, rcbrominated the dye in the available 3-position. The product of such 
a reaction in an alkaline mediumI would bc. after acidification, 3,6-dibromo-l&bis- 
p-nitrobcnzcncazonaphthalcnc-2,7-diol. In relation to this work the effect of thio- 
sulphatc on the yield of the bromine-free dye from the coupling of diazotized p-nitro- 
aniline with I-bromo-2-r1aphthol’~ is cmphasizcd. 

EXPERIMI;NTAl.* 

Purijkation of I .~ibromoMphrhalcnc-2,ldlol 

Crude dibromodiol (19Y g; m.p. 152.5-153 ) was prepared as prcv~ously’: from naphthalcnc-2,7- 

dtol (101 g). Rccrystalhzation from bcnzcnc, o-dtchloroknrcnc. or aqueous acetic acid (5 vols acetic 

acid : 2 vols water) seemed unpromising (cf. Ref. 3). 

Some (5.38 g) of the product (m.p. I52 5 154.5’) of rccrystalliring twice from bcnrmc gave. 

wnh a mixture of bcnrenc (lo6 ml) and chloroform (74 ml). a solution whtch was chromatographcd on 

a column of alumina (46 cm hrgh x 3.2 cm in dtamctcr; column produced from a d)spcrsion of 

alumina in bcnrcnc). Lkvelopmcnt with hcnzcne produced a narrow. hght brownish-grcy band above 

a light crcamcolourcd band involving the remainder of the column. The latter band was divtdcd into 

3 equal portions, each of which was cxtractcd utth hot acetic acrd. The solvent was removed from the 
extracts. and the rcsrducs were trcatcd separately with hot acetic acid and dccolouricing charcoal. Hot 

filtntion was followed by d)lutmn with water. to give prcclpitatcs which wcrc filtcrcd off. Rccrystal- 

liatlon of the product (c) from a solution of acetic acid (2 vol) in water (I vol) and then from glacial 

Precipitate w m.p. 
..-- - -_. -_..-..- _ . - 

(a) From top third of band 0.85 g 142 148” 
(b) From mtddlc third of band O.ltY g 145-148.5’ 
(c) From lowest third of band 2G4 g I55~5-lSH’ 

acetic acid afforded minute white needles (0.55 g) of l.6-dtbromonaphthalcne-2.7diol. m.p. l63- 
163.5” with sublimatton. (Found: C. 38.0; H, 1.Y; Br. 50.6. Calc. for C,,II,Rr,O,: C. 37.R; 
H, 1.9; Rr. 50 37:). Crystalhzttion (from benzene; cf. ref. 3) of a spccimcn melting at 162 .162.5’ 
gave a product with m.p. 162.5 163’. 

‘Tranrbrominarion 

(I) I$-Dibromonaphthalcnc-2.7diol (0.55 g; m.p. I63 163.5). acetic acid (2.8 ml) and hydro- 
bromic acid (I.4 ml: 48 .500,. w/w HRr; less than 0.01 f’, w/v Br,) were heated by a water-bath for 
4 hr. The cold product was filtered tfiltratc A). and the residue was washed with acetic acid (filtrate 
H). leaving a solid (0.20 g; m.p. 1X5.5 195.5’). which was extracted with boiltng water. The aqueous 

t h4.p are corrcctcd. Most of the microanalyses were carried OUI through Dr. A. Bemhardt. Mulbctm. 
Germany. 

11 V. Vescll and F. Stursa. Chrm. Lisfy 27. 126 (1933); Chrm. Abrfr. 27, 5320 (1933). 
‘4 J. T. Ilcw~tr and It. V. Mrtchcll. /. Chrm. Ser. 89. 1167 09%). 
*a I. S. IotTc, Zh. Ohhrhri Khim. 6. 1074 (1936): Chrm. Abstr. 31. 1021 (1937). 
I* P. B. 13. dc la Marc and J. It. Rtdd. Aromaric Subrtifufion: Nifrofbn and Italoqenarion p. 114. Rutterworths, 

London (1959): II. $110~ and N. Kaniacv. I>&/. Akod. h’or& SSSR 24. 890 (IY39). 
IT R. D. Wilson. Thcsrt for the Fellomhlp of the Heriot-Watt College. Edinburgh (1957). 
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extract was cooled and filtered, to give about 1 mg of residue. m.p. about 149’. and a filtrate which 
yielded only a trace of solid on removal of the solvent. 

The solid left after extraction by boiling water melted at 190~5-196~5”. Repeated ctystallization 
from acetic acid afforded minute white needles of I .3,6tribromonaphthalenc-2,‘Idiol. m.p. 207 -208.5 
with sublimation. (Found: C. 30.3, 30.5; H. 1.6. 1.3; Br, 60.1. Cak. for C,,H,Br,O,: C, 30.3; 
H, 1.3; Br, 604:;). 

The combined filtrates (A) and (B) wcrc diluted to 25 ml with water. Filtration yielded a ruidue 
(C) and a solution, which, by removal of the solvent. gave 0.09 g of material, most of which 
was dissolved by warm chloroform. Removal of chloroform from the solution afforded only an 
unpromising substance. 

Tk residue (C; 0.19 g; m.p. 142-143”) in tolucnc was chromatographcd on alumina. Toluene 
was used for development. Removal of solvent from the eluatc gave no residue. The column showed 
four bands. which were extruded. The narrow brownish-grcy rap band was discarded. whilst the others 
were extracted separately with hot acetic acid, the latter being subsequently removed from the extracts 
at 7tSlOO’. The products from the second and third bands (in relation to top of column) were treated 
individually with Y5 y0 ethanol and charcoal. Removal of the charcoal and then the solvent gave 
tmpure materials. The product from the fourth band (light grey-blue) was treated with hot 957; 
ethanol (charcoal). Filtration and addition of water IO the filtrate afforded a light grey solid (0.04 g; 
m.p. I54.5- 156’). probably impure dtbromodiol. 

(2) Impure dibromodiol(7.85 g; m.p. 151.5 153.5”), by heating for 1 hr under similar conditions, 
gave a residue (D; 2.30 g; m.p. 179,.183‘) and a filtrate, which was diluted to 500 ml with water. to 
afford a prectpitatc (E: 4.36 g; m.p. 145-146’). The m.p. of a mixture of D and E in the proportions 
in which they had been yielded (28 mg : 53 mg) was 142.5-145.5 ‘. Rcpeatcd crystallization (charcoal) 
of D from acetic sod afforded material m.p. 201.5-203.5” (mixed m.p. with tribromo-compound, 
m.p. I%,5-198’. made by direct brommation of the 2.7dioP’ was 199 200.5 ). A further crystdliza- 
lion from arTtic acid gave mmutc white needles, 0.47 g; m.p. 205.5-206.5’. (Found: C. 30.8; 
H, I.S”/;). Repeated crystallization (charcoal) of E from acettc acid gave a product. 1.01 g; m.p. 
1.(5.5..157’. 

(3) Impure dibromodrol(7.85 g; m.p. 151.5-153.5”). acetic acid (25 ml) and a solution of hydro- 
gen bromide in acetic acid (30 ml; 50:: W./V HBr; less than 0.17. w/v Br,) were heated (reflux 
condenser wnh CaBr,) in a bath at 100’ for I hr. The cold product was filtcrcd. to give only a trace of 
residue. The filtrate was diluted wnh water IO 250 ml, and the resulting precipitate was filtcrcd off 
and washed with water. The prodtxzt (5.5 g; m.p. 136.5-140.5’) was crystallized twice from bcnrene 
(charcoal), giving a substance (I ‘1 g) m.p. 165- 178’. Repeated crystallization from acetic acid 
(charcoal) yicldcd a solid (0.06 g; m.p. 206 208’). Mixed m.p. with tribromonaphthalcncdiol (m.p. 
207-208.5‘ ; as mentioned m section (I) under “Transbromination”) was 207-208.5’.. 

1.6 Dibromo-2.7dierhoxyMphrholcnc 

A mixture of impure 1,6dibromonaphthaknnc2,7diol (8.2g; m.p. 151.5-153.5”) dissolved in 
acetone (“AnalaR”; 80 ml). potassium carbonate (“AnalaR”; 6.5 g) and diethyl sulphate (9.3 ml) 
was rcfiuxed for 30 min. The product was concentrated by removal of distillate (40 ml), diluted with 
water to 2SO ml, and then maintained at 40’ for 2 hr. Addition of 2 N NaOH (60 ml) preceded further 
heating at 40” for I hr. Filtration and washing of the residue with water afforded a solid (7.1 g), m.p. 
77’ to above 86.) which was treated with boiling 95 % ethanol and charcoal before hot filtration 
(filtrate S-3. The residue was agitated with boiling acetic acid and filtered. to leave white crystals 
(0.26 g; m.p. 154-I 55.5’ ; insoluble in boiling 2 N NaOH). Recrystallization from acetic acid gave 
1.6-dibromo-2.7diefhoxy~~hf~/c~ as white plates, m.p. 154.5-155.5’ and mixed m.p. with pure di- 
bromodiol 135-147’(Found: C. 45.3; li. 3.8; Br. 43.0; EIO. 24.0. C,,H,,Br,O, requires: C. 44.9; 
H. 3.8; Br, 42.7; EtO. 24.1 9;). 

The filtrate (F) yielded, on cooling. a solid, which. by crystallization from 95 oL ethanol and then 
c~xylenc (charcoal), afforded a product (0.35 g) with a melting range around 145’. 

The solvent was removed at reduced pressure from the mother-liquor from the last crystallization. 
The residue was recrystallized from 95% ethanol, to give a solid (2.5 g), m.p. 81-91”. Chromato- 
graphy, on cclh~losc powder, of a solution in benzene/chloroform and, on alumina, of a solution in 
bcnzcne did not achieve the isolation of a pure compound. Analyses (in particular, for ethoxyl ~TOUP) 

suggcs~cd mixtures of mono- and dkthyl ethm of the dibromodiol. 
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1,6- Dkhlorcz-~l_dimcrhoxyMphrhrrLnr 

l,bDichloronaphfhakne-2.7diol (dcslgnated earlie? as ” 1 &dichloro_2,7d~hydroxynaphtha- 
m*) was prepared by the reduction, with zinc and acetic acid, of l.l,btrichloro-1,2dihydro-7- 
hydroxy-2-oxonaphthalcne.l’ previously thought to be the 1.1.8-trichloro-compound (spectrogram 
(4); the spectrogram (5) of a related dibromotrichlorocompound is also shown). Methylation of the 
dichlorodiol (0.17 g) with dimcthyl sulphate in aqueous sodium hydroxide gave a product (0.10 g). 
m.p. 142”. By rccrystallitatlon from acetic acid (charcoal) wcrc obtained prisms. m.p. 143” and mixed 
m.p. with the produc?’ of dichlorination of 2.7dimcthoxynaphthalenc 142.5-143.5 . 

2.7- Dimcthoxy- I ,6naph&aquinonr 

2.7-Dimcthoxynaphthalcne (9.34 g) was oxidized as previously.’ The resulting mixture WZLS 
dllutcd with water (400 ml) and extracted repeatedly with 1.2dichlorocthane. the last extract being 
colourkss. The solvent was removed from the extract after drying (Na,SO,), to give a solid (3.92 g) 
A solution of this in chloroform (100 ml) wu chromatographcd on alumina. Development by chloro- 
form yielded five small brown bands at the top of the column and, at the bottom, a broad yellow band, 
which was elutcd. Removal of the solvent from the cluate gave an orange-yellow solid (I.75 g). m.p. 
211 222’. The product of recrystallization from acetic acid was washed with aqueous sodium hydro- 
gen carbonate and then with water. The resultant yellow prisms (I.46 g) melted at 215-216‘ with 
sublimation. A mixed m.p. of 214.5-216” was obtained with 2.7dimethoxy-l,4-naphthaquinone. 
m.p. 214 215’ (Found: C, 66.2; II, 5.0. Calc. for C,,H,,O,: C. 660; H. 4.60:). formed from 2.7- 
dimethoxynaphthalene by another oxidant.* 

I -iIromo-2.7~dimrrhoxynaphthakne 

2.7-Dimcthoxynaphthalenc (20.2 g) wac monobrominatcd by Ihc method previously described,’ to 
give a product (19.2 g). m.p. 71-76’. which. on recrystallization from 95% ethanol. afforded white 
prisms (16.9 g). m.p. 75.5-76.5”. Crystallization of a portion (0.58 g) of the lauer material from 
methanol yielded prlsrns (0.23 g). m.p. 77.5-78 ‘. *.I* (Found: C. 54.3; H. 3.8; Br. 30.4. Calc. for 
C,IHI,HrO,: C. 54.0: H. 4.2: Br. 29.9’:). A further crystallization (from 95:: ethanol) did not 
change the m.p. 

A more et?iclcnt method of preparation involved the addilion of bromine as a drlutc solution in 
chloroform. To dimethoxynaphthalene (3.08 g) in chloroform (30 ml) was added bromtnc (0.87 ml) 
in chloroform (100 ml) in 2.2 hr. The mixture was left in a closed VCSUZI for 3 days at room temp. 
Removal of most of the solvent. subsequent filtration. and washing of the residue with chloroform 
yielded a product (3.27 g). melting at 75-77-. Recrystallization from methanol gave the bromo- 
compound (2 X3 g). m.p. 77.5-78”. 

Oxickrtion of I-hromo-2.7-dimethoxynaphthakne 

(1) A solution of chromium trioxide (“AnalaR”; 5.1 g) in water (4 ml) was added, from a burette 
tn 4 min. to I-bromo-2,7dimcthoxynaphthalcne (I.65 g) in acetic acid (40 ml) and water (I2 ml). 
Water (3 ml) was used to wash the residual chromic acid from the burette into the reaction mixture. 
After 15 min the product was dtlutcd with water to 500 ml. Filtration and wmhing of the residue 
with water gave a light brown solid (066 g). m.p. about 213”. which, on Ircatmcnt with boiling acetic 
acid and hot filtration, afforded a rcslduc of light orange-brown prisms of the quinonc (0.09 g; m.p. 
299-302’; see Section 2 below) and a filtrate (5 ml). The latter was cooled and filtered. giving a 
residue (0.02 g. m.p. about 281-297”) and a filtrate. which was diluted with water to 100 ml, to 
produce a precipitate (0.42 g. m.p. below 169*). Chromatography on alumina failed to isolate a pure 
compound from this precipitate. 

(2) To I-bromo-2.7-dimcthoxynaphthalcnc (2.83 g) in acetic acid (89 ml) was added chromium 
trioxidc (“AnalaR”: 8.9 g) in water (18 ml) from a burette in 50 min. The maximum tcmp of the 
mixture was 46” (external cooling). The residual oxidant was wasbed from the burette into the mixture 
with water (4 ml). The product war then kept at 50’ for 30 min. Dilution with water (800 ml) prc- 
ceded filtration and waPhmg of the residue (R) with water. 

l Forthcoming paper. 

I9 R. Adams. M. W. Miller. F. C. McGrew and A. W. Anderson. J. Amer. Chrm. Sot. 64. 1795 (1942). 
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The filtrate was extracted with chloroform. The dried (Na,SO,) and comntratcd extract - 

chromatographed on alumma. After dcvclopmcnt by chloroform, the same solvent was used to clutc 

the yellow lowest band. Seven other. small bands were dIscarded. The material obtained by removal 

of solvent rrom the cluatc was crystalhud twice from acetic acid, to yield ycllow~~rangc prisms 

(S: 4 mg), m.p. 299.5 302.5 . 
A solution of the residue (R; 0.50 g) tn chloroform was chromatographcd on alumina. Dcvelop- 

mcnt with chloroform afforded a broad yellow band at the bottom of the column, an intermediate 

narrow yellow band, and a narrow brown band at the top of the column. The yellow bands were 

clutcd by chloroform. whilst the brown portIon of the column was extruded and extracted with hot 

acctlc acid. 

The cluatc from the broad yellow band was collected In IWO portions, the first clutcd havmg about 

three times the volume of the second. Removal of solvent from the larger portion, followed by 

recrystallization from acetic acid, gave deep yellow prisms (CO2 g). m.p. 300~5-302‘. a trace of which 

ylcldcd a purple solution with concentrated sulphuric acid. The mtxturc of this product and S (set 

above) was crystalhrcd from acetic acid. IO give deep yellow prisms of 5-hromo-3.~inurhoxy-l.4- 

nuphfhquinonc. m.p. 302.5 304 with sublimatton. (Found: C. 48 3; II. 3.1 ; Hr. 27 2. C,,ii,RrO, 

requlrcs: C. 48.5; 11. 3.1; Hr. 26 9”,,). 

Removal of the solvent from the smaller portion of the cluate from the broad yellow band atTordcd 

only a small quantity of sohd. m.p. 2X2-283 , presumably impure 5-bromo-3&dimcthoxy-l.4- 

naphthaquinonc. 

I:vapration of the chlorororm from the &arc from the narrow yellow band gave a trace of solId 

m.p. 153.189’. 

The extract from the brown band was shown IO contain a smal) quantity of an aromattc carboxylrc 

acid. melting a~ about 203 . 
(3) In the above oxidations the molar ratio of chromium trloxtde to bromodimcthoxynaphthalcnc 

was 8. The use of smaller proportions of the oxtdant (molar ratios of 3 and 2) was less satisfactory. 

Whlcr and Mattoxl* cmploycd a molar ratio of 5 for the oxidation of a derivative of naphthalcnc. 

(4) Unchanged I-bromtr2.7-dimethoxynaphthalcnc was the only compound Isolated after an 

attempt IO oxldlzc it with di-t-butyl chromatc.*0 

Oxidation of I .~ibromo-~7~fimc/ho.~y~a~h~~~en~ 

Dibromodimcthoxynaphthalcne (73.5 g) was oxidized as before.’ After dilution of the reaction 

product with water. filtration afforded a rcsiduc (K. 30 3 g). which was treated with tolucnc (I.2 I.). 

Subsequent filtration left a rc%duc (2.5 g). which did not melt below 360 and of which a small 

proportion dissolved in aqueous sodium hydrogen carbonate. 

The tolucne solution was chromatographrd (alumina). kvclopmcnt with tolucne was followed 

by clution of rhe pink, IOW~SI band with the same solvent. giving a yellow cluatc (I.). The column then 

showed a yellow band (at the bottom). a deep pink band, and several small, mainly dark brown bands 

(at the top). The yellow (M) and deep pink bands wcrc cxtrudcd and separately extracted with hot 

acetIc acid. The extract from the deep pmk band was concentrated lo 100 ml and thrn diluted with 

water to 400 ml. From the rr%ulting precipitate (I.0 g) and also from the yellow cluate (L) no port 

compound was isolable. 

The extract from the yellow band (M) was concentrated and, after the addition of charcoal, was 

filtered while hot. The preopitatc (N) from the cold filtrate was rccrystallirrd from acetic acid, lo 

yield a product (I.30 g). m.p. 258.5-260’. Thrr~morccryslallirationsfrom acclic acid gavcdecp yellow 

acicular crystaLc of 6-bromo-2.7-dimcthoxy-I .I-naphthaquinonc, m.p. 260-2605’ (cf. Ref. I ; sub- 

lunate In m.p. lube). (Found: C. 48.7; II. 2 8; Br. 26.9. Calc. for C,,H.Brt),: C. 48 5; 11. 3.1 ; 

Hr. 26.9 T;). l 

‘Ihc aqueous filtrate from the residue K (see above) was extracted with chloroform. The solvent 
\ca.s removed from the dry (Na,SO,) extract, giving a very viscous matcrlal, which was treated with a 

mixture of acetic acid and petroleum ether (b.p. 80 100 ). The product was filtcrrd. and the residue 

wag washed with acctlc acid and then with water. The resulting solid (I.1 g) was with acetic agitated 

l See spectrogram (I) and cf. SadtIer spectrogram IS446 for the chloro-analoye.’ 

** A. S. Whcder and W. J. Matlox. /. Amer. C-hem. Sot. 55. 6116 (1933). 
** R. V. Oppenaucr and If. Obcrrauch. AMI. hoc. qulm. ArgrnIino 37. 246 (1949); Chem. Absh. 44.3871 

(1950). 
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acid. the ho1 mlxturc being filtered to give a raiduc (I’). The cold filtrate yielded a precipitate (0.7 g) 
which was treated with hot chloroform (80 ml). After cooling, the mixture was filtered (filtrate Q). 
Most of the residue dissolved. wi1h cffcrvcsccncc. m aqueous sodium hydrogen carbonate. The 
addition of charcoal was followed by filtration and then by acidlfica1lon of the tiltrate with hydro- 
chloric acid. The consequent white precipitate. after washing with water. weighed 0.29 g and m.p. 
~43-5 229- 22Y.5’ (dccomp). Two crys1alhr;r1ions from acetic sod atiordcd while prisms of S-hromo-2- 
cor~~xy~nurhoxyphe~,v~~~yoxal(V). m.p. 230.5 231.5’ with dccomp and while subhma1ion. (I:ound: 
C. 41.8; H. 2.5; Br. 27.7; 0. 27.8; %I&). 10.6; cquiv. w1. 278. C,,H,BrO, requires: C. 41.8; 
H. 2.5: Br. 27.8; 0. 27.9; McO. 10 85.; cquiv. WI. 287): The compound gave a sdvcr mirror 
with ammontacal siher n11ra1c solutmn. 

The tiltrate (Q) was mixed wi1h pc1rolcum e1hcr (120 ml; hp. 80 100 ), IO prcclpl1a1c a solId 
(0.21 g), which rccrys1allired from acetlc acid as brownish-martxm nccdlcs, m.p. 236 5’ (dccomp). 
The la11er material and the rcsiduc P (WC above; 0 07 g) were crystallized thrice from acc1ic acid, 
yielding a product, which. af1cr washing wl1h aqueous sodium hydrogen carbonate and then with 
wa1er. wclghcd 0.08 g and had m.p. 244 . Two further cryc1alltwtlons from accric acid gave deep brown- 
red needles of 3.8-dihromo-7-mcr~o.~~-I.2-nuphr~quinonc, m.p. 244 244.5”. (Found: C, 38.0; H. 1.6; 
Hr. 46.3; 0. 14.3; McO. 8 8. C,,li,Hr,O, rcqulrcs: C. 38.2; H. 1.7; Br. 46.2; 0. 13.9; Y&I. 
9.0Y0).! A 1~ pure spccimcn of this compound WF formerly’ dczlgnared as “4.7-dlbromo-3.6- 
dlmcrhoxy-l.2-naphrhaquinonc”. 

The molhcr-liquor from the prccipitarc (N) ylcldcd. on dilution with an equal volume of waler, a 
deposit which was rccrys1alllzcd from acc1ic acid. The produc1. when it had b&n washed with aqueous 
sodium hydrogen car&ate and with waler, w;1s cry&alhrsd from a mixrurc (I : 1 by volu~) of 
pe1rolcum cthcr (b.p. 80 100 ) and tolucnc (charcoal) and rhcn from acetIc acid (charcoal). affording 
a substance (0.12 g). m.p. 125 128 ‘. A final crystallizatron from methanol (charcoal) gave necdlcs of 
I .6-dibromo-2.7-dimcthoxynaphthalcnc. m.p. 127.5 128.5’ and mlxcd m.p. with an authcnttc sample 
l2Y 130’. 

Coupliy of p-nirrohcn:cnedia:onium chloride wirh hromo- anal ~ibron~-Mphrholene-2.7-~fiol 

Many experiments were done on the coupling ofp-nrtrobcnrcncd~azomum chloride.’ reduction of 
the resultant dyes and acc1ylatton of the producrs of reduction. In only one cast (sc~ next paragraph) 
ws an apparently pure compound isola1cd. Chromatography indlcatcd complex mixrures. The 
dlbromodrol used m the unsuccessful cxpcrimenrs m:l1cd a1 ISI .S-lS4.5” (cf. Ref. 3). 

Topmtroanilinc (0.23 g; OW17 mole) in IO N IICI (0.50 ml) and water (0.60 ml) wcrc added ice 
(2.S g) and then sodium nitrite (0.132 g) in waler (0.8X ml).” The solution of diazomum salt was 
poured into a solution of l&dtbromonaphrhalcnc- 2.7-dlol(O.26 g; 0~00082 mole; m.p. 162 S-163.). 
sodium rhmsulphatc” (pcnrahydratc; 0.22 5). and sodium hydroxide (0.35 g) in water (4 ml). The 
product was acidified with N IIQ (IO ml). ‘Ihe amorphous reddish-brown washed (water) dye (0.4 g). 
m.p. 19s (dccomp). was rccrystalhrcd from a filtered solution in cold pyrldme. to give the deep 
reddish-brown amorphous bbromo-I-p-ni/roben:enra:onPphrho/ene-2.7~diol (0.07 g). m.p. 270’ (dc- 
camp). (Found: C, 50.1; II. 2.9; Rr. 21.0; N. II 3. C,.H,,Br&;,O, requires: C, 4Y.S; iI. 2.6; 
Dr. 20.6; N. IO.8 “:). The compound formed, in cooccntratcd sulphuric acid, a deep purple solu1ion. 
which. on dilu1mn with water. gave a red-brown solu1ion. 

AcknonMpemcn! The au1hor acknowledges wi1h gratitude a grant from the Rcsearch Fund of the 
Chemical Sc-ziety. London. 

l Set spectrogram (3). 
+ See spcctroKram (2). 

‘I K. H. Sz&ntIe& The Aromatic I~iaro-compounds and Their Trchnicol Applications (2nd F.d.) Q. 6. Arnold, 
London (19~9). 


