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Mixtures of about equal amounts of 9-nitro- and 12-nitrodinaphtho[2,1-2‘,3‘] furan-S,13-dione (I11 and IV) are formed 
in the condensation of 2,3-dichloro-5-nitro-l,4naphthoquinone with 2-naphthol in pyridine. Under the same conditions 
1-naphthol gives &nitro- and ll-nitrodinaphtho[l,2-2’,3‘]furan-7,12-dione (X and IX), with the latter in slightly larger 
amount. 

Methods for the separation of these nitro isomers and for the determination of their structures are given. The physical 
properties of several derivatives of these nitrodinaphthofurandiones are discussed. The amino and benzamido dinapht~ho- 
furandiones are interesting dyes for natural and synthetic fibers. 

As established by Buu-Hoil and by Suryan- 
arayana the condensation of 2,3-dichloro-1,4- 
naphthoquinone with 1- and 2-naphthol gives 
the dinaphthofurandiones of structures I and 11, 
respectively. No work has been reported, however, 
concerning the structures of tl dinaphthofur- 
andiones obtained in these condensations when 
substituents are present in the benzenoid ring of 
2,3-dichloro-1 ,bnaphthoquinone. 

This paper demonstrates that the condensation 
of 2,3-dichloro-5-nitro-l,4-naphthoquinone with 2- 
naphthol in pyridine gives a mixture of 9-nitro 
(111) and 12-nitrodinaphtho [2,1-2‘) 3’]furan-8,13- 
dione (IV), in approximately equal amounts. 

Dinaphtho [ 1,2-2 ’,3’]furan-7,12-dione 
Dinaphtho [2,1-2 ’,3’]furan-8,13-dione 

I . R = H  
IX. R = ii-xoz 
X. R = &NO2 

XI. R = 11-NH2 
XII. R = 8-NHz 

11. R = H 
111. R = 9-”& 
IV. R = 12-NOz 
V. R = 9-NHp 

VI. R = 12-NHz 
VIII. R = 9-Br 

The two nitro isomers were separated by means 
of their different solubilities in concentrated 
sulfuric acid. Orientation of the 9-nitroisomer 
(111) was established by reducing the nitro group 
to  the amino and replacing the latter by a bromine 
atom. Comparison of this bromo derivative with 
an authentic specimen of 9-bromodinaphtho [2, 
1-2’,3’]-furan-8,13-dione (VIII) confirmed its iden- 
tity. This structure proof of I11 is obviouely 
also an indirect proof for the structure of IV, 
since the latter can have only the alternative 
structure. 

Authentic 9-bromodinaphtho [2,1-2’,3’]furan-8, 
13-dione (VIII) was synthesized from o-bromo- 

(1) Ng, Ph, Buu-Hdi and P. Demerseman, J. Chem. SOC., 

(2) B. Suryanarayana and B. D, Tilak, Proc. Indian 
4699 (1952). 

Acad. Sci., 37-A, 81 (1953). 

phenacyl bromide and naphtho [2,l-b]furan-1,2-di- 
one, according to the following route: 

VI1 

This route is similar to  that developed by 
Chatterjea3 for the preparation of 7-methylbenzo 
[blnaphtho [2,3-d]furan-6,ll-dione. The last step 
of this route, the ring closure, was carried out by 
treating the carbonyl chloride derived from VI1 
with aluminum chloride in nitrobenzene a t  room 
temperature. Under these conditions a 35% yield 
of the cyclized product (VIII) was obtained and 
63% of the acid (VII) was recovered unchanged. 

The physical properties of the two nitro isomers 
and their derivatives are summarized in Table I. 
The 9-nitro isomer (111) has a higher melting 
point than the 12-nitro (IV) and the 9-amino 
isomer (V) has a lower melting point than the 
12-amino (VI). These results are in line with those 
observed in the 5- and 8-substituted thiophanthra- 
quinones* and in the 2- and 3-substituted dibenzo- 
furans.6p6 The visible spectra of the 9- and 12- 
nitro isomers are identical. In comparison with 
these nitro isomers, the visible absorption maximum 
of the 9-amino isomer shows a bathochromic shift 
(A  X of 32 mp), whereas the absorption maximum 
of the 12-amino isomer shows a hypsochromic 
shift (A X of 22 mp). The infrared spectra of the 

(3) J. N. Chatterjea, J .  Indian Chem. SOC., 32,  265 

(4) H. E. Schroeder and V. Weinmayr, J .  Am. Chem. SOC., 

(5) W. Borsche and W. Bothe, Ber., 41, 1940 (1908). 
(6) H. Gilman, G. E. Brown, W. G. Bywater, and W. H. 

(1955). 

74, 4357 (1952). 

Kirkpatrirk, J .  A m .  Chem. SOC,  56, 2473 (1931). 
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1:ig. 1. Infrared bpectra of the nitrodinaphtho[2,1-1’,3‘]furan-8,13-diones 
A:  Y-Nitro isomer (111) 
B: 13-Xitro isomer (IV) 

nitro isomers are similar up to about 8 p,  both 
isomers exhibiting the characteristic bands of 
carbon-carbon double bonds, of the carbonyl 
and of the nitro groups (Fig. 1). A good region for 
differentiation is 8-15 p,  where the individual 
isomers present the following bands : isomer I11 
a t  11.15, 11.65, 12.15, 13.70 and 14.50 p and isomer 
IV a t  8.0, 12.25 and 14.35 p. 

The condensation of 2,3-dichloro-5-nitro-1,4- 
naphthoquinone with l-naphthol gives a mixture 
of ll-nitro- (IX) and 8-nitrodinaphtho [1,2-2’,3’] 
furan-7,12-dione (X), with the former in slightly 
larger amount. In  this case also the two isomers 
were separated by means of their different solu- 
bilities in concentrated sulfuric acid. 

Attempts to prepare these isomers by an un- 
ambiguous route failed, However, the comparison 
of the properties of the 9-nitro (111) and 12-nitro- 
dinaphtho [2,1-2’,3’]furan-8,13-dione (IV) and their 
derivatives with the properties of IX and X and 
their derivatives, respectively, indicate that IX 
should be the ll-nitro- and X the 8-nitrodinaphtho- 
[1,2-2’,3’]furan-7,12-dione (see Table I). 

The dinaphthofurandiones described here are 
highly colored compounds. The amino and the 
benzamido derivatives were found useful as dyes 
for natural and synthetic fibers. These derivatives 
show, in comparison with the anthraquinone 
analogs, higher molar extinction coefficients and, 
in the case of the 9- and 11-amino isomers, a strong 
bathochromic shift of the absorption maxima 
(see Table I). 

EXPERIMEXTAL’ 

Condensation of &naphthol with 2,S-dichloro-5-nitro-1,4- 
naphthoquinone. 9- and IQNitrodinuphtho [d,l-d‘,S‘]juran- 
8,lS-dione (I11 and IV). 2,3-Dichloro-5-nitro-1,4-naphtho- 
quinone of m.p. 174’ (13.5 g.), prepared by the method of 
Fries,* was added to  a solution of 2-naphthol (8.0 9 . )  in 

(7) All melting points were taken on a FisherJohn8 
melting point apparatus and are uncorrected. The visible 
spectra were obtained in o-dichlorobenzene and recorded on 
a Cary Model 14 Spectrophotometer. The infrared spectra 
were taken in Nujol mulls on a Perkin-Elmer Model 21 
Recording Spectrophotometer equipped with sodium chlo- 
ride optics. 

(8) K. Fries, W. Pense, and 0. Peeters, Ber., 61, 1395 
(1928). 
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TABLE I 2 hr. The dark violet ureciDitate f l . 7  e . ) .  m.D. 296-298', 
crystallized from nitrodenzeAe, yielded ir as viblet feathery 
needles; m.p. 298-300". 

-- Anal. Calcd. for C20HllN03: C, i 6 . 6 :  H, 3.5; x, 4 4 .  

PHYSICAL PROPERTIES OF ANTHRAQUINONE AND 
DINAPHTHOFURANDIONE DERIVATIVES 

Absorption 
Maximaa 

Found: C, 76.6; H, 3.5; N, 4.4. 
The benzamide of V was obtained by heating V (0.07 9.) 

M.P., X, x a t  100" for 1 hr. with an excess of benzoyl chloride (0.07 
Derivatives "C. mp 10-3 ml.) in dry pyridine (2 ml.). Bright orange needles (0.07 

Anal. Calcd. for C2iHlSN04: C, 77.7; H, 3.6: K ,  3.35. 
1-Amino 245 462 6.0 Found: C, 77.8; H, 3.7; N, 3.4. 
1-Henzamido 246 418 6.2 The p-toluenesulfonamide of V was obtained by boiling V 

(0.1 g.) for 1 hr. with an excess of p-toluenesulfonyl chloride 
9-Xitro (111) 342 468 5 . 8  (0.2 g.) in dry pyridine (5 ml.). Orange crystals (0.12 g.) of 

12-Nitro (IV) 314 468 5.8 m.p. 284-286' (acetic acid) were obtained. 
%Amino (V) 298 500 9 . 8  Anal. Calcd. for C27H1,NOsS: C, 69.0; H, 3.6; S, 6.8. 

l2-Amino (VI) 338 446 g . 2  Found: C, 69.3; H, 3.8; S, 6.5. 
9-Benzamido 342 480 15.0 9-Bromodinaphtho[ZJ1-2',3"]furan-8,i3-tlione f r o m  T'. A 

12-Benzamido 300 450 10.0 fine slurry of V (0.12 9.) in 85% phosphoric acid ( 2 5  rnl.) 
was diazotized a t  10°C. with sodium nitrite (0.03 g.). The 

11-Nitro ( IX)  344 452 5.3 resulting violet diazonium solution was poured slowly into 
8-Nitro (X) 322 452 5.3 a solution of cuprous bromide (0.7 g.) in 48% hydrobromic 

11-Amino (XI)  302 496 8.2 acid (12 ml.) and stirred for 1 hr. at. room temperature, 
8-.4niino (XII )  362 440 7 .5  while diluting with water (50 ml.), After st'irring an addi- 

1 1-Benzamido 292 470 13.0 tiona10.5 hr. a t  80-100°, the orange precipitate was filtered 
8-Benzamido 310 450 9 .6  off, washed with water and dried (0.13 g.;  m.p. 320-324'). 

Crystallization from acetic acid gave 0.1 g. of 9-bromo 
dinaphtho [2, 1-2',3']-furan-8, 13-dione :is orange crystals ; 
m.p. 330-332". 

Anal. Calcd. for CzoHgBrOa: C, 63.6; 11, 2.4; 131, 21.2. 
ficient, e, defined as 
tion g. mol./liter and 1 is cell length in em. Found: C, 63.3; H, 2.5; Br, 20.8. 

1 I-A minodinaphtho [2,1-Z I ,  3 ' ]furan-8 , 1 3-clione (VI 1. The 
pyridine (150 ml.). A dark brown suspension was formed amine VI was prepared from the nitro isomer IV (2.0 g.) by 
and the temperature rose to 50'C. The mixture was then the procedure described for the isomeric amine V. A 95% 
heated to 100-110°C. in about 1 hr. and kept a t  this tern- yield of VI was obt,ained as dark brown cmrystals: m.p. 338- 
perature for an additional three hr. -4fter stirring for twelve 340" (nitrobenzene). 
hr. a t  room t,emperature, the orange precipitate was col- Anal. Calcd. for C ~ O H I ~ N O ~ :  C, 76.6; H, 3.5: Ii, -1.4. 
lected, washed with ethanol, and dried. The crude product Found: C, 76.5; H, 3.5; PI', 4.4. 
(13.5 g.) was repeatedly extracted with boiling water to The benzarnide of VI crystallized from clilorobenze~ie as 
remove the nitropyridinium c o r n p ~ u n d . ~ ~ ~  The residue (1 1.0 red-orange cryst,als, n1.p. 300". 
g.), m.9. 284-286", mas a mixture of I11 and IV. Micro- .I?zal. C1:rlcd. Cor C27H1SN04: C, 77.7: H, X(j; K, 3.35. 
scopic examination showed the presence of yellow and Found: C, 77.3; €I, 3.7; K, 3.4. 
orange crystals. The r-toheriepulfoiiamide of 1-1 crystallized from acetic 

Anal. Calcd. for CzoHsSOs: C, iO.0; H, 2.6; N, 4.1. :iciti a b  orange crystals of m.p. 282-284". The mixed m.p. 
Found: C, 70.1; 11, 2.7; N, 4.0. \\-ith t l iv  ?-toluenesulfoaamide of T.' was 253--260". 

The aqueous extra(+ by concentration gave thc r h o -  . 1 ~ / 1 .  C:tlcd. for CeiHl&OrS: (1, 69.0; 11, 3.6; S, 6.8. 
pyridiriium compomid as yellow crystals (2.5 g.) of m.p. Found: C, 69.0; H, 3.7; S, 6.7. 
302-30,t " . Chromatographic separation of the 9- a t ~ d  ld-anzin,o isonzem 

Anal. Calcd. for CI~H~N?OS:  C, 61.0; €1, 2.7; N, 9.5. (v and VZ). The mixture of the nitro iPomers I11 and IV 
Found: C, 60.6; H, 2.7: S, 9.4. n-as rcduccd with alkaline sodium hydrosulfite as described 

The above mixture of nitro isomers 1x1 and IV (5 g. )  for k7 and the resulting mixture of amiiiodinaphthofuran- 
was stirred a t  15-18' for 1 hr. with concentrated hiilfuric dioiies (m.p. 22-284') dissolved in Imizene m s  chro- 
acid (200 ml.). A deep blue slurry was obtained. The in- matographed on alumina. Elution wit,h benzene yielded two 
soluble material  as collected, washed first, with concen- b:trlds: a brownish-orange band, which after evaporation of 
trated sulfuric acid and thrn xvith ice water, dried and thc solvent, and cryptallization from tolume, cave VI (40- 
crystallized from o-dichlorobei yield 2.3 g. of 111 505;) :is dtirli broxn crystals (m.p. 338") xiid a violet, band 
as long, yellow needles; n1.p. 34 which gave V (50-60%) as violet crystals (m.p. 298-300"). 

Anal. Calcd. for C?OH~NC)~ .O; H, 2.6; N, 4.1. Proof of structure of 9-broniodinaphtlio [2,1-2',3']furan- 
Found: C, 70.0; H, 2.7; N, 4.0. 8,13-dione from V. 8-(o-Bro?,iobenzoyl)naphtho[b,l-b]Suran- 

The sulfuric acid filtrate was drowned slowly on ice to  l-carbozylic acid (VII). This acid m-as prepared from naph- 
give 2.5 g. of IV as orange precipitate of m.p. 310', which tho [2,1-b] furan-1,2-dione'O and o-bromophenacyl bromide" 
after crystallization from o-dichlorobenzene yielded short by a method similar to that described by Chatterjea3 for 
orange-red needles; m.p. 314-316". the synthesis of 7-methylbenzo [b]na 

Ana?. Calcd. for CzoHgNOi: C, 70.0; H, 2.6; N, 4.1. dione. A 707' yield of pale yellow cr 
Found: C, 70.0; H, 2.6; N, 4.0. was obtained. 
9-Anzinodinaphtho[Z,l-Z',~'lfuran-8,13-dione (V). 9-Nitro- 

dinaphtho[2,1-2',3']furan-8,13-dione (111) (2.0 g.) was Found: C, 60.5; €I, 2.8; Br, 20.1. 
added to a stirred solution of sodium hydrosulfite (10 g.) 
and sodium hydroxide (10 g.) in water (400 ml.). After 15 
minutes a t  35" the slurry changed to a clear orange solution. 
The agitation was continued at 35-40" for 1 hr., then the 
solution was filtered and the filtrate oxidized with air for ~- 

g.) of m.p. 342" (0-dichlorobenzene) vere obtained. 
Anthraquinone 

Dinaphthof~ran-8~13-dione 

Dinaphthofuran-i,12-dione 

a Solvent: o-dichlorobenzene. o Molar Extinction Coef- 

, where C is concentra- Optical Density 
c 1  

Anal. Calcd. for C,oH,,BrO~: C, 6 0 . i :  II, 3.0; Br, 26.2. 

g-Bromodinaphtho [8,1-df,S']Siiran-S,l3-cliona (VIII). Acid 
VI1 (3 g.) was converted into t,he acid chloridc by stirring 
it with thionyl chloride (30 ml.) at room temperature for 16 

(10) A t .  Gina, Gazz. Chinz. Ztal., 54, 509 (1924). 
(11) R.  L. Lutz and 15 Go-workers, 6. Org. ('henz.., 12, 

(9) 13. Eietcrt, Rcr., 80, 47 (1947). 664 (1947). 
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hr. After renioval of the thionyl chloride, the residue was 
dissolved in nitrobenzene (30 ml.) and aluminum chloride 
(12 g.) was added gradually a t  20-25'. The mass turned dark 
then violet. Sfter overnight stirring a t  room temperature, 
the reaction product was drowned in ice and hydrochloric 
acid and the nitrobenzene was steam distilled. The residue 
was removed by filtration and slurried with an excess of 
dilute sodium hydroxide solution to separate unreacted 
starting material. The alkali insoluble product was purified 
by vatting to yield 1.1 g. of crude material, m.p. 325-328", 
which on crystallization from toluene (Darco) gave 1.0 g. 
of VI11 as orange crystals; m.D. 330-332". 

I "  

Anal.  Calcd. for CpoHgBrOj: C, 63.6; H, 2.4. Found: 
C, 63.4; H, 2.4. 

The alkaline filtrate upon acidification with concentrated 
hydrochloric acid gave 1.9 g. of unreacted a-(o-bromoben- 
zoy1)naphthn [2,1-b]furan-l-carboxylic acid (VII); m.p. 174- 
176". 

Ak mixture of VI11 with the bromo compound obtained 
from T' (m.p. 330-332") melted a t  330-332'. The identity 
of the two bromo derivatives was further substantiated by 
comparison of the infrared spectra. 

9-( p-Tolylsu1fonamido)dinaphtho [b,i-b',S']fu~an-8,iS- 
dione. A mixture of VI11 (0.2 g.), p-toluenesulfonamide 
(0.14 g.), sodium carbonate (0.08 g.), cuprous chloride (0.01 
g.)  and nitrobenzene (15 ml.) was heated at  200" for 6 hr. 
The crude product was removed by filtration, washed and 
crystallized from acetic acid to yield bright yellow crystals 
(90% yield) of n1.p. 286-288". 

Anal.  Caliid. for C P ~ H ~ & O ~ S :  C, 60.0; H, 3.6. Found: 
C, 69.3; H, 3.8. 

The identity of this derivative of VI11 with the p-toluene- 
sulfonamide obtained from V was established by mixed 
m.p. determinations and infrared spectra. On the ot,her 
hand, the mixed m.p. of the p-toluenesulfonsmides of VI11 
and VI (m.11. 282-284") showed a significant depression 
(mixed m.p. 253-260"). 

Condensatton of 1-naphthol with 2,S-dichloro-5-nitro-i,4- 
naphthoquinone. 8- and 1 I-.Vitrodinaphtho [i ,S-S ' ,S ']  furan- 
7,ld-diones ( X  and IX).  2,3-Dichloro-5-nitro-1,4-naphtho- 
quinone of n1.p. 175' (13.5 g.), prepared by the method of 
Fries,8 was r;acted with 1-naphthol (8.0 g.) in the manner 
described for the nitro isomers I11 and 11'. The precipitate, 
after filtration and repeated extraction with boiling water, 
gave 11.5 g. of an orange product of m.p. 306-308", which 
was a inixt,iire o f  S and IX. Microscopic examination 

showed the presence of orange-yellow and pale yellow 
crystals. 

A m / .  Calcd. for C2aH9XO5: C, 70.0; H, 2.6; N, 4.1. 
Found: C, 70.1; H, 2.7; ii, 4.0. 

The above mixture of nitro isomers X and I X  ( 5  g.) was 
stirred with concentrated sulfuric acid in the manner de- 
scribed for the mixture of nitro isomers I11 and IV. The 
insoluble material crystallized from o-dichlorobenzene 
yielded 2.6 g. of I X  as bright orange cryst>als; m.p. 344- 
346 " . 

Anal. Calcd. for C20H9N05: C, 70.0; H, 2.6; 5, 4.1. 
Found: C, 70.0; H, 2.7; K, 4.0. 

The sulfuric acid filtrate, drovined slowly on ice, gave 2.1 
g. of X as a red-brown precipitate; m.p. 314-322". Crystal- 
lization from o-dichlorobenzene yielded yellow crystals (m.p. 
320-324") with little loss. 

Anal. Calcd. for CzoH9?;05: C, 70.0; H, 2.6; S, 4.1. Found: 
C, 70.2; H, 2.7; N, 4.0. 
8-Aminodinaphtho[1,2-2',Y]furan-?,ld-dione (SII). The 

amine XII,  obtained from the nitro isomer S as described 
for the amine V, crystallized from nitrobenzene as red- 
brown crystals of m.p. 362-364". 

Anal. Calcd. for C20Hl1NO3: C, 76.6; Hj 3.5; X, 4.4. 
Found: C, 76.8; H, 3.3; K,  4.6. 

The benaamide of XI1 crystallized from chlorobenzene as 
orange needles, m.p. 310-312'. 

Anal. Calcd. for C&1&04: C, 77.7; H, 3.6; S,  3.35. 
Found: C, 77.5; H, 3.3; X, 3.4. 

ll-Aminodinaphtho[1,R-2',S']furan-7,l~-clione (XI).  The 
amine XI, obtained from the nitro isomer IX, crystallized 
from nitrobenzene as violet-red cryst,als, m . p  302-30-1". 

Anal.  Calcd. for C20HllN03: C, 76.6; H, 3 . 5 ;  N, 4.4. 
Found: C, 76.6; H, 3.3; N, 4.5. 

The benzamide of X I  crystallized from chlorobenzene as 
orange needles, m.p. 292-204'. 

Anal. Calcd. for C2,H15SOa: X, 3.35. Found: 5, 3.4. 
Chrowiatographic separation of the 8- and 1 I-amino isomers 

( X I 1  and X I ) .  The mixture of the isomeric amines XI1 and 
X I  (m.p. 2(34-298'), obtained from t'he mixture of the nitro 
isomers S and I X  by reduction with alkaline sodium hydro- 
sulfite, was chromatographed as described for the isomeric 
amines V and VI. The brownish-orange band gave XI1 
(4074 of the mixture) as dark red crystals, m.p. 362-364", 
and the bright violet band gave X I  (60%) iis red crystals, 
m.p. 302-304". 

WILhIINGTON, 1)EL. 

[CONTRIBUTION FROM THE SCHOOL OF CIIEXISTRY, GEORGIA INSTITUTE OB TEcimor,oou] 

-4 New Synthetic Route to Methoxytetralones 

Received M a y  26, 1%:) 

5-ll.lethoq -1-tetralone has been prepared from 8-chloro-5-methoxy-1-tetralone by preferential hydrogenolysis of the 
halogen atom. The chlorotetralone has also been converted to 5-chloro-8-methoxy-1-tetralone in lorn yield. The infrared 
and ultraviolet spectra of these compounds are discussed. 

Although 5-methoxy-1-tetralone has been pre- and also by hydrogenation of substituted naph- 
viously prepared, it, 8-methoxy-1-tetralone and thalene derivatives,2 followed by appropriate con- 
their derivatives are relatively inaccessible, com- versions. The preparation of 7-methoxytetralone 
pared with the well known 6- and 7-methoxytet- from anisole via ~-(4-rnethoxybensoyl)propionic 
ralones. 5-Methoxytetralone has been prepared 
from coumarin' in low yield by a six-step synthesis, 

- (2) (a) E. Hardegger, D. Redlich, and A. Gal, Hdr .  
(1) J. Lotkett and W, F. Short, J .  Chem. Soc., 787 Chim. Acta, 27, 628 (1944). (b)  D. Papa and E. Schwenk, 

(1939). J. Org. Chem., 14, 366 (1949). 


