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CfRTAIN ASPECTS OF OXIATIVE CLEAVAGE OF NAPHTHALENES 

It has been reported that 6-.n-propyl-7-rnethyl-' 

tetralin (IL), under the conditions of the Jacobsen re- 

arrangement, is converted to a product identified as 

-n-propyl-6-methyltetralin (II). 

HSO 

CHZCHZCH3 

(I) 

GItCHLGH3 

IIIIIIIiiiIIIIi 

CH3 

There are two routes both of which lead to the indicated 

product. These are: (a), the propyl group aay mrate 

from the 6- to the 8- position, and (b), the tetra- 

methylene ring may open and then close in the position 

ortho to the propyl group. 

The determination of the group which actually re- 

arranges may best be accomplished by the use of radio- 

active carbon. If th rearrangement of 6-n-propyl-7- 

methyl_5_C1+_ tetralin proceeds via route (a), then the 

radioactive carbon would appear in position 8 (II). 

However, if the rearrangement oea by way of route (b), 

the radioactive carbon would end up at the point of 

fusion of the two rings (III). 



GHC F-iC H3 

(EI) 

As an Integral part of this process it is neces- 

sary to derade in controllable fashion the active re- 

arrangement product, -n_propy1_b_methy1_?C1)4_tetra1in 

(II) so as to determine the final position of the active 

carbon. It was the purpose of this research to find a 

satisfactory degradative method. However, during the 

course of these studies, it as found that deradation 

of the substituted naphthalene, 1.-propyl-2-methyl- 

naphthalene, rather than the substituted tetralin was 

advisable, The deí;radation of l-propyl-2-methyl- 

naphtìalene was carried out by oxidatie rin cleavage. 

Since the information concerning oxidative ring cleav- 

aes of naphthalenes is somewhat limited, it was felt 

that an important part of this research was to study 

such reactions in greater detail. 
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HI ST Of IC AL 

The historical development of oxidative cleavage 

studies is treated here under the following headings: 

(a) the oxidation of alkylnaphthalenes; (b) the oxidation 

of nitronaphthalenes and (c) the oxidation of alkyl- 

naphthylamines. This discussion will be restricted to 

cleavage under acid and alkaline conditions only. 

(a) Oxidation of alkylnaphthalenes. 

(i) Acid conditions. 

The treatment of 2-methylnaphthalene, 2,6-di- 

rethy1nRp1itha1ene &nd 2,7-dimethylnaphthalene with ozone 

in acetic acid was carried out by Mayer and gunther (23, 

pp. 11.55-l)4.58). The products were phthalic acid, and L- 

methylphthalic acid in the case of the disubstituted 

naphthalenes. 

Tsuker'vanik and Terent'eva (3g, pp. 637-6to) 

reported that the oxidation of 2-isopropylnaphthalene 

with 20% nitric acid gave L-isopropylphtha1ic acid. Barn- 

ford and Simonsen (3, pp. 1908-1909) oxidized 1,14.-di- 

methylnaphthalene with L0% nitric acid and obtained ben- 

zene-1,2,3,14-tetracarboxylic acid. Hewett (20, p. 302) 

found that the oxidation of 1,2,3,14-tetramethylnaphthalene 

with 30% nitric acid produced rnellitic acid. In the study 

of the oxidation of polynuclear aromatic compounds, 



Campbell, Soffer and Steadman (7, pp. Lj26-L27) observed 

tha;t 1,6,7-trirriethy1--1sopropy1naphtha1ene with nitric 

acid as the oxidant save pyrornellitic acid, and also 

that the oxidation of 2,L,b,7-tetramethy1-l-isopropyl- 

naphttìalene ave, under identical conditions, benzene 

pentacarboxylic acid. It is of interest to note that in 

the oxidation of polynuclear aromatic hydrocarbons (see 

examples above) with dilute nitric acid, "the rin which 

is most hi;hly substituted Is less susceptible to eleav- 

ae by oxidation and the product is the benzene poly- 

carboxylic acid derived from this ring" (7, p. L2). 

Treatment of l,2»-trimethylnaphthalene with 

chromic acid gave a serles of compounds, the main prod- 

uct being 3-rnethylacetophenone-2-carboxylic acid (19, p. 

2809; 37, p. 193). 

(2) Alaaline conditions. 

An elegant paper on the alkaline permanganate 

oxidation of organic substances Is that of handall, 

Benger and Groocock (29, pp. L32-L2). These investi- 

gators reported in the course of their studies that the 

oxidation of 1,L-dimethy1naphtha1ene p,ave three important 

products, namely: phthalic acid, phthalonlc acid and 

rnellophanic acid; the main product being the last. From 

the oxidation of 1,bdimethy1naphtha1ene, the major 



constituent was hernimellitic acid (29, p. )4.2). Schmid 

and Korperth (30, pp. 3L8-35O) reported that 1,2,5-tri- 

methylnaphthalene yielded two principal products, ben- 

zene-1,2,3-triarboxy1ic acid and benzene-i,2,3,L-tetra-. 

earboxylic acid. Vhen Spath and Hromatka (33, pp. 12L.- 

125) oxidized 1,2,7-trimethylnaphthalene using potassium 

permanganate, two products were again isolated, benzene- 

1,2,3,-tetracarboxy1ic acid and benzene-1,2,)4.-tri- 

carboxylic acid. Brunner, lIofer and Stein (6, pp. 91- 

92) treated 1,2,5,6-tetrarnethylnaphthalene with aqueous 

potassium permanganate and isolated benzene-1,2,3,t- 

tetracarboxylic acid. 

(b) Oxidation of nitronaphthalenes. 

(i) Acid conditions. 

The earliest report on the oxidation of 1-nitro- 

naphthalene was by Beilstein and urbatow (3, pp. 217- 

219) in 1880. They denonstrated that 1-nitronaphthalene 

was slowly attacked by cnromic acid, nitric acid or 

potassium dichromate to ;ive 3-rxitrophthalic acid. Fur- 

thermore it was observed that the treatment of 1,8-di- 

nitronaphthalene with nitric acid lead to the isolation 

of a number of products; these were 3-nitrophtnalio 

acid, 3,5-dinitrophthalic acid, 3,5-dinitrobenzoic acid 

and piene acid (3, pp. 219-229). 



?iertz and Weith (2L, pp. 2723-2728) investiated 

the oxidation of L-bromo-substituted dinitro-and tetra- 

nitronaphthalenes with nitric acid. These results are 

shown in Table I. 

TABLE I. 

Compound Product 

t.-Brorno-1,-dinitronaphthalene 3-nitrophthalic acid 

_L-Bromo-1,8-dinitronaphthalene 3-nitrophthalic acid 

Ly-Bromo-1, 3,,8-tetranitro- 
naphthalene 3,6-dinitrophthalic acid 

L-Bromo-1, 3,6, 8-tetranitro-- 
naphthalene 3,-dinitrophtha1ic acid 

The oxidation of trinitro and tetranitro- 

naphthalenes was studied by Will (38, pp. 373-379) in 

1895. His results are tabulated for convenience. 
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TA3LE II. 

Compound Oxidant Product 

1,3,-Trinitro- 3-nitrophthalic 
naphthalene Na202 acid 

i ,L,5-Trinitro- 3-.nitrophthaiic 
naphthalene Na202 acid 

i ,!., 5-Trinitro- 3, 5-dinitrophthailc 
naphthaiene HNO3 acid 

i, 3,5,8-Tetranitro- HNO3or 3,6-dinitrophtnalio 

naphthalene Na202 acid 

i ,)., 5, 8-Tot ranitro- HNO3or 3,6-dinitrophthalio 

naphthaieno &2O2 acid 

Chatt and Wynne (9, pp. 35-36) found in the oxi- 

dation of i,3,5,7-tetranitronaphthalene and 1,2,6,8- 

tetranitronaphthaiene vith nitric acid that 3,5-dinitro- 

benzolo acid was isolated in both cases; moreover, in the 

case of 1,2,6,8-tetranitronaphthalene, 3,5-dinitro- 

phthaiic acid was also obtained. Furthermore, it was 

discovered by these same investigators that i,3-dinitro- 

naphthalene yielded a sinio product, 3,5-dinitrobenzoic 

acid when oxidized with nitric acid. 



(2) Alkaline conditions. 

The oxidation of the simplest nitronaphthalene, 

that is, l-nitronaphthalene, under alkaline conditions 

was reported by Gardner (13, pp. 1831-1832). This in- 

vestigator found that the oxidation of l-nitronaphthalene 

with potassium permanganate gave phthalonic acid instead 

of the expected product or products, 3- or 6-nitro- 

phthalonic acid. 

(%uareschi (17, pp. 292-296) treated 1-bromo-- 

nitronaphthalene with alkaline potassium permanganate 

and Isolated 3-bromophthalic acid. 

(e) Oxidation of alkylnaphthylamines. 

Cannizzaro and Andreocci (8, pp. 16-18) treated 

1,!-dimethy1-2-naphthy1amine with alkaline potassium 

permanganate and obtained the following compounds: 

l,,l' ,'-tetramethyl-2,2'-azonaphthalene, phthalic 

acid, oxalic acid and acetic acid. 
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DISCUSSION 

The data is discussed In two sections as a matter 

of convenience. The first section is considered under 

the general heading, Reactions, and the second, Ring 

Cleavage. 

A. Reactions 

The synthesis of l-propyl-2-inethylnaphthaleno 

was accomplished as Indicated in the followin; schematic 

series: 

B ra CH3 

87% 

Br 

H3 Mg 
CHCHCHBr» 

GH2CH=CH2. CHZCH2.0H3 

80 % 

H1 

jIJC 
H3 

The Jrlgnard reagent formed from l-brorno-2- 

methylnaphthalene was found to be insoluble in benzene 

in contrast with an earlier report (1, p. 277k); however, 
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a benzerìe slurry of the Gri.nard reagent when treated 

with allyl bromide cave a good yield of the l-allyl-2- 

riiethylnaphthalene. 

In order to determine the location of the G 

labelled carbon in l-propyl-2-methylnaphthalene, it 

would be necessary to oxidize the aforementioned 

naphthalene to phthalic acid arid decarboxylate this 

material, For this reason a series of oxidation studies 

was carried out to establish optimum conditions for the 

formation of phthalic acid. The oxidation was carried 

out, initially, under alkaline conditions using calcium 

permanganate as the oxidant. Two runs under these condi- 

tions gave no yield of phthalic acid, The oxidation was 

next attempted with potassium permanganate as the oxidant. 

The yield of phthallo acid was in this case l3. No 

attempt was made to isolate or identify any other product 

or products from the oxidation mixture. 

The treatment of l-propyl-2-mothylnaphthalene 

with nitric acid (dl.L2) under various conditions gave 

l-propyl-2-methyl-t-nitronaphtha1ene in yields, ranging 

from 36 to Sl. The data is shown In Table III. 
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TABLE III 

1-Propy1-2-Methy1-.L.- ltronaphthalene 

Variation of Yield with various solvents 
at certain Temperatures 

Solvent Temperature Yield 

c.a. iO°d. 38 

Acetic acid c.a. 10°C, 36-38 

Nitromethane c.a. -20°C. 

oreovcr, if the l-propyl-2-methylnaphthaìene was nitrated 

below room temperature in acetic acid and subsequently 

heated to O-50C for fifteen to thirty minutes, an oily 

mass resulted from which little or no l-propyl-2-methyl- 

tj-nitronaphthalene could be isolated. The low order or 

these yields probably sterns from the fact that sorno oxi- 

dation occurred as well as formation of sorne disubsti- 

tuted products. 

One of the most satisfactory procedures for the 

oxidation of naphthalene under alkaline wet combustion 

conditions, that of Fuson (12, pp. 1093-1096), was 

repeated to familiarize the author with these tech- 

niques. The oxidation of 1-propyl-2-methyl-)4.-nitro- 
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naphthalene was then carried out by a slightly modified 

procedure usin calcium permananate as the oxidant. 

Since phthalonic acid Is known to be the initial oxida- 

tion product of 1-nitronaphthalene as well as naphtna- 

lene (3Ij, p. 139; 13, p, 1632) and the fact that calcium 

permanganate has been used to convert phthalonic acid to 

phthalic acid (36, p. 1805) such a change appeared 

feasible. Nevertheless this method was not successful 

in two initial runs, no phthalic acid being isolated. 

The oxidation of 1-propy1-2-methy1-L-nitro- 

naphthalene was then attempted with potassium perman- 

ganate for the initial oxidation and sodium hypochiorite 

for the secondary oxidation; i.e. the oxidation of 

phthalonic to phthalic acid. The secondary oxidation 

scheme was adapted from the method of Glogau (15, pp. 

391-396). The initial oxidation procedure was that 

described by Gardner (13, p. 1832) for the oxidation of 

1-nitronaphthalene. However, 1-propyl-2-methy1-).-nitro- 

naphthalene gave only a small yield of phthalic acid by 

these methods. 

For this reason a study of the stability of the 

phthalic acid toward the oxidizing agent at the parti- 

cular concentration used in these experiments was under- 

taken. Under the conditions of the earlier experiments 

only a 50% recovery of the phthalic acid could be ef- 
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fectod. Evidently the other 5O, was destroyed in the 

oxidation since only a sa11 part was lost in the actual 

manipulations as determined by blank runs. Furthermore 

it was shown that phthali acid treated with a 5 solu- 

tion of potassium permanganate gave a 6Ô reuovory of 

the phthalio acid; also, a L solution of potassium 

permanganate gave a comparable recovery of plithalic 

acid. 

ecause of the relative stability of phtha1i 

acid towards a solution of potassium permananate, 

it was decided to oxidize l-propyl-2-methyi-L-nitro- 

. ....I , Ç -4- T.- 
, 4. UIl *JJ..L.L. UI. U .LIJL Q.L , . .- 

found after due experimentation, triat by addin all of 

the permanganate it once irstead of ovar a period of 

tiaie, extending the reaction time to ten hours, and con- 

verting the plithalonic acid to phthalic acid by acid 

permanganate, a yield of 33-3 phthalic acid was obtain- 

ed. in one run in which the alkali solution was omitted, 

the yield of phthalic acid was de3reased to 2O. 

The hydrogenation of l-propyl-2-methyl-L-nitro- 

naphthalene was accomplished in ßood yield and the sub- 

sequent oxidation of 1-propyl-2-methyl-L.-arninonaphtha1ene 

was carried out under alkaline conditions usin. potassium 

permanganate as the oxidant. The yield of phthalic acid 

was l7. 
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The synthesis of l-bromo--nitronaphthalene and 

l,-dinitronaphthalene was accomplished as illustrated 

below: 

NO NO 

FeCI 

B r 

590/e 

Br 

NO NO2, 

HNO3 
HS 04 
11% 

N O 

The synthesis of l-bromo--nitronaphthalene was 

carried out by the nethod of Price and Voon (27, p. ii1.); 

however, In lower yield due to higher degree of purifica- 

tion. The preparation of l,5-dinitronaphthalene by the 

procedure of Hodgson and Walker (21, pp. l3L.7-l3L.8) save 

a crude product which upon purification save only an ll 

yield. 

The oxidation of l-brorno--nitronaphthalene to 

bromophthalonlc acid or acids was carried out according 

to the directions in Organic Syntheses (Lt, pp. 23-2S) 
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for the oxidation of naphthalene to phthalonle acid. 

Because of' possible contamination of the broniophthalonic 

acids with any 3-bromophthalic acid produced, it was 

decided, initially, to convert the brornophthalonic acids 

into the bromophthalaldehydic acids by the treatment with 

sodium bisulfite and hydrochloric acid. This method is 

one of the standard ways to convert phthalonic acid to 

hthalaldehydic acid. The choje of the bromophthalal- 

dehydic acids over the bromophthalonic acids was that a 

separation of brornophthalaldehydic acids from 3-bromo- 

phthalic acid probably could be effected by the difference 

In thclr olub111t1e In 'vater. The olubility of boììîû- 

phthalaldehydic acids in water, by analogy to phthalal- 

dehydic acid, would be expected to be low whereas, by 

analogy to phthalonic acid the solubility of the bromo- 

phthalonic acids would be high. This actually -vas found 

to be the case. 

The treatment of the bromophthalonic acic with 

sodium bisulfite and hydrochloric acid loads to the isola- 

tion of an oily or tarry residue. Upon boiling the tarry 

material in water, it dissolved and after allowing the 

solution to stand there was deposited a white solid, 

having a melting point of 116-136°C. Chemical analysis 

indicated the correct percenta,e of brdrnine for either 

the 3- or 6-bromophthalaldehydic acid and the neutral 
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equivalent was In good agreement with the theoretical 

value. The material was subsequently oxidized to a known 

product, 3-bromophthalic acid, m.p. 188-189°C. Based on 

tbe chemical analysis and ìrieltin point ran,e, it was 

evident that a mixture of 3-and 6-bromophthalaldehydic 

acids was obtained in the degradation of l-bromo--nitro- 

naphthalene. No separation of the 3-and 6-bromophthalal- 

dehydic acids was effected in order to determine the 

proportion of the two isomers. This was due to the 

fact that there was no known separation scheme. 

It had been reported by Braun (, pp. 2338-2339) 

that the oxidation of 1-bromotetralin with alkaline 

potassium perman2anate gave a mixture of the 3-and 6- 

bromoplithalonic acids together with some 3-bromophthalic 

acid. A separation of the bromophthalonic acids was 

then effected by esterifiation of the mixed acids and 

subsequent distillation of a mixture of acid ester and 

neutral ester which resulted. Accordin to Braun the 

acid ester of 6-bromophthalonic acid and neutral ester 

of 3-bromophthalonic acid were formed. The neutral ester 

was removed under reduced pressure, leavin the acid 

ester plus some acid ester of 3-brmophthalic acid as a 

residue. 

The scheme of Braun was repeated so as to r,ive 

a rourh estimate of the proportions of the two bromo- 
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phthalonle acids formed in the oxidation of 1-brorno--- 

s 

The e$ter!fication of the mixture of bromophthal-. 

onic acids was carried out by two methods. vtothod was 

based on the method which Braun used for the esterifiea- 

tion; i.e., with dry ethanol and hydrogen chloride. The 

second method involved the spontaneous removal of the 

water by the uso of an azeotropic mixture. This last 

method was used to determine if complete esterification 

could be effected and cheek the theory of Braun that 

storie hindrance was responsible for the formation of the 

acid ester. It was found that both methods gave, roug, 
a fifty-fifty mixture of the acid ester and neutral ester. 

It was impossible to esterify completely both bromo- 

phthalonic acids by these methods thus confirming the 

original assumption of Braun. 

The hydrolysis of the neutral ester gave a bromo- 

phthaloniu acid melting at 1l-l3°O. Furthermore the 

neutral equivalent of this acid was in good agreement 

with the theoretical value. Based on the aforementioned 

information, it was concluded that the neutral ester was 

pure. 

The hydrolysis of tne acid ester ¿ave a sub- 

stance with a melting point of 17l-18).°C. The neutral 
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equivalent of the acid ester was 290; the theoretical 

value, 301, Due to the nelting point range of tìe hydro- 

lyzate and the neutral equivalent of the acid ester, it 

was concluded that the acid ester was contaminated. How- 

ever, it was indl3ated by the neutral equivalent of the 

acid ester that the bromophthalonate predominated in the 

mixturo. Furthernore, lt is reasonable to conclude that, 

rouh1y, a fifty-fifty mixture of t'ne 3-and -bromo- 

phthalonlc acids was forned on the oxidation of 1-bromo- 

5-nIt ronaphthaiene. 

The oxidation of 1,5-dlnitronaphthalene using 

potassium permanganate as the oxldizin a.ent produced a 

mixturo of the 3-and 5-nitrophthalonic acids. This was 

demonstrated by the fact that, following the separation 

scherno of Braun (5, pp. 2335-2336), both the 3-and 6- 

nitrophthalonic acids were Isolated. However, a much 

larger yield of the 3-nitrophthslonic acid was obtained 

than the 6-nitrophthalonic acid. 

B. Ring cleavage 

In the rIn cleavage of naphthalene by the use of 

alkaline potassium permanganate the Initial product is 

phthalonic acid (3L, p. 139). Some of the phthalonlc 

acid is oxidized further to phthallc acid. However, In 

a substituted naphthalene ring, the oxIdation product 

depends on a number of factors, one of which is the group 



or groups attached to the ring. Thus, In the oxidation 

of 1,L-dimethy1naphtha1ene, under alkaline conditions, 

the main oxidation product is benzene-1,2,3,L-.tetra- 

carboxylic acid. However, with a nitro roup substituted 

in the 1-position, as In 1-nitronaphthalene, the oxida-. 

tion product Is phthalonic acid rather than the expected 

product, nitrophthalonic acid. The latter case Is of 

special Interest in that the ring contaInIn the nitro 

roup was susceptible to oxidation. It was thought 

previously that mota-directors such as the nitro group 

Increased rin stability, thus alloing the unsubstituted 

ring to be oxidized. This is true when 1-nitro- 

naphthalene is oxidized by chrornic oxide In acid solution. 

In this case, 3-nitrophthalic acid is the final product 

(3, pp. 217-219). 

In the present work, it was found that in the 

oxidation of 1-propyl-2-methyl-)4-nitronaphthalene under 

alkaline conditions, the rin with the nitro group like- 

wise was cleaved to ,Ive a 33-36 yield of phthallc acid. 

Because of the Interest In the cleavage of the nitrated 

rin. in l_propyl_2_methyl.L-nitronaphthalene, an Investi- 

gation of the oxidation of nitronaphthalenes was under- 

taken to determine the mode of oxidation. There are 

three points at which the initial c1eavae would occur. 
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E 
zJ 

N O 

Thus cleavage could occur between carbons one 

and two, two and three, or three and four. It is also 

conceivable that the position of cleavage might not be 

selective. 

The compounds, l-bromo--nitronaphthalene and 

l,5-.dinitronaphthalene, were selected for this investi- 

ation, In the case of the l-bromo--nitronaphthalene, 

the bromo group labeled the other ring so that, if the 

oxidation of the nitrated ring were random, both the 3- 

and 6-bromophthalonic acids would be isolated; if not, 

either the 3-or b-brornophthalonic acid would be obtained. 

R8garUess of which ring cleaves in the case of l,-d1- 

nitronapnthalene, the products would be 3-and -nitro- 

phthalonic acid if the oxidation were random; if the 

oxidation is selective, either the 3-or ó-nitrophthalonic 

acid would be isolated. The choice of l,-dinibro- 

naphthalene was due to the fact that both nitrophthalonic 

acids were known and a method for their separation from 

a mixture reported. 

The data obtained from the oxidation of 1-bromo- 
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f-nitronaphttialone and 1,5-dinitronaphthalene indicated 

that the cleavage of the nitrated ring was random. how- 

ever, in the cese of tho 1-bromo--nitronaphtha1ene the 

oxidation gave an fifty-fifty mixture of the 

3-and 6-bromophthalonic acids. In the case of the 1,5- 

dlnitronaphthalene, on the other hand, the oxidation was 

such that eleven times as much 3-nitrophthalonic acid was 

obtained as 6-nitrophthalonic acid. This su-;ested that 

the bromo roup (in 1-brorno-5-nitronaphthalene) had little 

influence on the manner of oxidation whereas the nitro 

group (in 1,5-dinitronaphthalene) on the adjacent ring 

definitely did inf1uene the mode of oxidation, and 

consequently the proportion of the final products. As 

added proof of the influence of the nitro roup on the 

adjacent ring, it can be pointed out that in the oxida- 

tion of 1-nitrotetralin, the 3-nitrophthalonic acid was 

obtained in 66 yield whereas only ]J of 6-nitro- 

phthalonic acid was isolated. Even in this case there 

was obtained approximately five times as much 3-nitro- 

phthalonic acid as 6-nitrophthalonic acid which indicated 

that the nitro croup in the adjacent ring plays an im- 

portant part in determining the rrioof oxidation. 



22 

EXPERIMENTAL 

1-.Bromo-2-methylnaphthalene 

This cotnpound was prepared by the method of Adams 

and I3inder (1, p. 277Lt.). A crystal of iodine and a pinch 

of iron powder were added to a solution of 1ii2 g. (1.0 

mole) of 2-methylnaphthalene in 300 cc. of carbon tetra- 

chloride. The flask and Its contents were cooled 0°C. 

with an Ice-salt bath and covered with a towel to ex- 

elude 1Iht. To the solution was added 160 g. (1.0 

mole) of bromine in 300 cc. of carbon tetrachioride. 

The rate of addition was regulated so that the tempera- 

ture did not exceed °C., and mechanical stlrrin1 was 

maintained throughout the reaction period of about seven 

and one-quarter hours. After standing overnight, the 

carbon tetrachioride solution was washed once with 10% 

aqueous sodium hydroxide, twice with water arid dried 

over calcium chloride. The desiccant was removed by 

filtration, the carbon tetrachioride by distillation, 

and the product distilled under vacuum, b.p. 160-163°C 

(16-17 mm); n20D, l.6L190. Yield 192 g. (87%). Adams 

and Binder reported a boiling point of l2-156°(l) mm). 

ewman and Kosak (26, p. 377) reported n20D, 
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1-Allyl-2-methylnaphthalene 

This compound was prepared by a method patterned 

on the one Fieser and i1ershber (11, p0 1662) had u5ed 

to prepare 1-allylnaphthalene. 

In a 1-1,, three-necked flask equipped with a 

reflux condenser, liquid-sealed stirrer and dropping 

funnel was placed 18 g. (O.7L3 moles) of magnesium and 

30 g. of l-bromo-2-methylnaphthalene. Dry ether was 

added to cover the mixture, and, after adding a few drops 

of ethyl bromide, heat was applIed to initiate the re- 

action. After the reaction had started, i06 g. of 1- 

broao-2-îiet1-ìy1naphthalene In 2O cc. of dry cthcr was 

added gradually. The reaction mixturo was heated at 

reflux on a hot plato for thirty minutes after the last 

portion of bromide had been added. Two hundred to three 

hundred cubic centimeters of benzene re added and the 

resultin slurry was transferred to a separatory funnel. 

This rinard reagent was added to 91 . (O.7)3 moles) 

of ally? bromide in 200 cc. of benzene over a period of 

two and one-half hours. Durin. this time the reaction 

mixture was stirred and maintained at its boilin point. 

After being boiled for two and one-half hours after the 

last addition of the Grignard reagent, the solution was 

poured with vigorous stirring onto an ice-hydrochloric 



acid mixture. The benzene layer was separated and the 

aqueous layer extracted twice with benzene. The benzene 

solution of tue product was dried over sodium sulfate, 

separated from the dryin agent and distilled in vacuo; 

b.p. 106-122°(3 aim). Further purification by means of 

fractional distillation in a three-quarter meter Vigreux 

column gave 85 g. (63) of material b.p. 129_1300(6 mm); 

n20D, 1.6133. The sample for analysis was purified 

further by passage of several milliliters of the above 

material through a 1x35 cm. silica-gel column. The 

material was eluted with ethanol. 

' n -. r, 
Axial. aied. for C1jiijJ: u,i.o' 

Found: C,92.00; H,7.60 

Picrate of 1-Allyl-2-methylnaphthalene 

One-half cubic centimeter of 1-allyl-2-methyl- 

naphthalene was added to a saturated solution of pieno 

acid in methanol, and the solution cooled in the Ice-box. 

The orange needles were removed by suction filtration and 

crystallized from methanol, m.p. 95.5-96.5°C. 

Anal. Calcd. for C2H17O7N3: C,58.39; H,t1.13 

Found: C,58.25; F[,L1.12 
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1-Propyl-2-methylnaphthalene 

The Drocedure followed was based on the method 

that Morrell et al (2g, p. 688) had used to reduce 1- 

allylnaphthalene to l-propylnaphthaleno. 

Ten grams of 1-allyl-?-methylnaphthalene dis- 

solved in 30 ml, of absolute ethanol was shaken with 

ianey nickel (approx, i gram) and hydroen at two atms. 

pressure for two hours. The Haney nickel was separated 

by filtration and the ethanol distilled. The residual 

oil was distilled under vacuum, b.p. 138-139 (9 mm); 

yield 8.0 . (79.2); n20D, l.92-l.96l. Smith and Lo 

(32, p. 2210) reported a boum4 point of lO2-l0°( mm); 

n20D, l.96l. 

Picrate of l-Propyl-2-rnethyinaphthalene 

The picrate was prepared in a manner similar to 

that used for the preparation of the picrate of 1-allyl- 

2-methylnaphthalene. Hovever, ethanol was used in place 

or methanol, Crystallization from ethanol save orange 

needles, m.p. 118-119°C. SmIth and Lo (32, p. 2210) 

reported th.t this picrate melts at 118-119°C. 

Oxidation of l-Propy1-2-ineth1naphthalene to Phthalic 
acid 

In a OO cc., round-bottomed, three-necked flask, 

fitted with a reflux condenser, liquid-sealed stirrer and 



dropping funnel was placed 1.0 g. (5.L3 millimoles) of 

1-propyl-2-methylnaphthaler±e and 15 cc. of 0.5 N. sodium 

hydroxide. This mixture was heated to a gentle boil, and 

to it was added a boiling solution of 12.0 g. (7° mliii- 

moles) of potassium permanganate dissolved in 280 cc, of 

water. The mixture was maintained at the boiling tempera- 

ture for ten hours, after which time a few cubic centi- 

meters of ethanol we added to destroy any remaining 

permanganate. The mixture was cooled, filtered and the 

manganese dioxide washed several times with small por- 

tions of 0,5 N. sodium hydroxide solution. The combined 

solution was evaporated to a small volume,(30-40 cc.) 

cooled in ice and acidified with 12 cc. of concentrated 

sulfuric acid. To this solution was added 2 g. of 

manganese sulfate and a 51g solution of potassium perman- 

ganate, dropwise, until a persistent red color remained. 

The solution was extracted then with ether in a liquid- 

liquid extractor for forty hours. The ethereal solution 

was evaporated to dryness with the aid of an air current, 

and the residual solid stirred several minutes with ice- 

cold water. The insoluble material was collected on a 

ßuchner funnel and washed with chloroform. This separa- 

tion process was repeated. The white residue was phthalic 

acid, rn.p. 196-200°C. (corr.) Yield 120 mg. (13). 
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1-Propy1-2-rnethy1-L-n1tronaphtha1ene 

A mixture of 3 ml. of concentrated nitric acid 

(d=1.Lj2) and 2 nil. of nitromethane was added dropwise to 

a cold, thorourh1y agitated solution of 2 g. (io.8 mull- 

moles) of l-propyl-2-methylnaphthalene in 2 ml. of nitro- 

methane. The temperature was kept near tne freezin point 

of nitrornethane by adding small pieces of Dry Ice directly 

to the reaction nixture. The color of the mixture turned 

from red to green after which the yellow nitration prod- 

uct precipitated. The mixturo was stirred for an hour 

after the last addition of nitric acid and then filtered 

while cold. This "freezing out" process was repeated. 

The product ws washed once witn cold nitromethane and 
dried in the air. Yield 1.3 g. (5i). Crystallization 

from methanol ave a product melting at 69.5-7O.°C0 

Anal. Calcd. for C1j,3ji1NO2; G,73J41: ii,6.S5; 

N , ô .12 

Found: C,73.2; H,6.50; N,6.17 

Oxidation of 1-Propy1-2-nethyl-I-nitronaphthalene to 
Phthalic acid 

The oxidation of l-propyl-2-methyl-1.-nitro- 

naphthalene to phthalic acid was carried out by the pro- 

cedure used for the oxidation of l-propyl-2-methyl- 

naphthalene. One gram (L..36 millimoles) of l-propyl-2- 
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mettiy1-L-nitronaphtiia1ene In 15 cc. of O. N. sodium hy- 

droxide solution and 10 . (63.3 millimoles) of potassium 

permanganate in 190 cc. of water were used. The residual 

product, a light tan in color, was crude phthalic acid, 

in.p. l9-198°C. (corr.). After treatment with i'1orit, the 

white phthalic acid melted at 2O3-2O°C. (corr.). An 

Eastman Kodak white label sample of phthalio acid melted 

at 203-206°C. (corr.). Yield 180-220 m1flj'rams. (i.e. 

33-36>, based on the amount of unrecovered start1n 

material). Normally between 100 and 300 g. of starting 

material was recovered. 

P-i3roinophenacyl tster of Phthalic acid 

The ester was prepared according to the general 

procedure of Shriner and Fuson (30, p. 132). 

Two hundred rniUirams of' phthalic acid was added 

to 3 cc. of water in a small flask, and carefully neutra- 

lized with 10 sodium hydroxide solution. Dilute hydro- 

chioric aoid was added until the solution was just acid 

to litmus, Four hundred mifljrams of '-bromophenacyl 

bromide in 10 ml. of ethyl alcohol was added and the re- 

action mixture heated under reflux for two hours. The 

solution was allowed to cool to room temperature and the 

solid ester removed by filtration. The ester was 

crystallized from acetone, m.p. lI.f-l55.°C. Kelley 
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and Kieff (21, pp. J)jL1-L.L4) reported a me1t1n: point of 

1!2.8°C. 

1'-Phenylphenacyl ßster of Phtnalic acid 

The ester was prepared in the same manner as was 

the 1'-bromophenacyl ester of phthalic acid. The ester was 

crystallized from ethyl alcohol, m.p. 168-169°C. Drake 

and Sweeney (10, pp. 2O9-2O61) reported a melting point 

of 167.5 . for this ester. 

1-Propyl-2-methyl-14-aminonaphthalene 

One gram (L.36 millimoles) of 1-propyl-2-methyl- 

t-nitronaphthalene dissolved in O cc. of ethanol was 

shaken with kaney nickel and hydrogen at 10 psi for one 

hour. The Raney nickel was removed by filtration and 

the ethanol evaporated with a current of air. The brown- 

ish residue melted at 52.5-56.5°c. Yield 0.80 g. (92.3Y). 

The material was sublimed and then crystallized from an 

ethanol-water mixture. The flaky white solid melted at 

55-57°c. 

Anal. Caled. for C1H17N: C,8L.52; H,8.5I; 
N,7.03 

Found: C,8t1.35; n,8.t6; N,7.06. 
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1-Prop-2-rnthy1-)-acet aminonaphthalene 

Five hundred milligrams of 1-propyl-2-methyl-Lj- 

arnlncnaphthalene and 3 ml. of acetic anhydride 'iiere 

heated under reflux for thirty minutes. The reaction 

mixture was poured with vigorous tirrinc. into 2 ml. 

of ice-cold water. The oily product was carefully 

neutralized with sodium carbonate and set in the Ice-box 

for several days. The supernatant liquid was decanted 

from the semi-solid and the latter rubbed with 5-8 cubic 

eentir'eters of petroleum ether. The insoluble material 

was removed by suction filtration and crystallized from 

benzene, uin; Norit. The white crystals melted at 

181. S-182. 0°c 

Anal. Calcd. for Clbfll9NO: C,79.67; 11,7.88; 

N,5.81 

Found: C,79J45; 11,7.95; N,5.89 

Oxidation of l-Propyl-2-methyl-.4-aminonaphthalene to 
Phthalic acid 

The oxidation of l-propyl-2-methyl-L-amino- 

naphtnalene was carried out in the same manner as the 

oxidation of l-propy1-2-methy1naphtka1ene. Five hundred 

mi11Irams (2,51 mIllimoles) of the l-propyl-2-methyl-1j- 

amlrìonaphthalone in 1 cc. of 0.5 N. sodium hydroxide and 

7.0 . (!44.3 millimoles) of potassium permanfzanate In 6S 
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cc. of water viex'e used. i-fowevor, instead of adding all 

of the permanganate solution at once, it was added in 

small portions over a eriod of two hours. After the last 

portion of the potassium permanganate had been added, the 

mtxture was heated for only an additional three hours. 

The oxidation mixture was processed in a manner analogous 

to that described in the oxidation of l-propyl-.2-.methyl- 

naphthalene. The residual product was phthalic acid. 

rn.p. l9-198°C. Yield 70 mg. (l6.7). 

l-Brorno-5-nitronapht hai ene 

The preparation of this compound was patterned 

on the method of Price and Voong (27, p. iit3). 

In a 300 cc., three-necked flask equipped with a 

reflux condenser, stirrer and droppin funnel was placed 

8 ¿. (0.L.92) of l-nitronaphthalene and 0.f6 . of ferne 

chloride. The mixture was warmed to 80-100°c. arid to it 

was added 79.6 p. (0.)..95 moles) of bromine over a period 

of six hours. After the last portion of the bromine had 

been added, the mixture was stirred for an additional 

four hours. The hot mixture was poured with vigorous 

stirrin into cold water. The insoluble material was 

washed with potassium carbonate solution and finally 

with water. The product was crystallized twice from 

ethanol, using Norit in ttie second crystallization. The 
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yAllo needles melted at 1'3O-l2!°C. YIeld 73 . 9). 

uaresch1 (17, pp. 292-296) reported the meltIn point to 
be 122.5°C. 

3-Brornophthalaldehydic acid and 6-Brornophthalaldehydlc 
acid 

The degradation of 1-bromo-5-nftronaphthalene to 
a mixture of 3-and 6-brornophthalaldehydic acid3 vas car- 
ned out using the rocedure outlined in Organic Synth3ses 

(Lifl, pp. 523-525). SIxteen rams (0.063 moles) of 1- 

bromo--nitronaphthalene in 125 cc. of O. N. sodium hy- 

droxide solution and 5)4. rarns of potassium permanganate 

in L100 cc. of pater were used. After the removal of the 

mananese dioxide, the filtrate was acidified with 38-39 

cc. of concentrated hydrochloric acid and concentrated to 

125 cc. This solution was neutralized with 30% sodium 

hydroxide (to-5O cc.), and, after adding between 13 and 

14. ;. of sodium blsulfit.e, evaporated to dryness on a 

water bath. The residuo was stirred vith 25 cc. of 

concentrated hydrochloric acid and evaporated to dryness 

on a steam bath0 The acid treatment and evaporation was 

repeated, after which the resTdue was extracted with ben- 
zone in a Soxhiet extractor for a period of fifteen hours. 
The henzene solution was evaporated to dryness on a steam 

bath with the aid of an air current and tbe resultin. 
tarry residue boiled in water. All of the material 
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dissolved with the exception of a few particles which 

were separated by filtration. The hot solution was 

cooled to room temperature and placed in an ice-box for 

a day. The solid product was collected on a Bucbner 

funnel and air-dried, m.p. llb-136°C. Yield of mixed 

isomers 3, . (i.e. 323 after showing for a recovery 

of . of starting material). 

Anal. Caled. for C8H5038r; Br, 3t1.91; 

neut. equiv., 229 

Found: Br,3L.26; neut. oquiv., 228,229. 

3-Bromophthalic acid 

Four hundred xaillirams of the mixture of 3-and 

6-bromophthalaldehydic acid was dissolved in 8 cc. of 

sodium hydroxide and to this solution was added, dropwise, 

a solution of potassium permanganate until a red color 

)ersisted. The mixture was acidified with sulfuric acid 

and treated with sodium sulfite to dissolve all of the 

manganese dioxide and destroy any unused potassium 

permanganate. The solution was extracted with ether in 

a liquid-liquid extractor for fifty hours. The ethereal 

solutic was evaporated to dryness, the residue stirred 

with chloroform and collected on a Buchner funnel. Yield 

360 mg. (8.2:); m.p. 188-189°C. (Capillary). raun 

(, p. 2339) reported a meltin, point of 188°c. for 3- 
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bromophthalic acid. A sample was sublimate-I to give the 

anhydride, m.p. 131.-l3S°C. The reported melting point for 

the anhydride is 132-13)°C. (17, p. 331+). 

3-and 6-Bromophthalonic Acids 

In a one-liter, three-necked flask, fitted with 

reflux condenser, liquid sealed stirrer and a dropping 

funnel was placed 10 grams of l-bromo--nitronaphtha1ene, 

3 3 grams of potassium permanganate and 1+00 ml. of water. 

The mixture was heated at the boiling temperature for two 

and one-half to three hours during which time all of the 

pernanganate was used. After the removal of t he manganese 

dioxide by filtration, the solution was concentrated to 

7 ml. and acidified with cold concentrated sulfuric 

acid. The solution was extracted four times with the 100 

cc. portions of ether and the combined ethereal solution 

was evaporated on a steam bath with the aid of an air 

current. The yellow oily residue solidified after stand- 

Ing over concentrated sulfuric acid. The tan productias a 

mixture of the 3-and 6-bromophthalonic acids and. some 3- 

bromophthalic acid. Yield 6.0 grams; m.p. l21+-16°C. 

The neutral equivalent found was 136.1+; the calculated 

neutral equivalent, l3ô.. 
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Diethyl-3-(or b)-bromophtnalonate 

Method A. 

Fifty ml. of absolute ethanol containin. 12-15 

grams of dry hydrogen chloride, and 10 grams of 3-and 6- 

bromophthalonic acids were allowed to stand twelve hours, 

and then were refluxed for one hour, The solution was 

evaporated under reduced pressure and the oily residue 

treated with 75-125 ml. of 5 sodium bicarbonate solution 

to dissolve any unesterified acid. This mixture was ex- 

tracted three times with 100 cc. portions of ether which 

were combined and dried over anhydrous sodium sulfate. 

After filtration, and evaporation of the ether an oily 

neutral ester was obtained. Yield 5.2 grams. 

The sodium bicarbonate solution was acidified with 

cold concentrated sulfuric acid and extracted three times 

with 100 cc. portions of ether. The ethereal solution 

was dried over sodium sulfate, filtered and evaporated. 

Yield of oily acid ester, 5.72 gratas. The neutral equi- 

valent found was 290; calculated neutral equivalent, 301. 

Method B. 

The reaction vessel of an esterification unit 

(11k, p. 262) was charged with 15 crams of 3-and 6-bromo- 

phthalonic acids, 0.15 ml. of concentrated sulfuric acid 
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and one hundred ml. of a solution contain1n two parts of 

ethanol to one part of carbon tetrachioride; the drying 

tube was filled with anhydrous sodium sulfate. 

The solution was maintained at the boilin tempera- 

ture and heated at such a rate that most of the vapors 

condensed and returned to the reaction mixture. A small 

amount of the vapor escaped and was condensed by the water 

condenser which lead to the drying chamber. The sodium 

sulfate reaioved the water and permitted the remaining dry 

solvent to return then to the reaction mixture. 

This operation was continued for seven days, dur- 

Ing which samples were removed from the reaction mixture 

periodically and titrated to determine the free acid con- 

tent. Approximately 5O of the acid was esterified during 

the first twenty-four hours. The remaining acid was slow- 

ly esterified until a constant value was reached (7S of 

the acid was esterified). It was not possible .o drive 

the reaction to completion by this procedure. 

The solvent was removed under reduced pressure and 

the neutral ester and acid estor were isolated by the pro- 

cedures described above. The neutral ester weighed 6.98 

grams and the acid estor, 6.96 rams. 

dro1ysis of the neutral ester 

One gram of the neutral ester was mixed with 20 
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ml. of an aqueous solution contaIning 320 mg. of sodium 

hydroxide. The mixture was stirred for a period of ten 

hours, after which it was refluxed for thirty minutes. 

The hydrolysate was filtered, acidified with concentrated 

sulfuric acid and extracted three times with 7 cc. por- 

tions of ether. The ethereal extracts were dried over 

sodium sulfate, filtered and evaporated under reduced 

pressure to yield an oil which slowly solidified. The 

melting point of the acid was ll-l3°C. The neutral 

equivalent found was 136.8; calculated neutral equivalent, 

i 36. . 

Hydrolysis of the acid ester 

One gram of the acid ester was dissolved in 20 

ml. of an aqueous solution containing 350 mg. of sodium 

hydroxide. The solution was stirred for four to five hours 

and then refluxed for thirty minutes. The isolation pro- 

cedure for the acid was the same as described for the 

hydrolysis of the neutral esters. The yellow oil solidi- 

fled slowly upon standing. The melting point of the 

material was 171-18t1°C. 

1, 5-Dinitronaphthalene 

This compound was prepared by the method of 

Hodgson and Walker (21, pp. 13t16-l3L8). 
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In a 1-1., three-necked flask fitted with a re- 

flux condenser, liquid-sealed stirrer and a droppin, 

funnel was placed O . (0.289 moles) cf 1-nitro- 

naphthalene dissolved In 200 cc. of concentrated sulfuric 

acid. This solution was cooled to below f°C. in an ice- 

bath and nitrated by the gradual addition of a solution 

of 30 cc, of nitric acid d1.)42) and 10 cc. of concen- 

trated sulfuric acid until the mixture turned to a pale 

straw color. The nitration mixture (1, and 1, 8 

Isomers) was poured on ice and the precipitate washed 

free from acid with ice-cold water. 

The insoluble material was suspended in 800 cc. 

of water to which 70 . of sodium sulfate was added. 

The mixture was boiled for one hour and after cooling, 

It was filtered to remove the crude 1,-dinitro- 

naphthalene. The l,-dInitronaphthalene was crystallized 

from acetone, m.p. 220.5-221.°C. Yield 7.0 g. (ll.1A,). 

The melting point of 1,-dInitronaphtha1ene has been 

reported to be 219°C. (27, p. 388). 

Oxidation of l,-Dinitrcnaphthalene to 6-Nitrophthalordc 
acidand 3-Nitrophthalonic acid 

The oxidation scheme followed was based on the 

method used for the oxidation of naphtbalene to phthalonic 

acid. Five grams (0.023 moles) of l,-dinitronaphtha1ene 
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in 50 cc. or o.!; . sodium hydroxide and 2 ¿. (O.i8 

moles) of potassium permananate in OO cc. of water were 

used. The reaction mixture, moreover, was heated for 

total time of two hours during which tine all of the 

permanganate was used. After the renova1 of the înananeso 

dioxide, tne solution wa concentrated, cooled in Ice- 

water, and acidified with dilute hydrochloric acide 1h8 

solution was extracted five times with 75 ml. portions of 

ether and the combined ethereal solution was evaporated 

to dryness with the aid of an air current. The product 

was air-dried for a day0 Yield L.2 grams; m.p. 163°- 

175°C. 

The procedure of Braun (5, pp. 2335-2336) was 

followed for the separation of the 3-nitro and 6-nitro- 

phthalonic acids. 

Two grams of the mixed Isomers was stirred with 

7 ml. of ether for several minutes and tne insoluble 

material collected on a filter. The white residue, which 

had a melting point of 179-182°C., was dissolved In boll- 

Ing ether. The solution was evaporated to incipient 

crystallization and set in a deep freeze for a day. The 

whfte crystals of 3-nitrophthalonic acid were removed by 

suction filtration and air-dried. Yield 6i0 milliç3rams, 

m.p. i8.o-i86.o°c. Braun reported the melting point of 

3-nitrophthalonic acid to be 185°C. 



Upon evaporatin the oricinal filtrate to dry- 

ness, there remained an oiiy residue which solidified 

within an hour. It was taken up in 10 cc. of water and 

treated with an excess of barium carbonate. The mixture 

as heated to boiling, filtered and the filtrate set 

aside at room temperature for several days. The barium 

salt of 3-nitrophthalonic acid was removed by suction 

filtration and treated with dilute sulfuric acid. After 

removing the barium sulfate by filtration, tbe filtrate 

was extracted with 25-30 ml. of ether. The ethereal 

solution was evaporated to dryness and the residue 

crystallized from ether, giving 280 mg. of the 3-nitro- 

phthalonie acid, m.p. i85-1860C. 

The filtrate, after the removal of the barium 

salt of 3-nitrophthalonic acid, was evaporated to dry- 

ness on a steam bath. The residue was treated with 5-7 

cc,, of boiling water and the solution made acid to Congo 

Red. It was concentrated to incipient crystallization, 

whereupon 80 milligrams of b-nitrophthalonic acid, m.p. 

192-193°C was deposited after several days. Braun 

reported the melting point of 6-nitrophthalonic acid to 

be 191°C. 
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SUMIIIARY 

The synthesis of l-propyl-2-rnethylnaphthalene was 

accomplished in ood yield. l-propyl-2-methyl-14-nitro- 

naphthalene and l-propyl-2-methyl-L-axuinonaphthalene weve 

also prepared. 

The oxidation of 1-propyl-2-methylnaphthalene, 

l-propy1-2-rnethyl-L-nitronaphthalene, and 1-propyl-2- 

rnethyl-L-aminonaphtha1ene was carried out using alkaline 

potassium permanganate as the oxidant. The yields of 

phthalic acid were 13%, 33-36Z and l7 respectively. 

An investigation was undertaken to determine the 

mode of oxidation of the nitrated ring in l-propyl-2- 

methyl-Lj-nitronaphthalene. Two nitrated compounds, 1- 

bromo-5-nitronaphthalene and 1,-dinitronaphthalene were 

used for this investigation. The degradation of 1-bromo- 

5-nitronaphthalene by the use of alkaline potassium 

permanganate and the subsequent treatment with sodium 

bisulfite and hydrochloric acid 'sas carried out to give 

a mixture of 3-and 6-bromophthalaldehydic acid. The 

oxidation of 1-bromo--nitronaphtha1ene with alkaline 

potassium permanganate yielded, roughly, a fifty-fifty 

mixture of 3-and 6-bromophthalonic acids. The oxidation 

of l,-dinitronaphthalene with potassium porman-anate was 

accomplished to give 3-and b-nitrophthalonic acids. 
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Eleven times a much 3-nitrophthalonic acid w.s obtained 

as b-nitrophthalonic acid. 

The data indicated that the oxidation or c1eave 

of the nitrated ring was random. Furthermore, it was 

indicated that the bromo group (in l-bromo-5-nitro- 

naphthalene) had no influence on the manner of oxidatIon 

whereas the nitro group (in l,-dinitronaphthalene) in 

the adjacent ring definitely had an Influence on the mode 

of oxidation and consequently on the proportion of the 

final products. 
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