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329. Orientation in the Substitution Reactions of 
Alkylnaphthalenes. Part 11. Nitration of 1 - 
M eth y lnaphthalene. 

By HENRY W. THOMPSON. 
PREVIOUS workers (Lesser, AnnuZen, 1913, 402, 1 ;  Veself, Stursa, 
Olysifiek, and Rein, J. Czech. Chern. Comm., 1929, 1, 493) have 
detected much 4-nitro- and a trace of 8-nitro-1-methylnaphthalene 
in the product of nitration of 1-methylnaphthalene. Careful 
examination now reveals that there is produced about 70% of the 
4-nitro-compound, some of the 5- and less of the 2-nitro-isomeride. 

Vesely et aZ. (ibid., 1930, 2, 145) have shown that nitration of 
4-nitro-1-methylnaphthalene produces much 4 : 5- together with 
some of the 2 : 4-dinitro-compound. It is now shown that there is 
produced about 45% of the first, some of the second, a small amount 
of 4 : 8-dinitro-l-methylnaphthalene, and a trace of a dinitro- 
rnethyZnuphthkne, m. p. 176", of undetermined constitution. 

The trinitro-compound obtained from 4-nitro-1-methylnaph- 
thalene by following Lesser's directions (Zoc. cit.) has m. p. 170' and 
not, as he states, 180-181". It is shown to be 2 : 4 : 5-trinitro-1- 
methylmphthatene by its identity with the product of nitration of 
either 2 : 4- or 4 : 5-dinitro-1-methylnaphthalene. 

The following scheme summarises the facts of nitration of 1- 
methylnaphthalene. 

Positions of Nitro-Croups. 

I 4, 
+ 2 : 4  4 

4:5-> 2 : 4 : 5  

+ 4 : 8  
+ 4 : x  

GRAPHIC
strychnine (80 mg.) waa dissolved in hot EtOH (1.5 c.c.), PhmCHO (3 drops)
and 40% KOH aq. (1 drop) were added, and the mixture was heated for
80 mins. on the steam-bath, during which the dibenzylidene derivative separated
in long yellow prisms. It crystallised from isoap~yl alcohol in small lemon-
yellow prisms, m. p. 284-285' (decomp.) with previous darkening (moderately
rapid heating). It is sparingly sol. in neutral org. solvents and gives a pure
blue Otto reaction (Found : C, 80.0; H, 6.1 ; N, 5.3. CssECazO,Nz requires
C, 80.0; H, 5.9; N, 5.2%).
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The following synthetic work w&s underfaken to facilitate the 
determination of the structures of any heteronuclear nitro-l-methyl- 
naphthalenes which might arise. Ethyl or-m-)nethoxybenmyZ-cc- 
acetylsuccinate was hydrolysed t o  give p-m-methoxybenwy&ropionic 
acid, which was reduced t o  y - m - ~ t ~ o x ~ ~ h e n y l b u t y r i c  acid, from 
which, by the action of sulphuric acid, 5-keto-2-methoxy-5 : 6 : 7 : 8- 
tetrahydronaphthalene WM obtained. It had been intended t o  
introduce a methyl group into this compound and then prepare 
6-amino- and 5-nitro-l-methylnaphthalene and their derivatives, 
but this work was rendered unnecessary by the syntheses per- 
formed by Vesely et al. (Zoc. cit.). 

co r Me 

E X P E R I M E N T A L .  
Mononitration of 1 -Methyl~ht~~ene.-Nitration experiments with pure 

HNOs in Ac,O, AcOH, or MeNOa a t  O", or with HNOS (d  1-42) at room temp., all 
gave the same result. HNOs 
(65 C.C. ; d 1.42) was added slowly to 1-methylnaphthalene (20 g.) with shaking 
and cooling (the reaction may become uncontrollable if a larger amount of 
hydrocarbon is treated at one time) ; H,O (100 c.c.) having been added, C,H, 
extracted a substance which, after being washed with dil. NeOH aq. and cooled, 
was separated into a solid, comisting mainly of 4-nitro-l-methylnaphthalene, 
and an oil (380 g. and 200 g. respectively from 500 g. 1-methylnaphthalene). 
This oil was repeatedly distilled, a small quantity of crystals (33 g. in all, of 
4-nitro- l-methylnaphthalene) being frozen out between each distillation, and 
gave an oil (80 g.) which was reduced by Fe powder (West, J., 1925,127,494) 
to 8 liquid mixture of aminomethylaaphthalenes (Found: C, 83.5; H, 6-4; 
N, 9.1. Cralc. for CllHllN: C, 84.1; H, 7.0; N, 8.9%). The crude acetyl 
compound (30 g.), m. p. 120-136", obtained from this mixture w&s dissolved 
in boiling CCl, (300 c.c.); the cooled solution deposited a first fraction of 
crystals (2 g.), m. p. 186-190°, which when recryst. from CCI, and from EtOH 
gave 6-acetamido-l-methylnaphthalene in needles, m. p. 192" (Found : C, 
78.4; H, 6.5; N, 7.0. Cdc. for C,,E,,ON: C, 78.4; H, 6.5;  N, 7.0%). 
Hydrolysis of this with KOH yielded 5-amino-l-methylnaphthalene in needles, 
m. p. 77O, which- gave 5-benzamido-l-methylnaphtha3ene in needles (from 
EtOH), m. p. 172". For these three compounds, Veself tit d. record m. p.'s 
of 194-195°p 7795', and 173.5" respeatively. Further fractiow deposited 
from the CCI, were frsct iody c r y s t d b d  from CCl, and from EtOH without 
any other pure compound being obtained, but one of the fractions (1-6 g.)? 
m. p. 126-130", was converted v ia  an oily amine into a benzoyl compound 

The following method was most convenient. 
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which, repeatedly recryst. from EtOH, gave Z-benzamido- l-methylnaphthaleno 
in White sheeny flakes, m. p. 219-221" (Veselg et a2. give 222") (Found : C, 
83.0; H, 5.7; N, 5.5. Calc. for C18H1,0N : C, 82.8; H, 5.7 ; N, 5.4%). It 
was not possible to hydrolyse this compound even by boiling for several hours 
with H,SO, in AcOH. 
4-Amino-l-naphthaldehyde (compare Geigy and Co., D.R.-P. 86874 ; Ber., 

1896, 29, R 530).-Powdered S (6 8.) was dissolved in boiling 12% NaOH aq. 
(90 c.c.), the nitro-compound (14 g.) in EtOH (40 c.c.) added, and the mixture 
refluxed for 14 hrs. to give a dark oily suspension. Steam distillation removed 
a small amount of 4-amino-l-methylnaphthalene. The mixture was cooled, 
a brown powder collected and boiled with H,O (l+ l.), and the extract filtered 
hot from a dark residue. (This dark product may be a polymeride of the 
Schiff's base type. The amount produced varies in different expts., but 
increases with time of reaction.) On cooling, light brown, hair-needles (1- 
5 g.) separated, m. p. 161". To avoid polymerisation, this product was purified 
as follows. About 0.2 g. was shaken with Et,O and filtered from the insol. 
polymeride. The solution was evaporated to dryness in a desiccator, the 
residue dissolved in EtOH a t  ca. 30", H,O added until a faint milkiness ap- 
peared, and the mixture cooled to O", to give yellow hair needles, m. p. 163" 
(Found : C, 76.7; H, 6.4; N, 7.4. C,,H,ON requires C, 77.2; H, 5.3; N, 
8.2%). 

Nitration of 4-Nitro- 1 -methylnaphthalene.-4-Nitro - 1 -methylnaphthalene 
(45 g.) was treated slowly with HNO, (90 C.C. ; d 1.5) with shaking and cooling. 
AlternativeIy, a solution of the nitro-compound in HNO, (100 C.C. ; d 1.42) 
was warmed on the steam-bath for a few mins. In  either case, H 2 0  (1.5 1.) 
was added, the ppt. ground with Na,CO, aq., and washed with H20 to give a 
yellow powder (55 g.), m. p. 70-100" [Found, by TiC1, : N, 11.5. Calc. for 
CI,H8(NO2),: N, l2.1%3, which was digested with boiling CCl, (200 c.c.). 
The undissolved portion, cryst. from EtOH, gave 4 : 5-dinitro-l-methyl- 
naphthalene in white needles (22 g.), m. p. 143" (Found : C, 56.8; H, 3.3; 
N, 12.0. Calc. for C,,H,O,N, : C, 56-9; H, 3.45; N, 12.1%. Estimation 
of this compound in the usual manner with TiC1, gave low results). The 
CCI,-sol. dinitro-compound was fractionally crystallised from CCI, and from 
EtOH, fractions with Bimilar colour reactions (see p. 2314) and m. p.'s being 
segregated. A fraction (1.2 g.), In. p. 116", which gave only a very slight 
colour reaction, was melted with a small amount of piperonal and a drop of 
piperidine to  convert any 2 : 4-dinitro- 1 -methylnaphthalene associated with 
i t  into the insol. piperonylidene derivative, and the melt gave 4 : 8-dinitro-l- 
methylnaphthalene in buff needles (from EtOH), m. p. 122-123" (Found : 
C, 57.0; H, 3.5; N, 11.8%). Vesely et at. (Eoc. c i t . )  record m. p. 120-121". 
A further fraction ( 5  g.), m. p. 117", and evidently not a single substance, was 
obtained (Found : C, 56.1 ; H, 3.5 ; N, 11.9%) ; this was deemed to consist 
mainly of 2 : 4-dinitro-l-methylnaphthalene and not to contain any 4 : 5- or 
4 : 8-dinitro- 1 -methylnaphthalene, from consideration of (i) its colour reaction 
(see p. 2314), (ii) the m. p.'s of mixtures with the known (2  : 4; 4 : 5 ;  4 : 8)- 
dinitro-1-methylnaphthalenes, (iii) the m. p.'s of mixtures of the derived 
diacetamido-compound (m. p. 270-280") with the two known diacetamido- 
compounds. This fraction was treated with piperonal, in the manner described 
above, and a small quantity of 4 : x-dinitro-1 -meth?ylnaphthaZene thus obtained 
in lustrous brown plates (from AcOH), 111. p. l7G" (Found : C ,  57.15; H, 3.6; 
N, 11.8%). 
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4 : 6 - D i a m i n o - l - ~ h y Z ~ h t h c c E e n e . - A t t e m p ~  to reduce the corresponding 
dinitro-compound by means of (NH,),S, Fe powder, or Snc1, were all un- 
successful, but the following method (cf. Meyer and Miiller, Ber., 1897, 30, 
776) was &ective. H,O (20 c.c.) was added to  a mixture of the nitro-com- 
pound (2.1 g.) and PIs (25 g.). Sligha warming initiated a violent reaction, 
which waa completed by heating on the steam-bath for 1 hr. Excess of "Ha 
aq. was added in the cold and the red ppt. afforded pale pink needles, m. p. 
64", from light petroleum (Found : C, 75.7; H, 7-0; N, 16.05. C,,H,,Na 
requires C, 76.7; H, 7.0; N, 16.3%); dihydrochloride, white needles, m. p. 
260" (decornp.) (Found : N, 12.1 ; Cl, 28.5. CI,HI,N,,2HC1 requires N, 11.4; 
C1, 20.0%), from dil. alc. HCI. On treatment with Ac,O, the diamine gave 
2 : 6-dkmethyZprirnidine (I) (compare Sachs, Annakn, 1909, 365, 63),  green 
needles, m. p. 210-220°, from EtOH (Found: C, 78.2; H, 6.3; N, 13.7. 
C1,HI2N, requires C, 79.6; H, 6.1 ; N, 14.3%). 

Me C1 Me 

N N I I  

CMe 
\/ \/ 

CMe 

7-Chloro-2 : 6-dimethylperirnidine (II).-Consecutive reduction, halogenation, 
and acetylation occur when 4 : 6-dinitro-l-methylnapht~ene is treated in 
AcOH with TiCI, (compare de Kiewiet and Stephens, J., 1931, 82, for similar 
reductione with SnCl,). A hot solution of the dinitro-compound (10 8.) in 
glac. AcOH (500 c.c.) was added to a boiling 15% solution of TiCI, (633 c.c.) 
and conc. HCI(266 c.c.), CO, being passed over the surface of the liquid. The 
mixture was boiled for 1 hr., cooled, and conc. NaOH aq. (600 g.) added. After 
a day, the flocculent ppt. of Ti(OH), and adherent org. base was collected, 
dried in the steam-oven, and extracted with Et,O (Soxhlet); the extract 
crystalked from EtOH (sparingly sol.) in green needles (2 g.), m. p. 228" 
(Found : C, 67.9; H, 4.9; N, 11.5; C1, 15.8. C,,E,,N&l require8 C, 67.7; 
H, 4.75; N, 12-15; Cl, 15.4%). 

4 : 8 - D ~ t a m i d o - l - ~ h y l ~ h t ~ ~ . - T h e  correaponding dinitro-com- 
pound (0.5 g.) was suspended in EtOH and shaken with a trace of PtO, and 
Ha at atm. press. until the calc. quantity had been absorbed (& hr.). The 
product was filtered, concentrated, and the residue converted into the 
d W y Z  compound; white prisms, m. p. 320-323", from EtOH (Found: 
0, 70.2; H, 6-46; N, 10.9. C1,H,,OaN, requires C, 70.3; H, 6-25; N, 
1 1 43 Yo). 

2 : 4 : 5-irTin.itro-I-methyZnaphthclleae.-(a) Following the procedure of LeeEler 
(Annalen, 1913, 402, 14) for the dinitration of 4-nitro-l-methJrlnaphthslene, 
pale yellow priCrms (from C,H,), m. p. 170°, were obtained in about 60% yield 
[Found : C, 47.8; H, 2.7; N, 14.4. CllH,(NO,), requires C, 47.65; H, 2.6; 
N, 1452%. As before, titration with TiCl, gives m o d o u d y  low results]. 
(b) 2 : 4-Dinitro-l-methylnaphthalene (1 g.) (from 2 : 4-dinitro-l-laaphthol; 
Veself and Psetek, BuU. Soc. chirn., 1926, 37, 1444) was boiled with HNO, 
(3 c.c.; d 1.5) for 2 mins., poured into water, and the ppt. crystallised from 
EtOH; yellow cryst&, practically quantitative yield; m. p. 170", no de- 

4 F  
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pression with the above trinitro-l-methylnaphthalene. (c) 4 : 5-Dinitro- 1- 
methylnaphthalene treated as described in (b) gave exactly similar results. 

Colour Reactions (compare Rudolph, 2. anal. Chem., 1921, 60, 239).- 
Characteristic colours are developed when, to a solution of 2 : 4-dinitro- or 
2 : 4 : 5-trinitro-l-methylnaphthalene (about 0.001 g,) in EtOH or COMe, 
(10 c.c.), 2N-NaOH or -NH,OH (1 c.c.) is added. None of the other nitro- 
methylnaphthalenes described in this paper gives such colours. 

2N-NaOH. 2N-NH4OH. - - 
Compound. Alcohol. ,4cetone. Alcohol. Acetone. 

2 : 4-Dinitro- ............ Mauve Deep blue No colour Pink 
2 : 4 : 5-Trinitro- . . . . . . Red Deep mauve Pink Red 

Ethyl a-m-Methoxybenzoyl- a-acetyl8uccinate.-Ethyl acetylsuccinate (2 14 g. ) 
in Et,O (2 1.) was treated with granulated Na (23 g.) for 1 hr., and the solution 
then decanted from the excess. m-Methoxybenzoyl chloride (153 g.) was 
added. After 1 hr., 
the mixture, which was no longer alkaline, was washed with dil. alkali and 
concentrated to a viscous pale yellow oil (290 g.), which decomposed on vac. 
distn., and was therefore used in the next stage without further purification. 

1 3 - m - M e t h o ~ b e n z o y l ~ ~ o ~ ~ o n ~ ~  Acid.-The above ester (470 g. ) was stirred 
with KOH aq. (170 g. in 5; 1.). After 12 hrs., more KOH (85 g.) was added, 
and an equal quantity again a t  the end of 20 hrs. After 24 hrs., the solution 
was decanted from a small amount of undissolved oil, kept for 2 days, con- 
centrated to 750 c.c., and a large excess of HC1 aq. added. From the ppt., a 
sernimrbazone was obtained, which crystallised from EtOH in white needles 
(58 g.), m. p. 177" (Found : C, 54.3; H, 5.7; N, 15.5. C12H1604N3 requires 
C, 54.3; H, 5.7; N, 15*8%), which were boiled for 2-3 mins. with 2N-HCl 
(250 c.c.) to give the keto-acid (46 g.; m. p. 110"); white needles, m. p. l l l " ,  
from dil. EtOH (Found : C, 63.7; H, 5.8. CllHla04 requires C, 63.5; H, 
5.8 yo). 

y-m-Methoxyphnyzbutyric Acid.-The best yield of this material sufficiently 
pure for the next stage was obtained as follows. Amalgamated Zn  (75 g.), 
keto-acid (14 g.), conc. HCl aq. (75 c.c.), and AcOH (30 c.c.) were refluxed for 
24 hrs. H,O was added, and the oil which was extracted by Et,O was fraction- 
ally distilled. Under 20 mm., distillation occurred almost continuously from 
150" to 340", with no apparent decomp., and a considerable glassy residue 
remained. A fraction (2 g.), b. p. 200-205°/20 mm., was collected and used 
in the next stage (Found : C, 68.0; H, 8-1. C,,Hl,O, requires C, 68.0; H, 
7.2 yo ) . 

5-Keto-2-methoxy-5 : 6 : 7 : S-tetrahydronccphthdene.-A solution of the fore- 
going acid (4.4 g.) in conc. H,SO, (50 c.c.) was kept at 70" for 10 mins. and then 
poured on ice. Ether extracted a yellow semi-solid mass (1 g.), from which 
a semicarbazone was obtained in white needles (0.8 g.), from EtOH, m. p. 235" 
(Found: C, 61.8; H, 6-8; N, 17.7. Cl,H,,02N, requires C, 61.8; H, 6-4; 
N, 18.0%). This (0.6 g.) was warmed on the steam-bath with 2N-HCl(5 c.c.), 
and 5-keto-2-methoxy-5 : 6 : 7 : 8-tetrahydronaphthalene crystallised from dil. 
EtOH in white needles, m. p. 82" (Found : C, 74.7 ; H, 6.7. C,,H1,02 requires 
C, 75.0; H, 643%). (Schroeter, Ber., 1930, 65, 1319, records m. p. 80' for the 
compound obtained by the oxidation of ar-/3-met.hoxytetralin, and to which 
this constitution was ascribed.) This compound has only a, faint odour when 

A slight evolution of heat occurred, and NaCl was pptd. 



THE INTERCONVERSION OF Ck- AND tTan8-MODIFICATIONS, ETC. 2315 

cold, but gives a peppermint odour when warmed (compare l-keto-1 : 2 : 3 : 4- 
tettahydronaphthalene ; Kippiug and Hill? J., 1899, 75, 149). 
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work, and the Department of Scientific and Industrial Research for 
a maintenance grant. 
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330. The Interconversion of cis- and trans-Modifi-
cations of Monoethylenic Higher Fatty Acids by
Nitrogen Trioxide (the '' Elaidin '' Reaction).
By H. N. GRIFFITHS and T. P. HILDITCH.
IN the investigation of mixed glycerides present in natural fats,
quantitative methods are at present only available for the deter-
mination of those which contain three saturated acyl radicals, and
attention is therefore being directed inthese laboratories to procedures
which might lead to the estimation of other types of triglycerides,
especially those containing only unsaturated acyl radicals. We
have examined, in this connexion, the conversion of triolein into
trielaidin in presence of oxides of nitrogen, an action which was
apparently first observed by Poutet in 1819 (Boudet, Annulen,
1832, 4, 1 ; Varrentrapp, ibid., 1840, 35, 196) and was formerly
much used as a qualitative test for " non-drying " (e.g., olive or
almond) oils (Archbutt, J . Xoc. Chem. I d . , 1886, 5, 303). In spite
of its antiquity, and although Farnsteiner (2. Unters. Nahr. Genussm.,
1899, 2, 1) attempted to employ it in the determination of oleic acid
in the mixed acids of butter and other fats, yet little information
of a quantitative nature has been given with reference to the equili-
brium established between cis- and trans-forms in the " elaidin ''
reaction, except that Jegorow ( J . Russ. Phys. Chem. Xoc., 1903, 35,
973; J. pr. CiTbem., 1912, 86, 539) observed that the transformation
was effected by relatively small proportions of the reagent and that
the use of larger proportions enabled him to isolate addition products
of the composition C18H,40,(N0,)(NO) and C18H3402(N02)( OH).
It was thus necessary to study, from a quantitative point of view,
the interconversion of the fatty acids before proceeding to the more
complex case of triolein, and the present paper is chiefly concerned
with the isomerisation of ordinary oleic ( A9 :lo-octadecenoic),*
petroselinic (A6 :7-octadecenoic), and erucic ( A13 : 14-docosenoic) acids
* In order to correlate the higher fatty acids with the corresponding
alcohols, the carboxylic carbon atom is numbered 1 in defining the position
of the ethenoid bond, as in the Geneva, notation.


