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347. Orientation Egects in the Diphenyl Xeries. Part 
X I I .  The Mono- and the Di-nitration of 4 : 4‘-Di- 
methyldiphen yl. 

By (MISS) E. E. J. MARLER and E. E. TURNER. 
THE conclusion drawn from a preliminary investigation (J., 1926, 
476), that 4 : 4’-dimethyldiphenyl undergoes mononitration in 
position 2, further nitration producing the 2 : 3’-dinitro-compound, 
would if confirmed be of such importance from the point of view of 
the general problem of aromatic substitution that we have studied 
the nitration of ditolyl afresh. Harding’s failure ( J .  SOC. Chem. 
Id., 1925, 44, 1 3 8 ~ )  to prepare a “di-saccharin” from ditdyl 
would be explained if 2 : 3’-disulphonation had occurred. 

Under conditions in which diphenyl is only mononitrated, 
4 : 4’-dimethyldiphenyl undergoes dinitration : from the product, 
only a single substance has been isolated, which is not the 2 : 2’- or 
the 3 : 3’-dinitro-4 : 4’-dimethyldiphenyl, and must therefore be 
the 2 : 3’-dinitro-compound, for otherwise it must contain two 
nitro-groups in one nucleus, which is inconceivable in view of the 
speed with which it is formed. 

The product of mononitration of 4 : 4’-dimethyldiphenyl is 
practically a single substance, the only detectable impurity being the 
2 : 3’-dinitro-compound. It is identical with 2-nitro4 : 4’-dimethyl- 
diphenyl synt hesised from p-iodotoluene, 4- bromo-3-nitrotoluene, 
and copper-bronze, and is different from 3-nitro-4 : 4’-dimethyl- 
diphenyl, prepared similarly from p-iodotoluene and 4-iodo-2- 
nitrotoluene. Both specimens of 2-nitroditolyl give 2 : 3‘-dinitro- 
ditolyl when nitrated, and yield on reduction an aminoditoZyZ 
difterent from the “ synthetic ” 3-amino-compound. 

Shaw and Turner (this vol., p. 1884), in discussing the results of 
mononitrating p-chloro- and p -  bromo-toluene, concluded that 
activation not acquired by the ppositions became available a t  the 
m-positions. Application of this principle to ditolyl, 
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crystn. from EtOH, m. p. 163-164”, [aID + 27” (in H,O); yield, 85%[Found : C, 44.3; H, 6.25; M , 319 (ebullioscopic in H,O). Calc. : C, 44.4;H, 6.2%; M , 3241.This difructofuranose anhydride was re-acetylated to yield the above hexa-acetate, m. p. 128’.UNIVERSITY OF BIRMINGHAM,EDGBASTON.[Received, August 3rd, 1932.1347.
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suggests that, mononitration being assumed to occur first in nucleus 
B, the 2-position would be markedly activated, even if nucleus A 
played no part. Actually, A ,  as our previous studies in this series 
have shown, has an activating efEect on B ; this activation is greatly 
enhanced owing to the presence of the methyl group in the 4'- 
position, and takes efiect mainly in position 2. Therefore, a molecule 
of nitric acid which approaches near enough to B to react with it will 
react in the 2- rather than in the 3-position. 

The dinitration stage is more difficult to explain, for although 
the 3'-nitration of 2-nitroditolyl may be regarded as normal, the 
same can hardly be said of the nitration of 3-nitroditolyl, which, as 
we now find, proceeds in position 2' : 

It is possible to explain the 3'-nitration of 2-nitroditolyl (I+ TI) ,  
assuming that the nitro-group in B more than counteracts the 
activating eflect of the methyl group (in B), so that nucleus B as 
a whole exerts a slightly deactivating effect on A .  It would then 
appear to follow that when the nitro-group is o to the methyl group 
it cannot counteract the eflect of that methyl group, since 3-rdro- 
ditolyl(II1) is nitrated, as far as B is concerned, as if no nitro-group 
were present in A .  That certain combinations (in the orientation 
sense) of nitro- and methyl groups have peculiar effects is known, 
though from a different aspect ; e.g., Lindemann and Pabst (AnnuZen, 
1928,462,24) found that the relative positions of methyl and nitro- 
groups greatly affected the activation of halogen atoms by the latter. 
It is of course clear that the actual mechanisms are different in the 
two cases. 

E x P E R I M  E N T A L. 
4 : 4'-Dimethyldiphenyl is most readily prepared by Krizewsky and Turner's 

method (J., 1919, 115, 560). The Ullmann method of heating p-iodotoluene 
with copper-bronze is satisfactory if the latter is of good quality. A great 
deal of the copper-bronze we have purchased was entirely without action. 

Mononitration of DitoZyL-Ditolyl (33 g.) was kept in AcOH (600 c.c.) and 
HNOs (600 C.C. ; d 1-42) at 50-55" until it dissolved. The cooled solution was 
poured into H,O, and the ppt. (a solidifiying oil) was melted several timee 
under hot H,O to remove traces of yellow phenolic compounds and then air- 
dried (40 g.). Of this, 37-9 g., distilled slowly in a Bennett vacuum fraction- 
ating apparatus, gave a t  190-200', 2.2 g., m. p. 66-67"; at 200-203", 
6.9 g. ,  m. p. 67-68' ; at 203-205", 13.1 g., m. p. 67-68' ; at 205-210", 9.3 g., 
111. p. 66-674"; at ZlO", 3.2 g., m. p. 64-66" : residue 2.8 g., loss 0.4 g ,  
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Fractional crystn. of each fraction from MeOH showed that only one 
substance was present, except in the 5th fraction, which contained a very small 
quantity of an impurity. All the fractions melted at  the same temp. whether 
mixed or not with synthetic 2-nitroditolyl (below), and the m. p.'s were all 
depressed when 3-nitroditolyl was added. From the residue in the distillation 
flask W8S obtained a small amount of a substance, m. p. about 110", raised by 
addition of 2 : 3'-dinitroditolyl. 

SyntlaesiS of 2-NitroditoZyZ.-p-Iodotoluene (25 g.) and 4-bromo-3-nitrotoluene 
(23 g.) were heated to 220", and copper-bronze (40 g.) gradually added. The 
reaction occurred mainly at 225-230" and was completed at  260". 
The whole was extracted with hot o-C,H,Cl,, the extract steam-distilled, and 
the residue extracted with boiling light petroleum (b. p. 40-60"). The 
undissolved material was 2 : 2'-dinitroditolyl. The petroleum extract was 
distilled at ordinary press. and then in vac., ditolyl distilling first. The nitro- 
compound had b. p. 220-225"/29 mm., and crystallised from MeOH in bright 
yellow plates (3 g.), m. p. 69-70" (Found : N, 6.2. C14R1302N requires N, 
6.2%). 

2-Amino-4 : 4'-dimethyZdiphenyl.-The nitro-compound was reduced with 
SnC1, in boiling AcOH and HCl aq. The base was isolated as the hydro- 
chloride (7 g., m. p. 185-195"), which permitted of its separation from 1 g. 
of what was evidently 2 : 7-dimethylcarbazole. The free 2-aminodito2yl 
separsted from aq. EtOH in prisms, m. p. 62-63' (Found : N, 6-9. C14H15N 
requires N, 7.1%). The acetyl derivative formed needles, m. p. 118-119" 
(Found: N, 6.0. C,,H,,ON requires N, 5.9%). The benzoyl derivative 
formed needles, m. p. 95-96". 

Syntheai8 of 3-Nitpo-4 : 4'-dimethyldiphnyZ.-A mixture of p-iodotoluene 
(37 g.), 4-iodo-2-nitrotoluene (44 g.), and copper-bronze (35 g.) was heated at 
230-250", the product extracted with hot o-C,H,Cl,, the solvent removed in 
steam, and the residue extracted with boiling EtOH. The cooled extract was 
filtered from 10 g. of 3 : 3'-dinitroditolyl and, after being evaporated, distilled 
in vac. Ditolyl distilled first, and the main bulk (6 g.) at  220-230'/20 mm. 
The latter crystallised from MeOH in scaly plates, m. p. 80-81" (Found : N, 
6.2%). A mixture of this 3-nitroditolyl with the purified mononitration 
product (above) had m. p. 50-65". 

3-Amino-4 : 4'-dimethyldiphenyZ was obtained by SnC1,-AcOH-HCl reduc- 
tion of the nitro-compound. No product corresponding to the carbazole was 
formed. The hydrochloride formed needles, m. p. about 230" (decomp.). 
The base separated from aq. EtOH in needles, m. p. 104-105" (Found: N, 
7.0%); acetyl derivative, needles, m. p. 156-157" (Found: N, 6.1%); 
benzoyl derivative, m. p. 160-161". A-mixture of the base with the reduction 
product of the mononitration product melted at  57-70', a mixture of the two 
acetyl derivatives at  95-llO", and one of the benzoyl derivatives a t  75-94". 

Dinitrution of 4 : 4'-Dimethyldiphenyl,-A solution of ditolyl (10 g.) in AcOH 
(200 c.c.) at 50-60" was treated with nitric acid (200 C.C. ; d 1-47), the temp. 
raised to 95" for 5 mins., and the solution poured into H,O. The ppt. had 
m. p. 99-106", 104-108" after one crystn. from EtOH, 115-116' after a 
second, and 119-120" after one crystn. from BuOH. Almost colourless, 
hairy needles (Found : N, 10-4. Calc. : N, 10.3%). The m. p. was depressed 
when either 2 : 2'- or 3 : 3'-dinitroditolyl was added. 

Mononitrution of the Mononitratwn Product, of Synthetic 2-Nitro-, and of 
3-Nitro-diloZyZ,--These nitrations were effected under the conditions of the 
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last expt. The products in the f i s t  two cases were almost exactly similaz to 
that obtained from ditolyl itself. That from the 3-nitro-compound required 
less purification before i t  showed the m. p. of the pure 2 : 3’-dinitro-compound. 
Identity of all four specimens of this compound was established by mixed m. p. 
determinations. 
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348. T h e Stereochemistry of 2 : 2'-Disubstituted Di-phenyls. Part I I . T h e Optical Resolution ofDiphenyl-2 : 2'-disulphonic Acid.By (MISS) M. S. LESSLIE and E. E. TURNER.IN Part I (this vol., p. 2021) the optical activity of phenyl benzidine-2 : 2'-disulphonate was attributed to dissymmetry set up by thedynamic effect of the three oxygen atoms present in each of theS0,Ph groups. It was desirable, however, to show that the phenylradicals in these groups were at the most of subsidiary consequence,and we have therefore carried out experiments on the resolution ofdiphenyl-2 : 2'-disulphonic acid, which Stanley and Adams ( J .Amer. Chem. Xoc., 1930, 52, 4471) failed to obtain in optically activeforms.Since Part I was communicated, Pauling (Proc. Nat. A d . Xci.,1932, 18, 293) has discussed the atomic radii of the elements withwhich we are concerned in these compounds. His values, 1.04 8.and 0.29 8., respectively, for the atomic radii of sulphur and hydro-gen do not differ greatly from those used in Part I, and, if anything,give greater security to the views there expressed.Preliminary experiments showed that the brucine hydrogen saltof diphenyldisulphonic acid was optically heterogeneous, and aI-rotatory solution of the ammonium salt of the acid was obtainedby decomposing one of the fractions. The brucine salt did not,however, lend itself to fractional crystallisation. Similar resultswere obtained with the distrychnine salt, by the decomposition of onefraction of which a d-rotatory ammonium salt resulted. The strych-nine hydrogen salt proved moderately easy to deal with, and threepure components were isolated, When a solution of sodiumdiphenyl-2 : 2'-disulphonate was treated with a quarter molecule ofstrychnine hydrochloride, a sparingly soluble product separated.Systematic recrystallisation of this gave the very sparingly solublestrychnine hydrogen d-diphenyl-2 : 2'-disulphonate with [a]%, - 8.5"(in chloroform), and the less sparingly soluble strychnine hydrogen


