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"IN continuation of our studies, Part XXIV in this series,® we have now
investigated the rotatory dispersion of the cordensation products of oxy-
methylerecamphors (d, I, dl) and 2:35-dichloroaniline, 3-nitro-4-chloro-
anilire, 2-nitro-p-toluidire and 4-nitro-o-toluidire.

INFLUENCE OF CHEMICAL CONSTITUTION ON ROTATORY DISPERSICN

Rotatory dispersions may be classified as ““ Simple ™ or * Complex *
according as they can, or cannot, be expressed by Drude’s one-term equation,

fa] = )TzK——A@ The condensation products of oxymethylerecamphors and
— g

aromatic amines, described here, were found to obey the simple dispersion

formula exactly. On plotting 1 against A%, exact straight lines were obtained
[a]

(Fig. D.

Out of 430 observations recorded in this paper (Tables III-VI), in as
many as 398 cases the difference (o~c) between the observed (o) and the
calculated (¢) values of specific rotation corresponds to a differerce of 0-02°
or less in the corresponding angles of rotation. In 22 cases this differerce
lies between 0-02° and 0-03°, and only in 10 cases, most of which are for
Heg 4355 (Mercury violet)—a difficult line to read—this difference lies between
0-03° and 0-05°. All these differences (o—c), not given here for econcmy
of space, are, however, of the nature of casual experimental errcrs.

PHYSICAL IDENTITY OF ENANTIOMERS

Pasteur’s Law of Molecular Dissymmetry, acco-ding to which the d-
and I-forms of a substance possess identical physical properties as regards
their magnitude has been found to hold good: the values of the rotatory
power of the d- and /-forms of the compounds in different solvents (Tables
IITI-VI) are identical within the limits of experimental error,
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(1) 2-Nitro-p-toluidinomethyl ene-d-camphor in benzene.

(2) 3-N'tro-4-chloroanil nomethyl ene-d-camphor in ch'oroform.
(3) 4-Nitro-o-tolu'dinomethyl ene-d-camphor in methyl alcohol.
(4) 2:5-Dichloroanilincmethyl ene-d-camphor in methyl alcohol.

EFFECT OF THE NATURE OF THE SUBSTITUENT GROUP ON
THE ROTATORY POWER

The polar effect of substituent group is traéeab'le in optical activity,i-z' |
In the present investigation we have studied the effect on rotation of

three substituents, Cl, CHy and NO, groups, which are assigred polarities
in accordance with the following polar series® deduced from specific inductive

capacities: OH, Cl, Br, I, CyH;, CH;, H, CO,H, CHO, COCH,, CN, NO,
From this study it is found that the effcct of substituents on the rotatory
power can be generally correlated w'th their polarities as is evident from the
following account :— S
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(1) Cl, on account of its negative polarity, lowers the rotatory power
of the parent compound as supported by the following.observations (Teble I):

TABLE |
W
35° C.
[G]Hgsam
Structural formule Ace- | Pyri- |Chloro] Ben-
MeOH | EtOH di £
8]-9* | 95.8* tone ine | form | zene
91-5* | 12-4* | 5-2% | 2-98%
cl
g __/:> 360+0°| 351+0°| 352.0°| 358-0°| 356-0°| 344:0°
s NHE= (60-17)|(57+76){(58 +11) (5945 |(57-76)| (56-04)
8 H\CO Cl J
NO,
Crrent— N\ 380-0 | 365-0 | 360-0 | 3500 | 3200 | 290.0
11 CgHy, C=CH-NH \_____/Cl (65-59)|(66+32)|(64+451((61-69)|(57-11)[164-14)
\\CO
T N 988+0 | 3760 | 368-0 | 362-0 | 330-0 | 2950
C=CH~NH < >CH3 (66-68)|(6621)| (85 -54)|(63+02) 6126 |(52 :39)
111 C,HH\CO %0,
NO, _
coCH-NT =\ 350.0 | 352-0 | 355-0 | 370+0 | 853-0 | 339.0
IV CH N/ (67-16)|(57-8) |(58-58);(58+08)|(56+38.|(56+24)
8 14\ o CH,
' Cl
: C=CH-—NH-—<_~\' 386+0 { 3780 | 280-0 | 3900 | 373+0 | 361-0
o C.H _/ (62:6) [(60+7) |(62-5) |(63+6) |(60+4) |(58-5)
] “\-CO CH,
P 492-91| 45951 464-11| 41641 458-51] 390.0
. C=CH-NH CHs | (65.46)|(6244)|60+26)|(57-32)|(64-16)|(59 45)
VI cam,\ co NG
CCHNH— 4918 | 500-7 | 522-1 | 561-5 | 523-3 | 479+4
P4 PR e A Rt R e R
I1Cq “\CO . CHy
cl
/-C_CH__NH_/ N\ 4002 | 4058 | 380-0 | 391-3 | 386-0 | 364.7
vt Cytiy? | \__/ (64-77;1,72:23) (61-42) (63+72)| (61-79)|(57-7)
’ cl
ax C'H“<co D | e |do-sm o563 |85-10) 61-53) 0.7
TN T 417.7 | 406+3 | 401-8 | 304-4 | 374-6 | 350+4
o | COoa | (73-20,(10-58) (68-19;|(67-56)) 57 -80)
\\co
NO,
C___CH_,N[,I_D 493-11) .. | 408-11) 424.81| 484-T | 399.2
dx1 C.H“< " (57-80)] .. |(69-07)|(7206)|(45-54 |(50-26)
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TaBLe I—"Contd.)

35° C,
[a ]Hg54e1

Stractoral formula
MeOH | FtOH Ace- | Pyri- |Chloro-| Ben
3].9% 2'5‘8,. tone | dine | form | zene

2L.5% | 12:4% | 65.9* | 9.98¢

NO,
N\ 393.9° .. | 389-2¢| 367.1°| 330.0°| 315.6°
dxI1 CQH,‘<C CH-NH—=__ ) (79-36)] .. (6947)i(69-80 |(68-63)(57.73)
co
CCHoNE— T\ 51047 | .. |519.4|645.0 | 493.5 | 4370
xm C3H1,<C CH-NH <-_-.__/NOz (17-47)] .. [(74-11)((79-58) (74+49)|(68+05)
co
=CH=NH=C 454-4 | 439-9°| 442.3 | 405.8 | 3848 | 352.6
extvend | R ) ((smean)|(sL02)|(s2-51) |150-48) | (68+55))71.7)
CH=NH—" \ 4650 | 440-8 | 495.8 | 401+6 | 401-6 | 3554
ey CsH14< C=CH=NH=C __ JCH: |(39.56) (80-13) (78 77) 74-18)|(74+19) (66-65)
co
NC=CH=NH=C 480.0 | 451-3 | 4489 | 433.2 | 424.6 | 367:1
VT CSHM< C _/ (86-78).(81-83)|(83-08), (81 -21)|(78-57)|(70-71)
0

* Dielectric constant of the solvent,

1 Calculated value from the dispersion formula.
@ B.K. Singh and R. K. Tewari, Proc. Indian Acad. Sci., 1945, 22 A, 20.
¢ B.K.S'ngh and A.B. Lal, Itid., 1940, 12A, 157.

¢ B. K. Singh and B. Bhaduri, Ibid., 1937, 6A, 340. ;

4 B.K. Singh and T. P. Barat, J. Indian Chem. Soc., 1940, 17, 1.

B. K. Singh, B. Bhaduri and T. Barat, Ibid., 1931, 8, 345.

o

the rotatory power of 2:5-dichloroanilinomethylerecemphor (I) is lower
than that of o- and m-chloroanilinomethylerecamphors (VIII, 1X): the
rotatory power of 3-nitro-4-chloroanilinomethylereczmphor (II) is lower
than that of m-nitroanilinomethylenecamphor (XII); ard the rotatory power
of 0-, m-, and p-chloroanilinomethy'erecemphors (VIII, IX, X) is lower than
that of anilinomethylerecamphor (XVI) in all the solvents. (2) CH, group
also, on account of its negative polarity, has a lowering effect on the rotatory
power of the parent compound as is evident from the following observations
(Table I): the rotatory power of 2-nitro-p-toluidinomethylerecamphor (IIT)
is lower than that of m-nitroanilinomethyler ecemphor (XII); the rotatory
power of 3-nitro-p-toluidinomethylenecamphor (VI) is lower than that of
o-nitroanilinomethy.enecamphor (XI;; and the rotatory power of m-and
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p-toluidinomethylenecamphors (XIV, XV) is lower than that of anilino-
methylenecamphor (XVI) in all the solvents; the rotatory power of 4-chloro-
o-toluidinomethylenecamphor (V) is lower than that of m-chloroanilino-
methylenecamphor (IX) in five solvents but higher in pyridine. There are,
however, some deviations from the abovementioned generalization: the
rotatory power of 4-nitro-o-toluidinomethylenecamphor (IV) is lower than
that of m-nitroanilinomethylenecamphor (XII) in three solvents but higher
in pyridine, chloroform and benzene; the rotatory power of S-nitro-o-
toluidinomethylenecamphor (VII) is lower than that of p-nitroanilino-
methylenecamphor (XIII) in methyl alcohol but higher in acetone, pyri-
dine, chloroform and benzene. (3) On the other hand, the positive-
polarity of NO; group should raise the rotatory power of the parent
compound. This is supported by the following observations (Table I):
the rotatory power of 3-nitro-p-toluidinomethylenecamphor (VI) is higher
“than that of p-toluidinomethylenecamphor (XV), and the rotatory power
of p-nitroanilinomethylenecamptor (XIII) is higher than that of anilino-
methylenecamphor (XVI) in all the solvents; the rotatory power of
o-nitroanilinomethylenecamphor (XI) is higher than that of anilinomethylene-
camphor (XVI) in all the solvents except pyridine in which it is lower. But
in the following three cases the NO, group is found to have a lowering effect
on the rotatory power: the rotatory power of 3-nitro-4-chloroanilino-
methylerecemphor (II) is lower than that of p-chloroanilinomethylene-
camphor (X); the rotatory power of 2-nitro-p-toluidinomethylenecamphor
(IIT) is lower than that of p-toluidinomethylerecemphor (XV); .and the
rotatory power of m-nitroanilincmethylenece mphor (XII) is lower than that
of anilinomethylenecamphor (XVI) in all the solvents.

The effect of polarity of the substituent group is, with minor deviations,
thus traceable in optical activity.

The position of the substituent group has also an effect on the rotatory
power and is brought out in the following cases : 3-nitro-p-toluidinomethylene- §
camphor (VI), in which the NO, group is in the o-position to the substituted
amiro-group, has a higher rotatory power, whereas 2-nitro-p-toluidino-
methylerecamphor (IIT) in which it is in tke m-position to the substituted
amino-group, has a lower rotatory power than that of p-toluidircmethyler.e-
camphor (XV). S milarly, the rctatory power of o-ritroaniliromethbylene- ff
ccmphor (XI) ard p-nitroanilinemett ylerec: mphor (XIII) is higher (except
in pyridire in the former case), whereas the rotatory power of me-nitro:
anilinomethyler ece mphor (XII) is lower than that of an1hncmethylere-
camphor (XVI). The NO, group raises the rotatory power, when it is in
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the o- or p-position to the substituted amino-group, whereas it lowers it
when it is in the m-position.

EFFECT OF THE NATURE OF THE SOLVENT ON THE ROTATORY POWER

The specific rotatory power of these compounds for Hg; e, in six solvents
is given in Table I. The sequences of decreasing rotatory power are as
follows :—2: 5-dichloroanilinomethylenecampkor (I): methyl alcohol > pyri-
dine > chloroform > acetone > ethyl alcohol > berzene; 3-nitro-4-chloro-
anilinomethylenecamphor (II): methyl alcohol > ethyl alcohol > acetone
> pyridine > chloroform > benzene; 2-nitro-p-toluidinomethylenecamphor
(111) : metkyl alcohol > ethyl alcohol > acetone > pyridine > chloroform >
berzere; 4-nitro-o-toluidinomethylenecamphor (IV): pyridire > acetone >
chloroform > ethyl alcohol > methyl alcohol > berzene. The sequence
of decreasing (or increasing) rotatory power runs in the cases of 3-nitro-4-
chloroanilinomethylenecamphor (II) and 2-nitro-p-toluidinomethylenece mphor
(TIT) strictly parallel with that of the dielectric constants of the solvents,
namely, methyl alcohol (31:2) > ethyl alcohol (25-8) > acetone (21-5) >
pyridine (12:4) > chloroform (5-2) > berzene (2-28). A similar but less
marked parallelism can be traced in the case of the other two compounds
also, namely, the rotatory power of 2: S-dichloroanilinomethylerecamphor
(I} is highest in methyl alcohol, which has the highest dielectric constant,
and lowest in berzene, which has the lowest dielectric constant, ard the
rotatory power of 4-nitro-o-toluidinomethylenecampher (IV) is lowest in
benzene.

It would, however, seem more rational to compare the rotatory power
of a substance with the dielectric constant of its solution, and not of the
solvent in which its rotatory power is determined. We have used the values
of the dielectric constants of the solvents as we have not at our disposal the
values of the dielectric constants of the solutions.

The abovementioned sequerces of rotatory power in the different sol-
vents are derived from the rotatory power measurements for Hgg,g, (Table ).
The choice of this wave-lergth is pure'y arbitrary as different cequerces are
obtained for other wave-lergths. For excmple, in the case of 4-r itro-o-tolui-
dinomethylerecamphor (IV) the sequerce for Hegyg; is pyridine > acetore >
chloroform > ethyl alcohol > methyl alcokol > berzene, whereas that
for No g5 18 pyridire > ethyl alcohol > acetore > methyl alcobol > chloro-
form > berzene. These effccts of dispersion can, however, be elimirated
when compounds are found to obey the simple dispersion equation of Drude,

K : - - "
[a] = E—NE The rotation-constant (K) of this one-term equation can
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be used as a measure of the absolute rotatory power of the substance. Tt
refers to a wave-length A, where A% — A¢® =1 square micron, and it is not
very much greater than 10,000 A.U. The longest observed wave-lergth in
our measurements is Ligeq and an extrapolation from it to about 10,000 A.U.
is easily permissible in view of the linear nature of the dispersion equations
obtaired from our measurements. We have, therefore, also given in
brackets (Table I) the values of K, the rotation-constant, as a measure of
the absolute rotatory power of the compounds.

It will be seen that the value of K (Table I) in the different solvents
runs parallel with that of the dielectric constant of the solvent in the case
of 3-nitro-4-chloroanilinomethylenecamphor (II) and 2-nitro-p-toluidino-
methylerecamphor (III). In the case of the other two ccmpounds (I, IV)
there is less strict parallelism: the value of K for 2:5-dichloroanilino-
methylenecamphor (I) is lower in ethyl alcohol and higher in pyridine, and
for 4-nitro-o-toluidincmethylenecamphor (IV) it is lower in methyl and ethyl
acohols than the sequerce of the dielectric constants of the solvents warrants
it. This further emphasizes that the value of the dielectric constant of the
solution ratker than that of the solvent should be ccmpared with the abso-
lute rotatory power of the solution.

The compounds listed above in Table II are optically active nitro-dyes.
They vary in colour from yellow to orange in the solid state or in alcoholic
solution. When their alcoholic solution is made alkaline, the colour
deepens in the case of the ortho- and para-nitro compounds (VI and VII,

EFFECT OF THE POSITION OF THE NITRO-GROUP ON THE COLCUR
OF THE DYES

TABLE 11
. . . Colour in ethyl
Substances Co:)?.':{;g :l;e ('Olzﬁlél;}lglethy ] alcohol in
soit presence of KOH
3-Nitro-g-toluidinomethylenecamphor Orange-red Yellow-orange | Port-wine-red
(VI, Table 1)
§-Nitro-e-toluidinomethylenecamphor Bright yellow Yellow Deep violet

(VII, Table I)

3-Nitro-4-chloroanilinomethyl enecamphor | “Bright yellow Lemon-yellow Port-winc-red
(11, Table 1)

2-Nitro-p-toluidinomethylenecamphor Lemon-yellow | Lemon-yellow Yellow-orange
(11X, TabeI) .

4-Nitro-o-toluidinomethylenecamphor Lemon-yecllow | Lemoun-yellow Vellowish-light.
{IV, Table I) brown
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Table II), whereas no such deepening of colour is observed in the case of
the meta-nitro compounds (III and IV, Table II). This is due to the fact
that ortho- and para-nitro derivatives can change in alkaline solution into
the aci-form having quinonoid structure as illustrated in the following

formulz:
f=cH-NA= peny B /C.—:CH*-N:(: >
ng&\I NO‘- CBI{.'H\ “
Cco Co
0 OK
3-Nitro-g-toluidinomethylenecamphor 2 conjugate double bonds (shortest route)
(VI, TableII); yellow-orange in 4 conjugate double bonds (longest route)
alcohol Port-wine red

. OK
=CH-NH~{ >N0o KOH C=CH~N=( >- r/
CsHu\ CHy CsHm\
CcoO Co Hs A (]
E]
5-Nitro-o-toluidinomethylenecamphor 3 conjugate double bonds (either ronte)
(VII, TableII) ; yellow in alcohol Deep violet

Further, the chain of conjugate double bonds is longer in the para-
quinonoid structure than that in the ortho-quinonoid structure; this explains

“the deeper colour of the para-nitro compound than that of the ortho-nitro

compound.

The abovementioned tautomerisation to the aci-quinonoid form is not
possible in the case of the meta-nitro compounds (III and 1V, Table II);
therefore, there is no change in colour when their alcoholic solution is made
alkaline. The port-wine red colour of 3-nitro-4-chloroanilinomethylene-
camphor (II, Table II), a mefa-nitro dervative, in alkaline solution can,
however, be explained by assuming that the Cl atom, which is rendered labile
by the adjacent NO, group, is replaced by the hydroxyl group, thus permitting

tautomerisation into the ortho-quinonoid structure:

NO, | NO,

C=CH-NH c KXo c=cu-Nu-{_ Hon

Y i O L -

(,‘Hu\t 8 u\
Cco co

11 (Table II)

0
/
N—-OK

S— C,H“\




230 Bawa: Kartar Singh and'Ram Kumar Tewari

Our results are thus in agreement with the modern views of the influence
of chemical constitution on colour.*

DYEING PrOPERTIES OF CoMpounDs II, III, IV AND VI (TasLE II)

These substances, being acid dyes, have been examined for their dyeing
properties on wool from an acid-bath containing 29; sulphuric acid and 10%
Glauber’s salt: 3-nitro-p-toluidinomethylenecamphor (VI) dyes wool a
light yellow-orange colour which is fast to washing with soap and to sun-
light (30 hours’ exposure); 3-nitro-4-chloroanilinomethylenecamphor (II),
2-nitro-p-toluidincmethylenecamphor (III) and 4-nitro-o-toluidinomethylene-
camphor (IV) dye wool light yellow colour which is fast to washing with soap.
Sunlight, however, causes fading in these colours to a slight extent after a
moderate exposure {12 hours).

EXPERIMENTAL

General Method of Preparation.—The dextro-forms of the compounds
were prepared by adding oxymethylene-d-camphor (1 mol. proportion),
dissolved in ethyl alcohol, to the solution of the free base in acetic acid, when
a precipitate was obtained immediately or on keeping. It was then repeatedly
recrystallised from ethyl alcohol.

The levo- and racemic-isomers were prepared in the same way as the
corresponding dextro-compounds and had similar crystalline form and
solubility.

2: 5-Dichloroanilinomethylene-d-camphor, m.p. 139-140° C., was obtained
as crystals with yellow tinge. It is very soluble in acetone, pyridine, chloro-
form and benzene, less so in methyl and ethyl alcohols, and insoluble in
wdter. (Found: Cl, 21-89; N, 4:05. C;;H;;ONCI]; requires Cl, 21-87;
N, 4:32 per cent.)

" 2:5-Dichloroanilinomethylene-1-camphor, m.p. 139-140° C. (Found: CI,
21-92. C,;H;;ONCI, requires Cl, 21-87 per cent.)

2: 5-Dichloroanilinomethylene-dl-camphor, m.p. 136-5-137-5° C. (Found:
Cl, 21-87. C;H,;,ONCI, requires Cl, 21-87 per cent.)

3-Nitro-4-chloroanilinomethylene-d-camphor, m.p. 215-216° C., was
obtained as bright yellow rectangular plates. It is soluble in pyridine, less
so in acetone, sparingly soluble in chloroform and methyl and ethyl alcohols,
very sparingly soluble in benzene, and insoluble in water. (Found: Cl,
10-80; N, 8:19. C;;H;30;N,Cl requires ClI, 10-59; N, 8-37 per cent.)

3-Nz‘tro-4~chloroanilinomethylene—l-cahaphor, m.p. 215-216°C. (Found:
Cl, 10:-77. C;H3O3N,Cl requires Cl, 10-59 per cent.)
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3-Nitro-4-chloroanilinomethylene-dl-camphor, m.p. 204-205° C. - (Found:
Cl, 10-79. Cy;H;405N,Cl requires Cl, 10-59 per cent.)

2-Nitro-p-toluidinomethylene-d-camphor, m.p. 193-194°C., was obtained
as long lemon-yellow rectangular plates. It is soluble in pyridine, moderately
soluble in acetone, chloroform and methyl and ethyl alcohols, sparingly
soluble in benzene, and insoluble in water. (Found: N, 8:73. C,HyO0,N,
requires N, §-92 per cent.)

Z-Nitro-p-toluidz’nomethylené-l—camphor, m.p. 193-194°C. (Found: N,
8:75. - C;gH,,0O4N, requires N, 8-92 per cent.)

2-Nitro-p-toluidinomethylene-dl-camphor, m.p. 181-182°C. (Found: N,
8:72. CygHy0,N, requires N, 8:92 per cent.)

4-Nitro-o-toluidinomethylene-d-camphor, m.p. 137-5-138-5°C,, Was ob-
tained as lemon-yellow needles. It is very soluble in pyridine, chloroform,

acetone and benzene, less so in methyl and ethyl alcohols, and insoluble in
water. (Found: N, 8-71. C,gHyO;3N, requires N, 8-92 per cent.)

4-Nitro-o-toluidinomethylene-l-camphor, m.p. 137-5-138-5°C. (Found:
N, 8:73. C;sHg0,N, requires N, 8-92 per cent.)

4-Nitro-o-toluidinomethylene-dl-camphor, m.p. 139-140°C.  (Found :
N, 8-74. CyH,,0;N, requires N, 8-92 per cent.)

The rotatory power determinations were carried out in a 2-dem. jacketed
tube at 35°C. The value of A, calculated from the dispersion formula,
is given in the tables and is expressed as p or 10~4cm.

SUMMARY

1. The rotatory dispersion of optically active forms of 2: 5-dichloro-
anilino-, 3-nitro-4-chloroanilino-, 2-nitro-p-toluidino- and 4-nitro-o-toluidino-
methylenecamphors has been investigated in six solvents for the visible
spectrum (Agrog tO Aggsg), and found to obey the Drude’s one-term equation,

K o :
[q] = WXE; it is therefore simple.

2. Within the limits of experimental error the d- and FHorms of these
compounds possess identical rotatory power.

3. The effect of the polarities (as deduced from specific inductive
capacity) of Cl, CH, and NO, groups on the rotatory power has been studied.
With minor deviations, Cl and CHj groups, being negative, lower the rota-
tory power, whereas NO, group, being positive, raises the rotatory power.
Thus the polar effect of substituent groups is traceable in optical activity.
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4. Subject to minor deviations, the sequence (decreasing or increasing)
of the rotatory power of these compounds runs parallel with that of the
dielectric constants of the solvents in which the rotatory power is determined.

We wish to make grateful acknowledgement to the University of Allaha-
bad for the grant of facilities for carrying out this investigation.
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