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IN a previous communication,® the camphor-,B-sulphonates (d-, I- and dI-)
of some heterocyclic bases were studied. In the present paper we have
extended our work to the optically active and racemic forms of p-amino
benzenesulphonamido-2-thiazolecamphor-S-sulphonate, ~ p-sulphonamido-
phenyliminocamphor, camphor-B-sulphonylchloride, camphor-B-sulphonyl-a-
pyridylamide and camphor-B-sulphonyl-a-thiazoleamide.

INFLUENCE OF WAVELENGTH ON ROTATORY DISPERSION

The rotatory dispersion of all the optically active substances described
in this paper has been determined in the visible region of the spectrum for

12 wavelengths from Agyee A.U. t0 Aggse A.U. (Tables Il to VII). It is found
to be “ simple ” as it can be expressed by the one-term Drude’s equation,

[a]= sz_”)\o In this equation, %, is a constant which is independent of

the effects of dispersion. It may be considered as a measure of the absolute
rotatory power of the substance. It refers to that wavelength A, where
A% — A% =1 square micron, a value of A not very much greater than 10,000
A.U. Since measurements recorded in the present investigation are upto
6708 A.U., an extrapolation, when the dispersion is simple, to a value of A
slightly greater than 10,000 A.U., is both simple and accurate. In such cases,
k, may be termed the ““ Absolute” rotation of the compound.

THE PRYSICAL IDENTITY OF ENANTIOMERS

The rotatory power of d- and /- enantiomers (Tables III to VII) are
identical within the limits of experimental error and thus support Pasteur’s
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law of Molecular Dissymmetry according to which the optically active and
opposite isomers possess rotatory powers identical in magnitude but opposite
in sign. In the case of all the compounds described in this paper, the calcu-
lated values of rotatory power (c) for different wavelengths agree with the
observed ones (0). The calculated values (c) and the differences (0-c) are
omitted from the Tables (III to VII) for the sake of economy of space. Qut
of 526 observations recorded, in as many as 468 cases, the differences between
the observed and the calculated values of specific rotations correspond to a
deviation of 0-02° or less in the observed angle of rotation, and in as many
as 37 cases this deviation lies between 0-02° and 0-03°. Only in 23 cases,
mostly for Hgzs and Cdggge (mercury violet and cadmium red)—lines diffi-
cult to read—this difference lies between 0-03° and 0-05°. These deviations
between the observed and the calculated values of rotatory power are, how-
ever, of the nature of casual experimental errors.

NATURE OF THE RACEMIC MODIFICATIONS

The melting points of the racemic modifications of p-aminobenzene-
sulphonylamido-2-thiazole camphor-g-sulphonate, p-sulphonylamidophenyl-
iminocamphor, camphor-g-sulphonylchloride and camphor-g-sulphonyl-a-
pyridylamide are higher than those of their optical isomers. They are, there-
fore, true dl- compounds in the solid state. The melting point of the racemic
form of camphor-B-sulphonyl-a-thiazole amide is identical with that of its
optical isomer. That the racemic form of this substance is also a true dl-
compound was determined in the following way: a small amount of the -
form was added to the corresponding racemic modification and the melting
point of the mixture was Jowered showing thereby that the racemic modifica-
tion is a true 4/~ compound.

TeE MOLECULAR ROTATORY DISPERSION OF CAMPHOR-B-SULPHONATES
IN AQUEOUS SOLUTION AND COMPARISON OF THE VALUE OF [M],%°
OF CAMPHOR-B-SULPHONATE 10N IN WATER

The values of [M],%° in aqueous solution for p-aminobenzene sulphonyl-
amido-2-thiazole-d-camphor-B-sulphonate are given in Table I. Its value of
[M],%° is found to be + 65-73°. As this value of the rotatory power of the
salt is higher than the mean value of [M],%° of the camphor-g-sulphonate
jon (53-54°) and as the observed molecular rotatory power of the salt in
aqueous solution is the sum of the rotatory powers of the active acid ion and
the non-ionised molecule, it is clear that the undissociated molecule has higher
rotatory power and that the salt is not completely electrolytically dissociated
even in 0:5% aqueous solution.
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TaBLE I

352 , .
[M],\ in aqueous solution for camphar-g-

Line sulphonates of g-aminobenzene-
sulphonamido-2-thiazole
(0-5000 gm./100 c.c.)

Hgass o 265+1°
Lis005 .. 180-2
Cdyers : e 168-0
d4800 . 155-8
idsose . %(1]9'6
5209 . 7.1
Hggge1 . 87.76
I]g.ﬁ’go . 68'17
Na5893 .o 65‘73
Li8104 e 60‘8'7
Cdaggg 58:43
Ligros .. 38-95

THE EFFECT OF SOLVENT ON THE ROTATORY POWER

" The molecular rotatory power, [M];¥°, of the compounds in different
solvents is given in Table Il. The sequence of their decreasing rotatory
power is given below:

(a) p-Aminobenzenesulphonylamido-2-thiazolecamphor-B-sulphonates.—
Pyridine > Ethyl alcohol > Methyl alcohol > Water.

The sequence agrees with that of their dielectric constants but in the
reverse order.

(b) p-Sulphonamidophenyliminocamphors.—

Chloroform > Pyridine > Acetone > Ethyl alcohol > Methyl alcohol.

The above order of decreasing rotatory power is exactly in the reverse
order of their dielectric constants.

(¢) Camphor-B-sulphonylchlorides.—

Pyridine > Methyl alcohol > Ethyl alcohol > Acetone > Chloroform>
Benzene. -

This order of decreasing rotatory power runs exactly parallel to the
dielectric constants of the solvents except for pyridine which sometimes
behaves abnormally.

(d) Camphor-B-sulphonyl-a-pyridylamides.—
Acetone > Chloroform > Pyridine > Ethyl alcohol > Methyl alcohol.

A
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The sequence agrees with that of their dielectric constants in the reverse
order except for acetone.

(e) Camphor-B-sulphonyl-a-thigzoleamides.—
Acetone > Chloroform > Pyridine > Ethyl alcohol > Methyl alcohol.

This sequence is again in the reverse order of their dielectric constants
except for acetone.

Similar results follow if we compare the order of molecular rotation
constants, K,, with the dielectric constants of the solvents in which the dis-
persion of these compounds is observed. The values of k,’s are given in
brackets (Table II).

As already pointed out in our previous work™? it would, however, be
more rational to compare the rotatory power Nof the solutions with their
dielectric constants and not with the dielectric constants of the solvents.

;
[
2

THE EFFECT OF SUBSTITUENT GROUPS ON ROTATORY POWER

Rule* has shown that the arrangement of groups according to their
polarities follows a general order with minor differences, whether the order
is deduced from benzene substitution data, influence of various groups on
dissociation constants of substituted acetic or benzoic acids or on the basis
of electronic theory and that the order is

OH, Cl, Br, I; NH,, C,H;, CH,, H, COOH, CHO, COCH,, CN, NO,

TABLE A
No. Structural formula (o] 12)00' in chloroform
I . C10H150:50,-0H  (z) 39-47° "’
11 .. CioH150-50,:Cl (9 32-0°
111 . C10H150:50,-Br (o) 26-0°
IV .o C}0H150'SOQ‘NH2 (6‘) 1'50
\ .. CyoH1580,°N © ~33-5°

(@) Hilditch, T. P., Jour. Chem. Soc., 1912, 101, 192.
(b) The present measurements were made at 35° C,
: (c) Armstrong, H. E., and Lowry, T. M., Jour. Chem. Soc., 1902, 81, 1441.

In Table A the values of [a],2° in chloroform of camphor-g-sulphonic
- acid and its four derivatives are given. On comparing these values of [a],2,
it is found that the order of rotatory power for the different substituents is
'OH > Cl > Br > NH, which runs exactly parallel to the above mentioned
polar series.
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THE RELATION BETWEEN CHEMICAL CONSTITUTION AND ROTATORY POWER

In Table II the molecular rotatory powers, [M],%°, of 14 compounds

in different solvents are given. The values of Drude’s molecular rotation

constants, Mi{)(()'k’ have also been included for the sake of comparison and

are shown in brackets.

1. It 1s seen that the sulphathiazole salt (4) has higher rotatory power
than the sulphapyridine salt (3). This supports our previous observation,!
namely, that the thiazole ring has a higher rotatory effect than the pyridyl

nucleus. A comparison of the values of M[é()]( also bears out similar rela-
tionship.

2. (a) The replacement of an hydrogen atom of the phenyl group in
the phenyliminocamphor (6) by —SO,NH, group in p-sulphonamidophenyl-
iminocamphor (7) dcpresses the rotatory power, whereas a similar replace-
ment in anilinocamphor-B-sulphonate (1) increases the rotatory power
in p-aminobenzene sulphonamido camphor-B-sulphonate (2).

J

(h) The values of the molecular rotation constants, M l%\f)*h In organic
solvents of two compounds (1 and 6, Table 11) are depressed by substitution
of an hydrogen atom by —SO,NH, group (2 and 7, Table II) but are enhanced

in water.

3. (a) The replacement of the hydroxy group in camphor-S-sulphonic
acid (8) by Cl, Br and NH, (compounds numbered 9,10, 11, Table II) decreases
the rotatory power in the order Cl < Br <t NH,. The depression of the
rotatory power caused by the —NH, group (II) is phenomenal as the value
of [M]p'”, in camphor-g-sulphonamide (11) in chloroform is as low as 3-5°

(b) The replacement of an hydrogen atom in the SO,NH, group of
camphor-g-sulphonamide (11) by a phenyl radical (12) enhances the mole-
cular rotatory power considerably from 3-5° to 206-5°. This effect, however,
is less marked in pyridyl (13) and thiazole (14) derivatives (Table II).

(¢) It will be further observed that the thiazole derivative (14) has higher
molecular rotatory power than the pyridyl compound (13) in agreement
with the above mentioned observation on salts of camphor--sulphonic
acids (Tables II, 3 and 4).

Similar results follow when a comparison is made of the values of mole-

. N /.
cular rotation constants, Mlé\o\ .
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THE EFrFECT OF RING STRUCTURE ON ROTATORY POWER

When an open chain optically active compound is transformed into a
ring compound, there is a marked change in either sense, namely, an increase
or decrease, in its rotatory power. The rotatory powers of the esters of
1-methyl-3-cyclopentanone-4-carboxylic acid are about thirty times as great
as those of the corresponding methyl adipic esters.® Again the hexa-
hydrophthalic acids have much lower rotatory power than their anhydrides.®
On the other hand, ring formation may‘cause a great depression in_rotatory
power in some cases: camphoramic acids? have [M]p 89-45° (), 119-4°
(B) in ethyl alcohol, whilst their anhydride has [M];, 10-99°; camphoric
acid® has [M], 49-87° (1% ethyl aleohol solution), whereas its anhydride has
M]p 1-8°.

The replacement of the hydroxyl group of —SO,-OH in camphor-p-
sulphonic acid (I) by Cl and Br causes a progressively moderate decrease
in rotatory power, but if the substituent growp is NH, as in camphor-p-
sulphonamide (IV), it produces a phenomenal depression (Table A):

CH,-SO,"OH CH, S0, NH, CH,—S0,

| N
CH2-~(I:-———CO CHy e (——CO CH, clz--—-c
|
l CH3--(IJ—-CH._, CHS——(|J--CH3 CH3—C~—CHj,
|
CH—CH—CH, CHy——-CH—CH, CH,——CH——CH,
@ [alp=139.47° av) [a]p,=+1-5° (V) [a],=—33:5°

The conversion of camphor-8-sulphonamide (IV) into camphor-B-sulphonan-
hydramide (V) is again accompanied by a great increase in rotatory power in
the opposite sense. The decrease in the rotatory power of camphor-f-
sulphonic acid by different substituents for the hydroxy group is in the follow-
ing order: Cl < Br « NH,. There is, however, a remarkably great depres-
sion In rotatory power in camphor-B-sulphonamide (IV), which may be due
both to the nature of the substituent group (—NH,) and to its close proximity
to the carbonyl group—possibly bringing in hydrogen bonds into action
forming a loosely closed structure (IV A) thus:

Cle' X\
HyC ——C—CO_ HN-
) H
H;C.C.CH,
e G,

The structure postulated above (IV A) may account for the easy conversion
of camphor-g-sulphonamide (IV) into camphor—ﬁ-sulphonanhydramide V)
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accompanied by a great change (increase) in rotatory power with ring
closure,

EXPERIMENTAL

p-Aminobenzenesulphonylamido-2-thiazole-camphor-B-sulphonates

Molar proportions of p-aminobenzene sulphonylamido-2-thiazole and
camphor-3-sulphonic acid (d-, /- or dI- form) were dissolved separately in
absolute ethyl alcohol and ethyl acetate respectively. The two solutions were
mixed and allowed to stand. The salt crystallised out on scratching the sides
of the container. They were repeatedly recrystallised as white rectangular
piates from a mixture of ethyl alcohol and ethyl acetate. These salts are
fairly soluble in pyridine and methyl alcohol, less so in ethyl alcohol and
water and practically insoluble in acetone, chloroform, bemzene and ether.
(Found: d-salt, m.p. 202° C.-204°C.; eq. wt.=483-9, S = 20-09Y%,
I-salt, m.p. 202° C.-204° C., eq. wt. = 487, S = 19-63%, dl-salt, m.p. 208° C.
-210° C., eq. wt. =487, S = 19-819; C;sHy;04S, requires eq. wt. = 487,
S =19-7%.)

p-Sulphonamido phenyl imino camphors

Molar proportions of camphorquinone (d-, /- or dl-form) and p-amino-
benzenesulphonamide (1:66 gm. and 1-72 gm. respectively) were ground
together with anhydrous sodium sulphate (3 gm.). The mixture was sus-
pended in absolute ethyl alcohol (10 c.c.) and refluxed on a water-bath for
about six hours. On extraction with water, the compounds precipitated out.
They were filtered, washed well with water and after repeated recrystallisa-
tions from dilute ethyl alcohol were obtained as yellow glistening rectangular
plates. These compounds are fairly soluble in acetone, pyridine, methyl
alcohol and chloroform, sparingly so in ethyl alcohol and practically insoluble
in water, benzene "and ether. The yield was about 2 grams. (Found
d-salt, m.p. 228° C., S = 10-02%; I- salt, m.p. 228° C., S = 9-73%; dl-salt,
m.p. 240°C., S =10-12%; C;sHyN,SO; requires S = 10-00%.)

Camphor-B-sulphonylchlorides®

30 gm. of camphor-B-sulphonic acid (d-, /- and dl- form) were suspended
in 60 c.c. of dry benzene in a round-bottomed flask and 30 c.c. of well
cooled thionyl chloride was gradually added. The flask was fitted with a
water condenser guarded with a calcium chloride tube and placed in an ice-
bath for overnight. It was then refluxed on a water-bath till the unused
camphor-B-sulphonic acid had dissolved. The excess of thionyl chloride
was distilled off and then the excess of benzene was removed under reduced
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pressure. The contents of the flask were then cooled and allowed to crystal-
lise. They were filtered at the pump, washed with petroleum-ether and
finally recrystallised as fine prisms out of petroleum-ether (animal charcoal).
The mother liquor was also worked out to yield a further crop of crystals.
The camphor-B-sulphonyl chlorides are soluble in pyridine, acetone, chloro-
form, benzene, ether, ethyl alcohol and methyl alcohol, very sparingly soluble
in petroleum-ether and practically insoluble in water. The yield was about
15gm. (Found: d-compound, m.p. 67°C, S = 12-63%; I-compound,
m.p. 67°C, S=12:69%; di-compound, m.p. 72-74° C., S = 12-94%;
CyoH15805Cl requires S = 12-77%.)

Camphor-B-sulphonyl-a-pyridylainides

Molar amounts of camphor-S-sulphonyl chloride (d-, /- or dl-form),
e-aminopyridine and pyridine were mixed together. The mixture was then
refluxed for about 6 hours in an oil-bath at about 150° C. The resulting
product in each case was then extracted with water, filtered and finally
recrystallised as smail rectangular plates from ethyl alcohol. It is fairly
soluble in pyridine, chloroform and methyl alcohol, sparingly so in ethyl
alcohol and acetone and practically insoluble in benzene, water and ether.
(Found: d-compound, m.p. 208°-10°C., S = 10-33%; l-compound, m.p.
209°-10° C., S = 10-42%;; dlsalt, m.p. 216°-18°C, S = 10-61%;
CisHyoNoSO; requires S = 10-4%)

Camphor-B-sulphonyl-a-thiazoleamides

Molar quantities of camphor-B-sulphonyl chloride (d-, - or dl-form)-
a-aminothiazole and pyridine were mixed together and refluxed inan oil-
bath at about 150° C. for six hours. The resulting mass in each case was
extracted with water, filtered and finally recrystallised as fine needles from
ethyl alcohol. 1t is fairly soluble in pyridine and chloroform, less so in methyl
aleohol, ethyl alcohol and acetone and practically insoluble in water, benzene
and ether. (Found: d-compound, m.p. 238°-40°C., S = 20-57%; l-com-
pound, m.p. 238°-40° C, S =20-12%; dl-compound, m.p. 238-40° C,
S =20-49%; CHsN,S,04 requires S = 20-49)

The rotatory power determinations were made in a 2-dem. jacketed
tube. The rotatory power determinations were carried out at approxi-
mately 35°C. The values of A calculated from the dispersion formule,
are given in Tables III to VII and are expressed as p or 104 cm.
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SUMMARY

1. The rotatory dispersion of stereoisomeric compounds described in

this paper is found in different solvents to obey the simple dispersion equa-

tion of Drude, [a] = )"\EI%-Q"X"‘

-

2. The equality of rotatory dispersions of dextro and levo forms
supports Pasteur’s Law of Molecular Dissymmetry.

3. The effect of replacement of OH group in camphor-g-sulphonic acid
by Cl, Br and NH, groups on rotatory power has been discussed and the polar
effect of these groups on the rotatory power of the compounds also traced.

4. The effect of different solvents on the rotatory dispersion of the com-
pounds described in this paper has been considered.

5. The thiazole group has a greater effect on rotatory power than the
pyridyl nucleus.

6. The remarkably low rotatory power of camphor-g-sulphonamide
is explained on the assumption of hydrogen bonds of the SO,NH, group
interacting with the oxygen atom of the carbonyl group.
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