
XL.-Studies of the Terpenes and Al l ied Compaunds. The Sulphonic 
Dericatives of Campliar. Part I. 

By F. STANLEY RIPPING, Ph.D., D.Sc., and W. J. POPE, Associate of 
the City and Guilds of London Institute. 

THE experiments recorded in this paper were undertaken with the  
object of obtaining camphorsulphonic acid, a substance which many 
chemists hitherto have vainly sought to  prepare, and also with the 
object of ascertaining the nature of the changes involved in the  
formation of acetylorthoxylene by the interaction of camphor and 
sulphuric acid (compare Armstrong and Kipping, this vol., p. i 5 ) .  

The fact that camphor is almost entirely converted into " camphren '' 
on treatment with ordinary sulphuric acid, and cannot, therefore, 
uoder these conditions, yield anything but slr very small quantity of a, 
sulphonic derivative, even i€ sulphonation occurs at  all, led us to 
study its behaviour towards anhydrosulphuric acid and chlorosulph- 
oiiic acid ; in both cases sulphonation takes place readily, camphor- 
sulphonic acid and other compounds being formed. 

The camphorsulphonic chloride prepared from the acid obtained by 
either of these methods is a mixture of optical isomerides, but as the 
dextrorotntory modification is present in rather the larger proportion, 
w e  have been able to  isolate and examine it. 

The optically inactive, or feebly active, mixture of sulphonic chlor- 
ides shows a very remarkable behaviour ; it is deposited from solution 
in well-defined crystals, which, though apparently homogeneous, are  
simply mixtures of the two active compounds in variable proportions, 
and are partially resolved into enantiomorphous forms on recrystal- 
lisation. 

Camphorsulphonic acid, its amide, and a variety of its salts have 
been prepared, and attention is drawn to the remarkable crystallo- 
graphic character of some of these compounds, more especially in the  
case of the active Substances. 

Bromocamphor is readily converted into a sulphonic acid on treat- 
ment with anhydrosulphuric acid or  with chlorosulphonic acid ; chloro- 
camphor has, hitherto, only been sulphonated with the latter. The 
sulphonic derivatives of both these substances are optically active, 
and are remarkable for the extraordinary facility with which they 
crystallise; the sulphonic chlorides, the amides, the acids, and a 
number of salts are described, the optical and crystallographic cha- 
racters of many of the compounds being given. 

Marsh and Cousins (Trans., 1891, 59, 966) have described sulph- 
onic derivatives of bromocamphor and chlorocamphor, obtained by 
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THE SULPHONIC DERIVATIVES OF CANPHOIt. 54!3 

means of chlorosulphonic acid, but as most of their preparations 
were impure, their account of the properties of these substances is 
very misleading ; their work is frequently referred to later. 

Cazeneuve (Cornpi. rend., 110, 719), who has studied the action OF 
sulphuric acid on chlorocamphor, has obtained results of considerable 
interest, but as they have no immediate bearing on our own work, we 
will not discuss them in the present paper. 

Speaking generally, the sulphonic derivatives of camphor are com- 
pounds of exceptional beauty, and, judging from the results thus faz 
obtained, their further study will probably lead to conclusions of 
considerable importance. 

Xdphonic Derivatives of Camphor. 

Sulphonation of camphor with anhydrosulphuric acid.--When dry 
powdered camphor is treated at  ordinary temperatures with about 
twice its weight of anhydrosulphuric acid containing about 15 per 
cent. of anhydride, a very energet’ic action, accompanied by a consider- 
able rise in temperature, sets in, and the solution rapidly darkens, 
sulphur dioxide being evolved in large quantities ; after about 
20 seconds, sulphonation is nearly complete-that is to say, very little 
camphor is precipitated on pouring the solution into water; if the 
action be allowed to proceed, it gradually becomes more and more 
vigorous, the mixture froths over, and practically the whole of the 
camphor is converted into carbonaceous matter. When acid contain- 
ing less than about 15 per cent. of anhydride is empIoyed, the camphor 
at once passes into sdution, but is only partially converted into 
products soluble in water, even on keeping for some time ; when, on 
the other hand, the anhydro-acid is too concentrated, the action is so 
violent that it cannot be kept under control. 

These observations led to the adoption of the following method of 
sulphonating camphor :-Dry, powdered camphor, in quantities of 
about 50 grams, is placed in a large bea.ker, and 15 per cent, 
anhydrosulphuric acid, about 100 grams, poared over it ; after action 
has proceeded for about 20 seconds, the dark brown solution is poured 
on to powdered ice, and these operations are repeated with fresh 
quantities of camphor, until about 1000 grams have been treated. 
The yellow or brown aqueous solution-which has the characteristic 
smell of “ camphren,” owing to the presence of small quantities of 
this oil-having been filtered to separate unchanged camphor, is boiled 
to expel sulphur dioxide, and neutralised with chalk or milk of lime ; 
in the latter case carbon dioxide is afterwards passed into the boiling 
liqnid, nntil the excess of calcium hydroxide is precipitated. The 
sulphate and carbonate of calcium are then separated by filtration, 
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550 RIPPING AND POPE: 

through calico, and the filtrate boiled down to a small bulk, the 
calcium sulphate which crystallises out being removed from time to 
time. Water having been added, the calcium salt is converted into 
sodium salt by treating with sodium carbonate, and the filtered solu- 
tion evaporated t o  dryness. The resulting brown, viscid product 
is heated in an air-bath at  about 120" ; at  first it melts to a thick 
paste and froths very much, owing t o  the escape of water vapour, but 
ultimately it is converted inho a friable, light brown mass, which is 
quickly powdered in  a warm mortar, and, being very hygroscopic, 
kept in a desiccator or in  a stoppered bottle. 

The quantity of crude anhydrous sodium salt obtaind in this way 
from 1 kilo. of camphor is usually rather more than 600 grams ; we 
have not yet made m y  attempt to ascertain the proportion of pure 
sodium camphorsulphonate present in the product, but have employed 
it without purification for the preparation of camphorsulphonic 
chloride. 

Tveatment of sodium salt with phosphows y entachloride.--In prepar- 
ing camphorsulphonic chloride, a quantity of about 100 grams of the 
anhydrous sodium salt is placed in a mortar and triturated with it 
small quantity of phosphorus pentachloride, a little phosphorus oxy- 
chloride being added, if necessary, to start or hasten the action; a 
very slight evolution of hydrogen chloride occurs if the salt has been 
carefully dried, but the mixture becomes distinctly warm and soon 
turns pasty ; the addition of small quantities of pentachloride is then 
continued, until the total quantity employed amounts to about 
100 grams (1$ mol. props.) ; after about half an hour, the semi-fluid 
mass is slowly poured on to, and stirred up with, powdered ice. The 
sulphonic chloride, which separates in the form of dirty-grey, sticky 
clots, is extracted by repeatedly shaking the mixture with ether, a 
process which is sometimes rendered very tedious by the formation 
of an emulsion, from which the ether separates with difficulty. The 
ethereal solution, after being washed several times with small qnanti- 
ties of water until free from phosphorus oxychloride, is carefully 
dried with calcium chloride and the ether evaporated. The dark 
brown, oily residue is heated at 100" for some time to expel ether, 
and is afterwards placed in a desiccator over sulphuric acid and potash ; 
in the course of a few days, the crude sulphonic chloride partially 
solidifies, the crystalline cake which forms containing a considerable 
proportion of oily substances. The yield of crude product is very 
variable, but is usually 60-80 per cent. of the sodium salt employed ; 
when the crude dried calcium salt of the sulphonic acid is treated 
with phosphorus pentachloride, the yield of sulphonic chloride is 
very small, apparently because the salt is only partially acted on. 
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THE SULPHONIC DERIVATIVES O F  CAMPHOR. 551 

Camphorszclphonic Chloride, C~oH,~O*SO~Cl. 

When spread on biscuit ware, the crude, dark brown, pasty sulph- 
onic chloride slowly changes into a hard, brown mass, from which 
crystalline substances can be obtained without difficulty with the aid 
of solvents. This treatment, however, occupies a long time, and in- 
volves very considerable loss, the oil carrying with it R large propor- 
tion of the crystalline products, which thus escape investigation. 
Under these circumstances we adopted the following method of puri- 
fication, which has the advantages of being very rapid and simple. 

The crude nulphonic chloride, obtained by evaporating the ethereal' 
solution, is placed in a flask together with about 50 c.c, of light petr- 
oleum boiling at  3540": the flask is then connected t o  a reflux 
condenser, and warmed on the water-bath for about 15 minutes, 
frequently shaking. The light petroleum, which does not mix with 
the oily sulphonic chloride, is then decanted or filtered into a beaker, 
and the oil in the flask again extracted in a similar manner. After 
1 epeating these operations two or three times, light petroleum of a 
higher boiling point (about 70-80") is employed, the four or five 
extracts with this solvent being kept separate from those previously 
obtained, and, to a certain extent, from one another, according to 
their character. The extraction is then continued with petroleum 
boiling a t  80-go", and finally with some of the solvent boiling a t  
90-loo", unt.il a black, tarry mass, insoluble, or only very sparingly 
soluble, in light petroleum, remains in the flask ; this residue appears 
still to retain one or more crystalline substances which can be ex- 
tracted with the aid of boiling benzene ; the remaining tar contains 
small quantities of substances soluble in water, probably sulphonic 
acids, produced by the hydrolysis of the sulphonic chlorides by 
traces of water. 

The first petroleum extracts have a brown or yellow colour, but the 
last are almost colourless; the first three or  four contain a large 
quantity of yellow oil, which, on cooling, is quickly deposited, together 
wi th  a small quantity of pale yellow crystals; the next series of 
extracts deposit yellowish crystals and a little oil ; the later extracts 
deposit crystals only, and i t  is convenient, in order to avoid the use 
of too large a qnantity of solvent, to use the mother liquors from 
these crystals in continuing the extraction. 
By proceeding in this manner, and collecting the various extracts 

in the same or in different vessels, according t o  the character of the 
crystals which are deposited, it is possible, after a little experience, 
to effect a rough eeparation of the several constituents of the mixture 
in a very short time ; the petroleum mother liquors from the crystals, 
and from the oil, yield eurther quantities of these products on 
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552 KIPPING AND POPE: 

evaporation at  ordinary temperature, and, as before, the character of 
the deposits is very different. 

It is unnecessary t o  enter here into the details of the treatment by 
which i t  is possible to isolate pure campborsulphonic chloride from the 
crystalline deposits thus obtained, because until the other constituents 
of the mixture have been isolated and characterised, we shall not 
arrive at  the simplest method ; it may, however, be stated that the 
camphorsnlphonic chloride, being more sparingly soluble i n  light 
petroleum than the other crystalline products, is present in the largest 
proportion in the last extracts of the crude oil ; when the crystalline 
deposits from these solutions are collected, again extracted with light 
petroleum, and the process repeated until the deposited crystals are 
colourless, an apparently homogeneous subs tance is obtained in  
bistrous crystals. 

Analyses of samples purified in this way, and then dried at 80°, 
gave the following results. 

0.1665 gave 0.2914 CO, and 0.0915 H20. C = 47.73 ; H = 6-10. 
0-1534 ,, 0.0570 AgCl and 0.1401 BaSO,. C1= 14.00 ; S = 12.54, 
C,,,H,,O.SO,Cl requires C = 47.92; H = 5.99; C1 = 14.14; S = 

The combustion was made with lead chromate, a silver spiral being 
placed in the front of the tube ; the chlorine and sulphur were esti- 
mated by Carius’ method, the sulphuric acid being precipitated with 
barium nitrate after separating the silver chloride. 

The further investigation of this substance is described later 

12.78 per cent. 

(p. 554). 

8ulpphonation of Camphor with Chlorosulphonio acid. 

As the preparation of pure camphorsulphonic chloride from the 
sulphonic acid produced by the action of anhydrosulphuric acid on 
camphor was at  first a matter of very considerable difficulty, owing 
t o  the complex nature of the crude product, the behaviour of camphor 
with chlorosulphonic acid was examined. 

Marsh and Cousins (Trans., 1891, 59, 967) have stated that cam- 
phor does not yield a sulphonic acid on treatment with chlorosulph- 
onic acid in chloroform solution ; although our experiments have 
shown that camphor is readily acted on under these conditions, 
hydrogen chloride being evolved, we have not yet examined the 
nature of this action more fully, as it was found that camphor- 
snlphonic acid could be produced without difficulty by the action of 
chlorosulphonic acid on camphor in the absence of a solvent or 
diluent. 

The following is the method employed :-Dry powdered camphor, 
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THE SULPHONIC DERIVATIVES O F  CAMPHOR. 553 

in  quantities of about 100 grams, is placed in a large flask, and 
treated with about 70 grams of chlorosulphonic acid; the camphor 
quickly passes into solution, the mixture becoming warm, but no 
violent action occurs, as in the case of anhydrosdphuric acid, only 
i~ slight evolution of hydrogen chloride being observed. The flask 
is now fitted with zt cork, through which a calcium chloride tube 
passes, and gently heated on the water-bath ; it rapid evolution of 
hydrogen chloride sets in, and the solution darkens a little. After 
heating for about 20 minutes, and frequently shaking, the mixture is 
cooled ; a further quantity of about 80 grams of chlorosulphonic acid 
is then added, and the solution again heated on the water-bath until 
thP evolution of gas slackens very considerably, and a portion of the 
solution poured into water gives a comparatively very slight pre- 
cipitate of camphor, which is usually the case after about half an 
hour. In this process of sulphonation, very little carbonisation occurs, 
and sulphnr dioxide, if formed at  all, is produced only in very small 
quantities. 

The brownish syrupy solution is allowed to cool, carefully poured 
into water, the precipitated camphor (about 6 grams) separated by 
filtration, and the filtrate treated with barium carbonate and barium 
hydroxide successively until slightly alkaline ; after passing carbon 
dioxide into the boiling mixture to precipitate the excess of barium 
hydroxide, an operation which is to be recommended, because the 
coloured impurities are in this way t o  a great extent got rid of, the 
solution is filtered, and the filtrate treated with sodium carbonate as 
long aa a precipitate is produced. 

The almost colourless solution of the sodium salts is evaporated to 
dryness on the water-bath? the residue dried a t  about 220°, ground to 
a fine powder, and repeatedly extracted with 96 per cent. alcohol, in 
which the sodium camphorsulphonate readily dissolves, leaving a 
residue of sodium chloride ; finally the alcoholic extract is evaporated 
and the residue dried at  110-120”. 

The crude sodium camphorsulphonate, obtained in this way, is 
employed without further purification for the preparation of the 
aulphonic chloride; the yield is usually about 115 grams from 100 
grams of camphor. 

The treatment with pentachloride having been carried out in  the 
manner previously described? and the product isolated by extracting 
with ether, crude camphorsulphonic chloride is obtained as a yellow 
ail which partially solidifies to a crystalline mass in the course of a 
few days; under ordinary conditions the yield amounts to about 40 
per cent. of the sodium salt employed. 
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554 EIPPING AKD POPE: 

Camphorsulpphonic Chloride, C,,H:,,O*SO,Cl. 

The crude product appears to be very much the same as that pre- 
pared from camphor wi th  the aid of anhydrosulphuric acid ; it. is, 
however, usually lighter in colour, and apparently a larger proportion 
solidifies. We have not yet emmined it very fully, but have suc- 
ceeded in isolating camphorsulphonic chloride from it by extracting 
the crude oil with boiling light petroleum exactly as described above 
(p, 551). The crystalline deposits from the light petroleum solutions 
consist- of a t  least two substances, but, as before, the camphorsulph- 
onic chloride being the more sparingly soluble, is present in the 
largest proportion in the deposits from the last extracts ; after re- 
peated recrystallisation from light petroleum, a colourless substance, 
which seems to be homogeneous, is obtained. 

Analyses of this product showed that it had the same composition 
as the sulphonic chloride previously prepared. 

0.1650 gave 0.2889 C 0 2  and 0.0931 H20 ; C = 47.75 ; H = 6.27. 
0,2265 0.1287 AgCl and 0.2180 BaS04. C1 = 14.03 ; S = 13.21. 
CloH,,0.S02C1 requires C = 47-92 ; H = 5.99 ; C1 = 14.14 ; S = 

,, 

12.78 per cent. 

Isolation of Deztrorotatory Ctnmphorsulphonic Chloride. 

The second method of preparafion, described above, not having been 
attempted until some time after the commencement of our experiments, 
our  investigations were at  first limited to the study of the sulphonic 
chloride obtained from the product of the interaction of camphor and 
anhydrosulphuric acid. Various preparations from this source, all of 
which had been extracted from the crude product with boiling light 
petroleum, and then purified by repeated crystallisation from the  
mme solvent, were examined, and appeared to be identical ; they all 
showed the same behaviour when heated, and, on examination under 
the micrascope, seemed to be homogeneous; samples which were 
analysed gave results agreeing closely with those required by a com- 
pound of the composition CloH150*S02Cl. 

One fact, however, seemed at  first to indicate the presence of im- 
purity in the preparations, namely, their behaviour when heated ; 
portions which had been repeatedly crystallised from boiling petroleum 
fused partially a t  about 107", but did not completely liquefy until the  
temperature rose to about 108*5", or even higher ; after solidification 
they melted, on reheating, sharply at  105*5-106*5". As well-defined 
crystals obtained with the aid of other solvents showed a similar 
behaviour, melting at  a higher temperature, and less sharply, when 
heated for  the first time than they did afterwards, we comluded that 
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THE SULPHOSIC DERNATIVES OF CAMPHOR. 555  

we were dealing with a case of dimorphism, and no longer doubted 
the purity of our preparations. 

Under these circumstances we proceeded to study some of the de- 
rivatives of the sulphonic chloride, and prepared the amide, the sulph- 
onic acid, arid some of the salts of the latter;  all these substances 
appeared to be homogeneous, and on analysis gave the results which 
were expected. 

I n  the meantime we commenced the investigation of the action of 
chlorosulphonic acid on camphor, and, having isolated the sulphonic 
chloride in  t,he manner described, we compared i t  with that obtained 
by the first method ; it separated from boiling light petroleum in lustr- 
ous, colourless crystals, which appeared to be identical in ordinmy 
properties with the suiphoriic chloride previously studied, and showed 
the same behaviour as the latter when heated. It was also observeti 
that  when the ill-defined crystals obtained fi-om hot light petroleum 
were dissolved in a mixture of ether and petroleum, well-defined, 
four-sided plates were deposited, showing a very peculiar behaviour 
when heated (see later, p. 562) ; as the sulphonic chlorides frorn the 
two sources both gave such plates, we took i t  as a satisfactory proof of 
their identity. 

It was not, until we came to examine the rotatory power of the two 
preparations that this conclusion was, to some extent a t  any rate, 
proved to be erroneous. Some of the salts which had been prepared 
fi-om the sulphonic chloride obtained by t'he first method had been 
found to be optically inactive ; although, under these circumstances, 
it was a priori improbable that the sulphonic chloride would be opti- 
cally active, examiriation showed i t  to be feebly dextrorotatory, the 
sample in question haviiig a specific rotatory power [aID = +3*i3" in  
chloroform solution. 

On making an  observation with B sample of the sulphonic chloride 
prepai~ed by the second method, we found that here, also, there was 
feeb!e dextrorotation, bint that the specific rotatory power was not the 
same as that of the other preparation, being, in fact, [ E ] ,  = +4*7" 
in chloroform solution. 

This, however, was not the only fact which optical examination 
brought out, inasmuch as different samples prepared by the same 
niethod had slightly different specific rotations, all being dextro- 
rota tory. 

The explanation of these facts seemed to be fairly obvious, namely, 
that  the sulphonic chloride hitherto supposed to be homogeneous was 
a mixture of an  optically active with an optically inactive compound, 
and that the reason why the preparation obtained by the second 
method was the more highly dextrorotatory was that the formabion of 
the sulphoiiic acid from which it was derived had taken place under 

VOL. LXIII. 2 U  
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556 KIPPING AND POPE: 

conditions generally more favourable to the production, or less favour- 
able to the destruction, of an optically active substance ; it appeared 
very probable, also, in view of the analytical results, that the two opti- 
cally different substances had the mme composition, that is to say, 
were both camphorsulphonic chlorides. 

Under these circumstances we commenced a more careful and 
searching examination of the sulphonic chloride which had been 
obtained by the first, method of sulphonating, and to which alone 
the following statements refer, witth the object, if possible, of separ- 
ating the optically different compounds assumed to be present ; for  
this purpose slightly different samples, which had been purified in 
various ways, were employed. On recrystallising these from cold 
ethyl acetate, i t  was found that two kinds of crystals were deposited, 
namely, small, four-sided plates, evidenkly identical with the above- 
mentioned crystals obtained from ethereal petroleum solution, amd 
very large, compact, prismatic masses, rather translucent than 
transparent ; although so different in appearance, both kinds of 
crystals had practically the same melting point, and were, in fact, 
Fimply different forms of one and the same substance. When the 
fiat plates were separated and recrgstallised from ethyl acetate, in 
some cases only one, in others both kinds of crystals were again ob- 
tained ; the prismatic masses, treated in the same way, yielded either 
transparent plates or prisms, or a mixture of the two. I t  was clear, 
therefore, that the formation of one or other kind of crystals was 
simply due to a slight alteration i n  the conditions of the experiment, 
and that a separation of the optical isomerides was not to be effected 
in  this way. 

We next tried fractional crystallisation from a mixtnre of chloro- 
f x m  and light petroleum, and found that, after a great many 
operations, a given sample could be separated into fractions of 
slightly different specific rotation ; the process, however, was ex- 
tremely tedious, and we again resorted to ethyl acetate. 

On systematically crystallising samples of the sulphonic chloride 
-from ethyl acetate, the crystals first deposited began to show a 
behaviour different from that previously noticed ; their melting point 
gradually became less and less definite, although, after having been 
melted, they liquefied almost completely at  105.5-106*5" when heated 
for  the second time ; when a particular stage of the process had been 
arrived at, well-defined, transparent prisms were obtained, and these, 
though apparently homogeneous, began to melt a t  about l l O o ,  and 
did not liquefy completely until the temperature rose t o  about 130°. 
From these crystals, i t  was a matter of little dificulty, by simply 
continuing the process, to isolate a substance melting at  137.5". 

This compound is dextrorotatory carnphorsulphonic chloride, and 
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THE SULPHOSIC DERIVATIVES OF CAMPHOR. 557 

is described later (p. 564) ; it has a specific rotatory power [aJD = 
+ 128.7". 

Evidence of the  Existence of Lcevwotatory Camphorsulphonic Q h l o d e .  

These experiments having shown that the slight and variable optical 
activity of different samples of the sulphonic chloride was dua to the 
presenreof variable quantities, usually 2 to 4 per cent. of the dextro- 
rotatory compound, attempts were made fo isolate the optically 
inactive substance, of which it seemed the mixture was for the most 
part composed. 

Although, starting with a sample of specific rotaticmgmater than 
about [Q]D = +3", it was po3sible in the mannendeseribed above to  
obtain from it a small quantity of the pure activc compound, we were 
unable, owing, perhaps, to the small quantities. a t  our disposal, to 
obtain inactive preparations simply by fractional crystallisation from 
ethyl acetate ; samples which had been systematically treated showed 
a specific rotation corresponding with the presence of about 0.4 to  1 
per cent. of the active modification, and, apparently, this quantity 
underwent no change on contincing the processI 

When such samples were dissolved in ethyl acetate, and the solu- 
tions slowly evaporated at the ordinary tem,perature, the large prisms 
already mentioned were found to be mixed in some, but not in all, 
cases, with a few well-defined tetrahedra, ; the latter melted a t  about 
136", that is to say, at practically the same temperature as the 
dextrorotatory compound, which, under the same conditions, was 
observed to crjstallise in tetrahedra. 

I t  seemed probable, therefore, that if the process were repeated 
several times, we should be able to  obtain the inactive substance in 
a pure condition by separating the different crystals. 

This, however, was not the case, as is shown by the following 
account of the behaviour of a typical sample :- 

A preparation (about 5.5 grams) which in chloroform solution 
showed a specific rotation [aID = +2*57"* WAS dissolred in cold ethyl 
acetate, and the next day all the well-defined tetrahedra which had 
been deposited were picked out, the process being repeated daily ; 
after five or six operations, the specific rotation, observed as before in 
chloroform solution, had fallen to [a]D = +1.74". On continuing in 
tbe same way, the specific rotation fell to 1-04', then to 0.42", and at, 
the end of about two weeks we obtained a preparation (about 4 
grains) which showed no rotation. 

* The values of [a-jD giyen in this section of the paper are, in some cases, only 
approximate, as the weight of the substance was frequently obtained by difference, 
and slight decomposition (hydrolysis) may 4ave occurred during cr;vetdlisation. 
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558 RIPPISG AND POPE: 

'J'he tetrahedra which had been separated from the sample of 
specific rotation [%ID = +0.42" were all well-defined cryshls, and 
weighed 0.51 gram ; a portion (0,471 gram) of these crystals showed 
in  chloroform solution a specific rotation 

Now i f  these tetrahedra had consisted of pure dextrorotatory 
eamphorsulphonic chloride, they would have had a specific rotatory 
power [aID = +128.7", that is to say, the rotation should have been 
22 times greater than the observed value, and, moreover, their 
elimination from the sample of specific rotation [a ID = +0.42" must 
hnvc been accompanied by a verymuch greater change in the specific 
rotation of the la t te r ;  in other words, the tetrahedra in question 
could not be all of the same kind. 

Some of the  tetrahedra which had not been employed for the 
optical examination were well washed with petroleuin until free from 
adherent matter, and dried in thc air; 10 well-defined, lustrous 
crystals, when heated singly in separate capillary tubes, hnd practically 
the sarne melting point ; one or two of them showed faint signs of 
melting a t  about 13U", and completely liqaefiod at 135", b u t  all the 
others melted a t  135-137" ; after solidification, they all melted a t  
practically the same temperature as a t  first. 

Other tetrahedra from the same sample were then examined in 
pail's, two crystals of approximately equal size being taken at 
random and placed either slightly apart or in loose contact in a 
capillary tube ; 15 pairs were thus treated. On slowly heating, not 
one out of the 30 crystals showed any signs of melting until the 
temperature rose to ahont 127", but they all liquefied completely 
below 1317", the majority of them melting at 135-136". As soon 
as the fused mixture of two tetrahedra had solidified, the melt- 
ing point was again taken; the contents of 19 out of the 15 tubes 
melted a t  practically the same teniperature as a t  first, namely, a t  
about 135", but the contents of the remaining t8hree liquefied com- 
pletely a t  105*5---107*5". Finally, eight small tetrahedra were placed 
in loose contact in  a single tube; signs of melting were visible a t  
about 1 2 5 O ,  and a t  134" they had all melted ; after having solidified, 
the contents of the tube liquefied completely at 105.5-107". 

These observaticJris prove that there are two kinds of tetrahedra 
which, when fused together in approximately equal quantities, give 
a substance melting a t  about 106"; since both kinds melt a t  about 
1:38", that is to say, a t  practically the same temperature as dextro- 
rotatory caniphorsulphonic chloride, and are ideiiticnl in &her pro- 
perties, it follows that they represent respectively the dextro- and 
laevo-rota tory mod3 cations. 

The reason that the melting point of the separate crystals was not 
always the same its that of the pure dextrorotatory compound was, 

= +5*08". 
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THE SULPRONIC DERIVATIVES OF CAMPHOR. 5.59 

doubtlless, due to the presence of traces of the mixture of lower  
melting point, the crystals having been taken from a sdution which 
contained a large excess of the latter : the fact thsttionly thiee out of 
the 15 pairs examined consisted of the two kinds of crystals, whereas, 
according to t'he laws of probability, five pairs should have done so, 
was, no doubt, partly owing to the f'act that the tetrahedra had been 
obtained from a dextrorotatory solution, wliioh would yield a larger 
proportion of the modification present in excess.- A\ second experi- 
ment with a totally different sample of tetrahedirt gave slightly 
different results. Six crystals, heated sinqly, meited a t  130-136" ; 
after solidification, they showed the simne bshsviour, 12 crystals 
heated in pairs all melted a t  130-136" ; three out of the six pairs 
melted completelg at 105*5-107-5" on heating for the  second time. 

Although we have not yet sncceeded in isolating the Iaevorotatory 
camphorsulphonic chloride, except in the  form of single crystals 
which could not be identified, we have obtained further evidence of 
its existence, as wi€l be seen from the facts now to be stated. 

The successful przpwation in  the above mentioned manner of a 
substance which showed optical inactivity in! chloroform solution mas 
simply a matter of chance. On recrystallising the inactive sample 
already referred to,  tetrahedra were again deposited from the soln- 
tion, the principal portion of the deposits consisting, as before, of 
transparent prisms ; five crystallisations yielded 47 well defined 
tetrahedra, all of which were removed. The rest of the sample, 
previously inactive, had now become distinctlg dextrorotatory, and 
the tetrahedra (0.118 gram) which liad been takem from the solution 
had a specific rotation [aIn  = -20.7"- 

Several other samples of sulphonic chloride showing &able dextro- 
rotation were repeatedly recrystallised, and small quantities of tetra- 
hedra separated. I n  some cases, the solutions became distindly 
Izevorotatory, tbe specific rotation of the dissolved substance being in 
oue case as high as  = -0.42'; the mixture of tetrahedra 
separated froin solutions which became less dextrorotatory, consisted, 
of course, of a larger proportion of dextro- than of lsevo-crystals, the 
mixture of the two showing, in some cases, a specific rotation of as 
much as [a]n  = +25". Solutions of samples which showed laevo- 
rotation still cootinued to deposit tetrahedra on recrystallisation, arid 
sometimes became dextrorotatory ; in such cases, the mixture of tetra- 
hedra, which had been separated, contained the l~evoro ta tor~  modifi- 
cation in excess, and had a specific rotation amounting, in one instance, 
bo as much as [a]D = -20 7". 

These observations seem to prove the existence of laevorotatorg 
camphorsulphonic chloride. 
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5 6 0 KIPPISG AND POPE: 

Chnmcter arid Properties of the Nixture of OFtically Actice Camphor- 
su lp lmic  Chlorides. 

The question whether the two optically active compounds combiue 
to form a racemic modification remains to be discussed ; it. becomes 
necessary, therefore, to more fully describe the character of the prisms 
and four-sided plates which have been already mentioned. 

Concerning t4e pcisms, it mag be stated that the smaller crystals are 
usually transparent and, to the unaided eye, appear to bewell defined 
and absolutely homogeneous (see Fig. 1,  next page), just as much 60, 

in fact, as crystals of zinc sulphate. Larger crystals, which can easily 
be obtained 20 mm. in length, very frequently show a striated appear- 
ance which renders them opaque in places, otherwise they seem to he 
similar to the smaller prisms, except, perhaps, that they are not 
quite so well defined ; their striated appearance seems to be due to 
internal fracture because, on carefully watching the crystals, we 
frequently observed that transparent parts suddenly became opaque, 
probably owitig to a slight change of temperature. These prisms have 
no constaut melting point. Some of theni show signs of melting a t  about 
106", and liquefy completely a t  about 115", ihat is to say, part of the 
crystal will melt a t  the lower temperature and flow to the bottom of 
the tube, leaving a portion of solid matter which adheres to the side 
of the tube, and which does not melt until the higher temperature is 
reached. Others, more especially those obtained from a solution con- 
taining a considerable excess of one of the active modifivations, begin 
i o  melt a t  about ,110", but do not assume a completely liquid form 
until the temperature has risen to about 1:30" ; the solidified mass, on 
reheating, usually begins to  melt a t  105*5", but often does not liquefy 
completely until about 130". 

The behavioar here described in the case of two extreme examples 
is typical of all the prismRtic ,crystals, and may be accoiinted for by 
assuming that they are non-homogeneous mixtures of variable pro- 
portions of the two optically active substances ; the behaviour 
illustrated by the first example is probably that of crystals in which 
the constituents are present in approximately equal quantities ; if, 
however, one modification be prrsent in  large excess, the crjstals 
would, doubtless, show the behaviour illustrated by the second 
example. 

That theRe crystals do actaally consist of the t w o  optical isomer- 
ides is hardly to  be doubted ; t h a t  tliey may contain unequal quanti- 
ties of the substances is proved by the following experiment :-A 
ehloroform solution of a sample of well defined tetrahedra (0.116 
g ram,  [a]D = +24*8") was mixed with a solntion of a different 
sample of tetrahedra (0.182 gram, [aID = -11*2"), and evaporated to 
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TEE SULPHONIC DERIVATIVES OF CAMPHOR. 561 

dryness; the residue melted at  107-115", and, on reheating, a t  
105.5-106*5" ; it was dissolved in ethyl acetate in a test tube, and 
the solution allowed to evaporate at  the ordinary temperature. Two 
large, and one smail, well defiued prisms were deposited, but no 
tetrahedra; on recrystallising the whole, a number of small, well 
defined prisms were obtained, but not a single tetrahedron ; one of 
these prisms melt.ed at  106--120", and, after solidification, liquefied 
conzpletely on reheating at  105 5-106.5" ; on recrystallising the 
remainder, one fairly large tetrahedron was deposited, but, after some 
time, it was converted into a largo prism of irregular form, having 
become imbedded, as it were, in a mass of the crystalline mixture, a 
phenomenon which was frequently observed in  other cases. 

The variable composition of these prisms is also indicated by a crys- 
tallographic examination. On attempting t o  measure the angles, 
multiple images were obtained from all the faces, and the only result 
arrived at  was that the prism angle mm (see Fig. 1) was nearly YO", 
so that the axes a and b are almost equal in length, just as in the 
crystals of the optically active modification described below. The 
forms present are m(110) and o ( l l l ) ,  and very rarely b(Ol0). Each 
face of the form ~ ~ ( 1 1 0 )  is generally marked with a fine: irregular 
line in the direction of the c-axis, just as is frequently seen on quartz 
crystals ; this line is often continued on to the pyramid form, and 
probably indicates twinning, as in the case of quartz ; in addition to 
this line, light striie parallel to  c are also observed. The extinction 
through m(110) is straight all Over the face, and the optic a,xis 
plane is b{OlY). We were unable to cut a section in order to 

FIG. 1. 

measure the optic axial angle owing to the extremely brittle nature 
of the crystals, but on carefully chipping 5t large number, a few 
chance fragments the side8 of which were approximately parallel to 
a(100) were obtained, and through these the smaller axial angle 
could be observed; the angle in air was about 4s6, and the inter- 
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5-62 KIPPlNG AND POPE: 

ference figure exactly siniilar to that of the four-sided plates referred 
to below. 

All the above observations haring shown that the prismatic c i y -  
tals do not represent a piire racemic form of camphorsulphonic 
chloride, we carefiilly examined the four-sided plates already alluded 
to. These crystals are generally 2-3 mm. in width, and are reften 
observed growing in rows  of as many as 10 or 12 individuals, 
attached to each other by their opposite corners: though at first 
transparent, they become opaque after some time, even when left i n  
the solution. Their behaviour on 1icat)ing is practically the same as 
that of the prisms, but, perhaps, not' quite so irregular ; they usually 
show signs of melting a t  about 106" and liqnefy at about 111" ; the 
solidified mass generally melts a t  105=5-106.5" on reheating. They 
beloiig tlo the rhombic system, but attempts to measure them were as 
unsuccessful as those made with the priems ; the angle of the rhomb 
is, however, about 90". The forms present are o(l .11)  and u{lOO) ; 
the pinacoyd is the acute bisectrix, and through it  the optic axes are 
seen. The opposite corners of the crystals are joined by lines 
reaching across a(100) ,  these lines being the traces of two of the 
planes of symmetry upon the third. On examining the plates in 
convergent pdlarised light with a $-inch objective, a portion (A) of 
the crystal often sliows two similar biaxial interference figures, 
superposed at 90" (see Fig. 2) ; this patch is caused by twinning 
upon ((Ill), the  existence of the four optic axes being due to the 
composite nature of the crystal in the part (A). 

FIG. 2. 

These plates are frequently obtained on recrystallising the prisms 
from ethereal petroleum, sometimes also, but uiider conditions which 
we could riot satisfactorily determine, when ethyl acetate is employed. 

When the large prisms or  the four-sided plates are dissolved in light 
petroleum (b. p. 80-9O0) and the  solution cooled very slowly, 
extremely thin, acicnlar prisms 3-4 cm. in length and about 0.5 mm. 
in width are deposited ; these usually melt, at 106-llO", and, on re- 
heating, the solidified mass liquefies completely a t  105.5-107" ; when 
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TBE SULPHONIC DEHIVATiVES OF CAMPHOR. 563 

crystallisation has taken place quickly from a hot Rolution, the melt- 
ing point of the crystal powder appears to be much more regular. In  
shape, the acicular prisms closely regemble the massive prisms ob- 
tained from ethyl acetate solution, but as they exhibit the form 
n(100), the apparent optic axial angle i n  air, 2E, could be measured ; 
the following values were obtained from observations made with 
three crystalo. 

Light. No. of obs. Limits. Mean. 
Sodium. 21 48" 22'-49' 16' 48" 53' 
Thallium. 20 48 53-50 50 49 21 

The rather wide limits between which the observations lie are due 
to the extreme thinness of the plates, the brushes on which the cross 
wires of the polariscope had to be centred being necessarily of con- 
siderable breadth. I n  polarised light, the crystals show interference 
colours of high orders. 

Although, as will be aeen, the arguments which can be advanced 
against the view that one or other of the two forms of crystals jus t  
described may represent a true racemic modification are not quite so 
strong as in the case oE the large prisms, we have been unable to 
adduce any evidence in favour of such an assumption. 

It would seem, therefore, that dextro- and lmvo-rotatory camphor- 
sulphonic chlorides have the property of crystalliaing together in 
almost any proportion, the crystals so formed being partially resolved 
into their components on recrystallisation ; although these crystals 
are so different in habit. from those of the pure, opticall1-active 
modification (see later, p. 5G6), the ratio of the crystallographic axes 
seems to be approximately the same in both cases. 

The curious bebaviour which t.he various kinds of crystals show when 
heated, and which at first, when they were thought to be homogeneous, 
was attributed to dimorphism, appears to be simply the result of 
admixture, as is shown by the following experiment :-12 well-defined 
tetrahedra, obtained from an approximately inactive solution, were 
well washed with ethyl acetate and petroleurn successively, and, 
when dry, reduced to a fine powder. This powder behaved exactly 
like the well-defined pTisma and four-sided plates ; it began to melt 
a t  about 106" and was completely liquid at about 113"; it melt,ed 
for the second time at  105-5-107'. 

There is little to add to the above account of the properties of lfhe 
mixture of tlie two optically active camphorsulphonic chlorides. It 
is very readily soluble in chloro€orm and dissolves freely in most or- 
dinary organic solvents except light petroleum, in which i t  is only 
sparingly soluble a t  high temperatures and almost insoluble a t  low : 
the appearance of the crystalline depasit obtained on rapidly cooling 
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a hot light petroleum solution is very characteristic, and is shown 
in Fig. 3. The behaviour of the sulphonic chloride with water and 
with ammonia is described later. 

FIG. 3. 

Hitherto only the sulphonic chloride obtained from the product of 
the interaction of camphor and anhydrosulphuric acid has been re- 
ferred to ; that obtained with tbe aid of chlorosulphonic acid has not 
yet been very carefully examined, but appears to be, on the whole, 
very sirnilar in composition to the other. A dextrorotatory compound, 
identical in optical and in general popertie,s, with that obtained by 
the first method has been separated from it ; the principal portion of 
the product consists of a substanco which crystallisev in compact 
prisms, four-sided plates, and acicular prisms, apparently ideri tical 
with those described above, and which is, therefore, in all probability, 
a, mixture of dextro- and laevo-rotatoi-y cnmphorsulphonic chlorides. 

bextrorotatory Camphorsulphonic Chloride, C,,H,,O*SO~CI. 
The isolation of this substance having been already described, we 

will pass at once to an account of its properties, its compositioii 
having been determined by the following analytical results. 

0.1535 gave 0.2683 CO, and 0.0854 H,O. C = 47.65 ; H = 6.18. 
02265 ,, 0.1287 AgCl and 0%8O BaS04. C1 = 14.04 ; S == 13.21. 
CloH,,O.SO,C1 requires C = 47.92 ; H = 5.99 ; C1 = 14.14 ; 

S = 12.78 per cent. 
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THE SULPHONIC DERIVATIVES OF CAXPFIOR. 565 

It melts at  137.5', and its melting point is the same on reheating. 
It crystallises from boiling light petroleum in very peculiar, dendritic 
forms much the same in appearance as the crystals of the mixture 
shown i n  Fig. 3 ; it separates from cold chloroform in well-defined, 
transparent prisms, On crystallisation fram hot ethyl acetate, it is 
deposited in curious, opaque masses, which have usually a more or  less 
triangular form ; when, however, crystallisation takes place slowly at  
the ordinary temperature, it is obtained in well-defined tetrahedra, 
Fig. 4, which are represented and described below (p. 566). The solu- 
bility of this substance in most ordinary solvents seems to be rather 
less than that of the mixture already described, nevertheless, it dis- 
solves freely in m o d  of the ordinary solvents with the exception of 
light petroleum. It is only slowly hydrolysed by boiling water, 
giving a colourless solution ; i t  is readily acted on by warm potash. 

I n  determining its specific rotation, 1.3372 grams of substance 
melting at  131.5" were dissolved in chloroform, the solution diluted 
t o  2.5 c.c., and examined at  14" in a 800 mm. tube ; the average of seven 
concordant observations was [a]D = +13" 46' ; the specitic rotatory 
power is, therefore, [aID = +l28*7", a, value higher than those of 
the bromo- and chloro-derivatives described below. Although great 
care was taken in purifying the sample employed in the rotation de- 
termination, we have hitherto had at our tiisposal such very small 
quantities of the pure substance that the value given above may not 
be quite accurate ; it may be stated, however, t'hat a carefully puri- 
fied sample of the dextrorotatory sulp honic chloride obtained from 
the product of the interaction of camphor and chlorosulphonic acid 
gave a value practically the same as the other preparation, namely, 

The crjstals deposited from ethyl acetate solution are indis- 
tinguishable by mere inspection from cubic tetrahedra ; the edges 
are generally a millinletre or so long. Such small crystala as these, 
show, as a rule, only the hemihedral octahedron, but on microscopic 
examination, the corners are frequently seen to be replaced by the 
complemeritary tetrahedron. Crystals having edges a centimetre o r  
SO in length may, however, be readily cultivated ; these crystals or- 
dinarily exhibit only tbe one tetrahedron form, but occasionally the 
combinatioii of forms represented in Fig. 4 is obtained. The form 
0, ~(111) is always the largest prevent; it gives rather poor reflec- 
tions on the goniometer, owing to a somewhat irregular habit of 
grcwth by which it is characterised. The complementary tetra- 
hedron, o', K (  111 ], is, as before stated, mly  seldom present ; its faces 
are, however, very bright and give good measurements. The piua- 
cold ~(001)  is more often observed ; i t  i s  somewhat irregularly de- 
veloped, but generally gives pretty fair results on measurement. The 

[a ]J j  = + 127-6". 
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prism form ~ ( 7 1 0 )  is very seldom exhibited and gives ind i fken t  re- 
flections. The two remaiuiug forms. ~ ( 0 1 1 )  and q(101), which a m  
Yarely observed, are very small, and their faces reflect so little light 
tha t  the one, p(101), is measured with difficulty, even when the 
lowestpower of the larger Euess gonionieter is used; the other, 
~ { O l . l ] ,  could not be measured at all. 

The crystals are very brilliant, possess a glassy lustlre, and are ex- 
tremely brittle, breaking apparently with equal facility in all direc- 
tions and showing a conchoi'dal fracture. It was impossibIe to  cut 
sections for optical examination, but on crnshing the crystals on 
the microscope stage, a few irregulai- fragments were obtained, show- 
ing a biaxial interfemnce figure on examination under a wide-angled 
immersion objective in polarised light. The apparent optic axial niigle 
in air is about 45", that is to  say, of about the same magnitude as the 
angle measured on the prismatic crystals o f  the mixtare of optically 
active isomerides described above. "be double refraction is positive 
and very strong. 

FIG. 4. 

Crystalline System : Orthorhombic. Sphenoidal hernihedrism. 

a : b : c = 0.9980 : 1 : 1.0368 

Forms observed : 
c .... { O O l )  .... OP 
0 .... K ( 1 1 1 )  .... + P  
o f . . . .  K(iii) .... -P 
p . . I .  1110) .. . . mP 
T .... f u l l )  .... Pm 

(101) .. .. P a  q .... 
The following nugular measurements were obtained :- 

Number of 
Angle. observations. Limits. Mean. Calculated. 

co = 001 : 111 17 65" 19'- 56" 12' 55" 44' - 
O p  -- 111 : 110 6 38 57-  34 31 344 15 3A3 .16' 
oc = 111 : ooi 15 121 1-124 29 124 14 124 16 
oo = 111: i i i  24 108 9-10s 51 108 34 - 
og = 111 : 101 8 35 16- 36 2 35 35 35 43 
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THE SULPHONIC DERIVATIVES OF CAMPHOR. 567 

Notwithstanding the close agreement between the observed and 
calculated values of the angles given in the above table, the small 
difference in length of the a and b axes is practically wit.hin the limits 
of experimental error; the angle bp(010  : l l O ) ,  the tangent of which 
measures the ratio b : a, is calculat,ed as 45" 3' 30'' ; i f  this angle were 
3.5' smaller, the axes a and b would be equal in length. We should, 
therefore, have had considemble doubt as to whether the crystals 
belonged to.the orthorhombic or to the tstragonnl system hnd it  not 
been for the conclusive evidence afforded by the observation of the 
biaxial interference figure. This point will be ngain referred to  
in connection with the sulphonamide derived from this substance. 

Dextrorotatory Cctnt,phorsulphonamide, C10H150*S02*NHZ. 

I n  preparing this Yxbstance, a small quantity (1 gram) of the pure, 
finely-d ivided dex trorotatory stilphoriic chloride melting at  137.5" was 
placed in a stoppered bottle togethela with a little concentrated aqueous 
ammonia, and t,he mixture well shaken ; a slight development of heat 
seemed to occur, but  the powder did not dissolve completely even on 
prolonged shaking, although it distinctly underwent a change in  ap- 
pearance. After keeping for about six hours, the contents of the bottle 
were transferred to  a dish and the ammonia allowed to escnpe at  the 
ordinary temperature, during which process the amide was slowly 
deposited in a crystalline fo rm ; the next day the product was 
separated by filtration. washed with a little cold water, and dried at  
100" ; the yield was 0.75 gram, and, on evaporating the mother liquors, 
a further small quantity was obtained, so that but little of the chloride 
Lad been converted into the ammonium salt of the sulphonic acid. 

For the analysis, the substance was recrystallised from ethyl acetate 
and dried at 100" 

0.1570 gave 0.2988 C 0 2  and 0.1079 H20. 

Dextrorotatory camphorsulphonamide separates from cold ethyl 
acetate in well-defined crystals which are described below ; these 
crystals show faint signs of melting at  135", and liquefy completely 
at  137*5", that is to say, at the same temperature as the sulphoiiio 
chloride from which they are derived ; the solidified mass melts at 
136-137" on reheating. 

When the amide is slowly crystallised from its solution in concen- 
trated ammonia, it separates in small, compact, six-sided plates 
which seem to contain water of crystallisation ; when these crjstals are 
hoated, they begin to melt at  about 105",nnd at  the same time effervesce, 
bu t  they do not liquefy completely until the temperature rises to 

C = 51.90 ; H = 7.63. 
ClOH,,O*SO,~NH2 requires C = 51-95 ; H = 7.36 per cent. 
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5 69 RIPPING AND POPE: 

ahout 120" ; after solidification, the melting point is 136-137". The 
amide is model-atdy easily soluble in hot water and in chloroform, 
separating from the latter in well-defined plates. 

For the determination of its rotatory power, 0.5629 gram was dis- 
solved in alcohol, the solution diluted to 25 c.c., and examined at 1 3 O  
in a 200 mm. tube ; a, = +4" 13' as the mean of 10 concordant obser- 
vations, or [a]n = +93*6". 

The crystals of dextrorotatory cnmphorsulphonamide deposited on 
spontaneous evaporation of its solution in ethyl acetate are colourless 
auld transparent, and belong to the tetragonal system ; they are re- 
markable both for their greatL beauty and their very unsymmetrical 
development. They grow in it great variety of forms, the particiilar 
shape of any individiial apparently depending on which face rests on 
the bottom of the vessel. I n  a few instances the pinaco'id c(O01) 
is t h e  lowest face, and the crystal then develops into a double pyramid 
having its lower end much more truncated than the upper oue, as 
shown in Fig. 5.  If the crystal happens t o  grow on one of the 
dome faces p(holt) ,  a very unsymmetrical figure, which at  first sight 
would seem to b e l o ~ g  to the rhombohedra1 system, is obtained. At 
other times, four-sided, flattened pyramids, possessing ccjl00) as  the 
basal plane, are formed. The crystallographic identity of these and 
several other habits assumed by the substance was fully proved by 
careful goniometrical measuremects. 

The form ~ ( 0 0 1 )  is the only one of the  piuacojids which attains any 
considerable size ; it is very frequently absent, but, when present, it 
gives pretty fair reflections on the goniometer. The form p (  101 ) is 
always present, is generally very well developed, and gives very per- 
fect images, s9 that i t  can be measured with considerable accuracy. 
The occurrence of the vicinnl forms p'(403) and ~ " ( 2 0  0 16) is very 
remarkable, forms of such high orders being so rarely observed on 
crystals of artificial origin, and particularly on crystals oE organic 
substances, which usually consist of but a few simple forms. The 
form p'j-403) is very well defined and usually gives very perfect 
images ; it is generally of about the same size as p{ 101 ). The form 
p"(20 0 19) is, as a rule, much smaller, and does not give such sharp 
measurements as p' (403) ; compared, however, with the reflections 
ordinarily obtained from artificial crystals, the images are good. 

In  addition t o  the forms enumerated above, several others vicinal to 
~1(101), p'{403], andp"(20 0 19) are generally observed, one of these 
in particular, which lies about 6" from p(lOlf, being very sharply 
defined. As will be seen from t h o  data given below, measurements 
of a very exact nature may be made on these crystals. As the study 
of such vicinol forms seems likely to lead to  results of great crpstallo- 
graphic importance, a, careful investiption of this substance is 
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THE SULPHONIC DERIVATIVES OF CAMPHOR. 569 

being undertaken with the object of ascertaining whether any regu- 
larities exist such as have been pointed out by former investigators 
in tbe cases of the minerals quartz, adnlaria (Websky, Zeit. d. d. gaolog 
Ges., 15, 677) and pyrargyrite (Miers, Zeit. f. Kryst., 15, 129). 

On examination in convergent polarised light, the optic axis is 
Seen through the basal pinaco‘id ~ (001) .  The double refraction is 
positive in sign and weak, but both refraction and dispersion are 
strong. 

Since this substance exhibits circular polarisation in solution, it 
should crystalhe in hemihedral forms ; as, however, the forms 
ohserved up to the present cannot be affected hy hemihedrism, it,s 
non-appearance is accounted for. It is intended to compare the 
crystalline form of this dextrorotatory amide with that of the laero- 
modification, if the latter can be prepared. 

Crystalline System : Tutragonal. 

Forms present : 
a : c = 1 : 1.1253. 

c .... (001) .... O P  
p .. .. p o l )  .. . . Pm 

p”. , (20 0 19) . . 3:Pm. 
p‘ .... 4403) .. %Pm 

The following angular measurements were obtained : 

Number of 
Angle. observations. 

CP = 001 : 101 54 48’ 
p p  = 101 : TO1 27 96 
p p  = 101 : 101 17 83 
p p  = 101 : 011 10 63 
p p  = 101 : 011 7 116 
pp’ = 101 : 403 63 7 
pjd = 101 : 403 9 75 

$3p” = 101 : 20 0 19 7 1 

p’p’ = 403 : 043 4 ‘12 

p>‘=  403 : 403 48 67 

p p ” =  403 : 20 0 19 5 6 

p’p’= 403 : 043 3 107 

Limits. 
12’- 48O 
38- 96 

9- 83 
44- 63 

4 -116 
50- 8 
10- 75 
15- 67 
26- 1 
27-  6 
4- 72 

54 -107 

35’ 
51 
27 
53 
18 
0 

26 
30 
29 
32 
7 

68 

Mean. 
48“ 22’ 30” 
96 45 0 
88 18 0 
63 48 30 

116 10 0 
7 55 0 

75 17 0 
67 22 30 
1 27 0 
6 29 0 

72 5 0 
107 57 0 

Calculated. 

96’ 45‘ 0” 
88 15 0 
63 49 0 

116 11 0 
7 56 30 

75 18 0 
67 22 0 
1 27 30 
6 29 0 

52 5 0 
107 65 0 

- 

On comparing the axial ratioa of the active snlphonalnide with 
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5 i O  KIPPISG AND POPE: 

those of the correspondi iig active sulphonic chloride, considerable 
similarity will be seen to exist :- 

C,,H,,O*SO,Cl .. . . 
C,,H,,O*SO,*NH,. . 

a : b : c = 0.99PO : 1 : 1.0368 
a : b : c = 1.0000 : 1 : 1.1253. 

The ratio a : b is almost t he  same in  both cases : that there is, how- 
ever, a slight difference between these ratios for the two substances 
is shown by the  fact t ha t  the amide is tetragonal, and hence has its 
two axes a and b equal in  length, whilst the chloride, which is ortho- 
rhombic, necessarily has these two axes of different lengths. The 
difference betweeen the  ratio a : b in the two cases is very small, cor- 
responding to a difference of only 3' or so of a rc  ; it is, however, 
somewhat curious that this difference is of such a nature as  t o  change 
the  crystalline system from a uniaxial to a biaxial one. The ratio 
b : c is, as will be seen from the  above figures, considerably altered by 
the  change from the sulphonic chloride to the sulphonamide. 

There is apparently no crystallographic relationship between the 
active and inactire amides; the  latter crystallises in  the mono- 
symmetric system and its axial ratios differ considerably from those 
of its active and tetragonal isomeride, although the crystalline form is 
not masked in either case by the  presence of solvent. 

In act ice Camp hoi-sulp phonam ide,  C,H , * S 0,*N H,. 

W e  prepared this compounll by the  smue method as that described 
in  the  case of the dextrorotatory arnide, us ing  for t h k  purpose a sample 
( 1  gram) of the sulphonic chloride which had a specific rotatory power 
[&ID = +0.21", and which melted, when heated for the first time, a t  
106.5-11 1 O, afterwards a t  105*5-106*5°. The appearances and 
behaviour of the sulphocic chloride during the  action were the same 
as i n  the case of the active cornpound ; the  crude product when dried 
a t  100" was frPe from ammonium salts and weighed 0.7 gram ; as a 
small quantity remained in  the mother liquors, from which, on 
evaporating, it was deposited in  well-defined plates, i t  is evident that  
the formation of ammonium camphorsulphoriate takes place, if a t  
all, only to  a very slight extent. 

The analyses were made with a sample which had been recrystal- 
lisecl from alcohol and dried a t  100". 

0.1628 gave 0.3096 CO, and 0.1106 H,O. 
0.1856 ,, 0,1876 BaS04. S = 13.59. 

C = 51.86 ; H = 7.54. 

C,,H,50*S0,*XHz iequires C = 51.85 ; H = 7.36 ; S = 13.S5 per cent. 

On examining an alcoholic solution OE 0.6341 gram of the  substance 
in  25 C.C. in a 200 mm. tube, i t  was found to be inactive ; t h i s  observa- 
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THE SULPHOYIC DERIVATIVES OF CAMPHOR. 571 

tion, and the generally well-defined character of the substance, point 
to the conclusion tha t  the two optically active amides combine to  
form a, stable racemic compound, a view which is confirmed by the 
crystallographic examin ation. 

The crystals of the amide obtained from ethyl acetate solution show 
signs of melting at about 133.5", but do not melt completely until the 
temperature has risen to 136.5'. When the capillary tube containing 
the liquid substance is cooled, crystallisation does not take place at 
all readily, but can sopetijaes be brought aboat by plunging the tube 
into the hot sulphuric acid (at about 130") and immediately with- 
drawing i t  ; the opaque, crystaliine mass obtained in  this way melts 
sharply a t  122-123" if it  be heated almost immediately. When, on 
the other hand, the liqnid or vitreous subshmce in the tube is allowed 
to  crystallise slowly, or the mbstance melbing a t  122-123" is kept 
for  some time, the melting point is found t o  be 131*5-132.5". This 
behaviour is doubtless due to dimorphism ; thati i t  is not the result of 
the presence of excess of one of the ciptically active amides seems to  
be proved by the  fact that a mixture of the crystals of this sub- 
starlce with those of the dextrorotatory amide melts a t  practically 
the same temperature as the separate constituents, namely, a t  
133.5-136*5" when heated for t'he first time, afterwards either par- 
tially at 122-123", or not until 131.5-132.5". 

The solubility of this substance in various organic liquids seems to  
be approximately the same as that of the active amide ; it dissolves 
freely in boiling water, f rom which it is deposited, on cooling, in 
small rhombs; it is moderately easily soluble in  chloroform, but almost 
insoluble in  boiling light petroleum. 

It crystallises from alcohol in small, colourless, transparent, six- 
sided tablets, Fig. 6, which are generally less than 42 mm. in  
width. On examining these crystals in convergent polarised light, 
an optic axis is seen emerging from the form a(100) ; the axis is not 
central, however, but lies in  the obtuse p-angle 100 : OOi. The ex- 
tinction in a(ZO0) is, of course, the trace of the plane of symmetry on 
that form, so that  the plane of symmetry is also the optic axial plane ; 
the double refraction is weak, and the dispersion strong. The crystals 
are unaffected by exposure to the atmosphere. 

FIG. 6. 

2 a  VOL. LXlI1. 
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572 RIPPING AND POPE: 

The pinacn'id a(100) is very irregularly developed, and multiple 
images are obtained from i t ;  this form is the largest present. The 
other pinacojid ~ ( 0 0 1 )  comes next in point, of size, and also gives poor 
reflections. The pyramid fo rms  o ( l l 1 )  and o ' ( i11)  are smaller than 
the pinacojids, and generally give bether images. 

The following results were obtained on measurement :- 

Crystalline System : Monosymmetric. 

u : b : c = 0.821 : 1 : 1.047. 
/3 = 81" 4'. 

Forms observed : 
a .... (100) .... mPca 
c .... ( O O l ]  .... OP 
0 .... {111> .... -P 
or .... @if .... +P, 

Angle. 
ac = 300 : 001 
ae = loo: ooi 
a0 = 100: 111 
ool = 111 : iii 
no' = loo : 111 
"0 = 001 : 111 
00' = 111 : ill 

= ooi : iii 

No. of 
measure- 
ments. 

7 
6 

15 
21 
19 
12 
10 
18 

80" 
97 
44  
82 
51 
53 
61 
63 

Limits. 
59'-82' 24' 
32-99 8 
24-45 16 
43-83 20 
30-52 22 
24-54 31 
43 -62 36 
12-64 27 

Mean 
observed 

value. 
81" 48' 
98 17 
44 50 
83 3 
51 67 
53 57 
62 6 
63 4B 

Cal culded. 
81" 4' 
98 56 
45 0 - 
- 

53 41 
62 31 

Optical19 Inactive Carnphorsulphowk Derivatives. 

The sulphonic derivatives of camphor which are now to be de- 
scribed were prepared from the sulphonic chloride previous to the 
discovery of its composite nature ; it is very probable, therefore, 
tbat  the samples employed were feebly dextrorotatory. Under these 
circumstances, it is possible that some of the preparations, even after 
having been purified, were mixtures consisting of a large proportion 
of a racemic with a very small proportion of a dextrorotatory com- 
pound ; as, however, fairly concentrated aqueous solutiocs of the 
sodium and barium salts of the sulphonic acid showed no appreciable 
mtation on examination in a 200 mm. tube, and as,  moreover, the am- 
monium and zinc salts, which form well-defined ci*ystals, appeared to 
be homogeneous, we do not think that the dextrorotatory substance, 
even i f  it were present a t  all, could have been in sufficient quantity 
to cause any appreciable errors, except perhaps in the determina- 
tions of the water of crystallisation of some of the salts. 
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THE SULPHONIC DERIVATIVES O F  CAMPHOR. 5z3 

Camp howubhonic acid, C,oHI,O*SOaH. 

Although this compound is the product of the  action o f  either 
anhydrosulphuric or chlorosulphonic acid on camphor, i t  cannot be 
directly isolated from the solutions, but must first be couverted into 
the sulphonic chloride. I n  preparing the pure acid, the finely- 
divided, pure sulphonic chloride (about 10 gram9) is placed in a flask 
containing about 20 C.C. of distilled water, and provided with a reflux 
condenser ; the flask is then heated on a sand-bath. Apparently no 
change takes place at  first, but after boiling f o r  some time the crystals 
begin to change to a colourless oil which slowly passes into solution. 
As soon as the whole is dissolved, the colourless solution is transferred 
to a dish and evaporated on the water-bath until it begins to smell 
distinctly of hydrochloric acid ; it is now diluted with alcohol, and 
again evaporated to a small bulk ; this process having been continued 
until a portion of the sympy residue givea no preciphte with a dilute 
solution of silver nitrate, a little water is added, and the solution 
heated on the water-bath to expel the alcohol. 

The aqueous solution of camphorsulphonic acid thus prepared has 
usually a yellowish colour, due, apparently, t o  the decomposition of 
some of the acid by the hydrochloric acid which becomes concen- 
trated during the first evaporations ; when care is taken not to con- 
centrate too far before adding alcohol, only very slight charring 
occurs, and a practically pure solution of the sulphonic acid is 
obtained. 

When the syrupy, aqueous solution is kept fo r  some days over 
snlpkuric acid, t.he su'phonic acid is deposited in  colourless, leaf-like 
crystals which are hygroscopic; although in very dry weather the 
crystals seem to undergo little change on exposure to the air, they 
rapidly deliquesce i n  a moist atmosphere ; for this reason the acid 
was not analysed, and the properties of the solid substance were not  
very fully examined. 

A small quantity of the crystalline substance which had been kept 
for some days on porous earthenware over sulphuric acid melted at 
56-58"; when the capillary tube containing the liquid acid was 
slowly lieatred t o  105", no effervescence was observed, and, some time 
afterwards, the tube having been kept in a desiccstor, the melting 
point was again found to be 56-58" ; these observstiom seem to show 
that the crystalline acid is anhydrous, or that it does not lose its water 
at 105" (compare the behaviour of bromocamphorsulphonic acid, 

The crystds of camphorsnlphonic acid are very readily soluble in 
water and i n  alcohol ; they seem, also; t o  be soluble to a slight extent 
m dry ether. 

p. 585). 
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5'i i ICIPPING AXD POPE: 

Tlic aqueous solution of the acid has a sour, rather bitter taste, 
turns blue litmus red, and rapidly decomposes carbonates with effer- 
rescence ; granulated zinc placed in a cold, nioderately concentrated 
solution is slowly acted on with evolution of gas, and, on warming, 
t h e  metal is rapidly dissolved ; magnesium in  the form of ribbon is 
also readily acted on when tlie solution is warmed, but silver and 
copper seem not to be atbacked even by boiling, concentrated 
solutions. 

In concentrated solutions of the ammonium salt, solutions of cop- 
per, lead, silver, mercuric, and stannous salts produce no precipitate ; 
the addition oi' a drop of ferrie ehloride prodiices a faint yellow 
coloration, and on warming a distinct reddish colour, which changes 
again to a faint yellow on cooliiig. 

A m m o n i u m  camphol.suZ~,ho,zate, C,oH,50.S02.0NH1.-Tl~is salt is 
easily obtained by adding a slight excess of ammonia to an aqueous 
solution of the acid, prepared as described above, and then evaporat- 
ing on the water-bath. During this process the solution, which is a t  
first slightly coloured, but clear, rapidly becomes turbid owing to  the 
separatioii of it very small quantity of a brownish, flocculent sub- 
htance ; on filtering from this iniparity, a colourlesfs solution of t h s  
salt is obtained. The formation of this precipitate is observed in 
preparing all the salts of the sulphonic acid, and is doubtless due to 
the presence of traces of some decomposition product of the acid 
originating in  the manner aiready suggested. 

The ammonium salt crystallises from its concentrated aqueous solu- 
tions in colo~~rless needles or prisms which, wher. thoroughly air dried, 
do not lose in weight when heated a t  130" ; i t  is very readily soluble 
in water, alcohol, and acetone, but seems to be insoluble in ether and 
benzene. 

S o d i u m  camphorsulphomte,  C,,H,,C).SO2*0Na.-Thia compound is 
formed when the aqueous soliitiou of the acid is neutralised with pure 
sociium carbonate ; on evaporating the filtered solution to a syrup and 
then allowing to  cool, the salt is obtained in ill-defined, colourless 
plates. 

For analysis, the crystals were fird dried on porous earthenware 
and then exposed to the air for many days until approximately constant 
in weight; i t  may be here stated that many of the salts of camphor- 
sulphonic acid, and of bhe corresponding cliloro- and bromo-acids 
described below, are very sensitive to changes in  the hygrometric state 
of the atmosphere, and on exposure to the air they gain or lose in 
weight according as the air is damp or dry ; this variation is not 
very great, but is probably sufficient to  cause slight errors in the 
determinations of the water of crystallisation of some of the salts, 
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TRE SVLPHONIC DERIVATIVES O F  CANPHOR. 575 

0.3134 gave 0.073'3 Na2S04. 
O.ii68 lost 0,0899 atl 100". 
CloH,,O*SO,*ONa + 3H20 requires Na = 7.46; 2 out of 3H20 = 

Na = 7.64. 
H,O = 11.57. 

11.69 per cent. 

Judging by these results, the salt contains 3 mols. H20, but, as it 
slowly decomposes at 130", the water could not be estimated directly. 

Sodium camphorsulphonate is very readily soluble in water, alcohol, 
and acetone, but seems to be insoluble in benzene ; it does not melt 
in its water of crystallisation when heated at  loo", as do the sodium 
salts of chloro- and bromo-camphorsulphonic acids. 

Potassium canzphorsulphonate, CloH~50*S02*OK + 1$H20, was pre- 
pared in the same way as the sodium salt ; i t  crystallises from hot 
concentrated aqueous solutions in colourless, striated needles, and is 
readily soluble in alcohol and acetone. 

Analyses of the air-dried salt gave the following results. 

0.6657 lost 0,0599 at  loo", and no further loss occurred at 
140-145", although the salt turned slightly brown. H20 = 9.0. 

0.3081 gave 0.0873 K,S04. K = 12.7. 
C,0H160*S02*OK + 1+H20 requires H20 = 9.1 ; K. = 13.1 per cent. 

Barium camphorsulphonate, ( CloH,,0~S02*O),Ba + 3&H20.-1n pre- 
paring this salt, an aqueous solution of the acid was boiled for some 
time with excess of pure barium carbonate, and the slightly. acid, 
filtered solution evaporated on the water-bath ; on cooling, the solu- 
tion slowly changed into a colourless, crystalline mass, whdich was 
then spread on biscuit ware and finally dried in the air until i t  ceased 
to continuously lose ia weight. Various preparations wem analysed 
with the following results. 

I. 0 .775~ lost 0.0714 at 160". H20 = 9-20, 
0.2775 e v e  0.0976 BaS04. Ra = 20.69. 

11. 0.4643 lost, 0.0436 H,O at  150". 
0.2755 gave 0.0975 BaS04. Ba = 20.67. 

H,O = !)*39: 

111. 0.5198 lost 0.0417 at loo", a further loss of 0-0067 gram occur- 
ring at  135-140". H20 = 8.02 (at 100"); 1.4 (between 
100" and 130"). 

0.2847 gave 0.1000 BaSOr. 

3 out of 3 iH20  = 8.15, 4H20 = 1.46 per cent. 

Ba = 20.65. 
(CLOH,b0.S03)2Ba + 3iH20 requires Ba = 20.69; 3$H,O = 9.51; 

These results seem to show that the salt crystallises with 3+ mols, 
H2O, of which three are expelled at  loo", the remaining $ mol. being 
lost between 100" and 130". 

The sodium, potassium, and barium salts which have been heated 
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5iG KIPPING AND POPE: 

a t  loo’, are very hygroxopic ,  and rapidiygain in weight on exposure 
t o  the air, but witliout liquefying ; for this reason the determinations 
of the parcentage of metal were all made with air-dried samples, a 
portion of the preparation being taken a t  the same time for estimating 
t h e w a t e r of cry s t a 1 1 is at  ioi I.  

Z i ~ c  campRorsuZphonnte is obtained in beautiful, colourless, trans- 
parelit prisms, when granulated zinc is dissolved in an  aqueous solu- 
tion of the acid, and the filtrate slowly evapoi~ated ; when crystttl- 
lisation takes place quickly from hot solutions, the salt is deposited 
in I~istrous plates; i t  is readily soluble in  water, alcohol, and 
acetone. 

Nagnesium carnphorsulpphonnte, prepared in a similar manner; crys- 
tallises from water in colourless, lustrous plates, or in peeuliar cnuti- 
flower-like masses ; it dissolves freely in alcohol. 

SZL lp honk D eriv a t ices of Bro mo milep li 0.r. 

Preparation of bromocamphor.-The best method of preparing 
bromocamphor is, without doubt, that  described by Armstrong and 
Matthews (Chent. ATews, 1878, 37, 4), as i t  has the advantage of 
being very simple in operation and  of affording a good yield of pure 
prodnct ; it seems, nevertheless, to have been overlooked by all sub- 
sequent workers in this field. The following aye the details of the 
process :-Powdered camphor, in quantities of about 150 grams, is 
placed in st large flask, heated on a water-bath, and  a little bromine 
gradually added from a stoppered fonriel ; the mass soon iiyuefies, 
forming sn almost, colo urless oil, hydrogen bromide being rapidly 
evolved ;.as soon as the evolution of gas slackens, more bromiue is 
added, the process being continued until the theoretical quantity 
(160 grams) of halogen has been employed. During brornination 
we frequently observed the formation of a readily volatile substance, 
which sublimes into the neck of the flask, and is there deposited in 
light oraage needles ; . this compound rapidly liquefies on exposure to 
the air, and is probably identical with Laurent’s “bromure dc 
camphre,” C10H&J3r2 (Gerhwdt, Zraite‘ de Chimie Org., 3, 696), 
which was investigated by Swarts (L’Institut, 1862, 63). As  sooii 
as bromination is complete, .ihe eontents of t<he flask are poured into a 
large volume of water, ihe almost colourless solid piwduct separated by 
filtration, washed with water, and crystallised from boiling methylated 
spirit ; two crystallisations generally give pure bromocamphor, melt- 
ing at 74O ; the immediate yield usually amounts to about 180 grams, 
and further quantities can be obtained from the mother liquors. 
The character of the residual oily substance will be considered OLI 8 

subsequent occasion. 
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THE SULPHOSIC DERIVATIVES OF CAMPHOR. 5 i  7 

Sulphonation o j  Bromocamphor with Alzhydrosulphuric acid, 

Bromocamphor readily dissolves in 10 per cent. anhydrosulphuric 
acid wi th  slight development of heat, giving an amber-coloured solu- 
tion of bromocamphorsulphonic acid ; sulphonation occurs without any 
appreciable charring, and on pouring the solubion into water no separa- 
tion of bromocampbor is observed. In preparing large quantities of 
the sulphonic acid, pure bromocamphor (100 grains) is treated with 
five times its weight oE 10 per cent. anhydrosulphuric acid, and after 
a few minutes, the solution is poured on to ice ; after diluting with 
water, the solution is neatralised with calcium carbonate and =ilk 
of lime, the calcium sulphate separated by filtration, and the tiltrate 
treated with sodium carbonate as long as a precipitate is produced ; 
the solutioin of t4e sodiuni salt is evaporated, any calcium su1phat)e 
which is deposited during the process being separated, and the syrupy 
residue is then heated in an air-bath at 130-135", until it is tram- 
formed into a brown, friable, hygroscopic mass, similar in appearaace 
to the crude sodium salt of camphorsulphonic acid4 The yield of 
crude anhydrous salt is about 100 grams. 

Elor obvious reasom, we made no attempt to obtain bromocamphor- 
sulphonic acid Erom the crude calcimu or sodium salt, but proceeded 
at  once to the preparation of the sulphonic chloride. When the crude 
anhydrous sodium salt is triturated with phosphorus pentachloride, as 
described in the preparation of carnphorsulphonic chloride, a dark 
pasty mass results, and ou pouring this product on to powdered ice, 
the bromosulphonic chloride separates in the form of sticky, dirty 
grey clots. Alter stirring well, the mixture is transferred to a sepa- 
rating funnel, and shaken two or threo times with a considerable 
quantity of chloroform; the chloroform extract is then well washed 
with small quantities of water, dried with calcium chloride, filtered, 
and evaporated; the residue is a thick, dark brown or black oil, the 
weight of which is, on the average, about 40 per ceut. of the crude 
sodium salt employed, 

Bromocam~hors~~hortr'c Chloride, C loH140 Br*S 0,Cl. 

After a very short time the crude oily sulphonic chloride begins 
to  solidify, and slowly changes into a dark brown, semi-solid mass, 
which contains a large proportion of crystalline substance. The pure 
sulphouic chloride is very easily isolated ; on repeatedly washing the 
tarry mass with small quantities of dry ether, the oily and tarry 
matters are, to a great extent, removed, and a brown crystalline 
substance remains ; the latter is obtained in large, welk-cleaned, trans- 
parent crystals, by repeafed crystallisation from hot chloro€orm. 
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578 KIPPINU AND POPE: 

Analyses of the purified compound showed it  to be bromocamphor- 
sulphonic chloride ; lead chromate was used for the combustions, a 
Rilver spiral being placed at  the front of the tube ; the chlorine and 
bromine were estimated together by Carius' method, and the snlphuric 
Rcid in the filtrate from the silver salts was determined by precipita- 
tion with barium nitrate. 

I. 0.1622 gave 0.2171 CO, and 0.0661 H,O. 
TI. 0.1623 ,, 0.2157 CO, ,, 0.0631 H,O. 

111. 0.2024 >, 0-2036 Ag(C1Br) and 0.1438 BaSO1. 
IV. 0.2293 ,, 0.2337 Ag(C1Br) ,, 0.1609 %SOa. 
1'. 0.1912 ,, 0.1905 Ag(C1Br). 

Found. 
7 Calculated for r---A-'------ 

CloHI,0Br~S02C1. I. 11. III. IT. v. 
C . . .. 36.42 p. C,  36.50 36.02 - - 
H.... 4 2 6  ,, 4-52 4.30 - - - 
0 .... 7, 

6 .. .. 9.73 ,, 

- p. c. 
?, 

L - - - - - 
- 9.76 9.64 - ,, - 

CJ+Br 35.03 ., - 35.05 35.52 34-72 ,, 
Bromocamphorsulphonic chloride, prepared from the product of 

the action of anhydrosulphuric acid on bromocamphor, separates from 
cold chloroform in magnificent, transparent, octahedra, and from hot 
alcohol in small, well-defined crystals, apparently of the same form 
as  those obtained from chloroform. I t  melts a t  136-137" without 
visible decomposition, but at  higher temperatures i t  slowly decom- 
poses, a large quantity of gas being evolved. I t  is very readily solu- 
ble in hot chloroform, glacial acetic acid, benzene, and acetone; i t  
also dissolves freely in these liquids a t  the ordinary temperature, but 
is much less readily soluble in ether, and only very sparingly in 
cold light petroleum boiling at  80-90". It is rather slowly hydro- 
lysed by boiling water, but when warmed with moderately concen- 
trated potash, i t  is almost immediately attacked, yielding potassium 
chloride and potassium bromocamphorsulphonate ; quantitative ex- 
periments showed that, after acidifjing mith nitric acid, the chlorine 
which is 'precipitated on adding silver nitrate is 10.89 per cent. of 
the sulphonic chloride employed, theory demanding 10.74 per cent, 

Bromocamphorsulphonic chloride is a very stable subuhnce ; it 
can be crystallised from a hot glacial acetic acid solution of chromic 
acid ; when a small quantity is dissolved in hot concentrated nitric 
acid, the solution boiled for a few minutes and then poured into cold 
miter, practically the whole of the sulphonic chloride is precipitated 
unchanged. 

For the determination The sulphonic chloride is optically active. 
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THE SULPHONIC DERIVATIVES OF CAMPHOR. 379 

of its specific rotatory power, we dissolved 1.3714 grams of the pure 
Rubstance in chloroform and made the solution up to 25 c.c.; the 
observations were made at 14"; I = 20 cm. The rotatory power 
aD was found to be +14" 23' as the average of 17 readings, all lying 
within 4' of the mean ; the specific rotatory power is, therefore, [a]= 
= +131". Observations of the rotatory power made with the rays 
LL and TI, showed that the dispersion was very large, but the 
measurements were not very concordant, owing to the feeble illumina- 
tion. 

The crystals deposited from a chloroform solution belong to the 
orthorhombic system, Fig. 7, the pinaco'id ~(001) being normal to a 
bisectrix. The dome forms r(101), 9-'(201), q(O11) ,  and q'(021) are 
generally the largest present, but give rather poor reflections on the 
goniometer, owing to the faces being somewhat uneven in character ; 
this is, perhaps, to be attributed to the great solubility of the sub- 
stance in the solvent employed. The pinacoids ~ ( 1 0 0 )  and b(010) 
are not always developed ; they are very small and give indifferent 
images. The basal plane is also f reque~t ly  absent, but is sometimes of 
considerable size and then gives very good reflections. The pyramid 
o( 111 ] is generally well developed and yields good measurements. 
The form k(821) is seldom observed, but when present it is very 
bright and givm good images. I n  the oase of a particularly well 
formed crystal which exhibited nearly all the other forms, the 

F I G .  7. 

pyramid k(22l) showed only one-half the full number of faces; these 
were (221), (gal), (221), and (221) ; this, bowever, was probably 
only fortuitous, such a selection of tbe faces of this form not accord- 
ing with the hemihedrism of the orthorhomhic system. 

Although the substance shows circular polarisation in solution; the 
crystals do not seem to be hemihedral ; this is, however, by no means 
R unique case, RS ordinary camphor, menthol, and patchouli camphor 
do not' crystallise in hernihedral forms. Pyroelectricity could not 
be detected, and attempts to obtain corrosion figures, which so fre- 
quently indicate hemihedral atructure, by etching the faces af large 
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550 HIPPING AED POPE: 

crystals with ether or chloroform, were unsuccessful. The crystals 
exhibit no definite cleavage, but on rapid heating, tend to split, up 
along surfaces approxhately parallel to the basal plane ~ ( 0 0 1 )  ; the 
fracture is, however, very conchoidal. 

Crystalline System : Orthorhoabic. 
a : b : c = 1-0518 : 1 : 0.8912. 

Forms present :- 
u . . . . {loo) . . . . mPm 
b .. . . (010) .... mP'wr, 
c .... (001) .. .. O P  

r .... (101) .... Pa 
r' .... (201) .... 2i;m 
4 .... (011) .... Pa 
q' .... (021) .... SPW 
0 .... (111) .... P 
p .... (110) ..". COP 
k .... (281) .... 2 P  

The following angular measurements were obtained :- 

No. of obser- 
Angle. vations. 

ar' = 100: 201 4 
r'r = 201 : 101 17 
cr = 001 : 101 14 
cr' = 001 : 201 18 
ar = 100: 101 5 
r'l' = 201 : 201 11 

21 
cq, = 001 : 011 24 

- 001 : 021 16 
7 q (  021 : 021 12 
(80 = 001 : 111 29 
ok = 111 : 221 5 
i%o = 221 : iii 8 
r o  = 101: 111 7 
o0 = 111 : iii 4 
q o  = 011. : 111 34 
oo = 111 :ill 7 
a0 = loo: 111 4 
60 = 010: 111 5 
00 = 111 : 111 17 
or' = 111 : 201 7 
oq' = 111 : 021 9 
r'p' = 201 : OZI 6 

p'p = 021 : 011 

Limits. 
30" 16'- 30° 31' 
19 1- 19 20 
39 58- 41 7 
58 -45 - 80 29 
49 38- 49 56 
59 46- 61 62 
18 47- 19 11 
40 57- 42 6 
59 4- 61 18 
58 1- 59 33 
50 3- 51 47 
16 42- 17 3 
61 4- 61 43 
33 57- 34 36 
68 6-  68 44 
31 48- 34 30 
64 10- 64 52 
57 28- 57 54  
55 21- 56 1 
77 49- 78 37 
38 34- 38 51 
36 49- 37 1 
104 18-104 30 

Mean. 
30" 24' 
19 8 
40 34 
59 35 
49 46 
60 57 
18 57 
41 39 
60 13 
58 49 
50 53 
16 51 
61 22 
34 18 
68 29 
32 19 
64 34 
57 45 
55 40 
$8 13 
38 42 
36 56 

104 23 

Calculated. 
30' 33' 
19 11 
40 17 
59 27 
49 44 
61 5 
19 0 
41 42 
60 42 
58 35 

16 E9 
61 15 
34 13 
68 26 

64 3s 
57 41 
66 47 
78 14 
38 39 
36 57 
104 24 

- 

- 

Sulphonation of Bromoccxmphor zoith Chlorosulphonic acid. 

The bromocamphorsulphonic chloride, prepared in  the above-men.. 
tioned manner, showed so great a tendency to assume ;I crystalline form, 
and separated from solvents in such beautiful, colourless crystals, that  
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THE SULPHONIC DERIVATIVES O F  CAMPHOR. 581 

it seemed difficult to believe i t  to be identical wi th  the substance ob- 
tained by Marsh and Cousins from the product of the action of chioro- 
sulphonic acid ou bromocamphor, and described by them (loc. cat.) as 
a “ black, semi-crystalline solid.” It was, therefore, with considerable 
interest that we undertook a repetition of Marsh and Cousins’ experi- 
ments, thinking it possible that we might obtain an isomeride of the 
sulphonic chloride described above. 

B’ollowing the directions given by Marsh and Cousins, we dis- 
solved pure bromocamphor (82 grams) in pure chloroform (164 
grams) in a flask provided with a reflus condenser fitted with a 
calcium chloride drying tube, and added freshly-distilled chloro- 
sulphonic acid (82 grams), boiling at  154-158’, to the solution from 
a tap-hnnel fitting into the cork of the Bask. The soluhion, which 
became slightly warm and gave off a little hydrogen chloride, was 
then heated on a water-bath for about nine hours, at the end of which 
time the evolution of gas was practically over, and the solution, pre- 
viously homogeneous, had separated into two layers ; a considerable 
quantity of a ’crystalline substance, which was, doubtless, the solph- 
onic acid, was frequently deposited diring this process, but it was 
not found advautageous to separate it. 

When cold, the contents ofe the flask were slowly poured on to 
powdered ice, the chloroform solution separated with the aid of a 
funnel, and the aqueous solution extracted twice with chloroform ; 
the combined chloroform solutions were washed with water, dried with 
calcium chloride, and the chloroform evaporated, when a thick, dark 
yellow oil remained. This residue, accordirig to Narsh and Cousins 
(Loc. cit., p. 971), is “ nearly all a-bromocamphorsulphonic chloride, 
together with an insignificant amount of unaltered bromocamphor,” 
but the grounds on which this statement is based are not mentioned ; 
the oil we obtained showed no signs of crystallising when agitated 
with a crystal of the pure sulphonic chloride already described, and 
remained liquid even after keeping for  many weeks; we have not 
yet examined it very carefully, but from its behaviour we should in- 
fer that it contains a relatively small proportion of bromocamphor- 
sul p ho nic chloride. 

The aqueous solution of the sulphonic acid, which had been ex- 
tracted wi th  chloroform, was neutralised with barium carbonate, the 
filtrate treated with the necessary quantity -of sodium carbonate, and 
the clear, yellowish-brown solution of the sodium salt evaporated tu 
a syrup on the water-bath ; this residue was then dried at  130- 140’4 
until it became crisp and friable, reduced to a powder, and treated 
with phosphorus pentachloride i n  the usual manner, the theoretical 
quantity of the latter being used. 

The dark pasty or liquiri mass was s!owly poured on to powdered 
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582 HIPPING AND POPE: 

ice, and the crude sulphonic chloride, which fieparated in grey clot% 
extracted by shaking the mixt,ure two or  three times with chlom- 
form ; finally, the chloroform extract was dried with calcium chloride, 
filtered, and evaporated. The crude sulphonio chloride thus pre- 
pared was a tlhick oil, rather lighter in colour than that obtained hy 
the first process we employed ; the yield was about, 70 grams. After 
a short time, the oil began t o  crystnllise, and gradually solidified to a 
dark brown mass, in which, after long keeping, a considerable quan- 
tity of oily impurity was still present ; the  semi-solid product was 
stirred with a little dry ether, the mixture tiltered on the pump, and 
the residue purified by washing with ether and recrgstallising from 
hot chloroform. 

The pure bromocamphorsulphonic chloride prepared in this way 
melted at 136-137", and crystallised from cold chloroform in large, 
transparent octahedra ; the analyses of this preparation gave the 
following results. 

I. 0,1771 gave 0.1768 Ag(C1,Br) and 0.1237 BaS04. 
11. 0.2070 ,, 0.2065 Ag(C1,Br). 

Found. 
7 Calculated for r--A-- 

C loH140Br.SOzC1. I. 11. 

9-59 - s .. .. .... .. .. 9.79 ,, 7 9  

C1 + Br .... .. 35.03 p. c. 34.81 34.76 p. c. 

The brornocnmphorsulphonic chloride obtained from the product 
of the action of anhydrosulphuric acid on bromocamphor was identical 
with the compound produced by the method employed by  Marsh 
and Cousins; the identity of the two preparations was proved by 
the ordinary methods of examination, and also by the following 
crystallographic measurements :- 

No. of obser- 
Angle vations. 

CT = 001 : 101 11 
r'r' = 201 : ZOI 7 
rr' = 101 : 2OL 9 

9 
p p  = 021 : 021 3 
44' = 011 : 021 8 
co = 001 : 111 7 
40 = 011 : 111 5 

"'I / = 001 : Ol! 

Limits. 
3R0 58/-441C 
60 47 -61 
18 52-19 
40 56-41 
58 10-59 
18 47-19 
50 21 -51 
32 4-32 

5# 
34 
27 
53 
16 
28 
4 

46 

Mean. 
4oo 28' 
61 9 
19 12 
41 33 
58 53 
19 4 
50  47 
32 25 

Calculated. 
40' 17' 
61 5 
19 11 
41 42 
58 35 
19 0 
50 53 
32 19 

A number of other angles were measured, but the crystallo- 
graphic identity of the samples prepared by the two methods 
is sufficiently obvious. The calculated values are taken from the  
table on page 580, as the measurements made on the sulphonic 
chloride prepared from the mhydrosulphurio acid prodiict were 
much the more numerous, aiid consequently the more accurate. 
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THE SULPHO-NIC DERIVATIVES OF CAMPHOR. 583 

The quantity of pure bromocarnphorsnlphonic chloride which is 
obtained from the crude product by the above method of purificatlion 
is only small, amounting on the average to about 40 per cent.; the 
ethereal washiugs give, on evaporalion, a dark oil, from which only 
small quantities of the crystalline substance arc deposited on keeping. 
We have not yet examined this oily bye-product, so that a t  present 
its composition is a matter of conjecture ; since, however., Marsh and 
Cousins’ analysis, which appears to have been made with a sample 
of their “ black, semi-crystalline solid,” gave results* agreeing very 
closely with tbose required by the pure sulphonic chloride, it would 
seem tha t  the oily bye-product contains the same percentage of 
halogens, and is, therefore, possibly an  isomeride. 

BI.omocamnphorsul2,honnmide, C,,H,,U B r* S 0,*NH2. 

When pure, finelg-divided bromocamphorsulphonic chloride is 
gradually added to- a cold, saturated alcoholic solution of ammonia, 
a slight development of heat occnrs, a.nd the chlmide dissolves with 
separation of ammonium chloride, the solution remaining colourlws. 
When, after the lapse of about 12 hours, the ammonium chloride is 
separated by filtration and the filtrate evaporated to dryness on the 
water-bath, a, semi-solid, very sticky, almost colourless mass is obtained ; 
an washing this residue with chloroform, a thick, yellowish oil, which 
we have not examined, passes into solution, a colourless, crystalline 
powder remaining. Bromocamphorsulphonamide can be easily ob- 
tained in a pure condition by recrystallising this powder from boiling 
water ; as, however, the yield is poor, probably owing to the forma- 
tion of ammonium salt as well as t o  that of the oily substance, in 
preparing larger quantities of the amide we adopted a method similar 
to that made use crf in the case of camphorsulphonamide, and pro- 
ceeded as follows :- 

The powdered sulphonic chloride, in quantities OE about 5 grams, 
was treated with about 50 C.C. of concentrated aqueous ammonia in 
a stoppered bottle a t  the ordinary t,emperature, and the mixture was 
sbaken, at intervals during about two days ; at the end of this time 
the powder had to a great extent dissolved, and even the portions 
which had not passed into solution seemed to  be free from sulphonjc 
chloride. The contents of the bottle were now transferred to a basin, 

* There is evidently aome mistake in the numbers given by Marsh and Cousins ; 
the weight of the mixed chloride and bromide of silver obtained from the given 
quantity of substance corresponds with 12.98 per cent. of chlorine and 29’33 per 
cent. of bromine, and not with 10v?’O per cent. and 2&11 per cent. respectively, as 
stated ; we assume, of couree, that the substance aualysed contained equivalent 
qmtitiea of the two halogene. 
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and, after 24 liours' exposure to tbe air, the precipitated amide was 
separated by filtration ; the crude product, nearly 4 grams, seemed t o  
be practically pure. 

Analyses of samples which l i d  been recrystallised from boiling 
water and dried at 105-110" gave the following results, 

I. 0,1672 gave 0.2362 CO, and 0.0863 H,O. 
11. 0.1676 ,, 0.2374 CO, and 0.0820 H,O. 
HI. 0.2062 ,, 0.1235 AgBr and 0.1528 BaS04, 
IV. 0.18i2 ,, 8.0 C.C. N2 at  18" and 755 mm. 

Found. 
7 Calculated for --,L-.- 

CloHl,0Br;S02-NH2. I. IT. III. 117. 
C ...... 38-71 p. c. 38.53 38.6:3 - - 
I T . .  .... 5.16 ,? 5.73 5.43 - 9 9  

...... 10.17 -- ,, S 10.32 ,, 
N ...... 4-52 ,, 

p. c. 
- 

Br ..... 2-5-80 ,, - 25.50 - ,, - 
- - 

- 5.00 ,, - - 

Brom ocamphorsul phon amide cryst a1 1 ises from boil in g water in 
long, colourless, lustrous needles, and from cold alcohol i n  compact, 
transparentl prisms; it melts at  145". It is readily soluble i n  hot 
alcohol, but only moderately easily in boiling water, and sparingly in 
benzene and chloroform ; i t  seems to dissolve far more readily in a con- 
centrated aqueous solution of ammonia than in water. 

The preparation of this amide has been previously attempted by 
Marsh and Cousins, bu t  they obtained i t  in a very impure condition, as 
it is described a s  ''a brown, viscid oil" ( loc.  cit., p. 974). 

I n  measuring the rotatory power of the amide, we dissolved 2 2978 
grams of substance in alcohol, and diluted to 50 c.c.; t = ll", I = 
4 dm. The average of several concordant observations gave ED = 
4 20" 4', so that [a]= = +112-4O. 

Bmni m a n y  horsdphonic acid, C loH,AOBr*S 03EL 
This sulphonic acid is most conveniently prepared i n  a pure condi- 

tion by hydrolysing the pure sulphonic chloride with boiling water as 
described in the case of camphorsulphonic acid (p. 573). No visible 
change takes place €or some time on boiling the finely-divided crystal- 
line powder with water, but, after about half an how, the quantity of 
solid becomes visibly smaller, and on continued boiling the  sulphonic 
chloride gradually disappears ; the  c y t a l s  do not liquefy. 

The aqueous solution is then evaporated on the water bath, the 
residue taken up with alcshol, and the process repeated until a por- 
tion of the syrup gives no precipitste with a solution of silver 
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nitrate; care has to be taken that the first two or three evaporations 
are not carried too far, otherwise the solution turns yellow or brown, 
as is the case in t,he preparation of camphorsu1phonic acid, and prob- 
ably from the same cause. When the solution is found to be free 
from hydrochlmic acid, it is evaporated unce moi-e with water to 
expel the alcohol, and then placed over sulphnric acid to crystallise. 

Accoi-ding t o  Marsh and Consins (7oc. cit . ,  p. 9741, bromocamphor- 
sulphonic chloride " is remarkably steMe towards water, and is not 
completely converted into acid, even after prolonged boiling with it, ;'' 
we found that 7 grams of the pure, not very finely powdered, sub- 
stance were completely ligdrolyaed after about two hours' boiling 
with 50 C.C. of distilled water. 

When the concentrated aqueous d u t b n  of the sulphonic acid is 
kept over sulphnric acid, i t  gradually solidifies to a, mass of trans- 
parent crystals which deliquesce in moist t-h- ; crystals are also occa- 
pionally deposited when the aqueous solution is evaporated in the 
air at  t!he ordinary temperatme, but only in very dry weather, and 
they disappear again when the atmosphere becomes damp. Crystals 
OF the acid which have been kept for some time on porous earthen- 
wttro over sulphuric acid melt a t  about 195--196", apparently 
decomposing, when slowly heated from about 20" ; when tohey are 
quickly heated to 165", they melt with effervescence, due doubtless t o  
tt6e escape of water vapour, and then immediately solidify, melting 
€or the second time a t  195-196"; when quickly heated to 155", they 
do not melt until the temperatnre rises to 195-196". These ohser- 
vstions seem to show that the hydrated acid melts at about 
1.55-165", losing water, the partially or completely dehydrated acid 

Bromocamphorsulphonic acid crystallises from water in trans- 
parent, tetragonal pyramids which frequently measure 4-5 mm. in 
the greatest dimension (see Fig. 8). 

F I G .  8. 

i rk 195-196". 

Forms preselit : 
c .. . . (001) .. 0 .  OP. 0 .. * .  (101) ., .. Pm. 

Crystalline System : Tetragonal. 
a i c ~ > t ' . ~  
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The faces present on the c r p t a l s  are always much corroded and 
pitted, owing, apparently, to re-solution by the mother liquor ; the 
larger of the t w o  pinaco‘id faces is always striated parallel to  its 
edges in  the manner indicated i n  the figure. The crystals generally 
grow point downwards in the solution, and this fact may account for 
the appearance of only one-half of the dome (1011 faces; this may, 
however, be due to hemirnorphism. On a microscope slide the sub- 
stance crystallises in thin, square plates which frequently have t w o  
opposite cornez-8 of the larger pinaco’id face cut off by another form, 
probably (110). There is a perfect cleavage parallel to ~ ( 0 0 1 ) ~  
through which form the optic axis is visible, the double refraction 
being fairly strong. 

No goniometric measurements could be made owing to the imper- 
fect nature of the crystals, and to the fact that  they are somewhat 
hygroscopic. 

Crystals of the acid which had been freed from adherent water by 
pressure between folds of bibulous paper slowly and continuously 
lost weight during about four weeks when kept over sulphnric acid, 
and then did not undergo any further change in weight when heated 
a t  100” ; the loss amounted to very nearly 16 per cent. 

Bromocamphorsulphonic acid is very readily soluble in  water and 
in alcohol; its aqueous solution has a strongly acid reaction to 
litmus, and a sour, very astringent, rather bitter taste. 

This acid wag prepared by Marsh and Cousins (Zoc. cit.,  p. 971), 
who described it as “ a  black, tarry mass . . . which solidified 011 

standing over sulphuric acid in a vacuum ;’, we can confirm Marsh 
and Cousins’ observations regarding the solvent action of an aqueous 
solution of the acid ; both zinc and magnesium are readily acted on, 
especially on warming, gas being evolved. 

The acid is optically active ; for  the determination of its rotatory 
power, we employed a sample of the crystalline substance which had 
been kept over sulphuric acid until its weight became constant. 
0.6443 gram of substance was dissolved in water, the solution 

made up to ‘25 c.c., and examined a t  14” in a 20 cm. tube; the rota- 
tion was found to be KD = +4” 33‘ as the average of eight con- 
cordant observations, from which [ a ] D  = +88.27”. This value may, 
possibly, be incorrect, because i t  was afterwards found that the 
aqueous solution of the acid had attacked the brass tube which was 
employed in  the determination ; as, howel-er, the rotation was taken 
a few minutes after the solution was put into the tube, and did not 
undergo any appreciable change after keeping for  about 15 hours, we 
did not think it necessary to repeat the observations, especially as we 
were not quite sure that the sample of acid taken was anhydrous. 

Several salts of bromocamphorsulphonic acid were prepared by 
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neutralising the aqueoixs solution, obtained in the manner described 
above, with nlknlis o r  alkali carbonates; in all cases wo observed 
the formation of a slight brown turbidity on boiling the neutral 
solutions, but after this had been separated by filtration, colourlew 
solutions, from which no further precipitation took place, were 
obtained. Th2 salts all crystallise well and, with the exception 
of the ammonium salt, all those we examined contain water of crys- 
tallisation; aa the wholly or partially dehydrated salts are hygro- 
scopic, the analyses mere almost invariably made with samples which 
bad been exposed to the air until approximately constant in weight, 
portioiis of the same samples being taken at  the same time for the 
rotatory power determinations. The hydrated salts, like those of 
camphorsulphonic acid, are rather sensitive to change in the hygro- 
metric condition of the atmosphere, and undergo slight alterations in 
weight from day to day even after many weeks exposure to the air. 

Aqnm onium bromocamphorsulphonute, C ,,,H1,OBr. S 02*0 N Hq, seems 
to be less soluble in water than any of the other salts examined; an 
air-dried sample of the salt lost only 0.14 per cent. in weight when 
heated at looo, and gave on analysis results agreeing with those 
required by the anhydrous compound. 

0.2054 gave 0.1162 AgBr. 
Calculated, Br = 24.38 per cent. 

It separates from its cold aqueous solution in colourless, trans- 
parent., flattened prisms having the lustre of calcite, Fig. 10 (p. 588), 
and often attaining a length of several centimetres. The crystals are 
very brittle, breaking readily across their length and exhibiting a 
concho'idal fracture; there is a very good cleavage parallel to the 
pinacoxd a(lC)O), the normal t o  which is a bisectrix, probably the 
obtuse one. Prisms showing both ends well developed are but 
rarely obtained, the crystals tending to grow in clusters from a 
common centre, one end being, therefore, imperfect. The pinacoids 
af100) and c(OOl), together with the prism r(101), are faintly 
striated in the direction of the axis b.  The other forms are never 
stiqiated, but all the faces except a(100) give very poor reflections, 
owing partly to their bad development and partly to their small size, 
The substance being optically active in solution, evidence of hemi- 
hedral structure was naturally looked for, and i t  b a s  found that the 
crystals were hemimorphic, the forms ~ ( 1 1 0 )  and q(O11) on the one 
end of the prism being replaced byp'('L10) and q'(okZ), where k > 1, 
at  the other end. The two latter forms are badly developed, and the 
form q'(0k.l) is so poor in character that measurements cannot be 
obtained from it ; i t  is in all probability (021). 

Complete confirmation of the hemimorphic: nature of the crystals 
VOL. LXIll .  2 s  

Br = 24.09. 
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was obtaincd by an examination of their pyroelectricnl properties, 
whivh arc strongly msrked, and may be readily shown by Kundt’s 
method, in the following manner:-A crystal plate, supported on a 
piccc of paper or a microscope slide, is warmed over a Bunsen 
burner ; tlie heated plate is then placed on a piece of cork and lightly 
dusted o ~ e r  with an electrified mixture of red lead and sulphur, such 
a s  is used for the preparation of the so-called Lichtenbei-g’s figures. 
The powder being projected from a rubber bellows-shaped vessel, the 
nozzle of which contains a piece of gauze, its two constituents become 
oppositely electrified by friction in the orifice. The red lead attaches 
itself to the negatively electrified end of the crystal plate, whilst the  
snlphur adheres to the positively charged end, the thickness of the 
layer increasing from the centre towards the ends, as shown in Fig. 9 ; 

FIG. 9. 

an subsequeritly examiiiiiig the plate ilnder t,he microscope, the positive 
and negative ends are recognised by their different colours. On 
dusting the powder on to  the plate during cooling, the end of the 
crystids showing the forms y ( l l 0 )  and q(O11) becomes yellow, owing 
t o  the sulphur being drawn to it, whilst the other end assumes the 
red coiour of the lead oxide. The pyroelectrical &xis is, therefore, 
identical with the geornetzical axis b ; according to  the nomenclature 
proposed by Rose, the end a t  wbich the f o r m s  ~ ( 1 1 0 )  and q(O11) 
appear is hhe aatilo3:ous pole, while the end showiiig p’(210> and 
q‘ { ok l ]  is ihe analogous pole. 

F I G .  10. 
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The following crystallographic data were obktined :-- 

Crrstdline System : Monosymmetric : Hemimorphic. 

a : 7, : t = 19155 : 1 : 1.0252. 

I/3 = 74" 37'. 
Forms observed : 

a .... (100) .... ~ P c m  
c .... (001) . . * *  O P  
9- .. .. (101) .. .. -ax 
q .. .. (011) .. .. em 
q' .... ( o k l )  .... nzTm 
p . . . (110) . . . . mP 
p'.  . . . (210) . . . mP2 

No. of 
Angle. observations. Limitre. 

GY = 100 : 101 17 49' 11'- 51° 30' 
re  = 101 : 001 12 23 41- 24! 43 
cw = 100 : 001 19 104 13 -106 50 

uq = loo: 011 7 99 56-101 6 
cq  = 001 : 011 6 44 16-  45 21 
qq = 011 :01i 4 89 45- 90 41 
qp = 011 : 110 3 44 26- 45 43 
qp = 011: I10 5 57 22- 58 25 
T q  = 101 : 011 6 4 9  3 -  50 2 
rq = i o i  : o i i  4 130 2-130 57 
up = loo: 110 21 60 8- 62 54 

rp = 101 : 110 3 '71 50- 72 49 
~p = 101 : 110 4 107 12-108 25 

p/p'= 210 : 210 3 9S 46- 93 37 
cp = 001 : 110 5 82 'I- 83 12 

aq = 100:  C11 8 78 54- 79 43 

p p  = 110 : I10 10 55 53- 57 58 

up'= 100 : 210 5 41 37- 4'2 54 

Mean. 
50" 18' 
24 19 

105 29 
'19 21 

100 33 
44 55 
90 7 
45 1 
57 54 
49 30 
130 35 
61 3% 
56 59 
72 10 
107 49 
42 19 
95 2 
82 17 

Ammonium bromocamphorsul phon ate shows circular 

589 

- 
105" 23' 
79 8 
100 52 

90 40 
44 56 
58 6 
49 36 

130 24 

56 52 
7 2  18 

107 42 
42 43 
94 34 
82 45 

-_ 

polarisation 
in solntion. $'or the rotatory power determination, 1.1500 grams of 
the salt, dried at loo", were dissolved in water, the solution made up  
to 25 c.c., and examined at  9" in a, 20 cm. tube ; the mean of eight 
concordant readings gave aD = + '7" 48', from which [ a ] ~  = +$4.78", 
a result  which is in fair agreement with that obtained by Marsh and 
Cousins. 

Nodhm. bromocamphorsulphonate, C,,H,40Br.S02*ONa + 5H20, crys- 
tallises from cold water in large, thin, rectangular plates, sometimes 
as much as 10 mm. in length. The crystals are very brittle, and, as 
ordinarily obtained, show interference colours of high orders in 
polarised light. The large face is a bisectrix, and the optic axes 
emerge just outside the microscope field, as shown in Fig. 11. The 

2 s 2  
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extinction is parallel to the sides of the plate, so that the crystals 
probably belong to the orthorhombic system. 

Analyses of 

I. 0.2931 
11. 08658 

0.2583 
111. 0.9251 

results. 
various samples of the air-dried salt gave: the following 

lost 0.0624 at 135", and gave 0.0471 Ka,SO,. 
,, 0.1865 at  135-140". 

gave 0.0443 Na,S04. 
lost 0.1961 at  135-140". 

Found. 
Calculated for 7--- 7 

C ~ ~ H ~ ~ O B P S O ~ N ~  + 5H20. I. 11. 111. 
H,O .. . .. .. .. 21.28 p. c. 21-29 21.54 21.19 p. c. 
Na .... *... .. 5.44 ,, 5.21 3.56 - 

Our  analyses, like those of Marsh and Cousins, show that the salt 
contains 5 mols. H,O; we cannot, however, confirm Marsh and 
Cousins' statement, that the salt retains 1 mol. H,O at 100". When 
heated at this temperature, i t  first loses weight very rapidly, but after 
some time the expulsion of the water takes place only very slowly, 
doubtless owing to the fact that the salt melts to a vitreous mass ; on 
prolonged heating at looo, itf loses about 20.6 per ceut., and even then 
is not quite constant in weight. 

For the rotatory power determination, 1.0326 grams of the air-dried 
salt were dissolved in water, and the solution made up to 25 c.c.; 
t = 9", I = 20 cm. The average of the observations gave aD = 
+5" 13', so that the specific rotatory power of tbe hydrated salt is 
[zID = +63*1", that of the anhydrous ealt [ a ] ,  = +80*2". The 
latter value appears to agree fairly well with that given by Marsh 
and Cousins, namely, [a] ,  = +76*4".* 

Barium bromocamphM=Fu123honate, ( CloH,40Br~SOz.0)2Ba + 5iH20, 
is very readily soluble in water, and could not, be obtained in well- 
defined crystals, as the highly concentrated aqueous solutions 
gradually change to a colonrless mass of a buttery consistency, which, 
however, becomes hard aud crisp when spread on porous earthen- 
ware. Analyses of the air-dried salt gave the following results. 

f The value for the anhydrous salt, calculated froin Marsh and CouRins' data, 
is, however, [ a ] ~  = +88.53', not 76.4", 80 that the actual disagreemelit is con- 
siderable. 
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THE SULPHONIC DERIVATIVES OF CANPHOR. 591 

I. 0.5675 salt lost 0.0656 at 140". 
0.1653 salt gave 0.0447 BaS04. 

11. 0.4699 salt lost 0.0551 at  1.35'. 
0-2553 salt gave 0.0677 BaS04. 

Found. 
Calculated for r--7 

(CloH,40Br-S03),Ba -F 53H20. I. 11. 
H,O ........ 11.56 11.56 11-73 
Ba ......... 16.00 15.89 15.59 

To determine its rotation, we dissolved 1.4732 grams of the air- 
dried salt in water, and diluted to 2-5 c.c.; t = 9", I = 20 cm.; aD 
was found to be +7" 34' as the mean of eight concordant readings, 
so that the specific rotatory power of the hydrated salt is [a;], = 
+64.23", and of the anhydrous salt [aID = + 72.5". 

Potassium brornocamphondphonate, CloH140Br*S02*OK + liHzO, 
separates from cold water in large, flat, colourless, transparent plat,es, 
of the shape shown in Fig. 12. The faces are much broken up by 

FIG. 12. 

BtriEe, hence no measurements could be made. When the salt is qnickly 
deposited from its aqueous solution, an hour-glass-shaped structure is 
often seeu inside the crystal ; the angle of the rhomb ie about 60°, 
and is bisected by the extinction; the large face is normal to a bi- 
sectrix. The edges of the plate are replaced by pjramid faces, and 
there is an imperfect cleavage parallel to the sides. 

The hydrated crystals are stable in the air, but effloresce a t  looo, 
and also wbeii kept over sulphuric acid ; the salt is very readily solu- 
ble in water and in hot alcohol. 

Analyses of the substance gave the following results. 

0.3933 air-dried salt lost 0.0248 at 130". 
0.2826 salt dried at  135" gave 0.0686 K2S04. 

H,O = 7.22. 
K = 10.88. 

C10H140Bi**S03K + l$HzO requires H20 = 7.18 per cent. 
CloH,,OBr~SO,K requires K = 11.18 per cent. 

I n  measuring the rotatory power, a sample of the air-dried salt was 
employed, 1-2303 grams being dissolved in water, the solution made 
u p  to 25 c.c., and examined at  10" in a 200 mm. tube. The average 
of eight concordant observatiors gave ED = +7" 2', from which the 
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592 RIPPING AND POPE: 

specific rotatory power is calculated to be [%ID = +71*44" ; that  of 
t,he anhydrous salt is, therefore, [aID = +76.96". 

Zinc bromocamphorsulphonate is easily prepared by dissolving the 
metal in an aqueous solution of the acid. It separates from its cold, 
aqueous solution, in six-sided, colourless, transparent plates, which 
frequently attain a length of 5-10 mm. ; the crystals do not change 
in appearance at  loo", but melt with effervescence when heated on 
platinum in a Bunsen flame. On microscopic examination, the plates 
are seen to be striated with fine lines running parallel to the edges, 
and to consist of six twin fragments, as shown in Fig. 13; the 

FIG. 13. 

individual twinned pieces can be readily distinguished by examina- 
t,ion in polarised light. Each twin fragment shows a, biaxial figure 
of moderately large angle ; the interference figure, however, is com- 
plicated by further twinning on the plane of the large face, as is 
shown by the absence of definite extinction in any of the six divisions 
of the crystals. The complete crystal would, therefore, seem to be 
built up of twelve individuals. The dispersion is strong, and the 
crystals are highly refractive. 

Magnesium bromocamphorsulphonate, like the zinc salt, can be readily 
obtained by dissolving the metal in an aqueous solution of the acid ; 
it separates in colourless, lustrous plates on conceutrat,iiig the solu- 
tion, and is readily soluble in water. 

Lithium brom ocamphorsulphonate can be prepared by saturating an 
aqueous solution of the acid with lithiam carbonate. On filtering 
and evaporating the solut.ion, a colourless mass, consisting of minute 
needles, is obtained. The salt is readily soluble in water, and seems 
to contain 2 mols. H20, as is shown by the following analysis. 

0.5504 gram of substance lost 0.0550 gram at 135". H20 = 10.0. 
CloH,0Br*S02*OLi + 2H20 requires H20 = 10.2 per cent. 

It will be seen from the above account of the salt8 of bromocamphor- 
sulphonic acid that Marsh and Cousins' description of their properties 
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THE SULPHOXIC DERIVATIVES OF CAMPHOR. 593 

is entirely misleading; the dehydrat.ed salts are, no doubt, highly 
hygroscopic and diEcult to deal with, but they do not, liquefy on 
exposure to the air. ‘‘ As t o  their capability or not of crystalliaing,” 
the only general conclusion to be drawn is that they all ciptallise 
readily. 

Xulphonic Derivatives of Chlorocamphor. 
The study o€ the compounds obtained from bromocamphor having 

shown that the halogen substitution products of camphor, as well a s  
camphor itself, are readily converted into well-defined, crystalline 
sulphonic derivatives, we should not have thought it necessary to 
carry out a similar investigation in the case of chlorocamphor had it 
not been for the recent work of Marsh and Cousins (Zoc. cit.). ‘l’hcir 
accounz of the sulphonic derivatives of chlorocamphor, when viewed 
in the light of oiir experience with the corresponding brorno-deriva- 
tives, seemed, however, to  give such a wrong impression of the 
character of these compounds, that we thought it advisable to submit 
them to R. fresh and extended investigation. 

Prepavutiou of cliEorocamphor.-ln preparing this substance, w e  
followed Cazeneuve’s directions (Compt. rend., 94, 1530), except that 
we employed dehydrated methylated spirit instead of absolute alcohol, 
and found it to answer almost as well as the more costly solvent; the 
following is a brief description of the process :- 

Chlorine is passed into 500 grams of debydrated methylated spirit 
containing l O V 0  grams of powdered camphor in snspensicn, the stream 
of gas being regulated so that but little hjdrogea chloride escapes ; after 
rather more ttinn the theoretical weight of chlorine has been absorbed, 
the solution is poured into a large volume of water and the mixturo 
kept for a day or two., During this time the semi-solid precipitate 
becomes considerably harder, and can be more easily dealt with ; i t  is 
t.hen freed, as far as possible, from hydrochloric acid by wEshing with 
water. If the product be now crystallised from alcohol, it is deposited 
as a camphor-like substance from which pure chlorocamphor is ob- 
tained only with difficulty ; i t  is therefore boiled for some hours with 
alcoholic potash (500 grams of methylated spirit containing 100 grams 
of potash), the brown solution poured int,o water, the crude product 
separated by filtration, washed with water, and crystallised from 
methylated spirit ; the first crystallisation gives a somewhat camphor- 
like substance, but, on recrystdlising, pure chlorocamphor is ob- 
tained in  long, hard, brittle prisms. The crude product separated 
from the solution in alcoholic potash is about 80 per cent. by weighG 
of the camphor employed, but a further quantity may be obtained 
from the mother liquors. Cazeneuve gives the melting point of 
chlorocaniphor as 83-84”, but  according t o  our observations, the pure 
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59 4 KIPPING AND POPE: 

substance meltR sharply at  93.5" ; Balbiano (Gaazetta, 17, 9t;) found 
the melting point to be 92-995". 

Swlphonation of chlorocnii?pl~or.-As we have not studied the actioii 
of anhjdrosulphuric acid on chlorocamphor, and have hitherto only 
prepared small quantities of chlorocamphorsulphonic acid by sulph- 
onating with chlorosulphonic acid in  chloroform s o h  tion, it will be 
unnecessary to enter into the details of the process ; the sulphonation 
and the subsequent preparation of the crude sodium salt were carried 
out substantially as described in the case of bromocamphor, and one 
point on ly  seems to require notice, namely, that me frequently ob- 
served the separation of a considerable quantity of a crystalline sub- 
stance during sulphonation. An examination of the properties of this 
product left little doubt, that i t  was the sulphonic acid, but, being 
deliquescent and difficult to purify, i t  was not separated from the 
solution. The yield of crude sodium salt dried a t  130" was usually 
about 65 grams from 50 grams of chlorocnmphor. 

Chlorocamphorsulpholzic Chloride, C,oH,40*S0,C1. 

The preparation of this compound from the crude sodium salt, by 
treating the latter with phosphorus pentachloride in the manner pre- 
viously described, can be accomplished without difficulty; as in tho 
case of the broinosulphonic chloride, the pasty or liquid product is 
poured on to powdered ice, the mixtnre stirred well, transferred to ib 

separating funnel, and exlracted with chloroform. The chloroform1 
solution is then washed several times with small  quantities of water, 
clried with calcium chloride, and the chloroform distilled from a 
water-bath. The yield of crade product is about one-half by weight 
of the sodium salt used. 

The jellow or brown oil obtained in this way begins to crgstallise 
after some time, but even on long standing i t  does not solidify com- 
pletely ; in some cases, apparently, when sulphonation has been 
carried t,oo far, the crude sulphonic chloride is nearly black, and 
gradually changes to a pasty, tarry mass which is diHicult to deal 
with. The " a-chlorocamphorsixlphonic chloride," described by Marsh 
and Cousins as a " microcryst,alline, black solid," was evidently a 
Iroduct of this kind, so that the result of their chlorine determina- 
tion, which gave approximately the theoretical numbers, seems, as i n  
the case of the crude bromocamphorsulphonic chloride, t o  indicate 
the  presence of isomerides of the crystalline substance. 

The pure compound can be easilv isolated by washing the semi- 
solid mass on the pump with a little ether and crystallising thtb 
residue two or three times from a mixt,ixre of chloroform and ether, 
but we have not yet sufficiently investigated the matter to be able to 
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THE SULPHONIC DERIVATIVES OF CAMPHOR. 595 

give IL good method of purification. The process just mentioned is 
1-ery mpid, birt apparently a considerable proportion of the crystal- 
l i n e  substance is dissolved dnring the washing with ether, and is not 
easily recovered from the oily mother liquorR; the method of ex- 
tracting with light- petroleum, described in  the case of camphor- 
snlphonic chloride, was tried, but without much success, owing to the 
slight solubility of the chlorosul ph onic chloride. 

The following analyses were made with samples of the colourless 
crystalline compound prepared in this way. 

0.1637 gave 0.2516 CO, and 0.0743 H,O. 
0.1947 ,, 0.1950 AgCl and 0.1610 B n S 0 4 .  C1 = 24.74 ; S = 11.35. 
CloH,,0*S02CI requires C = 4'2.14; H = 4.91 ; C1 = 24.85 ; S = 11.24. 

Chlorocamphorsul phonic chloride resembles the corresponding 
bromo-derivative, not only in the readiness with which i t  crystnllis?s, 
but also in most of its properties. It separates from cold chloroforni 
in magnificent, colourless octahedra, which are fully described below ; 
i t  is deposited from a mixture of ether and light petroleum in long, 
prismatic needles, and from ether containing a little chloroform in 
transparent crystals which seem to retain some of the solvent, since 
they become opaque when heated at 100". It  melts at, 193-124", 
and decomposes when strongly heated, with evolution of very irritat- 
ing vaponrs. It is readily soluhle in cold chloroform, ether, glacial 
acetic acid, and ethyl acetate, but only sparingly in boiling petroleum 
(b. p. SO-goo), f r o m  which it separates almost completely on cooling. 
It seems to be insoluble in boiling water, by which i t  is hydrolysetl 
iatber s lowly;  it is, however, readily acted on by hot potash, with 
formation of potassium chloride and the potassium salt of chloro- 
camphorsulphoiiic acid. 

C hlorocamphorsulphonic chloride exhibits circular polarisation in 
solution, its specific rotatory power being almost as high as tha t  of 
tj he corresponding bromo-d erivativc. The following observations 
were made with a solution prepayed by dissolving 2 prams of the 
pure substauce in chloroform and diluting to 50 C.C. with the same 
solvent; 1 = 400 mm. ; t = 7O. 

C = 41.92 ; H = 5.04. 

aLi = +26" ZO', whence 
aNx= +17 41 [a],,= +110*5 
aT1 = +23 26 [aJTl = +146.5 

= +102*0" 

The observations made wit<h the rays Lia and TI, are only ap- 
proximate, the diEculty of obtaining monochromatic light, and t he 
fact t h a t  n o  screen can be used as with NRa, rendering it impossible 
to accurately ascertain the rotation with an ordinary polariscope. 

The crystals separating from chloroform solution are magni- 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

18
93

. D
ow

nl
oa

de
d 

by
 H

ei
nr

ic
h 

H
ei

ne
 U

ni
ve

rs
ity

 o
f 

D
ue

ss
el

do
rf

 o
n 

25
/1

2/
20

13
 1

5:
28

:3
2.

 

View Article Online

http://dx.doi.org/10.1039/ct8936300548


5%; KIPPIYG AND POPE: 

ficent, colourless and transparent octaliedra, Fig. 14, indistinguish- 
able by mere inspection from those of the corresponding bromo- 
sulphonic choride. Like the latter, they belong to  the orthorhombic 
system, the optic axes emerging airnost normally to the form 
q '{02l> ; tlre optic axial angle is hence about 59". The description 

Fra. 14. 

given above of the habit of the bromosulphonic chloride serves also 
for the chloro-compound, the most considerable difference being that, 
in the crjstals of the latter, the zone a : c[lOO: 0011 gives rathey 
more concordant measurements ; the physical properties of both 
kinds of crystals are very similar. No hemihedrism could be detected. 

Crystalline System : Orthorhombic. 

a : b : c = 1.0434 : 1 : 0.8795. 

Forms observed : 

a. .. .. (100) . . .. mPV3 
b .... (010) .... mPm 
c . .  .. (001) .. . . O P  

T .. . . { 101) . * .  . Pm 
T ' . .  . . (201) . . . . 2Pw3 
g .... (011) .... P m  
4'. . . . (02lj  .. . . 2Pm 
0 .... (111) .... P 
p .... j l l O )  .... mP 

The angnlats measurements are given on the next page. 
The crystallographic properties of chlorocamphorsulphonic chloride 

oleady show the great chemical relationship which this substance 
bears to the broniosulphonic chloride. Hemihedrism, which is rarely 
absent from crystalline substances exhibiting circular polnrisatioti in 
the liquid state, was mot observed in the case of the crystals of either 
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No. of 
obser- 

Angle. Tations. Limits. Mean. Calculated. 
ar' = 100 : 201 4 
P'T = 201 : 101 14 
cv = 001 : 101 32 
CT' = 001: 201 15 
r'r' = 201 : 20_1 8 
TT = 101 : 101 6 
p'q = 021 : 011 9 
~q = 001 : 011 27 

12 
P Q  = 021 : 02i 21 
co = 001: 111 7 
TO = 101 : 111 6 
00 = 111: iii 5 
00 = 111: 111 5 
or' = 111 : 201 4 
04' = 111 : 021 4 
9Jq' = 201 : ozi 3 

C?', = 001 : 021 

30" 
18 
39 
58 
60 
79 
18 
4Q 
59 
58 
49 
33 
67 
78 
38 
36 

104 

26'- 31" 2' 
64- 19 31 
10- 40 36 
41- 59 28 
59- 62 34 
14- 80 22 
21- 19 6 
36- 42 5 
47- 60 42 
34- 59 37 
58- 50 47 
48- 35 21 
41 - G8 25 
49- 79 20 
6- 38 43 
4-37 6 

37-104 59 

30" 
19 
39 
69 
61 
79 
18 
41 
60 
59 
50 
34 
68 
79 
38 
36 

104 

41' 
12 
58 
9 
44 
48 
45 
20 
16 
10 
26 
4 
1 
2 

22 
39 
51 

30" 49' 
19 13 

59 11 
61 38 
79 56 
19 3 

60 23 
59 14 
50 33 
33 59 
67 58 
78 55 
38 28 
36 52 
104 40 

- 

- 

of the sulphonic chlorides. 
the same in both cases. 

The axial ratio a : b is, moreover, nc arly 

CloHl4OBr*SO2CI.. .... 
C,oH,40C1*S0,C1.. . . . .  

a : 2, : c = 1.0518 : 1 : 0.8912 
a : b : a = 1.0494 : 1 : 0.8795 

The prism angle 100 : 110, which is R function of the ratio a : b, bas 
the following values :- 

CloH140Br*SOpCl.. ........ 100 : 110 = 46" 27' 
C1oH1,OCI.SO,CI.. ........ 100 : 110 = 46 23 

The small difference between these angles, namely, 4', is probably 
within the limits of experimental error. The lengths of the c-axis, 
however, differ pretty considerably in the  two cases, the angles con- 
necting the :mes b and c having the following values :- 

CloH,,OBr*SO2CI.. ........ 001 : 011 = 41' 42' 
C~oH,,OCl*SO,Cl.. ........ 001 : 011 = 41 20 

The conclusion is, therefore, arrived at that on substituting chlorine 
for  bromine in  bromocamphorsnlphonic chloride the relative lengths 
of the axes u and b remain practically unaltered whilst the c-axis 
decreases in length. A slight alteration in cryst~llographic dimen- 
sions of course frequently attends a change of the halogen in crystal- 
line substances, but morphotropic relations between compounds of 
the Same type are seldom so well marked as in the series of di- 
derivatives of c nmphor c rys tallographically examined by 2 epharovich, 
Cazeneuve, and Morel. These compounds have the axial ratios given 
below, and it will he seen that, as in the case of the sulpbonic chlor- 
ides here described, the ratio a : b is almost, constant, whilst the c-axis 
undergoes considerable alteration in length. 
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598 RIPPING AXD POPE: 

C,,H,40Br2.. ......... 
C,,H,,ORrCi.. . . . . . . .  

a : b : c = 0.7925 : 1 : 0.5143 
a : b : c = 0.8040 : 1 : 0-5228 
a : b : c = 0.8074 : 1 : 0.5448 C 7 ~ o H ~ 4 0 C l z . .  ......... 

Chlo rocampho rsulph onamide, C,,,HH,,0 C1* S O,*NH,. 

Finely divided chlorocamphorsulphonic chloride is readily acted 
on by concentrated aqueous ammonia a t  the ordinary temperature, 
bein< converted into a well-defined crystalline amide, with slight 
evolution of heat ; when a comparatively small  quantity of ammonia 
is  employed, only partial solution ocuurs, most of the powder caking 
together to a pasty mass which afterwards becomes crystalline and 
brittle. After three or four hours, the mixture having been occa- 
sionally shaken, the ammonia is allowed to evaporate spontaneously, 
(luring which process the dissolved amide is deposited in colourless 
needles ; as soon as the solution smells only slightly of ammonia, the 
amide is separated by filtration, washed with a little cold water, and 
dried in the air. 

For  the following analyses we employed a preparation which had 
been recrystallised from boiling water and dried a t  100". 

0*1687 gave 0.2778 CO, and 0.0943 H20. C = 4A.91; H = 6.20. 
02208 ,, 0.1192 AgC1. GI = 13.33. 
CloHl4OCl*SO2*NHz requires C = 45.26; H = 6-03 ; C1 = 13 34 p. c. 

Chlorocamphorsulphonamide crgstnllises from boiling water i n  
long, flat, colourless needles, melting at 149.5-150*5"; it is 
moderately easily soluble in hot alcohol, but only very sparingly in  
toiling chloroform, and almost insohble in boiling Iigh t petroleum ; 
i t  is much more readily soluble in  cold, concentrated ammonia 
than in cold water. It ci*ystallises from warm alcohol in trans- 
parent plates o r  prisms forming fern-like niasses ; these crystals 
seem to contain alcohol, as they become opaque when heated at IOO", 
frothing lip and melting to a turbid liquid a t  xbont 149" ; on heating 
to about 175", the  liquid becomes clear, and aiter solidification melts 
sharply at 149*5-150*5". The amide is optically active in solution ; 
for the rotatory power determination 2.5328 grams of substance werc 
dissolved in absolute alcohol, and the solution made up to 50 c.c.; 
I = 400 mm.? t = 11". The rotation was CZD = 18" 16'; the  specific 
rotatory power is therefore 

When the amide separates slowly from a cold alcoholic solution, it 
is deposited in small, hexagonal crystals, Fig. 15 ; these are at first 
quite colourless and transparent,, but on removal from the solution 
they immediately begin to tiirn opaque and after a short time thc 
faces become very dull. The transparent crystals were rapidly dried 

= +90.16". 
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with filter paper and examined as quickly a8 possible. The meamre- 
ments obtained indicated that the crjstals belonged to t,he hexagonal 
system ; owing, howerer, to  their verg brittle and unstable character, 
this could not be confirmed by griiiding a section pcrallel to  the  

FIQ. 15. 

basal plane and oxamining the interference figure. The extinctions 
in all the faces of the forms o ( l O i 1 )  and 0"(40&1] were in the dircc- 
tion of the c-axis. The rhombohedra o ( l 0 i l )  and o"(40411 were 
generally large, whilst the forms c{OOOl) ,  m(lOiO),  and o'(2021) 
were frequently absent, and, as a rule, small .  The rapidity with 
which the crystals effforesced rendered i t  very difficult to obtain good 
images ; owing t o  this fact and to the lack of confirmatory evidence, 
the hexagonal character of the crystals cannot be regarded as fully 
established. No cleavage was observed. 

Crystalline System : Hexagonal. 

Forms observed : 
a : c = 1 : 0.917. 

c .... (0001) .... OR 
o .. .. ( IOIi)  .. .. + R  
of .... 12021) .... f 2 R  
o f ' . .  .. {40&1) .. . . +4R 
WL.. . . (lOi0) .. . . mR. 

The following angular measurements were obtained :- 

No. of obser- 
Angle. vations. Limits. Mem. Calciiluted. 

0' 0'' = 4041 : 4MI 19 34' 4'- 35O 66' 343' 57' - 
OO" = ioii : 4041 12 33 59- 35 46 34 43 34O 4' 
o"0 = 4.04L : loll 4 109 27-111 92 110 35 110 59 
o"0 = po41: l0iL 1 69 17 ti9 1 

Chlorocamphorsulph onie acid, CIoH,,OC l*S 0,H. 
For the preparation of this acid, we adopted the method which had 

been found to give such satisfactory resulhlp i n  previous cases, the 
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pure, finely-divided sulphonic chloride being boiled with a s m a J  
quantity of water until complete solution ensued; i t  seemed t? be 
rather more readily hydrolysed than the corresponding bromo-corn- 
pound, and, like the latter, did not liquefy, even towards the end of 
the operation. The solutiou was freed from hydrochloric acid by re- 
peated evaporation with alcohol, the sRme precautions as before being 
taken to avoid decomposition of the acid by the hydrochloric acid. 
The yellowish, syrupy solution of the acid prepared in this way 
began to crystallise on evaporation a t  loo", and soon became semi- 
solid, huh, on exposure to  the air at the ordinary temperature, the  
mixture rapidly liquefied ; the acid is, in  fact, more hygroscopic than 
the correRponding bromo-derivative, and, for this reason, it was not 
analysed. 

A portion of the crystalline substance which had been kept over 
sulphuric acid on porous earthenware for two days seemed still to 
contain water O F  crystallisation ; i t  melted, b u t  apparently not, com- 
pletely, at about 125", a t  the  same time frothing up considerably, 
owing, donbtless, to the escape of water vapour. After it had been 
heated to aborit 190" and then allowed to solidify, it melted a t  about 
185", which is probably, therefore, the melting point of the anhydrous 
acid. 

When the syrupy aqueous so111 tion is slowly evaporated over sulph- 
uric acid, large, flat plates, several millimetres in length, are de- 
posited ; these crystals are colourless and transparent, and their faces 
are covered with strie,  They seem to be rectangular in shape, but 
the ends are usually ronnded, as if re-solution had occurred. Examin- 
ation in convergent polariaed light shows that the crystals belong 
to  one of the biaxial systems, the large, tabular face being a bisectrix 
the optic axes emerge ju,t at the edges of the microscope field. 

It will be seen that these crystals are not similar to those of the 
corresponding bromo-acid, the latter crystallising in the tetragonal 
system, which is uniaxial ; this is probably due to a difference in  the 
degree of hydration of the t w o  acids. 

Tbe crystalline acid is very readily soluble in alcohol ; its aqueous 
solution turns blue litmus red, and has a SOUF taste. In a neut'ral 
solution of thc ammonium salt, ferric chloride produces no precipitate, 
but, on warming, the solution becomes reddish-brown, this colour 
disappearing on cooling ; the lead, tin, mercuric, copper, and silver 
salts of ths  sulphonic acid are readily soluble, because, even in con- 
centrated solutions of the ammonium salt, solutions of the salts of 
these metals produce no precipitation. 

Salts of chlo?.ocampI~orsulphonic acid.-All the following salts were 
prepnred from portions of the sulphoiiic acid which had been repeat- 
edly evaporated with alcohol until free from hydrogen chloride ; AS 
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THE SULPHONIC DERIVATIVES OF CAMPHOR. 601 

the methods of preparattion have been alrea.dy described in the case 
of other acids, details may be advantageously omitted. It, may, how- 
ever, be stated that the formation of a slight brown, flocculent preci- 
pitate on boiling the solution of t,he acid after neutralisation, was 
invariably observed ; after filtration, the colourless solutions were 
concmtlrated on the water-bath, and allowed to cool. The salts were 
deposited on keeping for some time, and were dried on biscuit-ware 
in the air; like many of t,he salts of the other acids, some of them 
did not become constant in weight. even after prolonged keeping. 

Ammonium chkorocamphor.~2llphonnte, CloHlzOC1*SOz*ONH~, is a 
colourless, cr.ystalline compound, and dissolves freely in water, alcohol, 
and acetone, although it apppars to be less readily soluble than the 
other saks examined. According to Marsh and Cousins, i t  blackens 
and decomposes at 200" : our preparation underwent no visible change 
when heated at 215" for a short time in a capillary tube, but it melted 
nnd then decomposed when heated on a platinum spatula in the 
Bunsen flame. 

The trailsparent prisms or prismatic needles which are deposited on 
slowly crgstallising an aqueous solution of this salt a t  the ordinary 
temperature nre easily obtained a centimetre or so in length, and 
greatly resemble the crystals of ammonium bromocamphorsulphonate ; 
they are very brittle, and have a glassy lustre. The form n{100) is 
generally the largest present, and its faces give good images ; as in 
the case of the ammoninm salt of the nromo-acid, the forms in the 
zone [a, h l  are lightly striated in the direction of the c-axis. The 
form ~ ( l O l ] ,  though usually small, and the  prism r'(zOl], which i s ,  
in most caseR, larger, g i re  good measnrements. The form q ( O Z 1 )  
is very well developed and brilliant, but the forms ~ ( 1 1 0 )  and 
~ ' ( 2 1 0 )  are generally poor in character, and do not give good measure- 
ments. The pinacoid ~(001)  is usually small, but gives fairly sharp 
images. 

FIG. 15. 

The crystals are hemimorphic. At one end of the prism appear 
the forinsp(110) and p'{210) ,  and at the other q(O11) and ~'(210). 
One or more of these forms is frequent,ly absent, and in no case, 
were the two forms ~ (110)  and q ( 0 l l )  seen on the same or on 
b0t.h ends of the crystal. So far as the number of faces ex- 
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602 KIPPISG A S D  POPE: 

hibited is concerned, the form ~ ' ( 2 1 0 )  seems to be unaffected by 
the hemirnorpbism. The crystals are very irregularly dereloped, 
faces of the same form seldom being even approximately equal in 
point of size. So symmetrically developed a crystal as thatl repre- 
sented in Fig. 15 was never met with;  frequent,ly the blunt end of 
the  cryst,al sliows only the form p(110), and one or other of the 
remaining forms, with the exception of those which lie parallel to the 
b-axb, is often absent. 

The pinacoiid a(100)  is normal to a bisectrix, probably the obtuse 
one ; there is a good cleavage parallel to this form. 

As would be expected from their heminiorphic nature and their 
great similarity to the crystals of the ammonium salt of biaomocam- 
phorsdphonic acid, these crystals become strongly pyroelectric when 
heated. On warming a crystal and then dusting it with the electri- 
fied mixture of red lead and sulphur during cooling, the pointed end 
becomes red, owing to the lead oxide adhering t o  it, whilst the square 
end of the  plate assumes the yellow colour of the sulphur particles 
which are attracted. 

Crystalline System : Monosymmetric. Hemimorphic. 
a : b : c = 1.9260 : 1 : 1.0471. 

[3 = 74" 56'. 
Forms observed : 

a ...... (loo] ...... 03Pm 
c ...... (001) ...... OP 
1' . . . .  p o l ]  ...... -Pa3 
7.' ...... (201) ...... +2Pm 

p 1  ...... p o j .  ...... mP2 
y . . . . . .  (011) ...... SCa 

p . . . . .  { l l O )  ...... 

The following angular nicasuremt nts were ob titilied. 

1v 
Angle. 

ar' = 100 : 201 
r'c = 201 : 001 
ac = 100 : O i l 1  
ar = 100 : 101 
cr  = 001 : 101 
uq = 10O:Oll 
aq = ioo : 011 
cp = 001 : 011 
qq = 011 : 011 
up = 100 : !lo 
p p  = 110: 110 
ppt = 110 : "10 

y#J= 210 : a10 
ap' = 100 : 210 

'0. of obser- 
vations. 

21 4 8 O  
12 64 
12 74 
8 49 

11 24 
14 58 
9 99 

17 44 
15 88 
12 61 
7 56 
5 18 
8 42 
6 93 

1, im i t s . 
17'- 50" 
47 -- 55 
5 - -  75 
38- 50 

6 -  25 
47-  - 73 
54 100 
39- 45 
42 - !)O 
15- 62 
3 -  66 

27- 18 
22 - 43 
49- 94 

28' 
59 
4 2  
47 
21 
56 
58 
50 
1 
7 

39 
56 
16 
57 

RTenii. 
49" 25' 
55 33 
76 1 
50 12 
24 44 
79 YH 

100 29 
45 19 
89 26 
61 4 4  
6ti 26 
38 4 4  
42 51 
94 16 

Culculat cd. 

5 5 O  39' 
74  56 
3 1  14 
24 42 

100 32 

89 '22 
61 4 4  
66 31 
18 49 
42 55 
94 9 

- 

- 

- 
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THE SULPIIONIC DERIVATIVES OF CAMPHOR. 603 

As will be seen from the axial relations given below, this salt and 
the ammonium salt of bromocainphorsnlphonic acid are very similar 
in crystalline form. 

G,~H140Rr.S02-ONH4. a : b : c = 1.9155 : 1 : 1.0252. p = 74" 37'. 
Cl~H140Cl.S02*ONH,+ U, : 6 : c = 1.9%60 : 1 : 1.0471. f l =  74" 56'- 

Potassium ch lorocamp horsu lphonate, C ,0H140 C1.S 02-0 K + 4H&, 
crystallises €rom cold water in colourless, bifurcated needles, and is 
readily soluble in alcohol and acetone, but apparently insoluble in 
ether ; the air-dried salt was analysed. 

0.6417 lost 0.0009 at loo", and 0.0124 between 100" and 145". 
0,2528 gave 0.0600 K2S04. 
H20 in salt dried at  100" = 19.35 ; K in air-dried salt = 10.64. 

C,,H140C1*S02.0K + 4H20 requires H20 = 19.18 ; K = 10.34 p. C. 

, It would seem, therefore, that the salt does not lose any of its water 
of crystallisation at  100". 

Barium chZorocnmphorsuEphoIzate, ( CloH,40Cl*S02*0)2Ba + 5$E20, 
like the barium salt of the bromo-acid, does not form very well- 
defined crystals, but separates from its concent'rated aqueous solution 
in colourless, felted masses ; it is readily soluble in water and alcohol. 
The analyses were made with the air-dried salt. 

0.5875 lost 0.0640 at 100" and 0.0768 at  135-140". 
0.3627 gave 0.1094 BaS04. 
H,O at  100" = 10.89, at  140" = 13.07; Ba = 17.74. 

(CloHl4OC1.SO3XBa + 5+H20 requires H,O = 12.89 ; Ba = 17.86 p.c. 

The salt becomes constant in weight a t  loo", at  which temperature 
i t  seems to lose 4$ mols. H20'; it turns brown at  130-160". 

The rotatory power of the air-dried salt was measured by dissolving 
1.0407 grams in water, diluting to 50 c.c., and examining i t  in a 
400 mm. tube at  10'. The mean of eight good observations gave 
a~ = +3" 54', SO that the specific rotation of the salt was about [a]= 
= +46.8". 

Sodium chZorocarnphorsulphonate, C10H140 C1. S 02*ONa + 5H20, sepa- 
rates from cold water in concentrically grouped needles, and is readily 
soluble in alcohol, but apparently insoluble in ether; the air-dried 
salt was analysed. 

I. 0.3925 lost 0.0972 at 130". 
0.16641 gave 0.0310 NaJ30,. 

11. 1.1284 lost 0.2779 at 145". 

H20 = 24.76. 
Na = 6.03. 

H20 = 24.6. 
C I O H I ~ O C ~ * S ~ ~ * O N ~  + 5H20 requires H20 = 23-81 ; Na = 6.08 p. c. 

The salt melts in its watei. of crystallisation when heated to 100" 
and the last traces of water are expelled with diiiiculty, even at  135". 

YOL, LXIII. 2 T  
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604 BROWN AND MORRIS: THE CHERIISTRY 

The rotatory power of the salt was determined with an air-dried 
preparation containing 24.6 per cent. of water, 1.0052 grams being 
dissolved in water, the solution diluted to 50 C.C. and examined at  20" 
in a 400 mm. tube ; the rotation was aD = + 3" 52', so that the specific 
rotatory power of the anhydrous salt was about [a]= = +64", 

Chemical Department, 
City and Guilds of Londort Central Institzction. 
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