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X I X - O n  the Chemical Constitution and Artijcial  Formation of 
Taurine. 

By H E R M A N N  K O L B E ,  of Marburg. 

S o m  years ago, Streck er* made the interesting observation 
that isethionate of ammonia, when heated to 210" C., gives off 
water, and is converted into taurine. By this discovcry, as well 
as by the mpre recent observation of Gib  bs,t  that taurine treated 
with nitrous acid is reconverted into isethionic acid, the existence 
of intimate relations between taurine and isethionic acid was 
placed beyond doubt; but the question relating to the chemical 
constitution of taurine, with which that of isethionic acid is 
closely connected, still remained undecided. That taurine is not 
the amide of isethionic acid, is sufficiently shown by its behaviour 
with hydratesf potash, which doe$ not cliniinate ammonia from 
it till heated to the melting point, and then completely decom- 
poses it. 

I believe that I have found the key to the solution of this 
problem, by an experimental confirmation of the conjecturc which 
I threw out a short time ago,t that taurine is related to isethionic 
acid in the same manner a alanine to lactic acid. In the same 
sense that the two last-mentioned bodies may be regarded as 
derivatives of ethyl-carbonic (propionic) acid, that is to say, 
alanine as amido-ethyl-carbonic acid, and lactic acid as oxy-ethyl- 
carbonic acid,-so likewise may taurine and isethionic acid be 
viewed as derivatives of ethyl-sulphuric acid, namely taurine as 
amido-ethyl-sulphuric acid, and isethionic acid as oxy-ethyl-sul- 
phuric acid : these relations are exhibited by the following formulae : 

HO*C,H5 [S,O+I 0 
Ethyl-sulphuric acid. 

HO*C4H5 [c,p,Io 
Propionic acid. 

* Ann. Ch. Pharm. xci, 101. 
I. Jnhresbericht dcr Chemie, xi, 650. 

Ann. Ch. Pharm. cxii, 241. 
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KOLB15, ON TACTRlNE. 05 

I 'o  tlic assumption that taurinc and Rlaninc arc so nearly related 
to  cacll othcr as tlicsc formulac indieatc, it may be objected that 
taurinc docs not posscss thc power which is common to glycocinc, 
alanine, lcucine, aspartic acid,. amidobenzoic acid, and amido-acids 
in gencral, of forming salinc compounds both with bases and 
yi th  acids. n u t  indcpcndcntly of the fact that the organic deri- 
vatives of sulphuric acid diffcr in many points from those of 
carbonic acid, thc following consideration is of especial importance 
in conncction with thc present inquiry. 

It must, in the first place, be presumed that, by tlic introduction 
of amidogcn into the ethyl-molccule, the acid propcrties of ethyl- 
sulphuric acid will be wcakenccl in the samc degree as in alanine, the 
body dcrivcd in likc manner from ethyl-carbonic (propionic) acid. 
But inasmuch as ethyl-siilphuric acid is a stronger acid than 
propionic acid, i t  is not surprising that even the weak basic pro- 
perties of amidatcd propionic acid should be wanting in the 
amichted ethyl-sulphuric acid.* On the othcr hand, this latter acid 
might 1)c expectcd to exhibit properties which have not hitherto 
heen actually observed in taurine. Guided by these considerations, 
I liavc made several experiments with pure taurine prepared from 
ox-bilc, the results of which I will here briefly communicate. 

Taurinc dissolwd in fuming hydrochloric or strong nitric acid, 
crystallizes unalterccl from the solution on evaporation ; moreover, 
it docs not increase in weight when exposed to  an atmosphere of 
dry hydrochloric acid gas, either a t  ordinary temperatures or 
when heatcd. I n  order to determine whether taurine, like alanine, 
is capable of forming crystalline compounds with salts, I mixed 
thc concentrated aqueous solutions of equivaIent quantities of 
taurine and chloride of potassium, and abandoned the solution to 
spontancous evaporation : purc taurine then crystallized out first, 
a i d  afterwards chloridc of potassium. Neither does thc hydro- 
chloric acid solution of taurine yield any compound with bichloride 
of platinum, alcohol added to the solution producing a precipitate 
of pure taurine. 

It appears therefore that taurinc does not exhibit the basic 
properties possessed by other amido-acids; but, on the other 
hand, i t  is by no means destitute of the power of uniting with 

* 3Icthyl-sulphuric acid, tlic analogue of acctic acid, does not yield marsh-ps when 
treatcd with soda-lime ; ncither does benzyl-solphuric acid, the analogue of ljenzoic 
wid,  yicld 1)enzolc whcn thus trcated. Other examples of thcse differences of 
charnctcr arc stTurtled by the obscrvations lately communicated by Vogt (;inn. 
Ch. Pharm. cxix, 143), and Kellcr (ibid, 153). 
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96 KOLUE, ON TIlE CONBTITUTlON AND 

bases; a d ,  dthaugh I have not succecded in preparing salts of 
taurinc in tlic solid form, the followitig expcrimeiits show that it 
is really capable of forming such compounds. 

A saturated aqueous solution of tatirine, in  which absolute 
alcohol immediately prduccs a copious precipitate, is iict’ precipi- 
tated, or even clouded, by a mixture of absolute alcohol and 
ammonia; but if the solution be  then exposed to the air till the 
ammonia is volatilized, the taurinc separates in beautiful crystals. 
Ncither is a concentrated aqueous solution of taurine containing 
frcc potash, precipitated by absolute alcohol-a property which 
may hc successfully applied to thc separation of taurine from oklier 
compounds iusolublc in alcohol. Carbonic acid, passcd into thc 
solution, separatcs thc taurinc iii its original state. 

Hydrated oxide of lead is taken up in considcrable quantity by 
a hot aqueous solutioq of taurinc, the clcar filtcrcd liquid becoming 
only slightly turbid on cooling. On exposurc to thc air, it 
dcposits a considerable quantity of carbonatc of lcad. An aqu,cous 
solution of taurine does not dccomposc carbonate of lcail, cvcri at 
tlic boiling h a t .  

These rcsults show that taiirinc is by no mcnns an iiidiffercnt 
body, as it bas hitherto bccn considcred, but rstlicr a wcak acid, 
the acid propertics of thc primary compound, cthyl-sulphiiric acid, 
being wcakciicd in it by thc substitution of amidogcn for hydrogcn, 
to nearly the sainc extent as, in trichloraniliiic, tlie basic 
properties of anilinc are wedtencd by tlic introduction of 
chlorinc. 

The consideration of taurinc as anlido-ctliyl-sulphuric acid, is 
further supported by its formation from isctliionic acid by a 
process analogous to that of alariine from lactic acid. 

CHLORIDE OF C I I L O R E T I I Y L - S U L P I I U ~ I ~  ACID, AND CIILORETIIYL- 
SULPIIURIC ACID. 

If isethionic acid be really constitutcd similarly to  lactic acid, 
as above suggcstcil, it may bc cspcctcd to exhibit, under the 
iiifluencc of pcntachloridc of phosphorus, a hiisformation similar 
to that of lactic acid, yiclding in fact thc chloride of clilorethyl- 
sulphuric acid thus :- 

hctatc  of potash. Chloride of Chloro-propionic acid. 
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ARTIFICIAL FORMATIOX OF TAURINE. 97 

Ieethionate of potash. Chloride of Chlorethyl- 
eulphuric acid. 

I t  may further be expected that the chlorethyl-sulylmric acid, 
resulting from the actiou of water on this chloride, will be con- 
verted, by appropriate treatment with ammonia, into taurine, just 
as the analogously constituted compound, chloropropionic acid, in  
thereby converted iuto alaniue : 

HO.C,(Ff} [C,O,] 0 + 2H,N= H0.C4{ &} [C,02] 0 + NH,Cl. 
Chloropropionic acid. Allmine. 

HO.C4 cf j [SQO,] 0 + 2HjN=HO.C4 cf [S20,] O+ NH4Cl. (" 1 
Taurine. 

1" ' 
Chlorethjl-sulphuric acid. 

These expectations have been completely fulfilled by the results 
of the following experiments :- 

To prepare chloride of chlorethyl-sulphuric acid, 60 grammea 
(1 at.) of finely pulverized isethionate of potash, dried at 100" C., 
were introduced, together with 150 grms. (2 ats.) of pilverulent 
pentachloride of phosphorus, iuto a capacious tubulated retort, 
the two substances being mixed together as completely as possible 
with a bent glass rod. The mixture, after a whilc, begins 
to get warm and to liquefy, and at length boils, with copious 
evolution of hydrochloric acid fumes, a large quantity of oxy- 
chloride of phosphorus distilling over at the same time into the 
receiver. If, after this violent action is over, the retort be gently 
herrted, nearly pure oxgchloride of phosphorus distils over at first; 
afterwards, when the heat is raised, a much heavier, mobile, oily 
liquid, having a strong pungent odour, passes over in sotnewhat 
considerable quantity. This liquid consists mainiy of the chloride 
of chlorethyl-sulphuric acid, while in the retort there ultimately 
remains a dry, blackish, saline mass. 

The chloride of chlorethyl-sulphuric acid, which boils at about 
200' C., may be easily and completely separated from the oxy- 
chloride of phosphorus by fractional distillation ; neverthelem, 
I have not succeeded in preparing this compound quite pure, 
apparently because a quantity of chloride of iscthionic acid _ _  

C, (zb,) [S,O,]Cl, is formed at the same time, which 
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98 EOLBE, ON TIIE CONSTITUTION AKD 

chloride boils a t  nearly the same temperature as the chloride of 
chlorethyl-sulphuric acid. A precisely similar obscrvation was 
made by myself and Dr. L a u t e m a n n  with rcgard’to tlie distilla- 
tion of salicylic acid, or salicplate of soda, with pcntacliloride of 
phosphorus, tlie cliloridc of salylic acid thereby produced bcing 
always more or less accompanied by chloride of salicylic 
acid. 

The distillate which passes ovcr in the rectification of the 
crude product at 200’ C.-at which the boiling temperature 
remains to a certain dcgrec statioiifirp-is a ncarly colourless, 
heavy liquid, wliicli fumes in thc air, does not mix with water, 
and has an intense and vei‘y persistcnt odour, strongly recalling 
that of volatilc oil of mustard. Analysis gave the folloiving 
numbers : 

0.6% grm. buimt with oxidc of copper gave 0.346 grin. 
carbonic acid and 0.150 grm. water, corrcsponding to 15.0 p. c. 
carbon and 2.6 p. c. hydrogen. 

0.5055 grm. passcd in thc statc of vapour over red-hot lime 
gave 0.7825 grm. chloridc of silver = 38.3 p. c. chlorine. 
0.604 grm. passed over red-hot carbonate of soda, whicli was 

finally heated in a streani of oxygen, yielded 0-905 grm. sulphate 
of baryta, corresponding to 20.8 p. c. sulphur. 

The formula C, {:fi [s,o, J CI requires 

Calculated. Found. 
F - 

c *  24 1.4-7 15.0 
H4 4 2 5  2.6 
s 2  32 19.6 20.5 
0 4  32 19-6 > 9  

Cl, 71 425.6 38.8 - - 
163 100.0 

The somewhat too large amounts of- carbon and sulphur shown 
by the analysis, on the one hand, and the great deficiency of 
chlorine on the .other (a product obtained in  another preparation 
yielded 39.2 p. c .  chlorine), corroborate the suppositioii that the 
compound analysed contained R small quantity of chloride of 
isethionic acid. 

Chloride of chlorethyl-sulpliuric acid is but very slowly decom- 
posed by water at ordinary tcmperatures. A drop of it covercd 
with a large quantity of watw did iiot &appear completcly in 
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ABTIFICIAL FOEMATION OP TAURIPE. 99 

the c o m e  of a week. Heated with watcr to 100" C. in a her- 
metically sealed tube, it dissolves somewhat readily, yielding 
hyErochloric and chlorethyl-sufphuric acid, and losing its odow 
at the same time. It dissdves easily in potash, with great 
evolution of heat ; also .in aqueous ammonia, with abundant 
formation of sal-arnmoniac. Taurine is not produced in this 
last reaction, but probably the amide of amido-ethyl-sulphuric 
acid. 

The solution of chloride of chlorethyl-sulphuric acid in absolute 
alcohol, even after being heated in a hermetically sealed tube to 
100" C., docs not yield any chlorethyl-sulphate of ethyl on 
addition of water. 

If the strongly acid solution obtained by heating the chloride of 
chlorethyl-sulphuric acid with water in sealed tubes for several days 
be completely freed from admixed hydrochloric acid, by evapora- 
tion, first over the open fire, afterwards over the water-bath, a 
thickish acid liquid is obtained, consisting chiefly of chlorethyl- 
sulphuric acid. This acid forms crystallizable salts with oxide of 
lead, oxide of silver, and other bases. For the preparation of 
the pure acid, I have used the silver-salt, which crystallizes easily 
and in beautiful forms. 

The solution of the crude acid diluted with a moderate quantity 
of water dissolves carbonate of silver with effervescence. After it 
has been treated, for a while with a slight excess of the carbonate 
of silver, without heating, but with frequent agitation, the clear 
filtered saline solution, which is very sensitive to the action of 
light, and still more to that of heat, is evaporated nearly to 
dryness in vacuo over sulphuric acid, being at the same time 
protected from the light. The crystalline mass separated Gom 
the mother-liquor, and' washed with a little cold water, is well 
comminuted and re-dissolved in the smallest possible quantity of 
cold water, and on again leaving the filtered solution to evaporate 
in vacuo, the pure chlorethyl-sulphate of silver crystallizes o u t  in 
large transparent rhombic prisms, the mother-liquor yielding an 
additional quantity on further concentration. Analysis gave the 
following numbers : 

1.256 grm. of the silver-salt burnt with oxide of copper yielded 
0.440 grm. carbonic acid and 0.182 grm. water = 9.5 p. C .  

carhon and 1 . G  p. c. hydrogen, 
1.015 grm. ignited with carbonate of soda in a strealn of 
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100 ROLRE, ON TRI*: CONSTITUTION AND 

oxygen, yielded 0.987 grm. sulphate of haryta = 13.3 p. c. 
sulphur. 

1 *257 grm. precipitated with tiydrocliloric acid, yiclded 0703 
cldoride of silver = 45.1 pc.  silver. 

The forinula AgO.C, {:!t) [S,O,] 0 reyuircs 

Culcul3tcd. Found. 

24.0 9.5 cJ*3 
4.0 1.6 1.6 

35.5 14.1 - 
32.0 12.7 13.3 

w 
c4 
H4 

s2 
0, 48.0 19.1 
Ag 108.0 43.0 43.1 

C1 

- 

-- - 
251.5 100.0 

The aqueous solution of this salt is rapidly dccomposcd hy heat, 
especially at the hoilirig temperaturc, with separatio,n of chloride 
of silver, isetliionic acid being doubtless reproduced ; but tllc 
decomposition is never coinplcte, evcn aftcr the heating has been 
continued for several days. 

The aqueous solution of chlorctliyl-snlpli~iI1.ic acid obtained by 
pracipitatirig the sil\-cr-salt with sulpllurettctl hydi ogcn, has a strong 
acid recction, and sustains a boiling heat without altcration. IVhcn 
coiiccntratcd by cvalwration, finally in vacuo over oil of vitriol; 
i t  crystallizes in long colourless prisms, which are highly deli- 
quescent, and niclt at a moclcratc Iicat. 

The salts of chlorctliyl-snlpliuric acid' arc easily, and to all 
appearaiice conipletclp, decomposed by boiling with free .alkali, 
yielding a nietallic ciiloridc and probably an iset hionate. Car- 
bonate of potash produccs tlie same decomposition at thc boiling 
h a t .  

Attempts to replace tlic chlorinc of chlorcthyl- sulp?iiiric acid by 
Iiydrogcn h;ivc; to ii ccrtain extent, given negativc rcsults. The 
frcc aqueous acid hoiled with zinc, gives off n large quantity of 
hydrpgcri, witliout forming a trace of' hydrochloric acid. Addition 
of sulpliriric acid incrcnses the evolution of gas, but even in this 
cnsc tlic Iijdrogen docs not remove ally chlorine from the acid. 
Xci thcr is iiiiy dccoml)osition produced iii tlic acid solutioii Ly the 
h y d r o p i  c~o lvcd  I)? il poncrfiil voltaic current \\ i th  two anial- 
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ARTIFICIAL FORMATION OF TAURINE. 101 

gamatetl zinc plates as the electrodes. Tlie replacenlent of 
the cliloriric by hydrogen is, ho~vevc~, easily effected by the 
electrolysis of n weak alkalilie solution of an alkaline chlorethyl- 
sulphate, or by treating the soh-salt  in the cold with sodium- 
aiiialgain. 

In this respect, chlorethyl-sulphuric acid exhibits considerable 
resemblance to the homologous compound, chlormethyl-sulphuric 
acid, which I obtained in 1845 from trichlormethyl-sulphnlic 
wid, arid to which I then gave the name of chlorelayl-byposulphuric 
wid.* 

TAURINE 

It has already been observed that chlorethyl-sulphuric acid is 
conwrted into taurine by the action of ammonia. The trhas- 
formation is easily effected as follows : Dry chlorethyl-sulphate of 
silver is sealed up in a strong ghsa tube, with a large exceee of 
the strongest aqueous ammonia,* and the clear saline solution 
which is immediately formed on agitation is heated to 100" C. for 
several hours. The liquid remains unclouded, but, if subsequently 
evaporated over the water-bath, deposits a considerable quantity of 
chloride of silver. The dry residue &solves in water, with the 
exception of the chloride of silver ; the solution still retains a very 
small quantity of silver, which is best removed by adding a drop of 
hjdrochloric acid immediately after the residue is dissolved. 

The clear, sliglitly acid filtrate is evaporated to a small bulk, and 
mixed with strong alcohol, which precipitates a bnsiderable 
quantity of taurine. The crystalline precipitate thus formed always 
contains, besides taurine, a- variable quantity of another substance, 
which, when the whole ie recrystallized from water, mixea with 
the beautiful crystals of taurine, in small white, opaque, crystalline 
nodules ; this substance also gives off ammonia when boiled with 
potash-ley. I think i t  probable that this compound is the amide 

of taiwine, mixed perhaps with the amide 

of isethionic acid '4 {262)-s204] N. 
H2 

Ann. Ch. Pharm. liv, 168, ff. 
t With alcoholic ammonia, the product obtained irs not trurine, but roother 

crystalline compound, not yet investigated. 
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102 KOLBE, ON THE CONBTITUTION AND 

TO remove this adventitious snbstancc, the impurc tnirrinc p e -  
cipitatcd by alcoliol w s  lioilcd with pot:isIi-lep ( i i i  aiiotller l w e p  
ration tlic s:Ac trcatmclit vas  iiiixiicc~iatc~y :Ippliec\ to tlre c:riitle 
solution of taurkc  filtcrcd from the cltloridc of silver nf'tcr 
addition of liyilrocliloiic acid) till thc odour of ainnioiiin was 110 

longer perceptihlc, and the liiglily coiicentrntcd alkaliiie soliitioii 
was then mixed with about twenty timcs its volunic of a1)solutc 
alcohol, which, as already rcmnrked, does not prccipitatc tniiritic 
from its alkaline solutioiis. Tlic clear filtrate, diluted with watcr, 
evaporated, slightly rrcidulatcd with liydrochloric acid, and again 
evaporated to a small bulk, yiclds, on ndditioii of a lnrgc qlliliitity 
of strong alcohol, a, copious crystallinc precipitate of taurinc, coii- 
taminated only with a small quaiitity of cliloriclc of potassium. A 
better method of precipitating tlic t aurine from its nlkaliiic 
alcoholic solution might perhaps be to pass carbonic acid iiito it. 
By recrystallization from water, it is iiltimatelp obtaiiicd in large 
hard crystals, and perfectly purc. 

. I have subsequently found that the crude clilorc~liyl-sulplilu.ic 
acid obtained by treating the chloride of clilorethyl-sulpliuric acid 
with water, may be used, instend of tlic silwr-salt, for the prcparn- 
tion of taurine. The liquid, after being frced by cv:il)oration froin 
admixed hydrochloric acid, is to bc iicntralizctl wit11 aii~Ii1~1~ii1, a i d  
the ammonia-salt evaporated to dryiiess, aiid licntcd for some tinic 
to 100' C., in  a liermctically senlcd tiillc, with ~ S C C S S  of sntilriitccT 
aqueous ammonia. The resulting solution is thcn to be treated 
in the manner above described, excepting that the larqcr quantity 
of sal-ammoniac which i t  contains must be rcmoved by hoiling 
with hydrated oxide of lead. 

Taur-ine prepared by either of these processes agrees i i i  every 
respect with that which is obtained from ox-bile, as I hnvc con- 
vinced myself by comparative esperirueuts. Aualpis gave the 
followiiig numbers : 

0.3855 grm. taurine burnt with oxide of copper iii a tube 
containing chromate of lead and metallic copper a t  its O F C I ~  ciid, 
finally in  a stream of oxygen, gave 0.2715 grm. carbonic acid and 
0-199 water = 19.3 p. c. carbon and 5.7 p. c. hydrogen. 

0.3955 grm. ignited with carboiiate of soda in a stream of 
oxygen, vieldsd 0.743 grm. sulphate of 'baryta = 25.8 p. c. of 
sulphur. 
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ARTIFICIAL FORMATION OF TAURINE. 103 

The formula I10.C4 I&[ [S20,]0 requires 

Calculatcd. Found. 

c4 2-L 19.2 19.3 
7 5.6 5-7 

N 14 11-2 
32 25.6 25.8 
48 384 

125 100*0 

- 
- H, 

s2 

0 6  
- - -  

Glycocinc, C4H5N04, and taurine, C4H,NS20,, which exist in 
bilc, togethcr with cholalic acid-doubtless in the same state of 
combination 11s glycocine and berizoic acid in the hippuric acid of 
urine-appcar like heterogeneous compounds, mlien regarded 
merely according to their empirical formula ; nevertheless, they 
arc nearly related to one another, as shown by the simple mode of 
formation of taurine just described. 

I f  glycocine be regarded as amido-acetic acid, that is, as 
carbonic acid in which one of the extra-radical oxygen-atoms ie 
replaced by amido-methyl, then taurine must be regarded as an 
analogous derivative of sulphuric acid, excepting that one of the 
extra-radical oxygen-atoms is replaced by amido-ethyl instead of 
by amido-methyl, as shown by the following formulze : 

Ctlycocine. Taurine. 

Since it is known that, bcsidcs glycocine, many similarly con- 
stituted homologous dcrivatives of the fatty acids-especialiy 
leucine (amido-propionic acid)-are widely diffused in the auirnal 
body, the observation that tlie functions 'of taurine in  the bile- 
compounds, is precisely similar to that of glycocine, lends some 
degree of probability to the supposition that the animal body 
coiitaixis, besides tatwine, other similarly constituted liomologoue 
dcrivatives of sulphuric acid, especially amido-methyl-sulphuric 
acid, tiic direct aiialogue of glycocine, and amido-arnyl-sulyhuric 
acid, analogous to leucine, both of which compounds perhaps 
enter into the composition of many animal substances rich in 
sulphur, such as horn, hair, &c. 
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104 GORE, ON TRE DETERMINATION Ok’ 

N0.C2 [C,O,]O IIO.C, iII,K 1 (, [S,0,10 

HO-C.4 {J&) cc20*10 H O G  &) [S,O,IO 

HO-C,, g;&! [C*0*10 H W ,  g$j! [ S 2 0 * 3 0  

Amido-methyl-carbonic acid. Am ido-methj I-sulpliuric acid. 
(Glgcocine). 

Amido-ethyl-carbonic acid. Amido-cthgl-sulphuric acid. 
(itlanine). (Taurine). 

Amido-amyl-carbonic acid. Amido-amyl-eulphuric acid. 
(Leucine). 

I regard it as by no means a thankless problem to search for 
these and other compounds homologous and analogous to taurine 
in the animal body, and especially in the secretions which are 
peculiarly rich in sulphur. From the above-described mode of 
formation of taurine, we might also expect that the artificial 
preparation of these other compounds moulcl not be difficult. I 
am at present engaged with the attempt to convert chlormethyl- 
auiphuric acid-a compound very closely resembling chlorethyl- 
sdphuric acid-by the action of ammonia, into amido-methyl- 
sulphuric acid, an acid which may be expected to exhibit con- 
siderable resemblance to taurine. 
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