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EMIL FISCHER MEMORIAL LECTURE. 

DELIVERED ON OCTOBER 2 8 ~ ~ ~  1920. 

By MARTIN ONSLOW FORSTER, F.R.S., Trelasure'r. 

To a world confused and lamrated by the bitter conselquelnceB o,f 
protlra,oted warf a.re, a,t a, time1 wheln every element of const8ructive 
aad ha#rmonising influence was mo,st sorely needed, thelre came 
without prmonit,ion t,he announcement thah Emil Fischer was 
dela,d. Inureld as t'hel na,tio8ns had beoolme t'o loss and disa'ster, it 
was probably wit'h surprise tha,tl t'hel scientifio co:mmunities found 
the misfolrtnne wihh which they were now confronted t,o be one in 
common with t'helir former etnemies. For the pla<ae which he 
occupied in  our minds, first atkaineld by his mastlery of our subject, 
waa haClloqwod b,y regard for his sterling disposition, compasslion for 
his grieds, admira'tion for his outsta.nding power. 

Emil Fischer was b,orn oln October 9th, 1852, a,t Euskirchen, 
some twenty-five miles from Cologne on the south-weatxtlerly high- 
road to the Eifel, abolut twenty mil= from Bo'nn. Preceded by 
five sisters, he wits the only son of Laurelnz Fischer and Julie 
Polensgen. Aftelr leaving school1 a t  Bonn in 1869, he was appren- 
t.icsd to his brolther-in-la,w, Ernst Friedrichs, a tirnb,e,r mercha'nt, 
but  the occupation proving uncolngenial, he  beoame a pupil of 
Kelkul6 in 1871, and prooeeldeld in the following yelar fro'm Bonn 
tIa Stsrasbourg. Here he graduated in 1874 undelr von Ba,eyea, 
wit'h whom hel passed to Munich in 1875 as a n  assistant,, becoming 
Privatdozent, and .soon afterwa.rds succeeding Volhard as Ausser- 
ordemtlicher Profe,ssw in 1879. On tho tlransferelnae of Volhard 
to  Halle, he was called to t,he &air of che,mist,ry a8t Erla'ngen in 
1882, whelnoe he proceeded in 1885 t'o Wurzb,urg in suocession to 
the elldelr Wislimnus. He remamined seven years at t-he Bavarian 
university, and o n  the delmise of von Hofmann, in 1892, was 
appointed professor and director of t,he chemioal institntle in Berlin 
University, a post which he f i k d  with increasing distinction until 
his death, which t'ook place in the night of July 14th, 1919, a t  
Wannseq his country home. Such, in the barest outline, was 
Fischer's career-simple, straightforward, and honoarable, like his 
nat'ure. 

Amolngst thse who came in contam& witb him, tbe imprwio'n 
left by Fischer is indelible, but  the words to describe1 his personalit'y 
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do not readily come. Physically commanding, his authority rested 
on the solid foundatlion of natural dignity unmarred by self- 
asselrtion. The1 brisk, upright carriage marked thel man of action; 
the glowing eyee reivealeid his attitude of constant, keein inquiry ; 
tlhe impatienoei wi th  trivial; ties was one aspect of his dominating, 
steedfast control of esselntials. With ordinary human perception, 
i t  was impossible for anyonel to escape his contagious enthusiasm, 
and yeit all the time the master did notl o h u r e  the man; for 
although his daily demelanour was tinged with selverity, his heart 
when relvealed was deeply kind, and, i n  ciraumstances of relaxation, 
joyous. The1 alert presenoe,, the ardent gaze, and the resonant 
voice will not fade from the reciollection of those to whom they 
became the symbols od a treasureld experience. 

The salient quality of his life was unswerving singleness of pur- 
pose. Rapid satisf aotion of relasonable professional ambition and 
the fact tha t  he, was only forty when summoneld to Belrlin did not 
distraot him from his chosen path. The legitimate pride ocoasioned 
by the summons, tlhe glad reaognitioii of increlased opportunities 
for reeearcih, the happy anticipation of entelring an unlimited 
scientific environmelnt were tempered by anxiety lest the social 
and cwemonial demands of thel capital city should make serious 
inroads intlol the real work off his life. Even his sixtieth birthday 
celebration was, by his express desire, an almostl domestio affair. 
Had he sought their presence, repreeentatives of f orelign academies, 
captains of industry, and councillolrs of Statel would gladly have 
joined his less exalted admirers in  their tribute tloi the1 master, but 
the! master himself ordained otherwise; with one exclelptjon, all the 
participants were former studeats, old oolleagues, o r  members of 
his household. 

Although the strictness with which Fischelr confined his energy 
to affairs of chemistry was t$elmperamental and duel primarily to  
his natural and cultivated taste1 f o r  the science, itl is probable that 
his colnditJon od helalth was a contributory factor. I n  t7he summer 
of 1881 he suffereld an attack of mercury poisoning, consequent on 
studying the action between mercuric oxide and diphatio hydr- 
axines; neithelr he nor Bosler noticeld until tool late that  mercury 
diethyl is prolduced, although the odour did nolt escape vcm Baeyer. 
The direct e&te of this incident lasteld three months, and ten 
years later Fischer fell a viotim tol the insidious onslaught of 
phelnylhydrazine vapour. I n  his own words : ' I  Diesels allelrliebste 
B-&&en war meine erste und dauelrndste chemische Lielbe. Wir 
haben uns 15 Jahre lang ausgelzeiehiielt miteinandeir veatragen, 
wahrend vielle andera Menschen glelich da,dur& zu Schade k m e u .  
.!hr dann brach auclh bei mir das Ungluok ein mit, eJner 
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chronischen und ausserst hartnackigea V,elrgif tang, und es hat 
12 Ja#hrei geda.uert*, bis die Folgen be,isei tigt waren." 

It is characteristio of the ma*n that  his work is devoid of 
" popular " feafnres, although conimo,n etxperience a t  every turn 
traverses the1 ma,t,erials witb whioh he dealt'. The task of elxplain- 
ing the a,chievement,s of other great chemists, Pasbur,  von Hof- 
mann, or Sir William Peskin, folr elxzmple, is relatively simplet, 
but the f ellow-citdzea cannot hope to undelrstmand Fischer's chemistry 
of t5he brea,kfsst+ta.ble untdl he, has leiarned that the operatdons of 
digestion acre asentia,lly che,mica.l transactions of a sub,tlle na,ture. 
To the ma,n whose sugar " melts " in tea, and who bellieves in a 
second member of tlhe class, beet-sugar, and probably a third, 
namely, saccharin, how are the1 beauties of the sixteen stereo+ 
isotmeiric a'1dohe.xoee.s t o  b,e revealed 1 H0.w is itl possible to explain 
t'ol a woman unverseld in ohemist-ry the family colnnaxion betlwem 
her silk drelss a,nd al scrambled egg? 

The 
relader is quickly ma,det a,warel of thel subjectl about to be de.veilopeld; 
in simple phra,ses t'he tjheme is pursued with a ma.rked abseinm of 
verbal ornament, and the trea.tmelnt, alt>hough c'omplete, is so 
cofnaise that  it wnduding summa'ry of retsults is unnecessary. By 
this relstraintl Fischer has ela.rnsd the1 gratitude; ocf all chemists, for 
t,he la4bour of a.ssimila,ting his elnormous o,utput has befen reduc,eld 
thereby to a, minimum. Failing t,horoagh discsipline in writing 
abst,racts 04 scientific memoirs, a stndy of the literary method 
a.dopted by Fisohe'r offers the best possible training for the raearch 
chelmist, old or young, in preparing repoirts of his own invest.iga- 
ti0~D.S. 

By the time he  hatd passeld from Erlangea to Wiirzburg, Fischer's 
reputahion hard become magnetic, and frolm t3ha'tl pelriod a.n incmas- 
ing number olf doictorandi soaght admission t o  his laboratory. The 
aggrega,te cf these must' be sevelral huiidrejds, inaluding ma.ny 
na.t,iona,lities, and witb the passagel olf yelars he receliveld, in addition 
to t,he cust,omary distinctions acoorde*d by his co'untrymen, the 
honoiurs which it is the practice of forelign academies t,o offes. He 
became a,n Hoaosa,ry a'nd Folreign Memmb,er of the Chemical 
Socielty in 1892, a, Foreign Member of t,he Royal Society in 1899, 
and an Honorary Member of t,he Rolya.1 Inst.it,ution in 1904; he 
remiveid the Davy Meldal in 1890, t.he Nolbel Prize for chemistry 
in 1902, and the Elliott, Cres,son Gold MeldaJ fro'm the1 Fra.nklin 
Inetit,uttet od Philadeilphia in 1913. 

Alt.hoagh to'o ratrely seen in this count,ry, he was warmly 
wellcome when he ca,mel, a'nd there is every ground for beilie'ving 
tha,t the cordial feeling towards him which certainly existed 

I n  literary style his pa.pers are1 uncompromisingly a,scetic. 

x x 2  
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amongst B rit'ish che8mista was r eci p roca.ted, it concrelte illu s tlra tion 
of this being given by the fact that' his eldest, son, H e m a n n  Fisaher, 
passed tlwo te'rms aftl Cambridge. A!Ioreosvelr, the1 many Englishmeln 
who worked in his 1aboIra;tory welrel quickly made aware off the 
kindly feeling toiwasds them which he cherished, an expelrienee 
adding appreciably to! t,he be'nefit they deIrive,d frojm t,hel a.s,socia- 
tion. Thus t,he velneration surrounding his name in  this colunt,ry 
could scaroely ha,ve been less, in dept'h and sinoelrity, t,haa that  
acknowledged by his fellolw-countrymeln. It t~he~relfore gave lustre 
to the Perkin Jub,ilele in  1906 whea, a.s Preeident olf the Gelrman 
Chemical Sooie'ty, he conveyeld t'he cotngratulatioas off that  bo'dy t,o 
the vetelran whilstl coafelrring 0111 him t,he Hofmann Meldal. 

The fo,llo(wing yeas, in which he dedivereld the Fasaday Leoture, 
markeld another memoIra& olccasioq postponed from 1895, when 
his c,onditbon od health did not permit a,cceptanm of the invit,aticm 
t,hen given. The t,itle of this a.ddress, namely, "Synthetical 
Chemistry in Re.lation to  Biology," crystrall+es in  a single phrase 
t>he profoiund s,ignifica.nm olf his own wolrk; fob, wheln relviewetd as 
a chapptelr which is clolsed, tlhis must be refgasded as having &ab- 
lished on a firm b,a.sis the fundamenbal, ba t  bewildelring, saience 
od bio&emist<ry. The assimilation of carboln dioxide1 and water by 
plants, the  variety and complexit,y of sccharide mollecules pro- 
celeding theredrom, the degra(da<tdon of the proteins, the proba,ble 
course of their synt'hesis from amino-acids, a.nd the polwer of 
assemb~lage or olf disruption etselrted by elnzymes on all them 
building mattsria81s olf the animal a'nd vegeltable kingdo,ms, me 
subjeotls which Fischer nolb melrelly illuminated, but  which he was 
tthe first. to place in ciolhelrent, arrangeme:ntl and intelligible selqueince. 
Reloognition of the fa& that  all this was a,ccomplished, not by 
rsvollutdona4ry pro8cesses osr t'ortaous theories, b,ut by dexterous 
development of the tholughts and olpelrations expandeld by Liebig, 
voln Hofmann, Pasbur,  and von Baeyer, is pelrhaps t!he highest 
t,ribute which oa,n ble paid t'o his genius. Indeeld, it offers t.he 
grea,test inspirattion t'oi lelss giftled workers, who1 ma.y thus be 
encouraged to1 percelive opport'unities for disoolvsry in adroit a'ppli- 
aa,tions of classical princip1e:a : and pursuing methods olf sudh 
simplicity ma,y even arrive(, by those devious paths which unfold 
themselves wit'h delight and refmshment to a.n ea,rnestl inquirer, 
unejxpeidetdly, as oin the lifting of a aurtain, direlatly a't the 
threahold of a fundament,a,l truth. 

The na.t,ural curiosity which seeks to account for the biolchemical 
trend o'f Emil Fisc,helr's relse'arches can only take refuge in pre- 
dilelction. There is nolthing to e,xplain it discoverable in family 
a*ssociat'iorns or in the t.asks of his young mashoold. Laurenz 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
20

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

Y
or

k 
on

 1
9/

07
/2

01
3 

07
:1

3:
11

. 

View Article Online

http://dx.doi.org/10.1039/ct9201701157


FORSTER : EMIL FISCHER MEMORIAL LECTURE. 1161 

Fischelr, who passed the1 age of ninety-four, was an active and 
elntelrprising general merchant engaged in supplying the require- 
ments of the peasant farmers inhabiting the Eifell; associated with 
his brothers, he was also concerned in a spinning mill and a briak- 
works close to1 his native1 town, and in the foundation of a brewelry 
a t  Dortimund. Thus there existed every inducemeat for  his only 
soln to pursue a, business careelr, and Ernst( Friedrichs was quite 
positive in deolaring his omviction that  no good would come of 
Emil when the young apprentice relinquished an opportunitly 
which appeared to him so full of promise. During this abortive 
attempt to  transform him into a timber merchant, Fischer had 
been occupield with expelriments in  a home-made laboratory, and 
contemplated devoting himself to1 a study of physics; but his 
father, attracteld by the handsome returns which the Rhenish 
chemical factloriee were1 alrelady beginning to1 show, finally persuaded 
him to  become, a chemist. 

His prepossession in favour of biochemistry was destined t o  
resist anothelr contrary influeaoel. The doctorate the& dealt with 
fluorescein and the phthalelin of orcin, whilst his work on rosaniline 
in the Munich days would almost certainly have confirmeid a less 
resolute mind in the pursuit of coilour chemistry, then in the early 
flush of active growth. Molreover, this direction would have! been 
a natural sequence to  the powerful influence of von Baeyer, a t  that  
time immelrseld in the prolblems of indigotin synthelsis. Indeed, it 
is a noltioeable felature in the1 devebpment of his character that  
Fischelr’s wolrk detached ibelf so completely f rom household 
autholrity and so rapidly frolm eiarly chemical einvironment. The 
only conspicuous mark of the training which he owed to von Baeyer 
was ma.nipulatire skill of the very highest order ; this was revealed 
by results achieved with uninviting matelrials, frequelntly used in 
very m a l l  quantities, by the inception and adaptation of ingenious 
experimental device6, and by the rarity of occasion to  revise earlier 
conclusions of his own. Fortunate he undeniably was, but the 
gooid fortune was thoroughly well earned by ceaseless industry. 
He wgs folrtunats, for example, in the fact that  nothing resembling 
the Walden inversion, that  bBte noire of optical activity, disturbed 
the! aldohexow aonfiguration. Imagine the1 confusioln which would 
have arisen if  gluconic and mannonic acids, instead of being 
smoothly intelrconvelrtible when heateld with quinolinel, had given 
mixtures of idonic, gulonic, galactmic, talonie, altronic, and allonic 
acids. Phenylhydrazine was a tremendous coup;  but the prepar- 
ation was according to plan, although its remarkable properties 
were fortuitous, a happy illustration of “ t o  him that hath shall 
be given.” 
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Nevertheless, that  mysterious counterpoise of destiny, from which 
t.h0 grelatest, and the humbleet cannolt escape, plungeld him into 
profound sorrow at the1 meridian of his aareelr. I n  1888 he had 
marrield Agnee Gerlach, but the1 happy union was cutl short by heir 
deahh in 1895. Thereafter his three bolys were tendejd by Frln. 
Masgarete Barth, who administelreld his household f o r  the8 remain- 
ing twenty-four yejars of his life with watchful solicitude. 

Early TV o r k  . 
Fischer entered the field of organic chemical research at the 

ofpening of ite bright& epoch. Largely in consequence of Kelkul6’s 
theory of beazene structure, the; ground was ready f o r  systematic 
cultlivation: the1 advent of peace encouraged a willing and increas- 
ing band of workers to  prepare themselves for fruitful labour; 
tsgethelr they stood at the threehold of the imposing structure 
which was destined to1 arise during the1 next forty years. 

The1 act of relading, in 1920, the paper on phenylhydrazine corm- 
municated from the, Strasbourg laboratory in 1875, elngendess the 
sensation od contemplating the moldestl source of a mighty river. 
I n  1871, Strelcker (with Romer) had treiateld belnzeinediazonium 
nitrate with elxcters of hydrogen potassium sulphite, obtaining a 
salt, which he represented by the formula 

C,H,*NH (:NIT) SO,K,H,O, 
and giving t o  diazotiseid aniline the expression since asscrciazcted 
with his name. I n  1875 Fischer showed that  two1 sadts arise from 
the diaaotised bass and neutral potassium sulphite, namedy, 

C, H,*N2*Sn3K and C,H,*N,TT,*S03K + H20 
Potassium phenylhydrazino- Pot ci ssi u m benzene di az onium 

sulphite. sulphonate. 

The lattelr was identical with Strecker’s, and Fisclher carried the 
inquiry to anothelr stage1 by acting on i t  with benzoyl chloridel, 
producing a substance (dibenzoylphenylhydrazine) which gave 
belnzoic acid and phenylhydrazinel hydrochloride when heated with 
hydrochlorio acid ; in this manner, phelnylhydrazine itself wa8 first 
obtaineld a5 an oil, which ultimately became, solid. Latelr in the 
same yeiar het simplified the preparation of the base by adding 
exceiss of sodium sulphite to benzenediazonium chloride, completing 
the reduction by means of zinc dust and hydrolysing the phenyl- 
hydrazinosulphonats with hott hy$rochloric acid. Extending the 
procelss to diazotised sulphanilic acid, he prepared phenylhydrazine- 
sulphonic acid, which had been actually obtaineld by Strecker and 
Romer (1871), because in this case they had heated the initial 
prcduct with hydrochloric acid t o  remove excess of alkali sulphite. 
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Owing to the, readiness with which hydrogen replaces the nitroso- 
group in secondary nitrosoamines, attompts by other chemists to 
prepare aliphatic hydrazines had failed. Fischer succeeded in 
reducing nitrowdimethylamine to dimethylhydrazine, and, having 
prepared diethylhydrazine and phenylethylhydrazine, he repre- 
selnted the, primary hydrazine derivative by the folrmula 

C!,H,*NH*NH,. 
A t  the beginning of 1876 he delscribed ethylhydrazine, which arose 
from hydrolysing dielthylsemicarbazide, and expresed the intention 
of applying this process to the production of hydrazine itself. 
Throughout this and the succeeding year the simplelr changes 
undergone by pheinylhydrazine wer0 studied, and i t  is notewoathy 
that a t  this perioid Fischer preferrod the Kskul6 formula for 
diazonium salts ; he had regenerated poltassium phenylhydrazino- 
sulphonate from phelnylhydrazins and potassium pyrosulphate, and, 
converting it by oxidation into1 the diazonium sulphite, was so 
imprelssed by the1 close experimental relationship betweeln the two 
substmceB as t~ cofnsidelr this an obstacle to the Strecker formula. 

A survey of these early papers indicates the curious faat that  
although the powelr of phenylhydrazine to combine with aldehydes 
was quickly observeid by Fischer, he does not appear to have 
recognised its tremendous value as a general ageat for the carbonyl 
group until nearly ten years after discovering the base. This is 
probably due to the distraction oflered by roaanilina (see below) 
and minor inveBtigations, by his translation from Munich to  
Erlangen, and by tlhe work on caffetine (1881), which was destined 
to lead him to  the classifiaation of purine derivatives. It is true 
that  the aotion of aoetaldehyde, benzaldehyde, and furfural had 
been noted, but it was probably the formaltion of the sparingly 
soluble and beautifully crystalline phenylhydrazone of pyruvic acid 
(1883) which revived the interest in his original discovery. The 
outstlanding feature of 1884, an extraordinarily fruitful year, is 
the application of phenylhydrazine to carbonyl compounds in 
general, and the sugar group in particulhr. I n  that  year, also, he 
explained the first transformation of a phenylhydrazone into an 
indole, 

Pyruvic acid phenylmethyl- 1 -Methylindole. 
hydrazone. 

induceld by the adion of hydrochloric acid, and he1 re-assembled 
the evidence supporting his constitutional formula f o r  phenyl- 
hydrazine, Erlenmeyer having advocated the alternative expression 
C,H,*NH,:NH. 
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Another int?ereating point1 in the elarly history of the phenyl- 
hydrazones is that  the name for these important1 prolducts of con- 
densation doles not appear to  have1 beten introduceld by Fischer until 
1888, when he represented them by the general expression 

NH >C:N*NHR instelad of >C<kR ; altholugh many attempts, some 

of which are1 quite recent, have1 belen made tot resuscitate the cycloid 
repreeentatioln, Fischer did nolt take part  in the discussions, and 
the ba(lanm of evidence in  favour od his formula preponderates. 

Even forty years ago(, when the boundariels of olrganio chemistry 
were comparatdveily limited, the discovelry of an entirely new class 
of highly reiactive compounds by a novice must have beeln recog- 
nised a5 a portent; but the hydrazinee were1 not the only subject 
with which Fisahelr’s name came to  be associated in the1 telxt-books 
with relspect to1 woirk accomplished bedore he1 was twelnty-five1 years 
of age. While in Munich he belgan collaboration with Otto 
Fischer, and in 1876 the oonainsi published their first joint palper 
on the rmaniline baseB, olbtaining f rolm di azoltised leucaniline th0 
hydrocarbon, CZOHl8, melltbng a t  58’. These experiments welre 
made with the commercial product, and, on repeating them with 
the dye prepared from purifisd p-toluidina and aniline, they showed 
in 1878 that the corresponding leueol-basel gives triphenylmethane, 
CI9Hl6, melting a t  9 3 O ,  as recordeld by KekulB, Franchimoat, and 
Hemilian. I n  view of its production from ptoluidine, the dye 
was named, somewhak unf ortunatelly, ‘‘ pararosanilinel,” and they 
proceeided to1 regenerate it from triphenylmethane by reducing 
Hemilian’s trinitro+derivative and oxidising the parale~ueaniline 
thus obtained. They oolncluded (1) that  the rosanilines producible 
from aniline and the toluidines are homologues, olf which the 
simplest, pararosanilinel, has the1 compositioln C19H17N3, whilst com- 
melrcial fuchsine is a. mixture!, of which tahe principal constituelnt has 
the formula, C,H,,N,, assigned by Hofmann, and (2) that  the 
parent hydrocarbon of the whollel group is tripheaylmethane, of 
which, or of its homolopea, the1 various lelucanilines are, triaxninoi- 
derivatives. 

Be,forei proceeiding to  review the! special branchee with whioh 
Fischer’s name1 is most conspicuously linked, it will be convenient 
herel to1 notice a few devellopmeats of his elarlier experiments which 
are nolt appropriately included in the following sections. For 
example#, the oonversion of suitable phenylhydrazones into1 deriv- 
atives ot indole was elxtended in 1886, when itl was found that  
anhydrous zinc chloride, sol greatly facilitates the removal of 
ammonia that  the condensation products of primary and secondary 
arylhydrazines with all saturated ketones or ketonic acids con- 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
20

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

Y
or

k 
on

 1
9/

07
/2

01
3 

07
:1

3:
11

. 

View Article Online

http://dx.doi.org/10.1039/ct9201701157


FORSTER EMIL FISCHER MEMORIAL LECTURE. 1165 

taining the methyl or methylene group adjacent to carbonyl can 
be transformeld into1 the colrresponding indole delrivativea by loss 
of ammonia ; as an illustration, acetonepheaylhydrazone gives 
2 -melt hylindolq 

A similar change proceeds with phenylhydrazonea of aldehydes 
containing the methylene group next to the aldo-nucleus, and 
dimethylindolle, methylethyl-, phenylmethyl-, and pheaylscatde, 
together with indoleoarbolxylic, dimethylindolelaoetic, and dirnethyl- 
indolecarboxylic acids, were prepared. 

Ot*her examples of ring-formation weirs brought to1 light by 
Fischer. I n  1883 he found that, benzoylaceitone is proiduced by 
hydrodysing benzoylamtic estefr, and, utilising this reaction tlol pre- 
pare o-nitrocinnamylacetone, he reduced this tol acet8dnylquinolinel, 

Furthermore, nitrosolathylarninohydro~cinnamic acid gave elthyl- 
h y drmarb a,zm tyril, 

yo ,  \ ,,,,,C13,*CH2*C0,H 

I I  
\ / \N Et NO \ / \N E t-N H/ 

N==QH 
whilst phen y lpyrazoline, C,H,* N < was obtained in 1587 CB,*CH,’ 
frofm the phenylhydrazons of aorolelin by the! action oif dilute 
sulphuric acid. 

Carbohydrates, Glucosides, and BepsicFes. 

I n  the year 1886, chemist6 recognised two1 aldolhexoses (glucose 
and galactose), two ketohelxoses (fructose1 and sorbose), and one 
aldopentofse (arabinow) ; threie hexobioses (sucrosel, lactose(, and 
maltoise) were1 also known to be definitel individuals, and one1 helxol- 
trime (raffinom). The general stlructure of glucose and galactose 
as thatl of straight-chain pe~ntahydroxyalde~hydes, and of fructose 
as a pentahydroxyketone, also unbrancheld, had been determined by 
the work of Kiliani, who relegated to its proper poeition as a 
tetrahydroxyaldehyde the pentasel, arabinose, erroneously classified 
by its discoverer as an isotmeride, of glucose. I n  them few lines may 

x x* 
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be surnmariseld the exact knowledge of crystlalline carbohydrate6 at  
the time1 when Emil Pisoher approlacheld the subject, and a true 
measure of the character and magnitude of his construative achieve 
ment may be gained by comparing the foregoing synopsis with the 
modern classification of the hexose group as reipresentleid by 
projeotion formulze. 

From that  classificatioin it is wen thatl amongst the sixteen 
optically active aldohexoses theoretically redisable, tweilve have 
been either synthesised o r  configuratled, or both, by Fischer and his 
collaborators. His work on ribose made1 it possible to include 
d-allow and d-altrose in the list, of which there thus remain only 
tehe I-forms of these two aldoses unknown. It involves also the 
statement that  six amongst the eight possible1 dl-aldohexoses have 
beeln realised, whelncei it follows that  1- and dl-allow with I -  and 
dGaltrose are. the1 only missing membelrsl of the twenty-four optical 
isomeridea comprised in the category. 

Highly as this admirable1 wejb o€ theory and practice must be 
valued, its description is not a complelte estimate of his finished 
contribution to aldohexose chemistry. The1 foregoing computation 
of possibilities takes no account of the oxide rings now accepted 
amongst members of this class. His discovery of y-methylglucoside, 
and the consequent recognition of cyclic relations distinct from 
that  occurring in a- and &glucose, have opened the way t o  a 
multitude of contingent isomerides, &hose of d-glucose alone 
numbering ten. Thus Fischer n o t  only elaborated his own sugar 
chemistry, but he added to this the foundation of a new carboc 
hydrate classification, the development of which will coatinue to  
inspire the prosecution of inquiry by generations following his 
epoch. 

The instrument which enabled Fischer to bend his experimentd 
deftness and his theoretical penetration to the purpose of elabor- 
ating so delicate a structure was phenylhydrazine. In 1884 he 
found that  with this agent glucose and fructose yield phenylglucois- 
azone, C18€12204N4, whilst an isomeridel arises from galactlossel; under 
similar conditions, maltose and lactose1 resemble thel hexosea, form- 
ing individual isomeric osazones, C,,H,,O,N,, whilslh sucrose, at 
first indifferent, gradually undergces partial hydrolysis, generating 
phenylglumsazonel from the products of inversion. Closer study 
showetd that  this reaction has the1 peculiarity of presenting a fully 
hydrogenisled compound, phenylhydraxine, in the light of an 
oxidising (dehydrogenising) agent. The1 first product is the phenyl- 
hydrazone, which, owing t o  structural diff erenoe between glucose 
and fructosel, is not the same frolm both sugars; a second molecule 
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of phenylhydrazins now remolves hydrogea from the tlwo phelnyl- 
hydrazones, yielding two structurally different phenylhydrazones of 
glucosonel, which then undergo1 conde4nsation with a, third molecule 
of phenylhydrazinel to1 produce the osazonel, 

HO*CH,*[CH*OH],-C( :N*NHPh)*CH:N*NHPh, 

common to1 both. 
The1 extension of t,his reaction t o  aJl aldwes and ketoses, the 

formatioa od phelnylhydrazides from sugar-acids, alnd the anadolgous 
a,p p 1 i cati o a  of subs t i t,u t.ed p h e,nyl h y d r a zin es, have reindereld i nval u- 
able service! in the1 ide,ntification and isolatlon of carbohydrates in 
ge'nera'l, because1 altholugh the latter, wheln crystalline, are quite 
delfinite in purified form, they a,re amongst the1 most difficult. 
materials to  manipula1b, on ac.count of thelir kndeacy to relmain 
as a' syrup in mixt'ureei. 

Eveln more. impoNrta.nt, though less immeldiatelly olbvious, has beeln 
the opera.tion of t,his process in a synth&ical direction. The 
aspirahion a,rt,ifioially t80 produce grape]-sugar is coeval with olrganic 
chemistry it,setlf. Lieb,ig had indicat'eld tlhe fascination of this 
problem, but  the first practical step was t,aken in 1861 by Butletrow, 
whom methylenit8an was a sweet+, pale ye'llow syrup responding to 
common tests for glucose, but opt,ically inaoltive and unfermentable 
by yeast,. He poilymelrised t,riolxymet,hylene with hot limewater, 
and twelnty-fivel ye'aas later Loew, having convelnieintdy modified 
Hofma,nn's melthod of prelparing f ormaldehydel, sub je,cted t'his com- 
pound to the a.ction of cold lime.-watelr, tlhus producing a syrup 
which he called formosei. I n  1888, by melans of phenylhydra,zine, 
Fischer showed t<ha.t formose is a mixtsre od at. least thrm aldelhydio 
or ket,onio pdyhydric alcohols, of which one has the cojmposition 
C6HI2O6, and yields a normad osazolnel, C,,HnO4N4, also procduuble 
from methylelnitan. 

Fisoher himself has st.a,te,d tha.tj the dire8ctlive influence on his 
work amongst carb.ohydra,tefs was the discovelry of a- and /3-acrose. 
I n  1887, associated with Ta.feil, he, o'btained from aurollein dibromide 
and baryta a syrup which yielded two mazones, isomerio witqh on0 
anothelr and wit,h phenylglucosazoae. Them were called a- and 
P-phe.nylaerosa,zone, correlspoinding t,ol the1 two synthelt.icad suga'rs 
a- and &amorme, having t'he composition C&&6. The fmme'r 
suga,r he subse8quelntlly idelntified wit,h dl-fruct-ose, whilst P-acrose, 
which he suggested resembleld sorbose, has been sinoe recognised as 
the &form of tha t  ketose (E. Schmit'z, 1913). Thus w&S accom- 
plished the first definite synt,heais, in their dl-modifications, of the 
nahurally occurring suga,rs, fruatwe and sorb,ose, 

x x* 2 
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HO- -H H--OH H- 
H-/-OH HO- -H HO- 
H-/-OH HO--H 

-OH HO- -H 
-$i H- -OH 

H--OH HO--€I 
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Hc)- 
HO--H 

Fisoher to  produce the artificial sugars Z-glucose, d-talose, and 
d-idme through Z-ma,nnonic, &galactlonic, and d-gulonic acids, 
respectively, and the aldopelntoses Z-ri bow and d-lyxose through 
Z-arabonio and I-xylonia acids, respectively. 

The oyanolhydrin reaction, although actually devised by Kiliani 
(1885), was widely applied by Fischer, who rega\rded it as a grelat 
a,dvanoe in the study of the1 sugar groap. A tlypical example of 
its aqplication is the conversion (1891) of Larabinose, the dextrol- 
rotatory pent- derived f rom cherry-gum, into Z-mannonia and 
Z-glucolnic acids, 

H - - O a  HCN, followed H--OH HCN,followed H- -OH 
- H --- by hydrolysis HO- -H by h y d r a  HO-1-H 

HO--H HO-I-H 

CO,H 
H 0-1- H CH:O 

CO,H 
H-1-OH 

a-Cflucoheptose , a-Gluco-octose , 
d-G1ucose+ (P-Glucoheptose % (p-Gluco-octose 2 Ghco~onose.* 

d-Mannose + Mannoheptose + Manno-octose + Mannononose 

Rhamnose -+ a-Rhamnohexose + Rharnnoheptose+ Rhamno-octose 

In 1891 an attack was made on the cmplelx problem of con- 
figuratioin, the1 system of which it Bas beeln necesary to  assume 
hithelrto in order to give it coherent synopsis within rejasolnable 
limits of spaael. Fischer's procedure was based on the requiremelnts 
of van't Hoff's theory, from which i t  follows t<hat the! pentahydroxy- 
aldehyde of an unbranched carboa chain, in which five carboln 
atoms are each assoldated with one hydroxyl groap, should appear 
in sixtelen stereoisomeria fosrms, eight oef these being eaantiomorphs 
of the remainder. The projection formula= oif the sixteen possible1 
aldohexoses are thein assembled in conjunctJon with the eight 
pmsibla aldopentoses, thus indicatling the trihydroxyglutario acids 

* Subsequently extended to glucodecose by Philippe (191 1) .  

'6 12'6 C7Hl a 0 7  C8 €1 160, C9%309 

C6H 1 2 0 5  % 14'6 CsHuP7 CPHll308 
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H- 
H- 

HO--H 

-( )H CH:O CO,H 
-OH --+ H--OH --+ H--OH 

HU-\-, HO-1-43 
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of mosn*, di-, and t,ri-rne,thyl derivatives of glucose (Irvine and 
Scott', 1913). Whilst Fischer indicated the probability of isomerism 
f d1olwing tlhe asymmelt'ry of the methoxyla-teld ca8rbon atom, the 
seoolnd methylgluc'oaide wa.s brought t o  light by van EkensGn 
(1894). The mechanism of glucolside formation, in  which it s-d 
convenient tol make an a.rbitrary select.ioln of altornative f ormulz 
for the a- aad /3-moldifioa,tione, wa,s then tentatively r e p r e e n M  it9 

foll0,ws : 

CH,*O 0 CH, 
/ 

CH(O*CH,), HU- 
\ 

CH--, 
H&OH ! H&OH Hd.OH i 

0 0 

H(j----' 
H O ~ H  L- H O ~ H  -- HOAH 

~6.08:  I -7 I I t- I 
HC-J 
H ~ O H  Hb-OH HAOH 

I I 
CH,*OH d 4 2 * ~ ~  UH,*O H 

a -Me thylglucoside. " Glucose B -Me thy1 - 
[a], 157". dimethylacetal " glucoside 

(SYJ-.UP). [a], -33". 

This prolposal was in aocord with Tolle,ns' y-oxide (preferably 
butyleae oxidel) formula for glucose (1883), and offered a sub- 
st8a.ntliafl baasis f o r  the highly probable explaaations, by E. F. Arm- 
st,rong aad by Lo,wry, of t,he long obsesved mutarotmation of that  
sugas. The isola,tion 09 gluoose in a, second form was achieved by 
Tanret (1896), and it was subsequently accepted t,hat a-glucose, 
wit,h [aID l l O o ,  and P-glucose, with [a],, 19O, pass, on dissollution 
in water, ta an equilibrium mixture ha,ving [aID 52.5O. Simon's 
view (1901) of a- aad P-glucose as Iower hmoilogues of a- and 
/3-methylgluco&de, respect,ivedy, has bmelea confirmed by E. F. Arm- 
strong (1903), who correlated elach meltlhylglucoside with its parelnt 
glucose1 t,hrough the agency of an appropriate1 ebnzyme. 

Thelrel the quest,ion re:mained during the next ten yelam, when 
the seeld of revolution was solwn by Fischer himself. I n  1914, 
J. U. Nef, who had beein occupied with a protracted survey of the 
oxidation unde,rgonel by sugars in alka<line sojlution, challengeid the 
foregoing coaceptdon of methylglucmide isolme8rism by claiming this 
tto be structaral in pla,ce o'f stelria, and represelnting the fl-fo'rm of 
melthylglucloeide and of pent.eacetylgluoow as propylens oxides 
instea,d 04 butylena oxides. Stsong arguments against t,his dis- 
turbing proposal welrel brought folrwasd by Fischer, who 
simulta.neoasly (1914) dwribeld a t,hird melt,hylglucoside. The 
syrupy mjmpa,nion of a- and ;B-metlhylglucosidel, h i therb assumed 
to be the dimethylaaetal, was distilled under 0..2 mm. prMsure, m d  
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found to  be isolmeria with thean; it reeembled them in stability 
towards alkali and Fehling's solution, bmut reveded a profound o m -  
trast in ite behaviour towards acids, which hydrollyse it with extra- 
oirdina.ry realdinem. Motreover, whilst a-metlhylglucmide is hydro- 
lyseld by maltase (no,t by mulsin) and fi-meltlhylgluoosids is hydro- 
lysed by emulsin (not by ma'ltase), y-methylglucmide is indiff elrent 
ta b'oth. Fisoher coaoedeid the prolb~ability of the m w  glucoside 
owing itls individuality t,o another form of oxide ring, aad was 
inclineld t,a regard it as a mixt,ure of t'wo or molre such ismerides. 
Bolth possibilitJes ha.ve been suppotrted by Irvine, Fyffei, a,nd Hogg 
(1915) from a stludy off teltramek,hyl-y-gluc;oside a'nd tetratmetChyl-y- 
glucose, in  which emphaais is laid on tlhe retadiness with which i t  
undelrgoes cotnde,nsaition with aceltone and o a  the instantaneous 
oxidat,ion of tqhe new melthylglucoside by cold a,lkalins potassium 
pemanganate, an agelnt which hae no effect o a  the ce and &methyl- 
gluoosidei. 
This remaskable behaviour t'owasds pelrmanganate invites c m -  

pa,rison b,eltwelen the1 deriva,tivee of y-glucose and glucal, obtlained 
as the triacetyl dedvahive oa reducing P-a,ce~tylbromoglucose 
(Fjschelr and Zach, 1913). The conversion of tria80etylglucal 
through t,he dibro'mide and the reila.teld b,romohelxo,se intlo phenyl- 
glucmazoaei, and the oxidation by ozone to ttriacetyl-cF-ara,binose 
(post,humous publica'tioa with Besgmaan and Schot'te, 1920), 
indicaf,e the first a,nd seaond ca,rbon atoms as pa$rtJcipa.nts in the 
double linkage of gluoal, the relationship of  which to d g l u c m  
and d-a,rabinme is consequently reprewnted as f ollolws : 

HC-1 
H&OH I H 8  0 I HO*HC- 

HC--' HC-) H&OH j 
H&OH H&OH HC-' 

~ H , * O H  &H,*OK ~ H , - O H  

'I 
HO*HC-1 

HO&H I H O ~ H  I H O ~ H  
I I I 

I 

d - Gluc ose . Glucd. d- Arsbinose. 

Gluoa,l is t'hus a, dsriva,tive od dihydrofuran, and gains piqua'ncy 
from having beguiled Fischer into using rare words of enthusiasm 
when describing its production, which, he de,cla.red, ' I  vom Stand- 
punkt der Sttruktlurchemie b,etrachtet, eineir deir melrkwiirdigstea 
Vorgange id9, die man bi&elr in deir Zuckergruppe kennen gelernt 
hat. Sia b,eweist voln neaen, welch wunderbaser St,off der Trauben- 
zuokelr ist." 

Although Fischer did noit commit himself t o  the partioular folrm 
of oxide r e p r a e n t d  by y-glucose, which has not yeh been isolated, 
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a point has been reaohed which indiaatea an ethylene. oxide-ring 
struoture for this compound. Before passing to the next branch 
of the subject, it should be ment-ioned that  the experiments of 
Boesekeln (1913) on the conductivity olf boiric acid as influenced by 
polyhydroxy-compounds have thrown some doubt1 on the accepteid 
configuration 04 the a- and P-methylglumside, in which, according 
to his deduchions, the relative positions off the terminal methoay- 
group and hydrogen atom should be inverted, and the oorrwpond- 
ing relarrangement made in a- and P-gluoow. 

I n  conformity with his observations on artificial glucosides, 
Fischelr represented the1 disaccharides as helxosiides compmed of the 
heixmes into1 which they are resolved by acids o r  enzymes, one 
hexolse moleoule playing the1 part, of the melthyl grolup in  the less 
complelx derivatives. Thus maltosei and lactom were repreaentecl 
(1893) by the structural formula 

HO*CH,*CH(OH)*CH [CH*OH] ,*CH* O*CH,*[CE* OH],*CH:O, 

of which the lelft-hand polrt,ioa stmds for gluaolse in ma,ltose and 
for galactose in ladosel, whilst the remainder is gluoose in  both. 
Moreover, the relationship t.0 t-he melthylgluooeides was shown 
(1894) by t8heir behaviour towa.rds emulsin, which hydrolyses lactose 
(gluoose&ga.lactosideI) and is without a'ct'ion on maltose (glucose- 
a-glucosidel) . Struotura,lly, this agrees with the oxidation of lactose 
to  t,he molno;b.asic 1a.ct'ob.ionic acid, C12H22012, a,nd of maltose t<o the 
isomeria maltobionic a,cid (1889), which on hydromlysis yield 
ga,la.ctose and glucose, reepe.ct,ive51y, a.ssocia'ted in s c h  case wit,h 
gluconio a,cid ; moreove,r, lactoseoarboxylia and ma,ltoseca.rboxylic 
acids, obtained f rm the reispelctivs disa.cchaside! by the cyanohydrin 
rea,otion, yield t,he abo,vei-ment8ioneld hexoses in company with 
a-glucoheptonio a.cid wheln hydrollysed. 

Sucrose (canel-suga,r), b,eing devoi d od addelhydio oc keltnnia 
a#ttrib,ut,ea, is a.t onoe a' fruct,oside and a, glucosidel. Fischelr's 
formula (1893), bawd on tha.tl c,oxweption, remaineld unchallenged 
unt,il his isdaftion of y-met~hylglucoside, whein he drew attention 
to  the similar behaviour olf thew two substa,nceB t,owalrds acids. 
Whilstt it is assure'd tha,t the glucose re'sidue ha's the1 samel type of 
oxide ring as tha8tl oE t,he a- and P-glucosides, his inference that the 
fruct,ose component is in the y-form (tha.tl is, a'n ethyleae oxide) is 
supported by Hawosth a,nd La,w (1916), who a,ddumd new argu- 
melnts in favour of relpreselnting sucrose by a folrmula. in alccordanoe 
therewith, subsequent'ly confirming (191 9) Fischer's origina,l re'pre- 
sentation of ma81t,oae(, in which the free aldelhydic groiup is modifie4d 
to the now conventiolnal butylene oxide. By a*pplicat.io,n of the 
met,hylat,iojn prcmws, with which the St. Andreiwe labora,to,ry has 
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bele'n so conspicuously associa,ted, Haworth (1918) was led to  refer 
Fischec's modified lactme' fo,rmula (1893) t.0 mejlibime. 

With so constructive a mind a.nd an armoury of synthekical 
method so full of welapons, t'he rnagnebic problem of elaborating 
polysa,ocha.ride molelcules wa,s not, like'ly to be neglect.ed by Fischelr. 
The individuality of isomaltose, produced by the aotbo,n of cold 
fuming hydrochloric acid on glucose! (1890 and l895), was a,atively 
aritJcisd; indeed, it Wacs shown later by E. F. Armstrong that  
although isomalt'olse is formed in this process, it is accmmpanid by 
ma,ltosel. Subsequent, a.ttempts, holwever, were based o'n unassail- 
a8bb.le foundaflims. The first of tlhese, in association with E. F. 
Armstrolng (1902), depends oa t'he atction of ~-acmtylchlo~rogluao~e 
an the sodium derivative of gala8ctosei, and of P-aoeltylchIor~galaact,~ei 
on the sodium deriva,tives of glucoss and galactose, the result'ing 
dis aach amrides forming otsazonejs. T h e; gal admid oglu co,se closely 
reselmb,led melibiose; in ita behaviour towards eazymea and the less 
dellica8te chelmioal ageats, but) the glucosidogalactlose was distinct 
from laot~me; all three resembleld the B-glucosides in being hydroL 
lysed by emulsin. Frolm P-ah?elt~lb,romoglu~o~e and silver carb.olnate 
thelre was produced the oct,a.-acetlyl derivative of a dismcharide 
oa,lled is&seha,losel (Fischer and Delbriick, 1909) from it's oloee 
resemblance to t,he carbohydrate which is folund in many fungi, 
alnd which appea.rs to  play in them t'he part  of sucrose in chloro- 
phyllamous and stasch-beasing plant6 ; applioaction of this melthod to 
a~cetylbromolactose ga,ve distinct evidelnce of a' telt,rasaccharide being 
formed (1910), but  t'his compound was not defined. 

The group olf a.o&yl-hadoigetn derivativels, typical rneimbers otf 
which a8re involved in the reiactioas just described, waa deatined to 
pesform impolrt.a,nt, service in Fischer's lafm wo,rk. When the 
action of hydrogea bromide on penta-a.ceitylglucow is protracted 
beyond the pe$riold required f 0.r comwrsioin into1 t,etira-aaeltylbromol- 
glucosei, a selaoad acetoxy-group is displa#md by brolminel, and B-tri- 
a~oeltyldib.romogluacm arise6 (Fischer a,nd E.  F. Armstrong, 1902). 
Excha,nge of one  halogen ahom for the1 mehhoxy-group lea.ds to 
triamtylmet2hy1glucoside brojmohydrin, converted by warm balryta 
into the1 anhydromethylglucoside, C,HI2O5, which is hydrolysed by 
acids to anhydrogluoose (Fisohelr a.nd Za.ch, 1912) : 

r------O---l 
CHBr*[CH.OAclO.CIH*CH.(OAc)'CHPBr 

Triacetyldibromoglucosa 

Anh ydroglucose. 
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H- 
AcO- 

H- 
H- 

This is cirystalline, prolduaes colour in Schiff's relagent, and forms 
crystalline derivatives with phenylhydrazine, whilst, reduction with 
sodium amalgam give6 anhydrosorbitol ; anhydrogluconic acid 
follows oxidation by bromine. 

The relsult of relducing tria~~tylmethylglucoside brmohydrin is 
noteworthy also, because i t  enabled Fischeir to ellucidate the con- 
figuration od the undeltermineid carbon atlolm in rhamnose (1912). 
With Zach, he found that replacement olf bromine by hydrogen 
gave a triaoe~tylmethylglucosidei, leading to a methylpentow on 
complete hydrolysis, proving that1 the bromine atom in tsiacetyl- 
methylglucosida bromohydrin olccupies the1 teiminal position in the 
cihain. It was further discovered that  the nelw methylpentow is 
the optical antipode of isorhaninoss, which is relatled to d-glucose 
as is rhamnom to1 I-mannose; thus rharnnose itself is I-rhamnose: 

-0Ac 
-EX 

-OAc 
-0- __ j 

H- 
AcO- 

H- 

- 0 A c  
-H 
-0- 

H--OAc 

HO- 
H- 

Anolthelr rema,rkable application 04 acetylb~romogluoose led t'o t,he 
sy n t'heais of m a(ndell o ni t r  il e- g lu cosi del, which had b,een olb,taineld by 
Fiscihe'r (1 895) 8,s a cryst'a.lline, lzvorot,atory, non-reducing prolduct 
olf hydrolysing with yeast-ma1t.as.a the disa,ooharide group in 
am y g d a,li n without s evelri ng the c onnetxi on betw eeln man del mi tlr il e 
and tlhe reaidual hexom ; subsequently, two isomerides wetre isolated, 
name,ly, smbunigrin from t,he lelaves of Sa;mbuczcs niger by Bour- 
quellot and Dan j ou (1 905), a.nd prulaurasin from Prunus Zaruro- 
cerasus by HQrissely (1 906). Caldwell and Court'auld (1 907) 
relcognisad all threle a8 P-glucosides, Fisahelr's being I-ma.ndeilo- 
nitrile-p-glucoside ; they reprdeld sa,mbunigrin as d-mandelonitrile- 
/3-glucoeide and prulanrasin as the dLf orm. This f olrsmst was 
colnfirmed by tlhhe syntlheais (Fischelr and Bergma.nn, 1917), whiah 
f ollolweld the a,ction of silve,r ca,rbolnata on acetiylb,romoglucose in 
molteln ethyl dZ-mandellatel, the product giving dl-mandelamids 
gluaosidel wit.h nmthyl-a.lcoho1ic ammonia ; debydra,t.ioln f olllowing 
reso'lutioa gives the mandelonit,rilel-glucoside in botlh active forms. 
It is to bet regreitted tha,t Fischelr himsellf did not survive to extend 
tfhis pr0ce's.s to  the synt.hesis of amygda,lin, which, in  1895, he 
belieweid t o  be1 "ein Derivak deJr Malt,ose older einetr ganz Shnlich 
coinstruirteln Diglucose." One1 of his last. papers, ho,wever, deecribpes 

-H H--OH 
-0-J 0- -H 

H--OH HO--H 
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the synthesis of glycollonitrile-glucoside (1919), the simplest of the 
oyanogelneltic glucosides, immediately f ollolwing that  of linamarin 
(from flax), the glucmide of awhoneoyanhydrin. 

Recalling the manifold parts played by the substituted amino- 
group in animal and vegetable metabolism, i t  is a singular fact 
tlhat so1 few amino-derivatives od a glucose type have been 
encoantereld amongst the produots. It was natural, therelf orel, that  
glucosamine, isolated f rm  lobster shellls by Ledderhose (1878), 
should attract Fischer’s attention, beclause its empirical relationship 
to gluoosel is expreisseid by a simple interchange1 off hydroxy- and 
amino-groups ; the1 actual aonnsxion, howelver, is ellusive, folr whilst 
indirelctl processeis of replacemelnt (Irvine and Hynd) lead variously 
to d-glucose (1912) and d-mannose (1914), thus pointing t o  a 
Waldeln inversion, the dire& action of nitrous aoid involves 
dehydration in addition t o  the1 nolrmal elxchange, 

The oompoaent of lolbster shells which yiellds glucosamine having 
been called chitin, the sugar-like produotl, C6H1,0,, from the base 
and nitrous acid was called chitolse; this was o x i d i d  t o  ohitonic 
aoid, C,H1,06, by Fischelr and Tiemann (1894). By the same 
change they relateld glucosamine itself to1 chitamic acid, this being 
syntheeised from d-arabinose (1903) by Fisclher and Leluohs, who 
theln reduced i t  tot 6-glucosamine; later in the same year Fischer 
and Andreae conneoted chitsset and chitlolnia acid experimentally 

with hydroxymethylpyromucic acid, 

which is a h  relateld ohitaric aoid, the produat from chitamic 
(glucolsamic) and nitrolus aoids. Thus chitose, whether regarded as 
an aldehyde or a, butylene oxidel, is delrived from tetrahydrofuran. 

The triamtylmelt.hylglumsids bromohydrin already mentioned was 
utilised by Fischer in relatioln to1 glucosamine. With Zach (1911) 
he found that  ammonia convert6 i t  into a P-methylglucosids, in 
whioh the amino-groap has replaced hydroxyl ; but hydrolysis, 
instead of producing glucosamine, led t o  an isomeride. It has to  
be admitted thatl this branch of sugar chemistry retains a some- 
whatl perplexing aspelat, t o  which the! lolose nomenclature involved 
in such expressions as ‘‘ aminogluoose,” ‘‘ aminofruatosel,” and 
“ methylglucosamine ” contributes. This is all the more regrettable 
in view of the grelat biochemical interest1 atltlaohing tot gluaosamine 
as a conneloting link bstween carbohydrates and amino-acids. 

Before closing this chaptelr, there1 remains t o  be described onel olf 
t.he mostl remarkable aahievelments in a, selries unsurpasseld by any 
organk c3hemistl, namely, the1 synthesis of tannin. I n  1908 Fischer 
required the chloride of ohloroawtyltyrmins for the synthesis of 
glycyltyrosylglycine, and, being embarrasseld by the1 presence of the 

P - X “  to HO*CH,*C*O*CH*CO,E’ 
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phenolia group, protected this, prior to  treatment with phosphorus 
pelntaohloride, by substituting the melthylcarbonato-groiup for 
hydrogen. Imrneidia,teily applying this device tio pheinolcarboxylio 
acids, he prepared phydroxyhippurio acid (the isomelride of 
salioyluria acid) with galloyl-p-hydroxybenzolic and p-hydroxy- 
benzoyl-phydroxybenzoic acids. Anhydrides analogous t o  the last- 
named wetre ra,pidly multiplied, and were named “ depsides ” by 
Fischer and Freudenberg (1910), owing to the resemblance which 
many display towards the, tannins; in parallell with ths  poly- 
peptides and polysaocharides, such compounds may be classified as 
didepsides, tridepsides, etc., typified by the f ormulze 

H O  * C,H,*CO-O C,H,* CO*O*C,H,- CO,H 
and (HO*C,H,*CO*O),*C,H,.CO,H. The1 only recognised natural 
solurces of the depsides are the licheins, od whioh the best knolwn 
oonstituent is lecanorie acid, the1 depsidel of orselllinic acid, and in 
aonjunction with his son Hermann, Fischer syntlhesised lecanolric 
acid (1903), and represented it as the pester, 

of which eveirnic acid is the p-methyl ether. 
The history of the tannins dates from the elighteenth century, 

but frolm the stlandpoint of this review the earlieat year od import- 
ance is 1852, whea Strelcker deduoed the, formula C27H2201, for 
gallotannic acid o r  gall-nut tannin, which he regarded as a oom- 
pound of grapesugar and gallic acid in the molecular proportion 
1 : 3. For half it centlury there prevailed a, conflict of opinion as 
to  the presenoe of a glucose relsiduei, the production of sugar on 
hydrolysis being delnisd by seveiral chemists, and the propofrtions 
in which it was obtained by the follolwers of Strecker varying much 
amongst theimselves. In  aonsequence of this uncertainty, SchiB’s 
vielw (1871) of tannin as consisting principally of digallia acid pre- 
pondelrated until reoently. The1 conductivity measurement6 by 
Waldeln (1897), however, paved a way f o r  the unquestionable 
differentiation of th0 two materials by Fischer, who! synthesis& 
digallic add  in 1908 and found it to! be crystalline, although 
astringent; moreover, in  1912, having adopted a method of purify- 
ing the principal constituent of Chinese tannin and of prolducing 
specimens having constant, optical activity, he and Freudelnberg 
prolcieeded to show that  when hydrolysed with sulphuric acid it 
yields 7 to  8 per cent. 04 glucoM1, an amoant which they regarded 
as probably tolo low in view of the elxtended period ocaupied in 
oompleting the, operation. They then expressed the opinion that 
khe principd constituent of tannin is not a glucosidei, b u t  a sugar 
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es'telr oompasable with pelntabenzoylgluoosel, in which t,hel acyl grolup 
is that  of digallic a,cid. 

such al aompolund having the1 molecula8r welight 1700 would yield 
10.6 per celnt. of gluoolse and 100 pelr aentt. of gallio acid on 
h y dr ollys,is. 

A t  the time olf making tlhis velry peaeft,rating spewlation, they 
synthesiseld pentlagallo~ylgluc~e~, which they found tol be a tannin, 
not identJcial with gall-nut tannin, but, remnbling it dosely in  
taste, solubilit'y, amorphism, optical activity, and feeble acidity ; 
moreover, it prelcipit,atels gellat,in and alka,loids, becomes gelatinous 
with a'rwnia arcid, atnd devedops collonr with ferric ohlotride. I n  
the course1 of this investiga,tio~ii t,hely prepared hepta((trib.eazoly1- 
g alloy1 ) - pioidophen y lm a,l tm a.zolne:, a, freak mo~leclule of gig antlic 
dimensions (M.W. 4021), vastly exceeding those of any other 
synt,heltliio pro&&. 

Valuable as the, use oh methylcarbolna(ttdee.rivatives had proved, 
itn did not suffice to perfeiot the1 aJm in vielw, namely, to  synthesis8 
the madn pririoiplel of Chinese tannin. This was accotmplished in  
1918, following tlhe observation that, the correspolnding a,cxtyl oom- 
pounds are superiolr t.0 the) melthylca.rbonattol-delriva,tbives for delpsi de 
production. I n  making t.his a,dva.nce!, Fischer elxplained tha.t the 
atcetyla.ted phenoloa,rbolxylia acids would mrrtainly have b,wa used 
much elar1ie.r had not, he1 beln misled by t'hs stlatleme4nts olf previous 
worke\m a's t.o the diffioulty of removing the a.wltyl groap, which 
actually proceeds quite smoothly. The chloride of peata-acetyl- 
nzcgallio acid, unlike t>hei melthylcarbonaf,o+detriva,tivel, is crystalline, 
a,nd with &glucose yiellds the compound, 

C6H70,[C,H,(OAc),*CO*O*C,H2(OAo)2'CO],, 
whioh is de-amtylated by mld a,queolus sodium hydroxide at 0", 
giving pe~nt,a~(m-digalloyl)-P-glucose (Fisclhelr and Bergmann, 191 8). 
The reeemblanoe bmeltween this artifioiad tannin and the principal 
constituent of Chinese t'a,nnin is much clowr t'han tha.t olffwed by 
pentagalhylglucose ; the two materials are, in fa.&$, indistinguish- 
able, excepting with respect' to  optical aotbvity, and the same 
remark applies t{o pentla(m-diga,lloyl)-a-gluoose, the recorded [aID 
in  water being 43*8O and 4 2 ~ 3 ~  for the derivative6 of a- and 
&glucose, relspechivedy, and 700 f o r  the purifield Chinese t.a,nnin. 
The corrwpondenoei betwelen the potlamiurn salts (1919) is even 
dwr, t,hwe fro,m Chinem tannin, pentadigalloyl-a-glucose, and 
pntadigallolyl-P-glucme having [a], 46*3O, 56.6O, and 33.7' 

It is therefore justifia.ble to  olaim that  gallotannic acid or gall- 

Expressed by t,he formula 
C6H706[C6H2( OH),*CO*O C6H2( OH),*CO],, 

re6 p d v e l  y . 
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nut tannin has been synthenised. Incidentally to this remarkable 
conclusion, it was observed that  when acylated p-digallic deriv- 
atives are hydrolysed, even by the most delioate methods, the 
galloyl nucleus is transferreld from the1 para- to1 a meta-hydroxy- 
group; f o r  instanoe, under the influence of alkalis, ammonia, or  
mineral acids, 

CO,H CO,H 
/\ /\ 
\/ 

AcOl lOAc changes to HO!,,!OGa, 

and henoe pentla-aoetyl-p-digallic acid yields m-digallio acid. 
Thus was brought t o  a concllusion, in tha closing months of his 

darkened life, that illustrious chapter of ohemistry with which 
Emil Fisaher first dreiw on himsedf the admiration of his coin- 

tmmporarie8. It1 reprewent6 the fruit of thirty-five years’ un- 
remitteld labour and the ripening of an intellectual and experi- 
mental technique! but, rarelly delveloped in the1 history of scientifio 
endelavour. Begun in the1 vigorous days of his elarly manhood, 
when domestic happiness suffused his prodessional activity and 
adorned the promise of a brilliant careelr, it suppolrted him in his 
first tragedy, stirred to  the1 utmost the1 deep remuroes of his mind, 
and finally solaced those1 concluding years in whjoh he was com- 
pelled tol witn-s the pillars of Prussianism crumbling at the feet 
of his disillusioned and bewildered countrymen. 

O H  O~CO*C,H,(O Sc), 

Picrin e D e riuat iu es . 
Some) of thel most, nottable figures in chemioal histotry have devoted 

the;msellves to the problems which cluster roiund uric acid and its 
allies. Scheele, Bergmann, Fourcroy, Prout, Lielbig, Mitscherlich, 
Wohler, von Baleyer, Strecker, Stenhouse, and Gerhardt are found 
in the list of names connected with tlhe subject, and t’o a high 
place of honour in this galaxy Fischelr is most assuredly entitleld. 
Between 1881, when he resolved caffeine into( methylcarbamide and 
dimethylallo~xan, and 1914, the yelar in which he synt.he&ed a 
nucletdide in the form of theophylline-d-glucosidephosphorio acid, 
the literature was enriched by a sucwsion of systematio observ- 
atiolns which reaohed a climax in 1898, when he derived purine 
from uric acid by melans of indireid deloxidatioln. 

Although ur io  acid was discovered in 1776, fifty-eight years 
elapsed before its composition was eatablished, and four yelars later, 
in 1838, Liebig and Wohlelr published their comprehensive survey 
o f  its oxidation produots; the true! nature and significance of these 
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were reveakd by von Baeyer's experiments, describeld in 1863 and 
1864, thus preparing the ground f o r  the1 now aoclepteld constitu- 
tional formula proposeid by Meldicus in 1875. This was confirmed 
in 1888 by Behrend and Roosen, whose1 synthesis of uric acid, unlike 
ite predecessors, was achieved by definite steps, at feature also of 
that  by Fischer and Ach in 1895. The modern system of notation, 
a#c;oording to which the1 diureides are1 classified as delrivatives of 
purine and referred t o  the, bicyclic nuoleus, 

was promulgated by Fisclher in 1897, thirteeln yea,rs after his intro- 
duction of tlhel name! (purum : uricum) in conneixion with the melthyl 
deirivatbve. The rellationship 

C A N 4  
Purine. 

c5 H4N40, C,H,N402 C A * * O  
Uric acid. Xanthjne. Hypoxanthine. 

(2  : 6 : 8-T.t-i- (2 : 6-Dzoxy- (6-Oxypurine.) 
oxypurine. ) purine.) 

wa,s thus consolida,te:d, the. ca,ta,loguei 04 purine delrivativea cm- 
tributed by Fis,cher and his codlasbolrato'rs prior tlol 1900 embracing 
upwasds of 130 individuals. 

The readiness with which oaffeline lends itself t o  eixpeil-imelntlatl 
tlrea3tment led Fischer to olpe'n a,tt.a,ck on the problem of uric arcid 
by first! elucidating the cojnstitutlio,n of thah base, a.nd a, prelimina,ry 
wmmunicat,ion therelon appeaseld in 1881. His introduatory wolrk 
delalt also with xanthine, the,obromine, a8nd guaninei. By oxidising 
a8quelous caffelinel with chlorine, Rochleide,r ha,d olb,taineld amalic acid 
(te~tmmelthylalloxantin), which Fischelr showed t o  be prelcedeld by 
chloro~oa,ff eine, and tlo arise frolm t,he action of hydrochlorio acid 
oin dimelthyla,lloxa#n ; tlhe latter subst,a,nce a.nd melthylea,rbamide were 
found to be the principal pro,ducts of olxidising aaffeine in the 
ma,nner indicated, and itq was proved convenielnt t'o prepare chlorol- 
caffeine by acting wit!h the halogen in abseacei of water. Simila8rly, 
theobromine was o,xidised t'ol m.ett,hylaa,rbarnide and methylasllolxan, 
shotwing that  when ca,ffeine is prolducmd by methyla,ting t'heo- 
bromine, the elnt.ra.nt methyl grotup b,elcmles a,tta,ahed to  the1 a'lloxan 
ring. Next, improving the1 prelpa,ra,tioln of xanthine from guaninel, 
Fisches olxidised i t  to1 allolxan and carbamide, and by addng on the 
lead deriva.tive1 with melthyl ioldide obtqa,ined theob,rolmine ; omn the 
basis of these and subsidia,ry elxperimelnta, he assigneid t'hei folloiwing 
constitut,ional f ormulz (sele, howelvec, lafer) : 

Caffeine. The obr omins. Xanthine. 
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It is noteworthy that even at this period (1882) the produots 
intereated him from the standpolint of relation between cheimical 
constitution and physiological action ; moreover, Dr. Ludwig Knorr 
is mentioneld as his assistant. 

I n  1864 Strelcker stated that Itheineck had relduced uric aoid to 
santhine and sarcine (hypoxanthine) by means of sodium amalgam: 
but1 he nelvelr mentioned the subjeot again, and did not include the 
observation in his Lehrbuch.” Fischelr found that uric acid is 
not changed by sodium amalgam, and likewise that, contrary to  
the statement of Kossel, hypoxanthine is not converted into 
xanthins by nitric acid. Thus in 1884, uric acid, xanthine, and 
hypoxanthinel, so similar in origin, behaviour, and compoaition, had 
no direlot elxperimental csnnexion with one another. I n  that year 
Pischeir studied methyluric acid in the hops of eatablishing the 
foregoing rellationship with respect t o  the melthyl deaivatlives o;f 
xanthine and hypoxanthine. To the existing compound, which 
give4 carbamide and methylalloxan on oxidation, he addeld an 
jsomeride, which yields methylcarbamidel and alloaan when 
oxidised, and is converted by phospholrus pentachloride into tri- 
chloromethylpurine, from which methyluric acid can be regenelr- 
ateid. Complaelntary also1 to1 the dimethyluric acid, which gives 
methylcarbarnidel and melthylallosan when oxidised, he discovelred 
an isolmeric dimethyl derivative yielding oholestrophan (dimethyl- 
parabanic acid). It was thus establisheld that, in addition to the, 
ring which appears in the form of alloxan (melsoxalyloarbamide), 
uric acid oontains two imino-groups associateld witlh one another as 
in carbamide itself. The methylatioa of uric acid was thea carried 
to the trimethyl derivative, apparelntly isomeric with hydroxy- 
caffeine (see1 later), and to  tetramethyluric acid, isolmeric with 
metholxycaffeine, but having all the1 melthyl groups attacheld to  
nitrogen, thus indicating the1 preaencel of four iminol-groups in uric 
acid, as requireld by the struotural formula previously advanced by 
Meldicus. This was further confirmed in  1895, when Fisclier and 
L. Ach addeld the, final step in the transformation, 

Uramil. Pseudo-uric acid. 

>GO. 
TK*CO-8.KH 
C 0 - N  H*C*NH 

Uric acid. 

Then, applying this process t o  diniethylpseudourio acid, they pro- 
duced a third dimet hyluric acid, convertible] by phosphorus penta- 
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chloride into clhloro~thelophylline, from which theoiphyllinel arises on 
exchanging halogen for hydrogen : 

Dime t h yluric acid . Chlor otheophylline. 

This completed the synthe8is of theolphylline, and, incidentally, of 
caffeine. 

Then arose a situat*ion which is rarely encountlereld in the, course 
of Fischelr’s investigatiolns. He was compellleld by his own elxperi- 
meats to rewise the structural formulz which he: had assigned to  
xanthine and its derivatives, caffeine\, thelobromine, and theo- 
phyllinei. I n  1895 he had produced a fourth dimethyluric acid by 
exchanging halogen f o r  hydroxyl in bromotheobrolmine, and the 
simplicity of this procedure1 did not harmonise with the1 profolund 
structural rearrangement apparently iiivolveld. A more rigid 
examination of hydroxycafleine, believed to1 be isomeric with tri- 
methyluric acid, showed it  to be idelntJca1 with that  substance, and 
by varying the, conditions of methylatioln, tetramethylurio acid was 
obtained from it. Moireolver, hydroxyaaffeine was produced without 
difficulty from the corresponding trimelthylpsezdoaric acid, and 
finally by direlct mekhylation of uric acid itself. I n  consequence 
od theisel disooveries, Fixheir modified his previous expressions and 
assigned the following in 1897 : 

Caffeine. Theoph ylline. Theobromine. 

During his investdgatioln of methyluric acid in 1884, Fischer 
had fotund that  phosphorus pelntachloride in preseam of the  oxy- 
chloride easily replaces two, and finally all three), oxygen altoms by 
chlorine, producing tlrichloromethylpurine. I n  1897, assisted by 
L. Ach, he convertead uria acid by tlhe same process into 8-0~xy-2 : 6-  
dichloropurine, relducible t o  8-oxypurine isometric with h y p  
xanthine, and convelrtiblej by ammonia into 6-amina-8-oxy-2-chlore 
purine ; this was reduced to  6-amin0-8-oxypurine isomerio with 
guanine, from whiclh nitrous acid produced 6 : 8-dioxypurine 
isomeric with xanthine. The coznpleite replacemelnt of oxygen by 
chlorine was much more difficult, butl by heating 8-oxy-2:6- 
dichloropurine with seventy parts of phosphorus oxychloride at 
150°, Pisohes obt8aineld trichloropurinei, a basio substance giving 
the 7- and 9-melthyltrichloropurines on methylatioln, and providing 
him with material for coimplelting the synthesis of hypoxanthine 
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(6-oxypurine), xanthine (2 : 6-dioxypurine), adeaine (6-a;minc~ 
purine), aad guanine (2-amino-G-olxypurine) . 

The goal towards whioh Fischelr first directed himself in  1884 
was nolw rea.ched. Purine!, the! parelnt of the grotup, and on which 
the nome'nclature and not7ation olf t,hel whole series had been based, 
lay open t,ol isolation; the aocomplished fa,ds weire described in 
1898. Trichlosopurine was re.duced in two1 st,ages, the first depend- 
ing on the1 a'ctio'n of hydrogen and phosphmium iodides a t  0" and 
producing 2 : 6-di-iodotpurine, from which purine it,self ww ob'tained 
by the a,dion od zinc oln a boiling a'que'ous: soilution : 

2 : 6 : 8-Trichloro- 2 : 6-Di-iodopurine. Purine. 

Purine was thus found t o  be1 it definite entity, amphoteric in 
character and harmonising completelly with its position in the 
selries . 

Attention has been dra4wn to  the difficulty with which uric acid 
is converted into trichloropurine, and to  the fact tha,t only one 
halogeln atom in this coampound is exchanged for oxygen by alkali 
hydroxides. Alkali sulphides, however, rapidly displace all three, 
producing trithiopurins (1898), and of the1 two tautomeric formul2, 

purine. 

Fischer prefelrred the latter. Another by-path was pursued in 
1900, when he prepared 9-pheayluria acid frolm the corresponding 
phenylpezcdoluric acid, which resultsl from the aation of phenyl- 
carbimide on uramil ; this was follolwed by 9-pheaylpurine. 

The series of six dimethyluric and four trimethyluric acids was 
completed with assistance from F. Ach by the1 preparation of 
1 : 9-dimethyl- and 1 : 7 : 9-trimethyluric acids, but the monomethyl 
derivathes preseded a curious anomaly. According to the lactams 
folrmula for uric acid, there should be four methyluric acids, in 
which the alkyl group occupies the position I, 3, 7, or 9 rmpectively, 
but the existence of two additional ones was claimed. Of these 
six methyluric acids, Fischelr and F. Ach (1899) showed that  three 
appear to  have the1 alkyl grotup attached to the same nitrogen 
atom, numbered 3 in  the1 purine nudeus, giving the same methyl- 
allantoin (on olxidation) and tetramethyluric acid. The mysttelry 
remained unsolvetd until 191 6, when an indelpendent examination 
of the materials by Biilmann and Bjerrum, Biltz and Heyn, showed 
tha t  the supposed difference is due to  the contamination of 
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3-methyluric acid with a varying propolrtion of the 9-methyluric 
aoid. 

Although for many years displaoed from his experimental atten- 
tion, the purines becamel involved in Fischer's synthesis of 
nucleotides. It has already belen seen that  acetylbromoglucose is 
a valuable agent in elaborating glucosides, and in 1914, assisted by 
B. Helferich, he brought this compound into1 action with the silver 
derivative of numetrous oxypurinea, producling the1 6-glucosides of 
theophylline, tlheobromine, adenine, hypoxanthine, and guanine ; 
the outstanding feature od these compunds is the1 readiness with 
which they are hydrolysed, thus being distinguished from deriv- 
atives of glucosamine. Finally, by adding a cold mixture of 
phosphoryl ahloride and pyridine to1 a solution of theophylline-d- 
glucoside in pyridine, he prepared, later in the same year, 
theophylline, - d - glumidephosphoria acid, the first synthetic 
nu cle o t ide . 

Amino-ac&, Polypeptides, and Proteins. 

I n  vie'w od their extent' and the( f alr-rea.ching biolcheuniaad con- 
clusions which halve beein ba,sed on t'hem, the hbours.  of Emil 
Fischelr in the regioln of proteJns will make1 the same appeal to  the 
imagination a8nd evoke the same] dellight in araftwanship a,s his 
activities amongst carboshydra8tes. Owing t o  t,he muoh grea,her 
complelxity olf the subje,ot, howe.ver, the intrinsic relsulte may a,t 
first a.ppelar less oomplelb; but  the rellative success is elqually 
relma,rkabslei, beca8us.e his tTre,atmelnt4 oif this bra,nch reve'als the, skilful 
macnipula.tioln oC selnsitivel ma#terials, the  deft' a.pplica,t,ion olf expetri- 
melnta,l indioa.tiojns, and the constmckive diligenae in synthe.t,io 
achievement' adrela,dy SOI a8dmira;bmly displapd by his ela.rlie,r woirk . 

The amino-acids betas to  tlhe pro,teins a, relatbonship recalling 
%hat of a hexose to a, pollysacchamridel. Accordingly, it wa,s wit'h 
those matemrials tha,tl Fischelr bega'n, in 18'99, expelrimelnt.s which 
wetre destined t o  reveal the chemical na,tarel of tjhe prolteins the'm- 
selves, and ts furnish mattelrial which indic!a.te8s, a t  leastl, the manner 
in which lifelless prot.etin may ultimateily be syntheeised. Itl had 
then been reaognise,d tlhat nine amino-aciids, three) dia.mino-acids, 
a,nd cystine welrel olbt'ainable by hydrollytda 011- elnzyrnio disruptioa 
of protein molemles ; the synthesis oC glycine, alaninei, a-amino- 
valelrio acid, leacine), aapartic acid, glut,amio a.cid, pheaylahnine, 
a.nd tyrolsine, all in their dl-f arms, ha,d been a,ccomplisheld ei t.helr 
by St'recker's meltahold or by substituting the amino-groap for 
ha,logeln in t'he reapedive a-chloroi- and a-bromoca'cids, but sennet, 
altholugh discovelred in 1865, was notl synthesised untail 1902 (Fischer 
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and Leluchs). The resolutio,n olf these prolduds into their optically 
active' oomponextts ha.d been limited by their a m p h o h k  nature, 
aad wa,s ela,sy olnly in the ca8e od aapastdc a8clid, Piut't'i having shown, 
in 1887, that  aspa,ragine is resolved by simple! cryst,allisaf8ion frolm 
water. 

By suppretwing the basic aspe,ct of the! amino(-acids, and thus 
e(nco1uraging thefir ca,paaity tlo: form re,e.cryst'aUisable salts wit.h t,he 
natural alkaloids, strychnine1 a.nd bruoine, Fisoher and his 
collabora,tors first resollveld into1 t,heir antipodal compone,nt8s the 
dZ-f orms of ahnine, a-aminobutyric acid, leuaine, a-amino-rt-caproio 
a!cid, phenylahnine, tlyrosinel, amspartic and glutamio acids, valine, 
serine, ismerrinel, and prolline. The de'vicei by which this was 
etffeotmd consists in benmylat'ing (1899), formyla8ting (1905), alnd, in 
the, case of serine, p-nit'robelnzoylating (1906) the aminoigroap, 
r e d v i n g  the dZ-a,cylaminol-acid by recrystallising its salt,s with 
shyohnine o r  brucine, and hydrolysing sepratetly the antipoLdal 
'benzoyl, fmmyl, or pnit,robe,nzoyl derivative od t'he d- and Z-amino- 
amaid. I n  t'his ma.nnelr we're acmmulateld, in grea'tejr quantity and 
variety, optically active units, which thus became a8va,ila*ble as 
bmuilding materials for t'he constlrustion of polypelpttJde.s approa.ching 
t,he peptlones in p h y s i d  cha,racteristics. 

The f oregoling a . y l  deiriva,tives, in oolmmoln with others depending 
on the relactivity of the amino-group with phenylcarbimide and 
beazenesulphonyl chloride, are useful for idelnt'ificat,iioin as well as 
isolat,ion of thelir pare'nt, mmpounds, b'ut some still belt<ter for the 
folrmer purpose followeld from cornblination wit'h P-naphthale,ne,- 
sulphonyl chloride (1902) ; the1 resulting de,riva,tives a'ret formed in 
good yield, a,re sparingly sollublei, and crystqallise sufficient.Iy well to 
f acilitlate the reico,gnition of hydroxyaminoLacids aad evea poly- 
pelptlides t8he,msellves, in addit,io;n to! the aompounds from which the 
la.t,tR.r are built. Thus, t,o a, minor extent,, /3-naphtshaJenesulphonyl 
chloride assume,s t'he pa,rt, playeld by phenylhydrazine in the suga,r 
group, a.ff olrding an instrument f olr isolla#t.ing f redy soluble aad 
elusive subst.anms. 

Early attempts t'o elxplain the1 structure of proteins had bee'n 
hampelred by experimental obstacles to  the separation od amino- 
a,cids prolducmd in suoh comple,x mixtnre by hydrolysis ; with the 
exception of tyrosine and cyst,inel, which a're sparingly soluble in 
wa.br, the majolr portion of the mixture remains as a syrup after 
the principa,l constituent has cryst,allised. It was t,hus a pra,ctical 
a,dvance of the first magnitude which .Fischsr made as t'he result 
olf his inquiry (1900) into t.he esters which, owing to  t,he suppression 
of the, oasboxylio function, have the properties of aliphatic amines ; 
this fea~tare had beein reoognised in 1883 by Curtius, whose prows 
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for isohting the eatetrs was modifie'd by Fische'r and app1ie.d by 
him to separat'ing the amino-acids in a cwplelx mixture through 
fractiona.1 distlllation. The prooedure offe'rs considelrable expesi- 
menta.1 difficulty, but  it is tlhhe olnly one which has beeln relally 
successful, and its purpow has noiw beten a8chieveld with a large 
number of elab,orate molemles. Edegtin, elastin, fibrin, globin, 
gluten, kelratin, aad t,he a.lbumins of egg, serum, a,nd milk asre 
exa.mples of the zeal with whic.h Abdelrhalde,n has pursued this line, 
of inquiry, whilst Osborne; and his colla,borattors, b'y similar met'hods, 
have awertalneld the1 compoaent amino!-acids olf amandin, elxcelsin, 
gliadin, glycinin, hordein, phaseolin, and zein. Particularly to 
Fischer himself is due t.he re'aolutioa of t,he fibsrolin produced by 
silkworms a,nd spiders, incidelnttally elmphasising the reima8rkable 
bdollogica.1 faat t,hat' t'heae is only slight! cheznica,l diffelrence betwee,n 
tlhe synthetic products 0.f two crea,t,ures whose diet is so vastly 
divergent. He showeld (1907) thab tlhel silk of the Madagascar 
spidelr gives, per oent,. : glycinel 35.1, d-ala.nine 23'4, I-leucine 1.7, 
I-tyrosine 8.2, proline 3.7, d-glutlamic a.cid 6.1, diaminoi-acids 
(calculated a.s argininel) 5.2, ammonial 1.1, and fat,ty a,cids 0.6; thus 
the prinuipad diffe,renoe is the la,rge prolpolrtJon of glut'amio a,cid, 
which has not h e ' n  derived from ordina.ry silk, and the a.bseaoe of 
serine. 

Some indiaa,tdon of the1 na,ture and va,riety of the ahemiaal unitas 
froim which the prolteins are1 constructeid ha,ving been given, atten- 
tion must now be directed towards the nottab~le att,ermpts ma'de by 
Fischer artifi&lly tot ehb,ora,te protein molecules from thelir ciom- 
ponent edelme,nb. It is a note:wolrthy felatarel oif the protebns tha5  
in  spite of certain baxia properties a,nd the1 prompt appe'aranm od 
the amino-group on hydrollysis, t,hel amoiunt olf nit'rogen libesateld by 
nitrous a,oid is. trifling compared with the pescwntage olf that, 
ekment in the original material. This. fa.&, in conjunction with 
the ea,rly rscognitbon of hippurio acid as bejnzoiylglycinel, gives a 
clue, to t,he manne8r in which amino-a,oi d molelaulee adel associaf,ed 
in the natural prolducts n0.w under considelratiotn, and wvelra.1 
observations by the elarlier invest.igators confirm it. The1 simplest 
of these, is the product4ion of a b i m o h d a , r  anhydride, of glyuinnel b,y 
the a.ut,ol-condensa.tion oif the ethyl ester (Curtius, 1888). Two 
such anhydridea are cloncelivabkt, 

yH'CH2*f!o and NH,-CH,*CO*NH*CH2*C0,H 
C 0. C H,-NH 

Di ket opiperrtzine. G1 yc ylgl ycine. 

aocording to  the: proportion olf watelr edimina.t,eld, a,nd Curtlius's 
anhydride bdongs to1 the folrmer olass. I n  1900 Fischer obt.ained 
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analogous produck from the esters of a-aminolbutyrio, a-amino&- 
aaproic (leucine), and a-amino-n-caproio acids, and classified t h a  
as diketopiperazinea, in conselquence of an observation by Mylius 
(1884), who prepared the1 anhydride of sarcosine. Realisahion of 
the alternative type, glycylglycine, came in  1901, when, in con- 
junotion with Fourneau, Fischer hydrolysed diketopiperaine with- 
out detaching the two glycinel moJeoules, and therefafter began that  
astonishing series olf elaborations which clulminated (1907) in the 
synthesis of an ostadecoapelptide, 
NH,*CH ( C4HS)-CO*[NH* CH2*CO],-NH* CH (C4H,) CO* 

composed of glyoine (15) and I-leucine (3) moleoules, and having 
the molecular weight 1213. The name " polypeptide " was adoptsd 
to1 emphasise the similarity to pelptones displayed by the properties 
od the nelw class, whilst recalling the manner in which poly- 
saooharides are compounded oif simple carbohydrata molecules. 

Subsequelntly to  the process just, rewiewed, namely, arrethd 
hydrolysis of a oyalio anhydride[, two general methods were 
emploiyefd by Fischelr to1 elffeet these impolsing syntheses. Briefly 
stlated, tqhey depend on ejlolngating the amino(-acid chain a t  the 
basio and acidia terminals respectively. By the f ojrmer mechanism 
a, ohlore or bromol-aoyl chloride, acting on the1 aminol-acids (or 
polypeptides already synthesised therefrom), produces a halogen 
delrivative, which only melds trelatment with ammonia to become, 
oonvelrted into the] corresponding amino-compound, f o r  instance, 
glyoylalanine : 
CH,Cl*COCl+ NH,*CHMe*CO,H + CH,Cl*CO*NH*CHMe*CO,H. 
In  this manner, the glycyl, alanyl, a-aminolbutyryl, leuoyl, phenyl- 
glycyl, phenylalanyl, and prolyl (a-pyrrolidinecarbolxylic) groups 
welrel introduced (1903-1905). 

The complementary process arose from the discoveiry (1904) that 
chlolrides of halogenated aoylamino-acids could be preparkd by the 
actJon of phosphorus pelntachloride on the add  dissolved in aoetyl 
chloridel; when such acyl chlorides aotl on tlhe ester od an amino+ 
acid or a polypeptide, the product only requires to  be hydrolysed 
and trelated with ammonia, in order to yield the highelr polypeptide 
corresponding to its component, molecules : 

C4H9-CHBr-CO*NH*CH2*COCl + NH,*CH,*CO*NH-CH,*CO,Et 
Bromoisocapronylglycyl chloride. Glycylglycine ester. 

[NH* CH2*CO],*NH*CH (C4H,)*CO*[NH*CH,*CO]s*NH* CH,*CO,H, 

+ C4HS*CHBr*CO*NH-CH,*CO*NH*CH2-CO-NH*CH2*C02Et 
-+ C,H,*CH(NH,)*CO*[NH*CH2*CO]2*NH.CH,.C02H. 

Leucyldigl y cylgly cine. 
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Althongh this process is eIla&ic, thelrei preselnted it,sedf an e,xpe,ri- 
melnttal obstdel to1 grela,t eixtensioa, namelly, the1 solubility of maay 
such acyl Chlorides in acetyl chloride, arnd t,he colnsequeiitl difficult,y 
in sepaaating t'hem frolm soilutioln withoiut delcompositdon. This 
was overoo*me by pre'paring thei acyl chloIride8 obf the am.ino-a,aids 
or od the polypeptides themselves ; tlhese chlorides, ha,ving the 
gelnelral formula. R*CH(NH,Cl)*CQCl, are1 also ammonium chlorides, 
and are geaelrally not rmdily sollub,le in acletyl chlolride. As t,hey 
a.ct smoiothly oln t,he e,stlers off aminaa'cids and podypeptides, the 
device has been a most fruitlful onel, a,nd part,ioula,rly useful in 
applica8tio'n to1 the d- aad 2-amino-a,oids, with oonse,que!ntl synt.hegis 
od optically a,ative pollypept8idee. St1raight.f o,rwa,rd a's these relac- 
tions appelar in demriptioa, t h y  relpreselnt a, velry remaskab,le felat 
elxperimelntaJly, the rigid e1xclu.sion of wates being ne8ceasa.ry 
throagholuti. 

Anot4her advant,age offelred by this process is t,hel fa.clility with 
which it ca,n b,e aqpplield to elabolratting polypeptides of divewe, 
unit's, such a,s glycyl-d-ala.nylglpoy1-Z-tyrosine (1 908), isomeric with 
the tIetrapptide which Fischer olbt,ained in the previons year from 
silk hydrolysis, a,nd herein liejs the coanelck.ing link beltweten thelse 
nota,ble synt-heltic opemratljons and the peptoaea arising from 
inc,omplete disruptiojn of protelin molemles. 

The f sr-rea,ohing cionselquelncel of tlhhe; meithod provideld by Fischer 
t80 separate t,hel c.ojmpoinents of aln a,mino+acid mixtare has already 
beeln indicated, but  the, esters thus isolated we'rel, until 1902, those 
of amino-a.cida only, una,ssoci a,tetd with polypeptide,s. I n  thalt yea'r, 
howwmr, a,ssistad by Besgell, he prolduced from silk fibroin, b,y 
suooessive hydrolysis with hydrochloric a'eid, t'rypsin a.nd b,aryta, a 
dipeptide which appeamd to be glyoyl-d-aJa,ninel, although i t  coluld 
not be identifield with the  synthetio product; but in 1906, with 
Ab,derhaldeln, he obtaineid frolm t'he same1 sosuroe a, met,hyldiketoi- 

N H---C €3,. f: 0 identical with that producible from ~ O ~ C R M ~ * N H *  pip erazine, 

glycine and d-alanine, thus indioating that  glycyl-d-alanine is 
amolngst tlhe dejgradatioln prolduots od silk fibrolin. Then followed 
the recognition of glyoyl-d-tyroline (silk fibrolin), glyoyl-Z-leuaine 
and d-alanyl-Z-leu&.m (ellastin), Z-leucyl-6-glutamio acid (gliadin), 
amd glycyl-6-alanylglycyl-Z-tyrosine (silk fibroin) . 

It is obvious tha,t the field od inveetigation olpened by the, fore- 
going experiments is limited only by matesial coinsidesa,tions, and 
an interesting calm la tioln of the polssi bili t ies prelsen t ing t he1msdve.s 
was made by Fischer in 1916. According tot this, the octadec& 
peptide has 81 6 possible isomelrides, whilst a polypeptide comprising 
30 amino-aoid mollecules, of whiah 5 are glycine, 4 alanine, 
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3 leucine, 3 lysine, 2 tyrosine, 2 phenylalanine, and 13 various other 
descriptions, has a, number of possible isomerides reaching 
1 . 2 8 ~  1027. In these cornputatlions it is assumed that the 
mechanism of linking the amino-acid groups is limited to  that  of 
glycylglycine, but, further complexity would arise from alternative 
junctions, such as that of diketopiperazine, the! possibility of which 
was not excluded by Fischer. Moreover, he, recogniscd that 
h y d r ox y amino-a cid s, such as t y r osine, selrine, and h y d r ox y p r oline , 
may participate in the linkages pelculiar to esters and ethers. 
Although the aggregate number of synthetic polypeptides must be 
well in excess of 200, this only serves to illuminate the gulf which 
still separates the chemical investigator from his goal. That 
Fischer appreciabd this baffling factor to the fullest extent appears 
not only from his frequelnt references thelretol, but also from the 
na,ture of his lates synthetic operations. Following the octadeca 
peptide, these were directed more particularly to the association of 
optically active B m s t e i m e ,  which welre, varied amongst themselves 
as much as possible wit,h a view t o  synthaising those peptide frag- 
ments which possess the natural configuration, a property to be 
revealed by zymolysis. Dreahsel's iodogosgonic acid from coral 
(1896), having been found identical with 2 : 5-ioclotyrosine7 was 
linked with glycine (1908), whilst 6-valine, a-aminoatearic acid, 
P-aminobutyric a,cid, a-methylisoserine, I-histidine, and I-prolins 
were introduced a,lso in the lather yelar, followed by I-cystine and 
I-phenylalanine ; po1ypept.ides containing d-tlryptophan, isoserine, 
lysine, arginine, asparagine, ctglutamic acid and aspartic acid as 
components have since been prepared. 

Although the simpler polypeptides are crystalline, and in that 
aspect bear no resemblance to the protelins, their tendeacy t o  
amorphism increlases with moilesular weight, and aqueous solutions 
of the motre complex ones are opalescent, yieilding precipita,tss with 
ammonium sulphatq phosphotungstic acid, and tannin. Naturally, 
they do not respo'nd to the d o u r  test depelnding on tryptophan 
and tyrosinel whem those groups are absent, but they give the biuret 
re(a&ioln, and these fea,tures, in conjunction with their behaviour 
tolwasds enzymes (see later), a f h d  the strongest possible1 evidence 
in suppolrt of the protein diagnosis outlined by this chapter of 
Fischelr's work. One passes to the nelxt with the sensations of an 
explorer liberatied from the perplexing entanglements of a dense 
forest to find himsellf on the shore of a limitless ocean. 

VOL. CXVIT Y Y 
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Zynzo-chemistry. 

Since chemistry emerged from the crucible of alchemy, its 
association with biology has become inareasingly intimatel. Viewed 
matezially, life is a process in which alternations of growth, desay, 
and regeneration present themselves in the light of chemical trans- 
formatiom, delipate, manifolld, and inscrutable. Within the, tissues 
04 a living olrganism there proceed perpetual analyses and syntheses 
of which we gain an oocasional glimpse!, but cannot hopel, by the 
aomparative brutality of the testrtube, to  &age the likeness. 
Nature’s agents are photosynthesis and enzyme action, magic wands 
whioh transform carboln dioxide, watelr, and nitrogen into carbo- 
hydrates, f a,ts, and protelins, and which, having synthesised these 
materials in plants, empoiwelr animals to analyse them and assimilate 
bhe products of disintegration. I n  the words useid by Fischer 
during his Faraday Lelcture, 1907, “ the  ultimate aim of bio- 
ahemistry is to  gain complete insight into the, unending series of 
changes which attend plant and animal mekabolism.” 

Having noiw reviewed some of his most important oontributions 
to olur knowledgel of the building materials, and proceeding to 
aonsidelr tlhe use which he made of the enzymes themselves, it is 
notelworthy thatl this began oln a by-road of the great thoroughfare 
which he1 out, through the relalm of carbohydrates. I n  1889, having 
shown that  the ‘‘ seminose” prolduced by Reiss from vegetable ivory 
(Phytelephas m a c r o c a r p )  is identicd with mannose, he isolated 
alcohol from the produ&s of fermenting that  sugar, and in the 
following year cultivated yeast, in solutions of dl-mannose and 
a-acrose (dZ-frzictosel) ; in each case, the d-component, was devoured, 
and thus Lrnannoss and .!-fructose were isolated. 

In  1894, assisted by Thierfelder, Fischer made a comparative 
study of natural and synthetical monosaccharides in respect of thelir 
attitude towards various families of yeast, from which it followeld 
that  whilst d-mannose, &fructose, and, in loiwer degree, d-galactose 
reaemble d-glucose, the yeasts are indiff elrent towards d-tlalose, 
.!-mannose, I-glucosei, sorbose, I-arabinose, rhamnose, a-glucoheptose 
and a-gluoo-octose. This indicated thatl the f elrmentative principle 
od yeast, is an asymmetrio agent which is capable of attacking only 
those molecules of which the geometrical form does not differ tool 

widely from that, of d-glucose. It suggested also the possibility 
that, by persuasive taotics, a reluctant yeast might be tempkd 
ultimately to moldify its inherited taste1 and to  accept as nutriment 
a sugar with which the asymmeltry of its enzyme was not originally 
harmonious. This possibility has noit yelt been definitely realised. 

Pasteur’s notable discovery in connexioii with Penicilliunz was 
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thus recalled, and, 011 extending the inquiry to  natural and 
artificial glucosides, Fischer found thatl these materials arrange 
themselves into distinct# groups in reepect of their behaviour towards 
air-drield yeast extract (maltlase) and emulsin, the a-d-glucosides 
being hydrolysed by maltase and indifferent to emulsin; th0 latter, 
however, hydrolyses the /3-d-gluoosides, which are not attaoked by 
maltase, both enzymes being without action on Lglucosides, 
dgadactosides, arabinosides, xylosides, rhamnosides, and gluco- 
heptoaides. Maltose is hydrolysed by tlhe yeast extract, not by 
a u l s i n ,  whilst lactose displays the converse behaviour. It was 
by observations suoh as these that  Fischer was led to  emphasise the 
close relationship connecting the configuration olf a, sugar with 
that  of the enzyme which attacks it, and to1 depict the mechanism 
of enzyme actJon by the simple analogy of a, look and key. 

In  the same, year one of the many rocks which await the unwary 
voyager on this particular wean was charted by Fischer. The 
‘(invelrtase” of that  period was precipitated by alcohol and did 
not hydrolyse maltose, but Fischer replaced the soilid material by 
an aqueous extract of air-dried (Frohberg) yeast; this does 
hydrolysel maltlose, but neither the disacoharide nor a-methyl- 
glucosidel is affected by an aqueous extract of the fresh yeast which 
has not been dried, although cane-sugar is inverted. After being 
ground with powdered glass, the same yelast yields an extract 
capable of hydroflysing maltose and a-methylglucoside, but tha 
action is much more feeble than when the glucosides are left in 
contact with the suspendeid organism which has been narcotisd. 
I n  colnsequence of divergent observations by G. H. Morris, it was 
found that  complications are introduoed by the proportion of 
chloroform employed, and this leld t o  the use of toluene in its place. 

The foregoing imbroglio emphasised the importance of spelcifying 
an enzyme by some refereiice to its origin, because an enzyme from 
on0 source is almost invariably assooiatd with others, differing 
frojm those which aocompany it when the origin is different. 
Fischer showed that  whilst the extra& of dried yeast hydrolyses 
both aane-sugar and maltose, the enzyme producing the latter effect 
clannot be invertase, because individual yelasts which contain 
invelrtase fail to hydrolyse maltose ; molreovec, invertlase purified by 
alcohol is also indifferent towards t’his disaccharide. The specific 
mdtodastic enzyme had been called glucase by other workelrs, and 
it was for this name that  Fischer substituted maltasel, previously 
used by Bourquelot. 

Ladom, whioh is indifferent towards brewer’s yelast, is fermented 
by the milk-sugar yeasts, 8. Kefir and S. Tyrocoka. It had been 
claimed by Beyeriiick, on somewhat slender evidence, thatl tbese 
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contain an enzymel, lactase, capable of hydrolysing lactose prior to  
fermelntation ; this was established by Fischelr, who showeld that  
the same reeultl, intensified, was produced by kefir granules. Other 
observations od this period related t o  trehalose and melibiose, and 
it appeared to  follolw as a general conclusion that  disaccharide3 
are1 not fermented as such, but only in consequence of a preliminary 
hydrolysis by a specific enzymel. 

In  1898 Croft Hill showed that  the hydrolytic adion of yeast 
maltase is reversible, at disaccharide being prolduced when that  
enzyme acts on glucose in concentrateid solution ; subsequently, 
Emmelrling regenerated amygdalin by the action of yeast, maltase 
on a mixture of mandelonitrile-glucoside and glucosel, whilst 
Hanriot revelaled the elsterifying effed of lipasel. In 1902 Fischer 
and E.  F. Armstrong subjected a mixture of glucose and galactose 
to the action of kefir lactase, and, having removed the unchanged 
monosaccharides by ferment ation, found in solution a disaccharide, 
which tliely called isolactose, observing that  in its behaviour 

moreolver, the kefir lactase which links its generators has the power 
tlo separate them. 

Impreesed with the differences in chemical behaviour revealed 
by the enzymes of micro-olrganisms, Fischer turned attention to 
secretions of animal origin, and in 1896, assisted by Niebel, studied 
the attitude of starch, glycogen, maltom, lactose, suarow, trehalosei, 
amygdalin, and some artificial glucosides towards blood serum from 
several sources and a great variety od tissue1 extracts and juices. 
It was in the domain of proteins and polypeptides, howevelr, that  
the principal use was made of these ageintls. I n  1903, when his 
fruitful association with Abdelrhalden began, casein was subjected 
Lo protracted hydrolysis by the! pancreatia enzyme, with the sur- 
prising re8ult that  proline, and phenylalanine, although liberated 
from the protein by acid and alkaline hydrolysis, were not 
recognisable amongst the products. These were tyrosine, alaninel, 
leucine, glutamic acid, asparticl acid, and a poflypeptidel matelrial 
which, when hydrodyseid by hydrochloric acid, gave an amount of 
the two missing amino-acids in close correspondence with the 
quantity obtainable from casein itself, together with alaninel, 
leacine, glutamio acid, andsaspartio acid. It was also found that 
edestin, hzemoglobin, egg-albumin, fibrin, and serum-globulin 
reMmble casein in the foregoing aspect, and thus was revealed a 
produot oC hydrolysis lying between the peptones and the amino- 
acids. 

Acceptanw of the relationship between proteins and aminocacids, 
abablished by the1 interposition of polypeptides, involves ths  

towards enzymes i t  stands midway between lactose and mel'b' I 1 lose; 
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susceptibility of theee materials to zymolysis, and, as their number 
grew, Fischer accumulated many studies olf such action. Thus 
with Bergelll (1903) he found that  under conditions which favour 
the tlryptolysis olf naphthaleneeulpholglycyl-E-tyrosine and carbe 
eithoxyglycyl-61-leucine there is no change with glycylglycins, 
naphthalenesulphoglycyl-d-alanine, and hippuric acid ; later it was 
shown that, glycyl-Z-tyrosine and leucylalanine may be tryptolysed, 
the disruption of the latter resembling thatl of carboetholxyglycyl- 
le~ucine~ hy giving rise to active products. This branch of inquiry 
was greatly extendeld with the assistance1 of Abderhalden in 1905, 
when twenty-nine pollypeptides were differentiated by their 
behaviour towards the1 tryptic eazjrme, leading to conclusions baseid 
on the numbelr, individuality, and configuratdon of tihe aminobacids 
involveld. A t  the! same1 time, it was found that  glycyl-Z-tyrosine, 
dialanylcystine, leuoylalanine, leucylglycine, and leuoylleucine are 
not hydrolyseld by pepsin-hydrochloric acid. 

Thelreafter, the devellopmentl of this fiefld has beten left to other 
workm-s, of whom Abderhalden is recognised as the piolneer, and 
the remarkable achielvements of the1 subsequent period are a splendid 
tribute to Fischer’s foresight and genius in laying the foundations 
oif a branch of science a t  once so complex and sol fundamental. He 
it was, indeed, who first clothed with systematia experimental 
observations and established facts the! dictum of Berzelius (1837) 
“ that l  in living planta and animals there take plam thousands of 
catalytic processes beltween tissues and fluids.” 

Prior to 1895, the conversion olf an optically active substance 
into its enant<iomolrph had been accomplished only by racemisation 
preliminary to relsotlut8ion by one of Pastear’s methods. The system 
of cyclic changes dating from that  year, and classified as the 
“ Walden inversion,” exhibited a direlct reversal of rotatory power, 
and olffereld, pelrhaps, the most elusive amongst the many interesting 
problems conneIcteld wit’h opt’ical activity. Walden showeld thaj 
each chlorosuccinic aoid will give both malic acids according to  thc 
agent seileded for replacing halogen by hydroxyl; silver oxido 
leaves the sign unchanged, whilst potassium hydroxide produces ail 
acid of oppositel sign. As the regenelration of chlorosuccinic acid 
from malio acid by phosphorus pentachloride also invollves a change 
of sign, the typical Walden inversion is represeuted as follows. 
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Ir ’ 2 
KOH PCI, 

‘x /” 
I-Malic acid 

M 2 0  
4 

d-Malic acid 

Ir ’ h\ 
PC1, KOH 

ARzO I-Chlorosuccinic acid t- 
During the years 1907-1 91 1, Fis&er describeld numerous 

examples of sign-revelrsal arising from the study of amino-aoids, for 
instlance, 

d-a-Bromopropionic acid E$ d- Alanine 
I 

YBr IiOBr? 
I 

I- Alanine NHs 2-a-Bromopropionic acid +- 
I n  the foregoing cycle it is a matltelr of indiffemnce whethelr the 
repla’mment of halogen by an aminol-group takes place in tlhe acid 
or in the eekr, buti the1 converse change, attelnded by relversal ot 
sign when alanine is transf ormeld into1 a-bromopropiolnic acid, 
proloeeds withoat revelrsal when alanine elster is colnverted into 
a-bromoprolpioaic e8stler, the latter yielding, when hydrolywd, an 
acid having the same sign as the alanine employeid. Other aminol- 
acids, such as leucinel, aspartic acid and phenylalanine, are disr 
tinguisheld from their esters in the same1 way, but I-valine (a-aminob 
isovalerio acid), whilst, giving with nitrosyl bromide d-a-bromoiso- 
valelric acid, is regeneratfed by the action of ammonia on that sub- 
stanoe. Fischer found, also, that  whilst I-lactic acid arises from 
I-a-bromopropionic acid by actdoa of silver oxide, this agent con- 
velr ts I -  a-br olmopr olpion y lgl y cine into a h ycl r olxy - colm pound which 
gives d-lactic acid on hydrolysis. Furthermorel, althoagh I-valine 
is prolduaed wheln ammonia aots o1n d-a-bromoisovaleria acid, 
d-valine arises f rom hydrolysing the product of d-a-bromoiso- 
valerylglycine and ammonia. 

At first itl was believed that this type of change is associated 
only with a-substitution, Fischelr and Scheibler sholwing tha t  the 
following transformations are free from retvelrsal olf configuration : 

PC1.j -- 
I-p-Hydroxybutyric acid +- .? d-/3-Chlorobu tyric acid, 

Ag20or H 2 0  

I n  1911, however, thely found that  each P-aminolbutyrio a,cid will 
give both P-hydroxybutyric acids, according tot the melthod of 
changing the substituents, thus : 

d-Hydroxyl I-Chloro- d-Amino- + I-Hydroxyl. HNOs 
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The same1 year witnessed a comprehelnsive survey of the subject by 
Fischer (Annden, 1911, 381, 123), who described an ingenious 
model in which the central carbon atom and the1 movable groups 
have bristlle-coverefd f ace6 to) f acilitatei their attachment in sellected 
positiolns; thus the four substituents may be moveld a t  the same 
time over the spherical surface, of a eentral carbon atom, o r  they 
may be transfelrred singly to positions adjacent to  those which 
they prelviously occupied. H e  represelnteld substitution as pre- 
ceided by the1 foirmation of an additive compound, which, on disrup- 
tion, may or  may not h a d  to a relative distribution of the sub- 
stituents; thus the entrant group neled not take the1 place of the 
one it dislodges, and if i t  assum- anothelr position, the configur& 
tion of the product will differ from that  of the original material. 
Vielweld in this light, the Walden inversion is a nolrmal process 
deltermined by the chemioal agentls employed and by the nature of 
the other groups attacheld to1 the asymmetric carbon atom. 
Simultaneously, the problem was discussed by Wernelr from the 
standpoint of supplemental valency , and criticisms by Biilmann in 
the following year led to  a rejoinder by Fischelr; it is not the 
purpose of this referelnce, howeves, to do more than indicate his 
contact with thO subject, which still awaits a complete explanation. 

Two important deductions from the theory of the asymmetric 
carbon atolm receivead experimental confirmation a t  the hands of 
Emil Fischer by meithods which the Walden inversion cannot 
vitiate, because the involved groups remain attlached to  the central 
nucleus throughoat the changes. Assisted by F. Brauns, in 1914 
he showed that  optical activity disappears when two of the different 
groups become identical, prolducing ethylisolpropylmalonic acid 
(inactive() from d-elthylisopropylmalonamio acid. He next made 
the following transformations : 

d-isoProp yl- Methyl ester. d-isoPropylmalonic 
malonamic acid. methyl ester. 

I-isoPropylmalony1- I-isoPropylrnalony1- I-isoPropylmalonamic 

Since the original d-isopropylmaloaamic a d d  has [a], 48*8O, and 
the resulting I-acid [a]D -44‘4’, agreement is suffioient31y close to 
prove that the expectation of sign-reversal following systematic 
interchange of two substitnents in a,n asymmeltric system has beein 
expe’rimentally re(a1ised. 

hydraside acid. azide acid. acid. 
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2‘e c hn o ~ o g  y . 
Fischer’s rellationship to  the chemical industry was intimate and 

beneficent. Viewed superficially, the subject,s on which is foundeid 
his unrivalled reputation as an investSgator do1 not appear to have 
much bearing on factory problems; but the! value of a lifewolrk 
cannot bs estimatetd with accuracy unless the qualities of the 
worker are1 takea into account. It is a common observation that  
absorption in labolratsry practice, coupled with unretmitted study 
and theoretical reifledion, telnd to draw the oh-ical investigator 
80 much away from practical affairs as t-o diminish his pelrception 
of commercial and industtrial factors. Either beoause of his elarly 
t?raining, or owing to his inborn love of knowledge in all its 
branches, Fischelr was unusually free from this disability, and thO 
relianm placed on his opinions by leaders of the Gelman ahernical 
industry ultimately grew into an attitude of trust which was quite 
exceptional. S s  early as 1883 he was a marked man, for in that  
year the chairman of the1 Badische factory selected E m  as directfor 
of research, in succession tot Cam, atl a salary of 25000, but  the 
offelr was not accepted. Whilst it is impossible to  mmpute the 
results which might have accrued from his occupancy of the post., 
it is equally impossible to regret the decision which he then made. 
Although so tempting a proposal could noh detach him from his 
chosen course, he remained throughout life in close communion 
with factory operatiolns, becoming and oontlinuing persona gmta  
with the chemical indushial magnate@ and exerting a profound 
influence on the industry. 

Probably his greatest dire& cont-ribution to teahnology lies in 
the stream of young chemists passing regularly from his laboratory 
to1 t,he factories, men soundly trained in the melthods olf systlernatio 
inquiry and in whom a love of chemistry had belen made fruitful 
by the radiation of his galvanising personality. Nevertheless, 
more concrete associations with manufaaturs emerge from time t o  
time. Phenylhydrazine was destined to become one of these, 
although its contact with industry through antipyrine, pyramidolne, 
and tartrazine was made by other hands. 

As already noticed, it might have been eixpected thatl the subject 
of his theais for  the doctorate, fluorclsmin, and the important con- 
tribution to the structure of triphenylmethane colouring matlters 
for which he and his cousin were1 responsible so early in life], would 
have committed him definitively t o  the chemistry of dyes; but  his 
interest in biochemistry rapidly became absorbingly predominant, 
and it was consequently in the field of synthetic drugs tha t  his 
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personal connelxion with chemical industry became most fruitful. 
Based on principleis developed in his laboratory, methods were 
adopted in the Bohringer and Bayer factories for the manufacture 
of cafieine, theophylline, and theobromine, whilst the practicability 
of replacing atropine by a synthetical substitute may be traced to 
his elarly work on triacetondkamine. 

A very definite contribution tlo manufacturing practice was made 
in 1903, when the1 improvement which he effected in the produc- 
tioln of dietbylbarbiturio acid, arising from his work on purines, 
led to  that substance becoming one of the most valuable hypnotics 
in pharmacy undelr the name velronal, the mmufacture being under- 
taken by the Merck, Bayer, and Hochst* factories. His collaborator 
in that work, von Mering, was associated with him also in 1907, 
when calcium ioadobehenate, or sajodin, was brought out as a tssts- 
less preparation olf iodine easily tolerated by the organism. This 
was followed by calcium dibromobehenata, or sabromin, as an 
instrument for introducing bromine, and the production of both 
remedies was undertaken by the1 Bayer and Hochst factories, the 
latter developing also the prelparation of strontium chloroarsinor 
behenolate, or elarson, in aonneixion with which the preliminary 
experiments were made by Fischer and Klemperer. When war 
broke out he was taking part in the search for a carcinmia remedy, 
that  path so thickly strewn with hopes deferred. 

It is not difficult to imagine the demands which were made on 
his energy and wisdom during the five yelars which were destined 
to  be the cloaing period of his life, and them have been delineated 
by A. von Weinberg. It is now known that the war could not have 
beten continued by Germany beyond the middle of .  1915 had not 
synthetic nitrio acid begun to take the place of Chile saltpetre. 
The probable course of events revealed itself to Fischer in 
September, 1914, wheln he urgeld on the Westphalian manufacturers 
the need of prolmpt action, and was rebukeld in consequence by the 
military authorities; but on October 1st he1 made a detailed report 
t o  the War Ministry with referenm to the pmsibi1it.y of increasing 
the supply of ammonia from coke-ovens, and his services were in 
constant requisition during the growth of the synthetic nitric acid 
industry, which subsequently reached such enormous proportions. 

Two months later the diminishing store of camphor led him to  
recommend the usa of dimethyl- and diethyldiphenylcarbamide in 
powder stabilisation, them being actually adopted, and in February, 
1915, he was presiding over a commission for stimulating the pro- 
duction of benzene. and toluene by gasstripping. Whilst the com- 
mission accomplished iix original purpose before the end of that  
year, it) rmained in being to deal with such matters as the proi- 
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duction of heavy oil from naphthalene, the extraction of phenol 
and cresol from coke-olven tar, and, a t  the beginning of 1916, with 
a search for applications of the1 superabundance of benzene which 
then etxisted. By the end of that  year, however, the Hindenburg 
programme had shattered the technical scheme f o r  providing a 
sufficiency of this hydrocarbon, and convelrteld plenty into famine; 
Fischer then demanded the demobilisation of 50,000 coal-miners. 

As early as 1915 his attelntion was direicted to Lhe dwindling of 
pyrite8 reserves, and he1 became president od a gypsum and kieserite 
commission, charged with. inquiry into means f o r  utilisiiig the 
sulphur content od those minerals ; although teichnical diffioultia 
preventeld the1 application of kieselrite to  this purpose, the! olbstaclea 
connected with gypsum were overcome and much valuable 
information was obtained. 

A t  the beginning of 1916 Gelmany found it necessary to limit 
the1 saponification of fats, and Fisoher was invited to  examine more 
closely the alternative  source^ of glycerol. His first! idea being t o  
replace thatl substance by glycol, he recommended the construction 
of a fadosy at Essen for that  purpose, but the subsequent process 
of Coanstelin and Ludeakel f o r  producing glycerol by felmentation 
obviated the need folr this measure. He took an aotive part in  
developing the new industry, in utilising the aldehyde+alcohol 
which offered itself as a by-product, and in solving the cognate 
prolblem of convelrting fatty acids to  service as food, the result of 
which. was estermargarine. 

It was the food shortage1 in all its aspelcts, howevelr, which claimed 
his atlt+entioln motre and more pressingly. Interwoven with the 
demands oif the explosives industry came the call f o r  nitrogen 
fertilisers, and in January, 1917, associated with Nernst and Haber, 
ha urgeid on the War Ministry the need f o r  a foloidstuffs com- 
mission to assume the task of stimulating food prolduction on behalf 
of men and animals. With terrible earnestness he portrayeld the 
secondary position occupied by patriot,io heroism in relation to  
physiological law, tlhe negleot of which must lead inevitably to 
psychological breakdolwn. From that  time until its final session 
in 1918, the commission atltacked with fevelrish elnergy a multitude 
of diverse problms, amongst which the convelrsion of straw into a 
digestible fodder for horses and cattle took a prominent place. 
The possibilities oaf wolod, also, were1 explored from this point of 
view, the utilisatioa of leaves, rushes, and couchgrass (quitch), the 
germination of grain, and the preservation of vegetables. With 
special attefntion Fischetr devoted himself toi providing a coffee 
substitute, imgroving considerably on the knowledge which he had 
wcumiiiated prior to the war, whilst attempt8 to rtugmest the 
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supply of albuminoid esculentsl emerged in '' mineral yeast " and 
the utilisation of lupines. 

I n  spite of all t h m  efforts, however, Fischer and his oolleagues 
foresaw the inevitable results of increased disease, diminished 
capacity for work, and impaired moral resistlance arising from the 
lamentable] condition of the pelople. They embodied their con- 
dusiolns in a memolrial addressed tot the heads of military and civil 
government in January, 1918, explaining the1 helplessness of soienm 
and technology t-o me& the situat'ion, but their repretientations 
were unheeded. 

Harassed by tqhese distractions and anxieties, tormented from 
time to time by bodily pain, and bowed down by the loss of his 
selcond and third sons, his inextinguishable spirit found relfuge in 
the1 calm pursuit of scientJfic inquiry. It was during this period 
that his life(-long work on oarbohydrates and the correlation of 
thelw with depsides reoeiveld many decisive additions, and in the 
closing months oS 1918 he ~it~neasetd, in the establishmentl od the 
" Delutsche Gesellschaft zur Forderung des Chemischen Unter- 
richts," the launch of an enterprise velry near to  his helart. As the 
war continued, he had become gravely concelrned a t  the diversion 
of young chemists t o  it4 relquirements, and tjhe coinsequent injury 
to the scientific spirit of the new gelnelratioln. To assist in com- 
bating this danger and the accompanying embarrassment tol teach- 
ing institutions arising from the diminished value of money, he 
raised a oonsiderable fund, which, in his olwn words, constituted 
" der 1eItzt.e Dienst, den ioh der deutschen Wisselnschaft lelisten 
kann." 

In  this ccmnexion, it should be remembered also thah it was 
largely by the inspiration and energy olf Emil Fischer that  the 
idea of establishing a relsearch foundation independelnt of teaching 
duties ultimately took shape in the Kaiser-Wilheclm-Institut fur 
Chermie. Associated with Nelrnstl and Ostwald, he had invitsd a 
oompany, amply representing both science and industry, t o  discuss 
preliminaries in October, 1905, hut it was not until March, 1908, 
that, the " Verein Chemischs Reichsanstalt " was legally registered 
for the purpose1 of advancing chemical science and technology. 
Altholugh a suitable site. at  Dahlem was allocated by the Prussian 
Treasury, and many substantial donations had beein made, it was not 
until the projected foundation of the Kaiser-Wilhelm-Gesellschaf t 
in 1910, and the1 subsequelnt co-operation of this body wi th  the 
Verein, that  constructive steps could be taken. These culminated 
in thei oermony witnessed by the German Emperor on October 
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23rd, 1912, when Fischer, in the name1 of the Vei-@in Chemische 
Reichsanstalt, as president of the1 exeautive committeel, transferred 
the1 building to1 the president of the1 Kaiser-Wilhelm-Gesellschaft. 

His lifehwork has nolw been revielweld, but only another generation 
can grasp it& full significancel. We shall not survive1 to witness 
tihe1 momentous consequences of its impulsel, but we can pelroeive 
that  Emil Fischer, in onel branch of science the master, gave a 
new meaning to  another branch, physiology, inasmuch as he placed 
biochemistry on an assured basis. The germ of this profound 
influence may be: traced tot a remotel inquiry completely detached, 
as i t  would then have1 selemed in the1 mind of its author, from the 
trend of its ultimate development. The effeot which was destined 
to be produced on physiological chemistry by the discovery of 
phenylhydrazins in 1875 offers but anothelr example of the constant 
interplay beltween fact and thought. Although twelve years 
elapsed belfolre that, base enabled him to  claim the synthesis of a 
natural sugar, progress tthereafter was rapid and sweeping. The 
array olf synthetical carbohydrates which had been assembled by 
the yelar 1894 provideld him with the matelrial nelcessary for the 
fundamental discovery that  the spelcific aotion of an enzyme is 
intimately related to the configuration of the substrate. In the 
wealth of praotical achievemelnt which followed this discovery, the 
applications of its underlying principle constantly recur. The 
classification of the glucolsides was a substantial consequelnce, but 
far more important was the1 utilisation of tissue extracts in the 
study of artificial polypeptides, showing thatl itl is only those con- 
structed of the amino-aeids supplied by nature which yield to the 
attack of pelptoclastic enzymes. Thus i t  may be olaimed for Fischer 
that  he forged and perfected a, new and delicatle instrument with 
which the1 investigator may solve abstruse problems in biochemistry, 
for  when oince the technique1 is acquireld, the use of enzyme8 in 
configuratioln diagnosis is unapproaohed by ordinary chemical 
processes in respect of precision and rapidity. 

Reflecting on t h e  elsselnce of life in its chemical aspeict, regarding 
the actl of living as a complex alternation of digestion, assimil- 
ation, and oxidation, the mind begins to arrange in one beautiful 
fabric the coloured strands from which is wovein Fischer’s contri- 
bution tol the knowledge of the centuries. He not only regularis4 
the most fruitful of laboratory methods for studying life processeis, 
but, he assemblefd more richly, and in greater variety than any other 
chemist, the materials on which those prommeg depelnd. Carbo- 
hydrates, glucasides, depsides, purines, and polypeptides have, 
ddring the yeaxs of his activity, been broughtl to our  delighted 
vision amd ranged in perspective by his control of m z p a .  As 
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interpreted by him, we recolgnise amino-acids as the basis of our 
being. All this knowledge will give definite form to countleiss 
inquiries dealing with digestion and assimilation, and by shaping 
ths  prolblems connected with such changes will assist in tlaking that 
first, and most important step towards solving them. Indeed, it 
is not unjustifiable to hope that  further advanoes along the lines 
now firmly laid by his life-work may bring biochemist8 of a$ future 
period to  a clearelr view of that. ellusive province in which hormones 
and advitants (miscalleid vitmines) exercise their subtle influence 
on the alchemy of living bodies. 

Even when due allowanm has been made for the storehouse of 
accumulated faots on which the chemists of his era were empowered 
t o  draw and for the variety of technique which was a t  their cam- 
mand, itl can scaroely be claimeld that  in welalth od revelation and 
rnanipulat'ivel skill Emil Fischer is eclipsed by any of his pre- 
decessors. I t  is difficult to  imagine that, he can be surpassed by 
any of his succemors; but, whether this be sol or not, his atchieve- 
m a t  will remain fos all time a monument of industry, a master- 
piece of symmetry and a gospel of inspiratioln. Ris contem- 
poraries, who have) watched the1 growth of a wonderful structure 
with admiration and pride, may lelave to  postmity, in happy con- 
fidence, the office of enshrining his work in the1 history of thefir 
beloved science : 

'' For Time shall with his ready pencil stand, 
Retouch your figures with his ripening hand, 

And give more beauties than he takes away." 
To future ages shall your fame convey 
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