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BY the death of R. Willstatter on the 3rd of August 1942 the world has lost one
of the greatest masters of organic chemistry and one of the most distinguished
members of the famous Munich school originated by Adolph von Baeyer.
Willstatter was born on the 13th of August 1872 in Carlsruhe in Germany.
His chemical education was in the University of Munich, the greatest classical
centre of chemistry in Europe. - The early inspiration that he received from
von Baeyer and his school is reflected all through his epoch-making investigations in after-life. He took his Doctor's degree in Philosophy in 1894
and continued to work as Privatdozent in Munich till 1902. Subsequently
he was appointed as Professor at the Polytechnic in Zurich. From 1912 to
1915, he held the directorship of the Kaiser Wilhelm Institute for chemistry
in Berlin and an honorary professorship at the Berlin University. In 1915,
he accepted the invitation to return to his own alma mater in Munich and
occupy the chair vacated by his renowned professor, von Baeyer. After a
few years he retired from this professorship and continued his career as a
chemical investigator in his private laboratories in Munich itself.
Within the limits set for this obituary notice, it is not possible to do
justice to the great work of such an eminent personality as Willstatter.
An attempt is therefore made to touch upon only the greatest of his achievements—in a way to have a review of the great peaks ignoring the comparatively
minor heights. His main work lay in that part of organic chemistry which
is intimately connected with biology, and along with Emil Fischer he was
largely responsible for the rapid development of biochemistry as a new branch
of chemistry. Roughly, his sojourn in different centres of chemistry is associated with his great work in different fields. His earlier work on alkaloids
was done in Munich; Zurich is associated with his study of chlorophyll; in
Berlin the anthocyanins were examined and the later Munich period was
concerned mainly with enzymes.
Tropane Group of Alkaloids

The earliest work of fundamental importance undertaken by Willstatter
related to the tropane group of alkaloids. It was done mainly during the
years 1894-1903, though he later reverted to it to some extent even after 1920.
Under this group of alkaloids come such well-known drugs as atropine
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and cocaine. That they contain the peculiar ring skeleton of tropane,
derived by the fusion of piperidine and pyrrolidine rings, with three atoms
in common (I) was definitely established by Willstatter, not only by degradation experiments, but also by careful synthesis.
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On hydrolysis, atropine (II) gives rise to tropine (III) and tropic acid (IV).
Thus the alkaloid is an ester. Of the two parts, the constitution of tropic acid
was finally established by its synthesis by Ladenburg and his collaborators.
Though tropine and a number of its derivatives had been studied, its
constitution was not yet understood. This was definitely achieved by Willstatter by a careful examination of its oxidation products and also by laborious
synthetic work. Tropine (III) is a secondary alcohol and yields the ketone
tropinone (V) as a first stage in oxidation. This was first prepared by
Willstatter and studied. He showed that it contained two reactive methylene
groups capable of reacting with benzaldehyde, ethyl oxalate and amyl nitrite.
There was thus evidence for the presence of -CH 2 CO CH 2 -group in tropinone
and —CH Z CHOH-CH 2 in tropine. This definitely rendered the older tropine formula of Merling untenable. Willstatter's observations could be
explained on the basis of three possible formulae, and the correct choice was
made by further study of tropinic acid (VI) which is the next stage in the
oxidation of tropine. He succeeded in isolating N-methylsuccinimide as a
product of energetic oxidation of tropinic acid and thus definitely established
the presence of a pyrrolidine ring. Further this acid contains all the carbon
atoms of tropine and tropinone and when it is subjected to exhaustive
methylation, it yields an unsaturated dibasic acid and subsequent reduction
of it produces pimelic acid (VII). Thus it was clear that all the seven carbon
atoms of tropine were embodied in a 7-atom ring. The changes were represented as below:
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Willstatter's view of the constitution of tropine was confirmed by his
synthesis of this substance and its derivatives, starting from the cyclic ketone
suberone (VIII). One of the main reactions employed is what was described by
him as intramolecular alkylation. It depends upon the alkylating action of
a halogenated group on a basic group of the same molecule. The work
involved a large number of stages of which tropilidine or cycloheptatriene (IX),
a-methyltropidine (X), and tropidine (XI) are the most important. The
synthetic tropidine (XI) was converted into bromodihydrotropidine by hydrogen
bromide in acetic acid and the solution heated with 10% sulphuric acid when
it passed into pseudo-tropine (XII). This compound is a stereo-isomer of
tropine and could be converted • into it. The relationship between the two
basic alcohols and their interconversion had already been worked out by
Willstatter and his co-workers. His original view that they correspond to cis
and trans forms has received ample support.
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The importance of tropinone, as a possible starting point for the
synthetic production of the therapeutically valuable alkaloids, atropine, hyoscyamine, cocaine, tropa-cocaine and the artificial tropeines led Robinson
(1917) to evolve a very simple method for its preparation. He found that a
mixture of succindialdehyde, methylamine and acetone in water produced
tropinone. A much better yield was obtained when in place of acetone, the
calcium salt of acetone dicarboxylic acid was employed. This idea was
taken up in Germany and a number of processes were described mostly
in patent literature. Willstatter and Pfannen-stiel (1921) developed a method
(shown below) by which acetone dicarboxylic acid could be converted into
ethyl tropinone-carboxylate (XVI). From this tropinone, tropine and ecgonine
could be easily prepared.
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Similar to atropine, cocaine (XVII) is also an ester and yields on hydrolysis methyl alcohol, benzoic acid and a complex substance, ecgonine (XVIII),
and it could be synthesised from these components. Ecgonine contains a
hydroxyl and a carboxyl group. Definite proof of the relationship of this
compound with tropane and tropinone was supplied by the work of Willstatter and Muller. It was found that by careful oxidation with chromic acid
ecgonine can be converted into tropinone (V). This fixes the position of
the hydroxyl group also. Since the behaviour of ecgonine is not that of an
a- or y-hydroxy-acid, the carboxylic group was placed in the fl-position, so that
ecgonine is the f3-carboxylic acid of tropine. The constitution thus derived
explains all the properties and reactions of the compound.
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Willstatter and co-workers developed an ingenious method of introducing a carboxylic group in tropinone and this eventually led to the synthesis
of naturally occurring cocaine. Tropinone forms a sodium derivative which
reacts with carbon dioxide to yield sodium tropinone-carboxylate. The
methyl ester of the acid, when reduced with sodium in alcohol, gives rise to a
mixture containing methyl esters of dl-ecgonine and dl-pseudoecgonine.
These correspond to tropine and pseudo-tropine obtained from tropinone.
dl- Cocaine was obtained by benzoylation of dl- ecgonine methyl ester and
resolved into its optically active components by crystallisation of the hydrogen
d-tartrate, when the 1-base (natural cocaine) was obtained.
Among other important contributions of Willstatter to the chemistry
of this group of alkaloids may be mentioned the following: (1) The isolation
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of scopine by the careful hydrolysis of hyoscine by pancreatic lipase in presence of ammonium chloride as buffer. This helped the establishment of the
constitution of hyoscine (XIX) and the nature of its real (scopine XX) and
apparent (oscine XXI) basic hydrolytic products. (2) The synthesis of hygric
acid which led to a correct understanding of the constitution of hygrine (XXII).
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Chlorophyll and Other Leaf Pigments

From 1906-1914 Willstatter and his collaborators not only succeeded
in preparing pure chlorophyll for the first time, but their chemical investigations laid the foundation of our present knowledge of the green pigments.
The name "Chlorophyll" was first given by Pelletier and Caventou in
1817 to the green colouring material of the chloroplast of plant leaves.
Progress was however very slow. Though Stokes (1864) showed spectroscopically that the pigment was a mixture and Sorby separated it into four
components—two yellow and two green—by partition between immiscible
solvents, their work did not attract much attention. Due to the use of too
drastic methods, many attempts that were made subsequently to study the green
pigments failed. Consequently the individuality of chlorophyll, whether it
consisted of one or more of related compounds, was not established. As a
matter of fact one worker reported that from a single plant species alone,
he had obtained twenty different chlorophylls. The analysis, qualitative
as well as quantitative, was not reliable and hence the correct composition was
not known.
The first serious handicap in the chemical study of chlorophyll was its
ready changeability which rendered isolation of pure samples impossible.
As the alternative, Willstatter had to study only the products obtained from
it by the action of alkali and acid. In this line of attack he was remarkably
successful and it was possible for him, before chlorophyll itself was known,
to determine its characteristics from the investigation of the decomposition
products so completely, that there was nothing new to be learnt by the investigation of the pure natural dyestuff, when he was able to prepare it later on.
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Chlorophyll exhibits ester nature and could be easily saponified by means
of alkali. The products which are called " Chlorophyllins " are acids and they
contain magnesium. The linking of this metal is .uncommonly stable to
alkalies, but is sensitive to acids. From the chlorophyllins, carbon dioxide
molecules could be split off one by one. As the result of heating with
concentrated alcoholic alkali to 240°, they yield a series of crystalline, brightly
coloured and intensely fluorescent decomposition products, called " Phyllins ".
The names like " glauco- and rhodo-phyllins " were given to them in virtue of
their colours—blue and red. The final stage of decarboxylation could be
effected with soda-lime and the product " aetiophyllin " had the formula
C31H34N4Mg and was thus free from oxygen. It was then obvious that
magnesium was bound to nitrogen, since compounds in which it is linked to
carbon are known' to be unstable and can in no case survive treatment with
boiling alkali. The extraordinary stability of the structure was attributed
to the existence of secondary valencies, so that magnesium was bound to all
Nti ^N
Mg
These results indicated the important
the nitrogen atoms,
N' \N
role of magnesium in plants and the necessity for adequate supply of this
element in plant nutrition.
By the action of acids on chlorophyll and its derivatives mentioned above,
magnesium-free compounds could readily be obtained. The phyllins gave
rise to what are known as " porphyrins ". For the case of chlorophyll itself,
oxalic acid was found to be the best and the compound produced by the
simple removal of magnesium is known as " phwophytin ". This is a waxlike substance yielding on saponification, besides the acid part, methyl alcohol
and a new unsaturated alcohol " phytol ", having the formula C20H40 0 .
An examination of the variation in phytol content of pharophytin from various
sources led to a clear understanding of what is called " crystalline
chlorophyll ". This is the name of the large crystals that are developed
in the chloroplasts when sections of the green leaves are soaked in alcohol.
This substance contains very little phytol. Willstatter showed that it is
produced by the elimination of phytol from chlorophyll and subsequent
esterification of the acid product ` chlorophyllide ' with the methyl or ethyl
alcohol employed and that the change is brought about by an enzyme
" chlorophyllase " present in the leaves. Thus the crystalline chlorophyll
is a simpler derivative of the naturally occurring compound and has a methyl
or ethyl group in the place of the phytyl.
By the decomposition of phTophytin with alkali, two series of compounds
phytochlorins (green) and phytorhodins (red) were obtained. These were
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separated using an immiscible mixture of ether and hydrochloric acid and the
"hydrochloric acid number " was employed for characterising them.
Amongst these compounds, phytochlorin-e and phytorhodin-g were primary
products. The former has the formula C34H34O5N4 and the latter C34H340 7N4.
They are always found in a constant proportion of three to one. Two explanations of these results are possible: (1) that they are both derived from a
single entity and (2) that they are obtained from two different entities present
in what is called " chlorophyll ". The first alternative is not possible since
it will involve a molecular formula for chlorophyll four times the
normally accepted value. Each molecule of phytochlorin or phytorhodin
accounts for practically all the carbon atoms of chlorophyll minus phytol.
There was thus conclusive evidence for the existence of chlorophyll-a and
chlorophyll-b. Convenient methods were then developed for separating
these chlorophylls and then extended to their derivatives. They were based
on the unequal distribution of the components between different solvents,
immiscible with one another.
There is no doubt about the efficiency of the preparatory methods employed by Willstatter and about the purity of chlorophyll-a and chlorophyll-b
obtained by him for the first time. The chromatographic methods, developed
later, are however more convenient. Chlorophyll-a has the formula
C 55H 72 O5N 4Mg and chlorophyll-b, C 55H 70O 6N 4Mg; the latter contains
two hydrogen atoms less and one oxygen atom more. Detailed estimations
were made of the proportions in which these two components of chlorophyll
occur in plants. About 200 cases were studied and this work conclusively
proved the identity of chlorophyll in all plants. There is only one leaf-green
consisting of two components—chlorophylls-a and-b. The proportion is three
to one; only sea-weeds form an exception to this quantitative relation.
They contain mostly chlorophyll-a and only very small amounts of -b.
The carboxyl groups of the porphyrins could be removed one by one
just as in the case of the phyllins. When the last carboxyl was removed by
heating with soda-lime " aetioporphyrin " having the formula C 31 H36N 4
was obtained. This corresponds to etiophyllin, the magnesium compound.
Oxidation of phylloporphyrin yielded compounds which were already well
known from the investigations of Kuster on the decomposition of h emin.
Methyl ethyl maleic imide was obtained in quantities accounting for the formation of more than one molecule and hTmatic acid (XXIII) in molecular
quantity. Reduction of porphyrins gave rise to hTmopyrrol, which had
been originally obtained from the blood pigment. Willstatter showed that
it was a complex mixture containing phyllo (XXIV), iso-haemo- (XXV) and
cryptopyrrols (XXVI). It was thus clear that Ttioporphyrin contained four
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pyrrolnuclei which had certain alkyl substituents. From the small number
of hydrogen atoms present, the compound was expected to be highly unsaturated. Though the formule of wtioporphyrin and etiophyllin suggested
by Willstatter had later to be modified in many ways, it embodied the essential and characteristic features. The modern structures are based upon
Kuster's suggestion of symmetrical structure for porphyrins and upon the
detailed investigations of Conant and Hans Fischer.
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Willstatter also carried out an interesting piece of work relating to
" hematin " derived from the blood-pigment. By the degradation of this
substance also, Ttioporphyrin was obtained and it was found to be identical
with the sample derived from chlorophyll. This showed conclusively that the
fundamental part of both pigments vitally associated with life is the same.
Previous to this work, only pyrrol derivatives, more or less similar in nature,
were derived from both. He realised, however, that they differed in essential
details; as for example, chlorophyll is a wax and has magnesium in it, whereas
hmmoglobin is a protein and contains iron. It may be necessary to record
here the highly important experiments on the synthesis of chlorophyll from
its components. By the action of chlorophyllase, he could get phytol to
combine with chlorophyllide to yield chlorophyll, thus reversing the original
hydrolytic reaction. In a different way he achieved the synthesis of chlorophyll from pheophytin by introducing magnesium through the medium of the
Grignard reagent. In connection with his work on chlorophyll he also carried
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out some fundamental experiments on the most important of the carotenoidscarotin, xanthophyll and fucoxanthin. Thus through what were previously
dark and uncharted regions Willstatter blazed a trial with remarkable success.
It has permanently dispelled darkness and made onward progress possible.
Anthocvanins

Chlorophyll and the yellow and orange carotenoids are insoluble in water
and are classed as plastid pigments. The water-soluble components consist
mainly of the yellow anthoxanthins and the red, violet and blue anthocyanins. Our present accurate knowledge of the last group has been gathered
since 1913 in which year Willstatter and Everest published an account of their
pioneering work on corn-flower blue. Though the bright colours of the
flowers, leaves and fruits had attracted the attention of chemists from the
time of Robert Boyle, very little progress was made and it is almost possible
to neglect previous work. A formidable difficulty was the readiness with
which the anthocyanins underwent change into colourless substances, a phenomenon which we now call pseudo-base formation.
The isolation, characterisation and analysis of many pure anthocyanins
were effected by Willstatter and his collaborators between the years 19131917. The exploration and the consolidation of this new region of knowledge
was remarkably rapid. Two important factors seem to have made this
achievement possible; the time was ripe for these discoveries and the proper
man was there to make them. As a result of the labours of A. G. Perkin
and von Kostanecki, the constitution of the large number of flavones and
flavonols which are built upon the C 15 model were well understood and the
products of decomposition of these substances with alkali were well known.
Through the researches of Collie, Baeyer and others, the constitution of the
relatively stable oxonium salts had been investigated and it was known that
these invariably contain a structure known as the pyrylium (XXVII) which
may be compared with benzene (XXVIII) and pyridine hydrochloride (XXIX).
Willstatter came to this problem of anthocyanins with his rich experience
on the study of highly unstable substances like chlorophyll. Many of the
special methods used in chlorophyll chemistry appeared again in a modified
x
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form for the examination of anthocyanins. One such is the procedure
for the separation and characterisation of anthocyanidins, their mono- and
di-glycosides and complex glycosides using partition between amyl alcohol
and dilute hydrochloric acid.
The technique of preparing the pure anthocyanins varied from case to
case. But the standard procedure depended on the recognition that they exist
as salts in acid solution. The dry petals of flowers which sometimes contained
about 20% of anthocyanins and thus constituted very rich sources, were
extracted with methyl alcoholic or ethyl alcoholic hydrogen chloride or with
acetic acid. The crude pigment salt was precipitated from the solution by
the addition of a large volume of ether and this or a similar process was frequently repeated. The anthocyanin chlorides were then crystallised from
aqueous or alcoholic hydrochloric acid. In a number of cases, the picrate
or the lead salt was isolated as an intermediate stage in the purification. The
blue corn-flowers and the red rose afforded one and the same cyanin
chloride having the composition C 27 H 31 0 16C1. The difference in the colours
of the flowers was attributed to the influence of the pH of the sap. The
scarlet pelargonium yielded a beautifully crystalline anthocyanin, having
the composition C27H31015C1. This was named pelargonin chloride.
Complex as the molecules of these colouring matters undoubtedly are,
the determination of their structure was made without difficulty, except for
some details which were finally cleared up by later synthesis by Robinson and
his co-workers. Boiling 10% hydrochloric acid brings about decomposition
by hydrolysis into new coloured salts called anthocyanidins and two molecules
of glucose (cyanin chloride -> cyanidin chloride, C15H11O6C1 + 2 C 6H 12 0 6 ;
pelargonin chloride -^ pelargonidin chloride, C15H11 0 5C 1 + 2 C 6H 12 06).
Thus these anthocyanins are diglucosides of the anthocyanidins and the
process of decomposition is one with which chemists have long been
familiar. At this stage, the problem was greatly simplified; it was resolved
into the recognition of the constitution of the anthocyanidins and the mode
of attachment of the glucose molecules to them. Now, cyanidin chloride
can easily be made to lose HCI, for example, by treatment with aqueous
sodium acetate, when it yields a deep violet colour base having the formula
C15H10O0 . This is also the composition of the anthoxanthin luteolin, a yellow mordant dye-stuff, derived from weld. In_ order to see whether there
is any relationship between cyanidin and luteolin, Willstatter and Everest
studied the decomposition of the former with potassium hydroxide and
were able to isolate phloroglucinol and protocatechuic acid. It was already
known that these could be obtained from luteolin by similar treatment.
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Luteolin (XXX), as a typical anthoxanthin, forms salts with strong acids.
Though luteolin hydrochloride has the same composition as cyanidin chloride,
it is much less stable and far less deeply coloured. Since, in harmony with
the pyrylium theory, luteolin hydrochloride should have structure (XXXI),
the only possible cyanidin formula is (XXXII).
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This indicates that cyanidin chloride is related also to the most widely
distributed anthoxanthin namely quercetin (XXXIII), and a rigid proof
of the fundamental structure of the anthocyanidin was obtained when it was
found that it could actually be produced by the reduction of quercetin with
magnesium in acid solution. The change is represented by the formule given
below. Further support was obtained from the synthesis of pelargonidin
starting from 3: 5: 7-trimethoxy-coumarin and anisyl magnesium bromide.
Later, Willstatter and his co-workers isolated other anthocyanins.
Delphinin chloride from Delphinium flowers yields on hydrolysis delphinidin chloride, C15H11 0 7C 1 (XXXIV), 2 mols. of glucose and 2 mols. of phydroxy-benzoic acid. Meco-cyanin from the red poppy is an isomeride of
cyanin chloride and is also a diglucoside of cyanidin. Many mono-glucosides
are known. A few are mono-galactosides and there are many rhamnoglucosides and pentose-glucosides. In complex anthocyanins as in delphinin
chloride, acylation of a number of hydroxyl groups has taken place. Besides
the three main anthocyanidins, others which are methyl ethers of cyanidin
and delphinidin were also obtained by hydrolysis of various anthocyanins.
The most widely distributed of these is malvidin which is 3': 5'-dimethyl
ether of delphinidin (XXXV).
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The last piece of work in this field which Willstatter undertook along
with Schudel was a preliminary examination of betanin, the colouring matter
of the beet. They showed that it contained nitrogen and thus it belonged to
a new type of nitrogenous anthocyanins. It has been subsequently studied
in greater detail by Price, Robinson and others.
The problem of the point or points of attachment of the sugar residues
was not solved by Willstatter. This has been subsequently done to some
extent by Karrer et al. but mostly by Robinson and his co-workers. The second
group of investigators have developed excellent methods for synthesising
not only the anthocyanidins, but the anthocyanins themselves and have further elaborated the chemistry of the anthocyanins in various directions, such
as the survey of anthocyanins and the genetics of flower colour. But it is
certainly correct to say of Willstatter that by his pioneering researches on
the anthocyanins, he opened, and all but closed, a new chapter of organic
Chemistry.
Enzymes

The later years of his scientific career were spent on the study of enzymes.
The most labile and the most elusive of chemical entities were then best tackled, his vast previous experience with unstable and complex substances being
put in with great effect. Some very remarkable and revolutionary results
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were obtained by him and he has left behind not only his discoveries, but also
an important school of workers.
Generally enzyme research has been concerned with the study of soluble
enzymes or soluble part of enzymes. There are, however, enzymes or
portions of enzymes which cannot be attacked by simple processes of solution
and which can be demonstrated to be present in organ, tissue or cell
residues. These enzymes which are chemically bound to the protoplasm
and which are insoluble because of the chemical composition of these
complexes, were named desmoenzymes as distinguished from soluble or
lyoenzymes.
As he has himself expressed in one of his lectures, he unwittingly
entered the realm of desmoenzymes when comparing the chlorophyll of a
variety of plants. Chlorophyll from more than two hundred plants of different
classes and geographic origin were examined and were eventually shown to
be identical. But in earlier investigations, great variations in the phytol
percentages had been found. Instead of 33% only 17, 6, 2 and even 1
were obtained in many cases. The plants with chlorophyll of apparently
low phytol content gave rise to what is known as crystallised chlorophyll.
The puzzle was solved by a careful study of the process of extraction. When
chlorophyll is rapidly withdrawn from the leaves, and the solution at once
separated from the leaf residue, then the phytol content is always normal. But
if the alcoholic solution of the pigment remains in prolonged contact with the
leaves, the phytol percentage drops more or less, sometimes almost to zero.
In such cases crystallised chlorophyll results, due to replacement of
the phytyl group by ethyl. This reaction is brought about by the enzyme
chlorophyllase which accompanies chlorophyll in the leaves. In aqueous
medium it causes hydrolysis to free carboxylic acids, the chlorophyllides.
Even the partial synthesis of chlorophyll from these acids and phytol was
accomplished by means of this enzyme. Chlorophyllase is a typical desmoenzyme and it remains in the leaf residue after treatment with all solvents.
The leaf residues have definite enzymatic character. They react only with
ester chlorophyll, become inactive after thorough washing, and addition of
calcium restores activity (distinctive characteristic).
The above work led on to a detailed investigation of castor bean lipase
as an example of desmoenzyme. Effect of reagents or other enzymes caused
marked changes in the nature of this enzyme and the characteristic transformations were interpreted as partial proteolysis of the colloid carrier. From
these evidences as also from the results of specific adsorption methods for the
concentration and separation of lyoenzymes he developed his conception of
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the structure of enzymes, as consisting of a specific active group with a high
molecular colloidal carrier.
A careful study of the saccharase of yeast revealed that it belonged to a
different type of enzymes which were called" endoenzymes ". Saccharase was
first noted to become soluble through a definite enzymatic process and was
therefore considered to be tied to the protoplasm. But later it was realised
that purely mechanical destruction of the cell membrane was sufficient to
enable the enzyme to pass into solution. Hence there was proof that it was
simply protected or tucked away by the cell membrane. Enzymes of this
type, protected from solution by mechanical and not by chemical means,
were classed as " endo-enzymes ".
A detailed study of the extraction of pepsin and trypsin indicated their
existence in lyo- and desmo-forms. Deeper insight into the complexity of the
desmoenzymes, which could be extracted in fractions, was obtained by the
study of leucocyte amylase. He came to the conclusion that chemical changes
taking place during autolytic processes concern not only the substrates,
but the enzymes themselves and influence their essential characteristics. All
these results found satisfactory explanation in his theory of enzyme constitution as made up of active groups and colloidal carriers which are capable of
being changed. There are a few cases where specific active groups postulated
by the theory have been chemically defined. Respiratory ferments have been
recognised by Warburg and Keilin as iron porphyrin complexes with unknown
colloidal carriers. Similarly catalase and peroxidase are claimed to owe their
activity to the presence of similar groups. More recently coenzymes based
on the vitamins of the B group are considered by some to be the prosthetic
groups of enzymes. Other workers, however, seem to feel that this is an
assumption for which there is insufficient evidence and that other explanations
are possible.
In Willstatter's opinion the crystalline enyzmes of American workers
were not pure enzymes which were expected by him to be far more reactive.
In calculating their efficiency, he and Haber were led on to the application of
chain reaction mechanism to enzyme actions and this has come into general use.
A number of other items of work were carried out by Willstatter
in the course of his long and eventful career. As the more important of
these may be mentioned the study of benzene constitution, quinonoid
compounds, catalytic hydrogenation and carbon dioxide assimilation.
Among his numerous writings, those that have been published in book
form are (1) Untersuchungen Uber chlorophyll, (2) Untersuchungen fiber die
Assimilation der Kohlensaure and (3) Tiber die Enzyme Zeugnisse.
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Willstatter has been one of the most famous and highly respected
personalities during the past fifty years and his name will live for ever as a
brilliant star in the firmament of chemical history. He was awarded the
Nobel Prize in 1915 for his work on leaf and flower colouring matter. Academies and chemical societies all over the world vied with each other in honouring him and he was one of the earliest of the honorary members of the Indian
Academy of Sciences. However, due to the development of Nazi tyranny
and mass hysteria in Germany, his life became difficult in his own country
and he narrowly escaped being sent into a concentration camp. The last
years of his life were mostly spent outside Germany and he died in LocarnoMuralto in Switzerland, a few days before his 70th birthday.
T. R. SESHADRI.

