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in baking, and on the effect of various factors such as 
fat composition and storage conditions on the develop
ment of fat bloom on biscuits. The new equipment 
should also greatly facilitate the testing of biscuit 
flours and the development of standard procedures 
for this purpose. Sectioning and staining procedures 
have enabled a technique to be devised for investi
gating the starch, protein and fat distribution in 
biscuits and these investigations will be continued. 

A new and well-equipped laboratory has been pro
vided for the Organic Chemistry Section. This will 
give much-improved facilities for the work which has 
been in progress for some years on flour lipids, which is 
substantially supported by a grant from the United 
States Department of Agriculture. The work on 
lipids represents one facet of the attack on the problem 
of why flours differ in baking quality. Its immediate 
aims are to establish whether wheats of different 
varieties grown under identical conditions differ in 
lipid content, the influence, if any, of seasonal or 
environmental factors on the lipid composition of a 
single wheat variety and, finally, whether the lipid 
content or composition of a flour may be correlated 
with its baking properties. Also being studied are the 
fatty acid distribution in flour lipids, and methods 
for the separation of flour lipids in undegraded form. 

These investigations, together with others in pro
gress at the Research Station, will be greatly facilitated 
by the Buhler mill, which forms part of the equipment 
of the new Cereals R esearch Laboratory. This mill 
will provide much-needed facilities for milling wheat 
varieties on the site in connexion with the lipid 
project and other investigations, such as that of 
protein fractions being carried out in the new Physical 
Chemistry La.boratory. These provide another 
aspect of the problem of baking quality. Proteins of 
the gluten complex are being studied in the hope of 
establishing why wheats of similar protein content 
differ so markedly in this respect, and the work 
ultimately may lead to an understanding of the vast 
superiority of wheat protein over other cereal protein 
for bread-making. The present emphasis is on 
separation of gluten into its constituent proteins using 
starch-gel electrophoresis. 

Also in the Physical Chemistry Laboratory are 
located the investigations into bread staling at present 
being pursued. These are concerned with those 
properties of wheat starch which influence the 

hardening of bread during the staling process with 
particular emphasis on the role of anti-staling agents. 
These agents increase the initial softness of bread 
and reduce the rate at which it hardens on ageing. 
Investigations of the interaction of anti-staling agents 
and starch are in progress in order to elucidate the 
basic mechanism of these effects. 

An instrument and balance room has been provided 
on the first floor to house the more elaborate equip
ment used by all sections on different occasions. 

At the southern end of the first floor the new 
Microbiology Laboratory extends the width of the 
building. There are a separate room for sterilization 
and another with filtered air-intake suitable for 
sterile techniques. The laboratory is concerned with 
all aspects of the microbiological deterioration 
of baked goods, but at present the work is mainly 
concerned with factors affecting mould growth in 
baked products, such as the effect of humidity, sugar 
concentration, and the degree of acidity or alkalinity 
of the mix. The use of mould inhibitors, such as 
propionic acid and its salts, as ingredients in bread 
and cake is also being studied. It is expected that 
legislation will shortly be passed to allow the use of 
these compounds, and the most effective ways of 
employing them and of overcoming side-effects, such 
as a reduction in bread volume, are being worked 
out. 

Further facilities in the north wing are a combined 
office and laboratory for the Deputy-Director of 
Research, and another for the head of the Member 
Services Division, who is also responsible for applied 
research projects. 

There is also office accommodation for two members 
of the newly formed Scientific Liaison Service set up 
to complement the work of the Industrial Liaison 
Service, which is staffed by trained bakers. The 
purpose of this Scientific Liaison Service (at present 
staffed by a chemist and an engineer) is to promote the 
application of the results of scientific research in the 
baking industry and to assess those problems in 
industry which require some research for their solu
tion. These objectives are being attained primarily 
by personal visits and discussion, but also by lectures, 
demonstrations and collaborative experiments. A 
mobile laboratory has been equipped to take scientific 
apparatus to members' bakeries and has already 
proved its worth. G. A. H. ELTON 

STEREOCHEMISTRY OF NATURAL PHENOLIC COMPOUNDS 

T HE aim of the Plant Phenolics Group symposium, 
held at the University of Bristol on December 16, 

was to discuss recent developments and current 
problems concerning the stereochemistry of natural 
phenols against the background of available methods 
for determining the stereochemistry of molecules. 

Dr. B. R. Brown (University of Oxford) dealt with 
the determination of relative stereochemistry. 

The methods available for the determination of 
relative stereochemistry were illustrated by reference 
to the conformationally rigid, steroidal diol system 
(I) and to the conformationally non-rigid flavan-3,4 -
diol system (II) . Infra·red measurements of 0-0 
stretching frequencies enable reliable conclusions 
to be reached about the stereochemistry of the 
3-hydroxyl group in (I) but not about the hydroxyl 

groups in (II), because of interference from aromatic 
vibration frequencies. Similarly, infra-red studies of 
hydrogen-bonding in (I) lead to reliable conclusions, 
but those from (II) do not, because of the conforma
tional lability of the system. Ring formation to 
give carbonates or isopropylidene derivatives is 
diagnostic with (I) but not with (II), the cis and 
trans isomers of which both form cyclic compounds. 
In view of this, measurements of the rates of 
cleavage of flavan-3,4-diols wit h lead tetraacetate 
is in progress, a method which enables the cis 
and trans isomers of cyclohexane and other cyclic 
1,2-diols to be differentiated. The method of 
molecular rotation differences has been applied 
with success to the steroids (Barton) and to the 
catechins (Freudenberg) and more recently by 
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Weinges l to correlate naturally occurring cate
chins, flavanonols, and flavan-3,4-diols (leucoantho
cyanidins). The application of enzymic methods to 
sugars is well known and a recent investigation by 
Bokadia, Brown and Somerfield2 indicates that it 
may have value when applied to polyphenols of the 
catechin type. 

CHOH 
I 

CH 3 

(I) 

(l(°yAr 
~OH 

OH 

(ll) 

Prof. W. Klyne (Westfield College, University of 
London) described the determination of absolute 
stereochemistry. 

The determination of the structure of an asym
metric natural product should not be considered as 
complete until its absolute configuration is known. 
The principal methods, with examples taken from 
different fields of organic chemistry, and chiefly from 
recent literature, are as follows: 

(1) Chemical reactions, without displacement at the 
asymmetric centre, concerned: (a) degradations, for 
example, catechins (Hardegger et al.), cadinene 
(Herout and Sorm), and methymycin (Djerassi); (b) 
syntheses, for example, the conversion of representa
tives of the yohimbine-corynantheine-ajmalicine 
alkaloids and cinchona alkaloids into a common 
intermediate (Wenkert). 

(2) Chemical reactions, with displacement at the 
asymmetric centre, concerned, for example, the classi
cal studies of Ingold, Hughes and their colleagues on 
the steric consequences of nucleophilic substitution. 
Arguments by analogy include the work of Balenovic 
on ~-aminobutyric acid, and of Witkop and of Sicher 
on ephedrine. 

(3) Asymmetric synthesis (Prelog and Cram), for 
example, the catechins (Birch) and the diphenic acids 
(Mislow, also Berson). 

(4) Formation of quasi-racemates (Fredga), for 
example, the correlation of (+ )-methylsuccinic acid 
and (- )-thiolsuccinic acid, which gave the first link 
between branched-chain compounds and the glycer
aldehyde series. 

(5) X-ray crystallographic methods do not, in 
general, distinguish between enantiomers, but an 
ingenious technique due to Bijvoet (Utrecht) which 
uses X-radiation of a wave-length which is partly 
absorbed by an atom in the crystal under examina
tion permits a solution of the phase problem and 
determines the absolute configuration of the structure. 
This method, first applied to sodium rubidium 
tartrate, showed that by a fortunate chance the 
Fischer convention for glyceraldehyde is correct. 

(6) Optical rotation evidence: (a) rotatory disper
sion, (b) monochromatic rotations. All structural and 
stereochemical arguments which make use of optical 
rotations are based on analogy, and the usefulness of 
such arguments depends on the care with which 
analogies have been chosen. Recent instrumental 
developments have permitted the measurement of 
complete rotatory dispersion curves (that is, rotation : 
wave-length curves). Djerassi has found that "typical 
features of dispersion curves of alicyclic mono
ketones are on the whole only a reflexion of the 
immediate structural and stereochemical environment 
around that particular carbonyl group". A notable 

application of this principle was to the problem of the 
absolute configuration of the 'abnormal' diterpene, 
eperuic acid (Djerassi, F. E. King). 

Dr. J. W. Clark-Lewis dealt with the stereochemis
try of flavan derivatives. 

The absolute configurations of the catechins were 
determined in 1957 and although the 2R : 3S-con
figuration of (+ )-catechin (III) was unequivocally 
established, it was not until 1960 that the 2R : 3R
configuration of (- )-epicatechin (IV) received con
firmation. The occasion of this symposium was 
therefore timely for reviewing the evidence for the 
configurations of the catechins. The diagnostic 
reaction for cis-flavan-3-01s is the elimination of 
toluene-p-sulphonic acid from tosyl esters, and for 
trans-flavan-3-o1s is their rearrangement to 2-alkoxy
isoflavans; these two reactions have been used to 
characterize new catechins obtained by hydrogeno
lysis of leucoanthocyanidins and dihydroflavonols. 
Relative configurations of the catechins follow from 
the formation of enantiomeric 1-(3,4-dimethoxy
phenyl) -3- (2,4,6-trimethoxyphenyl) -propan -2-01s after 
reduction of ( + )-catechin and ( - )-epicatechin 
methyl ethers with sodium and liquid ammonia. 
Reduction with lithium aluminium hydride and 
aluminium chloride mixture is accompanied by a 
1,2-rearrangement and leads, after methylation, to 
formation of (- )-2·(3,4-dimethoxyphenyl)-3-(2,4,6-
trimethoxyphenyl) -propan -1-01 from both diastereo
isomers. It was shown that this rearrangement 
confirms the relative configurations of the catechins, 
and that it proceeds by benzyl-group migration. 
The absolute configurations of (+ )-catechin and 
(- )-epicatechin are known from ozonolyses and from 
the application of Prelog's atrolactic acid method. 
The stereochemistry of several naturally occurring 
flavanoids can now be correlated with the stereo
chemistry of the corresponding catechins obtained by 
hydrogenolysis. 
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Dr. L. Crombie (King's College, University of 
London) described the absolute configuration of 
rotenone and its derivatives. 

Work by Prof. G. Buchi (Massachussets Institute of 
Technology) and Dr. L. Crombie et al. has led to 
complete stereochemical proposals for the natural 
insecticide rotenone (V). By ozonolysis and oxidation 
the 5' centre was extracted from the rotenone degrada
tion product (- )-dihydrotubaic acid as (+ )-3-
hydroxy-4-methylpentanoic acid. The latter was 
related, by a series of transformations, to n-glycer
aldehyde. Ozonolysis of the enol-acetate of 6',7'-di
hydrorotenone yielded the 6a centre as (- )-glyceric 
acid and the absolute configuration at 6a and 5' is thus 
established. The BIC ring fusion of rotenone is the 
thermodynamically favoured form and this was 
shown to be cis by study of the stereoisomeric 12a
hydroxyisorotenones, by hydrogenation evidence, 
and by infra-red methods. For example, the boro
hydride-reduction products of rotenone and its 
relatives show a hydrogen bond between the new 
12-hydroxyl and the 5-oxygen which is possible only 



© 1961 Nature Publishing Group

236 NATURE July 15, 1961 VOL. 191 

with a cis-fusion (cf. VI). The complete configura
tion of rotenone is thus (6aS, 12aS, 5'R) as in (V). 
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(V) VI 

Dr. W. D. Ollis, University of Bristol, spoke on the 
relative configuration of the rotenoids. 

In collaboration with Prof. Carl Djerassi (Stanford 
University), it has been shown that the absolute 
stereochemistry of the eight natural rotenoids is 
closely related to that of rotenone (V). They all 
have the same relative stereochemistry at C ... and 
C12a ; sumatrol and rotenone al80 have the same 
stereochemistry at C5, . These stereochemical relation
ships have been established by optical rotatory 
dispersion studies on natural rotenoids and on deriva
tives of rotenone which were selected in order to 
assess the contributions of C.a , Cna and C5,. 

This work is complementary to that of Crombie 
and Biichi described in the preceding paper on 
the determination of the absolute stereochemistry 
of rotenone and indicate that the biosynthesis of the 
rotenoids is highly stereoselective. The stereochemi
cal relationship between flavanoids, isoflavanoids 
and rotenoids, and possible biosynthetic implications 
were discussed. 

Prof. D. H. R. Barton (Imperial College of Science 
and Technology, University of London) described 
alkaloid synthesis. 

The biogenesis of many plant products may proceed 
through the oxidative coupling of phenolic pre
cursors. In recent years several successful chemical 
syntheses have been based on this biogenetic idea; 
for example, oxidation of methylphloracetophenone 
and dehydration of the product gave the mould 

metabolite, usnic acid. Certain alkaloids may also be 
derived in principle by oxidation of suitable phenolic 
intermediates, the morphine group providing a 
particularly attractive example. 

The structure of the AmaryJlidaceae alkaloid 
galanthamine (VIII) was predicted on biogenetic 
grounds, and a chemical synthesis has now been 
completed. The hypothetical phenolic precursor was 
synthesized and its oxidation by a variety of reagents 
studied. Polymerization occurred readily but it was 
eventually possible to isolate the desired 1X,t3-unsatur
ated ketone, narwedine (VII), in low yield. Reduction 
of narwedine gave a mixture of epimeric alcohols one 
of which was shown to be racemic galanthamine. A 
comparison of the physical properties of galanthamine 
and epigalanthamine showed that the hydroxyl 
group in galanthamine is hydrogen bonded to the 
ether ring oxygen atom, thus establishing the stereo
chemistry of these alkaloids. Narwedine racemized 
readily in hydroxylic solvents but crystallization of 
a mixture of (± )-narwedine (VII) and (- )-galanth
amine (VIII) from ethanol gave (+ )-narwedine. A 
study of this unusual phenomenon has led to the 
resolution of narwedine and galanthamine. 
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The biogenesis of Amaryllidaceae alkaloids is at 
present being investigated using precursors labelled 
with carbon-l4. Preliminary experiments show that 
both tyrosine and the phenolic intermediate are incor
porated into galanthamine in King Alfred daffodils. 

BEN BROWN 

1 Annalen, 827, 229 (1959). 
, Proc. Ohem. Soc., 280 (1960), and unpublished work. 

INTERNATIONAL CONVENTION ON STARCH 

T HE annual International Starch Conference was 
once again held at Detmold, during April 26-28, 

and was attended by nearly 300 chemists from 25 
nations, Twenty-five papers were presented to the 
meeting and they were classified as follows: (1) starch 
research; (2) industrial research; (3) derivatives. 

A series of beautiful colour microphotographs were 
exhibited by Dr. A. H. Czaja (Aachen), showing the 
manner in which starch granules gelatinize in water. 
When suspended in a strong salt solution in the 
presence of I.-KI the blue amylose fraction was seen 
to bleed out of the granule, leaving the violet amylo
pectin behind in the intact structure. No such bleed
ing of amylose was observed when the reaction was 
carried out in iodine-saturated water. Here the whole 
granule was stained violet throughout, When the 
granule was then damaged slightly by rubbing with a 
glass rod, the amylose blue colour was seen to 
develop. Potato, maize and rice starch behaved 
similarly. 

When using a fluorescence dye, small starch granules 
were seen to fluoresce strongly (red) while large 
granules showed a weak green colour. No explanation 
of this behaviour, which is opposite to that expected, 
is yet known. 

Acridine orange showed that granules of wheat 
starch were surrounded by a thin film of protein. 

The renewed interest in the degradation of starch 
by physical means was discussed by S. Augustat 
(Potsdam-Rehbruecke), who had used a vibratory 
ball mill. In this machine the vessel does not rotate, 
but contains a large number of balls which are agitated 
with a frequency of 1,420 vibrations per min. The 
amplitude of the vibrations is about 2 mm., and the 
powder in the mill is kept in circulation by the air
stream generated by the balls. After treating potato 
starch in such a mill for 5 hr. complete solubility in 
cold water was achieved together with a strong rise 
in reducing power. It was oonsidered that this process 
may possibly have a future practical application. 
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