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Abstract - A convenient conversion of isoprene into highly
reactive functionalized isoprene building blocks is described.
Isoprene is readily co-oxidized with phenylmercaptan by
molecular oxygen at roomtemperature to give a mixture of
(mainly) l-phenylsulfinyl-2-hydroxy-2-methylbutene-3 (ob-
tained as two diastereoisomeric racemates) and l-phenylsulf in-
yl-2-methyl-4-hydroxybutene-2 obtained as the (E+Z)-isomers]
in 96% conversion based on phenylmercaptan. Applications to
the syntheses of various isoprenoids are outlined. Finally a
new approach to the synthesis of vitamin E is given. Special
attention is drawn to 2R, 4'R, 8'R-c-tocopherol - which, in
all probability - is one of nature's best oxygen transfer
aents.A possible "overall" scheme of the biochemical pathway
of this (for human health indispensable) oxygen-transferring
system is indicated. Evidence is given that it is one of the (main)
causes of the epidemical occurring heart and vascular diseases;
as well the increasing occurrence of cancer may be due to
a lasting deficiency of this indispensable human health
factor.

INTRODUCTION

The ready availability of isoprene from petrochemical sources has consider-
ably stimulated the search for isoprene derivatives which can be used in iso-
prenoid syntheses. Althoughmanyèlegant isoprene homologations have been
described recently (1), very few of the intermediates published so far can
be directly synthesized from isoprene itself. In connection herewith the
following statements are cited from recent chemiOal literature:

1. K. Suga and S. Watanabe (2): "Ever since the finding that most of the
terpene compounds (isoprenoids) may be regarded as being composed of several
isoprene molecules combined in a regular head-to—tail manner, the general
synthesis of terpenes from isoprene has been a dream as well as a goal of
organic chemists".

2. W. Hoffmann (3): "Em alter Wunschtraum der Terpenchemiker das Kohlenstoff-
gerist nach dem Schema C5 + C5 auf zubauen, konnte bisher trotz intensiver

Bemühungen verschiedene Arbeitskreise nicht befriedigend verwirklicht werden.
Die nur scheinbar einfache Dimerisierung des Isoprens oder seiner Derivaten
führt vorwiegend zu Produktgemischen, die sehr schwer aufzutrennen sind".

BIOSYNTHESIS

The "overall" scheme, according to which di— and polyisoprenoids are formed
- biosynthetically - by means of various enzymatic reactions, nowadays, is
pretty well-known, thanks to the thorough, lasting and painstaking investiga-
tions of mainly three research groups, that of Bloch (4), Lynen (5) and
Cornforth (6). Isopentenyl pyrophosphate and dimethylallyl pyrophosphate are
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the two natural biosynthetic isoprene building blocks which by means of a
HS-enzyme system - the isopentenyl pyrophosphate isomerase - are continually
converted into each other (Fig. 1).

isopentenyt pyrophosphate isomerase

Fig. 1 Biogenetic isomerization

In Fig. 2 the biogenetic head-to-tail coupling of the above pyrophosphates
is indicated. This coupling process is initiated by a still unknown enzyme
system, activating the double bond of isopentenyl pyrophosphate.

Biosynthesis

I

Fig. 2 Biogenetic head-to-tail coupling

Figure 3 schematically indicates the head-to-tail coupled pathway in the
formation of geranyl pyrophosphate and farnesyl pyrophosphate respectively.

Fig. 3 Biogenetic syntheses

BIOMIMETIC SYNTHESES

Dimethylallyl pyrophosphate is ideally constituted to serve as an electro-
philic agent for the transfer of the dimethylallyl unit to a nucleophilic
centre. Not only does it possess the highly reactive allylic system, but the
pyrophosphate group is an excellent leaving group in the nucleophil!c dis-
placement reaction.

In Fig. 4 a possible biomimetic synthesis of a di-isoprenoid is given. Group
A is the activating group for carbon atom C1 of a functionalized isoprene

building block in which (L) indicates a (potential) leaving group. The latter
holds true for the leaving group L of the second isoprene building block.
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Biosynthesis

I

PP

"Biomimetic synthesis":

A = activating group, (L)=(potential) leaving group

Fig. 4 Biomimetic synthesis

SYNTHETIC ATTEMPTS

In order to obtain suitable reactive functionalized isoprene building blocks
- starting from isoprene - we investigated quite a number of possible react-
ion schemes. Bromination (7) of isoprene afforded in good yield l,4-E-dibromo-
isoprene. However selective conversion (8) of the bromine atom at position C4
by means of potassium acetate in DMF furnished a mixture - according to GLC-
analysis - of at least seven different compounds. Bromination of isoprene
with NBS in acetic acid according to Sato et al, (9) , did not give the wanted
results. This also held for the conversion of isoprene with hydrobromic acid
into 4-prenylbromide, conversion of the bromine atom into an acetate group,
followed by bromination with NBS. A mixture in low yield - of (E + Z)-
isomers of the expected substance was obtained (9). The reaction described by
Ingold (10) and Smith gave extremely bad results. Neither Petrov (11) nor
Oroshnik (12) could reproduce these experiments.

Oroshnik (12) and Mallory did react t-butyl hypochlorite with isoprene in
acetic acid as a solvent and obtained in 20-30% yield the wanted E-isomer.
Allais (13) as well as Babler (14) and Buttner also carried out this reaction
and obtained reproducible results. By treating this compound with triphenyl-
phosphine we obtained a nice crystalline 100% pure quaternary phosphonium
chloride (Fig. 5).

t-BuOCI CLL (Ph)3P

Fig. 5 Preparation of quaternary phosphonium chloride

Although by carrying out a Wittig reaction with this substance with benzalde-
hyde or "C,5-aldehyde" a normal reaction seems to occur, the expected react-
ion produces were. not obtained and the aldehydes were recovered almost
quantitatively. Besides, an amorphous polymeric material was found
which according to IR- and NMR-analysis did not contain an acetate group.
Porumer (15) - in a review article - mentioned that by carrying out the same
reaction, the yield obtained was <5% (Fig. 6).
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H
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OAc

H

fJ''OAC
OAc

'LLOAC
<5%

*H Pommer

Fig. 6 Wittig reactions

In a Wittig reaction of "C 5-aldehyde" with the corresponding carboxylic
acid ester (16) - after hyro1ysis - the corresponding (all trans) crystall-
ine vitamin A carboxylic acid was obtained in high yield -90% (Fig. 7).

H
CIê o

+ (Ph)3 1)Base.-4O°,
OR 2)HydroLysis

900/o

Fig. 7 Synthesis of vitamin A carboxylic acid

By reacting prenylbromide with Ni (CO)4, treating the metal complex formed
with l-bromo-2-methyl-4-acetoxy-2-butene, Sato et al. (8) obtained in ca. 60%
yield geranylacetate. The same - rather good - results were obtained by
reacting two equivalents of the corresponding l-bromo-4-ethoxy derivative,
and of the corresponding l-bromo-4-carboethoxy derivative with Ni (CO)
and hydrolyzing the reaction mixture. However, the desired coupling reaction
did not occur when the ether, or the carboxylic acid ester group was re-
placed by an acetate group (Fig. 8). Thus there seems to exist a curious
anomaly.

2 BcL,.OE Ni(CO)4
[Ni_comPlex]—..

72%

2 BçL,COOC2H5 Ni(CO)4
[Ni-complexl._..

COOC2H5i H5COOC

73 %

2 Ni(CO)4

{ N•OAC i-ComPlex]-
Fig. 8 Homologation reactions via a Ni-complex

Stotter (17) and Hornish, in their publication on the elegant synthesis of
the Cecropia juvenile hormone, described the following (Fig. 9). By reacting
the sulphur-stubilized, allylic carbanion with l-chloro-2-methyl-4-acetoxy-
2-butene (which was treated before with two equivalents of LiCH3) the SN2
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reaction proceeded extremely well and the condensation product was obtained
in a yield higher than 90%.

Thus it was clear that the hydroxy-anion form - being stabilized by the
double bond of the isoprene molecule - was able to react with the carbanion
at the ci. position of the sulphur atom, with simultaneous elimination of its
chlorine atom.

2equiv.

OAc MeLi

MeLi

P.L.Stotter, R.E. Hornish ,J.Amer. Chem. Soc. 95,4444(1973) /

Fig. 9 SN2 reaction of the hydroxy-anion form

It then became quite obvious to us why the earlier described Wittig reactions
(Fig. 6) did not occur at all. Before the formed carbanion could react withthe
positively charged carbon atom of the carbonyl group, an extremely rapid
anionotropic elimination took place, with formation of an unstable diene
system that polymerized almost immediately (Fig. 10).

cle
Base

[(Ph)3 PLe_)OA I

[Ph)3P.L1OAc

Fig. 10 Anionotropic elimination reaction

Many years ago, we encountered an analogous prototropic retro rearrangement
(18) that has proved to be the main problem in synthesizing vitamin A and
carotenoids.

CO-OXIDATION OF ISOPRENE WITH THIOPHENOL AND OXYGEN

Once knowing the above mentioned anionotropic elimination reaction occurred
extremely easily in certain 1,4-disubstituted isoprene derivatives, we tried
to bypass this real obstacle.

We then studied the co-oxidation reaction of isoprene with thiophenol (and
other thiol compounds) and molecular oxygen at room temperature (Fig. 11).
This reaction proceeds very readily and furnishes a mixture of the hydroxy
sulfoxides 1, 2, 3 and.4 in 96% conversion based on thiophenol. The same
reaction was carried out with butadiene and with 2-ethyl-l,3-butadiene. The
ratio of the products is dependent on the reaction conditions, as well as on
the substituent at carbon atom C2 (19, 20).

R

S Li

>900/.
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0
R Ii R

+ PhSH 02 PhS,f +
(1 )OH

R
PhS,J ÷

PhSSL
÷ 1'SPh

OH OHg
(2) (3) (4)

Yield (°I) (1) (2) (3) (4)

R=H 52 25 23

methyl 53 20 19 8

ethyl 86 3 4 6

Fig. 11 Co-oxidation reaction

The first mention of this type of co-oxidation of mono olefins with thiols
was made by Kharasch et al. (21). Later investigations have revealed (22-25)
this radical chain reaction to lead to -hydroxyperoxy sulfides which may be
isolated at temperatures below 5°C and have been shown to give the correspond-
ing hydroxy sulfoxides at room temperature (22,23,25). Fig. 12 shows - in all
probability - the pathway of the radical chain reaction, when carried out
with isoprene and thiophenol.

PhSH + °2 PhS' + 00H

PhS + [Phs,J.]

PhS PhS
OOH

I I

PhL4.

mp 93-96°C E: mp 28-30°C

mp 110-112°C Z: oiL

Fig. 12 Mechanism of the co-oxidation reaction

A thiophenoxy-radical is generated by oxygen. This radical then selectively
adds to the 1,2-bond of isoprene. An intermediate, allyl-stabilized carbon
radical is formed. The excess of oxygen prevents the radical chain from ending
with hydrogen abstraction from thiophenol. Instead, hydroperoxy radical
addition takes place. The hydroperoxy sulfides are not stable at room temper-
ature and rearrange to the corresponding hydroxy sulfoxides. The radical
process is considerably accelerated by the addition of finely powdered sodium
chloride (26). The powdered salt, presumably, does increase the solubility of
oxygen.

The low temperature co-oxidation of isoprene with thiophenol leading to the
hydroperoxy sulfideswasdescribed by Oswald (26) and co-workers, already in
1963, as part of a synthesis of the corresponding hydroxy sulfides, which are
formed upon reduction of the hydroperoxy group by excess of thiophenol in the
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presence of an amine as a catalyst. Surprisingly, no mention is made of the
hydroxy sulfoxides which are readily and spontaneously formed at room temper-
ature. The greater part of the 1,2-hydroxy sulfoxide crystallizes slowly as a
mixture of the two diastereoisomeric racemates in a 1:1 ratio. The crystalline
fraction can be readily separated into the components. The isomer la (mp. 93-
96°C) is obtained by crystallization from acetone; the diastereoisomer lb
(mp. 110-112 C) crystallizes faster from ethyl acetate.

la: 53 (60 MHz) 7.8—7.3 (m, 5H, phenyl), 6.4—5.2 (in, 3H, vinyl), 4.4

(broad s, 1H, hydroxyl), 3.0 and 2.8 (AB-pattern, AB 13.5 Hz, methylene),

1.38 (s, 3H, methyl); 3400 and 1020 cm1 (OH and SO).

lb: (100 MHz) 7.8—7.4 (in, 5H, phenyl), 6.1—5.0 (m, 3H, vinyl), 4.4

(s, lH, hydroxyl), 3.00 and 2.88 (AB-pattern, AB 13.6 Hz, methylene), 1.57

(s, 3H, methyl); v3 3400 and 1020 cm1 (OH and SO).

When the non-crystalline fraction of the reaction mixture is extracted with
water, the E-l,4-hydroxy sulfoxide can be obtained without noticeable 2,3-
sigmatropic shift (27) from the aqueous solution by extraction with chloro-
form.0Recrystallization from ether gives the E-isomer in a pure state (mp.
28-30 C). The NMR data are:

CDC13 (100 MHz) 7.75—7.45 (in, 5H, phenyl) , 5.52 (t, lH, vinyl) , 4.15 (t, 2H,

-CH2O-), 3.48 and 3.43 (AB-pattern, AB 12 Hz, -CH2SO-), 2.4 (s, lH, hydrox-

yl) , 1.78 (s, lH, methyl)

Column chromatography of the combined remaining fractions gives additional
quantities of pure la, lb and the E-isomer of the 1,4-hydroxy sulfoxide,
along with two other fractions consisting of the Z-isomer of the latter and
a mixture of - presumably - both diastereoisomeric 3,4-hydroxy sulfoxides,
respectively. (Fig. 11). The NMR data of the Z-l,4-hydroxy sulfoxide are:

5CDC13 (60 MHz) 7.6—7.3 (in, 5H, phenyl), 5.9 (t, lH, vinyl), 3.8 (d, 2H,

—CH2O-), 3.72 and 3.37 (AB-pattern, AB 12 Hz, -CH2SO-), 3.2 (broad s, 1H,

hydroxyl), 1.7 (s, 3H, methyl).

The relative configuration of la and lb can be derived from the NMR spectra
(Fig. 13).

Ph

H

I

Fig. 13 Relative configuration of la and lb

.1

"
6
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. Multiple resonance reveals that the methyl signal of la exhibits a lorig range
coupling (0.8 Hz) in chloroform with the hydroxylic hydrogen; the methyl sig-
nal of lb, however, is coupled (0.6 Hz) to one of the methylene hydrogens.
These long range effects disappear completely in d6-DMSO, indicating that
they originate from hydrogen bonding. We assume that la and lb have a small
preference in chloroform solution for the quasi-chair hydrogen-bonded con-
formations la and lb (28), since the quasi-equatorial position of the phenyl
group minimizes the non-bonded interactions. These conformations la and lb
would explain the observed long range effects and correspond to the RS/SR-
configuration for the racemate la and the RR/SS-configuration for lb (29).

APPLICATIONS

In order to emphasize the versatile applications to isoprenoid syntheses
using the above described isoprene building blocks, some various examples
shall be given.

The 1,2-hydroxy sulfoxides are readily alkylated (Fig. 14). The reaction is
carried out by adding two equivalents of butyllithium to a solution of the
corresponding compound in THF. The formed di-anion reacts smoothly with
halides to the alkylated products. The alkylation proceeds in a highly
stereoselective manner. Alkylating e.g. compound la (Fig. 12) which is a race-
mic mixture of the substances with the configurations RS and SR the two poss-
-ible diastereoisomers are formed in a 95/5 ratio. Comparable results have
been obtained starting from the racemate lb containing the configurations RR
and SS. These almost asyinmetrica) occurring substitution reactions must be
due to the inductive effect of the two neighbouring chiral centres (20,30).
The data given in Fig. 14 refer to the yields on purified compounds.

Ph&, BULi Ph1
R OH

R1X solvent yield (°I)

THE 95

THE / HMPT 85

THF/HMPT 86

Fig. 14 Alkylation reactions

Desulfurization of the alkylated substances leads to the corresponding
terpene alcohols. This can be done in two different ways:

1) by reductive desulfurization (Fig. 15)
2) by a trans elimination reaction (Fig. 16).

The reductive desulfurization (Fig. 15) is carried out by dissolving the
hydroxy sulfoxide in ethylamine followed by addition of lithium.
When the hydroxy sulfoxide is added to a solution of lithium in ethylamine,
much to our surprise, the corresponding hydroxy sulfide is formed, which at
higher temperature can be reduced, to the terpene alcohols. A disadvantage
of the latter method is that partial reduction of the terminal double bond
takes place. The yields in Fig. 15 refer to purified, unsaturated. alcohols
(20, 30).
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0
II

PhS .. LI, EtNH2

r.a.ENH ,) 4"
PhS* tHJ

R.OH

R = prenyl 87°!. Linciloöl

R' = geranyl 72°!. nerolidol

R' = p-cyclogeranyt 81% 7,8-dihydro- p-vinyl- lonol

Fig. 15 Reductive desulfurizations

In Fig. 16 the course of the basic elimination reaction is given. This is
not a facile, reaction. When carried out under standard conditions, that
means excess of base in DMSO, only the sulfoxide b is isolated. This can -
presumably - be explained as follows. The base abstracts the hydroxylic
proton. The molecule breaks in two according to a retro-aldol type reaction.
The anion of b is formed together with methyl vinyl ketone. Rapid proton-
exchange furnishes the sulfoxide b and the enolate-anion. The more base is
used, the faster the sulfoxide b is formed. With one equivalent of base, both
reactions have equal rates and the triene alcoho]. then is formed in ca. 50%
yield (20).

)_kd+%# + PhSO°
OR

I (a)
Ph

+

(b)

R =H, 1 eq KOBt, DMSO,50/.(a),500/.(b)

Fig. 16 Basic eliminations

DEHYDRATION BY MEANS OF BF3

In Fig.l7 a dehydration reaction is given when the (crude) mixture of 1,2-
and 1,4-hydroxy sulfoxides is treated with boron trifluoride. Only one diene
sulfoxide is formed in ca. 75% yield (31, 32). The diene with the methylidene
group is thermodynamically the most stable compound. Oxidation leads to a
crystalline sulfone, which on alkylation and reductive desulfurization furn-
ishes the terpene myrcene in 70% overall yield. The sulfoxides also can be
alkylated directly; however these products are not stable and reductive
desulfurization must be carried out immediately after the alkylation reaction.
Some reduction of the terminal diene-system takes place.
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0
II

PhS4 ——--- o
OH

PhLL
PhS.L

OH

MCPBA ____________

1) BuL,, prenyLbromide, 2) Li,EtNH2 myrcene

Fig. 17 Dehydration reactions

In Fig. 18 a similar reaction is described furnishing -farnesene.

0
II I MCPBA _____________

1) BuLi,geranyLbromide. 2) Li, EtNH2

3- Farnesene

Fig. 18 Synthesis of -farnesene

,—Farnesene is an important alarm pheromone for plantaphids. It belongs to a
new generation of extremely selective and promising insecticides, called
insect pheromones. Pheromon.es are substances which are secreted to the out-
side by an individual and received by another individual of the same species
in which they release a specific reaction, e.g. a definite behavioural or
developmental process (33).
In Fig. 19 an indication is given of the structure-activity relationship of
some "analogous" compounds of -farnesene.

A L AR M

3- Farnesene

FA L SE A LA R M

-Farnesene

JjQ ALARM

Myrcene

Fig. 19 Structure—activity relationship
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APPROACH TO SYNTHESIS OF 2R, 4'R, 8'R-ct-TOCOPHEROL

The classical approach (Fig. 20) to the synthesis
the acid catalyzed reaction (mostly a Lewis acid)
(or its diacetate) with isophytol (or its halide)
(90%) the corresponding c-tocopherol (34).

LEWIS ACID+ 1
ROLOR X"" H33

of cz-tocopherol involves
of trimethylhydroquinone
to give, in excellent yield

Reacting trimethylhydroquinonë (or its diacetate) with the 1,2-hydroxy sul-
foxide - according to the classical method (Fig. 21) - did not result in the
6-hydroxy-2-phenylsulfinylmethyl-2 15,7, 8-tetramethylchroman, but gave, in low
yield, the corresponding 6-hydroxy-2-phenylthiomethyl-2 15 ,7,8-tetramethyl-
chroman (31, 32).

RO(ii +OR HO'*

IN LOW YIELD

Fig. 21 Condensation with l,2-hydroxy sulfoxide

By carrying out the reaction with the corresponding sulfone (Fig. 22) no
reaction took place at all (31, 32). This can be explained by the strong
destabilization effect due to the carbenium ion at carbon atom C2, formed
as an intermediate.

R=H, —C-CH3

+ 1* SPh
HOI"

LEWIS ACID
/1

Fig. 22 Condensation with 1,2-hydroxy sulfone

By reacting trimethylhydroquinone with the corresponding sulfide (Fig. 23)
the 6-hydroxy-2-phenylthiomethyl-2 ,5,7, 8-tetramethylchrOman was obtained
in a yield of 93%(3l,32).

RH,CCH3 X=OH,CI,Br

Fig. 20 Classical synthesis of o-tocopherol

RO
900/o

LEWIS ACID
/1

LEWIS ACID9
RH, -C-CH3

Ph
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HO)111J

LEWIS ACID+ 1* SPhHO
HO

930/0

Fig. 23 Condensation with 1,2-hydroxy sulfide

After carrying out acylation, oxidation, Purnmerer reaction, hydrolysis,
followed by a second acylation, the 6-acetoxy--2-formyl-2,5,7,8-tetramethyl-
chroman (Fig. 24) was obtained in ca. 70% yield.

AcO

)E'4)Ph
85I

m.p. 121-140°C

1)PUMMERER REACTION

2)HYDROLYSIS

3) AcO / pyridine

Bre CH3 H CH3 H

1

Wittig reaction
2) REDUCTION
3) HYDROLYSIS

2 R/S, 4'R,8'R—x-tocopheroL

Fig. 25 Synthesis of 2R/S, 4'R, 8'R-ct-tocopherol

BIOLOGICAL ACTIVITY

Recently there is an increasing interest in the chemistry (35) as well as
in the biological activity (34, 36) of o-tocopherol.
Up till now there are eight different tocopherol isomers found in nature,
c*-, -, y-, and -tocophdrol and the corresponding tocotrienols (Fig. 26).

Ac2O/pyridine
SPh ,SPh

950/

m.p.73-75°C

70°I

Fig. 24 Synthesis of 6-acetoxy-2-formyl—2,5,7,8-tetramethylchroman

Hexahydrofarnesyltriphenylphosphonium bromide (obtained from natural 7R, llR-ph
tol) was reacted with the above aldehyde by means of a Wittig reaction
followed by catalytic reduction and hydrolysis to furnish 2R5, 4'R, 8'R-a-
tocopherol (Fig. 25) in an overall yield of about 50-60% (31, 32).

Ad
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CH; H
la R1=RH
lb R'=H,R2=CH3
lc R'=CH31R2=H
id R1RCH3

6 -tocopheroL

VtocoPI0(
f3 -tocopherot
x-tocopheroL

R2oL
CH3 CH3

2a R1=RH
2b R1=H1RCH3
2c R1=CH3RH
2d R'=RCH3

6 —tocotrienot

y -tocotrienol
J3-tocotrienol

a-tocotrienoL

Of these tocopherols only a-tocopherol possesses biological activity, the
most potent being the natural occurring optical isomer with the 2R, 4'R, 8'R-
configuration (Fig. 27)

The first mention of the therapeutic effect of high-dosage vitamin E (o-toco-
pherol acetate) in coronary heart disease was by Vogelsang and Shute (37).
Since then much controversy and confusion developed about the possible value
of vitamin E - when given in high dosage - for controlling or curing many

OXIDASE3
02 ,+H20

OXIDIZED SUBSTRATE

Fig. 28 Possible "overall" scheme of the oxygen-transfer system

Fig. 26 Tocopherols occurring in nature

H3C'

Fig. 27 2R, 4'R, 8'R-o-tocopherol

REDUCTASE

fH2 a1120

4
4
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diseases, including coronary heart disease and peripheral vascular diseases
(38) . This could be explained if one takes into consideration that the
vitamin E used by various investigators originated from quite different
sources ; e.g.all racemic synthetic o —tocopherol,which contains a maximum
of 12.5% of tieffective 2R, 4'R, 8'R-isomer) soybean and wheat germ
oil,that lost their natural o-tocoperol activity due to the rapid onset of
rancidity. It seems likely that the above a-tocopherol isomer is one of
the most effective oxygen transfer agents nature has available for humans
and animals. In Fig. 28 a possible "overall" scheme is given for the
biochemical pathway of this (for human health indispensable) oxygen
transferring system.

The sad story of c—tocopherol - discovered and isolated in 1923 by Evans (39)
and Bishop - is, that it entered the scientific and medical world as the
anti-sterility factor for rats. In reality it is an indispensable substance
for the health of man and animal. Due to its long carbon chain it is a fat
soluble substance; as its salt or in the esterified form (by means of the
phenolic hydroxylgroup), it is also water-soluble. When present in
sufficient quantity in the bloodstream, together with oxygen-rich air to
inhale, this oxygen-transferring system-in all probability-performs an impor—
tant function in the energy processes of man(40).

The reality however, is quite different. Th facts are the following:
1) The human body does not contain the enzyme system required to synthesize

- biosynthetically - this substance.
2) Since about 1915/19 20, due to the introduction of new and more efficient

milling methods into the manufacture of (especially) wheat flour - for
the first time in human history - all parts of wheat (and other cereals)
containing the highest percentage of this specific isomer of
c—tocopherol are completely removed and any residual isomer is
destroyed in the oxidation process required to bleach the flour.

In connection with the above facts one could draw the following conclusions:
1) One of the (main) causes of the epidemical occurring heart and vascular

diseases is due to a lasting deficiency of this factor.
2) The same holds true for the increasing occurrence of cancer [the

(degenerated) cancercell being anaerobic (41)].
3) A danger exists for an increasing biological degeneration of the western

population suffering from the above deficiency.
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