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e.g. according to:

(Fe?*+: Of~- Fe¥*) + Ht - 2 Fe? 4+ HO, (13)
followed again by the reaction sequence given above.

This somewhat more detailed interpretation of the
primary process given above arises from the assumption
that, in the case of an endothermic process, an unstable
intermediate ionic complex may be stabilised by Cou-
lombic interactions, a principle which appears to have
wider applications in the mechanism of electron trans-
fer processes in solution.

A full account will be published elsewhere. J. Wziss

University of Durkam, King's College, Newcastle wpon
Tyne, 1, England, December 1, 1952,

Zusammenfassung

Der Primirprozess des bereits vor einiger Zeit gege-
benen Mechanismus der Autoxydation von Ferroionen
in verdiinnten wassrigen Losungen wurde erneut disku-
tiert, besonders im Hinblick auf die Rolle von elektro-
statischen Wechselwirkungen bei der Bildung des pri-
miren Ionenkomplexes. Es zeigt sich, dass Coulombsche
‘Wechselwirkungen, auch mit anderen in der Lésung vor-
handenen Ionen, von Bedeutung fiir die Stabilisierung
des primidren Ionenkomplexes sein kénnen, und es ist
sehr wahrscheinlich, dass, ganz allgemein, solche Wech-
selwirkungen bei Elektroneniibergangsprozessen in Lo-
sungen in Betracht gezogen werden miissen.

Steroids XL
The Oxidation of Unsaturated Steroidal
Alcohols with Manganese Dioxide?!

Within the last few years the employment of man-
ganese dioxide for the oxidation of polyene aliphatic
primary and secondary alcohols to the corresponding
aldehydes and ketones respectively has been finding
increasing application?. Quite recently the scope of this
type of reaction was considerably widened by the demon-
stration® that even simple singly unsaturated primary
alcohols, such as allyl alcohol, could be oxidized smoothly
to the «,f-unsaturated aldehydes. We have been study-
ing for some time the action of manganese dioxide on a
variety of unsaturated steroidal alcohols. This study has
led to a number of interesting observations, and has
resulted in a convenient new route to testosterone, and
a simple synthesis of steroidal 4%¢-dien-3-ones.

The first examples to be studied were A*-cholesten-
3 g-ol and 44%.22a-spirosten-3 f-ol, containing the 4%-3-0l
system (Ia). In view of the insolubility of many steroids
in light petroleum the solvent usually employed for
oxidations with manganese dioxide?, a variety of other
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solvents were investigated. It was found that oxidation
proceeded rapidly by shaking (Ia) at room temperature
with freshly precipitated manganese dioxide in inert
solvents such as benzene, chloroform, ethylene chloride,
acetone, etc., conversion to the A%3-ones (Ib) being
complete in ¢ivca 2 hours; the latter could be isolated in
excellent yield. Similarly oxidation of 43-22a-spirostene-
38:7a-diol 3-acetate (I1a)! led to the 45-7-one (I13),
49.39-22a-5a-spirostene-3 f:12-diol (I1Ia}? gave the
A%(1Y) -12-one (I11Ib), and A5:17(20) -pregnadiene-3 §:21-
diol® furnished the corresponding 21-aldehyde. All these
products were isolated in satisfactory yield.

A*-Cholestene-3 8:6 §-diol (IVa)?in benzene solution
with manganese dioxide at room temperature was only
oxidized at C-3, and 44%-cholesten-3-one-6 g-ol (IVd) was
produced in 75 % yield. This procedure representsa simple
new synthesis of such 6-hydroxylated A4%-3-ketones, and
has already been applied in other series [infer al.: 6 -
hydroxy-progesterone (m.p. 181-183°, [«]*%n + 105° (all
rotations in CHCly}, ).E,},ffﬁ‘ 236 myu, loge 422, found: C,
75-97; H, 9-32}, 6 f-hydroxy-A+-androstene-3,17-dione®
(m.p. 192—194°, [o]2% + 114°, 25208 236 my, loge 425,
found: C, 75-56; H, 8-81)]. When this reaction was
carried out at reflux temperature, the corresponding
diketones (IV¢) were formed.

The observation that a saturated alcohol, such as the
17 B-hydroxy grouping, is stable towards manganese
dioxide at room temperature opened up the way foranew
synthesis of testosterone. 44-Androstene-3:17-dione was
reduced with lithium aluminium hydride to what is
presumably essentially a mixture of A4-androstene-
3 8:17 g-diol and the 3«:17 §-diol®, which in chloroform
sclution with manganese dioxide at room temperature
was only oxidized at C-3 to yield pure testosterone in
90 % overall yield?. Investigation into the reaction con-
ditions of the oxidation stage revealed that the amounts
of oxide and solvent could be reduced to such an extent
without loss in yield, so as to make the large-scale com-
mercial production of testosterone by this method the
simplest and most economical yet devised.

The readily available 45-3 g-ols {type V) with man-
ganese dioxide in refluxing benzene were found to yield
the corresponding A%:8-dien-3-ones (VII) in conversions
of circa 30%. In this way the following dienones (VII)
were prepared (propertiesgiven only for new compounds):
A%8-22 a-spirostadien-3-one?, As#_cholestadien-3-one,
A4d.androstadiene-3:17-dione8, 44:8-androstadien-17 -
ol-3-one (6-dehydrotestosterone), 4%:%-pregnadiene-3: 20-
dione (6-dehydroprogesterone)$, A%:%-pregnadien-20 g-ol-
3-one (m.p. 197—199°, [a]20p + 15°, ABor 282 my, logs
4.54, found: C, 80-41; H, 9:87), 44:%:18_pregnatriene-3: 20-
dione (prepared from A%:%-pregnadiene-3 §:20 g-diol)
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(m.p. 253—256°, [a]20p + 144°, AFOH 240 and 284 my,
loge 4-21 and 4-53 respectively, found: C, 81-58; H, 8-69),
A48.pregnadien-17 a-0l-3,20-dione!  (m.p. 240—242°,
[€]®p + 21° AEOH 284 mp, loge 4-53, found: C, 77-13;

H, 8:77), A% 6-pregnadlen -21-01-3,20-dione acetate, and
A8 -pregnadiene-17«,21 -diol-3,20-dione  21-acetate
(6-dehydro Substance S acetate!) (m.p. 218-—220°,

[0)2p + 104°, AE'OH 284 my, loge 4+48, found: C, 71:64;
H, 8-15). This method for converting V to VII is similar
to that of WETTSTEIN?, In common with the latter
method it appears to proceed via the 45-3-one (VI), for
when such a compound (4%-pregnene-3:20-dione) was
treated with manganese dioxide at room temperature,
the corresponding A4#-dien-3-one (VII} was produced
smoothly The present method, although it appears to
give yields similar to those obtained by the WETTSTEIN
procedure, has the advantage that no D-homo rear-
rangement occurs with 17a-hydroxy-20-ketones, and
that saturated hydroxyl groups elsewhere in the molecule
do not have to be protected.
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Further applications of the above described types of
oxidation are being studied in these laboratories.
F. SonpHEIMER and G, ROSENKRANZ

Research Laborvatovies, Syntex, 5.A., Laguna Mayran
413, Mexico D. F., November 15, 1052.

Zusammenfassung

Die Oxydation gewisser Allylalkohole in der Reihe der
Steroide mit MnO, liefert bei Zimmertemperatur die ent-
sprechenden «,f-ungesittigten Ketone bzw. Aldehyde.
A4-38, 6 f-Diole werden bei Zimmertemperatur nur an
C-3 angegriffen, womit eine bequeme Methode zur Dar-
stellung der interessanten 44-6 f-hydroxy-3-Ketone ge-
geben ist.

Gesittigte Alkohole reagieren in der Kilte nicht. Dar-
aus ergibt sich eine neue Synthese des Testosterons in
90prozentiger Ausbeute, ausgehend von 4%-Androsten-3,
17-dion: Reduktion dieser Verbindung mit LiAlH, und
MnO,-Oxydation des entstandenen Diolgemisches. MnO,-
Oxydation von 4%-3 f-hydroxy Steroiden, vorzugsweise
unter Erwdrmung, liefert 4%:-Dien-3-Ketone.

! That no D-homo rearrangement had occurred was indicated by
the fact that 17a-hydroxy-20-ones were unaffected when subjected
to the conditions employed for the preparation of this substance.

2 A, WertsTEIN, Helv. chim. Acta 23, 388 (1940).
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(ITla): R = ~~0OH
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(IVa): R = R’ = —OH
{(IV}: R = =0; R = —OH
(IVe): R= R = =

Uber die Struktur der nativen
D-Polyglutaminsiure

Die Konstitutionsfrage der nativen p-Polyglutamin-
sdure, die in einheitlichem Zustand zuerst von IviAno-
vics und BRUCKNER! isoliert wurde, ist noch umstritten.
Bewiesen ist nur, dass die p-Polyglutaminsiure beider
Herkunft, nimlich aus der Kapsel der Milzbrandbazillen
und aus dem Nihrboden der Bac.-subtilis-Gruppe ange-
horenden Sporentriger, ein vollstindig aus Glutamin-
siure-Resten aufgebautes Polypeptid darstellt?, wie
dies schon frither angenommen wurde3. Umstritten
blieb noch die Frage, ob die Glutaminsdure in Form von
a-Glutamyl- (IV) oder y-Glutamyl-Resten in das Poly-
peptid eingebaut ist4, Besonders eingehend erdrterten
diese Frage HanBy und Rypon® und kamen zum
Schluss, dass aus der Milzbrandbazillen-Kapsel gewon-
nene Priparate verhidltnismissig kleineren Molgewich-
tes (zum Beispiel 6000) nur «-Gutamyl-Bindungen (IV)
enthalten kénnen, wihrend in Priparaten hthern Mol-
gewichtes stellenweise, jedoch inuntergeordnetem Masse,
auch y-Glutamylketten (I) eingebaut sein konnen.

‘Wir haben vor kurzem gezeigt®, dass der Curtiussche
Abbau und eine darauffolgende saure Hydrolyse des
Polyhydrazids der aus geeigneten Bac.-subtilis-Stdmmen
isolierten p-Polyglutaminsdure vom durchschnittlichen
Molgewicht 6400 (die nach serologischen und analyti-
schen Belegen mit der aus der Milzbrandbazillen-Kapsel
isolierten p-Polyglutaminsiure ungefihr gleichen Mol-
gewichtes gleich zu sein scheint!) in prdparativ nach-
weisbarer Menge nur §-Formylpropionséure (IIT}, jedoch
keine «-y-Diaminobuttersdure (VI) liefert. Daraus wurde
auf das Vorherrschen der y-Glutamyl-Bindungen ge-
schlossen, um so mehr, da der analoge Abbau des Poly-
hydrazids synthetisch gewonnener «-L-Polyglutamin-
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