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The Wilcoxon and Related Tests of Significance

VAN pER VAART! has given exact expressions for the
probability of obtaining a result in the Wilcoxon two-
sample test deviating by a given amount or more from
that expected, when the two samples are drawn from
the same population. In his terminology, if #, and #, are
the numbers in the two samples, and U,, is the number
of pairs of individuals, in which the value observed for
the member of the first sample exceeds the value observ-
ed for the second, he finds the exact probability that
U,y € u, where # is the observed value. To do so, it is
necessary to evaluate two determinants of degree u. If
1 is fairly large, for example 23 in one of his examples,
“the calculations” he writes ‘‘may turn out to be
somewhat cumbersome’’.

Harpane and SMiTH? have solved this problem ap-
proximately. But as their work was concerned with a
question of human genetics, it seems to have escaped the
notice of some statisticians. In vAN DER VAART’s ter-
minology, and choosing #, < n,, their equations (10) and
(11} become:

X = Yoyt (u+ Yo— Yorymy) [my(n+ 1y +1)7%

and
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where 7 is the greatest integer not exceeding X. This
expression is not very accurate when %, is less than
about 4, nor for very small values of P. But, as the
following examples show, it is good enough for practical
purposes over the range of values of P which are usually
taken as critical in tests of significance. VAN DER VAART
gives two numerical examples.
For ny = 49, ny = 2, v = 7, he finds

P (Up< 7) = 0-015686.

Our formula gives X = 0-17784, P = 0-01581.
For n, = 21, ny, = 5, # = 23, he finds

P (U, < 23) = 0:028717 ,
Our formula gives X = 1-2821, P = 0-02863.

1 H. R. vAN DER VAaRT, Exper. 12, 14 (1956).
2 J. B. S. Hawvpaxe and C. A. B, Surru, Ann. Eugen, 14, 117
{1948).

In the first case only one term of the series was re-
quired, in the second two. The calculation takes about
5 min., We also gave methods for combining the results
of several pairs of samples, for dealing with ‘‘ties”’, or
equality between members of the two samples, and so on.
VaN DER VAART’s method, being exact, is perhaps pre-
ferable to ours for values of «# up to 4 or 5, but I think
that at higher values the simplicity of our method makes
up for its slight inaccuracy.

J. B. S. Harpane

Department of Biometry, University College, London,
February 23, 71956.

Résumé

Une formule assez simple permet le calcul rapide des
probabilités dans le test de WiLcoxon et d’autres mé-
thodes sembfables. Sans fournir des résultats exacts, elle
donne, dans les exemplaires choisis, des chiffres qui se
rapprochent de la formule exacte de VAN DER VAART,
avec des erreurs inférieures & 19%,.

The Structure of Isothebaine

The alkaloid isothebaine, isolated by GADAMER? from
the roots of Papaver orieniale during the period of
withering and rest of the plant, was examined in detail by
Ki1eE?, who degraded the methyl ether through a tri-
methoxyvinylphenanthrene to a trimethoxyphenan-
threne carboxylic acid, which on decarboxylation af-
forded 3:4:5-trimethoxyphenanthrene (I); the work
was repeated and the identity of the final product con-
firmed by ScHLITTLER and MULrLeERr® In view of the
agreement of these independent workers the contention
of KiserLev and KoNovaLovat that the end-product of
the degradation is not identical with 3:4:5-trimethoxy-
phenanthrene may be discounted. On the basis of this
degradation isothebaine methyl ether has been hitherto
allotted the structure (II, R = Me)%, but attempts to

1 J. GADAMER, Arch, Pharm. 249, 41 {1911).

2 W. KrEE, Arch. Pharm, 252, 211 (1914).

3 E. ScuritrLEr and J. MULLER, Helv. chim. Acta &7, 1119
(1948).

4 V. V. KiseLev and R. A, Ko~NovaLova, J. gen. Chem. (USSR.)
19, 148 (1949).

% W. KLEE, Arch. Pharm. 252, 211 {1914). - E. ScuriTTLER and
J. MoLrer, Helv. chim. Acta 31, 1119 {1948).
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synthesize a base of this constitution by a variety of
methods have failed®.
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What appedrs to have escaped notice until now,
however, is that the results of degradation are equalily
explicable on the basis of the structure (III, R = Me),
which we now propose for isothebaine methyl ether. That
isothebaine is a 4:5:6-trioxyaporphine may be inferred
from the following facts.

(a) All other naturally-occurring aporphine alkaloids,
even the dioxy-bases roemerine? and anohaine8, have
oxygen substituents in positions 5 and 6 (i.e. in positions
6 and 7 of the isoquinoline system); in particular a base
having the 4:5:6-orientation of substituents, namely
pukateine (IV)?, is known to occur naturally.

(b} All naturally-occurring bases derived from iso-
quinoline have oxygen substituents in positions 6 and 7
of the isoquinoline ring, except 3 bases of the cularine
group'?, which are 7: 8-disubstituted, and evidently arise
by cyclisation of the isoquinoline ring ortho instead of
para to hydroxyl. In contrast numerous bases derived
from benzylisequinoline are known with only one oxygen
substituent in the benzyl group (e.g. coclaurine, arme-
pavine, corpaverine, tuduranine,. laureline, pukateine,
anolobine, stephanine, and almost all the bisbenzyliso-
quinoline alkaloids1?).

(-£)-4:5: 6-Trimethoxyaporphine has been synthesized
by GoviNpacrarR!l and Parll, and Professor Govin-
DACHARI has been able to supply us with a few milli-
gramms of somewhat impure hydriodide of this base, the
infra-red spectrum of which, together with that of pure
(+)-isothebaine methyl ether hydriodide, in Nujol, is
shown in Figure 1. The fact that only a salt was available

8 E. ScurLittiEr and J. MoLier, Helv, chim. Acta 31, 1119
(1948). — R. K. Carrov, J. M. GurLranp and R. D. HaworTH, J.
chem, Soc. 1929, 1444.

7 G. BarceEr and G. WEITNAUER, Helv. chim. Acta 22, 1036
(1939). — L. MarioN and V. GRASSIE, J. Amer. chem. Soc. 66, 1290
(1944).

8 G. Barcer and G. WEITNAUER, Helv. chim. Acta 22, 1036
(1939).

? G. BARGER and E. SCHLITTLER, Helv, chim. Acta 75, 381 (1932).

10 R. H.F.Manskg, The Alkaloids, Vol. 4 {Academic Press Inc.,
New York, 1954).

11 T, R. GoviNpacHARI and B. R. Pa1, J. org. Chem. 18, 1352
(1953).

Bréves communications — Brevi comunicazioni

[ExPERIENTIA VoL. XII/6]

precluded the comparison of the spectra in solution, and
bearing in mind that the racemate necessarily has a
crystal form different from that of the pure (+)-isomer,
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Fig. 1.—Curve 4 is 4:5:6-trimethoxyaporphine hydriodide;
Curve B is isothebaine methyl ether hydriodide.

difference in the spectra of the two salts in Nujol mulls
would be expected due to differences in distortion in the
two forms of crystal. Some differences do exist between
the spectra shown in Figure 1, but these are no greater
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X is isothebaine methyl ether;
————— 15 4:5:6-trimethoxyaporphine.

than those we have observed in the spectra of poly-
morphic forms of the same substance in Nujol on several
occasions, and we believe that the spectra shown in
Figure 1 strongly support, though do not conclusively
establish the structure (III, R = Me) for isothebaine
methyl ether. The ultra-violet spectra of the synthetic
and natural materials are identical (Fig. 2).
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Isothebaine is cryptophenolic and presumably has an
o0:0’-substituted phenolic nucleus, and for the alkaloid
itself we propose the structure (I1I, R = H), which is
strongly supported by the fact that isothebaine gives
only a pale fawn colour when treated with diazotized
sulphanilic acid in alkaline solution. All 4-hydroxy-bases
of the aporphine and morphine groups with a vacant
position 1 that we have examined couple immediately
with diazotized sulphanilic acid under these conditions
to give intensely red solutions, and thus the only other
possible cryptophenolic structure, (II, R = H) can be
ruled out of consideration. Indeed the structure (III,
R = H) is the only phenolic structure based on a 4:5:6-
or a 3:4:5-trioxyaporphine that has not got a free
position ortho or para to hydroxyl available for coupling
with diazonium salts.

In further pursuit of this problem the synthesis and
resolution of 5-ethoxy-4:6-dimethoxyaporphine for
comparison with (+)-isothebaine ethyl ether is now in
progress.

We wish to thank Professor T. R. Govinpacsari for the kind gift
of a sample of ()-4:5:6-trimethoxyaporphine hydriodide, Dr. J.
MuoLLER of CIBA Limited, Basle, for the very generous gift of 1:5 g of
isothebaine hydrochloride, and Dr. F. B. STravss and Mr. F. H. L. H.
Hastings of the Dyson Perrins Laboratory, Oxford, for the deter-
mination of the infra-red spectra.

K. W. BeEnTLEY and S, F. DYKE

The Chemistry Department, The University, Aberdeen,
March 10, 1956.

Zusammenfassung

Beweismaterial wird vorgelegt, das entschieden darauf
hindeutet, dass Isothebain-methylither (+)-4:5:6-Tri-
methoxyaporphin und Isothebain (+4)-5-Oxy-4:6-di-
methoxyaporphin ist.

Zur biologischen Bedeutung von Fe'* und Cu®**
als Komplexbildner

Die Frage, in welcher Weise sich die von den Organis-
men aufgenommenen Metallionen auf die verschiedenen,
fiir das biochemische Geschehen wichtigen — und in den
Fermenten zum Beispiel sicher sehr spezifisch struktu-
rierten — Chelatgruppen verteilen und wie, angesichts
des stark unterschiedlichen Komplexbildungsvermogens
der «biologischen» Ionen, diese Verteilung aufrechterhal-
ten werden kann, oder aber mit welchen Anderungen in
dieser Ordnung im Laufe der Zeit zu rechnen ist, ist in
mehrfacher Hinsicht von Interesse. Anlisslich der Ta-
gung der Gerontologischen Gesellschaft in Basel wurde?
auf Grund der aus der «Irving-Williams-Reihe»? fiir die
M2+ abzuleitenden Gefihrdung der Metallenzyme im
Organismus durch die «stidrkstens Ionen dieser Reihe,
insbesondere durch Cu?*, das Problem formuliert, ob
sich Alternserscheinungen mit einer zunehmenden Be-
setzung von Chelatgruppen durch diese die bestindig-

1 8. FALLAB, Schweiz, med. Wschr, 85, 687 (1955).

2 H, Irvine und R. J. P, WirLrtams, J. chem. Soc. 1953, 3192. —
Siehe auch: P. G. LAUGER, S.FarraB und H, ERLENMEYER, Helv.
chim. Acta 37, 1050 (1954); 38,92 (1955). ~ W. REGENASS, S. FALLAB
und H. ERLENMEYER, Helv. chim. Acta 3§, 1448 (1955).
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sten Komplexe bildenden Ionen und mitdennach solchen
Austauschreaktionen besonders fiir die Fermentaktivi-
tit zu erwartenden Storungen in Zusammenhang brin-
gen lassen.

Die kiirzlich am Himatologenkongress in Freiburg
von RECHENBERGER? mitgeteilte Beobachtung:

«Im Laufe des Lebens nimmt der Depoteisengehalt in
den Depotorganen chemisch und histochemisch signi-
fikant zu und erreicht in den hochsten Altersklassen
bei beiden Geschlechtern sein Maximumo»

veranlasst uns, iiber Untersuchungen zu berichten, die
wir — da die angegebene «Irving-Williams-Reihe» nur die
M2+ beriicksichtigt — unternommen haben, um uns iiber
die Konkurrenzierung von Fe®*+ und Cu?* bei der Be-
setzung verschiedener Chelatgruppen zu informieren.

Uber das Verhiltnis der Fe®*+. zu den Cu?+-Ionen in
bezug auf Stirke der Komplexbildung gegeniiber ver-
schiedenen Liganden ist bisher wenig bekannt geworden.
Aus Versuchen mit Salizylsdure* und Zitronensiure®
geht hervor, dass bei diesen Verbindungen Fe3+ stirker
gebunden wird als Cu?+, Uber eine dhnliche Beobachtung
mit Proteinen berichtet Krorz,

Wir benutzten bei unseren Untersuchungen ein Aus-
tauschgleichgewicht vom Typus:

[Cu{dB)]* + Fed+ === Cu?* + [Fe(4B)n]

Die stéchiometrische Zusammensetzung sowohl der
Chelatkomplexe als auch der in hydratisierter Form oder
in Gegenwart von CH,COO’ als Azetatokomplex vor-
liegenden Metallionen bleibt ungewiss. Die Lage des an-
gefithrten Gleichgewichtes wurde spektrophotometrisch
ermittelt unter Verwendung von geeigneten Absorptions-
banden des im System vorliegenden Cu- oder Fe-Kom-
plexes.

Die untersuchten Systeme waren durch 0,5m Azetat-
puffer auf pH 4,15 4 0,05 eingestellt und enthielten
Cu?t+, Fe3* und auch den Komplexbildner in einer Kon-
zentration von 10-3—10-4,

Es zeigte sich in unseren Versuchen, dass Glutamin-
sdure, Histidin und Histidyl-Histidin Cu?* stirker bin-
den als Fe®t, wihrend durch Weinsidure, o-Methoxy-
phenol, o-Aminophenol und Natrium-Pyrophosphat Fe?+
stirker als Cu?* gebunden werden, das heisst, es wird ent-
sprechend diesen Angaben durch das eine Ion das
Gegenion aus dem vorgelegten Komplex verdringt.

_Diese Ergebnisse zeigen bereits, dass in bezug auf die
Stabilitit der Fe3*- und Cu?*+-Komplexe eine Struktur-
spezifitit fiir die verschiedenen Chelatverbindungen an-
zunehmen ist. Entsprechendes wird auch fiir die Fer-
mentchelate gelten, so dass sowchl Cu?t als aber auch
Fe3+ die weniger stark gebundenen Metallionen ver-
dringen koénnen. In welcher Weise und in welchem Um-
fang die Organismen dieser Gefdhrdung der Metallfer-
mente begegnen kdnnen, ist zu untersuchen. Zu beriick-
sichtigen ist, dass die Unterschiede in den Bestindig-
keitskonstanten der mit verschiedenen Verbindungen
und mit verschiedenen Ionen aufgebauten Chelate nicht,
wie man nach der Irving-Williams-Reihe vermuten

3 J. RECHENBERGER, Ewropdischer Himatologen-Kongress 1955,
Autorreferate, S. 42.

4 A. K. Basxko, Zavodskaya Lab, 13, 645 (1947);
Abstr. 43, 3306h.

5 R. C. WarNER und I. WeBeR, J. Amer, chem. Soc. 75, 5086
(1953).

8 1. Krotz, A Symposium on the Mechanism of Enzyme Action
(Baltimore 1954) S. 266.

ref. in Chem.



