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Problems in Solid State Spectroscopy *

Summary

The spectra of molecular ions in crystals depend on the static
field on the site occupied by the ions as well as on the dynamic
coupling between similar ions. With the sulphate ion as an
example it is shown how symmetry considerations form the
basis for an interpretation of the crystal spectra of such ions,

There are at least two reasons why it may be of interest
to study the spectra of solids:

1. Most of our knowledge about the structure of inorgan-
ic molecular ions originates from X-ray investigations
of crystals, and the question then arises whether
these structures will also pertain to the ions in aqueous
solutions. One way of tackling this problem is to
compare the spectra of the ions in solutions with
those in crystals.

2. Information about the ‘“stationary states” of ions
and molecules is mainly obtained from observations
of spectral transitions between them. In atomic
spectroscopy the polarization and splitting pattern
of the spectral lines in magnetic fields has proved
invaluable for that purpose, and the polarization and
the splitting pattern of spectral lines from ions in
crystals due to the local crystal field may be used in a
similar way.

This will be explained in the following.

The spectra of molecular ions in aqueous solutions are
usually assumed to be similar to the spectra of the same
units in the gaseous state, which presumably is a fair
approximation. However, it is known that crystal spectra
may be considerably different from these.

For example, the SO;™-ion in the gaseous state would
be expected to have four fundamental vibrational fre-
quencies. These should all be observable in the Raman
spectrum, but only two of them should appear in the
infrared spectrum. However, the Raman and infrared
spectra of the SO, -ion in crystalline K,SO, exhibit
many more lines, respectively absorption bands.

From X-ray investigations of the sulphate ion it
appears that it has the symmetry T, of a regular tetra-
hedron. All the translations, rotations and vibrations as
well as molecular wave functions may be classified ac-
cording to symmetry species of the point group T, of
which there are only a limited number, in this case five.
This gives us a kind of shorthand description of how a
vibration behaves when subjected to the symmetry
operations which bring the tetrahedron into coincidence
with itself e.g. tells us whether a vibration is unchanged
or transformed into its opposite etc.

* Presented at the Spring Meeting of the Swiss Chemical Society in
Ziirich, April 21/22, 1972.

Fundamental vibrational frequencies of the sulphate ion!

Designation =~ Symmetry Activity Approximate
species frequency

vy A, Raman 985 cm™!

Vy E Raman 450 cm™?!

V3 T, Raman+ I.R. 1085 cm™!

v, T, Raman+ I.R. 610 cm ™!

1 K. W. F. KoBLRAUSCH, Ramanspektren, Akademische Verlagsge-
sellschaft, Leipzig 1943.

Thus, for a SO, -ion, there are only four different
fundamental vibrational frequencies because some of
the vibrational states are degenerate, i.e. owing to
symmetry they have the same frequency or energy.

Let us now introduce our sulphate ion into a crystal
on a site of a certain symmetry. If the crystal structure
is known from X-ray investigations and there is no
disorder in the crystal, then there is a well-defined
symmetry at every point in the crystal.

In the “imaginary” gaseous state the SO, -ions do
not influence one another, but in the crystal they are
subject to an electric field having the symmetry of the
site. If either the electric interaction with the ion is
negligibly small, or if the site symmetry is T, as for the
free ion, the energy levels can be classified just as before,
and the spectral transitions will also be unchanged, so
that the molecular spectrum will look like that of the
free molecular ion.

With a site symmetry for the SO; -ion as low as C_in
the K,SO,-crystal and with a significant interaction of
the ion with the crystal field, there can be no degenerate
frequencies. This is because we now have to classify the
energy levels of the molecules according to symmetry
species of the point group C,, and here there are no
degenerate states. Instead of four vibrational frequen-
cies we should now expect nine. We say that there is a
local static field splitting of frequencies.

The “site spectrum® of a molecular ion may (in
principle at least) be observed when we introduce a small
quantity of the ions into a host crystal which is iso-
morphous with our first crystal, but which, instead of
the ion which we consider, is built up of a similar ion of
the same volume, shape and charge, but with a different
mass. For example, small amounts of K,S0, could be
dissolved in a crystal of K,CrO,. Under these conditions
it is fair to assume that there will be no interaction be-
tween the SO -ions.

The situation is different in a pure K ,SO ,-crystal where
there are four non-equivalent SO, -ions in the ortho-
rhombic unit cell. Here we can imagine that the different
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sulphate ions in the crystal will be coupled in much the
same way as we could couple mechanical oscillators.
This dynamic coupling influences the energy levels. If
we go to very strong coupling we may consider the whole
crystal as a single molecule. However, due to the period-
icity of the crystal structure it suffices to consider only
the unit cell which can be defined as the smallest collec-
tion of atoms in the crystal that are not related to one
another by simple lattice translations. The translational
symmetry will ensure that the situation in an arbitrary
unit cell will also be the situation in all other unit cells in
the bulk crystal at the same time. This means that
equivalent atoms (and electrons) have to move in phase*.

The oscillations of the bulk crystal then are the
oscillations of the unit cell carried through the crystal
in the same phase.

In the approximation of strong coupling in the crystal
the unit cell contents thus play the same role as a mole-
cular unit and may be treated analogously to the ““free
molecule” considered previously.

Thus we now consider the effect of the symmetry
operations of the unit cell on its atoms and electrons.
These operations form a subgroup of the crystal’s space
group and may be obtained from the SCHOENFLIES
symbol for the latter simply by deleting its right hand
upper index, thus with K,SO, as an example:

— 16
Pnma = D2h g D2h‘

In the present situation the movements in the unit
cell are now classified according to symmetry species of
the point group D,,. As there are no degenerate sym-
metry species in this point group, and there now are
four SO; -ions instead of one, we may expect 4 X 9 =236
distinct vibrational frequencies from the sulphate ions
alone.

On the basis of our belief in continuity in nature we
must be able to correlate movements and wave functions
classified under each of the three point groups with rela-

* Two atoms are called equivalent if one can be obtained from the
other by the operation of a lattice translation.
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tion to respectively 1. the free molecular ion, 2. the site
and 3. the unit cell. Thus states which behave in the
same way when subjected to symmetry operations that
are common to the three point groups are brought in
relation to one another.

From theoretical considerations it will often be possi-
ble to give a symmetry description of the molecular
states, but what can be observed are the spectral transi-
tions between such states. The task is then to deduce the
symmetry of the states involved from the characteristics
of the spectral lines. Such characteristics are: 1. Type or
activity of the transition (Raman or I.R., electric or
magnetic transition etc.), 2. Polarization, 3. Splitting
pattern in electric or magnetic fields, 4. Frequency and
5. Intensity.

Decisive for the activity and the polarization are the
selection rules, also known from other fields of spectro-
scopy, e.g. electric dipole transitions from the ground
state are allowed to states having the same symmetry
as components of the translation.

The splitting pattern may be inferred from the corre-
lation scheme mentioned above. However, the splittings
may be beyond resolution and combination bands may
obscure the pattern. In order to obtain sharper spectral
lines by quenching the low frequency vibrations in the
crystal it is advantageous to cool the crystal to low
temperatures.

In Odense Mr.P.WAAGE JENSEN has recently taken
up Raman spectroscopy on single crystals of compounds
with the general formula Me (I);[Me (III)(CN),] in
order to study systematically the vibrations of complex
ions of the type [Me (III) (CN),]%~. It appears that a
sharp distinction between “lattice vibrations” and

"“‘internal vibrations” i.e. vibrations inside the mole-

cular ions, may be difficult to make.

Also, evidence for the space group of these crystals
which, for a long time, has been the subject of dispute
may in some cases be obtainable from their Raman and
infrared spectra.

CHRISTIAN KNAKKERGARD M@LLER
Kemisk Institut, Universitet Odense (Danmark)

Solid Phase Peptide Synthesis on a Benzhydrylamine Resin of LRF
(Luteinizing Hormone Releasing Factor) and Analogues Including Antagonists*

MERRIFIELD’s solid phase peptide synthesis!is now being
extensively used for the synthesis of oligopeptides: its
success is mainly due to its rapidity, versatility, the
availability of new techniques of purification and the
reliability obtained through constant improvements
brought by varying its different parameters. Efforts
have been directed toward the choice of support, the
coupling reaction, the N-terminal protecting group, the
C-terminal protecting group when the peptide was to be

attached to the resin by its amino end, and the cleavage
step: these modifications have been recently reviewed
by FeLix and MERRIFIELD 2.

Our efforts have been directed essentially toward the
choice and improvement of the resin using the classical
approach of stepwise addition of N-protected amino

* Presented at the Spring Meeting of the Swiss Chemical Society in
Ziirich, April 21/22, 1972. Research supported by Arp (Contract
No.A1D/csd 2785), Ford Foundation and Rockefeller Foundation.
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or by solid phase on a benzhydrylamine resin. In addi-
tion to the usual monitoring techniques such as: UV,
color reaction, etc., we found that NMR spectroscopy was
extremely reliable in identifying and following the
compounds throughout the purification stages, and
could also be used as a criterion of purity.

Using the benzhydryl amine resin and the procedure
described we synthesized many peptides, analogues of
both TRF!! and LRF!2%:, Among the former, 3-Me-His?-
TRF is the only analogue known to be more active than
the natural product, whereas 1-Me-His2-TRF on the
other hand is almost inactive!®, On the basis of these
results, 1-Me-His2-LRF and 3-Me-His2-LRF were syn-
thesized ; neither of them however, showed such striking
properties as the TRF homologue (see Table I). It is
possible that the methyl group sterically interferes with
the conformation of the natural product, although the
electronic properties of the N-3 and N-1 position respect-
ively of the imidazole ring might be relevant to the
activity of LRF.

Specific binding of [*H-Pro] labelled TRF to mouse
thyrotropic tumor membrane preparations and to intact
pituitary cells has been described!. Good correlations
were observed in most cases between biological activity
and binding affinity in the series of TRF analogues
examined !5, In order to conduct similar studies with LRF
and for monitoring its distribution in our biological
systems, we synthesized tritiated LRF of high specific
radioactivity. For this synthesis [*H-Pro] was chosed
for two reasons:

1. It is obtainable at comparatively low cost at high
specific radioactivity (30 to 60 Ci/mmole).

It has logistical advantages since proline is the second
residue to be coupled on the resin; the substitution
could hence be controled at the first glycine step;
after coupling Boc proline to the resin, all unreacted
sites could be acetylated, hence, only allowing the
chain containing the [*H-proline] to grow to comple-
tion. The synthesis was undertaken with .8 Curie of
tritiated proline (specific radioactivity : 36 Ci/ mmole);
it was protected using tert. butyl fluoroformate
described by ScCHNABEL et all® in the presence of
magnesium oxide; it is an efficient, quick and mild
way of introducing the Boc protecting group. The
synthesis and purification was then carried out follow-
ing the general approach already described, yielding
about 1 mg of biologically active material.

2

LRF and analogues were assayed in vitro!” using 5 day
old primary culture of dispersed rat pituitary cells. The
LH secreted in response to LRF and related analogues
was assayed by specific radioimmunoassay for rat LH.

LRF was assayed in vivo!® for LH releasing activity by
i.v.injection of the materials into estrogen-progesterone
blocked chronically ovariectomized rats. Plasma LH
levels are obtained by solid phase radicimmunoassay for
rat LH.
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Table I

Peptides % LRF
Potency
invivo!” and
in vitrol®

pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH, (1) 100
”» ” ” 2 ”» ”» ” ” -PI‘O-NHZ (2) ll

" ” ” 2 ”» ” ” 'Arg‘NHz (3) 0.01
» v » 7 » »” .Leu-NH, “) <0.01
» » » » » .Gly-NH, () <o.01
» » o » TyNH, (6) <0.02
”. 7 .Ser-NH, (7) <0.01
” ” -Trp-NH, (8) 0.1
p-Glu-His-NH, ©9) <0.05
pGlu-NH, (10) < 0.003

pGlu-1-Me-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH, 3
pGlu-3-Me-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH, 6
pGlu-Gly-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH, *
pGlu -Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH, < 0.001

This analogue showed a significant response at a dose of 100 ug
in vivo and at a concentration of 3 X 1075M in vitro. The slope of
the response, however, was not parallel to that exhibited by LrRF
so that a percentage comparison of activities was not possible.

In an attempt to find the shortest peptide with LRF
biological activity we synthesized a series of shorter
peptide-amide homologues (see Table I) to LRF where
the C-terminal amino acids have been successively
eliminated. The table is self-explanatory and clearly
shows that removal of two residues substantially reduces
the biological activity. It is, however, remarkable to see
that the tripeptide pGlu-His-Trp-NH, has .1% of LrRF
biological activity. An explanation of this activity of
the tripeptide might be that the tertiary structures of
the deca- and tripeptides resemble each other to such
an extent that they are both recognized by the LRF
receptor. This affirmation is sustained by the observed
similarity in the dose-response curves of the two pepti-
des. The relative inactivity of compounds (3) to (7)
would then have to be explained on the grounds of steric
effects. An even more striking result is the ability of the
dipeptide p Glu-His-NH, to release LH, although a very
high dose is required.

Another series of LRF analogues, in which each residue
was successively replaced by glycine, was synthesized?

11 J,RIvier, W.VALE, M. MoNABAN, N. LIiNG and R. Burcus, J. Med.
Chem. 15 (1972) 479.

12 a) M.MoNAHAN, J. Rivier, R.Burcus, M. AMoss, R. BLACKWELL,
W.VALE and R. GUILLEMIN, C. R. Acad. Sci. (Paris) 273 (1971) 508.
b) M.MoNAHAN, J.Rivier, W.VALE, R.GUILLEMIN and R.Bur-
Gus, Biochem. Biophys. Res. Commun. 47 (1972) 551.

13 W.VALE, J. R1viER and R.BUrcus, Endocrinology 89 (1971) 1485.

14 G.GRANT, W.VALE and R.GUILLEMIN, Biochem. Biophys. Res.
Commun. 46 (1972) 28.

15 G. GRANT, W.VALE and R. GUILLEMIN, IVith International Con-

gress of Endocrinology (Abstract)), 1972.

E.SceNaBeL, H.HERrzoG, P.HoFFrMANN, E.KLAUDE and I.Ucr,

Angew. Chem., internat. Ed. 7 (1968) 380.

17 W.VALE, G.GRrANT, M. AMoss, R. BLoAckwELL and R. GUILLEMIN,
Endocrinology, in press.

18 M. Amoss and R. GUILLEMIN, Gonadotropins (E. RosEMBERG, Edi-
tor), Geron-X, Los Altos (California) 1968, Vol. 1, p. 313.

19 M.MONAHAN et al., in preparation.
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in an effort to define the importance of the various amino
acids in biological activity.

One of them, the Gly2- LRF, showed along with a partial
agonistic activity (see Table I), an undeniable ability to
inhibit LRF in an in vitro system!??, Using the culture
assay we determined the relative potency of all of the
LRF analogues® and studied their pharmacological
interaction with LRF, particularly any analogue’s ability
to antagonize LRF. In view of the antagonistic activity
of Gly2-LRF we synthesized the des-His®-LRF (see Table
I). It is relevant that des-His!-glucagon was found by
RoDpBELL* to be a competitive inhibitor of glucagon.
We, indeed, synthesized an antagonist? almost devoid
of agonistic activity.

These two His?-LRF analogues are the first peptides
reported to be competitive antagonists of the biological
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activity of LR¥. The physiological and potential clinical
significance of these LRF antagonists in now being
investigated.
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Informationstheoretisches Modell der Carcinogenese*

Summary

The effects of chemical and physical agents on genetic material
have been explained by the interaction of the cell with its
immediate environment. Another possibility of cancerogenesis
stems from the thermodynamic- and information theory-based
premise that cancerogens must all act on the genom of a cell
with the same code.

In animal organisms the 100 internal and external receptors
and the nerve cells of the central, peripheral and intramaral
systems are the only means available for the transformation of
external stimuli into the organism’s own code (RNA, DNA and
proteins). By way of the interaction of the epithelial cells (high
rate of cell division) and the nerve cells in the adult organism
unable to reproduce) which both originate from the same germ
layer, arises after many thousands of cell generations through
the “reversible production of code molecules” an “exo-DNA”
(phase 1). The combination of these “quasi-virus-DNA” with
the DN A of the mother cell (i.e. epithelial cell) would produce
a tumor cell which over many generations whould develop into
an autonomous, host-specific parastited organism (phase 2).

Wir haben vor sechs Jahren mit theoretischen Unter-
suchungen iiber das Wesen der Information und ihren
Zusammenhang mit der Chemie begonnen. Die Aus-
gangsfrage war, wie molekularprogrammierte Synthesen
im organischen Laboratorium aussehen miiBten, welche,
wie die enzymkatalysierten Synthesen, durch eine hohe
Spezifitit charakterisiert wiren (Auswahlfihigkeit im
informationstheoretischen Sinne). Die bisherigen Ergeb-
nisse haben uns inzwischen veranlafit, den Schwerpunkt
unserer Studien ganz auf einige zentrale biologische Pro-
bleme zu verlegen. Eines davon betrifft den Krebs. Erste
Resultate haben wir bereits 1966 publiziert!.

Im Zusammenhang mit der Ausnahmestellung des
Menschen in bezug auf die Gehirnentwicklung betrach-
ten wir in erster Linie die beim Menschen spontan auf-
tretenden malignen Tumoren, von denen allein 92%
Carcinome sind. Thre Muttergewebe sind Epithel- und

Parenchymgewebe. Ferner gelten unsere Betrachtungen
auch der chemischen Cancerogenese der Laboratoriums-
tiere sowie der neoplastischen Transformation von Zell-
kulturen. — Als allgemein akzeptierte Krebsursachen
stehen die exogenen Faktoren und die Krebsviren zur
Diskussion.

Die meisten bisher diskutierten Mechanismen gehen
von einer direkten chemischen oder physikalischen Ein-
wirkung auf Kern und Zellorganellen aus. Im Gegensatz
dazu lassen wir die exogenen Krebsfaktoren iiber die
101° Sinneszellen (Intero- und Exterorezeptoren des
Nervensystems) von-der Peripherie her auf den tieri-
schen Organismus einwirken, wobei es auf diese Weise
indirekt zu RNs- und DNs-Sequenzinderungen kom-
men wiirde. Zelle, Kern, pNs koénnten somit direkt
durch chemische Reaktion oder iiber den ganzen Orga-
nismus indirekt mit der Umwelt reagieren?. Im zweiten
Falle wiirde man auch sagen: der tierische Organismus
hat «quasimolekulare» Eigenschaften, d.h. man kann
ihn als chemische Verbindung behandeln und das
«quasi-chemisch-physikalische» Verhalten dieses « Giga-
molekiils » studieren. Von diesem wie vom informations-
theoretischen Gesichtspunkt aus kann nidmlich ein
sinnvoller3 Eingriff in das genetische Steuersystem nur
iiber zwischenmolekulare Wechselwirkungen von der

Peripherie her? und nur iiber einen gemeinsamen Code
* Vorgetragen am 21. April 1972 an der Friihjahrsversammlung der
Schweizerischen Chemischen Gesellschaft in Ziirich.
H.SCHALTEGGER, Chimia 20 (1966) 197, 237, 389, 23 (1969) 185.
Die Moglichkeit der indirekten Einwirkung auf die DNs miifite
auch bei der Diskussion des Mutationsmechanismus beriicksichtigt
werden (Abb.4, oben; sieche auch FuBnote 6).
Eine Krebszelle fiir sich betrachtet ist im biologischen Sinne keine
geschidigte Organzelle.
4 Jede chemische Reaktion wird durch zwischenmolekulare Wech-
selwirkungen eingeleitet.

o -

@












Chimia 26 (1972) Nr. 6 (Juni)

— Summationseffekt der cancerogenen Reize (Irrever-
sibilitit).

— Linearitit der Dosis/Zeit-Wirkungsbeziehung.

— Entstehung und Verlust neoplastischer Eigenschaften
in Zellkulturen.

~ Reversible Tumorentstehung und -riickbildung bei
regenerationsfihigen Tieren (entwicklungsphysiolo-
gische Phinomene).

— Neoplasmen durch Viren (bei Tieren).

— Abhiingigkeit der Wirkung chemischer Cancerogene
vom Alter der Tiere.

~ Verlust der Kontakthemmung.

— Bisher keine allgemein tumorspezifischen Antigene
gefunden.

— «Natiirlicher Pflanzenkrebs» nur durch Bakterien.
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— Keine chemische Cancerogenese bei Pflanzen beobach-
tet.

Ferner stiitzt sich das Modell auf eine umfassende Kon-
sultation vieler Fachgebiete.

Die verschiedenen Krebshypothesen ergeben eine
recht gute Ubereinstimmung mit unserem Modell, sie
sind also nicht unvereinbar mit ihm, sondern lassen sich
als «Teilmechanismen» des hier vorgeschlagenen Mo-
delles auffassen (Abb.4, rechts).

H.SCHALTEGGER
Institut fiir organische Chemie der Universitiat, CH-3000 Bern 9

14 Wir danken der Stiftung zur Forderung der wissenschaftlichen
Forschung an der Universitit Bern fiir die Unterstiitzung dieser
Arbeit.

Prizisierung der Konstitution der Sulfonierungsprodukte von o-Toluidin*

Summary

Sulfonation of o-toluidine (1) in oleum yields only 2-amino-
toluene-4-sulfonic acid (4), while the isomeric 2-aminotoluene-
5-sulfonic acid (2) can be prepared solely by baking the acid
sulfate salt of 1. Further sulfonation of 4 afforded 2-amino-
toluene-4,5-disulfonic acid (6) whose structure was proven by
deamination to toluene-3,4-disulfonic acid (8). The latter was
independently synthesized from 4-aminotoluene-3-sulfonic acid
(7) by successive treatment with potassium ethyl xanthate,
hydrolysis and oxidation.

Im Rahmen einer groBleren Arbeit wurde es nétig,
2-Amino-toluol-3,5-disulfonsiure 3 in maglichst 6kono-
mischer Weise darzustellen, Die Synthese dieser Verbin-
dung ist in der Literatur durch Sulfonierung von 2-Ami-
no-toluol-5-sulfonsiure 2 beschrieben!-2. Die Literatur-
angaben iiber die Synthese von 2 aus o-Toluidin 1
widersprechen sich jedoch zum Teil. In zwei &lteren
Arbeiten wird von einem Gemisch von 2-Amino-toluol-
5-sulfonsidure 2 und 2-Amino-toluol-4-sulfonsiure 4 be-
richtet, welches bei der Einwirkung von Oleum auf 1 bei
niedrigen Temperaturen entstehen soll® 4, Mit einer Aus-
nahme?® wird aber sonst die Darstellung von 2 durch
Backen des sauren Sulfats von 1 beschrieben®. Zur Ab-
klirung der Konstitution der Mono- und Disulfonie-
rungsprodukte von o-Toluidin 1 sind daher die in dieser
Mitteilung beschriebenen Versuche durchgefiihrt wor-
den.

Bei der chromatographischen Verfolgung der Sulfo-
nierungsreaktion von 0-Toluidin 1 in Oleum 20% mittels
Diinnschicht- und. Papierchromatographie wurde ein
erstes Produkt beobachtet, welches den gleichen R.-Wert
zeigte wie die gewiinschte 2-Amino-toluol-5-sulfonsiure
2. Auch die Farbnuance des mit nitrosen Gasen diazo-
tierten und dann mit einer 5Sprozentigen Losung des
Dinatriumsalzes von 2-Hydroxinaphthalin-3,6-disulfon-
sdure (R-Salz) besprithten Flecks war die gleiche wie

diejenige einer mitchromatographierten Probe von 2.
Wurde jedoch die Sulfonierung weitergefiihrt, so konnte
wiederum chromatographisch festgestellt werden, da83
aus dem ersten Sulfonierungsprodukt ein zweites ent-
stand, welches nicht mit der gewiinschten 2-Amino-
toluol-3,5-disulfonsiure 3 identisch war. Das zuerst auf-
tretende Produkt konnte also nicht 2 sein.

Die Vermutung, daB es sich beim beobachteten aus 1
gebildeten Monosubstitutionsprodukt um die zu 2 iso-
mere 2-Amino-toluol-4-sulfonsiure 4 handeln miisse,
konnte bestitigt werden, als es gelang, nur das zuerst
auftretende Monosulfonierungsprodukt rein zu isolieren.
Dazu wurde 1 in Schwefelsiure 100% bei maximal 50°
gelost und dann Oleum 60% zugetropft, was einen Tem-
peraturanstieg auf 75 bis 80° bewirkte. Nachdem kein
Edukt mehr diinnschichtchromatographisch nachweis-
bar war, wurde die Reaktionsmasse auf Eis ausgeladen
und das ausgefallene Produkt aufgearbeitet (Ausbeute
71%). Das 1R- und das NMR-Spektrum waren identisch
mit demjenigen von 4, und auch der Schmelzpunkt des
Didthylammoniumsalzes? war der gleiche wie der des aus

Eingegangen am 29. April 1972.

R.H.C.NEVILE und A.WINTHER, Chem. Ber. 15 (1882) 2992;

H.HassE, Liebigs Ann. Chem. 230 (1885) 287.

2 M.S.KISTENEVA und M. S. RozBDESTVENSKIL, Zhur. Priklad Khim
22 (1949) 1108-12; Chem. Abstr. 45 (1951) 5654g.

3 A.Craus und FRr.IMMEL, Liebigs. Ann. Chem. 265 (1891) 72.

.4 F.GERVER, Liebigs Ann. Chem. 169 (1873) 374.

5
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-

M.N.Scrurrz und H.J.Lucas, J. Amer. Chem. Soc. 49 (1927) 298.
a) F.A.PAGEL, Liebigs Ann. Chem. 176 (1875) 292. b) H.Lime-
RICHT, Chem. Ber. 7 (1874) 1350. ¢) R.H.C.NEVILE und A, Win-
THER, Chem. Ber. 13 (1880) 1941. d) C.F.H.ALLEN und J.A.vAN
ALLAN, Org. Synth. 27 (1947) 88. e) Z. SKROWACZEWSKA, Trav. Soc.
Sci. Lettres Wroclaw Ser. B 61 (1953) 5-53; Chem. Abstr. 48 (1954)
7569e. f) W.HUBER, Helv. Chim. Acta 15 (1932) 1372. g) B10OS

_ Final Report 986, 441; 1153, 173.
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2-Amino-toluol-4-sulfonsdure 4. Zu 240 ml Schwefelséure 100%
werdeninnert 35Minuten 107g (1 Mol) o-Toluidin 1so zugetropft,
daB die Temperatur der entstehenden Losung bei eventueller
AuBlenkiihlung 50° nicht iiberschreitet. Sofort anschlieBend
werden innert 70 Minuten 120 ml Oleum 60% zum Reaktions-
gemisch getropft, wobei die Temperatur auf 76° ansteigt. Die
Reaktion wird nun mittels entnommener Proben verfolgt, wel-
che diazotiert, auf f-Naphthol gekuppelt und auf der Talkséule
chromatographiert werden. Nach 30 bis 40 Minuten ist kein 1
mehr feststellbar, und das Reaktionsgemisch kann vorsichtig
auf 1000 g Eis ausgeladen werden. Aus der anfallenden Suspen-
sion (Temperatur — 5°) kann 4 durch Vakuumfiltration isoliert
werden. Das Produkt wird auf der Nutsche mit Eiswasser ge-
waschen, bis das auslaufende Filtrat pH 3 erreicht hat. Nach
der Trocknung bei 80° liegen dann 144,8 g 4 mit einem Nitrit-
titer von 100% vor, was einer Ausbeute von 77,4% entspricht.
NMR-Spektrum in D,0 4 NaOD: 7,55 bis 7,42 6 (m, 3H),
4,75 6 (s, 3H), 2,32 4 (s, 3H).

Diéthylammoniumsalz aus 10 g 4, 10 g Diéithylamin und 250
ml Athanol. Smp. 195°.

2-Amino-toluol-4,5-disulfonsiure 6. Die Synthese von 6 be-
dingt das gleiche Vorgehen wie das fiir die Synthese von 4 be-
schriebene, nur miissen 50 ml Oleum 60% mehr zugegeben und
anschlieBend das Reaktionsgemisch 20 Stunden bei 140° ge-
rithrt werden. Man ld8t die Temperatur des Kolbeninhalts an-
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schlieBend auf 80° fallen, lidt dann auf 2000 g Eis aus und iso-
liert das angefallene Produkt mittels Vakuumfiltration. Das
gut abgesogene Material wird bei 80° getrocknet, und man er-
hilt so 211,5 g rohes 6 mit einem Nitrittiter von 85,5%, was
einer Ausbeute von 67,7% entspricht. Durch zweimalige Um-
kristallisation einer Probe in viel Wasser kann ein analysen-
reines Priparat erhalten werden.

NMR-Spektrum in D,0+ NaOD: 7,83 6 (s, 1H), 7,48 6
(s, 1H), 4,72 6 (s, 4H), 2,20 6 (s, 3H).

Wird nach dem Ausladen auf Eis zur 2600 ml umfassenden
Suspension 520 g Kochsalz gegeben, so erhilt man 344 g rohes
Mononatriumsalz von 6 mit einem Nitrittiter von 73,7% (be-
zogen auf freie Saure), was einer Ausbeute von 95,3% ent-
spricht.

Werden 187 g 4 in 200 ml Schwefelsidure 100% suspendiert,
dann analog obigem Vorgehen mit 166 ml Oleum 60% sulfiert
und ausgesalzen, so werden 313,5 g trockenes rohes Mono-
natriumsalz von 6 mit einem Titer von 75,1% (bezogen auf das
Mononatriumsalz) erhalten, was einer Ausbeute von 81,4% ent-
spricht.

Diidthylammoniumsalz aus 10 g 6 (freie Siure), 20 g Didthyl-
amin, 100 ml Athanol und 20 ml Wasser. Smp. 203 bis 204°.

ALFRED CoURTIN und KUuRT BRENNEISEN

Farbstoff-Forschung der SAND 0z A6, Basel (Schweiz)

Apparatus for Measuring Phosphorescence Decay Curves*

Summary

A rotating shutter phosphoroscope has been developed. It can
easily be attached to a commercial spectrofluorophosphorimeter
and allows, in combination with a time-averaging technique, a
sensitive measurement of phosphorescence decay curves.

Introduction

Instrumentation for the measurement of phosphorescen-
ce spectra and for the determination of phosphorescence
decay functions has been summarized by PARKER!,
CALVERT and Pirts?, HercuLes3, and GuiLBAULT%
Most of the described instruments use continuously
rotating sector disks® ¢ or rotating cylinders”:8 in order
to eliminate scattered light and fluorescence. When
measuring phosphorescence decay curves of compounds
with low phosphorescence quantum yields or long life-
times, considerable problems arise due to the low light
intensities. The application of modern methods of signal
processing is still relatively new in the field of optical
spectroscopy. For the determination of phosphorescence
decay functions, the method of time-correct summation
or time averaging of the individual phosphorescence
decay curves is especially well suited. A more refined
method using a small computer and data sampling with
non uniform intervals has recently been described by
KAiNzic, WiLp, and PErRONE®.

In this paper we describe an attachment to a commer-
cial Aminco-Bowman-Spectrofluorophosphorimeter. It
consists of a stepmotor and a triggered stepmotor drive
unit. A time-averaging computer controls the phosphoro-

scope shutter function and allows the summing of
individual decay curves. The data are stored in the time-
averaging computer and may be displayed on an oscillo-
scope or an x—y recorder?®,

For strong phosphorescence signals, where signal
averaging does not prove to be necessary, the phosphoro-
scope can be directly controlled by an oscilloscope.

Description of the Apparatus

Signal averager control. The block diagram of the spectro-
fluorophosphorimeter/signal averaging computer system
is shown in Fig.1. The phosphorimeter was a modified

* Received Mai 1, 1972.
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Abb. 1. Struktur des vom Harz durch Ammonolyse gespaltenen De-
kapeptids 10

Das Dekapeptid 10 wird durch Ammonolyse!? vom
Harz getrennt und die terminale Boc-Gruppe mit
CH,Cl,/TFA (1:1) in Gegenwart von 10% Thioglykol-
sdure abgespalten. Der 2,4-Dinitrophenylrest wird mit
2-Mercaptoithanol bei pH 8 vom Histidin entfernt. Zum
Abspalten der restlichen Schutzgruppen wird anschlie-
Bend in Methanol/Eisessig/ Wasser mit Pd/H, hydriert.
Aus Dimethylformamid-Athanol wird mit Ather-Petrol-
ather gefillt und das Produkt iiber eine Sephadex G-25-
Superfine-Siule gereinigt.
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Die LH-Freisetzung aus der Hypophyse wird in vitro
nach 1 bis 3 Stunden gepriift. LH wird radioimmunolo-
gisch bestimmt (Standard-N1aMD-Rat-LH-1). Das
Dekapeptid fiihrt ebenso wie der Extrakt aus der
eminentia mediana zu einer erheblichen Sekretion von
LH. Demgegeniiber ist ein Extrakt aus dem Cortex un-
wirksam.

Alle Drehwerte sind mit einem Digitalpolarimeter
oLD-5 der Firma Zeifl, Oberkochen, bestimmt. Die
[a]p-Werte sind durch Extrapolieren errechnet.

Abkiirzungen: AcOH = Essigsiure, Arg (3) = Arginin, Boc
= t-Butyl-oxycarbonyl, pcEA = Dicyclohexylamin, bcc =
Dicyclohexylcarbodiimid, pmF = Dimethylformamid, Glu (8)
= Glutaminsiure, Gly (1) = Glycin, His (9) = Histidin, Leu (4)
= Leucin, LH = luteinisierendes Hormon, Pro (2) = Prolin,
Ser (6) = Serin, Trp (7) = Tryptophan, Tyr (3) = Tyrosin.

Wir danken der Firma Zeif} fiir die Moglichkeit zur Messung
von Drehwerten.
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