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1. EINLEITUNG UND PROBLEMSTELLUNG

1.1 Bedeutung von Xanthon-Derivaten in der pharmazeutischen Chemie

Chemische Xanthone sind heterocyclische Verbindungen mit einem Dibenzo-y-
pyron-Grundgeriist™ (1) (Schema 1). In der Natur findet man Xanthon-Derivate
besonders in 2 Pflanzenfamilien, den Gentianaceae und Guttiferae, aber sie kommen
auch in einigen Pilzen und Flechtenarten vor.”) Das Xanthon-Ringsystem ist in
vielen Bereichen der medizinischen Chemie von grolRem Interesse, da dieses planare,
tricyclische System als GrundgerUst in einer Vielzahl naturlicher und synthetischer
biologisch aktiver Molekiile vorkommt. B4

Schema 1.
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So gibt es zum Beispiel Xanthon-Derivate, die als selektive und reversible
Monoaminooxidase-A-Hemmer®® (11, Bellidifolin 111) wirken (Schema 2). Das
Enzym Monoaminooxidase (MAO) spielt eine Schliisselrolle bei der Regulierung
von Adrenalin und Noradrenalin und ist Angriffspunkt fur einige Antidepressiva.m
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Andere Derivate mit substituierten 2,3-Epoxypropoxy-Gruppen in Position 3 und 5
(IV)E! zeigen cytotoxische Effekte gegen verschiedene Krebszelllinien durch
Hemmung der Topoisomerase Il. Unter diesen Verbindungen findet sich das
natiirlich  vorkommende Dihydrofuranoxanthon-Epoxid  Psorospermin (V).
(Schema 3)

Schema 3.

Weitere Vertreter mit Xanthon-Partialstruktur sind Cervinomycin (V1) und Lysolipin
(V1) (Schema 4), die beide antibiotische Aktivitat aufweisen. Cervinomycin A; und
A; sind potenzielle Antibiotika gegen Anaerobier und Mycoplasmen.! Lysolipin,
ein anelliertes, monochloriertes Xanthon, wirkt stark antibiotisch gegen grampositive
Bakterien, indem es in die Zellwandbiosynthese der Bakterien eingreift und weist

zudem Antitumorwirkung gegen verschiedene Krebszelllinien auf. 4

Schema 4.




Xanthon-Derivate aus der Pflanze Garcinia mangostana (Guttiferae) wie zum
Beispiel a- und y-Mangostin (VI und IX) weisen antioxidative Eigenschaften
auf.l’¥ AuBerdem konnte antiinflammatorische Aktivitit von y-Mangostin, einem
tetraoxigenierten, diprenylierten Xanthon-Derivat, durch direkte Hemmung der
Cyclooxigenase nachgewiesen werden.™ (Schema 5)
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Des Weiteren gibt es verschiedene ,Xanthon-Derivate’, bei denen ein oder beide
Benzol-Ring(e) der Stammverbindung durch heteroaromatische Systeme ersetzt
worden sind. Unter diesen finden sich einige bioaktive Verbindungen, z. B. der neue
Wirkstoff Amlexanox™ (Aphthasol ®) (X), welcher antiinflammatorische und
antiallergische Eigenschaften aufweist. Amlexanox wird zur Behandlung von Aphten
und Mundschleimhautulzera, Asthma bronchiale sowie Rhinits allergica
verwendet.™®! Ein weiteres Beispiel fur eine bioaktive Verbindung ahnlichen Typs ist
der A2-Subtyp spezifische Adenosin-Rezeptor-Antagonist A I (X1), bei dem ein
Benzolring des Xanthons durch ein substituiertes Pyrazol-System ersetzt ist.
(Schema 6)



Schema 6.

1.2. Synthese von Thioanaloga

Die Synthese der Thioanaloga von Ketonen, Lactonen, Amiden, Estern sowie
Flavonen, Isoflavonen und Xanthonen ist von nennenswertem Interesse aufgrund
ihrer Bedeutung in Bereichen der Biologie und Phytochemie sowie ihrer
Verwendung als Pracursoren zur Herstellung verschiedener synthetischer,
organischen Verbindungen. %! Das entsprechende Thioanalogon des Xanthons ist

das in Schema 7 angefiihrte Xanthion (XI1I).

Schema 7.
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Zur Uberfiihrung einer Carbonylfunktion in ihr entsprechendes Thioanalogon kénnen
verschiedene Reagenzien zur Anwendung kommen, unter ihnen Phosphorpentasulfid
(P2Ss = P4S10)?” sowie das Lawesson-Reagens (X111) (Schema 8).12

Es gibt zudem eine Reihe anderer Thionierungsmdglichkeiten, z. B. mit
Natriumhydrogensulfit, Gber Sdure-katalysierte Reaktionen mit Hydrogensulfid, oder
Herstellung von aromatischen Thioketonen Uber Friedel-Crafts-Reaktion mit
Thiophosgen (CSCl,).[#2



Lawesson-Reagens, LR, [2,4-Bis(4-methoxyphenyl)-1,3,2,4-dithiaphosphetan-2,4-
disulfid], ist ein mildes und kommerziell erhéltliches Agens zur Thionierung von

Ketonen, Estern, Amiden und vielen weiteren funktionellen Gruppen. 224

Schema 8.
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Als sehr effizientes Thionierungsreagens erzielt man damit exzellente Ausbeuten und
die einfache Handhabung, leichte Isolierung aus dem Reaktionsgemisch sowie die
Eignung fir milde Thionierungsreaktionen machen es zu einem beliebten Reagens in

der organischen Synthese.> %°l

Die Reaktionen mit Phosphorpentasulfid (P,Ss = P4S10) werden normalerweise in
kochendem Toluol, Xylol oder Pyridin durchgefiihrt!*” und benétigen groRe Mengen
an Reagens. Auflerdem sind die Reaktionszeiten langer, die Ausbeuten sind fur
gewdhnlich geringer und zudem schwankend.”® Darum ist LR dem

Phosphorpentasulfid tiberlegen.?

Lawesson-Reagens kann entweder aus der Reaktion von Anisol mit
Phosphorpentasulfid (150°C, 6h) gewonnen werden oder aus Anisol mit rotem
Phosphor und elementarem Schwefel beziehungsweise kann auch kommerziell

erworben werden.”
Es ist in Losung bei Temperaturen tiber 110°C instabil und zersetzt sich langsam.!

Generell reagieren aromatische und aliphatische Ketone mit Lawesson-Reagens in
kochendem Toluol oder Benzol bei durchschnittlich 110°C unter Riickfluss.*? Eine
weitere erfolgreich beschriebene Methode ist die schnelle und I6sungsmittelfreie
Mikrowellen-Reaktion, bei der die Substrate mit LR gemischt und dann in unter

Einfluss von Mikrowellen-Strahlung miteinander reagieren.*3 34

Der Mechanismen fur Thionierungsreaktionen mit Lawesson-Reagens wird im

Folgenden behandelt. (Schema 9) Das LR steht in Lésung im Gleichgewicht mit dem



reaktiveren Dithiophosphin-Ylid. Die Reaktion mit einer Carbonyl-Gruppe fuhrt zur
Bildung eines Thiaoxaphosphetans, Triebkraft der Reaktion ist die Bildung einer
stabilen P=0O-Bindung in einer Ring6ffnung, die dem Mechanismus der Wittig-

Reaktion dhnelt.l®!
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1.3. Problemstellung

Im Rahmen der vorliegenden Diplomarbeit sollten Untersuchungen zur Synthese
kondensierter, polycyclischer Systeme mit [5,6]Pyrano[2,3-c]pyrazol-4(1H)thion-
Partialstruktur angestellt werden. Diese tri- und tetracyclischen Verbindungen mit
Pyrazol-Partialstruktur konnen als heterocyclische Thioanaloga des Xanthons®
gesehen werden, bei denen einer der Benzolringe des Xanthon-Grundgeriists durch
ein Pyrazol-System und der andere durch verschiedene heteroaromatische Gruppen

ersetzt wurde. (Schema 10)


http://www.organische-chemie.ch/OC/Namen/Wittig.htm
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Schema 10. Zielverbindungen und Vergleich mit Xanthon
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Als Ausgangsverbindungen fir diese Thioanaloga wurden verschiedene
[5,6]Pyrano[2,3-c]pyrazol-4(1H)-one  verwendet, die im  Zuge friherer
Untersuchungen - ausgerichtet auf die Synthese neuer heterocyclischer
Verbindungen als bioaktive Komponenten - hergestellt wurden. Unter ihnen befinden
sich Systeme mit einem anellierten Pyridin (alle Isomere), einem Chinolin, einem
Thiophen (alle Isomere), einem Benzo[b]thiophen und einem Thieno[2,3-b]thiophen

als Heterocyclus am y-Pyranon-Ring."%83%

Ziel der Diplomarbeit war nun die Synthese von Thioanaloga der oben genannten
Verbindungen mittels Umwandlung des Pyran-4-ons in das entsprechende Pyran-4-
thion. Konkret handelt es sich bei den Zielverbindungen um 3-Methyl-1-
phenylpyrazolo[4,3":5,6]pyrano[3,2-b]pyridin-4(1H)thione 5a-d (alle Isomere), 3-
Methyl-1-phenylthieno[2",3":5,6]pyrano[2,3-c]pyrazol-4(1H)thione ~ 5e-g  (alle

Isomere),
3-Methyl-1-phenylpyrazolo[4”,3":5,6]pyrazo[2,3-b]chinolin-4(1H)thion 5h,
3-Methyl-1-phenyl[1]benzothieno[2",3":5,6]pyrano[2,3-c]pyrazol-4(1H)thion 5i und

3-Methyl-1-phenylthieno[3"",2"":4",5] thieno[2",3":5,6]pyrano[2,3-c]pyrazol-
4(1H)thion 5j

sowie 1-Phenylpyrazolo[4”,3":5,6]pyrano[3,2-c]pyridin-4(1H)thion 10.

Weiters sollten zu Vergleichzwecken 3-Methyl-1-phenylchromeno[2,3-c]pyrazol-
4(1H)thion 7 und 3-Methyl-1-phenylthiochromeno[2,3-c]pyrazol-4(1H)thion 9 aus



ihren entsprechenden Oxo-Systemen 6 und 8 hergestellt werden (Schema 11), wobei
die Synthese von 6“®* bzw. 8% in Anlehnung an literaturbekannten Methoden

erfolgen sollte.

Schema 11.
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Die Umsetzung der Ketone in die entsprechenden Thioketone sollte jeweils durch

Behandlung mit Lawesson-Reagens in siedendem Toluol erfolgen. (Schema 12)

Schema 12.
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2. EIGENE UNTERSUCHUNGEN ZUR SYNTHESE UND
EXPERIMENTELLER TEIL

Die eigenen Untersuchungen zur Synthese und der dazugehorige experimentelle Teil
der vorliegenden Diplomarbeit wurden bereits in Form zweier Manuskripte
zusammengefasst, die mittlerweile in Fachzeitschriften publiziert wurden. Der
Artikel Ober die Synthese heterocyclischer Analoga von Xanthionen ist in der
Zeitschrift Magnetic Resonance in Chemistry erschienen: ! V. Huemer, G. A. Eller
and W. Holzer, Heterocyclic analogues of xanthiones: 5,6-fused 3-methyl-1-
phenylpyrano[2,3-c]pyrazol-4(1H)thiones — synthesis and NMR (*H, *C, **N) data,
Magn. Reson. Chem., 2010, 48, 476-482.

Das andere Manuskript, welches eine Einzelsubstanz beschreibt, die nicht in die
vorher erwéhnte Publikation passte, wurde in der Zeitschrift Molbank
versffentlicht:™** V. Huemer and W. Holzer, 1-Phenylpyrazolo[4',3':5,6]pyrano[3,2-
c]pyridine-4(1H)-thione, Molbank, 2010, M678.

Die beiden Publikationen sind im Folgenden angeftihrt.
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2.1.Heterocyclic analogs of xanthiones: 5,6-fused 3-methyllphenylpyrano|2,3-
c]pyrazol-4(1H)thiones - synthesisandNMR(*H, *C,*N) data

Valerie Huemer, Gernot A. Eller, and Wolfgang Holzer*

Department of Drug and Natural Product Synthesis, University of Vienna,
Althanstrasse 14, A-1090 Vienna, Austria

Abstract

Various [5,6]pyrano[2,3-c]pyrazol-4(1H)-thiones are synthesized in high yields by
treatment of the corresponding [5,6]pyrano[2,3-c]pyrazol-4(1H)-ones with
Lawesson’s reagent. Detailed NMR spectroscopic studies are undertaken with the
title compounds. Complete and unambiguous assignment of chemical shifts (*H, °C,
>N) and coupling constants (*H,"H; *C,'H) is achieved by combined application of
various 1D and 2D NMR spectroscopic techniques. Unequivocal mapping of most
B3C,'H spin coupling constants is accomplished by 2D (8,J) long-range INEPT

spectra with selective excitation.

Keywords: 'H NMR; C NMR; N NMR; [5,6]pyrano[2,3-c]pyrazol-4(1H)-

thiones, Lawesson’s reagent

Introduction

In the course of a program devoted to the synthesis of new heterocyclic scaffolds for
bioactive compounds*™® we recently presented the synthesis of various
[5,6]pyrano[2,3-c]pyrazol-4(1H)-ones of type 4 via reaction of 2-pyrazolin-5-ones 1
with o-haloheteroarenecarbonyl chlorides 2 and subsequent ring closure of the
resulting 4-heteroaroylpyrazol-5-ols 3 (Scheme 1). Following this approach, we have
obtained type 4 compounds carrying — amongst others — a pyridine (all positional

isomers),™ quinoline,™ thiophene (all positional isomers),’*® benzo[b]thiophene,?

11



and thieno[2,3-b]thiophene system® as the variable heteroaromatic moiety (‘Het’)

condensed to the central y-pyranone ring.

o}
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RY O R} Q
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N OH X 1N @)
R
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1 2 4

Scheme 1. Synthesis of [5,6]pyrano[2,3-c]pyrazol-4(1H)-ones 4.

Thio analogues of flavones, isoflavones, xanthones and related systems have
received considerable attention due to the importance of such molecules in biology
and photochemistry as well as their usefulness as synthetic building blocks.!*!
Considering these facts, in the present paper we report on the synthesis of thio
analogues 5 of the above mentioned polycycles 4, in which the pyran-4-one moiety is
replaced by the corresponding pyran-4-thione. Moreover, we want to expose the
results of extensive NMR (*H, °C, *°N) studies undertaken with the title compounds
and some related systems, with full and unambiguous assignment of all chemical
shifts and most spin coupling constants. The obtained data of our rare condensed
heteroaromatic systems can be considered as valuable and reliable reference material
for  databases used in  NMR  prediction  programs, such as
CSEARCH/NMRPREDICT!*®! and ACD/C + H predictor.*¥ Such programs
have become very popular in the last few years, particularly for predicting **C-NMR

chemical shifts.
Results and Discussion

Chemistry

12



The transformation of carbonyl compounds into their thio analogues can be achieved
by the application of many different reagents.*"*>*®! The 2,4-bis(4-methoxyphenyl)-
1,3,2,4-dithiadiphosphetane 2,4-disulfide, known as Lawesson’s reagent, has been
commonly used for this purpose and usually permits efficient conversion of ketones
into thioketones.'™®*! Employing this method, namely by treatment of compounds 4
with 0.5 equivalents of Lawesson’s reagent in boiling toluene, we obtained the
corresponding target compounds 5 in high yields (Scheme 2). In the same manner
thiones 7 and 9, required for comparison purposes, were synthesized from oxo
compounds 6 and 8, respectively (Scheme 2). The latter were prepared according to

known procedures (6,224 g[#),

4 .@ Lawesson's reagent Y
N\ | N\ |

N (0] toluene, reflux N o

13



Scheme 2. Synthesis and atom numbering of investigated compounds.

NMR Spectroscopic Investigations

The 'H NMR data of compounds 4a—j, 6-9 are collected in Table 1. Assignment of
signals due to N-phenyl system is facile considering the relative intensities and the
coupling patterns (Ph-2,6 resembles a dublet, Ph-3,5 and Ph-4 a triplet). The
mapping of signals of protons attached to the variable heterocyclic system (‘Het’) at
the ‘east end’ of the condensed systems (according to Scheme 2) is mainly based on
chemical shift considerations and on COSY, NOE-difference and 1D-TOCSY
experiments?®! Moreover, information from the *H-coupled **C NMR spectra can be
employed to achieve unambiguous assignments. Thus, for instance, in thiophene
containing systems 5e, 5g and 5j carbons being in alpha position to the sulfur atom
can be distinguished from those being in beta positions on basis of their *J(**C,*H)
coupling constants (a-C: 'J ~ 190 Hz, p-C: 'J ~ 175 Hz)!?!! (Table 3). Via
correlations in the HSQC spectra then also the corresponding ‘H-signals can be
easily assigned. Protons located in position 5 of the anellated ring system receive a
downfield shift due to the magnetic anisotropy of the adjacent C=S bond. Thus,
chemical shifts of H-5 in 5b and 5h (pyridine 2-H, quinoline 4-H) come close to 10

ppm.

The *C NMR chemical shifts of the investigated compounds are collected in Table
2. Assignments are based on HSCQ (HMQC), HMBC, and long-range INEPT
experiments with selective excitation (INAPT).®! In rare cases (for instance
distinction of C-6 vs. C-8 in 9) HMQC-COSY spectra were consulted. Within type 5
compounds the signals due to the N-phenyl ring show a high degree of consistency,
this is also the case for 6 (3-Me), 6(C-3) and 6(C-3a). The C=S (C-4) resonance is
located between 190 and 198 ppm and is — of course — to some degree dependent on
the nature of the variable heteroaromatic system. Comparison of the **C chemical
shift data of compounds 5 with those of corresponding type 4 moietiest* clearly
shows the effects of replacing the central pyran-4-one by a pyran-4-thione system.
Whereas this replacement has nearly no influence on the chemical shifts of the N-

phenyl system or only small impact on those of 3-Me, C-3 and peripheral carbon

14



atoms of the heteroaromatic system, the chemical shifts of the carbon atoms
belonging to the central pyrane ring change drastically. Thus, in compounds 4 there
is a pronounced ‘push-pull situation’ leading to a strong polarization of the pyrane
C=C bonds — reflected by large chemical shifts of carbons attached to the pyrane O-
atom and small ones of those being in beta-position to the ring oxygen. In contrast,
with compounds 5 this polarization effect is much less developed resulting in an
upfield shift for carbons directly bonded to the pyrane O-atoms whereas those in
beta-position receive a marked downfield shift compared to the corresponding
signals in compounds 4. Switching from compound 6 to 7 shows the same typical
effects (C-3a: 104.9 — 116.3 ppm; C-4a: 123.3 — 127.9 ppm; C-8a: 154.4 — 149.7
ppm; C-9a: 152.9 — 146.5 ppm). The chemical shift of C-4 rises between 20 and 25
ppm in the transformation 4 — 5 or 6 — 7. The order of magnitude regarding these

changes is in good agreement with those found by Still and coworkers within the

changeover from xanthone (9H-xanthen-9-one) to xanthione (9H-xanthene-9-thione),

with C-8a/C-9a 121.5 — 128.7 ppm, C-4a/C-10a 155.7 — 150.1 ppm, and C-9 176.6
[25]

— 204.4 ppm (Figure 1).

O 1501

O 155.7 177 1180

xanthone xanthione

S319

S'1372 1259 126.9

thioxanthone thioxanthione

Figure 1. *C NMR chemical shifts of xanthone,!* xanthione,’*® thioxanthone,?®
and thioxanthione®”! (CDCl5)

Comparing the '*C chemical shifts of compounds 6, 7, 8, and 9 explicitly
demonstrates the effect of replacing the ring oxygen by sulfur (6 — 8, 7 — 9) and by

15



changing C=0 to C=S (6 — 7, 8 — 9) on the example of the benzene-fused tricycle
(Figure 2, see also Table 2). In Figure 1, the corresponding changes can be
recognized for the transitions xanthone — thioxanthone, xanthione — thioxanthione

as well as for those of xanthone — xanthione and thioxathone — thioxanthione.[?>?7]

14.1 16.0 S
Me Me
148.1 150.8

NT465 071407

137.0 136.8 117.8

121.2

129.4

121.2

129.4

6 7
127.3 127.5
14.2
Me O
1525
127.0
N
1319
N
139.8 S
1385 1829 067 138.3 126.7
123.0 1232
120.7 129.7
8 9
128.4 128.6

Figure 2. **C NMR chemical shifts of 6-9 (CDCl5)

In Table 3 the C,'H coupling constants of the investigated compounds are
summarized. The data are mainly extracted from the fully *H-coupled *C-NMR
spectra (gated decoupling). In ambiguous cases 2D (8,J) long-range INEPT spectra
with selective excitation®® are used for the definitive mapping of long-range™*C,'H
coupling constants. Thus, for instance, in the *H-coupled **C NMR spectrum of 5b
the signal due to C-8a (155.1 ppm) is split by a 9.7, 7.6 and 3.8 Hz coupling. In a 2D
(6,J) long-range INEPT spectra with selective excitation of H-7 the signal of C-8a is
split by 9.7 Hz — thus assigning 2J(C8a,H7) to be 9.7 Hz — whereas in a similar
experiment upon selective excitation of H-5 the C-8a signal is split-up by 7.6 Hz.
Hence, the correct assignments 2J(C8a,H7) = 9.7 Hz, J(C8a,H5) = 7.6 Hz and
2J(C8a,H8) = 3.8 Hz (following indirectly) can be unequivocally performed.

Expectedly, **C,*H coupling constants at the pyrazole moiety of compounds 5 are

16



scarcely different from the corresponding ones in 43 In this concern, also the
changes of couplings within the variable heteroaromatic systems are not significant.

Finally, Table 4 comprises the >N NMR data of 5a—j and 6-9. Within the compound
5 series the ©®N chemical shifts of pyrazole nitrogen atoms N-1 (=196.5 to —194.3
ppm) and N-2 (—93.1 to —90.7 ppm) are very consistent, indicating the marginal
influence of the variable heterocyclic system on these resonances. In contrast, the *°N
chemical shift of the pyridine N-atom in compounds 5a—d are strongly influenced by
the distinct electron donating resonance (+M) effect of the oxygen atom O-9: in 5d
0O-9 and N-8 are located in ‘ortho’-position leading to a considerable upfield shift of
N-8 (=102.3 ppm). In 5b (‘para’-position of O-8 and N-6) this effect is less
pronounced (6 N-6 77.4 ppm), whereas in 5a (6 N-5 —65.7 ppm) and 5¢ (6 N-7 —56.3
ppm) it has only little influence. Comparison of the *>N chemical shifts of N-1 and
N-2 in compounds 6-9 clearly indicates the effect of substituting C=0 by C=S
(6—7, 8—9) as well as substitution of the ring oxygen atom by sulfur (6—8, 7—9).
Whereas the former transformation leads to only small effects (~ 3 ppm upfield shift
for N-1, ~ 2.5 ppm downfield shift for N-2) the changeover from pyrane to
thiopyrane affects 6(N-1) (~ 15 ppm downfield shift) and d(N-2) (~ 20 ppm
downfield shift) much more distinctively. Again, the latter effect can be casually
explained by the less pronounced electron releasing mesomeric effect of sulfur
compared to oxygen. Comparison of the *N chemical shift data of compounds 4%
with those of 5 in principle shows similar effects as found with the transformation
6—7, namely 2-3 ppm upfield shift for pyrazole N-1 and 2—-2.5 ppm downfield shift
for pyrazole N-2. The pyridine °N atoms in 5a—d suffer small downfield shifts in

relation to the corresponding type 4 compounds.

In conclusion, we have presented an efficient synthesis of various novel
[5,6]pyrano[2,3-c]pyrazol-4(1H)-thiones (5a—j) as well as full and unambiguous
assignments of 'H, **C and >N NMR chemical shifts. Moreover, an analysis of many

spin coupling constants (*H,*H: *C,*H) with the investigated systems was provided.

Table 1

Table 2
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Table 3

Table 4

Experimental

All NMR experiments were performed using standard NMR spectroscopic
techniques.™™ The *H NMR and **C NMR spectra were recorded from CDCl,
solutions either on a Varian UnityPlus NMR spectrometer (300 MHz for 'H, 75 MHz
for °C) or on a Bruker Avance 500 instrument (500 MHz for *H, 125 MHz for **C)
at 25°C from using 5 mm direct detection broadband probes and deuterium lock. The
center of the solvent signal was used as an internal standard which was related to
tetramethylsilane with & 7.26 ppm (*H) and & 77.0 ppm (**C). The recording
conditions were the following: *H NMR: pulse angle 30°, acquisition time 5 s, digital
resolution 0.2 Hz/data point, spectral width 16 ppm, 16 transients, relaxation delay 5
s; broad-band decoupled *C-NMR spectra: pulse angle 30°, acquisition time 2 s,
digital resolution 0.5 Hz/data point, spectral width 220 ppm, 128-1024 transients,
relaxation delay 2 s, exponential multiplication with 1.0 Hz line broadening factor
before FT; gated decoupled **C-NMR spectra: as above but acquisition time 2.5 s,
digital resolution 0.4 Hz/data point, 512-8192 transients, relaxation delay 2.5 s,
resolution enhancement by Gaussian weighting (Varian: Ib = —0.15, gf = 0.7; Bruker:
Ib = —0.6, gb = 0.2) before FT. Full and unambiguous assignments were achieved by
consequent application of fully *H-coupled **C-NMR spectra (gated decoupling), gs-
HSQCP (1024 x 256 data matrix, 10 ppm for *H, 160 ppm for *C, 4 transients
accumulated per t; increment; optimized for J = 160 Hz, gsine multiplication in both
dimensions) and gs-HMBCEY (1024 x 256 data matrix, 10 ppm for *H, 180 ppm for
3C, 8 transients accumulated per t; increment; optimized for J = 8 Hz, sine
multiplication in both dimensions) techniques to all compounds. The unequivocal
mapping of *C,"H coupling constants was performed via 2D long-range INEPT (3,J)
spectra with selective excitation (DANTE)® of unequivocally assigned proton
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resonances (12—-24 Hz excitation width, optimized for J = 8 Hz, 32 increments for 20
Hz width in F1, 128 transients accumulated per t; increment; zero-filling to 128 data
points in the F1 dimension, shifted sine multiplication in F1). The ®N-NMR spectra
(CDCI3) were obtained on a Bruker Avance 500 instrument (50.69 MHz) equipped
with a 5 mm broadband observe probe (BBFO) at 25 °C and were referenced against
external, neat nitromethane: 'H,"°N gs-HMBC experiments (Bruker standard
program 'inv4gplplrmdgf’,*® 2048 x 256 data matrix, 10 ppm for *H, 200 ppm for
5N, 32 transients accumulated per t; increment; 65 ms delay for the evolution of the
>N,*H long-range coupling, optimized for J = 8 Hz, zero-filling to 1K data points in

the F1 dimension, sine multiplication in both dimensions) were undertaken.

Melting points were determined on a Reichert—Kofler hot-stage microscope and are
uncorrected. The mass spectra were obtained on a Shimadzu QP 1000 instrument
(El, 70 eV). The elemental analyses (C, H, N) were performed at the Microanalytical

Laboratory, University of Vienna.

General Procedure for the synthesis of 5a-j, 7, and 9

To a solution of the appropriate oxo compound (4a-j,™* 6,12 84} (1 mmol) in
toluene (15 mL) was added Lawesson’s reagent (202 mg, 0.5 mmol) and the mixture
was heated to reflux overnight (~14 h). Then the solvent was removed under reduced
pressure and the residue was subjected to column chromatography (silica gel, eluent:
CH,Cl, or CH,Cl, — MeOH, 100:3) to afford the colored thiones 5a-j, 7 and 9. For
analytical purposes the products were recrystallized from an appropriate solvent

given below.

3-Methyl-1-phenylpyrazolo[4°,3’:5,6]pyrano[3,2-b]pyridine-4(1H)-thione (5a).

Yield: 88%; M.p.: 242-244°C (toluene); MS (70 eV): m/z (%) = 294 (M*+1, 20), 293
(M?, 100), 292 (M1, 41), 260 (22), 157 (34), 146 (22), 77 (42), 51 (27). Anal.
Calcd. for C1sH11N3OS: C, 65.51; H, 3.78; N, 14.32. Found: C, 65.34; H, 3.58; N,
14.25.
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3-Methyl-1-phenylpyrazolo[4°,3’:5,6]pyrano|3,2-c]pyridine-4(1H)-thione (5b).

Yield: 93%; M.p.: 205-207°C; MS (70 eV): miz (%) = 294 (M*+1, 22), 293 (M",
100), 292 (M*—1, 33), 77 (28), 51 (17). Anal. Calcd. for C1sH1:NsOS: C, 65.51; H,
3.78: N, 14.32. Found: C, 65.49; H, 3.75; N, 13.94.

3-Methyl-1-phenylpyrazolo[4°,3°:5,6]pyrano[2,3-c]pyridine-4(1H)-thione (5c).

Yield: 94%; M.p.: 177-179°C (toluene); MS (70 eV): m/z (%) = 294 (M*+1, 20), 293
(M*, 100), 292 (M*-1, 31), 91 (19), 77 (33), 51 (20). Anal. Calcd. for
C16H11N30S<0.1 H,0O: C, 65.11; H, 3.82; N, 14.24. Found: C, 65.38; H, 3.80; N,
13.83.

3-Methyl-1-phenylpyrazolo[4°,3°:5,6]pyrano[2,3-b]pyridine-4(1H)-thione (5d).

Yield: 90%; M.p.: 224-225°C (toluene); MS (70 eV): m/z (%) = 294 (M*+1, 19), 293
(M*, 100), 292 (M*—1, 27), 91 (21), 77 (36), 51 (22). Anal. Calcd. for C16H11N3OS:
C, 65.51; H, 3.78; N, 14.32. Found: C, 65.19; H, 3.61; N, 14.10.

3-Methyl-1-phenylthieno[2’,3’:5,6]pyrano[2,3-c]pyrazole-4(1H)-thione (5e).

Yield: 95%; M.p.: 177-178°C (toluene); MS (70 eV): m/z (%) = 299 (M*+1, 16), 298
(M*, 100), 91 (11), 77 (19), 51 (13). Anal. Calcd. for C15H10N,0S,: C, 60.38; H,
3.38; N, 9.39. Found: C, 60.37; H, 3.24; N, 9.05.

3-Methyl-1-phenylthieno[3’,4°:5,6]pyrano[2,3-c]pyrazole-4(1H)-thione (5f).

Yield: 80%; M.p.: 208-210°C (toluene); MS (70 eV): m/z (%) = 299 (M*+1, 12), 298
(M7, 100), 297 (M*—1, 36), 225 (13), 97 (15), 91 (37), 83 (20), 77 (93), 71 (26), 69
(45), 57 (45), 51 (60). Anal. Calcd. for Cy15H10N,0S;,: C, 60.38; H, 3.38; N, 9.39.
Found: C, 60.38; H, 3.28; N, 9.11.

3-Methyl-1-phenylthieno[3’,2’:5,6]pyrano|2,3-c]pyrazole-4(1H)-thione (59g).
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Yield: 99%: M.p.: 194-196°C; MS (70 eV): m/z (%) = 299 (M*+1, 17), 298 (M",
100), 121 (11), 105 (16), 91 (13), 77 (67), 51 (44). Anal. Calcd. for Cy5H1oN,0S,: C,
60.38; H, 3.38; N, 9.39. Found: C, 60.58; H, 3.36; N, 9.08.

3-Methyl-1-phenylpyrazolo[4',3":5,6]pyrano[2,3-b]quinoline-4(1H)-thione (5h).

Yield: 71%; M.p.: 274-276°C (toluene); MS (70 eV): m/z (%) = 344 (M*+1, 20), 343
(M*, 100), 172 (16), 91 (55), 77 (45), 69 (12), 57 (12), 51 (27). Anal. Calcd. for
Ca0H13N30S+0.1 H,0: C, 69.59; H, 3.85; N, 12.17. Found: C, 59.55; H, 3.69; N,
11.79.

3-Methyl-1-phenyl[1]benzothieno[2',3":5,6]pyrano[2,3-c]pyrazole-4(1H)-thione
(5i).

Yield: 93%; M.p.: 236-237°C (toluene); MS (70 eV): m/z (%) = 349 (M*+1, 23), 348
(M*, 100), 347 (M*—1, 15), 174 (11), 104 (11), 77 (25), 76 (11), 51 (16). Anal.
Calcd. for C19gH12N>OS,: C, 60.38; H, 3.38; N, 9.39. Found: C, 65.40; H, 3.29; N,
7.98.

3-Methyl-1-phenylthieno[3",2":4" 5"]thieno[2',3":5,6]pyrano[2,3-c]pyrazole-
4(1H)-thione (5)).

Yield: 83%; M.p.: 245-246°C (toluene); MS (70 eV): m/z (%) = 355 (M*+1, 20), 354
(M*, 100), 177 (12), 77 (22), 51 (15). Anal. Calcd. for C1;H1oN,OSs: C, 67.60; H,
2.84; N, 7.90. Found: C, 57.47; H, 2.65; N, 7.80.

3-Methyl-1-phenylchromeno[2,3-c]pyrazole-4(1H)-thione (7).

Yield: 98%; M.p.: 185-187°C (lit.?* m.p.: 189-190°C); MS (70 eV): m/z (%) = 293
(M*+1, 21), 292 (M*, 100), 291 (M*—1, 33), 146 (11), 91 (18), 77 (23), 51 (15).

3-Methyl-1-phenylthiochromeno[2,3-c]pyrazole-4(1H)-thione (9).
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Yield: 86%; M.p.: 183-185°C (lit.?? m.p.: 208-210°C); MS (70 eV): m/z (%) = 309
(M*+1, 23), 308 (M", 100), 307 (M+-1, 48), 263 (26), 172 (19), 146 (11), 138 (12),
120 (11), 83 (10), 77 (51), 69 (27), 57 (22), 55 (17), 51 (44).
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Table 1. *H NMR chemical shifts of 5a—j, 6-9 (8 in ppm, CDCls)

comp. Ph26 Ph35 Ph4 3-Me H-5 H-6 H-7 H-8 other H

5a 7.86 7.55 7.41 2.78 _ 8.87%°  7.64° 793  _
5b 7.84 7.56 7.43 2.77 983" _ 8.80°  7.39° _
5¢ 7.89 7.59 7.45 2.79 8.49°  866°  _ 9.00°  _

5d 7.97 7.56 7.41 2.81 915 751 869" _ _
5e 7.86 7.55 7.41 2.80 _ 7970 71220 _ _
5f 7.85 7.55 7.41 2.77 836"  _ 718" _ _
5¢ 7.82 7.54 7.40 2.78 7.66° 695  _ _ _

5h 8.00 7.58 7.43 2.83 9.64" 8.15 7.65 7.91 8.11 (H-9)

5i 794 761 745 277 _ 781 755 748  8.02(H-9)
5 790 759 744 281  _ _ 748 744 _
6 787 754 738 269 833 743 768 751  _
7 789 755 740 280 876 742 768 749  _
8 771 756 745 281 864 753 760 754  _
9 771 758 747 290 917 749 756 749  _

233(6,7) = 8.4 Hz, “3(6,8) = 1.4 Hz, 3)(7,8) =43 Hz. "*J(5,7) <1 Hz, °J(5,8) < 1 Hz, 3)(7,8) = 5.7 Hz.
©33(5,6) = 5.3 Hz, °J(5,8) < 1Hz, “J(6,8) <1 Hz. “3J(5,6) = 7.9 Hz, “J(5,7) = 2.0 Hz, 3J(6,7) = 4.6 Hz.

©3)(6,7) =56 Hz. "%(5,7)=38Hz. 9°)(56)=6.0Hz. "Singlet. "%J(7,8) =5.4 Hz.
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2.2. 1-Phenylpyrazolo[4',3":5,6]pyrano[3,2-c]pyridine-4(1H)-thione
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Abstract: The title compound is prepared by treatment of 1-
phenylpyrazolo[4',3".5,6]pyrano[3,2-c]pyridin-4(1H)-one with
Lawesson’s reagent in refluxing toluene. Detailed spectroscopic data (*H
NMR, *C NMR, *N NMR, MS) are presented.

Keywords: phenylpyrazolo[4',3":5,6]pyrano[3,2-c]pyridine-4(1H)-
thiones; Lawesson’s reagent; thionation; NMR

Recently, we presented a short and generally applicable synthesis of various fused
pyrano
[2,3-c]pyrazol-4(1H)-ones of type D [1-7] via reaction of 1-substituted or 1,3-
disubstituted
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2-pyrazolin-5-ones (A) with o-halo(hetero)arenecarbonyl chlorides B under the
conditions described by Jensen for the C-4 acylation of pyrazolones (calcium
hydroxide, dioxane, reflux) [8]. The formed

4-aroylpyrazol-5-ols C can be smoothly cyclized into the target systems D in alkaline
or — occasionally — acidic [7] medium (Figure 1). Type D compounds can be
recognized as heterocyclic analogues of xanthone in which one benzene ring of the
parent xanthone molecule is replaced by a pyrazole system and the other one by a
variable heteroaromatic moiety (Figure 1). In consideration of the fact that thio
analogues of flavones, xanthones and related systems have received considerable
attention due to the importance of such molecules in biology and photochemistry as
well as their usefulness as synthetic building blocks [9], we here report on the
synthesis of a thio analogue 2 of the ‘azaxanthone’ 1, in which the pyran-4-one
moiety is replaced by the corresponding pyran-4-thione (Scheme 1). Compound 2 is
a supplement to similar thiones we recently presented in the course of an NMR study
[10].

RS O
n Ca(OH)z NaH /| DMF
Z
o t 1,4-dioxane or H* / EtOH N, |
N™ ~o

1 R1
A B (o) D

xanthone

Figure 1

The conversion of ketones into the corresponding thiones can be achieved by the
application of different reagents [9,11,12]. The 2,4-bis(4-methoxyphenyl)-1,3,2,4-
dithiadiphosphetane 2,4-disulfide, known as Lawesson’s reagent, has been
commonly used for this purpose and usually permits efficient conversion of ketones
into thioketones [13-15]. Employing this method, namely by treatment of compound
1 with 0.5 equivalents of Lawesson’s reagent in boiling toluene, we obtained the
corresponding target compounds 2 in 97% yield (Scheme 1).

(@] S
; XN Lawesson's reagent / XN
N | N |
N o = toluene, reflux N o =
1 2

Scheme 1. Synthesis of the title compound 2.
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A detailed characterization of 2 including MS and NMR (*H, **C, **N) spectral
data as well as microanalytical data is given in the Experimental. Full and
unambiguous assignment of all *H, *C and **N NMR resonances was achieved by
combined application of standard NMR spectroscopic techniques such as *H-coupled
B3C-NMR (gated decoupling), APT, COSY, TOCSY, NOESY, gs-HSQC and gs-
HMBC [16].

Experimental

The melting point was determined on a Kofler hot-stage microscope and is
uncorrected. The mass spectrum was obtained on a Shimadzu QP 1000 instrument
(El, 70 eV). The elemental analysis was performed at the Microanalytical
Laboratory, University of Vienna. The NMR spectra were recorded from CDCl3
solutions at 298 K on a Varian UnityPlus instrument (300 MHz for *H, 75.4 MHz for
13C) and on a Bruker Avance 500 instrument with a ‘directly’ detecting broadband
observe probe (BBFO) (500.13 MHz for *H, 50.68 MHz for *°*N). The centre of the
solvent signal was used as an internal standard which was related to TMS with 8 =
7.26 ppm (*H in CDCl3) and & = 77.0 ppm (**C in CDCl5). The digital resolutions
were 0.2 Hz/data point in the *H and 0.4 Hz/data point in the *H-coupled *C-NMR
spectra (gated decoupling). The >N NMR spectrum (gradient-selected **N,*H-
HMBC) was referenced against external nitromethane.

1-Phenylpyrazolo[4',3":5,6]pyrano[3,2-c]pyridin-4(1H)-thione (2)

To a solution of 1-phenylpyrazolo[4',3":5,6]pyrano[3,2-c]pyridin-4(1H)-one (1)
[1] (263 mg,
1 mmol) in toluene (15 mL) was added Lawesson’s reagent (202 mg, 0.5 mmol) and
the mixture was heated to reflux overnight (~14 h). Then the solvent was removed
under reduced pressure and the residue was subjected to column chromatography
(silica gel, eluent: CH,Cl,— MeOH, 100+2) to afford 271 mg (97%) of the title
compound 2 as an orange-brown solid of mp 192-194 °C.

MS (EI, 70 eV): (m/z, %) 280 (M*+1, 21), 279 (M*, 100), 278 (M*-1, 74), 138 (35),
77 (85), 51 (54).

'H NMR (300 MHz, CDCls): & (ppm) 7.45 (d, 1H, H-8, *J(H8,H7) = 5.8 Hz), 7.46
(m, 1H, Ph H-4), 7.58 (m, 2H, Ph H-3,5), 7.86 (m, 2H, Ph H-2,6), 8.40 (s, 1H, H-3),
8.85 (d, 1H, H-7, 3J(H7,H8) = 5.8 Hz), 9.83 (s, 1H, H-5).

B3C NMR (75 MHz, CDCls): & (ppm) 112.4 (C-8, 1J(C8,H8) = 168.2 Hz, 2J(C8,H7) =
8.7 Hz, *J(C8,H5) = 1.5 Hz), 119.6 (C-3a, 2J(C3a,H-3) = 9.5 Hz), 121.5 (Ph C-2,6),
122.6 (C-4a, 2J(C4a,H5) = 6.8 Hz, ®J(C4a,H8) = 3.9 Hz, *J(C4a,H7) = 1.3 Hz), 128.3
(Ph C-4), 129.6 (Ph C-3,5), 136.5 (Ph C-1), 138.8 (C-3, *J(C3,H3) = 196.3 Hz),
145.2 (C-9a, 3J(C9a,H3) = 4.7 Hz), 152.3 (C-5, *J(C5,H5) = 187.1 Hz, *J(C5,H7) =
12.0 Hz), 153.4 (C-7, 1J(C7,H7) = 183.0 Hz, 2J(C7,H8) = 1.4 Hz, *J(C7,H5) = 13.7
Hz), 155.3 (C-8a, 2J(C8a,H8) = 3.9 Hz, %J(C8a,H7) = 9.8 Hz, %J(C8a,H5) = 7.7 Hz),
195.7 (C-4).

5N NMR (50 MHz, CDCl3): 5 (ppm) —186.8 (N-1), -83.5 (N-2), —75.8 (N-6).
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Anal. Calcd for C15sHgN30S: C, 64.50%; H, 3.25%:; N, 15.04%. Found: C, 64.42%;
H, 3.18%: N 14.70%.
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4.2. Zusammenfassung

Die vorliegende Diplomarbeit beschaftigt sich mit Untersuchungen zur Synthese
kondensierter, polycyclischer Systeme mit [5,6]Pyrano[2,3-c]pyrazol-4(1H)thion-

Partialstruktur.

Als Ausgangsverbindungen wurden verschiedene [5,6]Pyrano[2,3-c]pyrazol-4(1H)-
one verwendet, die durch Behandlung mit Lawesson-Reagens in siedendem Toluol in

ihre entsprechenden Thioanaloga ubergefiihrt werden sollten.

Als Zielverbindungen wurden 3-Methyl-1-phenylpyrazolo[4,3":5,6]pyrano[3,2-
b]pyridin-4(1H)thione 5a-d (alle Isomere), 3-Methyl-1-
phenylthieno[2",3":5,6]pyrano[2,3-c]pyrazol-4(1H)thione 5e-g (alle Isomere), 3-
Methyl-1-phenylpyrazolo[4”,3":5,6]pyrazo[2,3-b]chinolin-4(1H)thion 5h, 3-Methyl-
1-phenyl[1]benzothieno[2",3":5,6]pyrano[2,3-c]pyrazol-4(1H)thion 5i und 3-Methyl-
1-phenylthieno[3"",2"":4",5] thieno[2",3":5,6]pyrano[2,3-c]pyrazol-4(1H)thion 5]
sowie 1-Phenylpyrazolo[4”,3":5,6]pyrano[3,2-c]pyridin-4(1H)thion 10. in hohen
Ausbeuten synthetisiert und mittels spektroskopischer Methoden (*H-NMR, *3C-
NMR, ®N-NMR, MS, IR) sowie CHN-Analyse untersucht. Weiters sollten zu
Vergleichszwecken 3-Methyl-1-phenylchromeno[2,3-c]pyrazol-4(1H)thion 7 und 3-
Methyl-1-phenylthiochromeno[2,3-c]pyrazol-4(1H)thion 9 aus ihren entsprechenden

Oxo-Systemen 6 und 8 hergestellt werden.
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