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The Chemistry of Heterocyclic
Compounds
Introduction to the Series

The chemistry of heterocyclic compounds is one of the most complex and
intriguing branches of organic chemistry, of equal interest for its theoretical
implications, for the diversity of its synthetic procedures, and for the physiological
and industrial significance of heterocycles.

The Chemistry of Heterocyclic Compounds has been published since 1950
under the initial editorship of Arnold Weissberger, and later, until his death in
1984, under the joint editorship of Arnold Weissberger and Edward C. Taylor.
In 1997, Peter Wipf joined Prof. Taylor as editor. This series attempts to make
the extraordinarily complex and diverse field of heterocyclic chemistry as orga-
nized and readily accessible as possible. Each volume has traditionally dealt with
syntheses, reactions, properties, structure, physical chemistry, and utility of com-
pounds belonging to a specific ring system or class (e.g., pyridines, thiophenes,
pyrimidines, three-membered ring systems). This series has become the basic
reference collection for information on heterocyclic compounds.

Many broader aspects of heterocyclic chemistry are recognized as disciplines
of general significance that impinge on almost all aspects of modern organic
chemistry, medicinal chemistry, and biochemistry, and for this reason we initi-
ated several years ago a parallel series entitled General Heterocyclic Chemistry,
which treated such topics as nuclear magnetic resonance, mass spectra, and pho-
tochemistry of heterocyclic compounds, the utility of heterocycles in organic
synthesis, and the synthesis of heterocycles by means of 1,3-dipolar cycload-
dition reactions. These volumes were intended to be of interest to all organic,
medicinal, and biochemically oriented chemists, as well as to those whose partic-
ular concern is heterocyclic chemistry. It has, however, become increasingly clear
that the above distinction between the two series was unnecessary and somewhat
confusing, and we have therefore elected to discontinue General Heterocyclic
Chemistry and to publish all forthcoming volumes in this general area in The
Chemistry of Heterocyclic Compounds series.
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vi The Chemistry of Heterocyclic Compounds Introduction to the Series

Professors Bakulev and Dehaen have produced an authoritative and thor-
ough review of the synthesis, reactions, properties, and applications of 1,2,3-
thiadiazoles and 1,2,3-selenadiazoles. These heterocycles are convenient precur-
sors to thioketenes, thiirenes, and alkynes, and they are also used as intermediates
and building blocks for pharmaceuticals and new materials. This volume fills what
has been a significant gap in our coverage of heterocyclic ring systems, and we
express our sincere gratitude to the authors for their most welcome contribution
to the literature of heterocyclic chemistry.

Epwarp C. TAYLOR
Department of Chemistry
Princeton University
Princeton, New Jersey

PETER WIPF

Department of Chemistry
University of Pittsburgh
Pittsburgh, Pennsylvania



Preface

1,2,3-Thiadiazoles are heterocycles of great practical and theoretical interest.
The first derivatives of 1,2,3-thiadiazole have already been prepared in the late
nineteenth century but the interest in this heterocycle has been constant up to
this day, and we propose that it will continue in the future. Derivatives of 1,2,3-
thiadiazole are important in industry, medicine and agriculture. A lot of attention
has been devoted to the thermal and photochemical decomposition reactions of
the 1,2,3-thiadiazole ring because this system is the only thiadiazole isomer where
loss of a nitrogen molecule can readily occur.

Several reviews on the chemistry of 1,2,3-thiadiazoles have appeared, but we
feel that a complete treatment has never been carried out to date. This volume
will attempt to do this with emphasis on the syntheses, structural data, properties,
reactions and applications of 1,2,3-thiadiazoles. Tables dealing with the synthe-
sis of different classes of 1,2,3-thiadiazoles, with references to the literature, and
some spectral and physical data are included at the end of Chapter 2. Represen-
tative synthetic procedures that were well tested in our laboratories are added to
Chapter 1. Structural data on 1,2,3-thiadiazoles are collected in Chapter 2, and the
reactivity of 1,2,3-thiadiazoles is treated in Chapter 3. Fused 1,2,3-thiadiazoles
(including benzothiadiazoles) and 1,2,3-selenadiazoles are also discussed in sepa-
rate chapters (Chapters 4 and 5, respectively). Finally, there is a part (Chapter 6)
on the applications of 1,2,3-thiadiazoles. We have attempted to cover all known
literature until 2002, making a reasonable effort to include anything significant on
the parent 1,2,3-thiadiazole system. Reference to patent literature was included
wherever relevant. However, for the extensive literature on benzothiadiazoles,
we have limited ourselves to the more interesting or recent articles, or to work
in comparison with the parent 1,2,3-thiadiazole or other fused 1,2,3-thiadiazoles.

This book can be seen either as an introductory text for anyone becoming
interested in 1,2,3-thiadiazole chemistry or as a reference book for the experi-
enced chemist. We also hope that this work will stimulate further research efforts
on this interesting heterocyclic system.

VasiLly A. BAKULEV
WM DEHAEN
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CHAPTER 1

Synthesis of 1,2,3-Thiadiazoles

The known methods leading to 1,2,3-thiadiazoles!~'* can be subdivided into
five groups:

— cyclization of hydrazones with thionyl chloride (Hurd—Mori synthesis),'”
— cycloaddition of diazoalkanes onto a C=S bond (Pechmann synthesis),’
— heterocyclization of a-diazo thiocarbonyl compounds (Wolff synthesis),?
— ring transformation of other sulfur-containing heterocyclic compounds,?

— elaboration of preformed 1,2,3-thiadiazoles.*~¢

1.1. CYCLIZATION OF HYDRAZONES WITH THIONYL
CHLORIDE (HURD-MORI SYNTHESIS)

Hydrazone derivatives 1 that are substituted at N, with an electron- withdraw-
ing group (Z = CONH,;, COOMe, COR, SO,R) and are possessing an adjacent
methylene group can cyclize in the presence of thionyl chloride with the formation
of 1,2,3-thiadiazoles 3.4-10

R
R'. _CH R’
\( 3 s,0,0h /N— ) N
| > 7- N_ R I \
N ~ S H N 2
NHZ I s R
o}
1 2 3

This reaction was discovered in 1956 by Hurd and Mori during their unsuc-
cessful attempts to prepare oxadiazinedione 5 from hydrazone 4 by treatment

The Chemistry of 1,2,3-Thiadiazoles, by Vasiliy A. Bakulev and Wim Dehaen
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2 Synthesis of 1,2,3-Thiadiazoles

H
RN _NHCOOMe COOH
| \[y N soc, N
o X /k HCl N// \
HsC HsC COOH ~g
o}
5 4 6

with thionyl chloride. 1,2,3-Thiadiazole-4-carboxylic acid 6 was unexpectedly
formed, leading to a new synthetic approach to 1,2,3-thiadiazoles. !0

Since then, more than 100 publications have appeared in the literature on the
Hurd—Mori reaction. Most of them were reviewed by Stanetty and colleagues.’
Retrosynthetically, the Hurd—Mori synthesis is a [4 + 1] approach using four
atoms from the hydrazone and one (the sulfur atom) from the thionating agent.

1.1.1. Scope and Limitations

Generally, the hydrazones 1 with Z = COOR or SO;R give the best yield in
the Hurd—Mori reaction, although in the latter case a chromatographic separa-
tion is often necessary to remove the sulfonyl chloride formed. In some cases,
sulfur monochloride or dichloride can also be employed as the source of the
sulfur atom, although the yields may be substantially reduced because of side
reactions.!! Sulfuryl chloride does not form any 1,2,3-thiadiazoles 3 with these
hydrazones, instead, chlorinated products are obtained.'>!* The Hurd—Mori reac-
tion is by far the most widely used method in the research on 1,2,3-thiadiazoles,
and some reactions are carried out on an industrial scale.*~’ Obviously, in the
case when unprotected amino, hydroxy, or other groups capable of reaction with
thionyl chloride are present, the reaction will fail. Furthermore, sterically hindered
hydrazone derivatives will generally not yield 1,2,3-thiadiazoles. The reaction
is especially suitable for alkyl- and (het)aryl-substituted 1,2,3-thiadiazoles, for
which the carbonyl precursors are readily available. Fused 1,2,3-thiadiazoles can
be obtained in the same way from cyclic ketones. A number of substituted thia-
diazoles, possessing halide,'#~ 16 ester,!” carboxy,!® aldehyde,'® sulfide'®?° and
protected amino groups?’??> could be obtained using the Hurd—Mori method.
Multiple thiadiazoles of limited solubility were prepared from the correspond-
ing ketones as core reagents for dendrimers>>?* and as intermediates in polymer
research.>> Some of these reactions that are of significant interest for the syn-
thesis of practically useful compounds will be described in more detail in the
second part of this section.

Although the Hurd—Mori reaction is very general in scope, unexpected reac-
tions can occur, mostly involving the rather aggressive thionating agent. 1,2,3-
Thiadiazole derivative 7 was obtained after chlorination of the electron-rich
naphthalene ring by SOCI, under the reaction conditions.?® In steroidal ketones or
substituted cyclohexanones, the methylene next to the 5-position of the thiadiazole



Cyclization of Hydrazones with Thionyl Chloride (Hurd—Mori Synthesis) 3

Cl
O
L
s OH

7
H
N -
7
N
\
S
Cl
OAc
8a 8b

ring can be transformed with thionyl chloride to afford a sulfine derivative such
as 8a. The chlorinated compound 8b was also formed as a minor product.?’

We prepared 5-thiobenzoyl-1,2,3-thiadiazole-S-oxide 9 in 70% yield from the
ethoxycarbonylhydrazone of phenylpropionaldehyde and analyzed its structure
with X-ray crystallography. The sulfine function of 9 was coplanar with the
thiadiazole ring, and a close S...O contact (2.69 A) was observed.?® During
the synthesis of bicyclic 1,2,3-thiadiazoles, aromatization of the other ring can
occur, for instance, for the thienothiadiazole 10.%° Cyclohexenyl methyl tosylhy-
drazone yielded 4-(2-chlorocyclohexyl)-1,2,3-thiadiazole 11.!' The hydrazones
of a-ketoacids were reported to give oxadiazines 12 as side products®® that were
the original goal of Hurd and Mori.

Ph 2
R
N
\S\\ N// | \ %O
0 N cl N A
Ny S~ sT s "N o
N ~s” H H

e

9 10 1 12

There are some reports on related cyclizations using N,-unsubstituted hydra-
zones. 6-Hydrazino-1,3-dimethyluracil and thionyl chloride afforded the fused
thiadiazole 13 in good yield.*'> Senning et al. described a fused cyclopen-
tadienothiadiazole 14 from the reaction of the corresponding N-unsubstituted
hydrazone of tetrachlorocyclopentanone with sulfur mono- or dichloride.®* N-
Arylhydrazones yield 2-aryl-1,2,3-thiadiazolium salts 15 on reaction with thionyl
chloride.?*
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?HS o]
//N N \’%O /N \ R1
N \ N, cl ©n ‘§\
S “CHy S a ANNGTTR,
5 ci

13 14 15

In contrast to the reaction of N-arylhydrazones** we have found that 1,2,3-
thiadiazoles of type 16, after treatment with thionyl chloride at room temperature,
transform to 1,2,3-triazolo-thiadiazines 18 and not to the expected bisthiadiazole
19. This novel reaction may involve the Dimroth rearrangement of the starting
compound to the intermediate 5-mercapto-1,2,3-triazole derivatives. When hydra-
zone 16 was treated with SOCI, at low temperature, the nonchlorinated product
17 was isolated in good yield.?

COOEt COOEt
N N
Ar
i i
N\ngﬁ A =X N \ N/NQ(
s~ N J/ s N,
S c® :
19 16
JSOC'Q
COOEt COOEt
N
» v\
N . - N_ S
N \
|
N s H N~ H
Cl H
Ar Ar
18 17

1.1.2. Mechanism of the Hurd-Mori Reaction

The mechanism of the Hurd—Mori reaction has been investigated in detail, %3
and has been discussed in previous reviews.®” We can summarize that an inter-
mediate thiadiazoline-1-one 2 is formed first, which readily aromatizes to form
the 1,2,3-thiadiazoles 3. The latter process probably involves a Pummerer-type
rearrangement of the sulfoxide 2 with the participation of the excess thionyl chlo-
ride. The group Z is then easily cleaved from the resulting salt. The sulfoxide
intermediate 2 was isolated and characterized in a number of cases.?’-3-40
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When two different methylene groups are present adjacent to the hydrazone
20, the question of selectivity is raised as two thiadiazoles 21 and 22 are possible.
Also, a number of studies were carried out on this topic.?>*!*> From the results
of Fujita, it follows that there is a relation between the rate of enolization of
the two methylenes of the corresponding ketone, and the selectivity of the ring
closure. Thus, methylenes will be involved in cyclization rather than methyls,
and more acidic methylenes will cyclize with higher regioselectivity.*? However,
bulky groups will direct the cyclization to the other side, even when these groups
are electron-withdrawing. Thus, the phosphonium-salt 23 was obtained from 20
(R' = H, R = PPh3) in 100% selectivity.’**3
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As mentioned above, the Hurd—Mori reaction is often accompanied by side
reactions such as chlorination, aromatization and sulfonylation. A variety of
mechanisms are possible to explain the formation of the by-products. They were
summarized in the review of Stanetty’ and will not be described here.

1.1.3. Application of the Hurd—Mori Reaction in Organic Synthesis

In this section, many reactions are summarized that are used or may be used
in the synthesis of biologically active compounds and of compounds with other
practically useful properties.

1,2,3-Thiadiazoles 25 bearing ether, sulfide as well as halogen groups were
prepared in high to moderate yield when acetone hydrazones 24 with the same
substituents were subjected to the Hurd—Mori reaction in 1,2-dichloroethane at
room temperature for 1 day. Compounds 25 could be useful synthons to prepare
new derivatives of 1,2,3-thiadiazole.*?
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6 Synthesis of 1,2,3-Thiadiazoles

To search for compounds with antithrombotic activity, Thomas et al.
prepared a series of 4,5-diaryl- and 4-aryl-substituted 1,2,3-thiadiazoles using
the Hurd—Mori reaction. Aldehydes and ketones 27 were treated with (p-
tolylsulfonyl)hydrazide or ethylcarbazate to form hydrazones 28. The latter,
in most experiments, were treated with neat thionyl chloride to produce the
corresponding 1,2,3-thiadiazoles 29.4
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Interestingly, compound 30, bearing an electron-rich aryl group, can be trans-
formed under the conditions of the Hurd—Mori reaction to sulfide 31.
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1,2,3-Thiadiazoline-1-ones of type 33 are the key intermediates in the
Hurd—Mori reaction. One can consider these compounds as cyclic sulfonamides
that are potential antibacterial drugs. Fujita ef al. managed to prepare a series
of 1,2,3-thiadiazolin-1-ones 33 under the conditions of the Hurd—Mori reaction
(3 mol of thionyl chloride, CH,Cl,, reflux) as the major product in 44% yield
from hydrazone 32 (R! = Me), together with a small amount of 1,2,3-thiadiazole
34. Similar reactions of other derivatives 32 afforded thiadiazolin-1-ones 33 in
moderate yield as the only products.’®42

1,2,3-Thiadiazoles containing aryl- (36) and alkenylsulfonyl (38) groups were
recently prepared by the group of D.B. Reddy using the Hurd—Mori reaction.*>46
Compounds 36 and 38 have been shown to be very useful starting reagents in
the synthesis of polyfunctional alkynes.

B-Adrenerging blocking agents in the 1,2,3-thiadiazole series of type 42 and 46
were prepared by the Hurd—Mori reaction, starting from hydrazones 39 and 43,
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followed by reactions of the initially formed compounds 40 and 44, containing
a phenolic group, with epihalohydrines and subsequent treatment of 41 with
aliphatic and aromatic amines.*’

Tricyclic compounds 48, that were prepared from hydrazones 47, contain two
hydroxy groups and can be starting materials to prepare structural analogs to com-
pounds 42 and 46. Interestingly, this reaction is accompanied by demethylation
of the two methoxy groups to give the final product 48.43

Very often, the most difficult problem may be preparing the starting hydrazones
rather than the synthesis of 1,2,3-thiadiazoles by the Hurd—Mori reaction itself.
Thus, to prepare 4-mercapto-1,2,3-thiadiazoles 55 that are intermediates in the
synthesis of new cephalosporin antibiotics, Lee ef al. had to elaborate a four-
step synthesis of hydrazones 53 starting from thioamides 49. In the synthesis
of the final compound 55, the S-alkyl unit serves a crucial function as a thiol
protecting group. The authors have shown that the best choice of the protecting
group is the 3-alkoxycarbonylethyl moiety because of its ease of incorporation
and eventual smooth removal from alkylthiothiadiazoles 54 via retro Michael
addition.?’

1,2,3-Thiadiazole-5-thiol 59 is used to prepare Cefuzoname", new semisyn-
thetic cephalosporin antibiotic. An approach to this compound was devised where
ring construction takes place from sulfide 57, bearing a hydrazone group, by



