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Abstract

1,2,3-Thiadiazoles are five-membered heterocycles which are readily available. We have used these inter-
esting compounds in three different areas of research:

* Rearrangements of 1,2,3-thiadiazoles leading to other heterocycles, such as 1,2,3-triazoles and 1,2,3,4-
thiatriazoles. Isomeric 1,2,3-thiadiazoles (a ring-degenerate rearrangement) could also be obtained.

+ 1,2,3-Thiadiazolium salts as synthons foA%thiapentalenes showing single bond/no bond resonance,

and/or mesoionic compounds.
* The base-induced cleavage of 1,2,3-thiadiazoles giving the reactive alkynethiolates, which were used in

the synthesis of dendrimers.

Keywords: 1,2,3-Thiadiazoles, rearrangements, dendrimer, review.

We have used these interesting compounds over a

Introduction number of years to study their molecular rearrangements,

their conversion into 6d-thiapentalenes and recently their
1,2,3-Thiadiazolesl are five-membered heterocycles use as a synthon for dendrimers.
which are readily available by one of three methods
(Scheme 1): (1) thionation of a-diazocarbonyl compounds
2 (Wolff method) [1], (2) cycloaddition of isothiocyanates Molecular Rearrangements
3 and diazo compound$ (Pechmann method) [2] and (3)
reaction of a-methyleneketone hydrazonéswith thionyl  Whereasa-diazoketones are well-established compounds
chloride (Hurd-Mori reaction) [3]. with some synthetic utility [4], the correspondingdiazo-
thioketones are unknown [5They exist, however, as tran-
sient intermediates in a humber of rearrangements of 1,2,3-
thiadiazoles For instance, 5-amino- and 5-(substituted

T Presented at the Joint 12th Symposium on thé’imino)thiadiazoleﬁ (R =H, aryl) rearrange vig to

Chemistry of Heterocyclic Compounds (SCHHC) and the
6th Blue Danube Symposium on Heterocyclic Chemistry
(BDSHC), Brno, Czech Republic, September 1-4, 1996.
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mercaptotriazoles under the influence of bases, and the |\{ XCH NNHTs

reverse reaction occurs in acidic solution (Scheme 2) [6].

5-Hydrazinothiadiazoled0 are formed when the 5-
chlorothiadiazole9 is allowed to react with two equiva-
lents of hydrazine hydrate [7However, with an excess of
hydrazine hydrate the rearranged produittwas isolated
in high yield (Scheme 3)Acidification of N-aminotriazole
11 with hydrochloric acid yieldedLO, thus indicating the
reversibility of the rearrangement.

When the hydrazine function id0 was replaced by a
diazomethyl function (moleculé3), a spontaneous rear-
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Scheme 7.

rangement resulted in the formation of the same 1,2,3-

thiadiazole ring system with a different substitution pat-

tern (a ring-degenerate rearrangement) [8jus, tosyl-  flanked by two different diazo groups and will close on

hydrazonel2 was subjected to the Bamford-Stevens reacthe alternative side to obtain diazoestér (R = Et) Simi-

tion by treatment with diethylamine in dimethylformamide larly, when the @ime 16 was treated with hydroxylamine

(DMF). Intermediate14 has a thiocarbonyl function O-sulphonic acid and base, the rearranged thiadiaZble
could be isolatedUnder the basic conditions required for
this Forster reaction, the ester function was hydrolyzed to
a carboxy group (R =H) (Scheme 4) [9].

Ch=0 CH=NR 5-Azidothiadiazoles19, prepared from 5-chlorothia-
/}\l« RNH; /}\lﬁ\ diazoles 17 or 5-aminothiadiazole48 are capable of un-
N RS - 5 dergoing a similar rearrangement to 5-diazomethyl sub-
\S/\ Ng R stituted thiatriazole®20 (Scheme 5)This transformation
21 22 occurs spontaneously at 0 °C for R = ethoxycarbonyl or
benzoyl, and not at all for R = hydrogen (even at 60 °C)
When R = phenyl or anisyl, a mixture &9 and 20 is ob-
tained by diazotization of the corresponding 5-
|c|:\ 5 aminothiadiazoledl8 and treatment with azide anion [10].
N R N2y ~CH=NR 4-(Substituted iminomethyl)thiadiazolé? which can
/l be obtained from the corresponding aldehy@édsand
N\‘g -~ 5 amines, rearrange to give the 4-thiocarbonyl-1,2,3-
N 7 >R triazoles 24 (Scheme 6) [11]This reaction occurs also
||Q when a 5-amino substituent is present [12].
o 23 A prerequisite for23 to undergo cyclization is theis

relationship between the diazo function and the imine-ni-

Scheme 6. trogen lone pair as shown in Scheme Thus, the
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cyclization proceeds by a bending of the diazo function
(transition state?25), due to the formation of a lone elec-
tron pair on the central nitrogen atofrhis is accompa-
nied by ar-electron flow towards the imine function and
the formation of as-bond at the expense of the lone pair
on the imine nitrogen [13].

In summary, we have found four new types of rearrange-
ments which are shown in Schem&Bese are: (i) the base- RX
induced rearrangement of 5-hydrazinothia-diazdi@snto
1-amino-5-mercapto-1,2,3-triazoledl, (ii) the rearrange-
ment of 4-imino-1,2,3-thiadiazole®2 into 4-thiocarbonyl- R

1,2,3-triazoles24, (iii) the spontaneous rearrangement of XG /}\l
RN R
(Y-~ 1Y) '
X—S—Y SOCh
26
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5-azido-1,2,3-thiadiazole49 into 5-diazoalkyl substituted Symmetrical substitution pattern, as well as the oxygen and
1,2,3,4-thiatriazole20 and (iv) the ring-degenerate rear- nitrogen analogues (X, Y = O, NR) have been prepared and
rangement of 5-diazomethyl-1,2,3-thiadiazolssinto 2-  studied in detail by X-ray crystallography [14xtensions
(1,2,3-thiazol-5-yl)-diazoacetates5 (Scheme 8). to tri-, tetra- and penta-azapentalenes were carried out in
our laboratory [15].
It is known that 1,2,3-thiadiazolek can be methylated
Synthesis of 6a%Thiapentalenes at theN-2 andN-3 position (Scheme 10) [16}vhen bulky
substituents are present in the 4-position, l2 substi-
6a\-Thiapentalene6 are delocalized I®electron sys- tuted regioisomer takes the upper hahu alternative way
tems which are characterized by single bond/no bond res®f _selectlwty obtalnlngN-Z sgbstltuted thla_dlazohum salts
nance, represented by the canonical stuctures in Schensd IS by the Hurd-Mori reaction di-2 substitutedx-meth-
9. Representatives 026 (X = Y = S) with a completely Ylene hydrazoneg9 [17].
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Methylation of 1,2,3-thiadiazole-5-phenylhydrazones

30 gave a mixture of thiatetraazapentaler8dA and
mesoionic compounds31B (Scheme 11) [18]The
thiapentalenic character (1A was confirmed by X-ray
crystallography, showing a linear N=N arrangement with
a short SN distance [19] Benzo-bridging (R,R= CH,)
disfavours this SN contact [20] The SN interaction is
also weak for all the mesoionic compoundslB.

Analoguously, 1,2,3-thiadiazole-5-oximes gave the corre-
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The reaction of activated methylene compoud@svith
2-methyl-5-chloro-1,2,3-thiadiazolium sa¥7 afforded
oxathiadiazapentalene33 (Scheme 12)Cyclohexane-
diones 34 react differently with27 to give rearranged
oxathioles 35 [22].

Starting from the corresponding 3-methyl thiadiazolium
salt 28 mesoionic compound86 were obtained (Scheme
13) [23].

Recently, we have described the synthesis af-@#a-

sponding oxathiatriazapentalenes and mesoionic comt,2,3,5,6-pentaapantalenes39. A rational precursor for

pounds [18c, 21].

these compounds is 5-aminart-butyl thiadiazole37
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Fig. 1. Alkynethiolates as Synthons for Dendrimers

4-Monosubstituted 1,2,3-thiadiazol&® are readily avail-

which is methylated to give the s&@8 (Scheme 14)This  able from methyl ketoneS1 by the Hurd-Mori procedure
compound readily reacts with arenediazonium salts in thfhey decompose under strongly basic conditions with for-
presence of base to furnish the yellow thiapentale3es mation of alkynthiolatess3 (Scheme 17) [29]The latter
[24]. Dithiatriazapentalened0 can be obtained in the same compounds are interesting synthons which can add
way from the reaction of isothiocyanates with thiadia- nucleophiles with the formation of thiocarbonyl com-
zolium salt38 [25]. pounds54, and electrophiles to yield alkylated or acylated

The thiadiazoline sal42 was prepared by the known derivatives 55, or ring-closed heterocycle56. Under the
oxidative ringclosure [26] of the&x-(phenylhydrazono) influence of a proton donor, a dimerisation to a dithiole
thioamide 41. This salt afforded a 6d-thia-1,2,4,6-  derivative 57 occurs [30].
tetraazapentalend3 by reaction withN-methylbenz- The bis- and tris(1,2,3-thiadiazol-4-yl) substituted com-
imidoyl chloride in the presence of pyridine (Scheme 15)pounds58 and 62 were smoothly transformed to alkyne-
[27]. An alternative entry to this type of thiapentalene isthiolates59 and 63 on treatment with base (NaH/DMSO or
given by the methylation of 5-benzoyl-1,2,4-thiadiazole Ktert-BuO/THF) (Scheme 18)These nucleophilic reagents
phenylhydrazonet4 [28]. were alkylated to give alkynesulfidé® and 64. On treat-

2-Aryl-1,2,3-thiadiazolium salt27 were reacted with ment of 59 and 63 with excess carbon disulfide the bis-
a series of primary amines and the desulfurized imino-and tris(1,3-dithiol-2-thionesp1 and 65 precipitated Un-
methyl hydrazonest5 were formed (Scheme 16) [17] fortunately, these compounds were too insoluble to be char-
Other bases, such as secondary and tertiary amines aadterized fully [31].
alkoxide or hydroxide anions, reacted widd to give a In view of the high reactivity of tristhiolaté3 we have
mixture of thione46 and the desulfurized aldehydky. evaluated its use as a core reagent in dendrimer synthesis
With azide anion thionet6 and rearranged ()-1,2,3-  The Fréchet benzylic bromides of the first to third genera-
triazole 48 were formed Furthermore, thiadiazolium salts tion [32] combined readily witlé3 to give dendrimers [33]
44 react with acetone under oxidative conditions to giveln Fig. 1, the third generation alkynesulfide dendrindér
oxathiadiazapentalene$9, which can be thionated with is shown, which was obtained in 55% vyield3,5-Tris-
P,S,, to dithiadiazapentalenes0 [28]. (1,2,3-thiadiazol-4-yl)benzené2 is now commercially
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available (Acros Organics) [34]. The bisthiadiazdd@scan  thiadiazoles69 could be cleaved to the nucleophilic

be transformed in the same way to dendrimers with two-alkynethiolate dendrons, which were combined with

fold symmetry [35]. poly(bromomethyl)benzene core reagents to afford
Alternatively, the 1,2,3-thiadiazole group could be at-alkynesulfide dendrimers [36ln Scheme 20, a dendrimer

tached to the focal point of the Fréchet dendrons by th&1 with (hexakis)methyl benzene cor®, and second gen-

Mitsunobu reaction of 4-(4-hydroxyphenyl)1,2,3-thia- eration alkynethiolate dendrons is depicted.

diazole 67 and the benzylic alcohol68. The resulting
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