


Issue ICHC-20 IV@RBKRO06 (vii) 207-223

Introduction

1,2,3-Dithiazole is one dahe four possible dithiazole systerall of which are reported in the
literature as cations. The salts are planar,afd therefore aromatic and can be adequately
represented by three canonical forms where tlaegeh(identifying the ttee most electrophilic
sites) is distributed at C-5 or on eaittof the ring sulfur atoms (Scheme 1).
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1,2,3-Dithiazolium salts are commonly prepairedn substituted acetonitrile derivatives to
afford the 5-substituted-4-chloro-1,2,3-dithiazolium chloritié$ One example has appeared in
the literature where phenylacetoximeas treated with disulfur dichloride to afford the 5-chloro-
4-phenyl-1,2,3-dithiazolium chlorid2 and development of this route could provide access to 5-
chloro-4-substituted-1,2,3-dithiazolium salfs.
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Our interest focuses on the chemistry thie readily available 4,5-dichloro-1,2,3-
dithiazolium chloride3 prepared from chloroacetonitrile and disulfur dichlofid®ithiazolium
chloride3 on treatment with nucleophilic species affords neutrildhiazoles4 (eg treatment
of dithiazolium 3 with H,O, aniline, diethyl malonate or,8 provides 1,2,3-dithiazolong,
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dithiazolimine 6, dithiazolylidene7 and dithiazolethion® respectively in good yields (Scheme
2)>
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Scheme 2

1,2,3-Dithiazoles have uses in bothiological and material sciencesN-aryl-
dithiazolimines show interesting antifun§ahntibacterial, and herbiciddl activities. A search
for organic conductors based on neutral radidas led to the preparation of two 1,2,3-
dithiazolyl radical®9' and10’ and also a tetrathiadiazafulvalene analahli€ has been prepared
and studied.

Our interest in 1,2,3-dithiazole chemistgvolves around the congtition of dithiazole
systems that can be converted into new heterocyclic systeangng transformation. The
majority of these ring transformations involve thiéial preparation of aeutral dithiazole which
supports a potentially nucleophikide chain or substituent capalif attacking the electrophilic
dithiazole at either S-1 (Path Ay at C-5 (Path B) with subgquent ring opening. Dithiazoles,
however, can also be ring opened with the useadf nucleophiles to afford the disulfide
intermediatel2 (Path C) (Scheme 3). This disulfide che a source aboth electrophilic and
nucleophilic sulfur.
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Various dithiazolylidenes have been mes specifically with these mechanistic
possibilities in mind in order to broadéne capability of dithiazolium chlorid8 as a useful
synthetic tool. Emphasis will be made on thesitu generation of disulfide%2 endowed with
electrophilic traps for nuebphilic sulfur (Path C).

1. Synthesis of thiazolopyridine-2-carbonitriles

Benzof]thiazole-2-carbonitrilel3 can be prepared readily from the thermolysidNgbhenyl-
1,2,3-dithiazol-Bl-imine 6 in particular where the argubstituent is electron rich.
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Where the aryl group is eleoh deficient the major produgs the imidoyl chloride
carbonitrile14.** The mechanism that has been proposeRéss is shown in Scheme 4. To our
knowledge no examples of the thermolysis Mheteroaryl-1,2,3-dithiazol#3-imines have
appeared in the academic or patent literature.

Thermolysis of N-(pyrid-3-yl)-4-chbro-1,2,3-dithiazol-Bl-imine 15 gave thiazolo-
[5,4-b]pyridine-2-carbonitrilel6 and thiazolo[4,%]pyridine-2-carbonitrilel7 in low yields as
might be expected based on the mechanism to give benzothl& &epeating the reaction in
the presence of a soft nucleophilenbdtriethylammonium iodide at 13Z in chlorobenzene
gave improved but still moderate yields of badbmers. Under these conditions the dithiazole
ring is anticipated to suffer an assistagtleophilic ring openinging closure (ANRORCY like
mechanism involving théntermediate disulfidel8 The nucleophilic sulfuthat is generated
(S-1) is trapped at the elegphilic pyridyl C-2 and C-4 positions and a subsequent oxidation
restores the aromaticity tfie thiazolopyridine systems.

N Y 200 °C, Argon NN NZ >SN
AR 9 Sg + (I S—cN o+ [ d—cn
\S/ 10 min \N S N S
15 16 (5-11 %) 17 (9-15 %)

BnEt3NI (1 equiv.)

: Sg + 16 (25 %) + 17 (29 %)
PhCI, 132 °C, 40 min
Cl
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g " Cl s \N " S \N
/S‘/—\I_ N L \S/
|
18 19 20

Introducing a chlorine substituent at eitheR ©f at C-4 on the pyridyl ring was expected
to assist in directing the ringjosure and furthermore adjust® thxidation level of the starting
systems thus avoiding the need for oxidatrearomatisation. The @hloro and 4-chloro-
derivatives 19 and 20 were readily prepared starting from the corresponding
aminochloropyridines andithiazolium chloride3. Gratifyingly treatmentvith catalytic iodide
(5 mol %) gave the expected singlen®ers in near quantitative yields.
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Thermolysis of either the 2-chloro and 4-chloro- derivati¥8sand 20 did not yield
regiospecific ring closures but xtiires of products were isotat adding further support to the
ANRORC type mechanism proposed above.

Cl
200 °C, 10 min = NYCN PN
19— —— Sg + | | & +  16(8-10%) + [ S—cn
rgon N7l XS
74-77 % 13-15 %

We attempted to extrapolate the above success to the preparation of 3,1-benzothiazin-4-
ones starting from the readily available methyl e2fewhere the electrojplic trap was now the

carboxylate group. Inal thermolysis of the est&1 gave some of the desired benzothiazinone
22together with the bezothiazolecarbonitril@3.

(@) COZME
200 °C, 10 min s N
CO,Me Argon NN S
GN cl 22 (25 %) 23 (35 %)
N 0 ()
=
S. N
S
SYCN
21

BNnEtNI (5 mol %) @NH
. :
PhCI, 132 °C, 20 min, Ar CO,Me
24 (99 %)
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On treatment with various soft naophilies the major pduct was however thal-
arylcyanothioformamide®4. This could be obtained in near quantitative yield with the use of
catalytic benzyltriethylammonm iodide (5 mol %) providinga good route to this useful
intermediate.

+
~S.
COZH Ph3P |I3ph3
o 0O~
N cl PPhs (2 equiv.)
\>_< 3 , 22 (96 %) S
\ CH,Cl,, 20 °C, 10 min
S\ /N /)\
S N~ “CN
25 26

Interestingly Besson, Rees al.reported a quantitative congsn of the iminocarboxylic
acid 25 into benzothiazinon2 on treatment with triphenylphosphine and proposed that the
phosphonium salt byproducts help activate darboxylic acid towards attac&f.(intermediate
26).%In our case the methyl estt on treatment with triphenylphospte gave only a moderate
yield of the cyanothioformamid24.

2. Synthesis of percyano thiazole and 1,3,4-thiadiazole

The 1,2,3-dithiazole ring can act as both aurse of nucleophilic sulfur at S-1 and as
electrophilic trap at the ring carbon C-5.

On treatment with soft nucleophiles bisdithiazole systems su@v aan therefore be
considered as possible precursors heterocyclic systems of typ88 (Scheme 5). Two
bisdithiazoles of tis type compoun@9** and compoun80' have been reported the literature
and each could provide rapid routes to the corresponding percyano-1,3,4-thia8hzold
percyanothiazol82 respectively.
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Treatment of either bisdithiazo®® or 30 with soft nucleophiles i as chloride, bromide
or iodide gave the expet percyano-1,3,4-thiadiaza®d and thiazole32 systems respectively.
These percyano heterocycles suffered hydrolgisisng chromatographic isolation to afford a
moderate quantity of éhcorresponding carboxamid&3and34 respectively.

29 Reagent S N—N + N—N
- 8 * [\ [\
31 33

Table 1 Transformation of bisdithiazol® into 1,3,4-thiadiazole31 and33

Reagent Conditions Yields (%)

31 33
BnE&NI (1 eqiuv.) Ar, PhCl, 132 °C, 40 min 79 19
BnE&NI (0.25 eqiuv.) Ar, PhCl, 132 °C, 6 h 76 18
PhsP (5 eqiuv.) CHCI,, 20 °C, 5 min Trace 0
PhsP — polymer bound CH,ClI,, 20 °C, 10 min 69 0

(6 mol equiv.)
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Table 2 Transformation of bisdithiazo®0 into thiadiazole82 and34

Reagent Conditions Yields (%)

32 34
BnE&NI (1 eqiuv.) Ar, PhCl, 132 °C, 15 min 70 15
BnE&NBr (0.5 eqiuv.) Ar, PhCl, 132 °C, 15 min 68 20
PhsP (5 eqiuv.) CHCI,, 20 °C, 10 min Trace 0
PhsP — polymer bound CH,Cl,, 20 °C, 4h 76 0

(5 mol equiv.)

Chromatography could be avoided by ustodymer bound triphenylphosphine as the soft
nucleophile since the polymer resin could be separated by filtration to afédedresolution of
the desired percyano heterocycRecrystallisation of this g& pure product free of any
impurities or carboxamide. Surprisingly free triphenylphosphine gave only traces of product.

3. Synthesis of fully substituted pyrido[2,3-d]pyrimidines 37: unexpected
byproducts

The dithiazolimine36 prepared from the available fully substituted 2-aminopyri@hgave on
treatment with cyclic semdary amines the expected fully substituted pyridofp$+imidines
37 in moderate to good yield®gether with minor qudities of the guaniding8 and the
4-aminosubstituted dithiazolimirg9 (Scheme 6).

ISSN 1424-6376 Page 215 "ARKAT



Issue ICHC-20 IV@RBKRO06 (vii) 207-223

Ph Ph
NC._A_CN 3 NC.__-CN R,NH
| > | S — > 37-40
— — =S
Et0” "N” “NH, EtO” ON N:S;N
35 36 (88 %) Cl

EtO N N CN EtO

Ph Ph
NC._~ | N . NC -~ CN . NC._~ CN . S .
Sy A Ao NRe s Ss Unknown
N7 N E0” NN !
NR,

37 (50-80 %) 38 (5-20 %) 39 (Trace) ReN 40 (12-14 %)
Scheme 6

We have shown that the guanidi®® is a product of the reaction of pyrido[2,3-
d]pyrimidine 37 with excess amine presumably by nucleophilic attack bMHR at the
electrophilic pyrimidine C, with pyrimidine ring opning and release of,RH from C-4.
Surprisingly when acyclic secondary amines sashdiethylamine are ad in the reaction of
dithiazolimine 36 a new previously unobserved green colored byprod@cts observed in
addition to the byproduct/-39.

Due to very low solubility NMR or MS spectroscopic data were not obtainable and the

structure was solved by singleystal X-ray crystallography tafford the unexpected quinoidal
2,2’-bithiazole40.

Figure 1. X-Ray structure of 2,2’-bithiazolé0.
This is the first time such a product tylpas been observed in 1,2,3-dithiazole chemistry,

which raises new questions about the possibildfethe use of 1,2,3-dithzoles in synthesis. A
possible precursor to this compoundthe 4-aminosubstituted dithiazolimir8 which could
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have been cleaved to afford the ring opened intermediatdhese intermediates have been
prepared starting from the 4-aminosubstitutkthiazolimines by Kim using alkali bases in
alcohol® The two central carbons forming C-2 of théazole rings are presumed to be derived
from the solvent CECl,. However, attempts to improube yield of the 2,2’-bithiazold0 by
replacing the solvent with differesburces of carbon such at CHGCCLlL, CH,CIBr, CH.CII,
CH.Br,, and CHBg gave very similar reaction mixturdsit surprisingly no trace of the green
product, though formation of the green prodfein the presence of GBI, was reproducible.

OEt OEt
NCANy o8 NCLANy s
o N//K{N ------ TN NJK(NH ------ -
CN NR; cn HONR,
39 1

The formation of the pyrido[2,8}pyrimidine 37 from dithiazolimine 36 is in itself
mechanistically interesting as two possible pagfsmean be envisaged. In the first (Path A) the
nitrile group neighbouring the dithiazolimine istially attacked by the amine and cyclises onto
the dithiazole C-5 carbon which instigates operohghe dithiazole ring. A second possibility
(Path B) involves attack by the amine at the dithiazole ring sulfur S-2 to afford the disulfide
intermediate42 which then suffers ring closure to afford either the 4-aminodithiazoliB8rer
the pyrido[2,3d]pyrimidine 37 depending on which nitrile isttacked preferably by the
incoming amine (Scheme 7). Further studies aexad to determine which is the predominant
mechanism.
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Scheme 7
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4. Chemistry of dithiazolylidenacetonitiles 43: Formation of isothiazoles

An example where more extensive studiewvehgrovided insight o the ring opening
mechanisms of dithiazoles is theedhistry of dithiazolylidenacetonitrile43.>"*° Treatment of
dithiazoles43 with anhydrous HBr affordethe 3-bromoisothiazole45 in moderate to good
yields. However, with thelithiazolylidenemalononitriled3 (X = CN) the analogous treatment
with anhydrous HCI gives only a tra of the expected isothiazald.'® Here we argue that the
reaction mechanism proceeds by formation of the imidoyl broAtdehich then cyclises onto
the dithiazole ring sulfur S-1. Anhydrous HClimg a weaker acid than HBr is unable to drive
this transformation.

X
Ccl.  CN NC—y  C Br., Y
W HCI (g), PhMe ) HBr (g), PhH )-&
N, 20 °C, 5 min. S N °C, 5 min. N
S CN i S 20 °C, 5min S CN
44 43 X =H, Cl, Br, CN 45X =Y =CN, 83 %
X=Y=H,37%
X =Cl,Y=Bré&cl
X =Y = Br, 45 %
N\ CN Br CN
B\ CC M_éb B,  CN
HN \ B — HN\' \IQ —_— W + Sulfur
<N SN N CN
S s S
43 (X = CN) 46 45

Earlier work on dithiazolylidenemalononitri3 (X = CN) showed clearly that catalytic
chloride (BNnE{NCI 10 mol %) was sufficient ta@wonvert the dithiazolet3 (X = CN) into
3-chloroisothiazoledicarbonitrile 44 almost quantitatively. Treatment of dithiazolyl-
idenemalononitriled3 (X = CN) with secondary amines suels morpholine also afforded the
3-morpholinoisothiazoledicarbonitri? although in moderate yield (60%)).
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CN
Cl CN NC—\ £ _ R,N CN
7 BnEt;NCI (10 %) ; R,NH, Cu(l)CI (1 equiv.) >/_L
N, ) CN PhH, 80 °C, 2 d S.__N PhH, 80 °C, 12 h N \ CN
S S S
R,NH = Morpholine
44 (98 %) 43 (X =CN) 47 (60 %)
CN cl= ) CN
NC—\ (Cl S\
NJ) CN
EE— — 44
S N S\"A
\S/ /S
Cl
c= 48
Scheme 8

An alternative mechanism was proposed involving the disui@l&lucleophilic attack on
the ring sulfur at S-2 generates the disuld@avhich can then recyclise to afford the isothiazole
44 (Scheme 8).

NC
CN CN
NC / NC \ Cl R,N
N PN PPhs (5 equiv.) { RoNH (10 equiv.), 1-2 h N
NC [ N °  PhMe, 110°C, 3d S\g'N PhMe, 100-110°C NC ) NR,
PPhg R,NH = Morpholine S
49 (24 %) 43 (X =CN) 50 (30 %)
R,NH
R,NH
CN H*% CN \‘/
N R,N
NC— (Cl NC T — N
. N NCA<} \ . Hl
— NH
S\S/N S\Sr\ d _\——rH+ NC
1
RN HNR, S
R,NH
Scheme 9

During the investigation of thiseaction mechanism two unexpected-Byrroles were
isolated® The first, a deep blue coloreti®yrrole 49 whose structure wadetermined by single
crystal X-ray crystallography, was fronthe reaction of tphenylphosphine with
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dithiazolylideremalononitrile43 (X = CN). The second, on trigaent of the dithiazold3 (X =
CN) with excess morpholine, was the orange coloteg@rrole 50.

In light of difficulties in displacing the 4-chloro substituent of neutk#l152,3-dithiazoles
a rational mechanism for the formation of theBe@rroles49 and50 required the involvement
of the ring opened disulfidecf. the proposed mechanism of the bismorpholiFegyrrole 50
(Scheme 9)]. As such thadsthiazolylidenemalononitrilél3 (X = CN) can ring open to afford an
intermediate disulfid®1 that could afford isothiazolesH3pyrroles and evef(although this has
not been observed yet) 1,2,3-dkirole ring systems depending on the cyclisation modes of the
tricyanovinyl group (Scheme 10).

CN CN
NC‘S\_(%CI NCASL
\ R CN 51
S.ON S
S NS
(V Nuc/
Nuc™
_/‘\ _
. CN Nue cth CN
Nuc™ e \ NC— " NC—\, / Nuc™
N CN Csx C.
S s N S {N
? 3 3
Nuc Nuc Nuc))
gives isothiazoles gives 3H-pyrroles gives 1,2,3-dithiazole
(not observed)
Scheme 10

In order to investigate the reaction further, a series of substituted dithiazolyliden-
acetonitriles was prepared and treated with Yémezthylammonium chloride. Unfortunately for
the halo and non-substituted acetonitrile derivatd@$X = H, Cl, or Br) the geometry of the
attached nitrile group has not been determimectis or trans with respect to the dithiazole ring
sulfur) but in each case only one isomeswaserved by NMR and by chromatography. Owing
to a strong non-bonding interamti between the ester carbonybgp with the ditiazole ring
sulfur S-1 the ethyl carboxyla#8 (X = CO,Et) is known to have ttans geometry for the nitrile
group and the ring sulfdf,however, this system was unreactive to halide.
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Cl — Cl
/
TN I
A I\
S. _N *S. _N
S S

43 (X = CO,Et)

The acetonitrile derivatived3 (X = H, CI, or Br) gavesurprisingly complex reaction
mixtures. At best 3,4-dichloroisothiazolecarbonitrb@ (Y = Cl) could be obtained in a
respectable yield (63 %), but it was clear that halide exchange was proceeding from the
bromoacetonitrile derivative.

X
NC— O cl Y X = CO,Et, NO REACTION
; BnEt;NCI (10 %) )-& X =Y =CN, 98 %, (48 h)
X =Y = H, COMPLEX
S._N PhH, 80 °C N{ ’
S s7 N x-clLy=cl,63% (7 h) COMPLEX
X =Br, Y = Br & Cl, COMPLEX
43 X = H, Cl, Br, CN, CO,Et 52
_S<
> S< >—<
S S NC CN
I( I\ CgN,yS3 m
NC S NC I Purple NC S CN
53 54 55 56

Analysis of the complex mixturdeom the reaction of dithiazoles3 (X = H, CI or Br) and
tetraalkylammonium chloride revealed thees®nce of several unexpected compounds, the
isothiazolopentathiepin-8-carbonitril®3, the isothiazolodithi-4,5,7-tricarbonitrile 54, an
unidentified purple compounsb and tetracyanothiopheri®. The isothiazolopentathiepbB is
known to react with dicyanoacetylene to give ditffithand traces of tetracyanothiophes?®*
These unusual producs8 — 56 are formally composed of one or two units of dicyanoacetylene
and sulfur. As such the possibilitigat dithiazolylidenacetonitrild3 (X = H) could beunzipped
by deprotonation to afford dicyanoacetylediatomic sulfur and HCI was investigated.

Basc?\
H
ch)
f
N)S S

—HCl

NC———CN + S,

43 (X = H)
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Treatment of the dithiazolylidenacetonitrilé3 (X = H) with sterically hindered
ethyldiisopropylamine (Hunigsase) gave the compour3— 56 but no trace of the monocyclic
isothiazoleb2.

H

C|>_/2—CN _
, .
) EtPN (1 equiv.) 53(7%) + 54(34%) + 55(45%) + 56 (Trace)

N\S/S CH,Cl,, 45 °C, 55 min.

43 (X = H)

The unknown purple colored compoub8 is unstable on silica and hydrolyses during
chromatographic isolation to affoedstable purple colored carboxambié Neither compounds
55 and57 have been identified but eashow eight separate carba@sonances in the C-13 NMR
and both show the presence dtrites in the IR spectra. The molecular formulae have been
deduced from mass spectrometB5 (CgNsSs and 57 CgHoN40Ss). Compound55 formally
contains two units of dicyanoacetylene and ttmaéur atoms. The highly colored nature of the
compounds5 leads to at least four possible structuf®@sheme 11) that presumably could arise
from a 4 component XOcycloaddition between two equivals of diatomic sulfur and two
equivalents of dicyanoacetylene to give a fuseden-five heterocycle that then suffers ring
contraction through loss of one sulfur atom teegihe proposed six-five system. The identity of
the purple compounds is being investigated.

CN CN  cN CN
NC:[Sﬁ NCVTQS NC .~ N NC |5 N
S
_ / S. — / S / /
NC™ °N” S NT 7S Z s NG S
CN CN

CN
.S=S S—
NCI”/\‘:/ . CN NC:[ /SZ\(CN ~1/8S, chisfg
S §/\< = S
N/\;\SQS NCTN s NCT N

NC

Scheme 11

This chemistry looks promising as a possibew route to both peathiepins and to new
methods for then situ generation of acetylene derivattveUnderstanding the mechanisms
leading to the formation of these unexpectemtpcts will aid in thedesign of 1,2,3-dithiazoles
which can be used to build new heterocyclic compounds.
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