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Abstract. The reactions of 2-(4-chloro-b1,2,3-dithiazol-5-ylideneamino)-6-ethoxy-4-
phenylpyridine-3,5-dicarbonitrileld) with a range of primary and secondary amines are
investigated. Treatment withkBuNH, and BnNH gave 1,3-dR-butyl- and 1,3-dibenzyl-2-
(3,5-dicyano-6-ethoxy-4-phenylpyrid-2-yl)guanidinEsa (32%) andl5b (82%), respective-

ly. While treatment with BENH, n-PLNH or BrpNH gave the analogous 4-dialkylamino-
pyrido[2,3d]pyrimidines 16c-e in high yields. Treatment of the dithiazald with pyrroli-
dine, piperidine or morpholine gave the analogoubatkylaminopyrido[2,3d]pyrimidines
16f-h, the 2-aminopyridinel3 and 2-(diamino-1-ylmethyleneamino)-6-ethoxy-4-pyien
pyridine-3,5-dicarbonitrilesl5f-h. The 4-dialkylaminopyrido[2,8]pyrimidines 16f-h are
converted to the 2-(dialkylamino-1-ylmethyleneamigeethoxy-4-phenylpyridine-3,5-di-
carbonitriles15f-h upon further reaction with excess dialkylamindse Btructure and origins

of the two side productd&7 and 18 is also discussed. Tentative mechanisms for these

transformations are proposed.

Keywords. Fused heterocycles; ring transformations; guaeslirpyridines; pyrimidines;

sulfur-nitrogen heterocycles.



1. Introduction

4,5-Dichloro-1,2,3-dithiazolium chloridel) (Appel salt} was prepared 30 years ago and its
chemistry has been exploited extensively to prepamay neutral B-1,2,3-dithiazoles.g,
compounds2, where X = CR, NR, O or S (Scheme 1). Some of these dithiazslesv
interesting biological activity as fungicidéderbicides, or as antibacteriafswhile more
recent studies revealed antitumor actiignd inactivation of the glutamine/amino acid
transporter ASCT2. 1,2,3-Dithiazolyls are also of interest in the emils sciences as

potential conductors and as organic maghets.
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Scheme 1l

Neutral 4-chloro-1,2,3-dithiazoles are useful foe tpreparation of a plethora of cyano
substituted heteroarenes. In particuldisubstituted 1,2,3-dithiazolylideneamines have been
converted to benzothiazol@sbenzimidazole$, thiazolopyridines? and benzoxazin€s,
while selected 1,2,3-dithiazolylideneacetonitrites/e been converted into isothiazéfeand

the rare Bi-pyrrole systent® Acyclic functionalities such as isothiocyanafeand thiocyano-
formamide$® can also be prepared from neutral 1,2,3-dithiditegeamines. Several

excellent reviews on 1,2,3-dithiazoles have appkdre

Quinazoline-2-carbonitriles are important heterbeyahat can be accessed from 2-cyano-
(1,2,3-dithiazolylideneamino)arenes; quinazolines present in many pharmaceuticals like
the antihypertensive drug PrazoSirthe 5-HT2 antagonist Ketansefirand the antitumor

drug trimetrexaté? Treatment of readily prepared?){2-(4-chloro-34-1,2,3-dithiazol-5-



15c

ylideneamino)benzonitrile3f " with alkoxides affords 4-alkoxyquinazoline-2-canitdles 4

in good vyields (Scheme 29%°
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Scheme 2

This alkoxide mediated ring transformation of datnles has also been demonstrated with
cyano substituted (dithiazolylideneamino)pyrazol@®sjdazoles and -triazoles to afford the
corresponding H-pyrazolo[3,4d]pyrimidine-6-carbonitrile, Bl-purine-2-carbonitrile and

3H-[1,2,3]triazolo[4,56]pyrimidine-5-carbonitriles, respectivefy.

Alternative two step protocols have also been tepomwhere the dithiazol® is first
converted to the cyanoformanilidg by treatment with P and subsequent cyclisation
induced by alkoxide®?® or EtSH° affords the quinazoline§. This indicated that
cyanoformanilides can be intermediates in this tragsformation (Scheme 3). Furthermore,
Kim et al,**?treated 2-carboxy substituted 2-(dithiazolylidene®)benzene8 initially with
hydroxylamine to yield quinazolinéN-oxides 9, that on reduction with TiGl gave

guinazolineslO (Scheme 3).
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In principle the ring transformation of dithiazolés quinazolines can be used to prepare
pyrido[2,3d]pyrimidine-2-carbonitriles. Selected analogues pldig potentially useful
biological properties, including antitumor activigs potent Aktl/2 inhibitor€, and as
cannabinoid-1 receptor inverse agorffstaaking them useful as antiobesity agents and as
capsaicin receptor modulatdfsThe nitrile group at the 2-position of pyrido[2fByrimid-
ines is desirable as this can provide access t@a mange of derivatives by hydroly$fS:°
reduction, decarboxylation and reaction with nupletes?® Until now, the incorporation of
the cyano group in pyrido[2,8}pyrimidine-2-carbonitrilesl2 was achieved by substitution
from the sulfoxidell with cyanide [TOXIC] (Scheme 45" Appel saltl, which is an ideal
reagent for synthesising cyano-substituted hetetes§ can therefore provide an alternative
route to pyrido[2,3]pyrimidine-2-carbonitriled2 avoiding the use of cyanides.
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Recently, we explored the synthé§iand chemistry of 2-(4-chloroks1,2,3-dithiazol-5-
ylideneamino)-6-ethoxy-4-phenylpyridine-3,5-dicaniidle (14).*° We were attracted to this
dithiazole by the biological properties and fagigthesis of the precursor amine, 2-amino-
3,4-dicyano-5-phenyl-6-ethoxypyridin@3). The 2-aminopyridind.3, readily prepared from
benzaldehyde and malononitrffe,has a high conductance-type Ca activated K channel
opening effect that acts as a smooth muscle refaanthe bladder making it useful in
treating pollakluria and urinary incontiner®&’ and derivatives can act as antibacterials.
As such, we considered that the dithiazblecould be a source of new highly substituted

heteroarenes that can be potentially useful smaléonle scaffolds.

Herein, we describe the reaction of the dithiaZdfe with primary and secondary amines as
nucleophiles which gave polysubstituted pyrido[@]@yrimidine-2-carbonitriles and/or

2-(3,5-dicyano-6-ethoxy-4-phenylpyrid-2-yl)guanidg) as well as other unexpected side

products.
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2. Results and discussion
2.1. Reaction of the dithiazolg with amines

To investigate the potential for synthesis of pgfJ3-d]pyrimidine-2-carbonitriles, the
dithiazole14 was treated with a range of alkyl- and arylamiflgsatment with the primary

alkylaminesn-butylamine or benzylamine (4 equiv) in DCM heatedreflux gave not the



expected 4-alkylaminopyrido[2 @pyrimidine-2-carbonitriles but instead 1,34uibutyl- and
1,3-dibenzyl-2-(3,5-dicyano-6-ethoxy-4-phenylpy#dA)guanidinesl5a and15b in 32 and
82% vyields, respectively (Scheme 6). Treatment wighless nucleophilic primary arylamine
aniline (8 equiv) both in DCM and in PhMe, heatedeflux gave no reaction and the starting
material was recovered in 89 and 90% vyields, rasfedg. The spectroscopic data for the two

compounddba and15b agreed with the assigned guanidine structures.
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Scheme 6

Pyridoguanidines derived from 2-aminopyridine-3baanitrile 13 are biologically important
compounds since they can inhibit the release aaimme making them potentially useful as
antianaphylactic agent&®while other pyridoguanidines have been investijate urokinase-
type plasminogen activator (UPA) inhibitdfsand antibacterials against tuberculdéi$heir
formation in our reaction, was mechanistically igiiing and will be discussed below (see

Sect. 2.3).

Fortunately, when the dithiazol} was reacted with the secondary dialkylaminesgNBHt
n-PrNH and BnNH, the main products were the desired 4-dialkytaopyrido[2,3€l]-
pyrimidines 16c-e in moderate to high yields (Table 1, entries 1Raction withi-Pr,NH
gave an incomplete and complex reaction while reaatith the sterically hindered and less

nucleophilic diphenylamine gave no reaction.



Table 1. Reaction of the dithiazole 14 with dialkylamines.

Ph
Ph NR; NC._ A CN
14 % ch\/'(gN + | _ + 13
— 98 EtO” "N 'N
EtO” N N/)\CN |
RoN™ "NR,
16¢-h 15f-h

Entry R,NH Solvent Temp. Time Yields (%)
(equiv) (°C) Sg 16 15 13
1 Eto,NH (4) DCM 40 35h 86 16c (84)? - 6
2 n-ProNH (4) DCM 40 4h 97 16d (73) - -
3 Bn,NH (20) PhMe 110 48 h 97 16e (50) - -
4  pyrrolidine (2) DCM 40 48 h 94 16f (50) 15f (12) 9
5  pyrrolidine (2) PhMe 110 22 h 94 16f (76) 15f (18) 5
6  pyrrolidine (4) DCM 40 10 min 95 16f (78) 15f (14) 6
7  pyrrolidine (20) DCM 40 5d 15 16f (trace) 15f(80) 18
8 piperidine (4) DCM 40 3.5h 94 16g (74) 159 (11) 10
9  piperidine (20) DCM 40 7d 45 169 (54) 159 (18) 16
10  morpholine (4) DCM 40 13 h 89 16h (77) 15h (2) 12
11 morpholine (20) DCM 40 7d 99 16h (25) 15h (42) 12

@ Also isolated: side products 17 and 18 in 5 and 2%, respectively.

Worthy of note, was that at least four equivalaitsither E{NH andn-Pr.NH were required

to fully consume the dithiazol®4 and gave the 4-dialkylaminopyrido[2¢dBpyrimidines 16¢c
and16d in high yields (Table 1, entries 1 and 2). In cast, the reaction of BNH required
more aggressive conditions to come to completisiwanty equivalents of amine were used
in PhMe, atca. 110°C and gave 4-dibenzylaminopyrido[2ffsyrimidine 16e in a modest
50% yield (Table 1, entry 3). This result can beilaited to the increased steric hindrance
from the two benzyl groups that decreased the ppbiécity of BryNH compared to ENH
andn-PrnNH. The same can be said fiePrLNH that has even bulkier isopropyl grougs (
value fori-Pr is 2.15vs 1.75 for Et)* The low reactivity of diphenylamine (data not simdw
can be attributed to electronic reasons as theptvemyl groups draw electron density away

from the amino group, decreasing significantlynitsleophilicity. Interestingly, the reaction



with ELNH also led to the formation of 2-[4-(diethylamirghi-1,2,3-dithiazol-5-ylidene-
amino]-6-ethoxy-4-phenylpyridine-3,5-dicarbonitrilél7) and the deep green coloured
6,6'-{(1Z,12)-[(E)-4,4'-bis(diethylamino)-H,5H-(2,2'-bithiazolylidene)-5,5'-diylidene]bis-
(azanylylidene)}bis(2-ethoxy-4-phenylpyridine-3,&a@rbonitrile) @8) in 5 and 2% vyields,
respectively; the structure elucidation of thedativas achievedia single crystal X-ray

crystallography (Figure 1).
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Figure 1. The crystal structure of the quinoidal 2,2'-bitlukzl8 (50% probability ellipsoids

and hydrogen atoms omitted for clarity).

Moreover, reacting the dithiazold with either pyrrolidine, piperidine or morpholigave as
main products 4-dialkylaminopyrido[2@pyrimidines16f-h along with elemental sulfur and
as minor products the 2-aminopyridih® and 2-(diamino-1-ylmethyleneamino)-6-ethoxy-4-

phenylpyridine-3,5-dicarbonitriled5f-h (Table 1, entries 4-11). The best yields of the

8



4-dialkylaminopyrido[2,3d]pyrimidines 16f-h were obtained when four equivalents of base
were used in DCM heated at reflux. These reacti@tsa significant difference in the time
needed for each to come to completion: the reaewtn pyrrolidine was the fastest (10 min)
while the reaction with morpholine was the slow@s h), which correlated with the relative

nucleophilicity of the amine¥’

Intrigued by the formation of guanidin&Sf-h we briefly examined conditions for increasing
their yields in this reaction: when an excess dlkylamine (20 equiv) and prolonged
reaction times were used (Table 1, entries 7, 9 Bhd the yields of 4-dialkylamino-
pyrido[2,3d]pyrimidines 16f-h decreased while the yields of 2-dialkylaminoguarod
pyridines 15a-c increased. The reaction with pyrrolidine after &ysl led to complete
consumption of the 4-pyrrolidinopyrido[2@@pyrimidine 16f and gave the 2-pyrrolidino-
guanidinopyridinel5f in 80% yield. Reactions of piperidine and morphelhowever, were
slower and did not consume all the pyridopyrimidaven after 7 days, with the 4-piperidino-
pyrido[2,3d]pyrimidine 16g being the most resistant. In these slow reactwasobserved
increased yields of the 2-aminopyridib@ that indicated hydrolysis of the pyridopyrimidines
or guanidines. Hydrolyses of pyrido[2dBsyrimidines to 2-aminonicotinonitriles in the
presence of a C-4 leaving group under basic camitare known: while in the absence of a
leaving group hydrolysis can occur on treatmenhwaitGrignard reagent after nucleophilic
addition at the C-2 position and subsequent rirenomm>® Similar hydrolyses of guanidines
to the corresponding arylamines have also beenrtegpoeither in basf¢ or acidic
conditions®® These results suggested that the 2-dialkylaminuigireopyridines15f-h were
derived from the 4-dialkylaminopyrido[2@pyrimidines 16f-h and not from the starting

dithiazolel4.



2.2. Investigation of the origins of 2-aminoguanajyridinesl5

To the best of our knowledge, there are no repairta pyrimidine fragmenting to give a

2-aminoguanidine, although hydrolytic cleavage afimidines is well documented.

Nevertheless,

the above observations tentativelggessted that the 2-dialkylamino-

guanidinopyridines15f-h were derived from the 4-dialkylaminopyrido[Zfpyrimidines

16f-h. As such, the three 4-dialkylaminopyrido[2ifpyrimidines 16f-h were treated with

excess of the corresponding dialkylamine, and gse&rd, gave the 2-dialkylamino-

guanidinopyridined5f-h in 65-78% vyields (Table 2).

Table 2. Reactions of pyrido[2,3-d]pyrimidines 16f-h with excess
cyclic secondary dialkylamines.

Ph  NRy Ph
NC _— | NN R,NH NC _ | CN
= NR,
f0” SN NN B0 N7 ON=(
NR,
16f-h 15f-h
Entry R,NH Solvent Temp. Time Yields
(equiv) (°C) (%)
1 pyrrolidine (20) DCM 40 5h 15f (65)
2 piperidine (20) DCM 40 5d 16g (87), 159 (trace)
3  piperidine (40) DCM 40 9d 16g (43), 159 (trace)
4 piperidine (40) PhMe 110 6h 159 (75)
5 morpholine (40) DCM 40 6d -
6 morpholine (20) PhMe 110 6d 15h (78)

As above, the

reaction times for the transformatbthe 4-aminopyrido[2,8]pyrimidines

16f-h correlated with the nucleophilicity of the secondamines.e. pyrrolidine > piperidine

> morpholine.

While pyrido[2,8pyrimidine 16f reacted fast with pyrrolidine (Table 2,

entry 1) to give 2-pyrrolidinoguanidinopyridiridf in 65% yield, the respective reactions of

piperidine and

ca. 110°C with

morpholine were slower in DCMcat 40°C and required heating in PhMe at

a large excess of amine to consume fullystlagting pyrido[2,3]pyrimidine

10



(Table 2, entries 4 and 6). Interestingly, simiaaminoguanidinopyridine2l have been
prepared from the 2-aminopyridird® and N,N-dichlorodimethyliminochloride 19), via the

(E)-N,N-dimethylcarbamimidic chlorid@0 (Scheme 7§

Ph Ph

Theesice . MONN eonse NN
13 : - | NMe, ———"> | NMe,

—

Et0” "N~ "N=( Et0” "N~ N=(
Cl NR;

20 21

Scheme 7

2.3. Mechanistic Rationale for the Formation of Qaundsl5-18

The 4-dialkylaminopyrido[2,3]pyrimidines16 can be obtainedia two possible mechanistic
pathways (path a and b, Scheme 8). The first (@gtmvolves a nucleophilic addition of the
alkylamine to the cyano group at the pyridine Ce3ifion, followed by a subsequent attack
of the newly formed amidine onto the dithiazole @dsition causing fragmentation and
elimination of $ and HCI. The second mechanistic pathway (patmnlves an ANRORC
style nucleophilic attack of the alkylamine onte tB-2 position of the dithiazole ring leading
to ring cleavage and formation of the disulfideemtediate22. A second alkylamine then
attacks the cyano group at the pyridine C-3 pasiéiod the subsequent amidine cyclises onto

the C-5 position of the dithiazole leading to ehiation of $ and HCI.

Moreover, since dithiazolylideneamines can be cdedeto cyanothioformamides upon
treatment with a range of nucleophiles such as esninydroxide and triphenylphosphiré,
a reaction believed to occwia a ring opened disulfide intermediate likg,**° then the
possibility that these can also be reaction inteliates must be considered. In fact,
cyanothioformanilides bearing amwtho-cyano substituents readily cyclise in neat alcehol

heated at reflux to form pyrimidiné%° Thein situ conversion of the disulfide intermediates
11



22 into cyanothioformamide23 and subsequent cyclisation of the latter to givalkgl-
aminopyrido[2,3d]pyrimidines 16 (path c) is therefore plausible, however, under ou

reaction conditions we saw no trace of the propayadothioformamide23.

Ph v Ph  NR,
HNR, NC. Aoy

NC =X
=
N | \78\8) - N | /)\

N=* Path a N~ >N
Et0” °N \ﬁ%@ EtO CN
¥

14 ct) 16
j Path b T S
HNR, HNR,
/ /
{\ QN Ry
—
_ Path c EtO
HNR,
22 23
Scheme 8

There is insufficient experimental data to clanfhich of the three mechanisms dominates,
however, the formation of the 4-diethylaminodittubezl7 provides some support for path b.
Direct nucleophilic substitution of the dithiazdle4 chlorine is known to be difficuff and
Kim,*® has provided strong evidence that 4-aminodithizealre formedia an ANRORC?
style reaction whereby an amine initially cleavd® tdithiazole to give a disulfide
intermediate similar to structu? of path b, Scheme 8, and subsequent additionahan
amine to the neigbouring carbonitrile affords anidane that cyclizes onto the S-2 atom,

eliminating the first amine and affording the dibolylidenel7 (Scheme 9).

12
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To the best of our knowledge, there is only onerepn the transformation of a dithiazol-
ylideneamine to a guanidineZ)(N-(4-chloro-3H-1,2,3-dithiazol-5-ylidene)-4-methylbenz-
enesulfonamide 24) treated with secondary amines gaMe(diaminoalkylate)-4-methyl-
benzenesulfonamideé6 in moderate to high yields (40-99%). The reactiapidly gives the
isolable Z)-N'-tosylcarbamimidoyl cyanid@5 that on further treatment with dialkylamine

converts to the guanidirs (Scheme 10§

Ts—N cl  R,NH NR,  R,NH NR;
Y~ bpemoooc_ N=C pem,zecc  N=(
s N T eNnT T NR
24 25 26
Scheme 10

In our reaction, however, the 2-aminoguanidinogped 15 form from the 4-aminopyrido-
[2,3d]pyrimidines 16. Presumably, excess alkylamine attacks the elgulio C-2 position
of the pyrimidine, leading to ring opening and fation of the carbamidoyl cyanid#’.
Since this species was not observed in the reaatioture, we must assume that it was
sufficiently more electrophilic that the startingashinopyrido[2,3d]pyrimidine 16 and, as
such, rapidly gets converted into the observed iguaes 15. Worthy of note was that

activated carbonitriles can undergo direct nucld@plsubstitutiorf® but no 2,4-bisalkyl-

13



aminopyrido[2,3d]pyrimidines28 were observed in the reaction mixtures, which ¢pa@more
electron rich than the starting carbonitril&® should have been comparatively stable and

therefore, isolable.

Ph  NR, Ph (NR, Ph  NR,
NC/|\N RNH NC/|tN NC/|\)N\
{\ I N —A
Et0” N N/)>CN Et0” N7 N Ng —HCN Et0” N7 >N” NR,
H 2
16 HNR: 28
l—RzNH
Ph
CN
NC._ _~ NR, HNR:
| ,;)\/\J — 15
Et0” N7 N7 "ON —HCN
27
Scheme 11

Moreover, the carbamimidoyl cyanide intermedi2fecan also form by direct attack of the
amine on the dithiazole C-5 position. Since we sawtrace of this carbamimidoyl cyanide
during the reaction of the dithiazole with the alkylamines, we tentatively consider this

pathway to be less likely.

The origin of green compountB was intriguing and remains a puzzle. A review loé t
literature revealed that treatment of the dithigldéne29 with NaOH in EtOH leads to ring
opening of the dithiazole forming the reddNharylthiocarbamoyN,N-dialkylamidine30 in
good to excellent yields (68-99%) (Scheme “E2). similar fragmentation of the dithiazole
11 can lead to intermedia®l which presumably can incorporate a 2-carbon soinore an

additional dithiazole molecule, or degradation picidhereof, to give the observed quinoidal

14



2,2-bithiazole 18. This complex and intriguing transformation is namder further

investigation and will be the subject of a fututglication.

Ar—N Cl NaOH H NH
\>_< aqg. EtOH N
d \N - A NR,
29 30
Ph
2-carbon
NC = CN source
14 — | —
Et0” SN~ “NH
S)\WNEtz
31 NH
Scheme 12

3. Conclusions
2-(4-Chloro-31-1,2,3-dithiazol-5-ylideneamino)-6-ethoxy-4-phenyigine-3,5-dicarbo-
nitrile (14) reacts withn-BuNH, and BnNH to give the guanidine$5a and15b in 32 and
82% vyields, respectively. In contrast, treatmenthef dithiazolel4 with ELNH, n-Pr,NH or
Bn:NH gave the analogous 4-dialkylaminopyrido[2]pyrimidines 16¢c-e in high vyields,
which on further treatment with dialkylamines cae bonverted into guanidines. The
reactions of the dithiazolk} are sometimes accompanied by minor side prodeats the 4-
diethylaminodithiazolel7 and the quinoidal-2)ithiazole18) that indicate the presence of

ANRORC style reaction mechanisms.

15



4, Experimental
4.1. General procedures

Anhydrous NaSQ, was used for drying organic extracts and all veatwere removed
under reduced pressure. All reaction mixtures asidnen eluents were monitored by TLC
using commercial glass backed thin layer chromajagy (TLC) plates (Merck Kieselgel 60
F254).** The plates were observed under UV light at 254 366l nm. The technique of dry
flash chromatography was used throughout for alh-TbC scale chromatographic
separations using Merck Silica Gel 60 (less th@® mm). Melting points were determined
using a Wagner & Munz Polytherm A hot stage micopsc apparatus. Solvents used for
recrystallization are indicated after the meltirgnp. UV/vis spectra were obtained using a
Perkin-Elmer Lambda-25 UV/vis spectrophotometer amftections are identified by the
abbreviation “inf’. IR spectra were recorded on &intadzu FTIR-NIR Prestige-21
spectrometer with Pik®liracle Ge ATR accessory and strong, medium and weak paks
represented by s, m and w, respectivityand**C NMR spectra were recorded on a Bruker
Avance 300 (at 300 and 75 MHz, respectively), @08 machine (at 500 and 125 MHz,
respectively). Deuterated solvents were used fandmuclear lock and the signals are
referenced to the deuterated solvent peaks. Clgramsnts were made based on DEPT 135
spectroscopy. Low resolution (El) mass spectra wecerded on a Shimadzu Q2010 GCMS
with direct inlet probe, while high resolution (Ethass spectra were recorded on a VG
Autospec “Q” instrument. MALDI TOF mass spectra eveecorded on a Bruker Autoflex Il
Smartbeam instrument.  2-(4-Chlorét3,2,3-dithiazol-5-ylideneamino)-3,5-dicyano-4-

phenyl-6-ethoxypyridineld),?” was prepared according to the literature.
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4.2. Reactions of 2-(4-chloro-5H-1,2,3-dithiazol-5-ylideneamino)-3,5-dicyano-4-

phenyl-6-ethoxypyridine (14) with primary amines (see Table 1)

4.2.1. 1,3-Din-butyl-2-(3,5-dicyano-6-ethoxy-4-phenylpyridin-Jeglanidine 15a)
(typical procedure)To a stirred solution of 2-(4-chlorab1,2,3-dithiazol-5-ylideneamino)-
3,5-dicyano-4-phenyl-6-ethoxypyridin&4) (50.0 mg, 0.125 mmol) in DCM (2 mL) eh. 20
°C and protected with Cagdirying tube, was addedBuNH, (54.8uL, 0.520 mmol) and the
mixture was heated at reflux for 4 h. On coolingctn 20 °C the reaction mixture was
adsorbed onto silica and chromatograpmhéxane) gave 7.5 mg, 94%). Further elution
(DCM/t-BuOMe, 9:1) gave thatle compoundl5a (16.7 mg, 32%) as colourless needles, mp
204-205°C (from EtOH); R0.32 (DCMt-BuOMe, 9:1); (found: C, 68.93; H, 7.38; N, 19.99.
Co4H30NgO requires C, 68.87; H, 7.22; N, 20.08%):(DCM)/nm 249 inf (loge 3.25), 315
(3.61), 347 (3.55)Vma/cm® 3337m (NH), 2222m (€N), 1599w, 1578m, 1526s, 1493s,
1464m, 1447w, 1423s, 1381w, 1335m, 1308w, 1271w46W2 1231w, 1184m, 1148w,
1076w, 1013w, 934w, 912w, 822w, 7856500 MHz, CDC}) 7.53-7.49 (5H, m, PH),
4.37 (2H, gJ 7.1, H,0), 3.40 (4H, br s, B,), 1.68-1.62 (4H, m, By), 1.49 (3H, tJ 7.3,
CHa), 1.46-1.42 (4H, m, B,), 1.30 (1H, d,J 6.6, NH), 1.25 (1H, s, M), 0.97 (6H, tJ 7.3,
CHa); dc(125 MHz, CDCH) 164.8 (s), 160.3 (s), 156.1 (s), 134.1 (s), 13@)3 128.7 (d),
128.6 (d), 116.3 (s), 115.2 (s), 94.2 (s), 93.698)3 (s), 63.5 (t), 41.7 (t), 31.6 (t), 20.1 (t),
14.4 (q), 13.7 (q)m/z(El) 418 (M", 100%), 389 (46), 376 (37), 361 (25), 347 (393 &),
320 (33), 305 (35), 291 (14), 278 (17), 262 (486 245), 220 (43), 165 (31), 115 (18), 99

(15), 72 (34), 57 (19).

4.2.2. 1,3-Dibenzyl-2-(3,5-dicyano-6-ethoxy-4-phgyrydin-2-yl)guanidine {5b). Similar
treatment of 2-(4-chloro+¥-1,2,3-dithiazol-5-ylideneamino)-3,5-dicyano-4-pkikeé-ethoxy-
pyridine (14) (50.0 mg, 0.125 mmol) with BnNH56.9uL, 0.520 mmol) heated at reflux for

17



7 h gave on chromatographyliexane) (7.8 mg, 98%) and on further elution (DCM) gave
thetitle compoundl5b (49.9 mg, 82%) as colourless prisms, mp 230°Z3(from EtOH); R
0.55 (DCM); ima{DCM)/nm 244 inf (loge 3.38), 312 (3.58), 347 (3.56)ma/cm™ 3335m
(NH), 2222m (&N), 1599w, 1578m, 1530s, 1493s, 1466m, 1447w, 14P381w, 1337m,
1315w, 1269m, 1246w, 1231w, 1184m, 1148m, 1076440 910w, 822w, 785 (500
MHz, CDCk) NH resonance missing 7.51-7.48 (10H, mHh7.37 (5H, s, PH), 4.56 (4H,

br s, GH,Ph), 3.68 (2H, gJ 7.0, GH,0), 1.11 (3H, tJ 7.0, CHa); 5c(125 MHz, CDC4) one C

(d) and one C (s) resonance missing, 164.6 (s)816B3 160.3 (s), 155.8 (s), 134.2 (s), 130.2
(br d), 129.0 (br d), 128.7 (d), 128.5 (d), 12818 16.6 (s), 115.2 (s), 95.7 (s), 82.2 (s), 63.3
(t), 46.1 (t), 14.0 (q)m/z(El) 486 (M, 3%), 414 (11), 395 (6), 385 (6), 344 (9), 316)(33
288 (4), 220 (5), 165 (7), 106 (16), 91 (29), 7@QAY 55 (38); (found N 486.2189

CsoH26NgO requiresl\/l , 486.2168) .

4.3. Reactions of 2-(4-chloro-5H-1,2,3-dithiazol-5-ylideneamino)-3,5-dicyano-4-

phenyl-6-ethoxypyridine (14) with secondary amines (see Table 1)

4.3.1. 4-(Diethylamino)-7-ethoxy-5-phenylpyridop2jpyrimidine-2,6-dicarbonitrile

(16c) (typical procedure). To a stirred solution of 2-(4-chlord#s1,2,3-dithiazol-5-
ylideneamino)-3,5-dicyano-4-phenyl-6-ethoxypyridifigd) (50.0 mg, 0.125 mmol) in DCM
(2 mL) atca. 20°C and protected with Cagtirying tube, was added A&H (53.6xL, 0.520
mmol) and the mixture was heated at reflux. Afté&r I3 TLC showed the presence of 5 main
products and the reaction mixture was allowed @ tmca. 20 °C, adsorbed onto silica and
chromatographynthexane) gave g§5(6.9 mg, 86%). Further elutiom-bexane/DCM, 1:1)
gave thetitle compoundl6c (39.1 mg, 84%) as yellow prisms, mp 158-1%® (from

c-hexane/EtOH); RO0.16 (-hexane/DCM, 1:1); (found: C, 67.87; H, 5.48; N,.3R2
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C21H20N6O requires C, 67.73; H, 5.41; N, 22.57%}{DCM)/nm 242 (loge 3.08), 274
(3.08), 318 (2.96), 363 (3.24¥malcm* 2997w, 2982w and 2941w (alkyl CH), 2220m
(C=N), 1589m, 1578m, 1531s, 1497m, 1485s, 1437w, 142P883m, 1371w, 1360m,
1344m, 1267m, 1213m, 1163m, 1076m, 1026w, 10018w9B53w, 804w, 787m, 752s,
733w, 706mn(300 MHz, CDC}) 7.54 (5H, s, Pi), 4.64 (2H, qJ 7.1, CH,0), 3.82-3.71
(4H, m, GH,N), 1.48 (3H, tJ 7.1, GHs), 1.40 (3H, tJ 7.2, (H3), 1.32 (3H, tJ 7.1, CHa);
oc(75 MHz, CDC}) 165.1 (s), 161.4 (s), 160.7 (s), 135.3 (s), 138)3130.6 (d), 128.8 (d),
128.5 (d), 115.3 (s), 114.2 (s), 108.9 (s), 96)194.3 (s), 65.1 (1), 46.2 (t), 44.2 (1), 14.44
(q), 14.37 (q), 11.8 (gm/z(El) 372 (M, 100%), 343 (59), 315 (30), 288 (30), 274 (13R 26
(10), 247 (8), 220 (20), 165 (46), 109 (72), 96)(BL (29), 72 (28), 69 (13), 56 (22). Further
elution (-hexane/DCM, 1:4) gave 2-amino-6-ethoxy-4-phenytpge-3,5-dicarbo-nitrile
(13) (2.0 mg, 6%) as colourless prisms, mp 238-234(it.,?° 233-234°C) (from CHC}),
identical to an authentic sample. Further elutimhéxaneBuOMe, 7:3) gav@-[4-(diethyl-
amino)-3-1,2,3-dithiazol-5-ylideneamino]-6-ethoxy-4-phernyldine-3,5-dicarbonitrile

(17) (2.7 mg, 5%) as red prisms, mp 174-2Z5(from c-hexane/EtOH); R0.57 (-hexanet
BuOMe, 7:3)Ama{DCM)/nm 286 (loge 3.28), 401 inf (2.99), 452 inf (2.97), 497 (3.1231
(3.07); Vmadcm* 3057w (Ar CH), 2980w and 2932w (alkyl CH), 2224@=N), 1584w,
1547s, 1520m, 1497w, 1474s, 1454m, 1431s, 1412#8M31335s, 1279w, 1267m, 1234m,
1198w, 1167m, 1103w, 1078w, 1063w, 1045w, 1024n2wW9849w, 934w, 922w, 907w,
841w, 814w, 789m, 773m, 748s, 729w, 705§300 MHz, CDC}) 7.57 (5H, s, Pit), 4.81
(2H, g, 7.1, GH,0), 3.93 (4H, g, 7.0, GH,N), 1.59 (3H, tJ 7.1, (Hs), 1.27 (6H, tJ 7.0,
CHs); oc(75 MHz, CDC}) 165.6 (s), 162.1 (s), 160.9 (s), 160.3 (s), 1§6)0133.1 (s), 130.9
(d), 129.0 (d), 128.7 (d), 115.1 (s), 114.1 (s)P98), 91.9 (s), 66.8 (t), 45.9 (1), 14.6 (q),7L3.
(q); m/z (El) 436 (M, 83%), 421 (18), 403 (49), 390 (9), 376 (47), 342), 306 (9), 279

(12), 220 (15), 165 (25), 98 (47), 83 (74), 70 (1@ (12), 55 (31); (found M 436.1144
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Co1H20N6OS, requiresM, 436.1140). Further elutiort-BuOMe) gave6,6'-{(1Z,1'Z2)-[(E)-
4,4'-bis(diethylamino)-8,5'H-(2,2'-bithiazolylidene)-5,5'-diylidene] bis(azanitiene)}-bis-
(2-ethoxy-4-phenylpyridine-3,5-dicarbonitril€)8) (2.2 mg, 2%) as green needles, mp > 300
°C (from DCE); R 0.68 ¢-BuOMe); (found, C, 63.33; H, 4.80; N, 20.0544840N1,0,S;
requires C, 63.44; H, 4.84; N, 20.18%),a(DCM)/nm 252 (loge 3.60), 324 (3.17), 444
(3.18), 625 inf (3.22), 678 (3.66), 742 (3.94)a/cmi* 2986w, 2938w and 2872w (aryl CH),
2228m (&N), 1543m, 1464s, 1441m, 1400m, 1352s, 1337m, 132288m, 1263s, 1233m,
1165m, 1126m, 1080m, 1043m, 1015w, 891w, 843w, 818w, 772w, 748m, 708m,
698w, 644w, 633myn(300 MHz, CDC}) 7.59-7.58 (10H, m, PHi), 4.90 (4H, q,J 7.5,
CH,0), 3.75 (6H, tJ 6.6, CHg), 1.87-1.83 (8H, m, B,N), 1.40-1.32 (12H, m, Bs); m/z
(MALDI-TOF) 832 (M*, 7%), 454 (100), 373 (37), 348 (12JC NMR spectra could not be

obtained due to insolubility.

4.3.2. 4-(Din-propylamino)-7-ethoxy-5-phenylpyrido[2¢Bpyrimidine-2,6-dicarbonitrile
(16d). Similar treatment of 2-(4-chloroks1,2,3-dithiazol-5-ylideneamino)-3,5-dicyano-4-
phenyl-6-ethoxypyridineld) (50.0 mg, 0.125 mmol) with-Pr,NH (71.1xL, 0.520 mmol)
gave thetitle compound16d (36.5 mg, 73%) as yellow prisms, mp 170-11 (from
c-hexane/EtOH); R0.28 @-hexane/DCM, 1:1); (found: C, 68.93; H, 5.95; N,.20
C23H24NgO requires C, 68.98; H, 6.04; N, 20.99%):(DCM)/nm 243 (loge 3.05), 265 inf
(3.01), 275 (3.03), 319 (2.92), 365 (3.2%a/cm™ 2965w (alkyl CH), 2226m (€N),
1591m, 1578m, 1530s, 1497m, 1443m, 1429w, 1416w 13 1342m, 1267w, 1248m,
1207w, 1159m, 1103w, 1024w, 1013w, 980w, 922w, 868@2w, 787w, 727wpy(300
MHz, CDCk) 7.54 (5H, s, Pl), 4.65-4.62 (2H, m, B,0), 3.71-3.62 (4H, m, B,N), 1.81-
1.76 (4H, m, @), 1.48 (3H, tJ 6.7, (Hs), 1.05-0.95 (6H, m, By); 5c(75 MHz, CDC})

165.1 (s), 161.3 (s), 160.7 (s), 135.8 (s), 138)3130.6 (d), 128.8 (d), 128.5 (d), 115.3 (s),
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114.3 (s), 109.1 (s), 96.2 (s), 91.2 (s), 65.158.2 (t), 51.2 (t), 22.4 (t), 20.0 (1), 14.4 (q),
11.3 (), 11.0 (@)m/z(El) 400 (M', 15%), 371 (8), 357 (14), 315 (9), 272 (7), 22 (%5

(29), 137 (16), 124 (60), 56 (13).

4.3.3. 4-(Dibenzylamino)-7-ethoxy-5-phenylpyrid8fd]pyrimidine-2,6-dicarbonitrile
(16e). Similar treatment of 2-(4-chloroks1,2,3-dithiazol-5-ylideneamino)-3,5-dicyano-4-
phenyl-6-ethoxypyridineld) (50.0 mg, 0.125 mmol) with BNH (526.L, 2.60 mmol) gave
the titte compoundl6e (31.0 mg, 50%) as yellow needles, mp 185-i8Gfrom EtOH); R
0.32 fr-hexane/DCM, 1:1); (found C, 75.19; H, 4.98; N,QU47.GH24NgO requires C, 74.98;
H, 4.87; N, 16.92%)ima{DCM)/Inm 247 (log: 3.44), 271 (3.46), 315 (3.27), 364 (3.59), 386
inf (3.40); vma/cm™ 3063w and 3034w (Ar CH), 2994w, 2982w and 2940Wy{aCH),
2226m (&N), 1593m, 1578m, 1530s, 1497w, 1445m, 1429m, 1381866m, 1340m,
1267w, 1233m, 1180m, 1157w, 1121w, 1082w, 1020v3dn84934w, 918w, 910w, 885w,
827w; 54(300 MHz, CDC}) 7.64-7.31 (15H, m, PH), 4.90 (4H, s, PhB,), 4.70 (2H, g,J
7.1, H,0), 1.52 (3H, tJ 7.1, (H3); oc(75 MHz, CDC}) one C (d) resonance missing, 165.2
(s), 161.2 (s), 160.9 (s), 136.8 (s), 134.3 (sB.83s), 133.2 (s), 130.8 (d), 129.3 (d), 129.0
(d), 128.90 (d), 128.87 (d), 128.6 (d), 128.5 (7.8 (d), 115.3 (s), 114.1 (s), 109.3 (s), 96.5
(s), 92.1 (s), 65.4 (t), 53.2 (t), 50.4 (t), 140 (/z(El) 496 (M', 10%), 405 (100), 377 (43),

350 (24), 325 (8), 165 (12), 91 (90), 84 (12), 63)(

4.3.4. 7-Ethoxy-5-phenyl-4-(pyrrolidin-1-yl)pyridyB-d]pyrimidine-2,6-dicarbonitrile
(16f). To a stirred solution of 2-(4-chlord-51,2,3-dithiazol-5-ylideneamino)-3,5-dicyano-4-
phenyl-6-ethoxypyridine 14) (50.0 mg, 0.125 mmol) in DCM (2 mL) ata. 20 °C and
protected with CaGldrying tube, was added pyrrolidine (41, 0.500 mmol) and the
mixture was heated at reflux. After 10 min TLC sleavthe presence of 4 main products. The
reaction mixture was allowed to cool ¢a. 20 °C, adsorbed onto silica and chromatography
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(n-hexane) gave &S(7.6 mg, 95%). Further elutiom-hexane/DCM, 1:1) gave thatle
compoundl6f (36.1 mg, 78%) as greenish-yellow needles, mp 24F°C (from EtOH); R
0.46 f-hexane/DCM, 1:4); (found C, 67.91; H, 4.79; N,48.G1H1gNgO requires C, 68.09;
H, 4.90; N, 22.69%)ima{DCM)/nm 242 (loge 3.24), 274 (3.26), 318 (3.14), 365 (3.45);
Vma/cm® 3063w (Ar CH), 2997w, 2984w and 2870w (alkyl CER26m (GN), 1591s,
1578m, 1530s, 1499w, 1474m, 1445m, 1412m, 1379r62rh3 1343w, 1327s, 1269m,
1236w, 1227w, 1194w, 1179w, 1155w, 1078w, 1018w9v@8961w, 914w, 881w, 853w,
791w;64(300 MHz, CDC}) 7.54 (5H, s, Pi), 4.63 (2H, g, 7.1, (H,0), 3.93 (2H, tJ 6.3,
CH.N), 3.80 (2H, t,J 6.9, GH,N), 2.14-2.05 (4H, m, By), 1.48 (3H, tJ 7.1, (Hs); 6(75
MHz, CDCE) 165.1 (s), 161.2 (s), 160.8 (s), 133.8 (s), 138)3130.6 (d), 128.8 (d), 128.5
(d), 115.4 (s), 114.3 (s), 110.0 (s), 96.0 (s)29%), 65.2 (t), 50.1 (t), 49.5 (1), 25.2 (t), 24.4
(t), 14.4 (q);m/z(EIl) 370 (M, 48%), 341 (36), 313 (14), 272 (12), 220 (6), {PB165 (32),
138 (9), 122 (11), 95 (12), 79 (20), 70 (100), 23)( Further elutionn-hexane/DCM, 3:7)
gave 2-amino-6-ethoxy-4-phenylpyridine-3,5-dicaritrde (13) (2.0 mg, 6%) as colourless
prisms, mp 238-23%C (lit.,?°° 233-234°C) (from CHCE}), identical to an authentic sample. A
final elution (DCM{-BuOMe, 9:1) gave2-(dipyrrolidin-1-ylmethyleneamino)-6-ethoxy-4-
phenylpyridine-3,5-dicarbonitril€15f) (7.3 mg, 14%) as colourless prisms, mp 216-217
(from EtOH); R 0.68 (DCMt-BuOMe, 9:1);Ama{DCM)/nm 243 inf (loge 3.36), 308 (3.57),
348 (3.24):Vma/cmit 2980w, 2955w and 2880w (alkyl CH), 2212n={0, 1585m, 1566m,
1510s, 1474m, 1441s, 1422w, 1398m, 1377m, 1360r81s131277m, 1236w, 1215w,
1184w, 1169w, 1149w, 1090w, 1024m, 968w, 934w, 92887w, 876w, 862w, 841w,
808w, 779m, 766my4(300 MHz, CDC}) 7.52-7.43 (5H, m, Pid), 4.30 (2H, g,J 7.1,
CH0), 3.47 (8H, br s, B,N), 1.90 (8H, br s, 85), 1.35 (3H, tJ 7.0, H3); oc(75 MHz,
CDCls) 165.5 (s), 161.9 (s), 161.7 (s), 160.4 (s), 134)7129.7 (d), 128.42 (d), 128.38 (d),

118.1 (s), 116.6 (s), 88.5 (s), 81.1 (s), 62.34@)5 (1), 25.3 (t), 14.4 (qn/z(El) 414 (M,
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12%), 400 (6), 386 (16), 357 (12), 344 (11), 31B)(288 (10), 274 (7), 220 (14), 165 (38),
139 (12), 124 (48), 98 (9), 85 (9), 70 (100), 58)(Xfound M, 414.2184 GHNeO

requiresMl, 414.2168).

4.3.5. 7-Ethoxy-5-phenyl-4-(piperidin-1-yl)pyridegd] pyrimidine-2,6-dicarbonitrile
(16g). Similar treatment of 2-(4-chloro-b1,2,3-dithiazol-5-ylideneamino)-3,5-dicyano-4-
phenyl-6-ethoxypyridineld) (50.0 mg, 0.125 mmol) with piperidine (44, 0.500 mmol)
gave 3 (7.5 mg, 94%). Further elutiom-hexane/DCM, 1:4) gave théle compoundl6g
(35.6 mg, 74%) as yellow needles, mp 190-1@1(from EtOH); R 0.54 (-hexane/DCM,
1:4); (found C, 68.95; H, 5.06; N, 21.78::8,0N6O requires C, 68.73; H, 5.24; N, 21.86%);
ImaDCM)/nm 246 (loge 3.33), 277 (3.33), 317 (3.23), 363 (3.51), 386(B1B2); vmadcm*
3066w (Ar CH), 2996w, 2949w, 2921w and 2870w (aliGiH), 2224m (€N), 1587m,
1576m, 1529s, 1518s, 1504w, 1474m, 1443m, 1412r66r3 1342m, 1287w, 1258m,
1236m, 1229m, 1161w, 1136w, 1111w, 1074w, 1018mw9D32w, 916w, 879w, 851w,
831w, 788w;0n(500 MHz, CDC}) 7.54 (5H, s, Pi), 4.66 (2H, q,J 7.1, (H,0), 3.98-3.90
(4H, m, GH,N), 1.83-1.74 (6H, m, B,), 1.48 (3H, tJ 7.1, (Hs); 6c(125 MHz, CDC4) 165.1
(s), 161.5 (s), 160.8 (s), 135.2 (s), 133.4 (sP.13d), 128.9 (d), 128.6 (d), 115.3 (s), 114.3
(s), 108.8 (s), 96.1 (s), 91.4 (s), 65.2 (t), 5@)246.7 (t), 26.7 (t), 25.1 (t), 24.0 (t), 14y
m/z(El) 384 (M', 33%), 355 (31), 316 (6), 300 (5), 288 (5), 27p 18 (18), 220 (8), 192
(5), 165 (37), 136 (12), 121 (13), 109 (14), 84)(5M (29), 55 (62). Further elutiom-(
hexane/DCM, 1:4) gave 2-amino-6-ethoxy-4-phenylipe-3,5-dicarbonitrile §3) (3.3 mg,
10%) as colourless prisms, mp 238-289(lit.,?°° 233-234°C) (from CHC}), identical to an
authentic sample. A final elution (DCMBUOMe, 9:1) gave2-(dipiperidin-1-ylmethylene-
amino)-6-ethoxy-4-phenylpyridine-3,5-dicarbonitrild5g) (6.1 mg, 11%) as colourless

needles, mp 186-18C (from EtOH); R 0.78 (DCMt-BuOMe, 9:1); (found C, 70.62; H,
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6.90; N, 19.06. &H3oNsO requires C, 70.56; H, 6.83; N, 18.99%):(DCM)/nm 245 (loge
3.19), 314 (3.40), 341 (3.29)a/cmit 2978w, 2945w, 2924w and 2857w (alkyl CH), 2214m
(C=N), 1582w, 1564w, 1533m, 1512m, 1483s, 1476s, 14B438m, 1381m, 1331m, 1317s,
1267m, 1258m, 1225m, 1190m, 1153m, 1140w, 11058240 1072w, 1022m, 982w,
955w, 920w, 878w, 860w, 804w, 779m, 76591(300 MHz, CDC}) 7.54-7.46 (5H, m, Ph
H), 4.42 (2H, qJ 7.1, H-0), 3.25 (8H, s, B.N), 1.61 (12H, s, €,), 1.41 (3H, tJ 7.1,
CHy); oc(75 MHz, CDC}) one C (s) and one C (t) resonance missing, 16¢5,6164.1 (s),
160.5 (s), 134.2 (s), 130.1 (d), 128.6 (d), 128)5117.3 (s), 115.7 (s), 91.6 (s), 84.7 (s), 63.1
(t), 49.8 (t), 26.8 (1), 25.1 (1), 24.3 (t), 144);(m/z(El) 442 (M', 8%), 359 (12), 330 (28),

220 (5), 165 (7), 84 (100), 69 (14), 56 (21).

4.3.6. 7-Ethoxy-5-phenyl-4-(morpholin-4-yl)pyridg@apyrimidine-2,6-dicarbonitrile
(16h). Similar treatment of 2-(4-chloroks1,2,3-dithiazol-5-ylideneamino)-3,5-dicyano-4-
phenyl-6-ethoxypyridine 14) (50.0 mg, 0.125 mmol) with morpholine (43uL, 0.500
mmol) gave gave &S(7.1 mg, 89%). Further elutiomfiexane/DCM, 1:4) gave thitle
compoundléh (37.2 mg, 77%) as an orange powder, mp 165°06@rom EtOH); R0.17
(n-hexane/DCM, 1:4)jma{DCM)/nm 244 (loge 3.37), 275 (3.39), 319 (3.23), 364 (3.53),
385 inf (3.34);vma/cm* 3067w (Ar CH), 2963w and 2845w (alkyl CH), 2226@=N),
1626w, 1589m, 1578m, 1530s, 1520s, 1474m, 1439r2rhd 1381m, 1368m, 1356w,
1344m, 1298w, 1275w, 1250s, 1238w, 1196w, 11579, 1040w, 1016w, 962m, 916m,
885m, 843w, 799wé;(300 MHz, CDC}) 7.55 (5H, s, Pi), 4.65 (2H, g, 7.1, CH,0), 4.03
(2H, t,J 4.8, H,0), 3.95 (2H, tJ 4.2, H,0), 3.87 (2H, tJ 4.7, H,N), 3.82 (2H, tJ 4.8,
CH,N), 1.49 (3H, tJ 7.1, (Hg); 5c(75 MHz, CDC4) 165.1 (s), 160.9 (s), 160.8 (s), 135.4 (s),
133.2 (s), 130.8 (d), 128.9 (d), 128.6 (d), 115)1 114.0 (s), 108.5 (s), 96.5 (s), 92.3 (s), 66.5

(t), 65.9 (1), 65.4 (1), 48.9 (1), 45.8 (1), 14d)(m/z(El) 386 (M', 100%), 357 (54), 330 (8),
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300 (11), 288 (14), 274 (15), 272 (16), 261 (9)8 244), 220 (17), 193 (11), 165 (60), 138
(17), 124 (13), 85 (45), 77 (12), 66 (28), 56 (1®und: M, 386.1482 gH1gNO, requires
M, 386.1491). Further elution nhexane/DCM, 1:4) gave 2-amino-6-ethoxy-4-
phenylpyridine-3,5-dicarbonitrilel8) (4.0 mg, 12%) as colourless prisms, mp 238-239
(lit.,?°° 233-234°C) (from CHC}), identical to an authentic sample. A final elati®CM#-
BuOMe, 4:1) gave 2-(dimorpholinomethylene-amino)-6-ethoxy-4-phenytiiye-3,5-di-
carbonitrile (15h) (1.1 mg, 2%) as colourless prisms, mp 227-229from EtOH); R 0.55
(DCM/t-BuOMe, 4:1); (found: C, 64.47; H, 5.84; N, 18.894HsNsO3 requires C, 64.56; H,
5.87; N, 18.82%)ima{DCM)/nm 241 (loge 3.43), 312 (3.55), 338 (3.5L)maicm* 2970w,
2914w, 2893w and 2855w (alkyl CH), 2218m={@), 1585w, 1570w, 1510w, 1483s, 1452w,
1439s, 1412m, 1369m, 1337w, 1317m, 1296w, 1265m3W2 1193w, 1179m, 1155m,
1111s, 1092m, 1067w, 1036m, 1022m, 989m, 907w, 878tAw, 831w;iy(300 MHz,
CDCl) 7.51 (5H, br s, PHi), 4.46 (2H, g, 7.1, (H,0), 3.72 (8H, tJ 4.6, GH,0), 3.33 (8H,

t, J 4.6, (H:N), 1.44 (3H, tJ 7.1, (Hs); oc(75 MHz, CDC}) 165.8 (s), 165.2 (s), 162.2 (s),
160.7 (s), 133.8 (s), 130.4 (d), 128.7 (d), 128)5116.7 (s), 115.0 (s), 92.5 (s), 86.8 (s), 66.2
(), 63.6 (t), 49.0 (), 14.4 (gin/z(El) 446 (M, 18%), 360 (10), 332 (55), 303 (14), 288 (11),

275 (19), 220 (13), 165 (29), 112 (13), 86 (10@)(B8), 56 (54).

4.4. Reactions of 4-dilakylaminopyrido[2,3-d]pyrimidine-2,6-dicarbonitriles 16f-h

with excess dilakylamines (see Table 2)

4.4.1. Reaction of 7-ethoxy-5-phenyl-4-(pyrrolidiy)pyrido[2,3-d]pyrimidine-2,6-di-
carbonitrile (L6f) with excess pyrrolidine (typical procedure)o a stirred solution of
7-ethoxy-5-phenyl-4-(pyrrolidin-1-yl)pyrido[2,8}pyrimidine-2,6-dicarbonitrile 16f) (30.0

mg, 0.080 mmol) in DCM (2 mL) ata. 20 °C and protected with Cagtlirying tube, was
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added pyrrolidine (134L, 1.60 mmol) and the mixture was heated at refand h until no
starting materials remained (TLC). The reaction tomx was allowed to cool tca. 20 °C,

adsorbed onto silica and chromatography (DEBAU/OMe, 9:1) gave 2-(dipyrrolidin-1-yl-
methyleneamino)-6-ethoxy-4-phenylpyridine-3,5-dozaritrile  (15f) (21.5 mg, 65%) as

colourless prisms, mp 216-23C (from EtOH) identical to that described above.

4.4.2. Reaction of 7-ethoxy-5-phenyl-4-(piperidighpyrido[2,3-d]pyrimidine-2,6-di-
carbonitrile (16g) with excess piperidineSimilar treatment of 7-ethoxy-5-phenyl-4-
(piperidin-1-yl)pyrido[2,3d]pyrimidine-2,6-dicarbonitrile 6g) (30.7 mg, 0.080 mmol) with
piperidine (316«L, 3.20 mmol) in PhMe at reflux gave 2-(dipiperidinylmethyleneamino)-
6-ethoxy-4-phenylpyridine-3,5-dicarbonitrilé5g) (7.4 mg, 21%) as colourless needles, mp

186-187°C (from EtOH) identical to that described above.

4.4.3. Reaction of 7-ethoxy-5-phenyl-4-(morpholybpyrido[2,3-d]pyrimidine-2,6-di-
carbonitrile (16h) with excess morpholineSimilar treatment of 7-ethoxy-5-phenyl-4-
(morpholin-4-yl)pyrido[2,3d]pyrimidine-2,6-dicarbonitrile 16h) (30.7 mg, 0.080 mmol)
with morpholine (138.L, 1.60 mmol) gave 2-(dimorpholin-1-yl-methyleneamj-6-ethoxy-
4-phenylpyridine-3,5-dicarbonitrilelh) (27.8 mg, 78%) as colourless prisms, mp 227-229

°C (from EtOH) identical to that described above.

45, X-ray crystallographic studies

Crystals of the quinoidal 2,2'-bithiazolE8 were grown by slow cooling of a hot 1,2-
dichloroethane (DCE) solution. Data was collectsthgi an Oxford Diffraction Xcalibur 3
diffractometer, and the structure was refined om basis ofF* using the SHELXTL and

SHELX-97 program systenfs.

26



45.1. Crystal refinement data for compout@l Cs4H40N120.S;, M = 833.00, monoclinic,
P2i/n (no. 14),a = 14.2408(4)b = 21.0339(5)c = 14.7485(4) Ap = 110.835(3)°V =
4128.9(2) R, Z = 4,D, = 1.340 g cnit, u(Cu-Ka) = 0.184 mm’, T = 173 K, dark green
blocks; 14256 independent measured reflectithis £ 0.0325),F? refinement® Ry(obs) =
0.0588 wRy(all) = 0.1805, 9072 independent observed absormorrected reflectionsHj| >

4o(|Fo|), Pmax = 65°], 541 parameters. CCDC deposition numbe6128.
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