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A convenient route for the synthesis of isothiosmmmhazones and 2-hydrazono-1,3-thiazin-4-
ones through a multicomponent reaction featuafiglic bromides, carbonyl compounds i
thiosemicarbazides is described. The transformsitpmoceed under mild and environmentally
benign conditions with high yields astereoselectivityAll novel compounds were obtainec
high purity without the need for chromatographygstaDifferent functional groups are w
tolerated, including halogen, alkoxy, nitro and atsated groups. This simple protocol offers
straightforward access
pharmacologically privileged structures. All compds were fully characterized and the
structural assignment of key products was uneqailpcconfirmed by Xray diffractior
analysis. Selected isothiosemicarbazones were rentegainst a triple-negative breaance
cell line and some compounds were shown to recheadmber of live tumoral cells (41-54%).

to a wide range of highlyncfionalized substanceswith

2020 Elsevier Ltd. All rights reserved

1. Introduction

The growing concern with regard to environmental gotibn
has brought about the paradigm of green chemistiyis
approach favors the development of new methodolabigisare
not only high yielding but also environmentally gn and
highly efficient. In principle, these goals candwhieved with the
appropriate selection of starting materials and ctiea
conditions, as well as a re-evaluation of the workagparation
and purification procedures [1].

The use of environmentally acceptable reagentssahdnts
coupled with a reduction in the number of synthetieps are
requirements to develop more sustainable syntmegithods. In
this context, multicomponent reactions (MCRs) armmiho
processes have become popular tools among synttieiuists,
in which several steps of bond formation are perémnin a
single reaction flask without the need for the safian or
isolation of intermediates to give complex molecud&ructures
from simple and readily available substrates [AsiBes saving
time, energy and resources by avoiding purificatistages
between individual steps within a multistep synthelSi€Rs are
generally atom-economic transformations that cacdreed out
at room temperature in non-toxic solvents with rexdlic
generation of waste, in accordance with the prinsige green
chemistry. Due to the advantages of MCRs over icadit multi-
step synthesis in creating structural diversityiceghtly, they
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have been successfully applied in programs devétedrug
discovery conducted by pharmaceutical companies.

Functionalized allylic bromides derived from the iifa-
Baylis-Hillman (MBH) reaction [3] are versatile buitd) blocks
widely used in modern synthetic organic chemistrye Dol the
highly electrophilic nature of allylic bromides, robined with
straightforward methods for their preparation [4]hede
molecules are extremely useful substrates for optidic
displacement with a range of C-, O-, N-, P-, S-, &®et
nucleophiles [5,6]. In the particular case of read involving
allylic bromides and 1,3-bidentate nucleophileshsas thioureas
and thiosemicarbazides, the resulting products iaoghiou-
ronium saltsA, isothiosemicarbazide® and cyclic analogues,
which display pronounced antitumor activity in leake and
melanoma models [7] (Fig. 1).

o o o
R'/\’\)kOMe R'/\’\)kOMe R‘/\’\)kNH
A s BP B s c s/go
R\l\‘l’/@“k‘NH2 HzN/gl‘\l
H NH,

Fig. 1. Structures of isothiouronium sals isothiosemicarbazidés and 1,3-
thiazinesC of biological importance.

In fact, thiosemicarbazones [8]1)( as well as
isothiosemicarbazones [9]l (andl 1) have attracted the attention
of medicinal chemists due to their wide variety d@dldgical
activity, including anticancer, antimicrobial, arahtioxidant
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properties, among others (Fig. 2). However, the petjga of ~ 2.2. MCR with aldehydes
isothiosemicarbazones usually involves high termtpeea [9],
acid catalysts [9b] and/or multistep synthesis ¢dbeventually
requiring the isolation and purification of prodsicthrough
tedious work-up or chromatography [9c-e]. Therefamdder and
greener methods to build up large collections of
isothiosemicarbazones and analogues for biologicatenings
are in high demand.

To expand the structural diversity to other carbbony
compounds, a representative series of aldehydesmployed in
this novel MCR involving allylic bromides 1 and
thiosemicarbazide (Scheme 1). Ethanol was choserthas
solvent, rather than 2-propanol or acetonitrileg da its wide
availability, low cost and environmental considerasi [10].
However, in most of the reactions, the expected

S RZ\ RZ\S isothiosemicarbazone salts were obtained as a mixture of
r. L R. 4)\ ) R4 L N R! isomers (varying from 2:1 to 10:1), which are polssiklated to
N™ “NH NTSN NN the pair of E/Z diastereoisomers around the NC=NN double
Nﬁ H N%, H bond. It is well known that N*-unsubstituted
I Rl I Rl 1 isothiosemicarbazones predominantly have the cordtgn in
Fig. 2. Representation of thiosemicarbazorigsatid isothiosemicarbazones  Which the nitrogen aton;s at the eXtrem't'.eé éNd N) lie cis to
(1, 1. each other about the C£HNond (i.e. E-configuration), due to the

presence of intramolecular hydrogen bonding (seetstrell in
Fig. 2). Conversely, the isomer @fconfiguration (structurél|
in Fig. 2) may coexist in solution if the solverst sufficiently
polar to break down the intramolecular N-H---N intgian

Herein, we present a straightforward method for ththssis
of functionalized isothiosemicarbazones through aveh
multicomponent reaction (MCR), involving an allylicomidel,

a carbonyl compound and thiosemicarbazide, whicliged out [9a,11]
in alcoholic medium at room temperature with nochéer a
catalyst or additive. g ‘ D L r T CEETRRE )
; (o} ‘ 1 0 ‘
N OMe ~ OMe
2. Results and discussion 1 , MCR .
' 1a Br o N S
2.1. MCR with acetone | + )k 1 : H N)sN
! S Ar” H : e H
Initially, the synthesis of isothiosemicarbazondtss@ was H, NAN/NHz 3 3 5 \(

performed in a single reaction step, employing ¥éR from . __ ___H .

allylic bromidesl, thiosemicarbazide and acetone (used in excess
to act simultaneously as the carbonyl reagent hadsolvent) at ol
room temperature and in the absence of any catatyatiditive E(OH, 25 °C 25 °C, 06

(Table 1). Isothiosemicarbazone s&lsc were cleanly obtained 15-45h

in high yields (97-78%) and short reaction timegaréless of the 4 HN @ NH E/Z isomers
substitution pattern (R) at the aromatic ring. Tiree of an © Ne H
equivalent amount of acetone combined with ethahpkopanol Br he

Ar

or acetonitrile as the solvent led to similar resuBalts2 are o o
Scheme 1. Optimization of the conditions for the MCR.

stable crystalline solids that can be stored fontm® without
significant decomposition. However, basic treatmensith

aqueous bicarbonate readily converted s2limto the neutral Attempts to obtain a single diastereoisomdry varying the
isothiosemicarbazone} with good overall yields (84-73% from reaction time (2-72 h), the solvent (2-propanoktanitrile) or
bromidesl) and high purity without any further purification. the order of addition of the reagents did not lgadany

improvement in the isomeric ratio. In addition, wergvaot able
Tablel to achieve a satisfactory separation of isomersapplying

Tricomponent reaction of allylic bromidésisothiosemicarbazide ~ chromatography or recrystallization techniques.

and acetone. Since the sald could not be obtained as a sole isomer in pure

o] ; .
1.25°C,15h_ form, attention was turned to the preparation of the
N OMe ) NaHCOsmy M corresponding isothiosemicarbazorie¢Scheme 1). The direct
R 1 25°C,0.5h neutralization of an aqueous (or ethanolic) solutd the salé4

with sodium bicarbonate or hydroxide gave the exgbct
isothiosemicarbazorecontaminated with non-characterized side
NT/ products. However, the use of a less polar solvamth sas
dichloromethane, in an aqueous biphasic system ewaglfto be
MON@ JNaHCO3(aq) crucial for the neutralization. Thus, the additioh saturated
25°C,15h 25°C,05h bicarbonate to a stirred suspensior @i CH,Cl, followed by an
aqueous work-up led to the isothiosemicarbazdnes good to
excellent yields (95-50%), as a sole isomer in e&de (Scheme

Br Nj/ 2). Ethyl acetate was able to replace ,CH as a more
environmentally benign solvent, although with leasis§actory

3 HN\N

+
HZNJK _NH,

s H2N® NH

results relating to yield and selectivity. A wide ganof allylic

# C d R Yield 2 (%)° Yield 3 (%)° : ! : .

1 omzoun m ' 78( ) ' 94( ) bromidesl was employed, including aryl-substituted precursors
2 b CHO 97 75 as well as an alkenyl [R EJ-styryl, 5p] analogue.

3 c NO; 88 95

a

Yields of isolated products.



o) o)
o RYJ\OMe RYJ\OMe
o) 0 CH,Cl,, NaHCO
X OMe + )k " EtOH, 25 °C s 2C 1o, Nal 3(aq) S
HNT N2 R “R2 2545h S 25°C,05h P
Br 2 HN S NH HNTSN
1 4 © Ny R? 5 Ny R?
Br Y Y
R? R
o) o) o) o) o)
©/\ﬁ‘\0Me Xy NoMe N1 oMe N1 oMe m‘\OMe
1 X X X X
H,N \II\I H,N \I}I H,N \II\I H,N™ SN H,N \II\I
N N N N N
5a 5b Br 5¢c 5d 5e
95% (2.5 h) 50% (2.5 h) 50% (4.5 h) 90% (4.5 h) 95% (4.5 h)
Cl Br

o) o)
m‘\owm m‘\om X7 oMe X
MeO i MeO j\ MeO S Cl

HoN TSN
Nx

Cl O
S
A

HNTSN
N

5f
95% (2.5 h)

5k
94% (2.5 h)

MeO

o o
S S
A A

H,NTSN

Nx

50
609% (2.5 h)

Br

HNT SN HNTSN H,N
N Nx

59 5h 5i
93% (2.5 h) 60% (2.5 h) 90% (2.5 h)

cl
cl o o
Mom B N NoMe
cl S S
HZN)\I\I HzN)\ll\l
N N
51 5m

94% (2.5 h)

MeO

HNTSN
Na

5p
80% (4.5 h)

Cl

85% (2.5 h)

Cl

N OMe
MeO S

HNTSN

N

NS
5q j\

90% (2.5 h)

(6]
OMe /@/\ﬁ‘\OMe
: 1

SN HNTSN

Na Nx

5j
75% (4.5 h)

MeO NO,

0
m‘\om
O,N s
HZN)*QI

N

5n
95% (2.5 h)

MeO

(e}
MeO j\

HNT SN

N
5r \\]O

90% (2.5 h)

Scheme 2. Scope of the MCR involving allylic bromidés carbonyl compounds and thiosemicarbazide (yielel® not optimized).
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n at the 50% probability lev¢ydrogen atoms were omitted for clarity.
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The carbonyl counterpart was also shown to be virsaince
aldehyde (aromatic and aliphatic) and ketone regaglly well
(Scheme 2). The effect of the substitution patterrihe aromatic
ring (R, R) was also explored and no significant differencthim
reactivity was found for substrates bearing electedeasing or
electron-withdrawing  groups. Remarkably, this
transformation tolerates a variety of functionadups, including
halogen (fluorine, chlorine, bromine), alkoxy, pitrand
conjugated unsaturated groups, thus evidencing pitential
synthetic applicability and the mildness of thectam conditions
involved in the process. The complete diastereoBeiy
observed for the two C=N unsaturated bonds formethguhe
MCR should also be noted.

Isothiosemicarbazone®h,I,n were slowly crystallized in
ethanol/ethyl acetate (1:1 v/v), which allowed foreguivocal
structural elucidation by single crystal X-ray dafkgraphic
analysis (Fig. 3 and Supporting Information).

2.3. Reaction profile and synthetic applications

Encouraged by the significant results achieved #ithMCR
featuring thiosemicarbazide, we moved our attention a
substituted dinucleophile, 4-methylthiosemicarbazigGcheme
3). In this case, the reaction proceeded well ardekpected
tricomponent produdd was obtained in 70% vyield, although the
diastereoselectivity was not as high as those oedefor the
isothiosemicarbazones 5 originating from the parent
thiosemicarbazide. This distinct behavior is nottirely
unexpected considering the known tendencyNd&ubstituted
isothiosemicarbazones to coexist in solution astunes ofE/Z
diastereoisomers [9c,11], but attempts to sepaitzten were
unsuccessful.

Cl (6] Cl (0]
X OMe /Cj/\EU\OMe
E/Z
cl 1g Br cl S isomers
a,b H3C. )Q (2.5:1)
S + N
0,

H3C< )k ~NH, 70% N\ H

N N

H H o

/@)LH
MeQ Conditions:

a. EtOH, 25 °C, 2.5 h; b. CH,Clp, NaHCOg(aq), 25 °C, 0.5 h
Scheme 3. MCR with 4-methylthiosemicarbazide.

To gain a more in-depth insight into the MCR pmfithe two
possible two-step pathways (nucleophilic displacemant
condensation) available for generating the isothigsarbazones
5 were investigated in detail (Scheme 4). In pathwayth®
transformation commenced with thg2Stype reaction between
thiosemicarbazide and allylic bromidgén ethanol at rt for 0.5-1
h to give quantitatively (>90%) the isothiosemicaide salty,
which were subsequently treated with an aldehyde fdr tb
furnish the multicomponent addudsn high yields. In pathway
B, the steps were inverted: first, thiosemicarbazidadensed
with an aldehyde, under the same conditions empldged
pathway A. In this case, the formation of the expkcte

thiosemicarbazone8 in reasonable amounts (>70% conversion)

was only achieved after 1-2 h. The second step wedolthe
subsequent & reaction betwee8 and allylic bromidel for 1 h
to deliver the tricomponent produgt

Tetrahedron

These results indicate that pathway A is preferableBt
because the first step in pathway A (formation of Bals more
favorable than that in pathway B (formation of
thiosemicarbazon8), while the second step is equally efficient
in the two pathways. Nonetheless, due to the compafability

one-potthat these pathways take place, it is reasonaldgpect that they

are equally important in terms of the outcome ef MCR.

At

S
NH2 ArCHO
EtOH, 25 °C EtOH, 25 °C

0 Pathway Pathway s

’ i Lk

R/\’\)kOMe RN “OMe HN™ N
S ArCHO 1 Na _H
! )\ Base 5 i Base
H,N"G E: HNTSN
€] 2
Br N H
X

5e R =4-MePh; X =Br
5h R =4-MeOPh; X = Cl
5n R =4-NO,Ph; X = MeO N

Scheme 4. Proposed mechanistic pathways for the MCR.

Despite the presence of multiple functionalities
isothiosemicarbazone® and 5, it is possible to develop
chemoselective transformations providing that theaction
conditions are correctly modulated. Thus, the sislecN™
acetylation of isothiosemicarbazone satwas readily achieved
in a mild basic medium using A@ in a biphasic
organic/aqueous system [12] to furn@hn high yield (Scheme
5). On the other hand, alkaline conditions did notkweell for
the acetylation of isothiosemicarbazdsieand led to a complex
mixture of acetylated products. In this case, $ieleacetylation
of 5l was successfully performed in the absence of basgve
10 cleanly.

Ac,0
Me  NaHCO3q _ T OMe
CH.Cl, O,N O s
25 °C, 20 min P
H,>N ’@\NH 92% N™ N
2c e} N 9 H N
Br \j/ \j/
Cl O Cl
Ac,0
X X
cl j\ 25°C,1h cl o) i
87%
NS " Ay
5l N H 10 N H
N N
MeO MeO

Scheme 5. Chemoselective acetylation of isothiosemicarbazone

During the studies to determine the scope of thiehbICR,
we observed that some isothiosemicarbazdnegere prone to



spontaneous cyclization, generating the correspondk-
hydrazono-1,3-thiazin-4-onekl (Scheme 6). The synthesis and
reactivity of the 1,3-thiazin-4-one framework [12],has recently
been reviewed [14], highlighting the importance ik tclass of
S-heterocycles in medicinal chemistry [7d,14].

In the case of thiazinonElc, it was isolated as a crystalline
solid in good yield (70%), although the NMR spedffid and
¥C) indicated the presence of two isomelrs énd, possibly12
or 13) coexisting in solution (Scheme 6). On the othendha
thiazinonellh was obtained as a sole isomer, although in low
isolated yield (4%) due to difficulties associateith separating
the cyclic compoundll from its precursor5. Surprisingly,
thiazinonells was obtained directly from the MCR with allylic
bromide 1b, 4-nitrobenzaldehyde and isothiosemicarbazide in
excellent vyield (96%), without isolating the elusive
isothiosemicarbazone intermediate. These resuisdte that the
propensity of isothiosemicarbazones to cyclize to the
corresponding thiazinone%l is dependent on the electronic
factors exerted by the substituents presenteckimiyl rings.

The structural determination of 2-hydrazono-1,2tm-4-
ones 11c and 11h was unequivocally assigned by X-ray
diffraction analysis (Fig. 4), thus confirming thgroposed
stereochemistry (see the crystallographic datdénSupporting
Information).

It is important to compare our results with thoseergly
described by Ablajan and cols [15], where the MCRoiwwng
isothiosemicarbazide, carbonyl compounds and etf2yl
chloroacetoacetate catalyzed by anhydrous sodiwtat@cunder
reflux in ethanol led to the formation of thiazoleshigh yields
(Scheme 7). In our case, the MCR employing allgtiemidesl,
isothiosemicarbazide and carbonyl compounds innethat rt
(with no catalyst or additive) gave rise to the
isothiosemicarbazones, which subsequently cyclized to a 6-
membered ringif., 1,3-thiazinonedl) instead of a thiazole or
other isomeric 5-membered ring, as described elsenis,16].
Therefore, the MCR described herein expands theesoballylic
bromides 1 as building blocks for the synthesis of sulfur-

number of

cL24 11h

Fig. 4. ORTEP plots of 1,3-thiazin-4-oné&4c and11h; ellipsoids are drawn
at the 50% probability level. Hydrogen atoms weretted for clarity.

Cl<__CO,Et R?
e T

Reference 15

R OMe R/\’\)kNH
1 Br,25°C S \N
This work Nﬁ
Thiazinones R!

Scheme 7. Previous work on MCR involving isothiosemicarbazid

Due to the pronounced antitumor
thiosemicarbazides and analogues [7], it was impott verify
whether the novel isothiosemicarbazong8sand 5 present
1 cytotoxicity toward a tumor cell line. Thereforegthell viability
of triple-negative breast cancer cell line MDA-MB223vhich is
related to an aggressive type of cancer [17], watuated by the
MTT assay [18], after 24 h of exposure to isothingarbazone
3or5 (50 uM).

As can be seen in Table 2, five out of the twenty
isothiosemicarbazones screenbed,m,n,p; respectively, entries
7, 9, 15, 16, 18) led to significant reduction @4%) in the
live tumoral
isothiosemicarbazones presented low cytotoxicityHOVEC, a

2.4. Antitumor activity of isothiosemicarbazones

activity of

cells. On the other

non-tumoral cell line. While these results are opraliminary

nature,

they

strongly

suggest that these

isothiosemicarbazones undergo distinct interactions with non-
tumoral and tumoral cell lines, which is a desirgimeperty for

containing heterocycles as pharmacologically peyed
structures.
o o :
N T
‘ : N._R?
Ly STSN s”ONH STSNT
‘ NN N
| 1 o 12 A 13
R s o R
o] o]
s)\‘\l MeO s)ﬁ\l
lic Na o) N
r
MeO S”SN
Cl 11s N cl

Scheme 6. Cyclization of isothiosemicarbazongso thiazinoned1.

the future development of selective anticancer &gen

related

hand, all

novel
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Table 2
Cellular viability (in %) of selected isothiosemibazones and5.*

Entry Compound® MDA-MB-231° HUVEC!
1 3a 102+7.8 98+2.4
2 3b 76 £10.8 90+21
3 3c 58 £9.0 95+8.6
4 5a 67 £3.2 82+6.1
5 5b 59 +4.7 72+4.2
6 5d 76 £10.4 80+3.7
7 5e 43+1.0 82146
8 5f 94+17.4 98 +4.4
9 5g 54 +5.4 84+25
10 5h 63+9.3 83142
11 5i 55+6.1 87 4.7
12 5j 75+3.9 80+2.0
13 5k 60 +10.3 77+£8.1
14 51 63 +£10.0 90 + 8.0
15 5m 47 +8.4 80 5.7
16 5n 41+£7.5 87 +3.2
17 50 85%55 107+£1.6
18 5p 54 +8.9 86+3.3
19 5q 82+9.7 88+5.6
20 5r 99 +15.2 100+5.4

#Results expressed as the mean + SD, n = 3.

P Concentration tested = 50 uM.

°MDA-MB-231: triple-negative breast cancer cell line
4HUVEC: vascular endothelium cell line

3. Conclusion

In conclusion, isothiosemicarbazon&s and 5 were readily

recorded at 400 MHz or at 200 MHz alg {*H} NMR spectra
(fully decoupled) were recorded at 100 MHz or at 5®iaV
Splitting patterns are designated as s (singlst{bboad singlet),

d (doublet), dd (doublet of doublet), t (triplet), (Quartet), sx
(sextet), m (multiplet). Coupling constanty) @re measured in
Hertz (Hz). Chemical shifts were recorded in parts mélion
(ppm, ) relative to solvent (CDGlat 7.26 ppm or DMS@ at
2.48 ppm forH NMR, and CDCJ at 77.16 ppm or DMS@; at
39.52 ppm for’*C NMR) as the internal standard. Elemental
analyses were conducted in a CHNS microanalyzer aad th
analytical results were within + 0.4% of the thearaltivalues.
The ESI-QTOF mass spectrometer was operated indbiéive
ion mode at 4.5 kV and at a desolvation temperaitirs80 °C.
The standard electrospray ion (ESI) source was ttsgénerate
the ions. The instrument was calibrated in the range50-3000
using a calibration standard (low concentration rtgnimix
solution) and data were processed with the aid of pcoen
software.

Allylic bromides1 were prepared from Morita-Baylis-Hillman
adducts according to the described methods [4a] ted
physical and spectral data were consistent with teeaed
structures and the related literature [4a,d,19].e Tallylic
bromidesla (R = phenyl),1d (R = 4-methylphenyl)le (R = 4-
chlorophenyl), andlh (R = 3-bromophenyl) were obtained as
mixtures of diasterecisomer&:E 9-19:1) and were used as such.
Isothiosemicarbazide sal®swere prepared and characterized as
previously described [7b,c]. ThiosemicarbazoBegere prepared
as follows: To a stirred solution of thiosemicarligz{1.0 mmol)
in 1.0 mL of ethanol at 25 °C was added the apjaipaldehyde
(2.0 mmol). After stirring for 1 h, the insolublelisbformed was
resolubilized by gently warming the reaction mietuand the
final solution was allowed to slowly crystallize at rfhe
crystalline thiosemicarbazon8 formed was collected by

prepared using multicomponent synthesis from adwess fyation and dried. Their physical and spectratal were

starting materials, such as aldehydes or
thiosemicarbazide and allylic bromidds through the use of
environmentally benign conditions (ethanol as tldvent at
room temperature) without extra additives. This poe-
transformation tolerates a variety of functionabwps, thus
evidencing its potential synthetic applicability.eddes the
twenty-two isothiosemicarbazon8s5 and6 synthesized by this
method, the three isothiosemicarbazone saltand the two

ketonegonsistent with the expected structures and theerbliterature

[20].
4.2. Typical procedure for the preparation of iSo#emicar-
bazone salt®

To a stirred solution of allylic bromidég (1.0 mmol) in 3.0
mL of acetone at 25 °C was added thiosemicarbazld@s5 (
mmol). After stirring for 1.5 h, the final mixture wa

acetylated derivative9 and 10 are novel compounds that were concentrated under reduced pressure and the sofidefl was

obtained in good to excellent yields (95-50%) andhh
stereoselectivity without requiring further purifican stages in
most cases. The somewhat unexpected cyclizatioreletted

crushed with ethyl ether/GBl, (4:1) and filtered to obtain the
expected productin pure form.

isothiosemicarbazones to give the 2-hydrazono-1,3-thiazin-4- 4.2.1. (4E,82)-5-Amino-3,4-diaza-8-methoxycarbongiethyl-
one frameworkll expanded the scope of this MCR, allowing 9-phenyl-6-thianona-2,4,8-triene hydrobromica(

access to a class of S-heterocycles under milditonsl Finally,

Yield: 78% (300 mg); white solid, mp 143.0-144.0 &

compounds5e,g,m,n,p showed cytotoxic activity toward an (KB) Vpajcmi™ 3276, 3094, 2917, 1709, 1640, 1579, 1450,

aggressive breast cancer cell line, thus highlightithe
anticipated pharmacological importance of this <laef
compounds. Further studies on the chemical andodiial
properties of these novel isothiosemicarbazonesthiadinones
are actively in progress and will be reported in doerse.

4, Experimental section

4.1. General information

1277, 1203'H NMR (400 MHz, CDCJ): §2.02 (s, 3H), 2.16 (s,
3H), 3.88 (s, 3H), 4.14 (s, 2H), 7.35-7.48 (m, 5H)77(§, 1H),
8.77 (bs, 1H), 9.80 (bs, 1H), 12.28 (bs, 133 NMR (100 MHz,
CDCL): J20.2 (CH), 25.1 (CH), 28.0 (CH), 53.5 (OCH),
125.0 (C), 129.3 (% CH), 129.5 (2x CH), 130.4 (CH), 133.5
(C), 145.7 (=CH), 160.8 (C), 168.5 (C), 171.3 (C).ahrcalcd
for CigH,BrN;0,S (%): C, 46.64; H, 5.22; N, 10.88; S, 8.30.
Found: C, 46.28; H, 5.10; N, 10.58; S, 8.47.

4.2.2. (4E,82)-5-Amino-3,4-diaza-8-methoxycarbon{4-9-

All chemicals were of reagent grade and were used d&€thoxyphenyl)-2-methyl-6-thianona-2,4,8-triene hpdomide

received. Melting points were determined using a plate
apparatus and are uncorrected. Infrared spectra a@yaired
with a FT-IR spectrometer (range 4000 e 400" cusing KBr for
solids and film for liquid samplestH NMR spectra were

Yield 97% (402 mg); white solid, mp 156.0-158.0 °C. IR
(KBr) vmafomi™: 3263, 3092, 2947, 2841, 1717, 1634, 1601,
1509, 1436, 1262, 11734 NMR (400 MHz, CDCJ): §2.04 (s,



3H), 2.19 (s, 3H), 3.85 (s, 3H), 3.88 (s, 3H), 4.12K), 6.99 (d,

J =9.0 Hz, 2H), 7.38 (d] = 9.0 Hz, 2H), 7.90 (s, 1H), 8.91 (bs,
1H), 9.86 (bs, 1H), 12.37 (bs, 1HJC NMR (100 MHz, CDGJ):
020.2 (CH), 25.1 (CH), 28.3 (CH), 53.2 (OCH), 55.5 (OCH),
114.8 (2x CH), 121.9 (C), 125.8 (C), 132.0 ¢ CH), 145.3
(=CH), 160.6 (C), 161.4 (C), 168.8 (C), 171.4 (C).aArcalcd
for CygHo,BrN2OsS (%): C, 46.16; H, 5.33; N, 10.09. Found: C,
46.08; H, 5.55; N, 10.10.

4.2.3. (4E,82)-5-Amino-3,4-diaza-8-methoxycarbongiethyl-
9-(4-nitrophenyl)-6-thianona-2,4,8-triene hydrobratai@c)

Yield 88% (378 mg); yellowish solid, mp 177.5-179.0 °C. IR

7
2H), 7.62 (dJ = 8.6 Hz, 2H), 7.80 (s, 1H), 8.23 (#i= 8.6 Hz,
2H). ®C NMR (100 MHz, CDCJ)): & 18.0 (CH), 25.1 (CH),
27.1 (CH), 52.8 (OCH), 123.8 (2x CH), 130.4 (2< CH), 131.2
(C), 139.3 (=CH), 141.0 (C), 147.6 (C), 156.4 (C§21 (C),
167.0 (C=0). HRMS (ESI+): m/z calcd for ;48:N,0.S
[M+H]": 351.1122, found: 351.1124.

4.4. Typical procedure
isothiosemicarbazondsand6

for the preparation of

To a stirred solution of allylic bromid# (1.0 mmol) in 3.0
mL of ethanol (or acetonitrile, for the alkyl-suitsted product
5q) at 25 °C were added the carbonyl compound (ald=tord

(KBr) Vmajcm'l: 3274, 3167, 3065, 2955, 1721, 1638, 1577 ketone, 1.0 mmol) and thiosemicarbazide (1.0 mnuol)4-

1507, 1434, 1344, 12524 NMR (400 MHz, CDCJ): 52.06 (s,
3H), 2.19 (s, 3H), 3.94 (s, 3H), 4.15 (s, 2H), 7.600(d,8.6 Hz,
2H), 8.02 (s, 1H), 8.34 (d} = 8.6 Hz, 2H), 12.27 (bs, 1HY’C
NMR (100 MHz, CDC)): 420.0 (CH), 25.2 (CH), 28.1 (CH),
53.6 (OCH), 124.5 (2x CH), 128.0 (C), 130.2 (& CH), 139.9
(C), 143.1 (=CH), 148.3 (C), 161.0 (C), 167.1 (CJ1D (C).
Anal. calcd for GsH1oBrN,O,S (%): C, 41.77; H, 4.44; N, 12.99;
S, 7.43. Found: C, 41.39; H, 4.49; N, 12.77; S, 7.33.

4.3. Typical procedure the
isothiosemicarbazones

for preparation  of

To a stirred solution of allylic bromid& (1.0 mmol) in 3.0
mL of acetone at 25 °C was added thiosemicarbazi@enfmol).
After stirring for 1.5 h, satd NaHG3.0 mL) was added to the
mixture and the resulting suspension was alloweditdas 0.5
h. The final mixture was diluted with dichloromethameashed
twice with water, dried over anhydrous JS&y, filtered and
concentrated under reduced pressure. The
isothiosemicarbazone&a-c were obtained in high purity without
any further purification step.

4.3.1. (4E,8Z)-5-Amino-3,4-diaza-8-methoxycarbongiethyl-
9-phenyl-6-thianona-2,4,8-trien84)

Yield 94% (287 mg); Z:7E 9:1; yellow oil. IR (neatya/cm
1. 3449, 3343, 3059, 2992, 2949, 1713, 1632, 159691761,
700.'H NMR (400 MHz, CDC)): 1.94 (s, 3H), 1.98 (s, 3H),
3.85 (s, 3H), 4.22 (s, 2H), 5.47 (bs, 2H), 7.35-7B0%H), 7.82
(s, 1H)."*C NMR (100 MHz, CDGJ)): 518.1 (CH), 25.2 (CH),
27.7 (CH), 52.5 (OCH), 127.3 (C), 128.8 (2 CH), 129.3 (CH),
129.8 (2x CH), 134.4 (C), 142.6 (=CH), 157.3 (C), 162.2 (C),
167.9 (C=0). HRMS (ESI+): m/z calcd ford8,0N:0,S [M+H]":
306.1271, found: 306.1266.

4.3.2. (4E,8Z)-5-Amino-3,4-diaza-8-methoxycarbon{4-9-
methoxyphenyl)-2-methyl-6-thianona-2,4,8-triedia) (

Yield 75% (251 mg); yellow oil. IR (neatyn./cm’:; 3449,
3341, 3000, 2951, 1707, 1603, 1511, 1258, 1179, $86IMR
(200 MHz, CDCJ): 4 1.98 (s, 3H), 1.99 (s, 3H), 3.83 (s, 3H),
3.84 (s, 3H), 4.25 (s, 2H), 5.46 (bs, 2H), 6.92](d,8.9 Hz, 2H),
7.49 (d,J = 8.9 Hz, 2H), 7.77 (s, 1H)}*C NMR (100 MHz,
CDCly): 518.2 (CH), 25.3 (CH), 28.0 (CH), 52.5 (OCH), 55.5
(OCHy), 114.4 (2x CH), 124.8 (C), 127.1 (C), 132.0 ®CH),
142.6 (=CH), 157.6 (C), 160.7 (C), 162.3 (C), 1683-0).
HRMS (ESI+): m/z caled for GH,,N;0;S [M+H]": 336.1376,
found: 336.1373.

4.3.3. (4E,8Z)-5-Amino-3,4-diaza-8-methoxycarbongiethyl-
9-(4-nitrophenyl)-6-thianona-2,4,8-trien8d)

Yield 95% (333 mg); yellow solid, mp 115.0-117.0 &

methylthiosemicarbazide (fd@). After stirring for 1.5-4.5 h, the
final mixture was concentrated under reduced presand the
solid formed was crushed with ethyl ether and dechtdegive
the isothiosemicarbazone sdltTo this solid was added 2.0 mL
of dichloromethane followed by satd NaHEC(3.0 mL). After
stirring for 0.5 h, the final mixture was diluted it
dichloromethane, washed twice with water, dried ovérydrous
NaSQ,, filtered and concentrated under reduced presdure.
resulting isothiosemicarbazongsr and6 were obtained in high
purity without any further purification step. The otbio-
semicarbazonesba-ei,j,m were obtained as mixtures of
diastereoisomers ZI7E = 9-20:1) with the same isomeric ratio
observed for the starting allylic bromiddsd,e h).

4.4.1. (1E,3E,7Z)-4-Amino-2,3-diaza-7-methoxycarbdnf-
methylphenyl)-8-phenyl-5-thiaocta-1,3,7-triesa)(

Time = 2.5 h; yield 95% (350 mg)Z77E = 9:1; yellow oil. IR

resultingeat) vp./ocm’: 3453, 3341, 3155, 3025, 2951, 1711, 1609,

1587, 1530, 1271, 816, 73H NMR (200 MHz, CDCJ): 52.38
(s, 3H), 3.87 (s, 3H), 4.27 (s, 2H), 5.80 (bs, 2H)97d,J = 7.6
Hz, 2H), 7.37-7.47 (m, 5H), 7.60 (d,= 7.6 Hz, 2H), 7.83 (s,
1H), 8.12 (s, 1H)*C NMR (100 MHz, CDGJ)): J 21.6 (CH),
27.7 (CH), 52.5 (OCH), 127.6 (C), 127.8 (X CH), 128.8 (2x
CH), 129.3 (CH), 129.4 (X CH), 129.8 (2x CH), 132.4 (C),
134.6 (C), 140.3 (C), 142.5 (=CH), 155.0 (HC=N), 16(Q),
168.0 (C=0). HRMS (ESI+): m/z calcd for ,d8,,N;0,S
[M+H]": 368.1427, found: 368.1430.

4.4.2. (1E,3E,72Z)-4-Amino-2,3-diaza-1-(2-bromopheiiyl)
methoxycarbonyl-8-phenyl-5-thiaocta-1,3,7-trieb)(

Time = 2.5 h; yield 50% (216 mg)Z77E = 9:1; yellow solid,
mp 114.8-116.8 °C. IR (neat/)najcm'l: 3404, 3288, 3172, 2943,
1709, 1601, 1524, 1265, 1212, 754.NMR (400 MHz, CDC)):

0 3.88 (s, 3H), 4.28 (s, 2H), 5.91 (bs, 2H), 7.18-750 8H),
7.56 (d,J = 8.0, 1H), 7.84 (s, 1H), 8.02 (d= 8.0, 1H), 8.60 (s,
1H). *C NMR (100 MHz, CDGJ): §27.8 (CH), 52.6 (OCH),
124.9 (C), 127.4 (CH), 127.5 (C), 128.1 (CH), 128%(CH),
129.5 (CH), 129.8 (X CH), 131.1 (CH), 133.3 (CH), 134.1 (C),
134.4 (C), 142.8 (=CH), 153.7 (HC=N), 162.5 (C), 16&60).
HRMS (ESI+): m/z calcd for GH;oBrN;O,S [M+H]": 434.0356,
found: 434.0355.

4.4.3 (1E,3E,72)-4-Amino-2,3-diaza-1-(4-chlorophtyl
methoxycarbonyl-8-phenyl-5-thiaocta-1,3,7-triee) (

Time = 4.5 h; yield 50% (424 mg)Z77E = 9:1; yellow oil. IR
(neat) Vmajcm'l: 3451, 3357, 2949, 1709, 1611, 1524, 1269,
1087, 826, 787'*H NMR (400 MHz, CDC)): J 3.85 (s, 3H),
4.28 (s, 2H), 5.95 (bs, 2H), 7.32 @~ 8.4 Hz, 2H), 7.36-7.50
(m, 5H), 7.61 (dJ = 8.4 Hz, 2H), 7.83 (s, 1H), 8.07 (s, 1HC

(neat) vma/cmi: 3451, 3341, 3076, 2994, 2947, 1703, 1634 NMR (100 MHz, CDC)): 527.8 (CH), 52.6 (OCH), 127.6 (C),

1595, 1518, 1342, 1256, 8484 NMR (400 MHz, CDCJ): &
1.86 (s, 3H), 1.98 (s, 3H), 3.88 (s, 3H), 4.19 (s, F433 (bs,

128.9 (2x CH), 129.0 (4x CH), 129.4 (CH), 129.8 (2 CH),
133.7 (C), 134.6 (C), 135.9 (C), 142.6 (=CH), 15@H=N),
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161.9 (C), 168.0 (C=0). HRMS (ESI+): m/z calcd for 4.4.8. (1E,3E,72)-4-Amino-2,3-diaza-1-(4-chloropHgiy
C1H1sCINZO, [M+H] " 338.0881, found: 338.0887. methoxycarbonyl-8-(4-methoxyphenyl)-5-thiaocta-1i{B¢efe
4.4.4, (1E,3E,7Z)-4-Amino-2,3-diaza-1-(4-fluorophidy (5h)
methoxycarbonyl-8-phenyl-5-thiaocta-1,3,7-triebd)( Time = 2.5 h; yield 60% (250 mg); yellow solid, mf614-

118.4 °C. IR (neatW./cm’: 3447, 3327, 2947, 1701, 1607,
1528, 1301, 1256, 836H NMR (200 MHz, CDCJ): 53.76 (s,
3H), 3.80 (s, 3H), 4.25 (s, 2H), 5.87 (bs, 2H), 6.88)(d 8.8 Hz,
2H), 7.28 (dJ = 8.6 Hz, 2H), 7.42 (d] = 8.8 Hz, 2H), 7.58 (d]
= 8.6 Hz, 2H), 7.73 (s, 1H), 8.09 (s, 1HC NMR (100 MHz,
CDCL): 4 28.0 (CH), 52.5 (OCH), 55.4 (OCH), 114.4 (2x
CH), 125.0 (C), 127.1 (C), 128.9 ¥CH), 131.9 (% CH), 133.8
(C), 135.8 (C), 142.5 (=CH), 153.5 (HC=N), 160.7 (C§2.1

Time = 4.5 h; yield 90% (334 mg)Z77E = 9:1; yellow oil. IR
(neat) Vmajcm'l: 3455, 3343, 2951, 1709, 1601, 1507, 1228, 836
734."H NMR (200 MHz, CDCJ): 53.88 (s, 3H), 4.26 (s, 2H),
5.81 (bs, 2H), 7.07 (4 = 8.6 Hz, 2H), 7.37-7.47 (m, 5H), 7.68
(dd, J = 8.6, 5.5 Hz, 2H), 7.83 (s, 1H), 8.09 (s, 1HC NMR
(100 MHz, CDC)): & 27.7 (CH), 52.6 (OCH), 115.8 (d,J =
32.0 Hz, 2x CH), 127.6 (C), 128.8 ( CH), 129.3 (CH), 129.6
(d,J=9.0Hz, 2<CH), 129.8 ( CH), 131.4 (d) =2.0 Hz, C), )" 168 3 (c=0). HRMS (ESI+): m/z calcd forgBuCIN,OsS
134.6 (C), 142.6 (=CH), 153.6 (HC=N), 1615 (C), 16@Q = o 12 oo e 00871
248.0 Hz, CF), 168.0 (C=0). HRMS (ESI+): m/z calcd for ' ' ' ' ' '

CagH1FN;0,S [M+H]": 372.11765, found: 372.11768. 4.4.9. (1E,3E,72)-4-Amino-2,3-diaza-8-(4-chloropHpily
445, (1E3E72)-4-Amino-2,3-diaza-L-(d-bromopheityl) oo O CArPOmIL- L methoxyphenyl)-5-ihiaocta-tiiehe
methoxycarbonyl-8-(4-methylphenyl)-5-thiaocta-1,3i@re 6e)
H = . - O . D = . .
Time = 4.5 h; yield 95% (424 mg)Z77E = 9:1; yellow solid, Tlme 2.5 h y|eldo 90% (376 mg),;l7.7E 15:1; yellow
R T solid, mp 113.0-115.2 °C. IR (neat)./cm™: 3471, 3359, 3000,
mp 62.6-65.6 °C. IR (neats/cr 343;é 3288, 3027, 2949, 59,5 1705, 1609, 1585, 1242, 1079, 828NMR (200 MHz,
1703, 1640, 1607, 1528, 1269, 812, 748.NMR (400 MHz, it 5203 o 3'g6 (o, 3H). 4.25 (5, 2H), 5.68 (18, 2
CDCL): 92.37 (s, 3H), 3.86 (s, 3H), 4.26 (5, 2H), 5.91 (4.2 0081 7201 hp. 2H). 7.34.7.45 (m, 4H). 7.65 (M 0.1 Ho.
L‘ZZZ(S'J - ;68 gz,_zg)éi 7H'392(|:ﬂ ‘775';81'*2' 12|:') ;'i’g (d I%f 2H), 7.74 (s, 1H), 8.02 (s, 1HYC NMR (100 MHz, CDGJ)): &
2 )iod M(H*] ~ oAb 2 2)i A C(S’ 2;'9- C(S' o 275 (CH), 52.6 (OCH), 55.5 (OCH), 114.2 (2x CH), 127.9
( z, CDCY: 6 (CH), 27.9 (CH), 526 () "158 4'(C) 129.1 (R CH), 129.4 (2x CH), 131.2 (2 CH),
(OCHy), 124.2 (C), 1265 (C), 1292 @CH), 1206 (X CH). 124 5° & 353 (), 1410 (wCH). 154.8 (HO=N). 16(C).
130.0 (2x CH), 1317 (C), 131.9 (2 CH), 134.2 (C), 1398 (C), 1514 (&) 167.8 (C=0). HRMS (ESI): miz. caled  for
142.8 (=CH), 153.6 (HC=N), 1622 (C), 168.2 (C=0). HRMS > \" |0 & (ML HI': 418.0087, found: 4160086,
(ESI+): m/z calcd for gH,;,BrNsO,S [M+H]": 448.0512, found:
448.0517. 4.410.  (1E,3E,7Z)-4-Amino-2,3-diaza-8-(4-chloropfipi-
4.46. (1E,3E,72)-4-Amino-2,3-diaza-7-methoxycarb@afd- methoxycarbonyl-1-(4-nitrophenyl)-5-thiaocta-1,3igte 6))
methoxyphenyl)-1-(2-naphthyl)-5-thiaocta-1,3,7-ta€bf) Time = 4.5 h; yield 75% (325 mg);Z77E = 15:1; yellow
. . ! solid, mp 126.0-128.0 °C. IR (ne cm’: 3492, 3365, 3064,

Time = 2.5 h; yield 95% (411 mg); yellow solid, mpal0-  oir 0 ™ Lol Jo ) 150(7 @ﬁé 1285, 888NMR (400

140.0 °C. IR (neatyma/cmi’ 3465, 3319, 3055, 2953, 1693 ’ ! ’ ’ ' ’ ’

1605,1534, 1432, 1256, 1179, 8261 NMR (400 MHz, CDC): MHz, CDCk): 3.87 (s, 3H), 4.26 (s, 2H), 5.89 (bs, 2H), 7.39 (s,

4H), 7.76 (s, 1H), 7.83 (d, = 8.6 Hz, 2H), 8.01 (s, 1H), 8.23 (d,
53.80 (s, 3H), 3.86 (s, 3H), 4.34 (s, 2H), 5.97 (b4, 5.94 (dJ :)8 6 HZ( ZH)ls)C NMR( (100 MHz CD)CJ). 527(4 (Cé) oo 7(
= 8.8 Hz, 2H), 7.48-7.51 (m, 4H), 7.80-7.87 (m, 4HP67(s, S e ’ LN 24

1H), 8.00-8.03 (m, 1M), 8.36 (s, 1HJC NMR (100 MHz, (QCHH), 124.0 (2x CH), 128.2 (2 CH + C), 129.1 ( CH),

_ 131.0 (2x CH), 133.1 (C), 135.3 (C), 141.1 (C), 141.2 (=CH),
CDCL): 628.0 (CH), 52.5 (OCH), 55.4 (OCH), 114.4 (2x 1,54 () 1519 (HC=N), 163.3 (C), 167.6 (C=0). HRMS
CH), 123.5 (CH), 125.0 (C), 126.5 (CH), 126.9 (CH), 127 . ! _
(CH), 127.9 (C), 128.36 (CH), 128.45 (CH), 129.5 (CF3L1.9 (ESI+): m/z calcd for €H;sCIN,O,S [M+H]": 433.0732, found:
(2 x CH), 132.9 (C), 133.3 (C), 134.4 (C), 142.4 (=CHoap  1°oo0734.

(HC=N), 160.6 (C), 161.8 (C), 168.3 (C=0). HRMS (ESkyz  4.4.11. (1E,3E,7Z)-4-Amino-2,3-diaza-8-(2-chloropHed-

caled for G4H,4N505S [M+H]": 434.1533, found: 434.1528. methoxycarbonyl-1-(4-methoxyphenyl)-5-thiaocta-1t8ehe
4.4.7. (1E,3E,7Z)-4-Amino-2,3-diaza-7-methoxycarb@af4- (5K)
methoxyphenyl)-1-(4-methylphenyl)-5-thiaocta-1,3i&n& 6g) Time = 2.5 h; yield 94% (393 mg); yellow solid, m$.3-37.0

°C. IR (neat Vp,/cm™ 3449, 3335, 3053, 2953, 1695, 1605,
1509, 1301, 1248, 834, 758 NMR (400 MHz, CDCJ): 53.82
(s, 3H), 3.87 (s, 3H), 4.12 (s, 2H), 5.81 (bs, 2H)9q®& J = 8.8
Hz, 2H), 7.26-7.30 (m, 2H), 7.37-7.45 (m, 2H), 7.62Jd; 8.8
Hz, 2H), 7.88 (s, 1H), 8.02 (s, 1HJC NMR (100 MHz, CDG)):
027.6 (CH), 52.6 (OCH), 55.4 (OCH), 114.1 (2x CH), 127.0
(CH), 127.8 (C), 129.3 (2 CH), 129.8 (CH), 130.0 (C), 130.2
(CH), 130.4 (CH), 133.3 (C), 134.2 (C), 139.2 (=CH545
1293 (2x CH), 1318 (2 CH), 1324 (C), 1403 (C), 142.4 1t %;63.2(:(|(|:\|)’01681[.34(-5)]'*'14(?17é4OE)%7Of)6ul-rl1§M4sléEO89Iggz
(=CH), 154.8 (HC=N), 160.6 (C), 161.2 (C), 168.2 (C=0). 01 T ' T '

HRMS (ESI+): m/z calcd for GH,,N3OsS [M+H]": 398.1533, 4.4.12. (1E,3E,72)-4-Amino-2,3-diaza-8-(2,4-dichfatenyl)-7-
found: 398.1531. methoxycarbonyl-1-(4-methoxyphenyl)-5-thiaocta-1tBgfe
(51
Time = 2.5 h; yield 94% (425 mg); yellow solid, mp217-
124.7 °C. IR (neatW/cm™: 3445, 3333, 3006, 2953, 1693,
1607, 1587, 1509, 1289, 1252, 834.NMR (200 MHz, CDC)):

Time = 2.5 h; yield 93% (370 mg); yellow oil. IR @i§
Vma/CM: 3461, 3347, 3045, 2947, 1701, 1605, 1589, 1520
1267, 824, 749'H NMR (400 MHz, CDCJ): 2.36 (s, 3H), 3.80
(s, 3H), 3.84 (s, 3H), 4.29 (s, 2H), 5.91 (bs, 2H)26® J= 8.8
Hz, 2H), 7.17(d, J = 7.8 Hz, 2H), 7.48 (d] = 8.8 Hz, 2H), 7.60
(d, J = 7.8 Hz, 2H), 7.78 (s, 1H), 8.20 (s, 1HJC NMR (100
MHz, CDCk): 8 21.5 (CH), 27.9 (CH), 52.4 (OCH), 55.3
(OCHg), 114.3 (2x CH), 124.9 (C), 127.0 (C), 127.7 RCH),
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03.84 (s, 3H), 3.88 (s, 3H), 4.12 (s, 2H), 5.65 (lb$), .91 (d,J 4.4.17. (3E,5E,92)-6-Amino-4,5-diaza-9-methoxycarbafy
= 8.3 Hz, 2H), 7.26-3.42 (m, 3H), 7.65 M= 8.3 Hz, 2H), 7.79 (4-methoxyphenyl)-7-thiadeca-3,5,9-trieme)(
(s, 1H), 7.94 (s, 1H)3C NMR (100 MHz, CDGJ)): 027.4 (CH), Time = 2.5 h: yield 90% (302 mg): yellow oil. IR @t
52.6 (OCH), 55.4 (OCH), 114.2 (2x CH), 127.3 (CH), 127.8 1
VmadCM: 3443, 3339, 3174, 2968, 1707, 1632, 1603, 1511,
(C), 129.4 (2x CH), 129.6 (CH), 130.7 (C), 131.3 (CH), 132.1 ) C
_ _ 1258, 1179, 836, 732H NMR (200 MHz, CDCJ): 01.10 (t,J =
(C), 135.0 (C), 135.3 (C), 137.7 (=CH), 154.5 (HC=159.6
i X ' . y . (bs, 2H), 6.92 (dJ = 8.4 Hz, 2H), 7.47 (d] = 8.4 Hz, 2H), 7.66

C,0H20CILN303S [M+H]™: 452.0597, found: 452.0593. (t. = 5.0 Hz, 1H), 7.76 (s, 1THJC NMR (100 MHz, CDCY): &
4.4.13. (1E,3E,7Z)-4-Amino-2,3-diaza-8-(3-bromophehy-  10.8 (CH), 26.2 (CH), 28.0 (CH), 52.4 (OCH), 55.4 (OCH),
chlorophenyl)-7-methoxycarbonyl-5-thiaocta-1,3, &t bm) 114.3 (2x CH), 124.9 (C), 127.0 (C), 131.9 @ CH), 142.4
Time = 2.5 h; yield 85% (397 mg)Z7E = 20:1; yellow Cor) (1%)';})_ (C). 1603 f(()t%jN)N Cl)Gg'foH)]u,lggézlégg 0).
solid, mp 40.0-42.0 °C. IR (neabh./cm™: 3451, 3339, 3059, : 22733 ' ' ’

2949, 1709, 1611, 1587, 1524, 1289, 787 NMR (200 MHz, ound: 336.1374.

CDCly): 03.82 (s, 3H), 4.21 (s, 2H), 5.69 (bs, 2H), 7.18-{mM6  4.4.18. (2E,6Z)-3-Amino-1,2-diaza-1-(cyclohexyligebe
6H), 7.58 (d,J = 8.6 Hz, 2H), 7.67 (s, 1H), 7.99 (s, 1HJC  methoxycarbonyl-7-(4-methoxyphenyl)-4-thiahepta-2ctiel
NMR (100 MHz, CDCJ): §27.2 (CH), 52.6 (OCH), 122.8 (C),  (5r)

128.1 (C), 128.82 (& CH), 128.85 (2 CH), 129.1 (CH), 130.2 Time = 2.5 h: yield 90% (337 mg): yellow oil. IR @t

(1%)21 1(2%3)@1';)3' ffﬁ;ﬁ?*&iﬁﬂgﬁgfg ((gl%?(ﬁl)ws Vna/CTY: 3449, 3341, 3000, 2933, 1707, 1603, 1511, 1258,
' o ieny =20 ; 1179, 836, 732'H NMR (400 MHz, CDC)): 5 1.58-1.61 (m,

(ESk): iz carcd for GHBICINGS [MeH]: 467.9965, 41y, 1.67-1.71 (m, 2H), 2.28-2.32 (m, 2H), 2.61 (89),3.82 (s,
' ' ' 3H), 3.83 (s, 3H), 4.23 (s, 2H), 5.52 (bs, 2H), 6.911@ 8.6 Hz,
4.4.14. (1E,3E,7Z)-4-Amino-2,3-diaza-7-methoxycarbarid-  2H), 7.49 (dJ = 8.6 Hz, 2H), 7.76 (s, 1H}*C NMR (100 MHz,
methoxyphenyl)-8-(4-nitrophenyl)-5-thiaocta-1,3,iétle &n) CDCly): 826.2 (CH), 26.6 (CH), 27.7 (CH), 27.9 (CH), 28.1
Time = 2.5 h; yield 95% (407 mg); yellow solid, mgQ10- (CHy), 36.0 (CH), 52.4 (OCH), 55.4 (OCH), 314'3 (2x CH),
- . 124.7 (C), 127.0 (C), 132.0 (2 CH), 142.4 (=CH), 158.0 (C),
122.0 °C. IR (neatl./cm™: 3463, 3347, 3074, 2955, 1705, 160.6 (C), 167.7 (C), 168.2 (C=0). HRMS (ESI+): mécd for
1605, 1511, 1350, 1250, 83tH NMR (200 MHz, CDC)): J ' P4 o ) '

3.83 (s, 3H). 3.88 (s, 3H). 4.24 (s, 2H), 5.57 (bs, B89 (d,) = C1gH26N305S [M+H]": 376.1689, found: 376.1687.

8.9 Hz, 2H), 7.56-7.63 (m, 4H), 7.78 (s, 1H), 7.911¢d), 8.23  4.4.19. (1E,3E,72)-2,3-Diaza-8-(2,4-dichloropheri)-
(d, J = 8.6 Hz, 2H)*C NMR (100 MHz, CDGJ)): §27.2 (CH), methoxycarbonyl-1-(4-methoxyphenyl)-4-methylamino-5-
52.8 (OCH), 55.5 (OCH), 114.3 (2x CH), 124.0 (2x CH), thiaocta-1,3,7-trienef)

127.7 (C), 129.4 (% CH), 130.5 (2x CH), 131.6 (C), 139.1
(=CH), 141.4 (C), 147.8 (C), 154.8 (HC=N), 159.3 (C§1.6

El\c/l)iHl]??ilzzg(iEzQ;' f;'l'fn'\gigg'sl';)z'sfnlz caled foRBNOsS oy VnafCm”: 3368, 3009, 2039, 1707, 1605, 1552, 1265,
' 1089, 822."H NMR (400 MHz, CDCJ): Data for the major
4.4.15. (1E,3E,7Z)-4-Amino-2,3-diaza-1-(4-bromopheryl  isomer: 5 2.94 (d,J = 5.2 Hz, 3H), 3.83 (s, 3H), 3.88 (s, 3H),
methoxycarbonyl-8-(2-naphthyl)-5-thiaocta-1,3,7teeb0) 4.20 (s, 2H), 6.38 (d] = 5.2 Hz, 1H), 6.90 (d] = 8.6 Hz, 2H),
Time = 2.5 h; yield 60% (289 mg); yellow solid, mp313- ;ég Zszilj;nSlzl-;)(ZiaﬁZCAﬁl\(/lnlq? (21%2) l(/lfli Qg?[)?:ﬁ B;’t;;)r’
135.0 °C. IR (neat)vmajcm’l: 3465, 3319, 3055, 2953, 1693, ., ' . ! ) . )

1605, 1589, 1534, 1256, 820, 74B.NMR (400 MHz, CDCJ): Egecrk“h‘;‘“’lrlf‘i”(‘;fg;jl 1(2?7'”%_ 12:,)%92 Egjf)'c?f'f fs?f?)('fcs;)‘
53.90 (s, 3H), 4.38 (s, 2H), 5.80 (bs, 2H), 7.37Xd; 8.4 Hz, i Gt )y 237 ’

152.7 (HC=N), 161.0 (C), 162.0 (C), 167.1 (C=0). HRMS
2H), 7.45-7.57 (m1’35H)’ 7.74 (s, 1H), 7'82'7'87 (m, 3HY6 (s, (ESI+): m/z calcd for §H,,Cl,N;05S [M+H]": 466.0753, found:
1H), 7.98 (s, 1H)*C NMR (100 MHz, CDGJ)): 627.7 (CH),

52.6 (OCH), 124.2 (C), 126.7 (CH), 126.9 (CH), 127.2 (CH), 660754

127.7 (CH), 127.9 (C), 128.4 (CH), 128.8 (CH), 122 X (CH), 4.5. Preparation of (4E,8Z)-5-acetylamino-3,4-didgza-
130.0 (CH), 131.8 (x CH), 132.2 (C), 133.2 (C), 133.4 (C), methoxycarbonyl-2-methyl-9-(4-nitrophenyl)-6-thiane)4,8-
134.0 (C), 142.4 (=CH), 153.6 (HC=N), 161.7 (C), 16&£0). triene @)

HRMS (ESI+): m/z calcd for §H»BrN;O,S [M+H]": 484.0513, : . . . .
found: 484.0514. To a stirred suspension of the isothiosemicarbazaie2c

(2.0 mmol) in 3.0 mL of CkCl, at 25 °C was added acetic
4.4.16. (1E,3E,7Z,9E)-4-Amino-2,3-diaza-1-(4-chldrepyl)-7-  anhydride (3.0 mmol) followed by satd NaHC@.0 mL). After
methoxycarbonyl-10-phenyl-5-thiadeca-1,3,7,9-tetea@p) stirring for 20 min, the final mixture was dilutedtwiCH,CI, and
. . . the organic extract was washed withkCHand brine, dried over
Time = 4.5 h; yield 80% (331 mg); yellow solid, mg117- )
1427 °C. IR (neat)vma)Jcm'lz 3455, 3298, 2945, 1689, 1605, anhydrous NgB50O,, filtered and concentrated under reduced

. The resulting residue was purified by roalu
1591, 1515, 1289, 834, 75H NMR (200 MHz, CDCJ): 03.83 pressure .
(s, 3H), 4.27 (s, 2H), 5.60 (bs, 2H) (6 84-6 929 (m %)-126-7 51 chromatography (7:3 hexane/ethyl acetate) to givee t
(n; lli—l). 826’ (s ,1H.)13C NMR (’10(') Ml-iz CD’(’JJ)'. 5264 corresponding acetylated isothiosemicarbaz@neYield 92%

(360 mg); yellowish solid, mp 151.5-153.0 °C. IR (KB,/cm
(CH,), 52.2 (OCH), 124.6 (CH), 127.0 (C), 127.6 @ CH), 1 33553585 3112 2053, 1717, 1634, 1545, 1534411206,

128.8 (4 CH), 128.9 (2x CH), 1292 (CH), 1336 (C), 135.8 1"\ (200 MHz. CDO): 31,94 (5, 31). 2.0 (5. 3H), 2.15 (s,
(C), 136.4 (C), 141.0 (=CH), 141.3 (=CH), 153.3 (HC=MJ1.7 5}y "5 05 (5 "3H), 4.09 (s, 2H), 7.66 (t= 8.6 Hz, 2H), 7.85 (s,

(C). 167.8 (C=0). HRMS (ESI+): miz caled fopBCINGOS 31" o5 (45 = 8.6 Hz, 2H) 9.70 (bs, 1HFC NMR (100

[M+H]": 414.1038, found: 414.1040. MHz, CDCL): 518.6 (CH), 24.0 (CH), 25.3 (CH), 27.9 (CH),
52.9 (OCH), 124.0 (2x CH), 130.49 (C), 130.54 (2 CH),

Obtained as a mixture of isomer€(3Z = 2.5:1). Time = 2.5
h; yield 70% (325 mg); yellow solid, mp 117.1-120Q. IR
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140.4 (=CH), 141.2 (C), 147.8 (C), 152.6 (C), 1653®,
166.9 (C), 167.6 (C). HRMS (ESI+): m/z calcd

CiH20N,O0sSNa [M+NaJ: 415.1047, found: 415.1044.

4.6. Preparation of (1E,3E,7Z)-4-acetylamino-2,3zdieB-(2,4-
dichlorophenyl)-7-methoxycarbonyl-1-(4-methoxyphebyl)
thiaocta-1,3,7-trienelQ)

To a stirred solution of isothiosemicarbaz&@hél.0 mmol) in
3.0 mL of dichloromethane at 25 °C was added aeetitydride
(1.5 mmol). After stirring for 1 h, the final mixter was
concentrated under reduced pressure and the swhidel was
crushed with ethyl ether and filtered to obtain twgected
acetylated isothiosemicarbazaotin pure form. Yield 87% (429
mg); yellow solid, mp 147.0-149.0 °C. IR (nea)/cm": 3335,
3072, 2960, 1724, 1701, 1611, 1536, 1236, 882NMR (400

Tetrahedron

(s, 3H), 4.11 (s, 2H), 7.04 (d,= 8.6 Hz, 2H), 7.48 (d] = 8.6

for Hz, 2H), 7.53 (s, 1H), 8.01 (d,= 8.4 Hz, 2H), 8.31 (d] = 8.4

Hz, 2H), 8.54 (s, 1H), 11.47 (bs, 1HYC NMR (100 MHz,
DMSO-dg): 624.1 (CH), 55.2 (OCH), 114.3 (2x CH), 124.0 (2
x CH), 124.1 (C), 126.3 (C), 128.5 ECH), 131.5 (2x CH),
136.9 (C), 140.4 (=CH), 148.1 (C), 154.3 (HC=N), 16000,
161.8 (C), 165.8 (C). HRMS (ESI+): m/z calcd fortd¢N,O,S
[M+H]*: 397.0965, found: 397.0967.

4.8. Cytotoxicity assay

To evaluate the potential antitumoral activity ofhet
isothiosemicarbazone8 and 5, the MTT [3-(4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl-Bi-tetrazolium bromide] method was
used to determine the cell viability of MDA-MB-231(khan

MHz, CDCL): §2.19 (s, 3H), 3.86 (s, 6H), 4.10 (s, 2H), 6.94 (d,Caucasian Breast Adenocarcinoma Cells) and HUVEC (Human

J=8.8 Hz, 2H), 7.28 (dd] = 8.4, 2.0 Hz, 1H), 7.41 (d,= 2.0
Hz, 1H), 7.52 (dJ = 8.4 Hz, 1H), 7.65 (d] = 8.8 Hz, 2H), 7.84
(s, 1H), 7.91 (s, 1H), 9.76 (bs, 1H)C NMR (100 MHz, CDG)):
024.0 (CH), 27.5 (CH), 52.6 (OCH), 55.5 (OCH), 114.3 (2
CH), 126.6 (C), 127.3 (CH), 129.6 (CH), 129.94ZH), 130.0
(C), 131.3 (CH), 132.3 (C), 135.1 (C), 135.2 (C)8R3(=CH),
154.9 (C), 156.8 (HC=N), 162.0 (C), 166.9 (C=0), 16L30).
HRMS (ESI+): m/z calcd for GH,,ClLN;O,S [M+H]":
494.0703, found: 494.0704.

4.7. Cyclization to 2-hydrazono-1,3-thiazin-4-oiés

Isothiosemicarbazonésc and5h were left standing at room
temperature for weeks to give crystals of the cpoading 2-
hydrazono-1,3-thiazin-4-one$lc and 11h. 2-Hydrazono-1,3-

Umbilical Vein Endothelial Cells) lines. Thereforelldines (1 x
10%well) were seeded in 96-well plates and incubated2fb h
with 50 uM of the isothiosemicarbazone. After incubation, the
old culture medium was replaced with fresh culturgioma with

5 mg/mL of MTT, followed by incubation for 2 h at 3. MTT-
formazan crystals were dissolved in DMSO and the absae
was measured at 540 nm, using a micro-well systeatered\s
control group of each cell line, cells were incudatgthout the
compounds and considered as 100% cell viabilituRe where
expressed as the mean + SD of three experiments.
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4.7.1. (22,52)-5-Benzylidene-2-[(E)-4-
chlorobenzylidene]hydrazono-1,3-thiazin-4-ot#&qd)

Obtained as a 3:1 mixture of isomers. Yield 70% (843);
yellow solid, mp 185.1-186.0 °C. IR (neaf),/cm": 3439, 2925,
2851, 1679, 1626, 1573, 1489, 1289, 1087, 8R2NMR (400
MHz, CDCL): Data for the major isomeg 3.96 (s, 2H), 7.34-
7.48 (m, 7H), 7.68-7.71 (m, 2H), 7.78 (s, 1H), 8.471H), 9.67
(s, NH); Data for the minor isomed#i4.04 (s, 2H), 7.34-7.48 (m,
7H), 7.71-7.73 (m, 2H), 7.88 (s, 1H), 8.36 (s, 1H)B8ASF, NH).
¥C NMR (100 MHz, CDCJ): Data for the major isomert 24.9
(CH,), 125.9 (C), 129.0-134.3 (C+ CH,), 136.8 (C), 139.3
(=CH), 140.3 (C), 157.1 (HC=N), 163.7 (C), 166.2 (ARMS
(ESI+): m/z caled for GH1.CIN;OS [M+H]": 356.0619, found:
356.0613.

4.7.2. (22,52)-2-[(E)-4-Chlorobenzylidene]hydrazemd4-
methoxybenzylidene)-1,3-thiazin-4-obéh)

Yield 4% (15 mg); yellow solid, 178.9-180.0 °C. IReét)
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Appendix A. Supplementary data

Supplementary data for this articfH(and*C NMR spectra
for all novel compounds) can be found online apsitidoi.org/
Crystallographic data fobh (CCDC 1987926),51 (CCDC
1987929),5n (CCDC 1987928)11c (CCDC 1987930), antilh
(CCDC 1987927) have been deposited at the Cambridge
Crystallographic Database Centre and can be found at
http://www.ccdc.ac.uk

Vna/CTY: 3449, 3172, 2931, 2837, 1677, 1603, 1573, 1509,

1256, 1173, 1030, 824H NMR (200 MHz, CDCJ): 43.86 (s,

3H), 4.00 (s, 2H), 7.00 (d, = 8.6 Hz, 2H), 7.33 (dJ = 8.3 Hz,

2H), 7.40 (dJ = 8.6 Hz, 2H), 7.70 (dJ = 8.3 Hz, 2H), 7.73 (s,
1H), 8.33(s, 1H), 8.41 (bs, 1H). HRMS (ESI+): m/z cafod

C10H1CINZO,S [M+H]": 386.0725, found: 386.0727.

4.7.3.
nitrobenzylidene]hydrazono-1,3-thiazin-4-ori4s)

Yield 96% (380 mg); yellow solid, mp 244.1-246.5 R

(neat) vpo/em™ 3447, 3117, 2931, 2839, 1689, 1597, 1511,

1340, 1256, 1034, 842H NMR (400 MHz, DMSOs,): & 3.81

(2Z,52)-5-(4-Methoxybenzylidene)-2-[(E)-4-
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HIGHLIGHTS

- Isothiosemicarbazones were readily prepared through multicomponent synthesis
- The transformations proceed under mild conditions with high yields and selectivity

- Unexpected cyclization to the 1,3-thiazinone framework expanded the scope of
the MCR

- All compounds were obtained in high purity without the need for chromatography
stages

—> Isothiosemicarbazones showed cytotoxic activity toward aggressive breast cancer
cells
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