Accepted Manuscript

Cu(II)-catalyzed tandem synthesis of 2-imino[1,3]benzothiazines from 2-ami-
noaryl acrylates via thioamidation and concomitant chemoselective thia-Mi-
chael addition

Rakesh K. Saunthwal, Monika Patel, Sushil Kumar, Akhilesh K. Verma

PIL: S0040-4039(14)02124-8

DOI: http://dx.doi.org/10.1016/j.tetlet.2014.12.058
Reference: TETL 45582

To appear in: Tetrahedron Letters

Received Date: 17 October 2014

Revised Date: 2 December 2014

Accepted Date: 10 December 2014

Please cite this article as: Saunthwal, R.K., Patel, M., Kumar, S., Verma, A.K., Cu(II)-catalyzed tandem synthesis
of 2-imino[1,3]benzothiazines from 2-aminoaryl acrylates via thioamidation and concomitant chemoselective thia-
Michael addition, Tetrahedron Letters (2014), doi: http://dx.doi.org/10.1016/j.tetlet.2014.12.058

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.tetlet.2014.12.058
http://dx.doi.org/http://dx.doi.org/10.1016/j.tetlet.2014.12.058

Graphical Abstract
To create your abstract, type over the instructioriee template box below.
Fonts or abstract dimensions should not be chaogatiered.

Cu(ll)-catalyzed tandem synthesis of Leave this area blank for abstract info.
2-Imino[1,3]benzothiazines from 2-aminoaryl acrylaes

via thioamidation and concomitant chemoselective
thia-Michael addition
Rakesh K. Saunthwal, Monika Patel, Sushil Kumar and Akhilesh K. Verma*

Intramolecular

thia-Michael addition

«H Heb
R3-NCS N# trigger by
N NH; 2aj V R? n/trogenb ,‘]//,
R'T
NP coor? Cu(OTf)z 1'
COOR? COOR?
1a-i P 24 examples;

R' = H, Me, Cl, F; R? = Me, Et, n-Bu, t-Bu; R® = subsituted aryl, alkyl 3a-o0 and 4a-i (upto 80% yields)



http://ees.elsevier.com/tetl/viewRCResults.aspx?pdf=1&docID=39488&rev=1&fileID=812978&msid={B608B838-300C-43E0-9272-0900689398BA}

Tetrahedron Letters

journal homepage: www.elsevier.com

Cu(ll)-catalyzed tandem synthesis of 2-imino[l,3]bezothiazines from 2-
aminoaryl acrylates via thioamidation and concomitant chemoselective thia-
Michael addition

Rakesh K. Saunthwal, Monika Pa@{ishil Kumar and Akhilesh K. Verifta

Synthetic Organic Chemistry Research Laboratory, Department of Chemistry, University of Delhi, Delhi 110007, India

ARTICLE INFO ABSTRACT

Article history: An efficient copper-catalyzed tandem approach lier gynthesis of 2-imino[1,3]benzothiagin
Received by the reaction of easily accessible 2-aminoarylylates with isothiocyaates via in sit
Received in revised form thioamidation and concomitant chemoselective intlecular thiaMichael addition i
Accepted described. Intramolecular cyclization was seletyiviesiggered by the nitrogenb® of the
Available online thiourea intermediate.

Keywords: 2009 Elsevier Ltd. All rights reserved

Alkene, copper-catalyzed aminoaryl acrylates ,
chemoselective , thia-Michael addition

Nitrogen and sulfur-containing compounds are pepdd  Significant advances have been made for the corguaddition
heterocyclic moieties due to their significant bigical and of amines (aza-Michael additién)and thiols (thia-Michael
pharmaceutical activitiésand their applications as an organic additionf to prepare their respectiv@-addition products.
electroluminescent devicés.Benzothiazine  core “moiety is Intermolecular conjugate additions of amines aridlghhave
present in pheofungins which is require for -the teiro N- been well recognized; however intramolecular coajeg
acetylation in aspergillus nidulans (Figurel, iheTderivatives of additions of thiols have not been much explored.
1,3-benzothiazines have shown significant antifedtive and

anticancer activity(Figure 1, i and'iii). Because of the important sH lisg
biological activities of these compounds, significafforts are R2 n-BuLi R2 Li e Jij;ﬁ
being continued and are still require for the depeient of an “TMEDA N /Bt R? @
efficient methods for their synthesis. Though varioysthetic R! R N et
approaches are available for.the construction oizbihiazines u
nucleus’ a need for novel and versatile protocols for their NH, AgOTF N\(/Nw
efficient synthesis attracts the interest of aranig chemist. S RiNCS ———————— | S ®
Ph
o OH OH
11 ) O
R . e s ' ° @ H2 i, Amidation ©\)/ L;‘"ezzs;':s @\/[
Ho . HO Q ii. Heck Reaction ©
R=H, OH
Antifungal Antiproliferative Anticancer R
_ (i) o (ii) ) ) ) (iii)_ ] ‘” e ©(L @
Figure 1. Significant examples of biologically active benzattines @iN‘Rz ’ i T mecnn AR

Literature survey revealed that in recent yeansthasis
of heterocycles by tandem/domino apprdasas been emerged Scheme 1Previous synthetic approaches
as an attractive strategy in the field of orgariatiesis.Copper- ) .
catalyzed conjugate addition (Michael-additfor§ one of the In 2002, Katritzky” reported an elegant approach for the
most powerful carbon-carbon bond forming reactiond das sy_ntheS|s of [1,3]benzot_h|azme _by dlreqttho-llthlatl_on of
been extensively explored for the synthesis of wideety of  thiophenols by reacting — with N,N-bis[(benzotriazol-1-

biologically active heterocycles and natural prdsiuc y)methyllamines as 1,3-biselectrophile synthonsh¢sne 1, a).
Later in 2008 Wu and co-workersported tandem synthesis of

* Corresponding author. Tel.: +91 112766664 (E75) 1,3-benzothiazines starting from 2-alkynylbenzemasi under
E-mail addressverma@acbr.du.ac.{@khilesh K. Verma) silver catalysis (Scheme 1, f.Valliribera'® reported synthesis

of 4H-3,1-benzothiazines from amidoaryl acrylates using
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Lawesson's reagent (Scheme 1, c). Recently Rebllca-  Table 2. Synthesis of 2-imino[1,3]benzothiazift8s
workers developed interesting approach for the hmgis of

. . . . - H
enantiopure 1,3-benzothiazines by the reaction gtlic @NH; . RON—oos Cu(OTf), (10 mol %) @N[YN\Ra
O~ S
R

sulfenamides with terminal alkynes (Scheme 1 4). DCE. 70°C

In continuation of our ongoing research on thettsgsis of fa-d Zah 3a-0 "R?
heterocycles by tandem approdtand our interest to expand the R? = CO,Me,CO,Et, CO,"Bu, CO,'Bu; R® = substituted aryl, alkyl group
scope of the intramolecular thia-Michael addittdrherein we

H Me F
wish to report an efficient tandem approach for siathesis of ”YNO HYN@ HYN@
2-imino[1,3]benzothiazines by the reaction of gaaitcessible 2- N @;[S CL[S

aminophenyl acrylates with isothiocyanates viaiin formation COOMe CooMe cOOMe
of thioamides and concomitant chemoselective intleoular 33 70% 3b, 68% 3¢ 71%
thia-Michael addition. H

H H
N /N N /N N /N
Table 1 Optimization of reaction conditiofis ©/\[\S( ONOZ @E\Sr ONOZ @(Bs/ \QF

COOMe COOEt COOEt

H
NH; N Mg
Ph—N=C=§ ———
©/\/Acoom ) ©/\[S 3d, 80% 36 75% 3, 72%
F H H
1a 2a 3a COOMe H N NN N\(/N
T 0 'y ra,

Entry Solvent Cat./mol% Time[h] T (°C)  Vield (%} S

1 MeCN AgOTI/5 12 25 00 COOE COO™BY COO"Bu
MeCN AgOTI/5 12 7 1 .
3 M:gN Agngjs 18 78 1g 39 70% 3h 65% 3i, 65%
Me H H

4 MeCN AgOT/10 12 70 25 RN NN NN

5 DMF AgOT#/10 12 70 25 T @ T OCME T CLNO

6 THF AgOT/10 12 25 32 2

7 THF AgOT/10 36 25 50 COO"Bu COO"Bu COO0"Bu

8 THF AgOTf/10 36 50 55 )

9 DCE AgOTf/10 36 70 55 3j, 64% 3k, 62% 31, 75%

10 DCE Cu(OTf)J/1C  3€ 7C 70 BN B Ry

11 THF Cu(OTH/10 36 70 25 ¢ O T Q T j@

12 DCE Cu(OTfy10 18 70 54 Me NO,

13 DCE Cu(OTfy10 36 50 30 COO"Bu COO'Bu COOBu

14 DCE Cu(OTHY5 36 70 45

BONE Bowo & h @ ame msn o7

17 DCE Pd(Gllgy 36 70 30 #Reaction conditionst (0.5 mmol),2 (0.5 mmol), Cu(OT#) (10 mol %), 70

18 DCE AgNQ/10 36 70 50 °C, 2 mL DCE, 36 h’ 48 h Isolated yields.

1 DCE Al 1 7 4 oo . . ,

28 DgE AggbAi,fo 356 700 458 After optimizing the reaction conditions, we exasd

21k DCE : 36 70 00 the substrate scope of the developed chemistrysimga variety
2 Reactions were performed using 0.5 mmolLef isothiocyanatega (0.5  Of 2-aminoaryl acrylateia—d_and |sothlocyanat_e§a—h (Tab|e_
mmol) in 2.0 mL solvent. Isolated yield 2). The substrateda—-d required for the reaction was readily

) . i D ) prepared by the Heck coupliig of the respective
To identify the optimal conditions for the reaxtj a  promo/iodoanilines with acrylates. Reaction ofytate 1a with
number of catalyst reported in the literature sashAg(l), phenylisothiocyanat@a provided the desired produg in 70%
Cu(l))** and Pd(Il}" catalyst-with various protic/aprotic organic yielq. Isothiocyanat@b bearing electron-donating substituents at
solvents were examined in the reaction of 2-amieogh  ortho position of the phenyl ring provided the produdts in
acrylate la with phenylisothiocyanate2) (Table 1). When 5 ggoy yield. However, isothiocyanatezs, 2d and 2e bearing
mol % of A_gOTf was used as catalysts_ in MeCN af@5or 12 electron-withdrawing groups afforded the producs—g
h, the desired product was not obtained (Tableeritty 1).  comparatively in higher yields. In the casendiutyl acrylatelc,
Increase in the reaction temperature and time geavithe  productah- was obtained in moderate yields (Table 2, compare
product3ain-10 and 15% yields respectively (Table 1, estéle  3p g 3a 3j vs 3b and 3l vs 3d). The reaction oflc with
3). Increase of the catalyst loading provided thedpct3a in  cyclohexyl substituted isothiocyana2h required longer reaction
improved yield (Table 1, entry 4). Similar resulasvobserved time for the completion of the reaction and affatdee desired
using DMF as solvent; however THF and DCE provided  yroquct3m in 60% yield. Reaction dirt-butyl acrylateld with
product in improved yield (Table 1, entries 5—9)59_U of 4-methylphenylisothiocyanat@f and 2d afforded the desire
Cu(OTf), in DCE was found more effective in comparison toproduct3n and30in 65% and 78% vyield respectively.
AgOTf, and afforded the desired product in 70%dggTable 1, Success of the chemoselective addition of the
entry 10). Inferior results were observed when tieacwas  nsupstituted aminoacrylates onto isothiocyanateswaged us
performed using Cu(OTi)in THF (Table 1, entry 11). Lowering for the addition of the substituted acrylates distithiocyanates
of the reaction time, temperature and catalystif@ateads to the o synthesize functionalized benzothiazines. Unideroptimized
incomplete conversion of the substrate (Table Irjiemn12-14).  (eaction conditions (Table 1, entry 10); the reactiof the
Other catalysts such as Cul, Pd(OAd}dCh, AgNO,, AgSbR acrylatesle-i with isothiocyanate@d—f and 2i—j provided the
and AgOAc were found inferior for the reaction (B\m, entries  corresponding producta-i in good yields (Table 3). During the
15-20). In the absence of metal-catalyst the dépreduct3a  course of the reaction it was observed that therreadf the
was not obtained (Table 1, entry 23). substituent's attached to the aryl ring of isotlymmates and the
acrylates were responsible for the success of #aetion.



Substratede-g bearing electron-releasing substituent’s provided

the respective producis—e comparatively in higher yields.
Table 3. Synthesis of substituted 2-imino[1,3]benzothiagine

H
NH; Cu(OTf), (10 mol %) N._N. 3
RIS + REN=C=s —— > @ [ Y R
PN Re DCE, 70 °C AN
e 2d-f & 2i 4ai R
R" = H, Me; R? = CO,Me,CO,Et, CO,"Bu; R® =substituted aryl, alkyl group

LG, oL ST,

COOMe COOMe COOEt

48 75% 4b, 74% 4G 80%
W I ! Aot /Cﬁ[ L, J@ﬁ{ T
NO, Me
COO"Bu COO"Bu COOMe
4d, 75% 4e 71% 4, 60%
/©/\[COOME COOEt COOEt
49 63% 4h, 75% 4, 68%

# Reaction conditionst (0.5 mmol),2 (0.5 mmol), Cu(OT# (10 mol %), 70
°C, 2 mL DCE, 36 H 48 h.° Isolated yields.

The substrat&8h bearing chloro substituertin reaction
with isopropyl isothiocyanatgi afforded the desired produdt
in 60% yield in 42 h. However, the reaction of drdie 3h with
isothiocyanate2j bearing an electron-releasing methyl group
provided the desired product in 63% yields. Thestale 1i
bearing fluoro substituerafforded the desired producéi—i in

moderate to good yields.
H 3 by F
NYN\© N N\©
S
OMe OMe
O 3¢ o 3¢

-
Figure 2. ORTEP dFawing of compoundBc drawn at 50%
probability level.

@

The structure of the synthesize benzothiazinesfuls
characterized by thtH, *C NMR, HRMS and finally by the X-
ray crystallographic studies of compowui(Figure 2)'°

endocyclic imino group exocyclic imino group

i.
/o \H H/ B \i
NN N‘R3 Y R3
AT L
S S / ﬁ‘ /
R' 3 3 2
COOR? COOR? COOR
N H H N
W SR @Y/ R
P S // s
Ry ‘ R; \§
R COOR? Q “CoOoR?

[Iess nucleophilic than N-b ]

(more nucleophilic than N—a]

Scheme 2.Explanation for the preferential formationﬁ of exoly
imine (3) over endocyclic imined).

3

The crystal structure of produ8t clearly indicates
the formation of product8 with exocyclic imino group. From
intermediateP cyclization can occur by involving nitrogea
through intermediateR; i) by involving nitrogen b via
intermediateQ (Scheme 2, i). The possible reason for the
preferential involvement of the nitrogénover nitrogers, could
due to the difference in the nucleophilicity. Trené pair of
nitrogen @’ are delocalized with adjacent acrylate and making
less nuclophilic than nitrogdm(Scheme 2, ii).

DCE 70°C (:/\I\
36h

NCO
CLE Q) +EI e
3
5 6a;R2=Me;RO=p-NO, ; 80% COOF’ 6a-b

COOR? COOR2
6b;R? = n-Bu R3= 0-Cl ; 75%

Cu(OTf)Z (10 mol%)

Scheme 3Reaction of phenylisocyanate with acrylate

After obtaining the ~successful results with
arylisothiocyanates, we tried to synthesize benzioes7 by the
reaction of isocyanates with 2-aminoaryl acrylate¢a and 1¢,
unfortunately we did not obtained the desired pecbddhe
careful spectral analysis of the reaction showsfthmation of
the urea intermediaté. The probable reason could be the low
nucleophilicity of ‘oxygen in comparison to the sulfScheme
3).

S

Route a

Cu(0Tf),

Scheme 4Plausible mechanism.

A plausible mechanism for the above transformatiosetieon
the previously reported copper chemittrjs described in

Scheme 4. Reaction of 2-aminoaryl acrylates with
isothiocyanates would form the intermedi&ewhich can attack
on acrylate intramolecularly by two routes. Preshbima

CuO(Tf), and intermediat® generates copper compléx which
renders the acrylate susceptible to attack by theeophile.
Sulfur being more nucleophilic than nitrogen triggethe
intramolecular attacks af-carbon of acrylate and generates
intermediateT, which tautomerizes to give produstand 4
(Scheme 4).

In conclusion, the chemistry described herein glesi
a facile and direct synthesis of medicinally uséfehzothiazines
from easily accessible starting material in gocglds under mild
reaction conditions. The chemistry appears to weahein situ
thioamidation by the reaction of 2-aminoaryl acrgta with
isothiocyanates followed by successive chemosegkecti
intramolecular thia-Michael addition. Further intigation of the



4

scope and application of the developed chemiseycarrently
underway and will be reported in due course.
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(18) General procedure for the synthesis of 1,3-benzotzine (3a-30 and
4a-4i). An oven-dried Schlenk tube with a Teflon screw eaWas charged
with 0.5 mmol of isothiocyanates, 0.5 mmol of then@reophenylacrylate
la-i and Cu(OTH) (10 mol %). The Schlenk tube was capped with aeubb
septum and then evacuated and backfilled with gétmo The septum was
then replaced with a Teflon screw valve, and theledik tube was sealed.
The reaction mixture was heated to 70 °C until 2renphenylacrylatela-i
had been completely consumed (36 h) (as determine@lU®) and was
allowed to cool at room temperature. The reactioxtume was diluted with
ethyl acetate (10 mL) and water (15 mL). Organic layas concentrated
under reduced pressure. The crude material so edtaivas purified by
column chromatography on silica gel using hexanetettstate mixture (80:
20). (2)-Methyl 2-(2-(phenylimino)-2,4-dihydro-1H-benzo[d][1,3]thiazin-
4-yl) acetate (3a). The product was obtained as a yellow needles
(DCM/Ether), (109.2 mg, 70%): mp 110-112 °& NMR (400 MHz,
CDCl) 6 7.53 (d,J = 7.3 Hz, 2H), 7.31 (t) = 8.0 Hz, 2H), 7.26-7.24 (m,
1H), 7.19-7.13 (m, 2H), 7.06 @,= 7.3 Hz, 2H), 4.47 (dd] = 8.8 and 5.9
Hz, 1H), 3.66 (s, 3H), 2.87-2.80 (m, 1H), 2.77-AmM] 1H);**C NMR (100
MHz, CDCk) ¢ 170.8, 148.6, 142.9, 141.0, 128.9, 128.7, 12624,3] 123.6,
122.2, 120.5, 51.9, 41.3, 40.3; IR spectrum in filg{ cm™) 3344, 2951,
1731, 1655, 1614, 1580, 1537, 1480, 1439, 1314]1,12850, 753; HRMS
(ESI) (M) Calcd for G/H16N20,S 312.0932, found 312.0930.



Highlights

The manusript appears to involve the in sifu thioamidation by the reaction of 2-
aminoaryl acrylates with isothiocyanates followed by successive chemoselective
intramolecular thia-Michael addition.

A facile and direct synthesis of medicinally useful benzothiazines from easily
accessible starting material in good yields under mild reaction conditions.

A novel access to substituted 1,3-benzothiazines embedded with exocyeclic imine
groups which could be useful for the medicinal utility of the molecule and could be
easily diversified.

The mechanism of the reaction is supported by isolating the P intermediate

(Thiourea).

This chemistry involved the preferential intramolecular  conjugate additions of
thiourea (generated in situ in the reaction) to form 1,3-benzothiazines. The structure
of the cyclized product was confirmed by X-ray crystallographic studies.





