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The palladium-catalysed isocyanide insertion in 2-
bromophenylthioureas results into the formation of 4-
substitutedimino-4H-benzo[d][1,3]thiazin-2-amines via C-S
cross coupling reaction of the intermediate imidoylpalladium
species. The investigations into the substrate scope revealed
that whereas reactions of cyclohexyl isocyanide were
successful with aromatic as well as aliphatic thioureas,
reactions of all other isocyanides (except ethyl 2-
isocyanoacetate) were successful with aromatic thioureas
only.

Compounds bearing the 4H-benzo[d][1,3]thiazine core are of
significant importance owing to their biological activity' and their
presence in recording and photographic materials.” In particular,
4H-benzo[d][1,3]thiazin-2-amines are ascribed with
cytoprotective properties toward heart and neurons and are useful
for treating neurodegenerative pathologies such as cerebral
ischemia, neurodegeneration and Alzheimer’s disease.** As a
consequence many approaches for the synthesis of 4H-
benzo[d][1,3]thiazin-2-amines reported. The
methods involve the condensation of aromatic amine or thioureas
bearing an ortho halomethyl, hydroxymethyl or cycloalkyl or
oxirane with thioamides or thioureas in the presence of base or
bronsted acid.>” But recently the approach involving a 6-exo-dig
type addition/ cyclization of 2-ethynylaniline with isothiocyanate
or related compounds or 2-ethynylphenylisothiocyanates with
amines often promoted by silver catalyst, DMAP, silica gel or
iodine has attracted considerable attention.® Simultaneously,
another protocol involving tandem addition/ cyclization of 2-
aminocinnamate with isothiocyanates promoted by Lanthanide
salts or reaction of 3-(2-isothiocyanatophenyl)propenoic acid
derivatives with secondary amines under heating for preparing
4H-benzo[d][1,3]thiazin-2-amines has also been expounded
recently.” Nevertheless newer routes to the synthesis of this
scaffold with varying substituents are desirable.

The palladium-catalysed isocyanide insertion into the carbon-
halogen bond'®"" for the synthesis of heterocycles is an emerging
area in synthetic chemistry.'> Encouraged by the advancement of
this reaction, we envisioned that palladium-catalysed isocyanide
insertion into 2-bromobenzothioureas followed by cross coupling
reaction by the thiol group would offer an unprecedented
approach  to  4-substitutedimino-4H-benzo[d][1,3]thiazin-2-
amines (Fig. 1). The proposed route (Route A) to the synthesis of
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Fig. 1 Comparison of previous synthesis of 4H-benzo[d][1,3]thiazin-2-

50 amines with our design (for classical methods see SI)

the title compound is presented in Scheme 1. An oxidative
addition of Pd(0) to the 2-bromobenzothiourea 1 would afford the
Pd(II) species I which would then undergo an insertion with the
isocyanide 2 leading to imidoyl palladium intermediate IIL
ss Subsequent deprotonation of the thioamidine would result in a
seven-member  transition state III.  The 4-imino-4H-
benzo[d][1,3]thiazin-2-amine 3 would be formed by reductive
elimination with regeneration of Pd(0) catalyst concurrently.
However, 2-halobenzothioureas under the influence of transition-
0 metal catalysts or simply a base are widely reported to furnish 2-
aminobenzothiazoles.'> ' Therefore a competing direct
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Scheme 1 Proposed mechanistic pathway for the isocyanide insertion in
2-bromophenylthiourea
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intramolecular thionation in the intermediate I leading to 2-
aminobenzothiazole 4 via thioamidine intermediate IV which
undergoes deprotonation followed by reductive elimination
(Route B) cannot be ruled out. It is intriguing to note that though
Whitby et al. achieved the synthesis of thioimidates via
isocyanide insertion followed by coupling with sodium salt of
isopropane thiol,'™ there is lack of report concerning C-S cross-
coupling reaction between imidoyl palladium species and the
sulphur group for the synthesis of heterocycles. Hence we
decided probing the envisaged reaction and herein we disclose
our successful results related to this study.

We initiated our investigations using 1-(2-bromophenyl)-3-
phenylthiourea (1a) (1.0 equiv) and cyclohexyl isocyanide 2A
(1.5 equiv) as the model substrates in a reaction employing PdCl,
(10 mol%) and PCy; (20 mol%) as the catalytic system in toluene
with K5PO, (2.0 equiv) as the base under heating at reflux. The
reaction was worked up after 12 h to afford the major product in
27% yield (Table 1, entry 1). To our delight the mass and NMR
spectral data of the product delineated its structure as 3aA. The
signal for the NH proton at 6.9 ppm in CDCl;, which shifts to 7.9
ppm in DMSOd, confirmed the exocyclic N-H group.” But
low yield of 3aA impelled us to optimize the reaction in terms of
palladium-source, ligand and base. Altering the base from K;PO,
to Cs,CO; or KOACc increased the yield of 3aA to 33% and 35%,
respectively (Table 1, entries 2 and 3), but highly hygroscopic
nature of KOAc led us to discard its use for further optimization.
Screening of different Pd (II) sources using Cs,COj; as the base
revealed that PdCl,(PPhs), (10 mol%) furnished 3aA in 43%
while Pd(OAc), (10 mol%) afforded 3aA in 57% yield (Table 1,

30 entry 4 ). With K;PO, as base, the reaction using Pd(OAc), (10

mol%) gave 3aA in 53% yield only (Table 1, entry 6).

Table 1. Optimization of the palladium-catalysed isocyanide insertion in
2-bromophenylthioureas

H H
N

N
“Ph  [Pd], ligand
@[B\g/ Las]e, Pl Ny NP N,
L 1a reflux, 12 h CRKS or @:S%NHPh
-0 N'
C=N \O 4a
3aA
2A
Entry” [Pd] source Ligand Base Yield (%)°
(mol%) (mol%) (equiv) 3aA 4a
1 PdC1, (10) PCy; (20) K;PO, (2) 27 .
2 PdCl, (10) PCy;(20) Cs,CO;5(2) 33 -
3 PdCl, (10) PCy; (20) KOAc (2) 35 -
5 Pd(OAc), (10) PCy;(20) Cs,CO;5(2) 57 -
6  Pd(OAc)(10) PCy;(20)  KsPO,(2) 53 -
7 Pd(OAc), (10) dppf (20)  Cs,COs5(2) 83 -
8 Pd(OAc), (10) dppf (10)  Cs,CO;5(2) 87 -
9 Pd(OAc), (5) dppf (5) Cs,COs3(2) 85 -
10 Pd(OAc),(10)  dppf(10)  Ks;PO4(2) 67 -
11 PdCl, (10) dppf (10)  Cs,CO;5(2) 61 -
12 PdCIy(PPh3),(10) dppf (10)  Cs,COs (2) 49 -
13 - - CS2CO3 (2) - 68
14¢ Pd(OAc),(10) dppf (10) - nd -

“ All reactions were performed using 100 mg (0.33 mmol) of 1a and 61ul
(0.49 mmol) of cyclohexyl isocyanide (2A), PhMe (2.0 mL); bsolated
yields of chromatographically pure product. ‘nd = Not detected.

Gratifyingly, changing the ligand from PCys; to bidentate dppf (20
a0 mol%) in the reaction catalysed by Pd(OAc), and
Cs,COs,improved the yield of 3aA to 83% (Table 1, entry 7).
Titrating the amount of the catalyst and ligand indicated that 10
mol% of each produced the best result (Table 1, compare entries
7-9). Use of Pd(OAc), and dppf with K;PO, however made the
reaction less efficient (Table 1, entry 10). Similarly replacing the
palladium source with PdCl, or PdCl,(PPh;), in the presence of
dppf and Cs,CO; furnished the product in inferior yield (Table 1,
entries 11-12). The negative control experiment in the absence of
palladium catalyst and ligand afforded the 2-aminobenzothiazole
(4a) whereas no product was detected in the absence of base.
Thus the best condition identified for the isocyanide insertion into
2-bromophenylthiourea was Pd(OAc), (10 mol%), dppf (10
mol%), Cs,CO; (2.0 equiv) in toluene as medium at reflux
temperature under inert atmosphere. It may be noted that during
ss the optimization we also evaluated the reaction of cyclohexyl
isocyanide with 1-(2-iodophenyl)-3-phenylthiourea instead of 1a
and found that though it afforded 3aA (69%), benzothiazole 4a
was also formed in 21% yield.
Having defined the optimized conditions for the reaction, we then
investigated the generality of this palladium-catalysed isocyanide
insertion followed by cross coupling with respect to the 2-
bromophenylthioureas 1 and isocyanides 2. The results of the
study are summarized in Table 2. Several 2-benzophenylthioureas
were efficiently prepared by reacting 2-bromoaniline with aryl or
alkylisothiocyanates in methanol. Under the standard conditions,
aromatic as well as aliphatic 2-bromophenylthioureas (la-j)
underwent smooth isonitrile insertion of the cyclohexyl
isocyanide (2A) to furnish the respective products (3aA-3jA) in
67-88% yields. Presence of substituent on the phenyl ring (2b-e)
or the 2-bromophenyl ring (1j) did not have any influence on the
outcome of the reaction. But we noticed that the aliphatic
thioureas (1f-1j) furnished relatively lower yields of the products
(3fA, 3h-j) with 3gA an exception. Subsequently the protocol
was tested with different commercially available isocyanides
75 (2B-F). But, we discovered that the extension of the protocol to

other isocyanides other than cyclohexyl isocyanide was limited to

the aromatic 2-bromophenylthioureas. When tert-butylisocyanide

(2B) used as the reactant, all aromatic 2-

bromophenylthioureas (la-e, 1k) furnished the corresponding
so products (3aB-3eB, 3kB) in 77-88% yields. Unlike, the two

aliphatic 2-bromophenylisothioureas (1f, 1g) instead of affording
4-substitutedimino-4 H-benzo[d][1,3]thiazin-2-amines (3fB, 3gB)
gave the respective 2-substituted aminobenzothiazoles 4f and 4g

(see SI). Likewise the TosMIC (2C) underwent the insertion
ss reaction with aromatic 2-bromophenylthioureas (la-e) affording

the expected products 3aC-3eC in good yields. However here too

with aliphatic 2-bromophenylthioureas 1f and 1g we could isolate
benzothiazoles 4f and 4g though the mass spectra of the crude
product display the corresponding molecular ion peak for 3fC
9 and 3gC. The formation of benzothiazoles for these isocyanides
suggests that for aliphatic thioureas the route B overrides the
route A. Next the reactions of tetramethylbutyl isocyanide (2D)

and 2,6-dimethylphenylisocyanide (2E) with aromatic 2-

bromophenylthioureas 1a and lc¢ were conducted and in all
9s reactions, the expected products 3aD, 3cD, 3aE and 3cE were

isolated in good yields. To further extend the scope of the
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Table 2 Substrate scope for the synthesis of 4-substitutedimino-4H-
benzo[d][1,3]thiazin-2-amines via isocyanide insertion into 2-
bromophenylthioureas®’

2

Pd(OAC), (10 mol%)

H
H dppf (10 mol%) NN,
2 X
N NHR Cs,CO3 (2equiv) R+ SR
R1—; + R*NC —— > Pz S
Pz B S PhMe, A, 12 h |
r N.o
1ak 2A-F 3

NN H
A X R? N N
110 X “R2
R \S( R SR
i = S
|
NT<
H, R2=Ph, 81%
3bB R! = H, R? = 4-OMe-CgH,, 85%
3cB R = H, R? = 4-CI-CgH,, 84%
3dB R' = H, R? = 3-C-CgH,, 79%
3eB R' = H, R2 = naphth-1yl, 88%
3fB R'=H, R?=Et, 0%

3aAR'=H,R? = Ph, 87% 3aBR'=
3bA R = H, R? = 4-OMe-CgH,, 86%
3cAR' = H, R2 = 4-CI-CgH,, 8%
3dAR' = H, R = 3-CI-CgH,, 85%
3eAR' = H, R2 = naphth-1yl, 87%

3fA R'=H,R>=Et, 77%
3gAR' =H, R? = Pr, 87% 3gBR'=H,R?=Pr, 0%
3hAR' = H.R2 = iPr, 77% 3kB R' = 4-Cl, R2 = Ph,77%

3iA R'=H,R?=Bu, 77%

H
3A R'=4-F,R2=i-Pr, 67% 2 N. N
R B “R2
= S
|
Y R? NS
/ =
|

N._-Tos H, R2 = Ph, 86%

H, R2 = 4-CI-CgH,, 88%

=H, R?=Ph, 75% 3aER'=
=H, R? =4-Cl-CgH,, 79% 3cER'=

H
S
|

3aDR'
3cDR'
3aC R'=H, R?=Ph, 83%

3bC R = H, R? = 4-OMe-CqH,, 86%
3¢C R' = H, R? = 4-Cl-CgH,, 83%
3dC R = H, R? = 3-CI-C¢H,, 85%

3eC R' = H, R? = naphth-1yl, 73%
3fC R'=H, R? = Et, traces N._COzEt
3gC R"=H, R? = Pr, traces 3aF, 0%

“ Reactions were performed with substituted 2-bromophenylthioureas 1 (1
equiv), isocyanides 2 (1.5 equiv), Pd(OAc), (0.1 equiv), dppf (0.1 equiv),

and Cs,CO; (2.0 equiv) in PhMe (4.0 ml) for 12 h at 110 °C. bYields after
column chromatography.

methodology, 1-(2-bromophenyl)-3-phenylthiourea (la) was
treated with ethyl 2-isocyanoacetate (2F) but the reaction
afforded 2-aminobenzothiazole 4a exclusively. Several variations
in reaction conditions with this isocyanide failed to furnish the
desired product 3aF. Perhaps the unsuccessful reaction with ethyl
2-isocyanoacetate may be attributed to high acidity of the a-CH
proton resulting in reduced nucleophilicity of the isocyanide

carbon.”

Conclusions

In conclusion, we have demonstrated the palladium-catalysed
isonitrile insertion into 2-bromophenylthioureas for the synthesis
of 4-substitutedimino-4H-benzo[d][1,3]thiazin-2-amines. This
strategy is considered attractive as it requires starting materials
which are readily available. The study for scope of the protocol
revealed that though the reaction of cyclohexyl isocyanide was
successful with both aromatic as well as aliphatic 2-
bromophenylthioureas, all other isocyanides except for 2-
isocyanoacetate afforded the title compounds with aromatic 2-
bromophenylthioureas only.
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