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Synthesis of Benzimidazole-Fused Medium-Sized N, S-
Heterocycles via Palladium-Catalyzed Cyclizations

Alexandra Basilio Lopes,® Patrick Wagner,® and Mihaela Gulea*®

Abstract: The synthesis of unprecedented benzimidazole-fused
thiazocines, thiazonines, and thiazecines having an exocyclic double
bond is reported. The process consists in an 8-, 9-, or 10-exo-dig
cyclocarbopalladation followed by reduction. The scope and
limitations were established and showed the importance of the
precursor structure for the success of the reaction. A competition
between the exo-dig and the endo-dig cyclization was observed for
two substrates bearing an N-homopropargyl chain, the endo-
cyclization leading to rarely encountered 10- and 11-membered N,S-
heterocycles with a trans-endocyclic double bond. X-ray structures of
three products were obtained by co-crystallization with fumaric acid
and show the twisted structures of these molecules.

Introduction

The significant impact of organosulfur compounds in
pharmaceutical industry is demonstrated by the large numbers of
sulfur-containing drugs (362 approved by the FDA) and the
presence of some of them among the drugs the most prescribed
and sold at present in the world.! Some of these drugs contain in
their structures 5-, 6-, or 7-membered N,S-heterocycles,? as for
example Actos® (thiazolidinedione), Claforan® (thiazole and
thiazine), and Seroquel® (thiazepine) (Figure 1). Moreover, the
role of noncovalent sulfur interactions in drug design and
molecular recognition has been recently highlighted. Considering
the continual need for the development of medicinal therapies,
rarely encountered or still unknown medium-sized N,S-
heterocyclic  compounds could lead to forthcoming
pharmaceuticals. Medium-sized heterocycles are interesting non-
planar scaffolds* for exploring new area of chemical space in
order to identify molecules with original, patentable structures
capable to modulate challenging therapeutic targets.>® Indeed,
recent exploration of drug candidates containing medium-ring N-
heterocycles (8 to 12 atoms) has shown the importance of
conformational constraints in these structures.”
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the document.
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Figure 1. Examples of drugs containing N, S-heterocycles.

From an organic synthesis point of view, the access to medium-
sized rings is particularly difficult because of the high degree of
transannular strain and unfavorable entropic factors involved.?
Several methods to access 8- and 9-membered N, S-heterocycles
have been published, including inter or intramolecular cyclizations
of N/S-nucleophiles,® ring-closing metathesis,'® intramolecular
Friedel-Crafts," and carbonylation reactions.'> However,
compared to the numerous syntheses of 5 to 7-membered N,S-
heterocyclic counterparts, they remain rather limited. Published
medium-ring N, S-heterocyclic structures are mainly benzene-
fused thiazocines or thiazonines, based on 2-aminobenzenethiol
moiety (Figure 2, structures I4V). Moreover, some of these
compounds have been reported to possess promising biological
activity, as antagonists of the mitochondrial sodium-calcium
exchanger (MNCE)," or as 17p-hydroxysteroid dehydrogenase
type 3 (17 B-HSD3) inhibitors.' As part of our research dealing
with the synthesis of N,S-heterocycles (i.e. thiazolines, thiazines,
benzothiazoles),” we decided to focus on a unique class of
benzimidazole-fused thiazocines and thiazonines V, bearing an
exocyclic double bond, as new scaffolds for medicinal chemistry
(Figure 2). No hit of such structures has been found by SciFinder
search. The benzimidazole moiety provides the advantage of its
widespread occurrence in biologically active compounds and
drugs.’® For a well-known example, Nexium®, a proton-pump
inhibitor used in the treatment of ulcer disease, bears a
benzimidazole moiety with a sulfinyl substituent in 2-position.
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Figure 2. Known thiazocines and thiazonines scaffolds I-IV and our proposed
benzimidazole-fused structures V.

Palladium-catalyzed cyclizations represent a modern powerful
tool to access efficiently, with step economy and high selectivity,
complex heterocyclic molecules from simple starting materials.”
However, these reactions remain rare in medium-sized ring
heterocyclic series.'® Because of the risk of catalyst deactivation
caused by the thiophilicity of palladium, Pd-catalyzed domino
cyclizations have been rarely performed on sulfur-containing
substrates. Our group recently showed the feasibility of Pd-
catalyzed domino reactions in sulfide series for the synthesis of
5- and 6-membered S-heterocycles.’ The extension of such
methods to larger ring-sizes represents a challenging task as
competitive reactions such as direct reduction or direct cross-
coupling could become predominant, as well as endo vs exo
cyclization may occur. We report herein the synthesis of
benzimidazole-fused thiazocines and thiazonines, by involving
judiciously designed precursors in domino processes consisting
in the 8- or 9-exo-dig reductive cyclocarbopalladation (Scheme 1).
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Scheme 1. Pd-catalyzed reductive cyclization approach to benzimidazole-fused
thiazocines and thiazonines.

Results and Discussion

We first prepared 2-(chloromethyl)benzimidazole 1 from
commercially available benzene-1,2-diamine and 2-chloroacetic
acid, then used it to alkylate 2-bromothiophenol to access 2-
sulfanylated benzimidazole 2 (Scheme 2). N-alkylation of this
later by 1-bromopent-2-yne led to the desired precursor 3a in 83%
yield. Then we placed substrate 3a under Pd-catalyzed reductive
cyclization reaction conditions, in the presence of ammonium
formate as the hydrogen donor,?® and succeeded in obtaining the
desired 8-membered N, S-heterocycle 4a. The Z-geometry of the
generated double bond was controlled via the well-established
syn-carbopalladation process. Although the conversion was
almost total (95%), the isolated yield in 4a was moderate. We
found that Pd(PPhs)s catalyst gave better results than

10.1002/ejoc.201801686

WILEY-VCH

Pd(OAc)2/PPhs (57% vs 36% isolated yield). The use of ethanol
as the hydride source™ did not work in our case. The direct
reduction of 3a is a competitive reaction resulting in the side-
product 3a’, which was separated from 4a by column
chromatography. The ratio 4a/3a’/3a measured by 'H NMR in the
crude mixture was 89:6:5.

E:[SH
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c1” > Co,H
HCI 4N H K,COj5 acetone H
NHz 100 °C, ah N 60 C. 200 N Br,
_ _ >
27\ 2\
NH, Nl NS
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S , 3 3
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4a (57%) 32 3a (83%)

Scheme 2. Synthetic sequence to access benzimidazole-fused thiazocine 4a.

We then have succeeded a single crystal by co-crystallization of
thiazocine 4a with fumaric acid and the analysis by X-ray
diffraction showed two molecules of 4a interacting with one
molecule of diacid via O-H-N hydrogen bonds (Figure 3, [a]). Two
views (A and B) of the crystal structure are shown after
suppression of the diacid molecule (Figure 3, [b]), highlighting the
8-membered ring and its conformation.

Figure 3. (a) X-ray structure of co-crystal 4a.fumaric acid. (b) Two views (A &
B with diacid and H-atoms suppressed).

Structural modifications of the substrate were then investigated in
order to study the scope and limitations of the reaction and

This article is protected by copyright. All rights reserved.
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expand the structural diversity around the benzimidazole-fused
medium-sized N, S-heterocyclic new scaffolds. We started by
changing the substituent on the triple bond (Scheme 3).
Precursors 3b and 3c were synthesized similarly to 3a, by N-
alkylation of 2 with (3-chloroprop-1-yn-1-yl)benzene or with 4-
chlorobut-2-yn-1-ol, respectively. The other derivatives 3d-h were
prepared via Sonogashira cross-coupling with the corresponding
aryl or heteroaryl iodides starting from the N-propargyl substrate
3i that resulted from N-propargylation of 2 (see in Supporting
Information). The reaction worked in all cases, with electron
donating or withdrawing substituents on the aromatic ring, and the
expected benzimidazole-fused thiazocines 4b,d-g were isolated
in moderate yields (37 to 57%). A lower yield of 29% was obtained
for the product 4c bearing a CH20H group on the exocyclic double
bond. 3-Thienyl derivative 4h was also obtained and isolated in
37% vyield. Substrate 3i with R" = H was also tested, however the
desired cyclization product 4i was accompanied by two side-
products derived from the reduction of the triple bond into double
bond and from N-depropargylation that occurs more easily on the
terminal alkynyl substrate in the presence of the palladium
catalyst.?! We next performed the reaction on substrates 3j-p
bearing various substituents (X, X’) on different positions of the
benzimidazole benzene ring. The preparation and the
characterization of these substrates are given in the Supporting
information. The position of the methoxy group on 3j and 3k did
not influence the efficiency of the reaction (55% for 4j vs 53% yield
for 4k). The obtained yields were however slightly higher with an
ethyl than with a phenyl substituent on the triple bond (55% for 4j
vs 49% yield for 41). In the case of chlorinated substrates, a better
yield was obtained for derivative 4n than for 4o (52% for 4n vs
32% yield for 40). The 9,10-dimethyl benzimidazole derivative 4p
was obtained in 42% yield. Note that in almost all cases, a small
amount of starting material 3 was recovered and the product
mixture contained also the reduced compound of type 3’ (the
ratios 3/4/3’ measured in the crude mixture by 'H NMR are given
in Table 1 in the Supporting information). This was the main
reason of the moderate isolated yields obtained for the desired
thiazocines 4.
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Scheme 3. Scope of the reductive cyclization to access benzimidazole-fused
thiazocines 4: variation of the substituents on the triple bond and on
benzimidazole.

The oxidation of a sulfide into the corresponding sulfoxide or
sulfone changes its reactivity and its physicochemical properties.
For therapeutic applications this transformation may affect the
biological properties of the initial molecule via the modification of
its polarity, conformation, solubility, lipophilicity, etc. This allows
also identifying the sulfur-species formed in biological media from
a sulfured biomolecule. Moreover, sulfoxides and sulfones are
valuable sulfur functions present in known bioactive molecules. In
this context we decided to prepare the S-oxidized derivatives of
thiazocine 4a, sulfoxide 4a-SO and sulfone 4a-SO2. Rather than
accomplishing this transformation by direct oxidation of 4a, we
have chosen to test the efficiency of the reductive cyclization on
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the S-oxidized substrates derived from 3a (Scheme 4). A possible
difference in the reactivity could be caused by a different
interaction of the palladium with the three sulfur functions (i.e.
sulfide, sulfoxide, sulfone). Substrates 3a-SO and 3a-SO2 were
prepared respectively by mono- or dioxidation of the sulfur atom
of 3a. Placed under the same reaction conditions, they led to the
expected S-oxide and S-dioxide thiazonines 4a-SO and 4a-SOz,
both of them in 37% yield, bellow the yield obtained previously in
the case of thiazocine 4a (57%).

Pd(PPhg), (10 mol%)
HCO,NH, (1.5 equiv)
DMF, 120 °C, 4h

_—

3a-S0 (n=1)

4a-S0 (37%)
3a-S0, (n=2)

4a-S0, (37%)

Scheme 4. Reductive cyclization using S-oxidized substrates.

Then we investigated the reaction scope by modifying the
substrate tether length in order to obtain 9-membered thiazonine
ring. Substrates 7 bearing a benzylsulfenyl group were
synthesized via thioacetate intermediate of type 5 by consecutive
S-benzylation, then N-propargylation (Scheme 5). Although the
isolated yields remained moderate (38 to 46%), the reductive
cyclization still worked on these extended substrates affording the
expected corresponding thiazonines 8a-d (Scheme 6).

o
a Mg,
X N2 Horan) N\> £ Kkshc X N SAc
X NH, 100°C X ” acetone, 25 °C A N
1 5 H
Br Br
EtOH, KOH, 25 °C
Y
S — X N S Br
\>_/ R1 \
|<2co3 KI, X N
acetone, 60 °C 6

R1

Scheme 5. Synthetic route to substrates 7.
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Scheme 6. Reductive cyclization to access benzimidazole-fused thiazonines 8.

A single crystal of 8¢ co-crystallized with fumaric acid was isolated
and its structure confirmed by X-ray diffraction analysis (Figure 4).

Figure 4. X-ray structure of co-crystal 8c.fumaric acid (diacid and H-atoms
suppressed).

Other modifications of the substrate were made to determine their
influence on the efficiency of the reaction under the same
conditions and several limitations were pointed out (Scheme 7).
In the case of substrate 9 in which the sulfur atom was placed in
2-position of the benzimidazole ring, the corresponding thiazocine
10 was obtained in low yield (18%). This was probably due to the
competitive desulfanylation occurring on heteroaromatic thioether
such substrate 9 in the presence of the palladium catalyst.?

When substrate 11 bearing a homopropargyl chain on the
nitrogen atom was placed under the same reaction conditions, a
competition between the 9-exo-dig and the 10-endo-dig
cyclization took place leading to a difficult to separate mixture of
thiazonine 12 and thiazecine 13 in a 1:3 ratio and a combined
yield of 17%, after purification by column chromatography. The
low yield could be explained by the incomplete conversion (89%)
and the presence of the reduced product 11’ (11% isolated yield).
It is to notice that the 10-endo-dig cyclization was not observed in
the case of N-propargyl substrates 7, as probably the
conformational constraint in this cyclization is higher than in the
case of substrate 11. In the case of substrate 14 the substituents
on the heteroatoms were inverted, the sulfur was propargylated
and the nitrogen was benzylated. Surprisingly, the expected
thiazonine 15 was not obtained in this case, but a complex crude
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mixture containing the starting material and the reduced product
14’ that were detected in '"H NMR.

Et H

\
[Pl [H] N 8
@ L
N
10 (18%)
// Me
=
[Pd], [H] T
~~°

I

1213 1:3 13
12 +13 (17%)

Br.

@ [Pd], [H] C[

15 (not observed)

Et
Bn Et
i
N
+ /> \
N S
14’ (not isolated)

Scheme 7. Limitations of the reductive cyclization to access benzimidazole-
fused medium-sized N, S-heterocycles.

We then attempted to extend the method to access larger rings.
Substrate 16 was prepared and tested for this purpose, but a
substantial amount of the reduced product 16’ was present in the
crude mixture together with two other products. After purification
by column chromatography the two products were isolated in 9%
combined yield. The analysis of the NMR spectra of the mixture
allowed us to assign to these products the structures of thiazecine
17 and of thiazaundecine 18 (Scheme 8). This result represents
a rare example of competing processes between 10-exo and 11-
endo cyclocarbopalladation of alkynes. Similar results have been
reported for the cyclocarbopalladation of alkenes, in carbocyclic
series.?® To improve the yield in cyclic products, we tested other
reaction conditions. Thus, we changed the hydrogen donor from
ammonium formate to sodium formate and used a mixture of
DMF/H20 as the solvent to increase the solubility of the sodium
salt.?* The major product was again 16’ (49% isolated yield)
accompanied by 17 and 18 in a 1:1 ratio. However, we noted an
improvement of the cyclization reaction, achieving a combined
isolated yield of 24% of 17 and 18. The good results obtained with
HCO:2Na in DMF/H20 prompted us to test these conditions on two
other substrates, 3a and 7b. Indeed, the isolated yields of the
desired products were improved compared to those obtained with
HCO2NH4 in DMF, with 69% (vs 57%) for 4a and 58% (vs 45%)
for 8b.

To our delight a single crystal of 18 co-crystallized with fumaric
acid was isolated and its original structure having a ftrans-
endocyclic double bond was confirmed by X-ray diffraction
analysis (Figure 5).
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Pd(PPhs), (10 mol%)
HCO,Na (1.5 equiv)
DMF/H,0 ,

120 °C, 4h

oo

6’ (49% 17 17118 1:1 18

17 + 18 (24%)

Scheme 8. Reductive cyclization to access benzimidazole-fused 10- and 11-
membered N, S-heterocycles.

Figure 5. X-ray structure of co-crystal 18.fumaric acid (diacid and H-atoms
suppressed).

The mechanism of the reductive Pd-catalyzed processes
involving substrate 16 is given in Scheme 9. Arylpalladium(ll)
species i1 led either to the reduced compound 16’ via bromide to
formate ligand exchange, followed by common hydride transfer
and reductive elimination steps, or to the cyclic
alkenylpalladium(ll) species i2 and i3, via 10-exo-dig and 11-
endo-dig cyclizations, respectively. These species led after the
reductive process to the corresponding thiazecine 17 and
thiazaundecine 18.

17+18
Pd(0)
B reductive oxidative
M Pd" elimination addition
|
=z

pd” reduction
! o H—pan HCO,NH,
s— U~ NS s > 16
Clo— - @[ P Al

N i il

direct

cyclocarbo-
palladation

ligand exchange

NH,Br + CO, H-transfer

’ i Me
HICO,NH, M | Pd
=

—pd!
NBr Pd

Scheme 9. Mechanism of the reductive Pd-catalyzed processes involving
substrate 16.
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Conclusions

In summary, we have described the synthesis of unprecedented
benzimidazole-fused medium-sized N,S-heterocycles (nineteen
thiazocines, five thiazonines, and one thiazecine) bearing an
exocyclic double bond, through a Pd-catalyzed reductive
cyclization involving 8-exo, 9-exo, or 10-exo-dig
cyclocarbopalladation. The yields were low to moderate, but we
finally found that they can be improved by using sodium formate
instead of ammonium formate as the hydride donor, making the
method synthetically more effective. A competition between exo-
dig and endo-dig cyclizations was observed for two substrates
bearing an N-homopropargyl chain, the latter leading to rarely
encountered 10- and 11-membered N,S-heterocycles, one
thiazecine and one thiazaundecine, having a trans-endocyclic
double bond. Further experimental and theoretical studies will be
done to rationalize this competing cyclizations. X-ray structures
were obtained by co-crystallization with fumaric acid for one
thiazocine, one thiazonine, and the thiazaundecine, showing their
twisted structures. These compounds represent interesting new
scaffolds for drug discovery.

Experimental Section

General Information: Reagents and dry solvents were obtained from
commercial sources and used without further purification. Thin-layer
chromatography (TLC) was performed on silica gel 60 F2s4 plates and was
visualized under UV light and revealed with KMnOg4 stain. Crude products
were purified by flash column chromatography on silica gel Si 60 (40-63
um). NMR spectra were recorded at 400 or 500 MHz for 'H, at 100 or 125
MHz for '3C, and at 376 MHz for '°F. Chemical shifts () were reported in
ppm relative to residual solvent. Coupling constants (J) were reported in
hertz (Hz). Assignments of 'H and '3C signal were made by DEPT, COSY,
HSQC, HMBC and NOESY-2D experiments. The following abbreviations
were adopted in reporting NMR data: singlet (s), doublet (d), triplet (t),
quartet (q), quintet (quint), broad signal (br), doublet of doublets (dd),
doublet of doublet of doublets (ddd), doublet of triplets (dt), doublet of
quartets (dq), triplet of doublets (td), triplet of triplets (tt), quartet of triplets
(gt) or multiplet (m). HRMS were performed with a Q-TOF analyzer sing
electrospray ionization (ESI). Melting points were determined in open
capillary tubes and were uncorrected.

General Procedure for reductive cyclization (GP):

Method A. Under an argon atmosphere, a mixture of benzimidazole
derivative (1 equiv), ammonium formate (1.5 equiv), and Pd(PPhs)s (10
mol%), in DMF (10 mL/mmol substrate) was stirred at 120 °C for 4 h. The
mixture was concentrated to dryness under reduced pressure and the
crude residue was purified by flash column chromatography on silica gel
to give the heterocyclic product.

Method B. Ammonium formate was replaced by sodium formate and DMF
by DMF/H20 (3.5:1).

(Z2)-14-propylidene-13,14-dihydro-6H-benzo[g]benzo[4,5]imidazo[2,1-
c][1,4] thiazocine (4a): Following the GP, starting from 3a (100 mg, 0.26
mmol), 4a was obtained after purification by flash chromatography (5-40%
AcOEt in pentane) as a brownish oil (Method A: 45 mg, 57%, Method B:
55 mg, 69%). TLC (heptane/AcOEt 1:1, Rr = 0.39). "H NMR (400 MHz,
CDCl3) 6 0.90 (t, J = 7.5 Hz, 3H), 2.09 (quint, J = 7.5 Hz, 2H), 4.55 (s, 2H),
5.31 (s, 2H), 6.04 (t, J= 7.5 Hz, 1H), 7.23-7.40 (m, 6H), 7.47-7.49 (m, 1H),
7.50-7.52 (m, 1H), 7.76 (m, 7.75-7.78 1H). 3C NMR (100 MHz, CDCl3) 6
13.1, 21.9, 31.4, 42.7, 108.6, 119.7, 122.1, 122.7, 127.9, 130.9, 132.4,
132.5, 134.4, 135.6, 139.2, 141.7, 142.1, 151.1. HRMS (ESI-Q-TOF) m/z
calcd for C19H18N2S [M+H]*: 307.1269, found: 307.1259.

(2)-14-propylidene-13,14-dihydro-6H-benzo[g]benzo[4,5]imidazo[2,1-
c][1,4] thiazocine 5-oxide (4a-SO): Following the GP Method A, starting
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from 3a-SO (57 mg, 0.14 mmol), 4a-SO was obtained after purification by
flash chromatography (50-100% AcOEt in DCM) as a yellowish
amorphous solid (17 mg, 37%). TLC (DCM/AcOEt 3:2, Rr = 0.16). '"H NMR
(400 MHz, CDCls) 6 1.22 (t, J = 7.5 Hz, 3H), 2.44 (quint, J = 7.6 Hz, 2H),
4.34 (d, J = 14.4 Hz, 1H), 5.09 (d, J = 17.5 Hz, 1H), 5.17 (d, J = 14.4 Hz,
1H), 5.37 (d, J = 17.5 Hz, 1H), 5.82 (it, J = 2.0, 7.4 Hz, 1H), 6.89 (d, J =
7.4 Hz, 1H), 7.08-7.21 (m, 4H), 7.26-7.29 (m, 1H), 7.50 (d, J = 7.8 Hz, 1H),
7.74 (d, J = 7.7 Hz, 1H). '3C NMR (100 MHz, CDCl3) 6 13.8, 22.0, 45.0,
57.4,108.8, 119.9, 122.5, 123.1, 124.6, 128.7, 129.5, 131.5, 133.6, 135.0,
136.6, 137.1, 139.3, 142.7, 147.7. HRMS (ESI-Q-TOF) m/z calcd for
C19H18N20S [M+H]*: 323.1218, found: 323.1213.

(2)-14-propylidene-13,14-dihydro-6H-benzo[g]benzo[4,5]imidazo[2,1-
c][1,4] thiazocine 5,5-dioxide (4a-SO2): Following the GP Method A,
starting from 3a-SO2 (56 mg, 0.14 mmol), 4a-SO2 was obtained after
purification by flash chromatography (0-20% AcOEt in DCM) as a white
amorphous solid (17 mg, 37%). TLC (heptane/AcOEt 1:1, R¢ = 0.29).

"H NMR (400 MHz, CDClz) & 1.23 (t, J = 7.5 Hz, 3H), 2.45 (quint, J = 7.5
Hz, 2H), 5.10 (d, J = 3.7 Hz, 2H), 5.19 (d, J = 16.6 Hz, 1H), 5.49 (d, J =
16.7 Hz, 1H), 5.92 (tt, J = 1.9, 7.4 Hz, 1H), 7.08 (dd, J = 1.6, 7.3 Hz, 1H),
7.14-7.31 (m, 6H), 7.57 (dt, J = 1.1, 7.8 Hz, 1H), 7.92 (dd, J = 1.6, 7.7 Hz,
1H). 3C NMR (100 MHz, CDClI3) 6 13.5, 22.0, 44.2, 59.3, 109.0, 120.3,
122.81, 123.6, 128.5, 128.5, 130.8, 132.9, 134.0, 135.4, 137.3, 138.1,
138.6, 142.7, 143.5. HRMS (ESI-Q-TOF) m/z calcd for C19H1sN202S
[M+H]*: 339.1167, found: 339.1157.

(2)-14-benzylidene-13,14-dihydro-6H-benzo[g]benzo[4,5]imidazo[2,1-
c][1,4] thiazocine (4b): Following the GP Method A, starting from 3b (100
mg, 0.23 mmol), 4b was obtained after purification by flash
chromatography (0-25% AcOEt in heptane) as a white amorphous solid
(43 mg, 53%). TLC (heptane/AcOEt 1:1, Rr = 0.32). '"H NMR (400 MHz,
Chloroform-d) & 4.53 (s, 2H), 5.63 (s, 2H), 6.89 (s, 1H), 6.96-6.99 (m, 1H),
7.07-7.12 (m, 4H), 7.17-7.19 (m, 1H), 7.28-7.33 (m, 1H), 7.35-7.42 (m,
4H), 7.48-7.50 (m, 2H). '3C NMR (100 MHz, CDCls) § 32.2, 45.6, 108.7,
119.4, 122.1, 122.6, 127.9, 128.7, 128.8, 128.8, 129.33, 130.2, 130.2,
133.3, 135.3, 136.0, 138.8, 142.0, 144.6, 150.3. HRMS (ESI-Q-TOF) m/z
calcd for C23H1sN2S [M+H]*: 355.1269, found: 355.1256.

(2)-2-(6H-benzo[g]benzo[4,5]imidazo[2,1-c][1,4]thiazocin-14(13H)-
ylidene)ethan-1-ol (4c): Following the GP Method A, starting from 3c (43
mg, 0.11 mmol), 4c was obtained after purification by flash
chromatography (5-40% AcOEt in cyclohexane) as a yellowish amorphous
solid (10 mg, 29%). TLC (DCM/AcOEt 3:2, Rr = 0.30). '"H NMR (400 MHz,
CDCl3) 6 4.16 (d, J = 6.2 Hz, 2H), 4.38 (s, 2H), 5.30 (s, 2H), 6.14 (t, J =
6.1 Hz, 1H), 7.15-7.30 (m, 6H), 7.38 (d, J = 8.0 Hz, 1H), 7.41-7.46 (m, 1H),
7.58 (d, J = 7.9 Hz, 1H). '3C NMR (100 MHz, CDCls) 6 31.4, 43.1, 58.9,
108.7,119.5, 122.6, 123.1, 128.4, 128.5, 130.8, 132.2, 133.2, 135.3, 135.4,
137.0, 141.3, 141.5, 150.9. HRMS (ESI-Q-TOF) m/z calcd for C1gsH16N20S
[M+H]*: 309.1061, found: 309.1049.

(2)-14-(4-methoxybenzylidene)-13,14-dihydro-6H-
benzo[g]benzo[4,5]imidazo[2,1-c] [1,4]thiazocine (4d): Following the
GP Method A, starting from 3d (85 mg, 0.18 mmol), 4d was obtained after
purification by flash chromatography (5-40% AcOEt in cyclohexane) as a
yellowish oil (33 mg, 47%). TLC (heptane/AcOEt 1:1, Rr = 0.24). '"H NMR
(400 MHz, CDCls) 6 3.82 (s, 3H), 4.52 (s, 2H), 5.61 (s, 2H), 6.82 (s, 1H),
6.88-6.92 (m, 2H), 6.98 — 7.02 (m, 1H), 7.08-7.12 (m, 4H), 7.16-7.18 (m,
1H), 7.27-7.30 (m, 2H), 7.45-7.53 (m, 2H). '3C NMR (100 MHz, CDCl3) &
32.1, 45.6, 55.4, 108.8, 114.2, 119.3, 122.1, 122.6, 128.4, 128.5, 129.2,
130.2, 130.3, 133.1, 135.3, 135.8, 136.9, 141.8, 144.8, 150.4, 159.3.
HRMS (ESI-Q-TOF) m/z calcd for C24H20N20S [M+H]*: 385.1374, found:
385.1349.

(2)-14-(4-methylbenzylidene)-13,14-dihydro-6H-
benzo[g]benzo[4,5]imidazo[2,1-c] [1,4]thiazocine (4e): Following the
GP Method A, starting from 3e (86 mg, 0.19 mmol), 4e was obtained after
purification by flash chromatography (5-30% AcOEt in cyclohexane) as a
beige amorphous solid (36 mg, 51%). TLC (heptane/AcOEt 1:1, Rf = 0.39).
"H NMR (400 MHz, CDCl3) 6 2.37 (s, 3H), 4.53 (s, 2H), 5.63 (s, 2H), 6.85
(s, 1H), 6.97-7.00 (m, 1H), 7.06-7.13 (m, 4H), 7.16-7.21 (m, 3H), 7.25-7.27
(m, 3H), 7.47-7.51 (m, 2H). '3C NMR (100 MHz, CDCls) § 21.3, 32.1, 45.6,
108.8, 119.3, 122.2, 122.6, 128.6, 128.8, 129.3, 129.5, 130.2, 130.2,
133.1, 133.5, 135.2, 136.0, 137.9, 144.7, 150.4. HRMS (ESI-Q-TOF) m/z
calcd for C24H20N2S [M+H]*: 369.1425, found: 369.1410.
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(2)-14-(4-(trifluoromethyl)benzylidene)-13,14-dihydro-6 H-
benzo[g]benzo[4,5]imidazo [2,1-c][1,4]thiazocine (4f): Following the
GP Method A, starting from 3f (90 mg, 0.18 mmol), 4f was obtained after
purification by flash chromatography (5-40% AcOEt in cyclohexane) as a
yellowish amorphous solid (28 mg, 37%). TLC (heptane/AcOEt 1:1, Rs =
0.36). "H NMR (400 MHz, CDCl3) 6 4.53 (s, 2H), 5.57 (s, 2H), 6.86-6.93
(m, 2H), 7.05-7.21 (m, 5H), 7.38-7.45 (m, 2H), 7.46-7.55 (m, 2H), 7.60 (d,
J =7.9 Hz, 1H). '3C NMR (100 MHz, CDCls) & 32.2, 45.0, 108.3, 119.36,
122.2,122.6,125.2,125.5, 125.6, 125.6, 125.6, 128.8, 128.9, 129.2, 129.6,
130.4,131.9, 135.1, 135.8, 139.4, 141.0, 141.7, 143.8, 150.1. HRMS (ESI-
Q-TOF) m/z calcd for C2saH17F3N2S [M+H]*: 423.1143, found: 423.1124.

(2)-14-(3-fluorobenzylidene)-13,14-dihydro-6H-
benzo[g]benzo[4,5]imidazo[2,1-c] [1,4]thiazocine (4g): Following the
GP Method A, starting from 3g (79 mg, 0.18 mmol), 4g was obtained after
purification by flash chromatography (5-30% AcOEt in cyclohexane) as a
yellowish amorphous solid (26 mg, 40%). TLC (heptane/AcOEt 1:1, Rs =
0.49). '"H NMR (400 MHz, CDCl3) 6 4.54 (s, 2H), 5.62 (s, 2H), 6.83 (s, 1H),
6.96-7.03 (m, 2H), 7.06-7.17 (m, 7H), 7.34 (td, J = 6.0, 8.0 Hz, 1H), 7.48-
7.51 (m, 2H). 3C NMR (100 MHz, CDCls) 6 32.3, 45.4, 108.6, 114.8, 115.0,
115.6,115.8,119.4, 122.3, 122.7, 124.5, 124.6, 128.9, 129.4, 130.1, 130.2,
130.3, 130.4, 132.0, 132.0, 135.2, 136.2, 138.1, 138.2, 140.2, 144.3, 150.2,
161.7, 164.2. HRMS (ESI-Q-TOF) m/z calcd for CasH17FN2S [M+H]*:
373.1174, found: 373.1150.

(2)-14-(thiophen-3-yImethylene)-13,14-dihydro-6 H-
benzo[g]benzo[4,5]imidazo[2,1-c] [1,4]thiazocine (4h): Following the
GP Method A, starting from 3h (79 mg, 0.18 mmol), 4h was obtained after
purification by flash chromatography (5-40% AcOEt in cyclohexane) as a
yellowish amorphous solid (24 mg, 37%). TLC (heptane/AcOEt 1:1, Rs =
0.33). '"H NMR (400 MHz, CDCl3) 6 4.55 (s, 2H), 5.63 (s, 2H), 6.82 (s, 1H),
7.09-7.17 (m, 5H), 7.25-7.26 (m, 2H), 7.36 (dd, J = 2.9, 5.0 Hz, 1H), 7.47-
7.49 (m, 1H), 7.52-7.55 (m, 1H). '3C NMR (100 MHz, CDCls) & 32.0, 45.9,
108.8,119.4,122.4,122.8, 124.6, 126.2, 127.4, 128.6, 128.6, 129.2, 130.2,
130.5, 135.3, 135.7, 137.0, 137.4, 141.7, 144.7, 150.5. HRMS (ESI-Q-
TOF) m/z calcd for C21H16N2S2 [M+H]*: 361.0833, found: 361.0820.

14-methylene-13,14-dihydro-6 H-benzo[g]benzo[4,5]imidazo[2,1-
c][1,4]thiazocine (4i): Following the GP Method A, starting from 3i (100
mg, 0.28 mmol), an inseparable mixture of 4i and 2a in a ratio 2:1 was
obtained (23 mg) after purification by flash chromatography (5-40% AcOEt
in pentane). 4i was characterized from the mixture. TLC (heptane/AcOEt
2:3, Rr = 0.49). "H NMR (400 MHz, CDCl3) & 4.53 (s, 2H), 5.47 (s, 2H),
5.51 (s, 1H), 5.54 (s, 1H), 7.13-7.28 (m, 5H), 7.34 (d, J = 8.0 Hz, 1H), 7.47-
7.51 (m, 1H), 7.59-7.62 (m, 1H). HRMS (ESI-Q-TOF) m/z calcd for
C17H1aN2S [M+H]*: 279.0956, found: 279.0945.

(2)-10-methoxy-14-propylidene-13,14-dihydro-6H-
benzo[g]benzo[4,5]imidazo[2,1-c] [1,4]thiazocine (4j): Following the
GP Method A, starting from 3j (100 mg, 0.24 mmol), 4j was obtained after
purification by flash chromatography (5-30% AcOEt in cyclohexane as an
orange oil (45 mg, 55%). TLC (heptane/AcOEt 1:1, Rr = 0.34). '"H NMR
(400 MHz, CDClz) 6 0.83 (t, J = 7.5 Hz, 3H), 2.00 (quint, J = 7.5 Hz, 2H),
3.89 (s, 3H), 4.43 (s, 2H), 5.17 (s, 2H), 5.96 (t, J = 7.4 Hz, 1H), 6.85-6.89
(m, 2H), 7.16-7.25 (m, 3H), 7.41-7.43 (m, 1H), 7.55 (d, J = 8.7 Hz, 1H). 13C
NMR (100 MHz, CDCls) 6 13.1, 22.0, 31.4, 42.8, 56.0, 93.0, 110.9, 120.1,
128.0, 131.0, 132.5, 132.6, 134.4, 135.9, 136.2, 139.3, 142.1, 150.3, 156.8.
HRMS (ESI-Q-TOF) m/z calcd for C20H20N20S [M+H]*: 337.1374, found:
337.1360.

(2)-9-methoxy-14-propylidene-13,14-dihydro-6H-
benzo[g]benzo[4,5]imidazo[2,1-c] [1,4]thiazocine (4k): Following the
GP Method A, starting from 3k (87 mg, 0.21 mmol), 4k was obtained after
purification by flash chromatography (5-30% AcOEt in cyclohexane) as an
orange oil (37 mg, 53%). TLC (heptane/AcOEt 1:1, Rr = 0.29). 'H NMR
(400 MHz, CDClz) 6 0.83 (t, J = 7.5 Hz, 3H), 2.01 (quint, J = 7.5 Hz, 2H),
3.84 (s, 3H), 4.44 (s, 2H), 5.20 (s, 2H), 5.94 (t, J = 7.4 Hz, 1H), 6.94 (dd, J
= 2.4, 8.8 Hz, 1H), 7.14-7.23 (m, 4H), 7.26 (d, J = 8.8 Hz, 1H), 7.41-7.43
(m, 1H). 3C NMR (100 MHz, CDCl3) 6 13.1, 21.9, 31.3, 43.0, 55.9, 101.9,
109.0, 112.8, 128.0, 128.1, 130.2, 130.9, 132.3, 132.7, 134.5, 139.1, 142.1,
142.2, 151.1, 156.2. HRMS (ESI-Q-TOF) m/z calcd for Cz0H20N20S
[M+H]*: 337.1374, found: 337.1360.

(2)-14-benzylidene-10-methoxy-13,14-dihydro-6H-
benzo[g]benzo[4,5]imidazo[2,1-c][1,4]thiazocine (4l): Following the GP
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Method A, starting from 3l (84 mg, 0.18 mmol), 41 was obtained after
purification by flash chromatography (5-40% AcOEt in cyclohexane) as a
beige solid (34 mg, 49%). TLC (heptane/AcOEt 1:1, Rr = 0.24). '"H NMR
(400 MHz, CDCls) 6 3.75 (s, 3H), 4.49 (s, 2H), 5.54 (s, 2H), 6.41 (d, J =
2.3 Hz, 1H), 6.73 (dd, J = 2.4, 8.8 Hz, 1H), 6.90 (s, 1H), 7.11-7.13 (m, 2H),
7.20-7.22 (m, 1H), 7.28-7.40 (m, 7H), 7.48-7.50 (m, 1H). '*C NMR (100
MHz, CDClz) & 32.2, 45.4, 55.9, 93.0, 110.8, 119.7, 127.9, 128.6, 128.7,
128.8,129.2, 130.2, 130.5, 133.5, 135.9, 136.0, 136.1, 136.3, 138.8, 144 .4,
149.5, 156.5. HRMS (ESI-Q-TOF) m/z calcd for C24H20N20S [M+H]*:
385.1374, found: 385.1353.

(2)-14-benzylidene-9-methoxy-13,14-dihydro-6 H-
benzo[g]benzo[4,5]imidazo[2,1-c][1,4]thiazocine (4m): Following the
GP Method A, starting from 3m (85 mg, 0.18 mmol), 4m was obtained after
purification by flash chromatography (5-40% AcOEt in cyclohexane as a
yellowish amorphous solid (27 mg, 38%). TLC (heptane/AcOEt 1:1, Rs =
0.18). '"H NMR (400 MHz, CDCls) 6 3.75 (s, 3H), 4.49 (s, 2H), 5.58 (s, 2H),
6.73 (dd, J = 2.4, 8.8 Hz, 1H), 6.83-6.86 (m, 2H), 6.97 (d, J = 2.4 Hz, 1H),
7.09-7.13 (m, 2H), 7.16-7.18 (m, 1H), 7.29-7.42 (m, 5H), 7.47-7.49 (m, 1H).
3C NMR (100 MHz, CDCl3) 6 32.2, 45.7, 55.7, 101.6, 109.0, 112.5, 127.9,
128.6, 128.7,128.9, 129.3, 129.9, 130.1, 130.2, 133.2, 136.0, 136.1, 138.9,
142.6, 144.6, 150.4, 156.1. HRMS (ESI-Q-TOF) m/z calcd for C24H20N20S
[M+H]*: 385.1374, found: 385.1362.

(2)-10-chloro-14-propylidene-13,14-dihydro-6H-
benzo[g]benzo[4,5]imidazo[2,1-c] [1,4]thiazocine (4n): Following the
GP Method A, starting from 3n (100 mg, 0.24 mmol), 4n was obtained after
purification by flash chromatography (0-3% Et20 in DCM) as a yellowish
amorphous solid (42 mg, 52%). TLC (heptane/AcOEt 4:1, Rr = 0.17). 'H
NMR (400 MHz, CDCls) 6 0.85 (t, J = 7.5 Hz, 3H), 2.01 (quint, J = 7.5 Hz,
2H), 4.43 (s, 2H), 5.19 (s, 2H), 5.96 (t, J = 7.4 Hz, 1H), 7.15-7.25 (m, 4H),
7.37 (d, J = 1.9 Hz, 1H), 7.42-7.44 (m, 1H), 7.56 (d, J = 8.6 Hz, 1H). 3C
NMR (100 MHz, CDCIs) 6 13.1, 22.0, 31.4, 43.1, 108.9, 120.6, 122.9,
128.1,128.2,128.7, 131.0, 132.1, 132.8, 134.2, 136.2, 139.4, 140.4, 142.1,
152.1. HRMS (ESI-Q-TOF) m/z calcd for C19H17CIN2S [M+H]*: 341.0889,
found: 341.0865.

(2)-9-chloro-14-propylidene-13,14-dihydro-6H-
benzo[g]benzo[4,5]imidazo[2,1-c][1,4] thiazocine (40): Following the
GP Method A, starting from 30 (100 mg, 0.24 mmol), 40 was obtained after
purification by flash chromatography (0-3% Et20 in DCM) as a yellowish
amorphous solid (26 mg, 32%). TLC (heptane/AcOEt 4:1, Rr = 0.22). 'H
NMR (400 MHz, CDCls) 6 0.81 (t, J = 7.5 Hz, 3H), 1.97 (p, J = 7.5 Hz, 2H),
4.41 (s, 2H), 5.20 (s, 2H), 5.93 (t, J = 7.5 Hz, 1H), 7.13-7.22 (m, 3H), 7.23-
7.24 (m, 1H), 7.27 (d, J = 8.5 Hz, 1H), 7.40-7.42 (m, 1H), 7.61 (d, J = 1.8
Hz, 1H). 3C NMR (101 MHz, CDCl3) 5 13.1, 21.9, 31.4, 43.1, 109.3, 119.6,
123.2, 127.7, 128.1, 128.2, 130.9, 132.1, 132.8, 134.32, 134.3, 139.2,
142.2, 142.6, 152.5. HRMS (ESI-Q-TOF) m/z calcd for Ci9H17CIN2S
[M+H]*: 341.0879, found: 341.0872.

(2)-9,10-dimethyl-14-propylidene-13,14-dihydro-6 H-
benzo[g]benzo[4,5]imidazo[2,1-c][1,4]thiazocine (4p): Following the
GP Method A, starting from 3p (100 mg, 0.24 mmol), 4p was obtained after
purification by flash chromatography (0-7% Et20 in DCM) as a yellowish
oil (34 mg, 42%). TLC (heptane/AcOEt 1:1, Rr = 0.43). "H NMR (400 MHz,
CDCl3) 6 0.83 (t, J = 7.5 Hz, 3H), 2.00 (quint, J = 7.5 Hz, 2H), 2.35 (s, 3H),
2.41 (s, 3H), 4.43 (s, 2H), 5.16 (s, 2H), 5.94 (t, J = 7.4 Hz, 1H), 7.14-7.26
(m, 4H), 7.40-7.43 (m, 2H). "3C NMR (100 MHz, CDClIs) 5 13.1, 20.3, 20.8,
21.9, 31.3, 42.8, 108.9, 119.7, 127.9, 127.9, 131.0, 131.1, 131.9, 132.4,
132.6, 134.2, 134.6, 139.2, 140.1, 142.1, 150.2. HRMS (ESI-Q-TOF) m/z
calcd for C21H22N2S [M+H]*: 335.1582, found: 335.1576.

(2)-13-propylidene-13,14-dihydro-6H,8H-
benzo[g]benzo[4,5]imidazo[2,1-c][1,4] thiazonine (8a): Following the
GP Method A, starting from 7a (100 mg, 0.25 mmol), 8a was obtained after
purification by flash chromatography (5-30% AcOEt in heptane) as a
yellowish amorphous solid (37 mg, 46%). TLC (heptane/AcOEt 1:1, R =
0.24). "H NMR (400 MHz, CDCls) & 1.18 (t, J = 7.5 Hz, 3H), 2.40 (p, J =
7.5 Hz, 2H), 3.81 (s, 2H), 4.00 (s, 2H), 5.16 (s, 2H), 5.65 (tt, J=1.9,7.3
Hz, 1H), 6.72-6.79 (m, 2H), 6.98 (td, J = 1.8, 7.3 Hz, 1H), 7.11-7.20 (m,
3H), 7.23 (d, J = 7.7 Hz, 1H), 7.50 (dt, J = 1.0, 7.8 Hz, 1H). '3C NMR (100
MHz, CDCls) & 13.9, 21.8, 27.6, 34.1, 44.5, 109.6, 119.5, 122.2, 1224,
126.1, 128.3, 129.3, 129.8, 134.8, 135.6, 137.6, 138.1, 142.6, 152.6.
HRMS (ESI-Q-TOF) m/z calcd for C2oHz20N2S [M+H]*: 321.1425, found:
321.1435.
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(2)-13-benzylidene-13,14-dihydro-6H,8 H-
benzo[g]benzo[4,5]imidazo[2,1-c][1,4] thiazonine (8b): Following the
GP, starting from 7b (100 mg, 0.22 mmol), 8b was obtained after
purification by flash chromatography (5-40% AcOEt in pentane) as a
yellowish amorphous solid (Method A: 37 mg, 45%, Method B: 48 mg,
58%,). TLC (heptane/AcOEt 1:1, Rr = 0.16). '"H NMR (400 MHz, CDClz)
3.94 (s, 2H), 4.10 (s, 2H), 5.44 (d, J= 1.7 Hz, 3H), 6.73 (td, J= 1.3, 7.5 Hz,
1H), 6.78 (t, J = 2.4 Hz, 1H), 6.88 (dd, J = 1.4, 7.7 Hz, 1H), 6.98 (id, J =
1.5, 7.6 Hz, 1H), 7.04-7.14 (m, 3H), 7.17 (dd, J = 1.3, 7.8 Hz, 1H), 7.38-
7.53 (m, 6H). '3C NMR (100 MHz, CDCl3) 6 27.8, 34.4, 45.7, 109.7, 119.4,
122.3,122.4,126.1, 128.1, 128.6, 128.9, 129.1, 129.3, 130.0, 132.7, 134.6,
135.9, 137.1, 137.9, 138.6, 142.3, 152.2. HRMS (ESI-Q-TOF) m/z calcd
for C2aH20N2S [M+H]*: 369.1425, found: 369.1411.

(2)-10-methoxy-13-propylidene-13,14-dihydro-6H,8H-
benzo[g]benzo[4,5]imidazo[2,1-c][1,4]thiazonine (8c): Following the
GP Method A, starting from 7c (90 mg, 0.21 mmol), 8¢ was obtained after
purification by flash chromatography (5-70% AcOEt in pentane) as an
orange crystalline solid (28 mg, 38%); mp 91-93 °C. TLC (heptane/AcOEt
2:3, Rr=0.27). '"H NMR (400 MHz, CDCls) § 1.17 (t, J = 7.5 Hz, 3H), 2.38
(p, J = 7.5 Hz, 3H), 3.61 (s, 3H), 3.77 (s, 2H), 4.01 (s, 2H), 5.12 (s, 2H),
5.61 (tt, J=1.9, 7.3 Hz, 1H), 6.30 (dd, J=2.7, 8.5 Hz, 1H), 6.63 (d, J = 2.6
Hz, 1H), 6.69 (d, J = 8.5 Hz, 1H), 7.12-7.24 (m, 3H), 7.51-7.54 (m, 1H).
3C NMR (100 MHz, CDCl3) & 13.9, 21.8, 27.7, 34.5, 44.7, 55.1, 109.6,
112.8,114.0, 119.5, 122.3, 122.5, 130.5, 130.7, 134.8, 135.2, 135.5, 138.9,
142.3, 152.6, 159.2. HRMS (ESI-Q-TOF) m/z calcd for C21H22N20S
[M+H]*: 351.1531, found: 351.1515.

(2)-2,3-dimethyl-13-propylidene-13,14-dihydro-6H,8 H-
benzo[g]benzo[4,5]imidazo [2,1-c][1,4]thiazonine (8d): Following the
GP Method A, starting from 7d (80 mg, 0.19 mmol), 8d was obtained after
purification by flash chromatography (5-70% AcOEt in heptane) as a
yellowish amorphous solid (26 mg, 40%). TLC (heptane/AcOEt 1:1, R¢ =
0.17). '"H NMR (400 MHz, CDCls) 6 1.17 (t, J = 7.5 Hz, 3H), 2.28 (s, 3H),
2.38 - 2.43 (m, 5H), 3.80 (s, 2H), 3.95 (s, 2H), 5.08 (s, 2H), 5.62 (tt, J=1.9,
7.3 Hz, 1H), 6.76-6.81 (m, 2H), 6.98-7.02 (m, 2H), 7.15 (d, J = 7.5 Hz, 1H),
7.25 (s, 1H). '3C NMR (100 MHz, CDCls) 6 13.9, 20.3, 20.7, 21.7, 27.7,
34.1, 445, 76.8, 77.1, 77.4, 109.7, 119.6, 126.2, 128.2, 129.2, 129.8,
130.9, 131.4, 133.5, 135.4, 135.8, 137.6, 138.5, 141.2, 151.6. HRMS (ESI-
Q-TOF) m/z calcd for C22H24N2S [M+H]*: 349.1738, found: 349.1731.

(2)-12-propylidene-12,13-dihydro-7H-benzo[flbenzo[4,5]imidazo[2,1-

b][1,3]thiazocine (10): Following the GP Method A, starting from 9 (100
mg, 0.26 mmol), 10 was obtained after purification by flash
chromatography (0-40% AcOEt in heptane) as a brownish amorphous
solid (15 mg, 18%). TLC (heptane/AcOEt 2:3, Rs = 0.54). '"H NMR (400
MHz, CDCls) 6 1.23 (t, J = 7.5 Hz, 3H), 2.44 (quint, J = 7.5 Hz, 2H), 4.27
(s, 2H), 5.35 (s, 2H), 5.81 (tt, J = 2.0, 7.3 Hz, 1H), 6.87 (dd, J = 1.6, 7.6 Hz,
1H), 6.93 (td, J = 1.3, 7.4 Hz, 1H), 7.06-7.19 (m, 4H), 7.23 (dd, J=1.3, 7.6
Hz, 1H), 7.49-7.51 (m, 1H). '3C NMR (100 MHz, CDCl3) 5 14.1, 21.8, 35.9,
44.8,108.1, 119.3, 122.2, 122.6, 128.3, 128.6, 129.3, 129.9, 133.2, 135.1,
135.6, 136.1, 139.9, 143.0, 149.0. HRMS (ESI-Q-TOF) m/z calcd for
C1oH18N2S [M+H]*: 307.1269, found: 307.1258.

(E)-15-ethylidene-14,15-dihydro-6H,13 H-
benzo[h]benzo[4,5]imidazo[2,1-c][1,4] thiazonine (12) and (E)-5-
methyl-7,8-dihydro-15H-benzol[ilbenzo[4,5]imidazo[2,1-c]
[1,4]thiazecine (13): Following the GP Method A, starting from 11 (57 mg,
0.15 mmol), a mixture of 12 and 13 in a ratio 1:3 was obtained (8 mg, 17%)
after purification by flash chromatography (5-40% AcOEt in pentane. A
small amount of 13 was isolated pure and fully characterized.

12: '"H NMR (400 MHz, CDCl3) 6 0.96 (d, J = 7.2 Hz, 3H), 2.99 (br, 2H),
4.08 (br, 2H), 4.14 (br, 2H), 5.48-5.51 (m, 1H), 7.20-7.23 (m, 1H), 7.43-
7.46 (m, 2H), 7.52-7.57 (m, 1H), 7.64-7.71 (m, 2H), 7.76-7.78 (m, 1H),
7.91-7.96 (m, 1H). 13: TLC (heptane/AcOEt 2:3, Rr =0.54). '"H NMR (400
MHz, CDCls) 6 1.27 (s, 3H), 2.57 (br, 2H), 4.26 (br, 4H), 5.53 (t, J = 8.8
Hz, 1H), 7.07 (dd, J = 1.6, 7.2 Hz, 1H), 7.15-7.25 (m, 2H), 7.28-7.34 (m,
2H), 7.39-7.42 (m, 1H), 7.49-7.51 (m, 1H), 7.79-7.83 (m, 1H). '*C NMR
(100 MHz, CDCls) 6 15.2, 27.8, 31.7, 44.1, 109.1, 119.7, 122.7, 122.8,
127.1,127.2,128.0, 128.6, 132.2, 132.4, 134.2, 142.7, 153.7. HRMS (ESI-
Q-TOF) m/z calcd for C19H1sN2S [M+H]*: 307.1269, found: 307.1258.

(E)-13-ethylidene-8,13,14,15-tetrahydro-6H-

benzo[h]benzo[4,5]imidazo[2,1-c][1,4]thiazecine (17) and (E)-13-
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methyl-15,16-dihydro-6H,8H-benzo[ilbenzo[4,5]imidazo[2,1-
c][1]thia[4]azacycloundecine (18): Following the GP Method B, starting
from 16 (60 mg, 0.15 mmol), 17 and 18 as a mixture in a ratio 1:1 (12 mg,
24%), and the side product 16’ (24 mg, 49%) were obtained after
purification by flash chromatography (0-35% AcOEt in heptane). TLC
(heptane/AcOEt 2:3, Rr = 0.43 (17), 0.51 (18)). A small amount of 18 was
isolated pure and co-crystallized with fumaric acid.

17: '"H NMR (500 MHz, CDCl3, at 50 °C) & 1.17 (d, J = 7.0 Hz, 3H), 3.47
(br, 4H), 4.07 (s, 4H), 5.15 (q, J = 7.0 Hz, 1H), 7.11-7.32 (m, 5H), 7.46-
7.49 (m, 1H), 7.72 (dd, J = 1.0, 7.5 Hz, 1H), 7.75-7.77 (m, 1H).

18: "H NMR (500 MHz, CDCls, at 50 °C) & 1.14 (s, 3H), 2.83 (br, 2H), 3.48
(br, 2H), 4.15 (br, 2H), 4.42 (s, 2H), 5.65 (td, J = 1.7, 8.4 Hz, 1H), 6.95 (dd,
J=2.2,6.6 Hz, 1H), 7.12-7.18 (m, 2H), 7.21 (dd, J= 1.9, 7.1 Hz, 1H), 7.34
(dt, J=7.4,21.6 Hz, 3H), 7.51 (d, J= 7.8 Hz, 1H), 7.82 (d, J = 7.2 Hz, 1H).
HRMS (ESI-Q-TOF) m/z calcd for C2oHz20N2S [M+H]*: 321.1425, found:
321.1412.

16’: "H NMR (400 MHz, CDCl3) 6 1.69 (t, J = 2.5 Hz, 3H), 2.61 (tq, J = 2.5,
7.2 Hz, 2H), 3.74 (s, 2H), 3.96 (s, 2H), 4.25 (t, J = 7.1 Hz, 2H), 7.18-7.34
(m, 8H), 7.72-7.75 (m, 1H). '3C NMR (100 MHz, CDCls) 6 3.5, 20.0, 27.5,
35.9, 43.1, 75.1, 78.9, 109.4, 119.8, 122.2, 122.8, 127.2, 128.6, 129.2,
135.3, 137.7, 142.5, 150.9.
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1=1,2:m,n=0,1 exo-dig vs endo-dig cyclization in two cases
Synthesis of Benzimidazole-Fused
Benzimidazole-fused medium-sized N, S-heterocycles (8 to 10 ring atoms) having an Medium-Sized N, S-Heterocycles via
exocyclic double bond were synthesized by using exo-dig Pd-catalyzed reductive Palladium-Catalyzed Cyclizations

cyclizations. In the case of two substrates bearing an N-homopropargyl chain, a
competing endo-dig cyclocarbopalladation occurred, leading to rarely encountered
10- and 11-membered N, S-heterocyles with an endocyclic double bond.
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