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Enhancing Reactivity and Selectivity of Aryl Bromides: A
Complementary Approach to Dibenzo[b,flazepine Derivatives

Alessandra Casnati,’® Marco Fontana,® Giovanni Coruzzi,[@ Brunella Maria Aresta,®! Nicola
Corriero,” Raimondo Maggi,? Giovanni Maestri,[® Elena Motti,’¥ and Nicola Della Ca™!

Abstract: Dihydrodibenzo[b,flazepines and dibenzo[b,flazepines can
be efficiently synthesized from aryl bromides, o-bromoanilines and
norbornene or norbornadiene by means of palladium catalysis. This
protocol gives access to dibenzo[b,flazepine core containing a variety
of electron-withdrawing substituents on both aromatic rings and
complements the previously reported methodology where electron
rich aryl iodides were preferentially used. The presence of Kl, even in
sub-stoichiometric amount, is crucial for this three-component
reaction. The proper addition of iodide anions has a dramatic effect
on reaction rate and selectivity. A formal three-step synthesis of the
tricyclic antidepressant Clomipramine (Anafranil®) is also described.

Introduction

7-Membered nitrogen heterocycles represent an important
class of molecules mainly because of their relevance in medicinal
chemistry. In particular, 5H-dibenzo[b,flazepines are attractive
targets for synthetic chemists due to their remarkable biological
activities.!! In fact, the 5H-dibenzo[b,flazepine scaffold can be
found in pharmaceutically important structures such as
carbamazepine, oxcarbazepine and clomipramine, widely used
as antiepileptic and anti-anxiety drugs.l! Molecules containing
dibenz[b,flazepine nucleus display also antioxidant,? antiviral,®
antimicrobial,  antimalarial®® and anticancerl® activities.
Moreover, the same tricyclic skeleton is present in chiral bidentate
ligands,[” electroluminescent!® and photoelectric®! materials. The
10,11-dihydrodibenzo[b,flazepine framework has traditionally
been synthesised through cyclization of o0,0-diaminobibenzyls,
which can be dehydrogenated to iminostilbene, for many years
considered to be the key intermediate for the production of
oxcarbazepine and carbamazepine.!?  Environmental and
toxicological drawbacks prompted Novartis to develop a new
protocol to specifically produce oxcarbazepine.*?) None of these
methods are
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Figure 1. Dihydrodibenzo[b,flazepine motif in therapeutic agents, advanced
materials and metal ligands.

convenient for the synthesis of tailor-made functionalized
structures with different steric and electronic properties. In this
view, an interesting synthesis of fluorinated dibenzoazepines,
based on a ring expansion reaction starting from isatine, indole
and acridine derivatives, has been reported by Stachulski and
coworkers.'Yl The directed remote metalation (DreM) strategy
was exploited by Snieckus et al. in the development of an efficient
and regioselective route to dibenzo[b,flazepinones.*? In general,
the use of transition-metal catalysts guarantees wide generality
and high functional group tolerance even in the construction of
seven-membered nitrogen heterocycles.'® In this framework,
Buchwald™31 and Lautens!*32®! reported versatile Pd- and Pd/Rh-
catalyzed methods respectively, starting from ortho-vinyl
haloaryls and ortho-substituted anilines. Moreover, transition-
metal catalyzed C-H activation strategy can unlock novel and
favorable synthetic methodology to access the dibenzoazepine
scaffold.’3" As an example, the synthesis of oxcarbazepine
(Trileptal), was successfully accomplished by means of
palladium-catalyzed intermolecular a-arylation of a ketone as the
key step, from commercially available 2’-aminoacetophenone and
1,2-dibromobenzene. However, the very limited scope once more
prevented the preparation of analogues.

In recent years, our research group has disclosed new routes
to functionalized five, six and seven-membered fused N-
heterocyclic compounds by means of the palladium/norbornene
system, which allows sequential ortho C-H activation and double
ortho and ipso functionalization of aryl halides.! This singular
methodology, named Catellani reaction, has been widely studied
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by usi*® and other research groupsi*® who have significantly
contributed to increasing its generality and applicability. In
particular, we reported the one-pot synthesis of 10,11-
dihydrodibenzo[b,flazepine and dibenzo[b,flazepine derivatives
through palladium catalysis from aryl iodides, 2-bromoanilines
and norbornene/norbornadiene.**d This process combines the
advantage of a C-H activation-based synthesis of the hardly
accessible dibenzol[b,flazepine nucleus, with those deriving from
the use of an inexpensive ligand, such as triphenylphosphine,
available starting materials and mild reaction conditions (Scheme
1, previous work). The reaction pathway, proposed on the basis
of previous experimental studies and DFT calculations,*4¢ 171 js
shown in Scheme 1. Oxidative addition of an aryl iodide to Pd°L,
affords the well-known complex | and is followed by norbornene
insertion leading to cis,exo-arylnorbornylpalladium intermediate
1.8 For steric reasons this species is prevented from undergoing
B-H elimination and in the presence of a base readily forms
palladacycle Il through activation of the C—H bond in ortho
position. Subsequent oxidative addition of o-bromoaniline to Il
generates complex IV with the assistance of the chelating NH,
group, which then favors the Csp?-Csp® coupling delivering
complex V. Intramolecular Buchwald-Hartwig reductive
elimination to form the C-N bond from V provides dibenzoazepine
product 3 and concomitantly regenerates the catalytically active

Previous work R2 R2
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o {3
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N 7 g2 Pd(OAc),PPh,
R + | R
- 2N H-N
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Scheme 1. Catellani-type complementary approaches to substituted

dibenzo[b,flazepines.
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Pd(0) species. This protocol is applicable to various substrates
and leads to diversely functionalized dibenzoazepines in
satisfactory to good yields. However, aryl iodides activated by
electron-withdrawing substituents (EWG) are rather little tolerated,
mainly because of their high reactivity, thereby preventing or
limiting the formation of the products expected. Here we report a
palladium-catalyzed complementary approach to EWG-
substituted 5H-dibenzo[b,flazepines from aryl bromides, o-
bromoanilines and norbornene/norbornadiene (Scheme 1, this
work). The presence of iodide anions is crucial to the
enhancement of reactivity and selectivity of the reaction, allowing
the synthesis of dibenzoazepines decorated with electron
withdrawing groups on both aromatic rings, largely widening the
previous reaction scope.

Results and Discussion

Preliminary studies began with the reaction involving 3-
trifluoromethyliodobenzene, o-bromoaniline and norbornene as
the reactants, carried out under the previous standard conditions
(Table 1, entry 1).14d After 24 h, the dibenzoazepine 3a expected
was obtained in 4% yield only (NMR yield), together with a large
amount of methanotriphenylene-type isomers 4a and 4a’ in 4:1
molar ratio (73% total yield). This result is representative of the
high reactivity of EWG-substituted aryl iodides compared with 2-
bromoanilines under these reaction conditions (see Supporting
Information for details). To prevent this reactivity mismatch, we
then resorted to aryl bromides in place of the corresponding
iodides. However, the same reaction carried out using 3-
trifluoromethylbromobenzene led to a very poor yield of the
desired dibenzoazepine 3a (Table 1, entry 2). Higher
temperatures or longer reaction times gave worse results.
Conversion of the starting materials was quite limited (less than
10%), so several palladium precursors were then tested. Pdl, was
the most active one among them (27%, Table 1, entry 3), and
more importantly, only traces of compounds 4a/4a’ were detected.
Dibenzoazepine 3a was produced in 36% yield by adding an extra
source of iodide anions (Table 1, entry 4). As the amount of Kl
was doubled (0.5 equiv), the yield of 3a reached 42% (Table 1,
entry 5). Unexpectedly, when we carried out the reaction using
Pd(OAc), in conjunction with KI (0.5 equiv), yield of the desired
compound 3a further increased to 60% at 70% 2-bromoaniline
conversion (Table 1, entry 6). Prolonging the reaction time to 64
h allowed total conversion of the starting materials, achieving 83%
yield of 3a (Table 1, entry 7). A significant reduction in the reaction
rate was observed when the concentration of iodide anions was
raised (Table 1, entry 8), suggesting that an optimal compromise
needs to be found for each substrate. Other iodide salts were
found to affect the reaction rate. In particular, Nal, used in the
same concentration, was slightly less effective (Table 1, entry 9),
while NBusl proved to be almost completely inactive (Table 1,
entry 10), as well as inorganic bromides (Table 1, entries 11 and
12).

Having identified the optimal conditions above (Table 1, entry
7), we examined the scope of the reaction by
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Table 1. Pd-catalyzed synthesis of dibenzoazepine 3a from 3-trifluoromethylhalobenzenes, 2-bromoaniline and norbornene.®

/@\ @iNHZ Pd-cat / PPhy O H Q
+ + - 5 +
FsC X Br Cs,C03 FaC
1 2a DMF, 105 °C ‘ F5C
X =1 (1a), Br (1b) 3a
Entry 1 Pd source Halide salt Time Conv.P! Conv.P! Yield® Yield
(equiv) (h) (%) 1a (%) 2a (%) 3a (%) 4a/4a’
1 1a Pd(OAC)2 - 24 100 13 4 73(67)
2 1b Pd(OAC)2 - 40 10 10 5
3 1b Pdlz - 40 33 31 27 traces
4 1b Pdl2 Kl (0.25) 40 42 40 36 traces
5 1b Pdl2 Kl (0.50) 40 52 49 42 2
6 1b Pd(OAC), Kl (0.50) 40 73 70 60 3
7 1b Pd(OAC): K1 (0.50) 64 100 95 83(80)\ 4
8 1b Pd(0AC)2 Kl (1.00) 64 63 58 46 2
9 1b Pd(0AC)2 Nal (0.50) 64 81 76 62 3
10 1b Pd(OAC)2 NBual (0.50) 64 32 29 14
11 1b Pd(OAcC). KBr (0.50) 64 20 18 11
12 1b Pd(OAC), NaBr (0.50) 64 16 14 8

[a] Reaction conditions: 1 (0.48 mmol, 1.1 equiv), 2a (0.44 mmol, 1.0 equiv), norbornene (0.53 mmol, 1.2 equiv), Pd(OAc)2 (5 mol%), PPhs (12.5 mol%), Cs2COs (1
mmol, 2.25 equiv), in DMF (10 mL) under Nz at 105 °C. [b] Determined by GC analysis. [c] Yields were determined via *H NMR analysis with the internal standard

method. [d] Isolated yield in brackets.

reacting electron-poor aryl bromides with 2-bromoanilines and
norbornene (Table 2). Aryl bromides bearing electron-
withdrawing substituents in ortho, meta or para position in
combination with 2-bromoaniline and norbornene gave the
corresponding dibenzoazepines 3 in good to excellent yields. The
effect of KI was marked in all the examples examined. Various
functional groups were tolerated, including CF3 (products 3a, 3b
and 3c), Cl (products 3d, 3e and 3f), CO,Me (products 3g and
3h), Br (products 3i and 3j) and F (product 3k), providing handles
for further product diversification. Noteworthily, substituents in
meta position on the starting aryl bromide led to better yields of 3
(3a, 3d and 3g). 2-Bromoanilines bearing an electron-donating or
an electron-withdrawing group were found to be suitable
substrates, providing the desired products 3| and 3m in good to
excellent yields (Table 2).

The 5H-dibenzoazepine scaffold can be more interesting from
a synthetic point of view,! so we proceeded to examine the
reaction using norbornadiene in place of norbornene, with the aim
of accessing the valuable 5H-dibenzo[b,f[azepines by triggering a
sequential retro-Diels-Alder. Norbornadiene is more reactive than
norbornene and the reaction conditions found for the latter are not
often suitable for the former.dl Indeed, further optimization work
was carried out (see Supporting Information for details) and this
allowed us to develop a specific protocol for the synthesis of 5H-
dibenzo[b,flazepine derivatives. The optimal amount of KI was the
same used for the norbornene procedure (0.5 equiv), while 2
equiv of norbornadiene were necessary to ensure satisfactory to
good yields. As previously demonstrated,** the final retro-Diels
Alder step generally occur when smoothly increasing the reaction

temperature to 130 °C (see Experimental section). The reaction
scope was then examined and the results are reported in Table 3.
Gratifyingly, aryl bromides bearing electron-withdrawing groups
readily react with electron-rich and electron-poor 2-bromoanilines
and norbornadiene, providing satisfactory to good yields of the 7-
membered ring derivatives. A wide variety of functional groups
can be successfully employed on both aromatic rings, such as Cl,
F, NO,, CF3 and CN. Substituents ortho to NH group (located at
the C(8)- and C(10)-positions) are normally not allowed, probably
for steric reasons. Notably, this one-pot transformation gives
access to symmetrical compounds, such as 5g, useful for
enantioselective applications.! Halogenated dibenzoazepines
with reduced ADRs (Adverse Drug Reactions), can be readily
prepared in a one-pot fashion (products 5c-h).% Other electron-
withdrawing functional groups, such as COzR (R = Me, Et, tBu),
can be effectively employed on starting arylboromides 1 and 2. Itis
worth noting that in the absence of KI, compounds 5i-5k and 5n
with an ester group on the aniline moiety, were not obtained at all.
In particular, compounds 5j and 5n, precursor of promising
imipramine analogous with increased bioselectivity properties,?l
can now be obtained in 56 and 35% yield, respectively, through a
one-pot reaction from commercially available and readily
prepared starting materials.

The methodology described can also be applied to electron-
rich aryl bromides 1 with satisfactory results (Table 4). 10,11-
Dihydrodibenzo[b,flazepines 30-si*4d, previously prepared from
aryl iodides (red yields), are now accessible from the
corresponding bromides, sometimes with improved yields (3n and
3p). Noteworthily, yields of compounds 3n and 3o remained
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Table 2. Scope of the Pd-catalyzed synthesis of dihydrodibenzoazepines 3 from
electron-poor aryl bromides, 2-bromoanilines and norbornene.2*!

5% Pd(OAc),

N 2
NHZ 125%PPh; I R
0.5 equ|v Kl AN I =
TCs,005
DMF, 105 °C 3
L Q 9¢ Q r Q
FaC
3a 80% 3b 64°/ 3¢ 67%
t=64h t=24h t=24h
3d 90% = 3e 520/ 3f69% ‘
t=40h t=20h t=40h
iy Q CO,Me ¥
e
39 74% ‘ 3h 65% ‘
t=90h t=42h
H H H
oS oot eSS
XS { X
3i 54% 3j 56% 3k 59%
3187% 3m 62%

[a] Reaction conditions: 1 (1.1 equiv), 2 (0.44 mmol, 1.0 equiv), norbornene (1.2
equiv), Pd(OAc)2 (5 mol%), PPhs (12.5 mol%), KI (0.5 equiv), Cs2COs (2.25
equiv), in DMF (10 mL) under Nz at 105 °C. [b] Isolated yield.

unchanged in the presence of Kl (80/78% for 3n and 51/51% for
30), while the reaction time was remarkably reduced (18 vs 48 h
for 3n and 18 vs 42 h for 30).

The synthetic utility of this protocol was further demonstrated
with the formal synthesis of Clomipramine®, prepared in three
steps starting from commercial reagents (Scheme 2). Readily
available 4-bromochlorobenzene, 2-bromoaniline and
norbornadiene were subjected to the standard reaction conditions
to afford the desired 3-chloro-5H-dibenzo[b,flazepine 50 in 65%
yield, which was readily converted to the corresponding 10,11-
dihydrocompound 60 in 95% yield via a facile reduction of the
conjugated double bond through the versatile Mg/MeOH
procedure.?Y! The desired Clomipramine can be finally obtained
by a conventional alkylation procedure employing 3-chloro-N,N-
dimethylpropan-1-amine.??

The present cascade sequence leads to several intriguing
questions, for example, the singular inertia of this reaction system
and the remarkable accelerating effect exerted by iodide anions.

10.1002/cctc.201800940
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Table 3. Scope of the Pd-catalyzed synthesis of 5H-dibenzoazepines 5 from
electron-poor aryl bromides, 2-bromoanilines and norbornadiene.®"

i) 5% Pd(OAC),

12.5% PPhy H
NH, 0.5 equiv KI RIFNANZ T R2
+ g N / - 0
Br Cs,CO3, -
DMF, 105 °C
ii) 130 °C, 24 h 5

oo T D

5a 65% 2N

5b 60% 5¢ 67%
H H Me H
O &S D
Cl Me  ClI Cl iPr
5d 68% 5e 72% 5f 74%
CO,Et
59 47% 5h 82% 5i 50%
tBuO,C, H CO,Et H CO,Et
g sl egstiNegs
MeO,C F3C Me
5] 56% 5k 72% 5158%
NC, H H CO,Et
O Qs
o QU
5m 66% 5n 35%

[a] Reaction conditions: 1 (1.1 equiv), 2 (0.44 mmol, 1.0 equiv), norbornadiene
(2.0 equiv), Pd(OAC)2 (5 mol%), PPhs (12.5 mol%), KI (0.5 equiv), Cs2COs (2.25
equiv), in DMF (10 mL) under N2 at 105 °C for 46-90 h and at 130 °C for 24 h.
[b] Isolated yield.

Table 4. Pd-catalyzed synthesis of 5H-dibenzoazepines 3 from electron-rich
aryl bromides, 2-bromoanilines and norbornene.2b!

5% Pd(OAC),

NH2 125%PPhy RN
0.5 equnv Kl A I
Br
Cs,C0;4
DMF, 105 °C 3

H
0 o oD
g v X5 %
3n 80% (78%) 46%!14d] 30 51% (51%) 74%!14d] 3p 64% 60%!147
t=18h (48 h) t=18h (42 h) t=24h

3q 38% 85%!'49 3r48% 64%!14d
t=42h t=42h

[a] Reaction conditions: 1 (1.1 equiv), 2 (0.44 mmol, 1.0 equiv), norbornene (1.2
equiv), Pd(OAc)z2 (5 mol%), PPhs (12.5 mol%), KI (0.5 equiv), Cs2COz (2.25
equiv), in DMF (10 mL) under N2 at 105 °C. [b] Isolated yield.
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5% Pd(OAC),

12.5% PPh; —
SO D e A
HzN T Cs,COy DMF N
cl
105 °C, 46h H 50
130 °C, 24h
65% Mg, MeOH o
50°C, 1.5 h‘ 95%
i
a Q O
ref[22]

Clomipramine® NMe;

Scheme 2. A 3-step formal synthesis of Clomipramine®.

Furthermore, from a mechanistic point of view, since both
bromides 1 and 2 might start the catalytic cycle, two possible
reaction pathways could be proposed.

Firstly, the general passivity of the reaction system in the
absence of KI might be explained by the inherent presence of
aniline derivatives. These NH,-containing substrates contribute to
decreasing the overall reaction rate of the process, probably
owing to an easy interaction with palladium, even in the presence
of phosphine ligand.*4¢ 23 Thus, the effect of KI would be crucial
to increasing the overall reaction rate, probably by competing with
the NH; group for the metal coordination. 24l

Secondly, the accelerating effect exerted by iodide anions in
this transformation can be explained by the in situ formation of
highly nucleophilic palladium species able to increase the
oxidative addition rate of aryl bromides.?* Otherwise I- anions can
also promote the so called ,halogen exchange‘®® and we
currently cannot exclude this possibility. However, in order to

Way a R1

PdBrL2
PdCL, —> O/ —

Way b

Br
oo
NH,

PdL, ——

@PdBrLz Lb
NH,

CO,Me .‘
’/‘ X7 H
2 H2N ©/Br

Pd Br
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support the ,ligand effect” idea for iodide anions, we set up a
bromide-free system to prevent any halogen-exchange pathway.
We then caused 2-iodoaniline and norbornene to react under
standard conditions (Scheme 3a). In the absence of Kl, only 20%
of the 5-membered ring 7 was obtained (Scheme 3a, entry 1).
When 0.5 equiv of Kl were used, yield of 7 raised to 33% and,
notably, dibenzoazepine 3s was also formed with 8% yield
(Scheme 3a, entry 2). These values further increased at higher [I]
concentrations, reaching 50 and 32% yield of 7 and 3s

respectively, when 1.5 equiv of KI was
H
X ‘p
H,N
’ 3s ‘

a) lodide anions effect on aryliodides substrates
NH, Pd(OAC),/PPh,
4 —— ",

|

Kl, Cs,CO3, DMF
24 h,105°C

7
Kl (equiv) Yield % Yield %

1) 20

2) KI(0.5) 33 8

3) KI(1.0) 36 12

4) Ki(1.5) 50 32

Me0,C
B(OH), O

MeOzC\©\
: d(OAc),/PPh O
Br 2 3 8 (8%) 9 (5%)
NH2 KI, C52C03 NH,
@ E DMF, 105 °C
20 min
Br O

NH, O

10 not detected 11 not detected

Scheme 3. Experimental findings.

C-H activation

- HBr

R‘\
Pd\ HN
vl TS
—HBr |
@[ 2 X \en
\ NHz 3s O
- HBr
pq—NH
L ow

Scheme 4. Possible reaction pathways: aryl bromide/2-bromoaniline sequence (way a) and 2-bromoaniline/aryl bromide sequence (way b).
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employed (Scheme 3a, entries 3 and 4). These results suggest
that iodide anions play the role of active ligand in this
transformation. 26!

Finally, from the mechanistic point of view, two possible
reaction pathways can be proposed (Scheme 4, way a and b).
Indeed, both bromides 1 and 2 might start the catalytic cycle since
both could provide oxidative addition to palladium(0) species. If 1
begins the sequence (Scheme 4, way a), the oxidative addition to
palladium (0) leads to complex |, which, after stereoselective
norbornene insertion, affords intermediate Il. After intramolecular
C-H bond activation, an aryl-norbornyl palladacycle 1l is
generated and its reaction with 2-bromoaniline 2 provides
dibenzoazepine 3 and palladium(0). However, product 3 can also
be obtained from way b (Scheme 4). Thank to their NH, group in
ortho position, bromoanilines can compete with 1 for the oxidative
addition on Pd(0), leading to complex I’. Norbornene insertion
would lead to intermediate II’, which in turn could undergo C-H
activation to palladacycle III'. Finally, reaction of Il with 1 would
provide compound 3.

Pathway b would be more plausible for 2-iodoaniline, which is
able to start the catalytic cycle providing palladacycle III’. The
subsequent reaction of lII’ with a second molecule of 2-iodoaniline
leads to compound 3s (Scheme 3a and 4). Analogously,
hexahydro-1H-1,4-methanocarbazole 7,21 detected in small
amounts when 2-bromoaniline was employed, can arise following
way b (Scheme 4).

In order to ascertain the most probable reaction sequence, we
attempted to trap some organometallic intermediates through the
fast Suzuki-Miyaura coupling, whose conditions are compatible
with those of dibenzoazepine formation.!*>"! We then caused 4-
carbomethoxybromobenzene, 2-bromoaniline and norbornene to
react in the presence of phenylboronic acid (Scheme 3b). Upon
just 20 min, non-negligible amounts of 8 and 9 were detected,
arising from intermediates | and Il with phenylboronic acid
respectively, thereby supporting proposed pathway a (Scheme 3b
and 4, way a). Homologous 10 and 11, resulting from the
corresponding I’ and I’ intermediates, were not observed. Further
studies are currently in progress in our laboratories to shed light
on this quite complex reactivity that involves different types of
ligands (PPhs, I"anions and N containing substrates).

Conclusions

In summary, we have disclosed a complementary protocol to
10,11-dihydrodibenzo[b,flazepine  and  dibenzo[b,flazepine
scaffolds from aryl  bromides, 2-bromoanilines and
norbornene/norbornadiene based on the crucial role of iodide
anions. The reaction can tolerate an array of useful functional
groups including electron withdrawing ones on the aromatic rings.
The methodology described can be exploited in the preparation of
Clomipramine and other useful intermediates. Specifically
designed experiments allowed us to prove that Kl can increase
yields and selectivity by acting as competing ligand, and to
propose the most plausible reaction pathway by trapping some
key organometallic intermediates. Efforts to elucidate the
accelerating effect obtained by adding inorganic iodide salts is

10.1002/cctc.201800940
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currently underway in our laboratories. We believe this work will
stimulate the use of iodide anion sources in other transformations,
not only in Catellani-type reactions.

Experimental Section

General procedure for the palladium-catalyzed synthesis of cis,exo-
1,2,3,4,4a,13b-hexahydro-1,4-methano-9H-tribenzo[b,flazepines (3)

A Schlenk-type flask, equipped with a magnetic stirring bar, was charged,
under nitrogen, with Cs2COg, dried at 110 °C for 2 h (326 mg, 1.0 mmol),
PPhs (14 mg, 0.055 mmol) and Pd(OAc)z (5 mg, 0.022 mmol) in DMF (5
mL). After 10 minutes’ stirring, a DMF solution (5 mL) of aryl bromide 1
(0.48 mmol), 2-bromoaniline 2 (0.44 mmol) and norbornene (50 mg, 0.53
mmol) was added; Kl was then introduced (36 mg, 0.22 mmol). The
resulting mixture was stirred in an oil bath at 105 °C for 20-90 h. After
cooling to room temperature, the mixture was diluted with EtOAc (30 mL)
and washed with a saturated solution of NaCl (3 x 25 mL). The organic
layer was dried over anhydrous Na.SOs, the solvent was removed under
reduced pressure and the products were isolated by flash column
chromatography on silica gel using mixtures of hexane-EtOAc as eluent.

General procedure for the palladium-catalyzed synthesis of 5H-
dibenz[b,flazepine (5)

A Schlenk-type flask, equipped with a magnetic stirring bar, was charged
under nitrogen with Cs2COs dried at 110 °C for 2 h (326 mg, 1.0 mmol),
PPhs (14 mg, 0.055 mmol) and Pd(OAc)z (5 mg, 0.022 mmol) in DMF (5
mL). After 10 minutes under stirring, a DMF solution (5 mL) of the aryl
bromide 1 (0.48 mmol), 2-bromoaniline 2 (0.44 mmol) and norbornadiene
(81 mg, 0.88 mmol) was added, and then Kl was introduced (36 mg, 0.22
mmol). The resulting mixture was stirred in an oil bath at 105 °C for 24—72
h and then at 130 °C for 24 h. After cooling to room temperature, the
mixture was diluted with EtOAc (30 mL) and extracted three times with a
saturated solution of NaCl (25 mL). The organic layer was dried over
anhydrous Na2SOg, the solvent was removed under reduced pressure and
the products were isolated by flash column chromatography on silica gel
using mixtures of hexane-EtOAc as eluent.

Acknowledgements

We wish to thank the University of Parma and MIUR (Ministry of
Education, University and Research, FFABR 2017) for financial
support, and CIM (Interdepartmental Measurements Centre) for
NMR facilities. We are also grateful to Prof. Marta Catellani for the
useful discussions.

Keywords: palladium « C—H bond activation * 7-membered ring
» azepine ¢ iodide anions

[1] a) L. J. Kricka, A. Ledwith, Chem. Rev. 1974, 74, 101-123; b) R. M. A.
Hirschfeld, S. Kasper, Int. J. Neuropsychoph. 2004, 7, 507-522; ¢) J. M.
Gomez-Arguelles, R. Dorado, J. M. Sepulveda, R. Huet, F. G. Arrojo, E.
Aragon, A. Herrera, C. Trron, B. Anciones, J. Clin. Neurosci. 2008, 15,
516-519.

[2] H. V. Kumar, N. Naik, Eur. J. Med. Chem. 2010, 45, 2-10.

This article is protected by copyright. All rights reserved.



ChemCatChem

3]

4

[5]

6]

[7]

8l

[0

[10]

[11]

[12]

[13]

[14]

[15]

[16]

T. J. Cuthbertson, M. Ibanez, C. A. Rijnbrand, A. J. Jackson, G. K.
Mittapalli, F. Zhao, J. E. MacDonald, F. Wong-Staal, (Immusol
Incorporated, US) W0O2008021745, 2008.

B. S. Priya, S. N. Swamy, M. V. Tejesvi, Basappa, G. Sarala, S. L.
Gaonkar, S. Naveen, J. S. Prasad, K. S. Rangappa, Eur. J. Med. Chem.
2006, 41, 1262-1270.

a) L. Taleli, C. de Kock, P. J. Smith, S. C. Pelly, M. A. L. Blackie, W. A.
L. van Otterlo, Bioorg. Med. Chem. 2015, 23, 4163-4171; b) B. P. Das,
D. W. Boykin Jr., J. Med. Chem. 1971, 14, 56-58.

a) D. B. Kastrinsky, J. Sangodkar, N. Zaware, S. Izadmehr, N. S. Dhawan,
G. Narla, M. Ohimeyer, Bioorg. Med. Chem. 2015, 23, 6528-6534; b) M.
P. Sadashiva, Basappa, S. N. Swamy, F. Li, K. A. Manu, M.
Sengottuvelan, D. S. Prasanna, N. C. Anilkumar, G. Sethi, K. Sugahara,
K. S. Rangappa, BMC Chem. Biol. 2012, 12, 5; c) M. Ohlmeyer, G. Narla,
N. Dhawan, D. Kastrinsky, (Mt. Sinai School of Medicine, US)
W02013025882, 2013; d) M. Ohlmeyer, D. Kastrinsky, (Mt. Sinai School
of Medicine, US) W0O2015138496, 2015.

a) R. Mariz, A. Bricefio, R. Dorta, R. Dorta, Organometallics 2008, 27,
6605-6613; b) C. Defieber, M. A. Ariger, P. Moriel, E. M. Carreira, Angew.
Chem., Int. Ed. 2007, 47, 3139-3143.

S. S. Yoon, S. M. Kim, B. O. Kim, H. J. Kwon, Y. J. Cho, (Gracel Display
Inc. KR) W0O2010050779, 2010.

E. Fukuzaki, K. Nomura, (Fujifilm Corporation, JP) W02010140645,
2010.

P. C. Fuenfschilling, W. Zaugg, U. Beutler, D. Kaufmann, O. Lohse, J. P.
Mutz, U. Onken, J. L. Reber, D. Shenton, Org. Process Res. Dev. 2005,
9, 272-277.

E.-C. Elliott, E. R. Bowkett, J. L. Maggs, J. Bacsa, B. K. Park, S. L. Regan,
P. M. O'Neill, A. V. Stachulski, Org. Lett. 2011, 13, 5592-5595.

S. L. MacNeil, M. Gray, D. G. Guseyv, L. E. Briggs, V. Snieckus, J. Org.
Chem. 2008, 73, 9710-9719.

a) H. Lam, J. Tsoung, M. Lautens, J. Org. Chem. 2017, 82, 6089-6099;
b) J. Tsoung, J. Panteleev, M. Tesch, M. Lautens, Org. Lett. 2014, 16,
110-113; ¢) T. Matsuda, S. Sato, J. Org. Chem. 2013, 78, 3329-3335;
d) S. Cui, Y. Zhang, D. Wang, Q. Wu, Chem. Sci. 2013, 4, 3912-3916;
e) X. Zhang, Y. Yang, Y. Liang, Tetrahedron Lett. 2012, 6406-6408; f) D.
Tsvelikhovsky, S. L. Buchwald, J. Am. Chem. Soc. 2010, 132, 14048—
14051; g) C. Piangiolino, E. Gallo, A. Caselli, S. Fantauzzi, F. Ragaini, S.
Cenini, Eur. J. Org. Chem. 2007, 743-750; h) M. Carril, R. SanMartin, F.
Churruca, I. Tellitu, E. Dominguez, Org. Lett. 2005, 7, 4787-4789; i) L.
A. Arnold, W. Luo, R. K. Guy, Org. Lett. 2004, 6, 3005—-3007.

a) N. Della Ca’, G. Sassi, M. Catellani, Adv. Synth. Catal. 2008, 350,
2179-2182; b) N. Della Ca’, E. Motti, M. Catellani, Adv. Synth. Catal.
2008, 350, 2513-2516; c) N. Della Ca’, E. Motti, A. Mega, M. Catellani,
Adv. Synth. Catal. 2010, 352, 1451-1454; d) N. Della Ca’, G. Maestri, M.
Malacria, E. Derat, M. Catellani, Angew. Chem. Int. Ed. 2011, 50, 12257—
12261.

a) N. Della Ca’, M. Fontana, E. Motti, .M. Catellani, Acc. Chem. Res.
2016, 49, 1389-1400; b) G. P. Chiusoli, M. Catellani, M. Costa, E. Motti,
N. Della Ca’, G. Maestri, Coord. Chem. Rev. 2010, 254, 456-469; c) N.
Della Ca', M. Fontana, D. Xu, M. Cremaschi, R. Lucentini, Z.-M. Zhou, M.
Catellani, E. Motti, Tetrahedron 2015, 71, 6389-6401; d) V. Narbonne,
P. Retailleau, G. Maestri, M. Malacria, Org. Lett. 2014, 16, 628-631; e)
E. Motti, N. Della Ca’, D. Xu, S. Armani, B. M. Aresta, M. Catellani,
Tetrahedron 2013, 69, 4421-4428; f) E. Motti, N. Della Ca’, D. Xu, A.
Piersimoni, E. Bedogni, Z.-M. Zhou, M. Catellani, Org. Lett. 2012, 14,
5792-5795; g) G. Maestri, M.-H. Larraufie, E. Derat, C. Ollivier, L.
Fensterbank, E. Lacote, M. Malacria, Org. Lett. 2010, 12, 5692-5695; h)
E. Motti, N. Della Ca’, S. Deledda, E. Fava, F. Panciroli, M. Catellani,
Chem. Commun. 2010, 46, 4291-4293; i) N. Della Ca', G. Maestri, M.
Catellani, Chem. Eur. J. 2009, 15, 7850-7853.

a) J. Ye, M. Lautens, Nat. Chem. 2015, 7, 863—-870; b) A. Martins, B.
Mariampillai, M. Lautens, Top. Curr. Chem. 2010, 292, 1-33; c) A. Whyte,
M. E. Olson, M. Lautens, Org. Lett. 2018, 20, 345-348; d) S. Chen, Z.-S.
Liu, T. Yang, Y. Hua, Z. Zhou, H.-G. Cheng, Q. Zhou, Angew. Chem. Int.

[17]

[18]

[29]

[20]

[21]

[22]

[23]

[24]

[25]

10.1002/cctc.201800940

WILEY-VCH

Ed. 2018, 57, in press; e) Z.-S. Liu, G. Qian, Q. Gao, P. Wang, H.-G.
Cheng, Q. Wei, Q. Liu, Q. Zhou, ACS Catal. 2018, 8, 4783-4788; f) H.-
G. Cheng, C. Wu, H. Chen, R. Chen, G. Qian, Z. Geng, Q. Wei, Y. Xia,
J. Zhang, Y. Zhang, Q. Zhou, Angew. Chem. Int. Ed. 2018, 57, 3444—
3448; g) R. Li, G. Dong, Angew. Chem. Int. Ed. 2018, 57, 1697-1701; h)
C. Liu, Y. Liang, N. Zheng, B.-S. Zhang, Y. Feng, S. Bi, Y.-M. Liang,
Chem. Commun. 2018, 54, 3407-3410; i) B.-S. Zhang, H.-L. Hua, L.-Y.
Gao, C. Liu, Y.-F. Qiu, P.-X. Zhou, Z.-Z. Zhou, J.-H. Zhao, Y.-M. Liang,
Org. Chem. Front. 2017, 4, 1376-1379; j) W. C. Fu, Z. Wang, W. T. K.
Chan, Z. Lin, F. Y. Kwong, Angew. Chem. Int. Ed. 2017, 56, 7166—7170;
k) F. Sun, M. Li, C. He, B. Wang, B. Li, X. Sui, Z. Gu, J. Am. Chem. Soc.
2016, 138, 7456-7459; I) S. Pan, F. Wu, R. Yu, W. Chen, J. Org. Chem.
2016, 81, 1558-1564; m) J. Wang, L. Zhang, Z. Dong, G. Dong, Chem
2016, 1, 581-591; n) Z. Dong, J. Wang, G. Dong, J. Am. Chem. Soc.
2015, 137, 5887-5890; o) X.-C. Wang, W. Gong, L.-Z. Fang, R.-Y. Zhu,
S. Li, K. M. Engle, J.-Q. Yu, Nature 2015, 519, 334-338; p) P.-X. Shen,
X.-C.Wang, P. Wang, R.-Y. Zhu, J.-Q. Yu, J. Am. Chem. Soc. 2015, 137,
11574-11577; q) Y. Huang, R. Zhu, K. Zhao, Z. Gu, Angew. Chem. Int.
Ed. 2015, 54, 12669-12672; r) Z. Dong, J. Wang, Z. Ren, G. Dong,
Angew. Chem. Int. Ed. 2015, 54, 12664-12668; s) P.-X. Zhou, Y.-Y. Ye,
C. Liu, L.-B. Zhao, J.-Y. Hou, D.-Q. Chen, Q. Tang, A.-Q. Wang, J.-Y.
Zhang, Q.-X. Huang, P.-F. Xu, Y.-M. Liang, ACS Catal. 2015, 5, 4927—
4931, t) H. Shi, D. J. Babinski, T. Ritter, J. Am. Chem. Soc. 2015, 137,
3775-3778; u) P.-X. Zhou, Y.-Y. Ye, J.-W. Ma, L. Zheng, Q. Tang, Y.-F.
Qiu, B. Song, Z.-H. Qiu, P.-F. Xu, Y.-M. Liang, J. Org. Chem. 2014, 79,
6627-6633; v) Z. Dong, G. Dong, J. Am. Chem. Soc. 2013, 135, 18350—
18353; w) L. Jiao, T. Bach, Angew. Chem. Int. Ed. 2013, 52, 6080-6083;
x) L. Jiao, T. Bach, J. Am. Chem. Soc. 2011, 133, 12990-12993; y) P.
Thansandote, E. Chong, K.-O. Feldmann, M. Lautens, J. Org. Chem.
2010, 75, 3495-3498; z) D. Candito, M. Lautens, Angew. Chem. Int. Ed.
2009, 48, 6713-6716.

a) M. H. Larraufie, G. Maestri, A. Beaume, E. Derat, C. Ollivier, L.
Fensterbank, C. Courillon, E. Lac6te, M. Catellani, M. Malacria, Angew.
Chem. Int. Ed. 2011, 50, 12253-12256; b) G. Maestri, E. Motti, N. Della
Ca’, M. Malacria, E. Derat, M. Catellani, J. Am. Chem. Soc. 2011, 133,
8574-8585.

M. Catellani, C. Mealli, E. Motti, P. Paoli, E. Perez-Carreno, P. S.
Pregosin, J. Am. Chem. Soc. 2002, 124, 4336-4346.

E.-C. Elliott, S. L. Regan, J. L. Maggs, E. R. Bowkett, L. J. Parry, D. P.
Williams, B. K. Park, A. V. Stachulski, J. Med. Chem. 2012, 55, 9773~
9784.

For elaborated multistep procedures to access analogous compounds of
5j and 5n, see: H. Christensen, C. Schjgth-Eskesen, M. Jensen, S.
Sinning, H. H. Jensen, Chem. Eur. J. 2011, 17, 10618-10627.

a) G. H. Lee, I. K. Youn, E. B. Choi, H. K. Lee, G. H. Yon, H. C. Yang, C.
S. Pak, Curr. Org. Chem. 2004, 8, 1263-1287; b) J. A. Profitt, H. H. Ong,
J. Org. Chem. 1979, 44, 3972-3974.

a) T. K. Jorgensen, R. Hohlweg, P. Madsen, K. E. Andersen, S.
Treppendahl, U. B. Olsen, Z. Polivka, A. Silhankova, K. Sindelar, V.
Valenta, T. Kalisz, (Novo Nordisk A/S, Denmark) W09815546, 1998; b)
P. Dostert, (F. Hoffmann - La Roche & Co AG. Basel, Schweiz)
DE2745280, 1978; c) R. Kitamura, E. Kitamura, T. Kitamura, T. Kitamura,
(Japan) US4013639, 1974.

M. Asma, A. Badshah, S. Ali, M. Sohail, M. Fettouhi, S. Ahmad, A. Malik,
Transition Met. Chem. 2006, 31, 556-559.

a) C. Amatore, A. Jutand, Acc. Chem. Res. 2000, 33, 314-321; b) C.
Amatore, A. Jutand, A. Suarez, J. Am. Chem. Soc. 1993, 115, 9531—
9541; c) C. Amatore, A. Jutand, F. Lemaitre, J. L. Ricard, S. Kozuch, S.
Shaik, J. Organomet. Chem. 2004, 689, 3728-3734; d) P. M. Maitlis, A.
Haynes, B. J. James, M. Catellani, G. P. Chiusoli, Dalton Trans. 2005, 3,
3409-34109; e) K. Fagnou, M. Lautens, Angew. Chem. Int. Ed. 2002, 41,
26-47.

a) D. A. Petrone, J. Ye, M. Lautens, Chem. Rev. 2016, 116, 8003-8104;
b) L. Li, W. Liu, H. Zeng, X. Mu, G. Cosa, Z. Mi, C.-J. Li, J. Am. Chem.
Soc. 2015, 137, 8328-8331; c¢) Y. Lei, R. Zhang, L. Wu, Q. Ou, H. Mei,

This article is protected by copyright. All rights reserved.


http://pubs.rsc.org/en/results?searchtext=Author%3ABo-Sheng%20Zhang
http://pubs.rsc.org/en/results?searchtext=Author%3AHui-Liang%20Hua
http://pubs.rsc.org/en/results?searchtext=Author%3ALu-Yao%20Gao
http://pubs.rsc.org/en/results?searchtext=Author%3ALu-Yao%20Gao
http://pubs.rsc.org/en/results?searchtext=Author%3ACe%20Liu
http://pubs.rsc.org/en/results?searchtext=Author%3AYi-Feng%20Qiu
http://pubs.rsc.org/en/results?searchtext=Author%3APing-Xin%20Zhou
http://pubs.rsc.org/en/results?searchtext=Author%3AZhao-Zhao%20Zhou
http://pubs.rsc.org/en/results?searchtext=Author%3AJia-Hui%20Zhao
http://pubs.rsc.org/en/results?searchtext=Author%3AYong-Min%20Liang
https://pubs.acs.org/author/Profitt%2C+James+A.
https://pubs.acs.org/author/Ong%2C+Helen+H.

ChemCatChem 10.1002/cctc.201800940

WILEY-VCH

G. Li, J. Mol. Catal. A: Chem. 2014, 392, 105-111; d) T. D. Sheppard, [27] Y. Gao, Y. Huang, W. Wu, K. Huang, H. Jiang, Chem. Commun. 2014,
Org. Biomol. Chem. 2009, 7, 1043-1052. 50, 8370-8373.
[26] For a similar Kl effect on palladium-catalyzed synthesis of isocoumarins
see: A. Casnati, R. Maggi, G. Maestri, N. Della Ca’, E. Motti, J. Org.
Chem. 2017, 82, 8296-8303.

This article is protected by copyright. All rights reserved.


https://pubs.acs.org/author/Casnati%2C+Alessandra
https://pubs.acs.org/author/Maggi%2C+Raimondo
https://pubs.acs.org/author/Maestri%2C+Giovanni
https://pubs.acs.org/author/Della+Ca%27%2C+Nicola
https://pubs.acs.org/author/Motti%2C+Elena

ChemCatChem

Layout 2:
FULL PAPER

Dibenzo[b,flazepine derivatives can
be efficiently synthesized from aryl
bromides, o-bromoanilines and
norbornene or norbornadiene by
means of palladium catalysis. The
presence of Kl, even in sub-
stoichiometric amount, is crucial for
this three-component reaction, as it
promotes reaction rate and selectivity.
A formal three-step synthesis of the
tricyclic antidepressant Clomipramine
(Anafranil®) is also described.
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