UNIVERSITY OF LEEDS

This is a repository copy of Design and synthesis of novel 1,4-benzodiazepine surrogates
as potential CCKA and CCKB antagonists via palladium-catalyzed three-component
cascade reactions.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/124053/

Version: Accepted Version

Article:

Dondas, HA, Belveren, S, Poyraz, S et al. (5 more authors) (2018) Design and synthesis
of novel 1,4-benzodiazepine surrogates as potential CCKA and CCKB antagonists via
palladium-catalyzed three-component cascade reactions. Tetrahedron, 74 (1). pp. 6-11.
ISSN 0040-4020

https://doi.org/10.1016/j.tet.2017.11.017

© 2017 Elsevier Ltd. This manuscript version is made available under the CC-BY-NC-ND
4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/

Reuse

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs
(CC BY-NC-ND) licence. This licence only allows you to download this work and share it with others as long
as you credit the authors, but you can’'t change the article in any way or use it commercially. More
information and the full terms of the licence here: https://creativecommons.org/licenses/

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Accepted Manuscript

Design and synthesis of novel 1,4-benzodiazepine surrogates as potential CCKA and
CCKB antagonists via palladium-catalyzed three-component cascade reactions

H. Ali Dondas, Samet Belveren, Samet Poyraz, Ronald Grigg, Colin Kilner, Marcos
Ferrandiz-Saperas, Elisabet Selva, José M. Sansano

PII: S0040-4020(17)31153-5
DOIl: 10.1016/j.tet.2017.11.017
Reference: TET 29097

To appearin:  Tetrahedron

Received Date: 2 May 2017
Revised Date: 5 November 2017
Accepted Date: 6 November 2017

Please cite this article as: Dondas HA, Belveren S, Poyraz S, Grigg R, Kilner C, Ferrandiz-Saperas M,
Selva E, Sansano JoséM, Design and synthesis of novel 1,4-benzodiazepine surrogates as potential
CCKA and CCKB antagonists via palladium-catalyzed three-component cascade reactions, Tefrahedron
(2017), doi: 10.1016/j.tet.2017.11.017.

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.


https://doi.org/10.1016/j.tet.2017.11.017

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

Design and synthesis of novel 1,4-benzodiazepine surrogates| Leave this area blank for abstract info.
aspotential CCKA and CCKB antagonistsvia palladium-

catalyzed three component cascade reactions
H. Ali Dondas,* Samet Belveren, Samet Poyraz, Rg&rC. Kilner, Marcos Ferrandiz-Saperas, Elisaledie§ J. M. Sansano

\' o

0.
ﬁ/ 0 i pa/
NH R
—N
\' o
H 0 \ 0o Rral , PP N
Rl N\/g N\€7 Allene
co NH
NH. <{
R& @> 2 RHa\ =N
RiHal X =N =N RHal o
Auene P Ph \ fo) Ph
N o]
N
\ngH /
—N >—R
X /N o
Ph

Ph




Tetrahedron

journal homepage: www.elsevier.com

Design and synthesis of novel 1,4-benzodiazepinegates as potential CCKA and
CCKB antagonists via palladium-catalyzed three-comgmt cascade reactions

H. Ali Dondas®” Samet BelverefSamet Po%ra%Ronald Grigd, Colin Kilner? Marcos Ferrandiz-
Sapera$,Elisabet SelVaand José M. Sansaho.

# Department of Chemistry, Faculty of Pharmacy, Metniversity, 33342, Mersin, Turkey.
P School of Chemistry, Leeds University, Leeds L2 9K
¢ Departamento de Quimica Organica, Universidad tieaAte, Apdo. 99, E-03080-Alicante, Spain.
Instituto de Sintesis Organica (ISO), UniversiddAlicante, Centro de Innovacion en Quimica Aaedaz ORFEO-CINQA), Spain.
Fax: +(90) 324 341 30 22; phone: +(90) 324 341128/ 12103.
Corresponding author; e-mail: yakdas25@mersin.gdyakdas25@hotmail.com

ARTICLE INFO ABSTRACT

Article history Structurally diverse novel 1,4-benzodiazepine apao

Received related to selective CCKA antagonist MK-32ed CCKE

Received in revised form antagonists L-365,260 and YMO022rea prepared v

Accepted palladiumeatalyzed three component domino reac

Available online involving allenylation-carbonylation-anion captuire one-
pot cascade protocol in good to excellent yields.

Keywords

benzodiazepines 2017 Elsevier Ltd. All rights reserved

cholecystokinin (CCK) receptor

palladium

allenylation

carbonylation

1. Introduction

1,4-Benzodiazepin-2-ones are privileged structpessessing containing 1,4-benzodiazepin-2-one frameworks. Thestm
an outstanding range of important medicinal anarplaceutical employed strategy consist in the synthesis of thdly f
propertie including uses as gastrin/cholecystokinin-B functionalized heterocyclg.
antagonist$, anticonvulsant, anxiolytic agenf, anti-HIV,®> and
HIV-Tat antagonist, o?/tocin antagonist,anti-ischemic agents,
neuroprotective effect, and antitrypanosomal activity. In \
addition, the treatment of neurologic disordershsas Down’s N—¢° O>\_(/\/© R Q\

. . \ [o)©)
syndrome and Alzheimer's disease has been sucdgssful K‘NH N N N—NH
completed by employing these heterocyclic familfeSeveral =N H q/ NH
h —N

palladacycle complexes derived from 1,4-benzodi@zmnes P

and pyrrolo[2,1€][1,4]benzodiazepinones were found to be MK-329 1 Ph

potent antitumor agent&'? whilst another benzodiazepine L-365,260, R = Me 2a
surrogates were used as antileishmanial ad&nBut 1,4-

benzodiazepin-2-ones and its analogues are predothiractive YMO22, R = 2b
in the central nervous system. For example, itheen reported o

potent nonpeptidal receptor antagonist of the gdeptiormone \
cholecystokinin* the selective cholecistokinine-A (CCKA) N\/g \ o
antagonist MK-3291,"° and the selective cholecistokinine-B O NK
(CCKB) antagonists L-365,26@,'° and YM022 3" and a © =N O B

selective translocator protein (TSPO) agonist R86441 (Figure O cl N

l) .8,9,18 O
Cl

Recently, there have been reported many synthgttegies to

. . . .. Diazepam 4
investigate novel and/or structurally diverse peged scaffold Ro5-4864 3 P



Figure 1. Several biologically important 1,4-benzodiazepin-2-

ones.

Alternatively, benzodiazepine-2-ones can be usedthas
pharmacophore whose substituents are ready to toeliied or
modified by conventional synthetic procedures.his sense, we
have reported that an amino group bonded to thesBipn of
benzodiazepine ring reacted with aldehyde to gemethe
corresponding imine, which was the precursor of twreethine
ylide via thermal or by metal-catalyzed processes.
contribution, 1,3-dipolar cycloaddition cascade -ctims
occurred with chiral and achiral dipolarophiles afiog spiro-
cycloadducts in good to excellent yiefds.

In addition, Grigg's group experience
multicomponerit palladium cascadesA{~B—C) have been
widely demonstratetf, especially, in those involving oxidative
addition-intermolecular allene insertion (Schemeet], a) or
carbon monoxide insertion (Scheme 1, eq. b) followsd
nucleophilic addition as terminating reactigffs™?%24

eq. a
B c
—_— RNH R
— Ar{(fpdx — NH
Ar
Ar—=X + Pd® — eq b
A B c o
co 't RNE, L R
—— | | = A
A PdX |

Scheme 1. Domino reactions involved in this contribution.

In this work, novel 1,4-benzodiazepine-2-one anasgare
synthesized from benzodiazepine-2-one precursora
palladium(0)-catalyzed multicomponent reactions edason
oxidative addition onto specidg followed by alleneB insertion
and final capture with nucleophil€, as well as oxidative
addition onto speciesA followed by carbon monoxideB
insertion and final capture with nucleophie In all cases, and
according to Scheme 1, the terminating step isopekd through
the amino/amido group anchored to the benzodiaeepione
nucleus.

2. Results and Discussion

Palladium(0)-catalyzed allenylation-anion capture scade
reactions The three-component reaction involving free anfine
methyl-3-amino-1,3-dihidro-5-phenyl¥B-1,4-benzodiazepine-
2-one5,”? aryl halides6 and allene7a was performed in the
presence of a catalytic system comprised bydba) (10 mol%)

and PPh (20 mol%). The final conditions were selected

according to previous optimizations done in presiowrks??>°

that means, DMF at 7 for 24-36 h and ¥CO; as base (2
equiv). Compounds8a-d were obtained in 84-90% vyield
(Scheme 2). Using this methodology, the incorponatié new
biologically interesting substituents, as 5-urdtglr 2-thienyl®
was available increasing the potential activity fducts8a-d.

concerning

—.— 7a (1atm)
\ o Pdy(dba); (10 mol%)

N PPh; (20 mol%)

NHz + R-X NH R

—N 6 K,CO3 (2 equiv)

Ph DMF, 70 °C, 24-36 h
5
X =Br |

8a, 88%, R= Ph 8b, 84%, R = \@(

o]

o
s & ~
8c, 90%, R = ;\M 8d, 86%, R = \fL/'L
NS0

In this

Scheme 2. Palladium(0)-catalyzed allenylation-anion capture
cascade reactions involving amifie

A second version of this cascade palladium-catalyzed
allenylation-anion capture was successfully attechpteith
benzodiazepinon&a as nucleophilic terminating agefitUsing
identical reaction conditions than those describeefore,
substituted and unsubstituted alleesere allowed to react with
aryl halides6 and heterocycl®a, in the presence of Rdba)
(10 mol%) and PPh(20 mol%) in DMF at 80°C for 48 h.
Functionalized compound®a-d were obtained in 65-92% yield
in one pot cascade reaction (Scheme 3). X-Ray adiffsn
analysis of structur&0a®® also confirmed the skeleton drawn in
Scheme 3.

*:< RZ RZ
H o Pdy(dba)s (10 mol%)
N PPh; (20 mol%)
+ R-X
~N 6 KoCO3 (1.2 equiv)
Ph DMF, 80 °C, 48 h
9a
X =Br, |
»\N - z
Y
S 5/ B
q :
s
@ @ L
10a 92% Ph
10c, 90% 10d, 65%
10b, 88%
10a

Scheme 3. Palladium(0)-catalyzed allenylation-anion capture
cascade reactions involving benzodiazepifie and X-ray
diffraction structure of compourtDa.
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completely characterized after analysis of X-rd§raction of a

Palladium-catalyzed carbonylation-anion capture cade monocrystal structuré (Scheme 5).

reactions A third series of benzodiazepine-2-one analogues were
prepared fronb or 9 but employing carbon monoxide instead of

R - \
allenes as relay species in the cascade procddsese reactions N
were accomplished with potassium carbonate (1.2 gquid a NH, €O (balloon, 1 atm) \ o
catalytic system comprised by palladium(ll) acetgt@ mol%), =N Pdggﬁqzzgo ”I‘o‘/" %) N\/&
and triphenylphosphine (20 mol%) in toluene at X10or 26 h. Ph s (20 mol%) NH
First, amine5 was employed as terminating agent in the KoCOs (1.2 €0) N K
palladium(0)-catalyzed oxidative addition-carborigia Toluene, 100°C, 26 h Ph o
obtaining productslla and 11b in 89% and 81% vyields, E:[ ',“
respectively (Scheme 3, eq. a). Similarly, benzosfiine-2-ones 14, 78%, 11 dr
9a (X = H) and9b (X = CI)® were submitted to palladium 13
catalyzed carbonylation anion capture reactionrdffiy products
12a and12b in 73% and 89% vyields, respectively (Scheme 3, eq.
b). Despite of being a trivial transformation intomihg a
benzoyl group, this procedure permit the use ofemmmplex o
iodoarenes, which are much more accessible than the _ 7 pi " )
corresponding benzoyl chlorides. In this series agiety of "“‘\‘ 7/ ) ' -
reactions conditions were evaluated, such as diffecatalyst ’ RO
systems, but yields were not improved. P o ﬁ |
7 i/ \
eq. a) | 4 "
CO (balloon, 1 atm) J e !
\' o Pd(OAC), (10 mol%) \ o -’ \ T
N\& PPhy (20 mol%) N ' :
NHy + R NH & ©
=N 6 KaCOs (1.2 €q) =N )R
Ph Toluene, 110°C, 26 h Ph o
5 \
1 N
\ @Q
N N
NH = o ¥
COF pa C; y Rt} D@
N
Ph I anti-14
11a, 89% 11b, 81%
eq.b) Scheme 5. Palladium-catalyzed cyclization-carbonylation-anion
capture from compoundsand13 and X-ray diffraction structure
€O (ballaon, 1 atm) R of diastereoisomeanti-14
H 9 Pd(OAC), (10 mol%) °Y 5 .
ﬁ PPh; (20 mol%) N
_N + R
X 6 KoCOs (1.2 eq) X =N 3. Conclusion
Ph Toluene, 110°C, 26 h Ph
9, X=H.Cl 12 In conclusion, a variety of 1,4-benzodiazepine-2-on
S \ derivatives can be accessed through a simple onexplecularly

diverse multicomponent cascade protocol proceeding
palladium(0)- catalyzed allenylation anion captared cascade

KNHZ \ngHz palladium-catalyzed carbonylation anion capturectieas. In
/Cg/ these processes CHHE(sf) + C(sp)-N(sp’) new bonds and
C(sP)-C(sp) + C(sp)-N(sp) new bonds are generated,

12a, 73% 12b, 89% respectively. In addition, with a double relay systeC(sp)-
C(sp) + C(sp)-C(sp) + C(sp)-N(sp’) new bonds are easily

Scheme 4. Palladium-catalyzed carbonylation-anion captureformed using the appropriate_starter. With this hndolc_)gy a
range of allenes and aryl halides can be emplogedobd to

cascade reactions employing molecliesd9 as starters. ; 4 .
ploying excellent vyields tolerating many functional group3he

molecular complexity of each component can be Bsmd in
order to build sophisticated architectures or ewmetural core

An example of double relay system in a palladiunalgaed products.

cyclization-carbonylation-anion capture reaction wstsidied.
Thus the aryl iodidel3*® smoothly reacted with palladium(ll)
acetate (10 mol%) and triphenylphosphine (20 mol%)), . .
potassium carbonate (1.2 equiv) in toluene at XDdor 26 h 4 Experimental Section
furnishing product14 in 78% vyield as a 1:1 mixture of
diastereoisomers (Scheme 5). A similar ratio wasdesl in the
earlier stages of the reaction, even at low temperat The Melting points were determined on a Kofler hot stagparatus
reaction proceedgia 5-exo-trig cyclisation as starting process of and are uncorrected. Mass spectra were recorded eV on a
the palladium cascade reactidiBoth isomers were separated by VG Autospec mass spectrometer. Nuclear magnetic resenan
column chromatography (flash silica) and one ofrthanti-14) spectra and decoupling experiments were determin260aMHz

4.1. General information



on a Q.E 300 instrument and at 500 MHz on a Bruker 815
spectrometer as specified. Chemical shifts arengineparts per
million (&) downfield from tetramethylsilane as internal stanld
Spectra were determined in CRQCéxcept where otherwise
stated. The structurally most important peaks ef fR spectra
(recorded using a Nicolet 510 P-FT-ATR) are listedd a
wavenumbers are given in @mFlash column chromatography
was performed using silica gel 60 (230-400 meshgs&lgel
columns were packed with silica gel GF254 (Merck 3730
Petroleum ether refers the fraction with bp 40-60 wW@ess
otherwise specified. Microanalyses were obtainedguaiCarlo-
Erba Model 1106 instrument. Arylhalides were purchasem
Aldrich and used as received. In the case of arig®d3 was
prepared according to literature procedire.

4.2. Synthetic procedures and characterization data

4.2.1. General procedure for allenylation-anion aagtreaction.
Synthesis of compounés

In a Shlenk tube a solution of aryl halide (1.2 nijno
Pd(dba) (92 mg, 0.1 mmol), PRh52 mg, 0.2 mmol) and

K,CO; (276 mg, 2 mmol) in dry DMF (10 mL) was prepared.
Then free aminé (318, 1.2 mmol) was added and the mixture
Allene wakhydro-1H-1,4-benzodiazepin-3-yl) amino]

was degassed once by the freeze thaw pump.
introduced (1 atm) and the solution stirred at COfér 24-36 h.
The Schlenk was cooled to ambient temperature ateinil
pressure was released slowly before filtering thelermixture
through a filter paper. The solvent was evaporatettureduced

pressure to give a solid which was purified by columnC=CHx),

chromatography (flash silica) obtaining compou8@ds

4.2.1.1. 3-[2-Phenyl-2-propenyl)amino]-1-methyl-5-pyle
1,3-dihydro-2H-1,4-benzodiazepin-2-on8a), Yield: 402 mg
(88%). Colourless prisms; mp 98-100 °C
ether/EtOAc). IR (neat): 1792, 1698, 1650ty (500 MHz):
7.86 (m, 1H, AH), 7.70 (m, 2H, AH), 7.40-7.60 (m, 5H, Ad),
7.35 (m, 3H, AH), 7.14-7.43 (m, 4H, Ad), 6.83 (m, 2H, AH),
5.08, 5.53 (2 br. s, CHC), 5.37 (s, 1H, NCHN), 3.22, 3.41 (2d,
J12.5 Hz, 2H, CEN), 3.42 (s, 3H, NMe), 3.32 (br. s, 1H, NH).
Oc (126 MHz): 35.8 (Me), 53.9 (CH), 83.6 (NCHN), 113.4
(CH,=C), 115.8, 126.4, 126.5, 127.2, 127.9, 128.6,0,2P29.2,
130.9, 131.0, 131.2, 131.9, 139.6, 1464CH, and AC), 166.7
(C=N), 168.6 (C=0)m/z (%) (EI): 381 (M, 2), 319 (20), 229
(200) Anal. calcd. for gH,3NsO,: C, 78.70; H, 6.00; N, 11.00,
found C, 78.85; H, 6.30; N, 11.10.

4.2.1.2. 3-{[2-(4-Acetylphenyl)-2-propenyllamino}riethyl-
5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-ongb).( Yield:
355 mg (84%). Colourless prisms; mp 77-78 °C (petrm
ether/EtOAc). IR (neat): 1790, 1698, 1650, 1604, 14880 cm
!, 3, (500 MHz): 7.89 (d, 2HJ 7.7Hz, ArH), 7.64-7.58 (m, 5H,
ArH), 7.40 (m, 1H, AH), 7.39-7.34 (m, 2H, Ad), 7.32-7.36 (m,
2H, ArH), 721 (m, 1H, AH), 553 (s, 1H,
C=CH,0), 5.51 §, 1H,C=CH,B), 4.40 (s, 1H, GiNH), 4.0 (d,
1H, J 13.6 Hz, NHCHa), 3.9 (d, 1HJ 13.6 Hz, NHCHp), 3.44
(s, 3H, NMe), 3.05 (br. s, 1H, NH), 2.57 (s, 3H, M&).(126
MHz): 26.6 (28-C), 35.1 (4-C), 48.6 (20-C), 74.7Q}.-115.9
(23-C), 121.5 (6-C), 124.1 (24-C), 126.4 (16-C,Ay%-128.1 (22-
C, 17-C), 128.3 (13-C), 128.5 (10-C, 15-C), 12®4C), 129.7
(7-C), 130.2 (9-C), 131.7 (25-C), 131.7 (29-C), 23612-C),
138.4 (5-C), 143.2 (26-C), 144.8 (21-C), 144.9 (30166.6 (11-
C=N), 168.8 (2-C=0), 197.7 (27-C=Qj/z (%) (El): 423 (M,
10), 389 (6), 260 (17), 237 (100), 221 (85), 202)(A.74 (19),

115 (26). HRMS (ES): &H,5N3O,Na requires: 446.1844, found:
446.1864. Anal. calcd. for £H,5N30,-0.25H0 (%): C, 75.75;
H, 5.95; N, 9.80, found C, 75.45; H, 5.95; N, 9.30.

4.2.1.3. 1-Methyl-5-phenyl-1,3-{[2-(2-thienyl)-2qmenyl]
amino}-1,3-dihydro-2H-1,4-benzodiazepin-2-o08€)(Yield: 348
mg (90%). Colourless prisms; mp 133-135 °C (petnole
ether/EtOAC). IR (neat): 1793, 1690, 1604, 1446, 1840.
Oy (500 MHz): 7.65-7.60 (m, 2H, At), 7.55 (m, 1H, AH), 7.44
(m, 1H, AH),7.41- 7.21 (m, 4H, Ad), 7.20- 7.15 (m, 2H, Af),
7.13(m, 1H, AH), 6.95 (m, 1H, AH), 5.46 (br. s, 1H, C=CH),
5.28 (br. s, 1H, C=Cj§), 4.41 (s, 1H, E&NH), 3.97 (d, 1H,J
13.7 Hz, NHCHao), 3.85 (d, 1HJ 13.8 Hz, NHCHpB), 3.44 (s,
3H, NMe), 2.95 (br. s, 1H, NHpc (126 MHz): 35.1 (4-C), 48.8
(20-C), 74.6 (1-C), 112.0 (22-C), 121.4 (24-C), 1236-C),
124.0 (26-C), 124.2 (8-C), 127.3 (9-C), 128.3 (1448-C),
129.1(10-C), 129.7 (13-C, 17-C), 130.2 (15-C), 53(7-C),
131.6 (25-C), 138.5 (12-C), 139.5 (5-C), 143.2 (21143.9 (23-
C), 166.5 (C=0), 169.0 (C=Nijn/z (%) (El): 387 (M, 10), 371
(5), 238 (17), 221 (91), 194 (25), 165 (100), 138)( 97 (50), 77
(29) and 51 (9). Anal. calcd. for,4,:Ns0S (%): C, 71.10; H,
5.60; N, 10.90; S, 8.30; found: C, 71.30; H, 5. 50;18.90; S,
8.30.

4.2.1.4. 1,3-Dimethyl-5-(1-{[1-methyl-2-ox0-5-pheny3-2
methylV)js;,4
(1H, 3H)-pyrimidinedionedd). Yield: 381 mg (86%). Colourless
prisms; mp 101-103 °C (petroleum ether/EtOAc). IRafpe
3100, 2900, 1698, 1650, 1604, 1446, 1345'chy (500 MHz):
7.70 (s, 1H, C=CH), 7.65-7.21 (m, 9H,H; 5.68 (br. s, 1H,
545 (br. s, 1H, C=Cj), 4.47 (s, 1H,
CHNH), 3.95(d, 1H,J 13.0 Hz, NHCHa), 3.84 (d,J 12.9 Hz,
NHCH,B), 3.47 (br. s, 1H, NH), 3.44 (s, 3H, NMe), 3.41 (s, 3H,
NMe), 3.32 (s, 3H, NMe)d: (126 MHz): 28.0 (NMe), 35.1
(NMe), 37.1 (NMe), 49.2 (20-C, GNH), 74.4 (1-C, CHNH),

(petroleums 12 9 (22-C), 118.9 (23-C), 121.5 (6-C), 124.5 (4128.2 (14-

C, 16-C), 128.5 (10-C), 128.9 (13-C, 17-C), 129€&C), 130.3
(8-C), 130.6 (7-C), 131.8 (15-C), 138.2 (12-C), B415-C),
142.9 (21-C), 151.3 (27-C=0), 162.5 (30-C=0), 168LE0),
168.4 (11-C=N).m/z (%) (El): 443 (M, 7), 409 (9), 260 (11),
237 (33), 221 (100), 194 (37), 165 (15), 109 (8),(Z4) and 42
(31). HRMS (ES): GH,:sNsOs;Na requires 444.2050; found:
444.2036 (M + H). Anal. calcd. for ,81,:N50:.5H,0 (%): C,
66.40; H, 5.75; N, 15.45; found: C, 66.45; H, 5.701BL40.

4.2.2. General procedure for allenylation-anion aagtreaction.
Synthesis of compountii

The method to prepare compouridswas the analogous one
described for the synthesis if compoudsut employing KCO;
(130 mg, 1.2 mmol) at 80 °C for 48 h.

4.2.2.1. 5-Phenyl-1-(2-phenyl-2-propenyl)-1,3-ditoydH-
1,4-benzodiazepin-2-on&Q@): Yield: 324 mg (92%). Colourless
prisms; mp 107-109 °C (petroleum ether/EtOAc). IRafpe
3050, 2900, 1673, 1608, 1594, 1447, 1371, 1321. & (500
MHz): 7.14-6.97 (m, 14H, Adf), 5.65 (d, 1H,J 16.3 Hz,
NCH,aC=CH,), 5.41 (s, 1H, C=Chk#), 5.16 (s, 1H,
C=CH,B), 4.80(d, 1H, J 10.5 Hz, NCHaC=0), 4.55 (d, 1HJ
16.3 Hz, NCHBC=CH,), 3.80 (d, 1H,J 10.5 Hz, NCHBC=0).
Oc (126 MHz): 48.7 (18-C), 56.9 (1-C), 115.4 (20-C2222 (5-
C), 123.9 (7-C), 125.6 (12-C, 16-C), 127.8 (13-6;Q), 128.2
(9-C), 128.3 (23-C, 25-C), 129.4 (22-C, 26-C), B2%6-C),
130.0 (14-C), 130.3 (8-C), 130.7 (24-C), 137.3 (194138.3 (11-
C), 141.3 (4-C), 142.8 (21-C), 169.5(2-C=0), 17018-C=N).
m/z (%) (El): 423 (M, 10), 389 (6), 260 (17), 237 (100), 221
(85), 201 (62), 174 (19), 115 (26). 352 (M, 10®3373), 235



(29), 207 (23), 165 (18), 115 (20), 91 (56), 43 @nal. calcd.
for C,JH,oN,O-0.25HO (%): C, 81.80; H, 5.70; N, 7.95; found:
C, 81.35; H, 5.80; N, 7.90.

4.2.2.2. 1,3-Dimethyl-5-{1-[2-0x0-5-phenyl-2,3-dihydro-1H-
1,4-benzodiazepin-1-yl)vinyl}-2,4(1H,3H)-pyrimidineciéo
(10b): Yield: 364 mg (88%). Colourless prisms; mp 19B-2&
(petroleum ether/EtOAc). IR (neat): 3050, 1703, 165448,
1371 cnt. &, (500 MHz): 7.55 (m, 1H, A), 7.45-7.39 (m, 4H,
ArH), 7.33-7.25 (m, 2H, Af), 7.20-7.18 (m, 2H, Ad), 6.96(s,
1H, C=CHNMe), 5.97 (s, 1H, C=C#), 5.50 (d, 1HJ 15.7 Hz,
NCH,aC=CH,), 5.23 (s, 1H, C=CH), 4.77(d, 1H,J 10.3 Hz,
NCH,aC=0), 4.35 (d, 1H,) 15.8 Hz, NG1,8C=CH,), 3.80 (d,
1H, J 10.2 Hz, NCHBC=0), 3.11 (s, 3H, NMe), 2.95 (s, 3H,
NMe). &: (126 MHz): 27.9 (CNMe), 36.6 (CNMe), 49.3 (18-C),
57.0 (1-C), 108.6 (21-C), 119.7 (20-C), 123.1 (5-14.8 (7-C),
128.2 (12-C, 16-C), 128.8 (13-C, 15-C), 129.9 (9-830.1 (8-
C), 130.9 (14-C), 131.2 (6-C), 134.6 (11-C), 137E8-C),
140.7 (4-C), 141.0 (28-C), 150.1(25-C), 162.0 (22459.8 (10-
C), 170.14(2-Cyn/z (%) (El): 414 (M, 63), 385 (42), 371 (36),
207 (100), 194 (34), 180 (94), 165 (48), 91 (4®),(47). Anal.
calcd. for GJH,:N4O5 (%): C, 69.55; H, 5.30; N, 13.50; found: C,
69.40; H, 5.40; N, 13.30.

4.2.2.3. 5-Phenyl-1-[2-(2-thienyl)-2-propenyl]-1,3-dihydro-
2H-1,4-benzodiazepin-2-onel0f): Yield: 322 mg (90%).
Colourless prisms; mp 59-61 °C (petroleum ether/EJOAR
(neat): 3000, 1674, 1607, 1447, 13721c6p (250 MHz): 7.58-
7.10 (m, 9H, AH), 6.90-6.86 (m, 2H, A4), 6.60 (m, 1H, ArH)
5.50 (d, 1HJ 15.8 Hz, NCHaC=CH,), 5.43 (s, 1H, C=CH),
5.0 (s, 1H, C=CHp), 4.85 (d, 1HJ 10.5 Hz, NCHaC=0), 4.50
(d, 1H, J 15.8 Hz, NCHBC=CH,), 3.82(d, 1H, J 10.5 Hz,
NCH,BC=0). &; (126 MHz): 48.9 (18-C), 57.0 (1-C), 114.0 (20-
C), 122.3 (5-C), 124.2 (7-C), 124.3 (22-C), 12£8-C), 127.6
(13-C, 15-C), 128.0 (12-C, 16-C), 129.3 (14-C), .13(8-C),
130.2 (24-C), 130.2 (6-C), 130.9 (9-C), 136.2 (19-138.4 (11-
C), 141.0 (4-C), 141.3 (21-C), 169.3 (2-C=0), 17(.6-C=N).
m/z (%) (El): 358 (M, 41), 329 (14), 297 (34), 235 (52), 165
(34), 124 (71), 91 (100) and 45 (17). Anal. calat.@,,H,gN,OS
(%): C, 73.75; H, 5.05; N, 7.80; S, 8.95; found: G,5D; H,
5.10; N, 7.70; S, 8.75.

4.2.2.4.  1-[3-Methyl-2-(2-thienyl)-2-butenyl]-5-pig-1,3-
dihydro-2H-1,4-benzodiazepin-2-onel0¢)): Yield: 250 mg
(65%). Pale brown amorphous prisms; mp 49-51 °Qdeetm
ether/EtOAc). IR (neat): 3100, 2900, 1674, 1653, 160M47,
1373 cnt. &, (250 MHz): 7.48-7.18 (m, 9H, At), 6.91 (m, 1H,
ArH), 6.50 (m, 1H, AH), 6.41 (m, 1H, AH), 5.43 (d, 1HJ 15.2
Hz, NCHaC=C), 4.72 (d, 1HJ 10.7 Hz, NCHaC=0), 4.55 (d,
1H, J 15.2 Hz, NCHBC=C), 3.69 (d, 1H,J 10.6 Hz,
NCH,BC=0), 1.86, 1.65 (2xs, 6H, 2xCMe&); (126 MHz): 21.2
(Me), 23.1 (Me), 48.4 (18-C), 57.0 (1-C), 122.4 @}, 123.3
(20-C), 123.8 (5-C), 124.3 (7-C), 126.3 (25-C), 12€9-C),
127.9 (13-C,15-C), 129.7 (12-C, 16-C), 129.9 (264130.0 (14-
C), 130.2 (8-C), 130.4 (6-C), 137.3 (19-C), 13812-C), 142.1
(4-C), 142.3 (23-C), 169.8 (C=0), 170.0 (C=M)/z (%) (EI):
386 (M, 100), 371 (15), 357 (10), 325 (13), 304 (8), 749).
Anal. calcd. for GH»N,0S- 0.5HO (%): C, 72.90; H, 5.40; N,
7.05; found: C, 73.45; H, 4.95; N, 7.00.

4.2.3. General procedure for the carbonylation anicapture
reaction. Synthesis of compourids 12 and14.

A solution of iodoarené or 13 (1.1 mmol), Pg(dba) (92 mg,
0.1 mmol), PPH(52 mg, 0.2 mmol) and £O; (166 mg, 1.2
mmol) and the corresponding benzodiazepine-2-ongadirve 5
or 9 (1 mmol) in dry toluene was prepared in a rounddmed
flask. Then, a balloon containing carbon monoxids wdapted

5
and the mixture heated to 100-105 °C for 24-32he feaction
was cooled to ambient temperature and filtered tnofilter
paper. The solvent was evaporated under reducecupee$o
give a solid which was purified by column chromatqima
(flash silica) obtaining pure compountls 12 and14.

4.2.3.1. N-[1-Methyl-2-ox0-5-phenyl-2,3-dihydro-1H#4-
benzodiazepin-3-yl) benzamidé&ld): Yield: 329 mg (89%).
Colourless prisms; mp 223-225 °C (petroleum etHewE). IR
(neat): 3108, 2890, 1698, 1688, 1659, 1604, 1445, &m(250
MHz): 8.07 (br. d, 1HJ 7.9 Hz, NH), 7.97-7.22 (m, 14H, Hj),
5.74 (d, 1HJ 7.9 Hz, NCH), 3.50 (s, 3H, NMed¢ (126 MHz):
35.41(NMe), 67.6 (1-C, NCH), 121.6 (24-C), 124.6 (15127.3
(13-C, 17-C), 128.3 (14-C, 16-C), 128.5 (22-C, 26129.1 (10-
C), 129.8 (23-C, 25-C), 130.7 (6-C), 130.7 (8-C31B (7-C),
132.0 (9-C), 134.0 (12-C), 138.1 (5-C), 142.7 (21-®57.1 (2-
C=0), 167.7 (20-C=0), 167.9 (11-C=Nq/z (%) (FAB): 370
(M™ +1, 100), 249 (8), 221 (19), 147 (8), 105 (25),(89), 55
(28). HRMS (ES): GH:9NsOsNa requires 392.1363; found:
392.1365. Anal. calcd. for gH;gNzO,- 0.5H0 (%): C, 73.00; H,
5.30; N, 11.10; found: C, 72.90; H, 5.30; N, 10.80.

4.2.3.2.  1-Methyl-N-(1-methyl-2-oxo-5-phenyl-2,3ydito-
1H-1,4-benzodiazepin-3-yl)-1H-indole-6-carboxamide 11bj:
Yield: 342 mg (81%). Pale brown amorphous prisms; 186-
138 °C (petroleum ether/EtOAc). IR (neat): 3113, 28B&05,
1685, 1659, 1600, 1440 ¢md, (250 MHz): 8.30 (s, 1H, Hc),
8.14 (d, 1H,J 7.9 Hz, NH), 7.83-7.23 (m, 11H, &), 7.10 (d,
1H, J 3.1 Hz, GHa=CHb), 6.58 (d, 1HJ 3.1 Hz, CHa=Eib),
5.81 (d, 1H,J 8.0 Hz, GINH), 3.78 (s, 3H, NMe), 3.49 (s, 3H,
NMe). &c (126 MHz): 33.0 (NMe), 35.3 (NMe), 67.6 (1-CH),
102.3, 109.0, 120.9, 121.0, 121.5, 124.5, 125.8.01,2128.2,
128.3, 129.1, 129.8, 129.9, 130.2, 130.6, 130.7,9,3138.2,
138.5 (AC), 142.8 (C=N), 167.4, 168.1 (2xC=0Wz (%) (EI):
422 (M, 15), 264 (24), 237 (37), 223 (19), 158 (100), 138),
84 (55) and 47 (10). HRMS (ES): »#:N,O.Na requires
445.1640; found: 445.1623. Anal. calcd. for,gt.N,O,
-0.5CHCI, (%): C, 68.45; H, 4.95; N, 12.05; found C, 68.15; H,
5.05; N, 11.60.

4.2.3.3. 1-Benzoyl-5-phenyl-1,3-dihydro-2H-1,4-
benzodiazepin-2-onelZa): Yield: 245 mg (72%). Pale yellow
prisms; mp 73-75 °C (petroleum ether/EtOAc). IR the3l18,
2901, 1692, 1682, 1679, 1604, 1455'crd, (250 MHz): 7.80-
7.30 (m, 14H, AH), 4.86 (d, 1HJ 11.1 Hz, NCH#), 4.0 (d, 1H,
J11.1 Hz, NCHB). &: (126 MHz): 57.7 (1-Ch), 125.6, 126.34,
127.41, 128.35, 128.5, 128.6, 128.6, 128.7, 12B28,5, 129.6,
129.6, 130.3, 130.4, 130.9, 131.4, 133.25, 133.&)YAL70.76
(C=0), 170.80 (C=0), 171.10 (C=Ny/z (%) (EI): 340 (M, 6),
312 (16), 235 (91), 207 (12), 105 (100), 91 (54)(66), 51 (16).
HRMS (ES): G,H1gN,O,Na requires 363.1109; found: 363.1105.
Anal. calcd. for GH;¢N,O,-0.5H0 (%): C, 75.65; H, 4.90;
found: C, 75.15; H, 4.90.

4.2.3.4. (7-Chloro-5-phenyl-1-(thiophene-2-carbQfijH-
benzole][1,4]diazepin-2(3H)-onelRb): Yield: 338 mg (89%).
Pale yellow amorphous prisms; mp 79-81 °C (petroleum
ether/EtOAc). IR (neat): 3100, 2910, 1698, 1688, 16424,
1446, 1342 ci. &, (500 MHz): 7.71-7.70 (d, 2H, Af), 7.62 (d,
1H, J 4.9 Hz, AH), 7.55-7.35 (m, 7H, Ad), 6.99 (d, 1HJ 4.2
Hz, ArH), 4.91 (d, 1HJ 10.0 Hz, NCHa), 3.96 (d, 1HJ 9.10.0
Hz, NCHf3). 6c (126 MHz): 57.4 (1-Ch), 125.5, 128.4, 128.7,
128.8, 129.5, 129.6, 130.2, 131.1, 131.7, 131.8.9,3136.0,
137.1, 137.3, 137.8 (M), 164.6 (C=0), 169.5 (C=0), 169.5
(C=N). m/z (%) (ES): 380 (M, 100). Anal. calcd. for
C,0H1:CINL,O,S (%): C, 63.05; H, 3.40; N, 7.35; found: C, 62.95;
H, 3.40; N, 7.20.



4.2.3.5. 2-(1,3-Dimethyl-2-0x0-2,3)-dihydro-1H-ind®)-N-  NMe). dc (126 MHz): 24.6, 24.7 (26-C, NMe), 26.4, 26.5 (4-C,
[methyl-2-0x0-5-phenyl-2,3-dihydro-1H-1,4-benzodfzze3- NMe), 35.3, 35.4 (23-C, Me), 43.3 (21-C), 45.8 (2rR-65.9 (1-
yl)acetamide (antit4): Yield: 177 mg (38%). Colourless prisms; C), 108.1 (30-C), 121.6 (29-C), 122.3 (6-C), 1216-C), 124.4
mp > 230 °C (petroleum ether/EtOAc). IR (neat): 308800, (9-C), 127.9 (7-C), 128.1 (13-C), 128.6, 128.7 (1,416-C),
1713, 1670, 1610, 1494, 1145 tnd, (250 MHz): 7.55- 7.25 129.7 (27-C), 131.9 (31-C), 132.0 (28-C), 132.2.338-C, 17-
(m, 12H, AH), 7.0 (m, 1H, AH), 6.82 (d, 1HJ 7.7 Hz, NH),  C), 133.4 (32-C), 138.1 (12-C), 142.7 (10-C), 1434), 167.2
5.38 (d, 1H,J 8.3 Hz, 1-C), 3.42 (s, 3H, NMe), 3.24 (s, 3H, (2-C=0), 167.4 (20-C=0), 169.0 (11-C=N), 180.3 (24-CaQy
NMe), 3.10 (d, 1H] 15.4 Hz, CHC=0), 2.90 (d, 1HJ 15.5 Hz, (%) (FAB): 467 (M+1, 100), 221(28), 174(18), 133(25),
CH,C=0), 1.43 (s, 3H, NMe): (126 MHz): 24.3, 24.4 (26-C, 109(12), 57(12). HRMS (ES): ,81,6N4OsNa requires 489.1903;
NMe), 26.4, 26.5 (4-C, N-Me), 35.4, 35.5 (23-C, M&3,.4 (21- found: 489.1884. Anal. calcd. for ,,6N.Os-H,O (%): C,
C), 45.8 (22-C), 66.9 (1-C), 108.1 (30-C), 121.8-(2, 122.4 (6- 69.40; H, 5.75; N, 11.55; found: C, 69.60; H, 5.951M,05.

C), 122.7 (15-C), 124.4 (9-C), 127.9 (7-C), 12812-C, 16-C),

128.9 (27-C), 129.8 (13-C, 17-C), 130.6 (3-C, 28-L31.8 (8-

C), 133.3 (32-C), 138.0 (12-C), 142.7 (10-C), 143X), 167.2

(2-C=0), 167.6 (20-C=0), 168.8 (11-C=N), 180.2 (24-Cay

(%) (EI): 466 (M, 46), 409 (8), 264 (53), 248 (100), 222 (86), ACknowledgements

174 (65), 160 (51), 130 (16), 77 (23). HRMS (ES): The authors thank Mersin University (Turkey), The \émsity

CagHaeN4OsNa requires 489.1903; found: 489.1898. Anal. calcdof Leeds (UK), and the University of Alicante for gapt. We

for CpeH2eN4Os- H,O (%): C, 69.40; H, 5.75; N, 11.55; found: C, also thank the Scientific and Technological Rese&ouncil of

69.20; H, 5.60; N, 11.55. Turkey (TUBITAK), the Spanish Ministerio de Economia y
4.2.3.6. 2-(1,3-Dimethyl-2-0x0-2,3)-dihydro-1H-indyl)-N- ~ Competitividad (MINECO) (projects CTQ2013-43446-P and

[methyl-2-ox0-5-phenyl-2,3-dihydro-1H-1,4-benzodjzzes- CTQZQl4-51912-REPC;), the Span!sh Ministerio de. Ecqgom

yhacetamide (syd4): Yield: 186 mg (40%). Colourless prisms; Industria y Competitividad, Agencia Estata! de Inigzion

mp > 230 °C (petroleum ether/EtOAc). IR (neat): 303805, (AEI.) and Fondo Europeo de Desarrollo Regional (FEPER)

1712, 1670, 1610, 1490, 1145 &, (250 MHz): 7.71-7.03 (m, (Projects CTQ2016-76782-P, and CTQ2016-81797-REDG), th

13H, AH), 6.85 (d, 1HJ 7.7 Hz, NH), 5.36 (d, 1H) 8.2 Hz, Genel_rahtat Valenciana (PROMETEOII/2014/_017),_ (Coideol

NCH), 3.41 (s, 3H, NMe), 3.23(s, 3H, NMe), 3.08 (d, IH5.6 Ingenio 2010, CSD2007-00006) for research financing.

Hz, CH,C=0), 2.96 (d, 1H,] 15.6 Hz, CHC=0), 1.43 (s, 3H,
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