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Abstract

5-Substituted 7-methyl-6,7-dihydroquinazolino[&}PL,5]benzodiazepin-13¢3)-one derivati-
ves were synthesized in a one-step sequential tameyclization reaction with a simple
procedure from an appropriate 5-substituted 3-nheit}8y4,5-tetrahydro4d-1,5-benzodiazepin-
2-one and 2-sulfinylaminobenzoyl chlorides. The In@@ism of the heterocyclization reaction
was studied by the DFT method using the B3LYP fionetl and 6-31+G(d, p) basis set.

Keywords: Fused quinazolines, 1,5-benzodiazepines, 2-gldininobenzoyl chloride, DFT
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Introduction

Benzodiazepines constitute an important class yhpgpharmaceuticals due to their broad range
of activities, in particular as tranquilizers, athey also have a traditional place in antiepileptic
therapy"? Moreover, benzodiazepines are effective as noeoside inhibitors of HIV-1 reverse
transcriptasé.Therefore, the benzodiazepine nucleus is a wedlisti pharmacophoric scaffold
that has emerged as a core structure unit of vafelogical activities and the research in this
area is very activé. It is well documented that the pharmacologicaivity could be increased
when an additional heterocyclic ring is fused te theptatomic diazepine nucleughus,
considerable attention has been directed towasdsyththesis of polycyclic 1,4-benzodiazepines,
as well as the 1,5-isoméetsRecently, many novel compounds containing hetalacying
systems such as triazole, thiazole, imidazole, ajune, oxadiazole, pyran, oxazole, furan and
pyrimidine annelated to the bicyclic 1,5-benzodjsze have been synthesized by ‘ddrand
other research groups>**Fused quinazolinones are important heterocyclic pmmds with
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widespread occurrence in alkaloids possessing shveiological activity® Various methods for
the synthesis of these alkaloids encompassing reagoiino[1,4]benzodiazepine moiety in their
skeleton have been developed and numerous regessehs have recently appeat&d.

As part of our current studies on the developméngfficient methods for the preparation of
polycyclic 1,5-benzodiazepines we investigated thathesis of quinazolino[1,5]benzo-
diazepines®!® A wide range of novel 6,7-dihydroquinazolino[3f1,5]benzodiazepinone
derivatives were synthesized in a two-step methoalving (i) benzoylation of variously
substituted 1,3,4,5-tetrahydro-1,5-benzodiazepan@s with 2-nitrobenzoyl chloride, and (ii) a
metal induced reductive N-heterocyclization of thxtained 2-nitrobenzoylamides. Although this
method displayed notable advantages, such as mddtion and simple operation, it is not
suitable unfortunately for the transformation ofpegpriate 3-methyl substituted 1-(2-
nitrobenzoyl)-1,5-benzodiazepinone derivatives. ditferwe report a novel procedure for the
synthesis of 7-methyl-6,7-dihydroquinazolino[&R%,5]benzodiazepinones from 5-substituted
3-methyl-1,5-benzodiazepin-2-one derivatives.

Also in this article, the quantum chemical analysif acylation-cyclization reaction
mechanism is presented by calculation of reactiatiohary points: reactant®), products P),
intermediates 1j and transition statesT] on the reaction potential energy profifé?
Calculations of the intrinsic reaction coordina(#C) allow evaluate electron density changes
along the reaction progress in the transformatromfreactant to the final product. The most
probable acylation-cyclization pathway is discussedetail in the present study. Moreover, the
variations of charge, bond order, and bonding atardransformations on the reaction progress
have been investigated.

Results and Discussion

Synthetic studies
In our previous works, the preparation of quinazald,2a][1,5]benzodiazepine derivatives
was achieved using the above-mentioned strategghwis shown in Scheme 1. Various
5-R¥(alkyl, acyl)-4-R(H, CHs)-3-R'(H, CHy)-1,3,4,5-tetrahydro42-1,5-benzodiazepin-2-onds
were used as starting materials.
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Scheme 1Synthesis of qu|nazol|no[3@{1,5]benzod|azep|ne3 by reductive cyclization.
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In the course of these studies it was establih&id3-methyl substituted 1-(2-nitrobenzoyl)-
amides2 (R'=CH;) did not cyclize under the reductive N-heteroaation conditions and the
appropriate tetracyclic 1,5-benzodiazepine denesgtiwere not formed. A theoretical computa-
tional investigation of the cyclization reaction chanism revealed that the presence of
substituents in a diazepine ring causes changethdnelectron population of the frontier
molecular orbitals. The presence of the electronating 3-methyl substituent decreased the
electrophilicity of the carbon C(2) atom of the drecyclic C=0 group, evoking thus the
resistance for further intermolecular rearrangestért This exclusive behavior of starting 3-
methylsubstituted compounds prompted us to devalopeffective synthetic method for the
construction of polycyclic 1,5-benzodiazepine datiives.

Our intention to benzoylate starting compoufdsith N-protected anthranilic acid chloride
to prepare appropriate 2-aminobenzoylamides instéaerivatives2 was not implemented. For
example, the interaction df-trifluoroacetylanthranilic acid with thionyl chloe led to the
cyclic 3,1-benzoxazin-4-one derivatitfe.

A new approach to the synthesis of the title coamals is shown in Scheme 2. It is based on
the use of the activated form of anthranilic agigulfinylaminobenzoyl chlorided).*

H O 0O —
H DMAP,
COCl pcE 1t NN
+
N N=S=0 SO, @
R N
R
la-f 4 5a-f

R = COCHj (@), CHO (b), COCgHs (c), COOC,Hs (d), CHs (€), CH,CgHs (f)

Scheme 2Synthesis of 7-methyl-6,7-dihydroquinazolino[&J§t,5]benzodiazepin-13-ones
5a-f.

The high reactivity of this reagent towards iminasiides and amines allows its use in the
synthesis of various compountfsChloride4 was prepared by refluxing anthranilic acid with 10
fold excess of thionyl chloride in dry benzene.ekftompletion of the reaction (until reaction
mixture turns clear, ~2h), benzene and unreactedyhchloride were removed in vacuum and
the residual oil was used in the following expenmtse without additional purification. 5-
Substituted 3-methyl-1,3,4,5-tetrahydrbl-2,5-benzodiazepin-2-onesa-f were treated with
freshly prepared chloridd in the presence oN,N-diisopropylethylamine (DIPEA) and a
catalytic amount of 4-dimethylaminopyridine (DMAR) dry dichloroethane (DCE) at room
temperature.
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This 1-N-acylation process was accompanied by lsameous N-heterocyclization leading to
the 7-methyl-6,7-dihydroquinazolino[3&f1,5]benzodiazepinonessa-f in 50-75% vyield.
Quinazolino[1,5]benzodiazepine derivatives desctipeeviously® were also synthesized using
this method. For example, treatment of 5-acetyd &racetyl-4-methyl-1,3,4,5-tetrahydréd2
1,5-benzodiazepin-2-ones with 2-sulfinylaminobenzdoride led to 5-acetyl- and 5-acetyl-6-
methyl-6,7-dihydroquinazolino[3,a}{1,5]benzodiazepin-133)-ones in 65% and 77% yields,
respectively. Whereas the use of reductive cydtimateaction, provided these compounds in
lower yields (45-57%° It should be noted that during this cyclofunctilizetion reaction the
formation of the intermediate acylation productd\-benzoylamides, was not observed (TLC).
We also found that the corresponding 2-sulfinylashenzoyl chlorides could be prepared from
ring-substituted anthranilic acids such as 6-chl@od 5-bromoanthranilic acids. 5-Acetyl-3-
methyl-1,3,4,5-tetrahydrok21,5-benzodiazepinda was treated with these reactants under
analogous conditions and the corresponding quimed8l2-a][1,5]benzodiazepinone8 and9
were synthesized (Scheme 3).

R
la, DIPEA,
o B e BN o
R NH, R©N=S=O S0, @Ny
6,7 N
6: R =6-Cl 8:R=12-Cl /&O
7: R=5-Br 9:R=11-Br 8.9

Scheme 3Synthesis of 5-acetyl-11-bromo(or 12-chloro)-7t#my&6,7-dihydroquinazolino-
[3,2-a][1,5]benzodiazepine-13-on&xand9.

The structures of all synthesized compounds weaeacterized by elemental analysis, R,
and**C NMR spectra.

The IR spectra of quinazolinobenzodiazepibad, 8 and9 show two ba-d, 8 and9) or one
(5ef) typical bands in the region of the carbonyl graatp1654-1706 cih and C=N bond
absorption peak at 1608-1619tm
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Figure 1. The arbitrary numbering of atoms common for altly compound4d, 5a-f, 8, 9.
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The assignment of the NMR spectral lines was edraut using the substituents additivity
rules, signal intensities, multiplicities, and NMfta of structurally related compourtds®
Carbon atoms are marked arbitrarily in the Figu(&-lfor compoundld, B- for compound®a-

f, andC- for compounds,9) for easier comparison and systematization ofinbthdata which
are presented in the Experimental section.

Starting compounds$a-f showed characteristic resonances of the NH groafoprin region
of 8.1-8.8 ppm and of the CO group carbon at 17360 ppm in*H and**C NMR spectra,
respectively. The disappearance of these resonamties NMR spectra suggested the formation
of compound®a-f. The resonances of 3-Gldrotons in the case 8&a-f compounds were shifted
about 0.3 ppm downfield in comparison with startomnpoundsla-f. The integration ofH
NMR spectra of the newly synthesized 7-methyl-Gfdroquinazolino[3,23][1,5]benzo-
diazepin-13-ones showed the required number of afiorprotons: eight fobab,d,e, thirteen
for 5¢,f and seven for compoun8®. The new characteristic resonance$’® NMR spectra in
the region of 155.7-158.3 ppm and at about 160 ppsigned to C=N and to 1-CO groups
carbon respectively also confirmed the predicteacstires of compoundsa-f.

Theoretical studies

The most possible reaction mechanism for acylatiymiization reaction of 5-substituted 3-
methyl-1,3,4,5-tetrahydrokF21,5-benzodiazepin-2-ondsa-f with 2-sulfinylaminobenzoyl chlo-
ride 4 exhibited in Scheme 4.
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Scheme 4 Possible mechanism for the acylation-cyclizatieaction of 5-substituted 3-methyl-
1,3,4,5-tetrahydro42-1,5-benzodiazepin-2-onds-f with 2-sulfinylaminobenzoyl chloridé.
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In order to confirm this mechanism, Density Funcél Theory (DFT) analysis of possible
acylation-cyclization reaction pathways was perfednby calculation of reaction stationary
points along minimal energy path given as IR€-*?Theoretical studies on heterocyclization
reactions indicated that the activation energiesebas properties of stationary points were in a
good agreement with the experimental results ifBB&YP hybrid functional at the DFT was
used for the calculatiof** An attempt to choose basis sets 6-311++G(d, p)1+638d), 6-
31G(d, p) and 6-31G(d) for evaluation reactionsheterocyclic systems with heavy atoms
revealed that all basis sets provided almost idahtesults:***"Thus, we chose 6-31+G(d, p)
basis set as the best compromise between speeccandacy for the investigation of the
acylation-cyclization reaction.

The precursorde and4 were selected as a model and the detailed reactEmmanism study
was carried out using a transition state theoryaggh?%**?>??Additionally the electron density
transformation along the reaction minimal energthpaas evaluated by calculation of Natural
Bond Orbital (NBO) charges and Wiberg bond inde@4s*®

The polarity of reaction conditions should playwery important role in stabilization of
different intermediates and transition st&fSEhe acylation-cyclization reaction was modeled in
the consideration of DCE solvent to simulate expernital conditions.

Three presumed most probable reaction pathwalyy @nalyzed on the basis of the known
experimental investigations dealing with sulfinylam and carbonyl group interaction and
acylation reaction mechani€hfor the theoretical study of acylation-cyclizatioeaction are
presented in Scheme 5.

Thus, in reaction pathway (l) the attack of theboa atom C(1") ofi on the N(1) atom ofe
proceeds through transition structuré and transforms to intermediat® together with the
migration of chloride and hydrogen atoms until H&ins. The calculated Gibbs free energies of
activation AG*) for pathway (1) were 41.13 and 32.17 kcal/moltiie gas phase and in the
solvent, respectively. In pathway (ll), the initiattack of N(2") and S(2') atoms of the 2-
sulfinylamino group o# on the C(2)=0(2") bond atoms proceeds via trawsgtatel 1’ leading
to intermediatél'. TheAG* for pathway (Il) were 61.49 and 42.09 kcal/motfie gas phase and
in the solvent, respectively. In pathway (lll), tlsemultaneous interaction of both reacting
centers, C(1') and the N(2') and S(2') atomd with N(1) and the C(2)=0(2") bond atomslef
accordingly, goesia transition statd 1" leading to the formation of the new N(1)-C(1")2%(
N(2"), S(2')-O(2) bonds in one step. The calculat€d for pathway (I1l) were 47.94 and 39.67
kcal/mol in the gas phase and in the solvent, atsfy. The obtained results indicate that the
reaction pathway (1) is the most energy-favoratd¢hway for initial interaction of chloridé
with benzodiazepinonée Considering this, we further focused our attentom the detailed
description of this reaction pathway. The B3LYPKG+&(d,p) calculated geometric parameters
of the reaction stationary point®, T, | and P for pathway (l) located along the reaction
coordinate are presented in Scheme 6.
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The AG* of T activation orl stabilization were calculated as the differencéreé energies
betweenl and the prereactive complex&dr |) discussed throughout the text and shown in the
reaction free-energy profile in Figure 2.
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Scheme 5 B3LYP/6-31+G(d,p) calculated possible reactiorthpays (I-111) for acylation-
cyclization reaction ofle and4. Activation Gibbs free energiea®*, kcal/mol) for gas phase
(regular font) and for solvent phas#aljc font) were taken as the difference betwd@eandR of

free energies.
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Figure 2. Schematic relative Gibbs free-energy profiletfoe formation obe from 1leand4 in
the gas phase (dashed line) and solvent phasd (s@&). AG, of activation and stabilization for
gas phase (regular values) and solvent phteec {val ues).
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The relative B3LYP/6-31+G(d,p) Gibbs free energg{ (kcal/mol), relative taR) for all
stationary points are given in Table S1. (TablesSSlare listed in supplementary information
file). The B3LYP/6-31+G(d,p) calculated total enesy(E) and Gibbs free energies (G) with the
imaginary frequencyvw) modes of transition states are listed in Table B important for
acylation-cyclization reaction progress bond dis&éan(BD), Wiberg bond indexes (Bl) and the
charges on the selected atoms calculated usingahgbopulation analysis (NPA) for all
stationary points are summarized in Tables S3,M8455.

As shown in Scheme 6, the reaction starts withitiberaction of the electrophilic C(1")
carbon atom of the C(1)=0(1") group 4fwith the N(1) atom ofle under the formation of
intermediatd1. As the system moves to transition sfite significant structural changes occur.
Firstly, the chloride atom migrates toward the logdn atom of the N(1)-H group until the
C(1")-Cl bond disruption due to the stabilizing Vder Waals interaction between the CI and
H(1") atoms within a distance of 2.7 A. Secondlapproachede until the distance between the
C(1) and N(1) atoms (BD C(1')-N(1)) shortens t851A and the Wiberg bond index (Bl C(1')-
N(1)) increases to 0.41. Simultaneously, the pasitharge on the C(1') atom 4hincreases
progressively from +0.55 iR to +0.80 inT1, whereas N(1) olle becomes more negative (-
0.65) inT1 along the same path. This exhibits a weak andhhigblarized C(1')-N(1) bond
formation afT1.

cl- 001@ 0
+oao vO
<_0o 20.65
o3, Neg? Q ) @\ ¢o
+0.55 ¥ 4 TN ci N= A

0~C °>N0’1"\
\
N-— C’go 0.69
</ Z T3 < 1+0.68
o=C __(_):_6——8’0 N}
—}\11.1({9:5—0/Q 12 |
C_  +0.67- 084
N

Scheme 6 B3LYP/6-31+G(d,p) calculated geometries of optiedR, T, |, andP for reaction
pathway (1) ofle and4 to 5e Wiberg bond index (regular values) and NPA char@eld italic
values).
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As the system goes further to intermediHte H(1") migrates toward chloride until HCI
molecule creation. BD C(1')-N(1) further shorteasit39 A and Bl C(1')-N(1) increases to 1.05.
The stabilization energy o1 is 31.84 kcal/mol for the solvent phase. The catgpmigration of
Cl to H(1") and C(1")-N(1y-bond formation is the most significant change frointo I11. The
transition ofl1 via T2 to 12 requires activation energy 38.18 kcal/mol for lvaot. At this step,

4 together with N(2')-S(2")=0(2") moiety migratesveods the C(2)=0(2") bond plane I& with

the nitrogen N(2') atom heading towards C(2) amdS(R') atom heading towards the O(2') atom
until the system reacheéR2. With this migration, ther-electrons from C(2)=0(2') ofe and
N(2)=S(2") of4 are used to form new N(2")-C(2) and S(2')-O@'bonds. As a result, the
negative charge on the N(2') atom of the N(2')33{@hd decreases gradually from -0.83kh

to -0.69 inl2 and O(2") charge of the C(2)=0(2") bond changa® #0.73 inT2 to -0.69 inl2. It
causes the N(2')-S(2") bond weakening from Bl N&23') 1.50 inl1l to 0.81 inT2 and the
C(2)=0(2") bond weakening from Bl C(2)=0(2") 1.66Q90, respectively. Simultaneously, the
new bonding interactions N(2')---C(2) and S(2'2{2") form until the bond index increases to
Bl N(2")-C(2) 0.36 and BI S(2')-O(2") 0.33 &2. As the system moves 8, the N(2')-C(2) and
S(2')-0(2") bonds further strengthen to Bl N(2'RX0.96 and Bl S(2')-0O(2") 0.72 respectively,
whereas, the N(2')-S(2') bond further weakens fBInN(2")-S(2") 0.81 inT2 to 0.74 forl2 at
this step. The structure ¢2 is analogous to that of2 with the stabilization energy 23.29
kcal/mol for a solvent. The main structural chawdgehis step is N(2")=S(2") and C(2)=0(2')
bond transformations from+ to as-bonding character until the formation of cyclitrégonalo-
bonded intermediate compld®2. Starting froml2, the reacting system easily reaches the
transition statd 3 leading to final products.

The energy barrier of the third step is 8.68 kunal/ for a solvent. The N(2)=S(2") and
C(2)=0(2") bonds disruption with simultaneous ${@12") and C(2)=N(2'x bonds creation is
the main structural change of this step. Startmognfi2 to T3, the electron density flows to the
O(2") atom ofle increasing the negative charge from -0.692ato -0.84 atT3, whereas, the
positive charge on the C(2) atom decreases frof@8Ho. +0.61 along the same path. With this
charge transfer, the polarization, weakening andtleening of C(2)-O(2') and N(2")-S(2') bonds
occur. For example, the C(2)-O(2") bond weakens fBd C(2)-O(2") 0.90 a2 to Bl C(2)-O(2")
0.47 atT3 upon bond disruption &, whereas, C(2)=N(2') bond strengthening occursfro
Bl C(2)-N(2") 1.08 aff 3 to BI C(2)-N(2") 1.59 at the produse along the same path.

The detailed theoretical analysis of the intecactf 3,5-dimethyl-1,3,4,5-tetrahydrd421,5-
benzodiazepin-2-onelé with 2-sulfinylaminobenzoyl chlorided) showed that the acylation-
cyclization reaction can be described as sequethtiak-step process. Firstly, the pre-reactive
reactant complex is activated to intermediate wttbilized Van der Waals interaction between
Cl and H atoms. Secondly, the Van der Waals staguilintermediate complex transforms to the
cyclic tetragonab-bonded intermediate complex with the activatiomriea of 38.18 kcal/mol
suggesting that this step along the reaction gathte limiting. Thirdly, the tetragonatbonded
intermediate transforms into the final product 8imethyl-6,7-dihydroquinazolino[3,2-
aJ[1,5]benzodiazepin-13(3)-one 66) and SQ with the activation barrier of 8.68 kcal/mol.
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During the acylation-cyclization reaction pathwte transfer of the charge andond electron
density is significant. This suggests the compéidatature ot- andz-bonding transformations
on the reaction path. The solvent influence on treacrate points out that the solvents
effectively lower the energy of reaction barrieddavor the reaction path.

Conclusions

A simple and efficient method for the preparatioh Sesubstituted 7-methyl-6,7-dihydro-
guinazolino[3,2a][1,5]benzodiazepine-13-ones via a single acylatipclization process using
readily available 2-sulfinylaminobenzoyl chloridesdescribed. Operational simplicity and good
yields are the salient features of this methods Thethod may be applicable for the synthesis of
libraries of fused polycyclic 1,5-benzodiazepini®s. Furthermore, a detailed theoretical
analysis of the acylation-cyclization reaction escdribed for the first time.

Experimental Section

Computational details

The relevant stationary points were fully optimizedthe gas phase using DFT method with
hybrid density functional B3LYP using 6-31+G(d,pAsis set. Stationary points were further
characterized as minima with all real frequencieastransition states with only one imaginary
frequency by computations of harmonic vibrationagfiencies at the same theory level as
geometry optimization. The connection between tifeerédnt transition states and reaction
intermediates was ensured by intrinsic reactiorrdinate calculationd’ “AG* were calculated
as the difference of free energies between tramsgiates and intermediate complexes. Zero-
point energies and thermodynamic parameters at R%hd 100 kPa were obtained from
harmonic vibrational frequency calculations. In erdo account for the solvent effects, the
solvation energies were calculated on the gas-pbpis@ized structures with the self-consistent
reaction field method on the basis of the polarizedtinuum model (PCMY In this work,
single-point energy calculations at the PCM/6-31a;@) level were carried out in DCE solution
on the basis of the gas-phase optimized geomeitsigaplemented in Gaussiant3.

Experimental details

Melting points were determined in open capillamesa MEL-TEMP 1202D apparatus. The IR
spectra (potassium bromide) were taken on a Pé&ilkier Spectrum GX FT-IR spectrometdH.
and*C NMR spectra were recorded on Bruker Asced@0 at 302 K. Chemical shift§)(are
reported relative to tetramethylsilane (TMS) witle solvent reference: CDQPB 7.26 ppm), for

'H NMR and CDC} (5 77.0 ppm), for®*C NMR. The reaction progress and the purity of the
compounds were controlled by TLC on a Merck preetatilica gel aluminum roll (60F254)
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with chloroform-ethyl acetate-methanol/y, 14:7:1) as the eluent. Dry columwacuum
chromatograph was performed with silica gel 60 (0.015—-0.040 nierck). Microanalyses
were performed with Thermo Scientifid~zlash 2000 CHNS/O analyser. The synthesis and NMR
spectral data of the starting 5-acetylla)(*® 5-formyl- (1b),** 5-benzoyl- 1¢),*° 5-methyl- (&*
and 5-benzyl- 1)*® benzodiazepinones were published previously; taelyn synthesized 5-
ethoxycarbonyl compountd is described here.

General procedure for the synthesis of 5-R-7-methy8,7-dihydroquinazolino[3,2-a]-
[1,5]benzodiazepin-13(B)-ones (5a-f, 8 and 9)A suspension of anthranilic acid (0.82 g, 6.0
mmol) or substituted anthranilic ads7 and thionyl chloride (4.3 mL, 60 mmol) in dry bene
(60 mL) was refluxed until the reaction mixture dew clear (2-3 h). The solvent was
evaporated under vacuum. Then, dry benzene (30 wads) added and distilled out. After
repeating this procedure twice, the resulting daitkwas dissolved in dry DCE (10 mL) and
added to a dry DCE solution (60-80 mL) of the appeie 5-substituted benzodiazepin-2-one
la-f (4 mmol) with stirring, which contains DIPEA (1L, 10 mmol) and catalytic amount of
DMAP. The reaction mixture was stirred at room tenapure for 18-24 h and then diluted with
150 mL of DCE. The solution washed with 5% NaHC&nd water, dried and evaporated to
dryness in vacuum. The obtained oily residues wileea subjected to a dry column vacuum
chromatography (silicagel) using a mixture of DQOffl &thyl acetate (3:1) as eluting solvent.
After chromatographic purification, the resultingngpoundssa-f, 8 and 9 were recrystallized
from dichloromethane-diethyl ether mixture.
5-Acetyl-7-methyl-6,7-dihydroquinazolino[3,2a][1,5]benzodiazepin-13(5l)-one (5a).Sandy
crystals, yield 74%, 0.68 g, mp 248—2%D IR (KBr, vina, CmMiY): 1687 and 1660 (C=0), 1609
(C=N).*H NMR (400 MHz, CDC}): 8; 1.41 (3H, d3J 6.5 Hz, 3-CH), 1.84 (3H, s, COCH),
2.86 (1H, ddq®Juy 12.6 Hz,20uy 12.6 Hz,23u 6.4 Hz, 3-CH), 3.42 (1H, dd)uy 5.9 Hz, %04y
12.5 Hz, 4-CH), 4.54 (1H, dd3Juy 12.5 Hz, 2wy 12.5 Hz, 4-CH), 7.32-8.29 (8H, m, Ckbn).
13C NMR (100 MHz, CDQ) 8¢ 13.8 (3-CH), 22.7 (CQCH3), 36.5 (C-3), 54.6 (C-4), 121.0 (C-
1), 127.1 (2CH), 127.8 (CH), 128.7 (CH), 129.0 (CE29.3 (CH), 129.9 (CH), 133.8 (C-9a or
C-5a), 134.7 (CH), 136.2 (C-5a or C9a), 146.9 (>155.8 (C-2), 161.0 (1-CO), 170.2 (5- CO);
Anal. Calcd. for GgH17/N30, (319.36): C, 71.46; H, 5.37; N, 13.16. Found: €C67; H, 5.50; N,
13.00 %.
7-Methyl-13-ox0-7,13-dihydroquinazolino[3,2a][1,5]benzodiazepine-5(6l)-carbaldehyde

(5b). Yellowish crystals, yield 53%, 0.65 g, mp 25402&. IR (KBr, vmas Cm-): 1687 and
1667 (C=0), 1609 (C=N):H NMR (400 MHz, CDCJ): &4 1.32 (3H, d,*J4y 6.5 Hz, 3-CH),
2.89-3.09 (1H, m, 3-CH), 3.52 ((0.86)1H, dyy 5.5 Hz, 2Jyy 12.5 Hz, 4-CH), 3.82
((0.14)1H, dd 23y 5.5 Hz,%0un 11.7 Hz, 4-CH)), 3.97 ((0.14)1H, dd®Juy 11.7 Hz,2Juy 11.7
Hz, 4-CHp), 4.03 ((0.86)1H, ddfJqn 12.5 Hz, Iy 12.5 Hz, 4-CH), 7.44—-8.17 (8H, m, Clbn),
8.23 ((0.14)1H), s, COH), 8.26 ((0.86)1H, s, COHZ NMR (100 MHz, CDGJ): 8¢ 13.9 (3-
CHs), 35.3 (C-3), 52.7 (C-4), 120.7 (C}1126.7 (CH), 127.2 (CH), 127.3 (CH), 128.0 (2CH),
128.2 (CH), 129.6 (CH), 132.5 (C-5a or C-9a), 13€19a or C-5a), 135.0 (CH), 146.4 (O52
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156.5 (C-2), 160.1 (1-CO), 162.0, 162.5 (5-CO); Kr@alcd. for GgH1sN3O, (305.33): C,
70.81; H, 4.95; N, 13.76. Found: C, 71.02; H, 50813.94 %.
5-Benzoyl-7-methyl-6,7-dihydroquinazolino[3,2a][1,5]benzodiazepin-13(5)-one (50).
Sandy crystals, yield 69%, 1.05 g, mp 164-I66IR (KBr, vinax, cmi‘): 1687 and 1654 (C=0),
1609 (C=N).*H NMR (400 MHz, CDC}): 84 1.51 (3H, dJun 6.5 Hz, 3-CH), 3.02 (1H, ddq,
33un 12.6 Hz,*Juy 12.6 Hz,3Juy 6.4 Hz, 3-CH), 3.74 (1H, dd)uy 5.7 Hz,%uy 12.6 Hz, 4-
CH,), 4.38 (1H, dd®Juy 12.6 Hz, %y 12.6 Hz, 4-CH), 6.81-8.37 (13H, m, Cfbn); °C NMR
(100 MHz, CDC}): 8¢ 14.0 (3-CH), 36.1 (C-3), 56.5 (C-4), 121.1 (C1127.1 (CH), 127.3
(CH), 127.6 (CH), 127.9 (CH), 128.@-CHPh), 128.9 (CH), 129.1m¢CHPh), 129.3 (CH),
129.5 (CH), 130.6p-CHPh), 132.8i¢CPh), 134.2 (C-5a or C-9a), 134.8 (CH), 137.4 &e9
C-5a), 146.8 (C-2, 156.3 (C-2), 161.0 (1-CO), 170.7 (5-CO); Anahl€. for G4H19N30,
(381.43): C, 75.57; H, 5.02; N, 11.02. Found: C725H, 4.83; N, 10.88 %.

Ethyl 7-methyl-13-ox0-7,13-dihydroquinazolino[3,2a][1,5]benzodiazepine-5(6i)-carboxy-
late (5d). Yellowish solid, yield 50%, 0.70 g, mp 196—1%8. IR (KBr, vmax cm-): 1706 and
1686 (C=0), 1609 (C=NYH NMR (400 MHz, CDC}): &4 1.09 (3H, br s, OC}CH3), 1.49 (3H,

d, 3y 6.5 Hz, 3-CH), 2.84-2.93 (1H, m, 3-CH), 3.59 (1H, ddyy 5.2 Hz,%0uy 11.2 Hz, 4-
CHy), 3.97 (1H, br s, OB,CHs), 4.07-4.15 (1H, m, 4-CHi 4.20 (1H, br s, OB,CHj3), 7.35—
8.31 (8H, m, Chon). “*C NMR (100 MHz, CDG): 8¢ 13.8 (3-CH), 14.3 (OCHCHs3), 36.5 (C-
3), 56.6 (C-4), 62.0 (OH,CHa), 121.2 (C-1), 126.9 (CH), 127.1 (CH), 127.6 (CH), 127.7 (CH),
128.6 (CH), 129.0 (CH), 129.3 (CH), 133.0 (C-5as8a), 134.5 (CH), 135.1 (C-9a or C-5a),
146.9 (C-2), 155.0 (C-2), 156.2 (5-C0OO0), 160.8 (1-CO); Ar@hlcd. for GoH19N303 (349.38):
C, 68.75; H, 5.48; N, 12.03. Found: C, 68.50; 55N, 11.82 %.
5,7-Dimethyl-6,7-dihydroquinazolino[3,24a][1,5]benzodiazepin-13(H)-one  (5¢). Sandy
crystals, yield 62%, 0.72 g, mp 109-1°C1 IR (KBr, vimay cmiY): 1676 (C=0) and 1609 (C=N).
'H NMR (400 MHz, CDCY): 84 1.38 (3H, dJun 6.4 Hz, 3-CH), 2.72 (3H, s, 5-Ch), 2.91—
3.04 (2H, m, 3-CH + 4-C}, 3.26 (1H, dd3Ju 9.5 Hz,2Juy 11.7 Hz, 4-CH), 7.16-8.32 (8H,
m, CHuron). *C NMR (100 MHz, CDGJ): 8¢ 14.0 (3-CH), 37.1 (C-3), 40.2 (5-Ch), 66.8 (C-4),
119.0 (CH), 121.4 (C4, 122.6 (CH), 126.5 (CH), 127.1 (CH), 127.27 (CH28.36 (CH),
129.61 (CH), 129.69 (C-5a or C-9a), 134.27 (CH}.84 (C-9a or C-5a), 146.85 (C}2158.1
(C-2), 160.9 (1-CO); Anal. Calcd. for1§H17/N3O (291.35): C, 72.20; H, 5.88; N, 14.42. Found:
C, 72.39; H, 6.06; N, 14.60 %.
5-Benzyl-7-methyl-6,7-dihydroquinazolino[3,2a][1,5]benzodiazepin-13(5)-one (5f). Sandy
solid, yield 53%, 0.78 g mp 68—7C. IR (KB, Vimax ci‘): 1686 (C=0), 1608 (C=NYH NMR
(400 MHz, CDCH): 84 1.32 (3H, d2Juy 6.1 Hz, 3-CH), 2.95-3.03 (2H, m, 3-CH + 4-GH 3.20
(1H, dd, %3 11.5 Hz,%3y 13.5 Hz, 4-CH)), 4.00 and 4.39 (2H, AB%Jun 10.2 Hz, 5-CH),
7.10-8.38 (13H, m, Cbn). *C NMR (100 MHz, CDG): 8¢ 14.0 (3-CH), 37.0 (C-3), 56.9 (5-
CHy), 64.1 (C-4), 120.4 (CH), 121.2 (C}1123.2 (CH), 126.6ptCHPh), 127.1 (2CH), 127.4
(CH), 128.0 ¢-CHPh), 128.3 (CH), 128.4r¢CHPh), 129.6 (CH), 130.7 (C-5a or C-9a), 134.4
(CH), 137.3 (-CPh), 144.4 (C-9a or C-5a), 146.8 (¢-458.3 (C-2), 161.0 (1-CO) ppm. Anal.
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Calcd. for G4H21N3O (367.44): C, 78.45; H, 5.76; N, 11.44. Found:78,23; H, 5.65; N,
11.26 %.
5-Acetyl-12-chloro-7-methyl-6,7-dihydroquinazolinoB,2-a][1,5]benzodiazepin-13(5l)-one

(8). Yellowish crystals, yield 68%, 0.89 g, mp 264626. IR (KBr, vmay cmi): 1699 and 1661
(C=0), 1619 (C=N)!H NMR (400 MHz, CDC}): &y 1.38 (3H, d,*J.y 6.5 Hz, 3-CH), 1.86
(3H, s, COCH), 2.83 (1H, ddqJyn 12.5 Hz,3Ju 12.5 Hz,2J4y 6.3 Hz, 3-CH), 3.41 (1H, dd,
3341 5.9 Hz,%Juy 12.5 Hz, 4-CH), 4.53 (1H, dd®Juy 12.5 Hz, Iy 12.5 Hz, 4-CH), 7.31-7.68
(7H, M, CHyon). °C NMR (100 MHz, CDCJ): 8¢ 13.6 (3-CH), 22.8 (CQCHS3), 36.5 (C-3), 54.4
(C-4), 118.2 (C-D, 127.1 (CH), 128.7 (CH), 129.9 (CH), 129.5 (CH29.0 (CH), 130.0 (CH),
134.0 (CH), 133.6 (C-9a or C-5a), 134.5 ((,-636.1 (C-5a or C-9a), 149.3 (02156.6 (C-2),
159.1 (1-CO), 170.3 (5-CO); Anal. Calcd. forgB16CIN3O, (353.80): C, 64.50; H, 4.56; N,
11.88. Found: C, 64.29; H, 4.64; N, 11.80 %.
5-Acetyl-11-bromo-7-methyl-6,7-dihydroquinazolino[32-a][1,5]benzodiazepin-13(5l)-one

(9). Yellowish crystals, yield 51%, 0.93 g, mp 286928. IR (KBr, vmay crmi’): 1686 and 1656
(C=0), 1611 (C=N)!H NMR (400 MHz, CDC)): &y 1.39 (3H, d,*J4y 6.5 Hz, 3-CH)), 1.84
(3H, s, COCH), 2.79-2.90 (1H, m, 3-CH), 3.41 (1H, ddyn 5.5 Hz,%Jun 12.4 Hz, 4-CH), 4.54
(1H, dd,*Juy 12.4 Hz,2Jyn 12.4 Hz, 4-CH), 7.33-8.40 (7H, m, Cbn). “°C NMR (100 MHz,
CDCl): dn 13.8 (3-CH), 22.7 (CQCH3), 36.6 (C-3), 54.5 (C-4), 120.6 (C}b122.4 (C-I),
128.8 (CH), 129.1 (CH), 129.2 (CH), 129.6 (CH), B6CH), 130.2 (CH), 133.5 (C-9a or 5a),
136.1 (C-5a or C-9a), 137.9 CH), 145.8 (§-256.3 (C-2), 159.9 (1-CO), 170.2 (5-CO); Anal.
Calcd. for GoH16BrN3O; (456.38): C, 57.30; H, 4.05; N, 10.55. Found: @49; H, 4.20; N,
10.37 %.

Ethyl 3-methyl-4-ox0-2,3,4,5-tetrahydro-H-1,5-benzodiazepine-1-carboxylate  (1d).
Compoundld was obtained according to the procedure descfibiedm 3-methyl-1,3,4,5-
tetrahydro-#-1,5-benzodiazepin-2-ofie(3.6 g, 20 mmol), triethylamine (2.8 mL, 20 mmol)
and ethyl chloroformate (2.1 mL, 22 mmol) in dry FHCrystallization from ethyl acetate-
diethyl ether gavdd (4.1 g, 86%), mp 101-1C%. IR (KBr, vmas cmi’): 3187 and 3124 (NH),
1703 and 1668 (C=0JH NMR (400 MHz, CDC}): 8y 1.13 (3H, dJun 6.6 Hz, 3-CH), 1.11—
1.42 (3H, br m, OCbkCHs), 2.78 (1H, pd3Juy 6.6 Hz,%Juy 13.0 Hz, 3-CH), 3.73 (1H, ddJun
6.6 Hz,%Juy 12.3 Hz, 4-CH), 3.95-4.35 (3H, br m, 4-GH+ OCH,CHs), 7.06-7.41 (4H, m,
CHaron), 8.16 ((0.26)1H, s, NH), 8.35 ((0.74)1H, s, NEC NMR (100 MHz, CDGJ): 8¢ 12.7
(3-CHg), 14.4 (OCHCHg3), 35.5 (C-3), 55.9 (C-4), 62.1 @M,CHy), 122.7 (C-9), 125.7 (C-7),
128.0 (C-6), 129.7 (C-8), 133.3 (C-5a), 134.7 (¢-985.0 (COO), 175.21 (C-2); Anal. Calcd.
for Ci3H16N203 (220.27): C, 62.89; H, 6.50; N, 11.28. Found: 806; H, 6.41; N, 11.49 %.
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