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Abstract

Tetrazolo[1,58][1,5]benzodiazepine derivatives as products ofdydization were synthesized
and characterized by the methods’df *C NMR, IR, UV-Vis and elemental analysis. The
NMR properties are described and compared with khewn starting 4-hydrazino-1,5-
benzodiazepines. The methods of molecular modehiege applied for examination of the
structural features of the products. Fluoresceap@rties of the title compounds were studied
and discussed.

Keywords: 1,5-Benzodiazepines, tetrazoles, cyclization, U¥;Viluorescence, molecular
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Introduction

The chemistry of heterocyclic compounds has beentaresting field of the research for a long
time. Heterocycles containing nitrogen ring systemdoubtedly belong to the most important
natural compounds as latter take part in many biosdly significant reactions. A great deal of
attention owing to the high synthetic potential @ahd outstanding applications of this class of
substances developed as pharmacologically activepeonds or drugs®

Tetrazoles are useful reagents in heterocyclicthegis and are widely used in ring
cleavage/ring closure reactions with electrophiéiagents to form new C—N and N-N bofids.
Main synthetic routes for these compounds are phétl in a wide range of scientific journafs.
As a result, a variety of new improved compoundskaing added to this field every yetire
synthesis of tetrazoles has been carried out infigh@ of material sciences, explosives, and
photography. The interest in the synthesis of mdésc bearing tetrazole group and the
application of tetrazoles as raw material for megicagrochemicals, foaming agents and in the
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automobile inflator industr} Some tetrazole and benzodiazepine derivatives seel as a
fluorescent chemosensdrs:® This prompted us to incorporate the tetrazole tydigo the 1,5-
benzodiazepines as continuation of our earlier veorkhe synthesis fused tricyclic molecut&s.
19 The present work was undertaken to prepare assefi¢etrazolo derivatives based on the
previously described 4-hydrazino-1,5-benzodiazepimairing this study, some new tetrazoles
fused with molecule of 1,5-benzodiazepine, weretmgized, the peculiarities of structure and
fluorescence properties were investigated.

Results and Discussion

During our research of 1,5-benzodiazepines, we fawad that 1,5-benzodiazepin-2-thiones can
be easily converted to 4-hydrazino-1,5-benzodiamdf?° This fact led us to carry out the
synthesis of some tertazoles by making use of 4dzydo-1,5-benzodiazepines as starting
materials.

The synthesis of tetrazolo[1&fl,5]benzodiazepines?a-j was accomplished by the
diazotization of 4-hydrazino-1,5-benzodiazepidag with sodium nitrite and hydrochloric acid
in water. Cyclization of the hydrazine group teetdzole was carried out with good yields.
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2a-R=NO; R=H; R,=CH; 1,2f-R=COCH; R=H; R.=CH;,
1b-R=H; R=CH3;; R,=H 1,29-R=COCH; Ri=CHs;; R,=H
2b-R=NO; R=CH;; R,=H 1,2 h- R =CONHGHs; Ri=H; R,=H
1,2c-R=CH; R=H; R,=H 1,2i- R =CONHGHs;, Ri=H; R,=CH;

1,2d-R=CH;R=H;R=CH; 1,2j-R=CONHGHs; Ri= CHs;; R,=H
Scheme 1Synthesis of tetrazolo[1,8}{1,5]benzodiazepineé&-j).
The reaction yields depend on the nature of tlstguent at the 1-N atom of 4-hydrazino-
1,5-benzodiazepineka-j. The synthesis pathway for tetrazolo[&]t,5]benzodiazepineda-j is

shown in Scheme 1. It was observed that underacimhditions the nitrosonium cation reacts
with an amine of compound, b and to produces nitrosamine. The existence obsotigroup
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in these molecules was confirmed by IR spectros@q/ elemental analysis. The purity of all
synthesized compounds was controlled by thin lalileomatography and elemental analysis.

The structure of obtained produ@a-j was proved by the methods t, *C NMR, IR
spectroscopy. The numbering of atoms in compo@adsand their names expressed according
IUPAC are presented in Experimental Section.

The main problem of present work was to ascettarnformation of tetrazole ring, therefore
the NMR spectra d?a-j andla-j were exhaustively studied. Additionally arbitranymbering of
atoms used for the NMR, molecular modeling, absmrbaand fluorescence analysis due to
plainly systematization and comparison of obtaidath is presented in Scheme 1.

The synthesis and characterization of startingpmmadsla-j were published previousf/*°
and not presented in Experimental, however thesepoands were synthesized again, NMR
spectra were recorded and examined for comparisgpopes.

The substituents located at 5-N position madeifstgnt influence on NMR spectra due to
donor/acceptor properties of later and alternatidnthe spatial structure of both type of
molecules 2a-j and 1a-j). It should be noted that the starting compoufédsg are flexible
molecules possessing NHMNnd CHR-CHR, fragments causing broadening of spectral lines
in '"H NMR spectra. Consequently these spectra weredr&ssnative.

Table 1.°C NMR experimental and calculated (DFT) chemicé#tstand Hiickel charges dt
and2ccarbon atoms

Atoms Sexp, PPM Scal, PPM  Sexp- Ocalc Oexp- Ocalc Charges, a.u.
1c 2C  Opc-01c 1c 2C 1c 2C 1c 2c
C-2 153.4 153.2 -0.2 147.456.8 6.0 -3.6 0.247 0.151
C-3 30.3 23.4 -6.9 429 295 -12.6 -6.1 -0.109 98.0
C-4 58.3 56.1 -2.2 53.1 479 5.2 8.2 0.032 0.031
C-5a 141.2 141.8 0.6 145.947.0 -4.7 -5.2 0.061 0.085
C-6 1194  119.7 0.3 121.8120.3 -2.4 -0.6 -0.199 -0.168
C-7 1246  130.1 55 123.230.3 1.4 -0.2 -0.097 -0.058
C-8 120.0 1224 24 12211225 -2.1 -0.1 -0.160 -0.156
C-9 1226 124.0 1.4 120.224.1 2.4 -0.1 -0.136 -0.081
C-9a 134.4 127.0 -7.4 139.3315 -4.9 -4.5 0.057  0.000
5-NCH; 41.4 41.5 0.1 473 37.2 -5.9 4.3 -0056 -0.054

The compounddc,d and2c,d were selected for the detailed structural invesim as the
most suitable one’s owing to the simplest substitue 5-N. The 2D'H/**C HMBC NMR
spectra allowed the complete assignment of theneesres oflc,d and 2c,d compounds®C
NMR resonances (Table 1.) unambiguously ascribda snd 2c suggested the most significant
discrepancies in chemical shifts between C-3, Ca@d, C-7 atoms being -6.9 ppm, -7.4 ppm,
and 5.5 ppm respectively. Taking into account thenaical shift theory, these values were
stipulated by influence of formation of tetrazoileg on « (C-3) of aliphatic, and QC-9a), G
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(C-7) positions of aromatic moieties. Data of meméid above studies of the particular spectral
patterns evidenced the changes between the sesdiyd and2c,d confirming the formation of
tetrazole ring. In addition the Huickel chargesarbon atoms obtained from modelslafand2c
molecules (Table 1.) using MM2 method followed sagne trend aSC chemical shift values.
Following our interest in cyclization area, thid/™N HMBC NMR spectra forlc and 2c
compounds were recorded. The spectral datecalemonstrated the presence of N-5, N-1, and
N-2' atoms, which have characteristic chemical shit82 ppm, 101.81 ppm and 248.08 ppm
respectively, wheredc indicate also N-5, N-1, and N-atoms, but the chemical shifts of these
atoms were changed — 47.24 ppm, 241.21 ppm, an@8pPm respectively.

In addition, to verify the proposed structuredofand2c a GIAO-DFT calculations of NMR
spectra were carried out using Gaussiait0Bhe geometry of models of molecules were
optimized by MOPAC to obtain global energy minimuang finally - by Gaussian-03. THé&C
chemical shifts were calculated by DFT method a&elleB3LYP/6-311+G(2d,p). The PCM
solvation model was applied for calculation of gpmedn CDC} solutions. The pattern of
calculated'®C spectra depends on location methyl group at 54 spectra calculated for
models with equatorial location methyl group at Siddwed better correlation with experimental
ones for both of type of compounds.

Table 2.7-Bond order in extended conjugated systerfiasf compounds

Bonds 2a 2b 2c 2d 2e 2f 29 2h 2i 2]

N(1)-C(2) 1569 1571 1579 1.579 1576 1.575 1.5I5573 1.568 1.588
C()-N(2) 1.704 1702 1.695 1.695 1.698 1.699 1.703 1.70%05l 1.704
N(2)-N(2") 1.595 1.597 1.603 1.602 1.600 1.599 1.593 1.598911 1.592
N@2)-N(') 1.749 1.747 1741 1742 1.744 1745 1.751 1.746521 1.751
N(1)-N(1) 1428 1.430 1.436 1.436 1.433 1.433 1.42430. 1.423 1.423
N(1)-C(9a) 1.257 1.257 1.250 1.250 1.253 1.252 8.25.254 1.261 1.262
C(9a)-C(5a) 1.612 1.612 1.608 1.608 1.609 1.60728l.61.610 1.639 1.636
C(5a)-C(6) 1.639 1.638 1.622 1.622 1.631 1.633 3..68.636 1.672 1.675
C(6)-C(7)  1.672 1672 1.681 1.682 1.675 1.672 1.65572 1.663 1.661
C(7)-C(8)  1.655 1.655 1.645 1.645 1.651 1.654 1.6I455 1.663 1.666
C(8)-C(9) 1.676 1.677 1.685 1.685 1.680 1.677 1.66577 1.673 1.670
C(9)-C(9a) 1.634 1.633 1.624 1.624 1.629 1.632 9A.62.632 1.637 1.640
C(a)-N() 1293 1.295 1.337 1.338 1.320 1.320 (1.00.308 1.000 1.000
NG)-NGE) 1.369 1.327 - - - - - - - -

N(5)-O(1) 1.910 1.925 - - - - - - - -

N(5)-C(3) - - 1.000 1.000 1.062 1.049 1.000 1.231 1.0000Q.0
C()-0(1) - - - - 1.902 1.904 2.000 1.878 2.000 2.000
C(5)-NH) - - - - - - - 1.000 1.000 1.000

Table 2 (continued)

Page 74 ®ARKAT-USA, Inc.



Bonds 2a 2b 2c 2d 2e 2f 29 2h 2i 2j

N(H)-C() - - - - - - - 1.000 1.000 1.000
- - - - - - - 1.667 1.667 1.667

C@H-Cl) 1.667 1.667 1.667

] . ) ] ] ] ; 1.667 1.667 1.667
C(0)-C(m) 1.667 1.667 1.667
cm-Cp) - ; ; ; ; ; ; 1.667 1.667 1.667

The calculated correlation coefficient f6€ spectra of model with equatorial methyl group
at 5-N was 0.993 and 0.996 fac and 2c respectively. It is valuable to note, that caloedat
spectra represent shielding of atoms of motionfilgen structures as well as experimental —
time averaged shielding of corresponding atoms fedimavailable conformers involved into
conformational-rotational movement. The comparisboalculated and experimentadC spectra
of 1c and2c are presented in Table 1. It should be concludat ékperimental and theoretical
NMR spectra ofl.c and2c correspond to the same structures.

It was observed that fluorescence is charactetistall studied compounds. In most cases the
fluorescent compounds possess aromatic systerfiberefore 2a-j compounds were also
suitable for the examination in this point of vieWhe molecules containing benzene with
coplanar heterocycles moieties show existence ténebed system of conjugated bonds. To
evaluate the existing conjugated bond system, thlegular models of all possible conformers of
study compounds were created, optimized (MM2) ahthined data were analyzed. It was
clarified, that the present of substituents at @3} positions and their spatial location have no
significant influence on the-bond order values (less than £ 0.005).

Consequently ther-bond order values of molecular models with equatdocation of
substituents were listed in Table 2. As shown ihl@&, some of substituents at 5-N are partially
involved in extended-bond system.

Changes in the extendedbond system lead to a shift of the absorption funarescence
spectra maximum and to the changes in the fluonegcquantum yield. The UV-visible spectra
of compound£a-j in ethanol, 1,4-dioxane and DMSO were recordeithénregion 220-350 nm.
Absorption spectra o2a-j in ethanol are presented in Fig. 1. Compoundsafaing electron
donor groua-d showed two bands in the 220-230 nm and 290 -34@egons and a shoulder
near 250 nm region Fig. 1: a. Their adsorption speare similar, with the exception of
compoundb, which absorption spectra is free of sharp absmrphaximum and the increase of
absorption was observed in the interval 300-220 Tine maximums of absorption spectra for
compoundge-j containing electron acceptor groups are observedearegions 220-225, 270-
290 nm (Fig.1: b) or 230-235, 280-310 nm (Fig. )1 with shoulders near 240 or 250 nm, when
R is acetyl or carbamoyl group, respectively.
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Figure 1. Absorption spectra of compounds containing: etecttonor group2a-d (a), electron
acceptor groupe-g(b) and2h-j (c) in ethanol.

Absorption spectra maximuma,f) of compound2h-j are shifted about 10-15 nm to the
longer wavelength band in comparison with compoutedg Absorption spectra ¢fa, d, i,and
f in ethanol, 1,4-dioxane and DMSO are presentedgnZ: The slight influence of solvents on
absorption spectra of investigated compounds wasrebd. In 1,4-dioxane absorption spectra
were observed at a longer wavelength (230-350 nmpmparison with spectra in ethanol (220-
350 nm). Whereas the absorption spectra in DMSQtisal were observed in still narrow (250-
350 nm) region. The calculateg,s values of extinction coefficients)(in ethanol, 1,4-dioxane,
and DMSO are presented in Table 3. Values of etxtincoefficient §) were determined as the
slope of the plot of absorbanegconcentration. The excitation wavelengthgt= 280 nm and
dry ethanol as solvent were used to study the dkmence properties of new tricyclic 1,5-
benzodiazepines, because all of synthesized condgs@arj show absorption at this wavelength.
Excitation and emission spectra of compounds iarethare presented in Fig. 3.
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Figure 2. The absorption spectra 2f (a), 2i (b), 2a (c) and2d (d) in ethanol, 1,4-dioxane and
DMSO.

Table 3. The absorption spectra maximayd and values of extinction coefficientg pf the
tetrazolo[1,5e][1,5]benzodiazepine derivativ@a-j in ethanol, 1,4-dioxane and DMSO

Ethanol 1,4-dioxane DMSO
Com- .
OISubstltuents g, g, g,
oun A absNM Mlemt 16 A abshM MLemt. 16 A absNM Mlenil. 16
3-CH;, 230,260, 11.2,5.5,
2a 5-NO 280 29 260, 310 5.4,2.7 260, 325 7.0, 3.0
4-CHg,
2b 5-NO 260, 280 8.0,4.0 260,310 10.7,10.9 260, 28®.2,4.9
2c 5-CHs 230, 260, 17.3, 6.0, 260, 310 8.5, 3.3 260, 310 6.4, 2.6
310 2.6
3-CH;, 230,260, 20.1,6.7,
2d 5-CH, 310 31 260, 310 6.8, 2.6 260, 310 5.5,2.3
252,257, 10.1,7.
2e 5-COCH 245, 280 22.1,2.1 52’805 ' 01,6 6, 260,280 5.9,1.6
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Table 3 (continued)

3-CHg, 252,257, 17.7,6.1,
2f 5-COCH, 245, 280 5.9,0.8 280 13 260,280 4.8,1.3
2 4-Ch, 240, 280 10.9, 0.5 260, 280 4.0,0.7 260, 28@3.2,0.6
g 5—COCl—b ) . k) - 1 - ) - ] . ] .
2h 5-CONHPh 232;3360’ 24";’ ]:!'2'8’ 260,280 11.8,54 260,28015.4,7.7
: 3-CH;, 230, 260, 21.6, 11.8,
2i 5.CONHPh 280 50 260,280 13.7,6.6 260, 28012.3, 6.2
. 4-CH;, 233,260, 225, 8.2,
2] 5.CONHPh 280 38 260, 280 8.0,4.8 260,280 11.5,6.0

The emission spectra of compounds containing releatonor groups (Fig. 3: a) were similar
and observed in the region 350-550 nm, whereas congs containing electron- acceptor
groups (Fig. 3: b, c) emission spectra were shiftethe shorter wavelength regions. Emission
spectra of compounds containing in R position dggtyup (Fig. 3: b) were observed at 300-450
nm region, whereas compounds, which have carbagroyp (Fig. 3: ¢) — at 320-500 nm. The
emission spectra di-h and2e-gare very similar among themselves. The fluorese@maission
spectra of tricyclic 1,5-benzodiazepines derivatiwgere measured in the 1,4-dioxane and
DMSO (Fig. 4). The change of solvent had littlduehce on the absorption spectra, but strongly
effected emission spectra. Excitation and emisspettra in the 1,4-dioxane (Fig. 4) as well as
in the ethanol (Fig. 3) showed, that all of synthed compounds show fluorescence. The
emission spectra in DMSO gave only compounds coimtgielectron donor groufa, candd,
except compoun@b. It is necessary to note, that fluorescence afzetes in ethanol and
DMSO is very weak or not observed when ing®sition is a methyl grou®b, g, j), but all
synthesized compounds fluoresce in 1,4-dioxane.
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Figure 3. The excitation and emission spectr&afj in ethanol. Compounds in R position
containing electron donor groupa—d (a) and electron acceptor grogesf (b) and2h-j (c).

The emission spectra of compourls2i, 2aand2d (without methyl group in Rposition)
in different solvents (Fig. 4) showed, that compaginontaining electron donor groups fluoresce
in all used solvents, but compounds containingtedacacceptor groups not fluoresce in DMSO.
The fluorescence of all synthesized compounds dipen its structure, as well as on the nature
of an appropriate solvent.

Fluorescence quantum yield®;) for all synthesized compounds in different solgewere
calculated. The fluorescence quantum yields) (of compounds2a-j were determinedsia
comparison method, using tryptophan as a standengle in 0.1 M potassium phosphate buffer
solution, pH 7.G° or quinine sulfate - in 0.1 M sulfuric acid soari®*

Absolute values are calculated using the standandples which have a fixed and known
fluorescence quantum yield value, according tadoHewing equation:

Dr= Dy (Fr/ F)(m%/ n’s)
Where the subscriptst and f denote standard and test respectiv@lyjs the fluorescence

guantum vyield, Rhe gradient from the plot of integrated fluoreszeimtensityvs absorbance,
andn the refractive index of the solvent. The maximalues of excitationi,) and emission
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(Aem) spectra in ethanol, 1,4-dioxane or DMSO and #soence quantum yieldd{ data of
synthesized compounds are presented in Table 4.

600 T T T T T 400 T T T T T T T

> B 7 > o
g 500 - a4 g
S L - $ 300
€ 400 - 2f 4 E i
8 300 -_ of / ethanol _— 8 00 L
5 i 1,4-dioxane 1 5
2 200 4 2 i
(O] (O]
5 E 5 100
3 100 -4 3
o (T r

0 1 | 1 | 1 0

300 350 400 450 300 350 400 450 500

Wavelenght, nm Wavelenght, nm
T T T T T T T 1000 T T T T T T T

2 800 > - 2d d
2 @ 800 1,4-dioxane m
£ 600 2 - 2d 1
c c
'é ‘s 600 F / \\/ DMSO .
c e L i
8 400 8 400 2d —
(D] (D]
g g B 7
S 200 S 200 N
[ [y E

o 0 1 | 1 | 1 i

350 400 450 500 550 350 400 450 500 550

Wavelenght, nm Wavelenght, nm

Figure 4. Emission spectra a2f (a), 2i (b), 2a (c), and 2d (d) in ethanol, 1,4-dioxane, and
DMSO. Compounds in R position containing electramat groups2a,d or electron acceptor
groups2f,i.

Table 4. The values of excitatior.{) and emission\¢,) spectra maximum, fluorescence
guantum yields®y) of 2a-j in ethanol, 1.4-dioxane, and DMSO

Com- _ Ethanol 1,4-dioxane DMSO
Substituent
pound Aex- Aem NM  @f,-10  dex- Aem MM @f,-1C  Aex- Aemnhm @y, 1C°
2a 3-CHg, 310 - 420 28*
5-NO 310 -420 287** 310-380 155* 320-400 711*
2b 4-CH;, 320 — 420 -
5-NO 320 —-420  93* 310-380 569** 320-420 -
2c 5-CH, 310-420 120*
310 -420 148** 310-380 235* 310-400 323*
2d 3-CH;, 310-420 120*
5-CHs 310 —-420 163** 310 -420 242** 320-420 332**
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Table 4 (continued)

Com- _ Ethanol 1,4-dioxane DMSO
Substituent

pound Aex- hem MM @p,- 10 Aex- Aem M @4, 10 Aex- Aemnm  @j,- 16

2e  5cocH ~ 280-340  58%  280-330  54* 280-340 -

2f 3-CH;,  280-340  3*  280-330 43* 280-330 0.6*
5-COCH,
29 4CH,  260-330  4*  280-330 06* 260-330 -
5-COCH,
2h 5 coNnph 280-340  1.9*  280-340  24* 280-330 -
2i 3-CH;, ~ 270-340  12*  280-340  26* 280-330 -
5-CONHPh
2] 4-CHs,  270-340 - 280-340  10*  280-330 -
5-CONHPh

*reference tryptophan as a standard sample in Opbtelssium phosphate buffer solution, pH
7.0, ** reference quinine sulfate as a standardmam 0.1 M sulfuric acid solution.

The compounds containing electron donor grodasd] show respectable quantum yields
(@) in used solvents, whereas quantum yiefblg 6f compounds containing electron acceptor
groups Re-j) are very low or its fluorescence is so insensithlat can not be calculated.

Conclusions

Tetrazolo[1,54][1,5]benzodiazepine derivatives were synthesizgdthe diazotization of 4-
hydrazino-1,5-benzodiazepines with sodium nitrited ahydrochloric acid in water. The
formation of tetrazole ring was proved B#/*°C, *H/®N HMBC NMR spectra, and by
calculated (DFT)®C NMR spectra. All synthesized compounds showedrdlscence in
solutions. The fluorescence intensity and a quanyigfd values of the new tetrazolo[1,5-
aJ[1,5]benzodiazepine compounds depends on its teteicas well as on the nature of an
appropriate solvent.

Experimental Section
General. Melting points were measured using a Barnsteadriat®mnal MEL-TEMP capillary

melting point apparatus and are not corrected. Eteah analyses (C, H, N) were performed on
Elemental Analyzer CE - 440. Absorption spectraevareasured on a computer-controlled
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“Nicolet evolution 300" spectrophotometer (Thermdeot&ron corporation, USA), and
fluorescence spectra on a Hitachi MPF-4 spectrafiueter (Japan). The optical path was 1 cm
and spectra were collected at a resolution of @ta doints per nanometer. IR spectra (4000 —
400 cm') were recorded on PERKIN Elmer Spectrum GX FT{#Rcirometer in KBr pelletdH
and**C NMR spectra were recorded on a Varian Unity In808 and Bruker Asceffd400 at
302 K. Chemical shiftsé] are reported relative to tetramethylsilane (TM8bh the solvent
reference: CDGI (5 7.26 ppm) for'H NMR and CDC} (5 77.0 ppm) for*C NMR. The values
of chemical shifts are expressed in ppm and cogptianstants J) in Hz. The molecular
modeling of the study compounds was carried outgu€ihem 3D Ultra 9.0 (Licence Cambridge
Software Package, Serial number: 031 406391 480. reactions were monitored by TLC
using TLC Silica gel 60 44 (MERCK) plates in system: chloroform — ethyl ateta methanol
(v/v, 14:7:1.5). Visualization was made with UVHig254 nm) and with iodine vapor.

Procedures for preparation of tetrazolo[1,5-a][1,5]benzodiazepines (2a-j)4-Hydrazino-1.5-
benzodiazepine$a-j were synthesized from thiolactams by treatment Wittirazine hydrate in
methanol*?° To a mixture ofLa-j (0.005 mol) in HO (20 mL) containing conc. HCI (6.6 mL) a
solution of 0.75 g (0.0011mol) of NaN@ H,O (8 mL) was added drop wise at’© with
stirring. The mixture was stirred for 1 h af@® and then neutralized with NaHGOr'he fallen
precipitate was collected, washed withkCHand recrystallized from appropriate solvent teegi
the pure crystalline compour2a-j.
4-Methyl-6-nitroso-5,6-dihydro-tetrazolo[1,54][1,5]benzodiazepine (2a) Cream-colored
crystals, yield 67.8%, 0.78 g, mp 155-1%7 (etanol); IR {max cm’): 1614.53 (C=N), 1507.59
(N=N), 1455.90 (NO), 1111.94 (NOYH NMR (300 MHz, CDC}): &+ 1.64 (3H, d (X part of
ABMX 3), 3Jus 6.9 Hz, 4-CH), 3.52 (1H, m (M part of ABMY), 4-CH), 4.09, 4.20 (ABq of
ABMX 3, 23 14.3 Hz,%w 4.8, 10.9 Hz, 5-Ch), 7.61-7.78 (3om M, (7-9)CH), 8.22 (1kom
dd, “Jw 1.7 Hz,3Jw 7.8 Hz, 10-CH).”*C NMR (75 MHz, CDCJ): &c [11.2]15.6 (4-CH),
27.9[35.4] (C-3), 51.5 [57.1] (C-4), 123.7 (CH),512 (CH), 127.0 (C-10a), 130.2 (CH), 130.4
(CH), 132.4 (C-6a), 155.6 (C-3a). Anal. Calcd fapH;oNsO (230.23): C, 52.17; H, 4.38; N,
36.50; O, 6.95%. Found: C, 52.18; H, 4.76; N, 3865
5-Methyl-6-nitroso-5,6-dihydro-tetrazolo[1,54][1,5]benzodiazepine (2b) Cream-colored
crystals, yield 72.3%, 0.83 g, mp 159-1%D (isopropanol); IR vmax crit): 1594.03 (C=N),
1510.04 (N=N), 1455.53 (NO), 1126 (N-NOH NMR (300 MHz, CDCJ): &+ 1.24 ((0.9)3H, d
(X part of ABMX3), 3Ju 6.4 Hz, 5-CH), 1.67 ((0.1)3H, d (X part of ABMY, 3Ju 6.6 Hz, 5-
CHs), 2.91 ((0.1)1H, dd (A part of ABMY, 2315.5 Hz,*Jw 11.3 Hz, 5-CH), 2.95 ((0.9)1H, dd
(A part of ABMXs), 23w 15.5 Hz,%Jw 11.3 Hz, 4-CH), 3.63 ((0.9)1H, dd (B part of ABMX
23w 15.5 Hz,23w 5.4, 4-CH), 3.90 ((0.1)1H, dd (B part of ABMX2J:15.5 Hz 33 6.3, 4-CH),
5.47 ((0.9)1H, m (M part of ABMY, 5-CH), 5.87 ((0.1)1H, m (M part of ABMg¥, 5-CH), 7.23
((0.1)1Hxyom dd,*Jwn 1.7 Hz,%Jw 7.6 Hz, 7-CH), 7.60 ((0.9)14m dd,*Jwn 1.9 Hz,Jw 7.5 Hz,
7-CH), 7.60-7.78 (2om M, 8-CH and 9-CH), 7.92 ((0.1)4kh, dd,*Jw 1.5 Hz,3Jw 8.0 Hz,
10-CH), 8.03 ((0.9)1Kom dd,*Jw 1.6 Hz,3Jw 7.9 Hz, 10-CH)*C NMR (75 MHz, CDC)): &c
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17.6[21.6] (5-CH), 27.0[28.6] (C-4), 53.6[61.0] (C-5), 123.6 (CHR8.7 (CH), 130.3 (C-6a or
C-10a), 130.9 (CH), 131.1 (CH), 131.6 (C-10a or &-6151.63 (C-3a). Anal. Calcd for
CioH10NsO (230.23): C, 52.17; H, 4.38; N, 36.50; O, 6.9586und: C, 52.73; H, 4.73; N,
36.61%.

6-Methyl-5,6-dihydro-tetrazolo[1,5-8][1,5]benzodiazepine (2§ Cream-colored crystals,
yield 76.6%, 0.77 g, mp 61-6& (methanol); IR {max CM"): 1604.64 (C=N), 1504.15 (N=N).
'H NMR (400 MHz, CDCJ): &« 2.92 (3H, s, 6N-Ch), 3.30 (2H, t3Jw 6.4 Hz, 4-CH), 3.52
(2H, t, %3 6.4 Hz, 5-CH), 7.16 (1Hom t, *Jw 7.7 Hz, 9-CH), 7.17 (1kbm d, 33w 8.4 Hz, 7-
CH), 7.43 (1Hom td, “Ju 1.2 Hz,*Jun 7.2 Hz, 8-CH), 7.90 (1kbm dd,*Jw 1.6 Hz,3Jw 7.8 Hz,
10-CH).**C NMR (100 MHz, CDGJ): &c 23.5 (C-4), 41.5 (6N-C}), 56.1 (C-4), 119.7 (7-CH),
122.4 (9-CH), 123.6 (10-CH), 127.1 (C-10a), 130(8TH), 142.8 (C-6a), 153.2 (C-3a). Anal.
Calcd for GoH1aNs (201.23): C, 59.69; H, 5.51; N, 34.80% Found: ©,45; H, 5.60; N,
34.96%.

4,6-Dimethyl-5,6-dihydro-tetrazolo[1,5a][1,5]benzodiazepine (2d) Yellowish crystals, yield
62.0%, 0.67 g, mp 89-RT (ethanol); IR {max CM): 1604.33 (C=N), 1505.56 (N=N)H NMR
(300 MHz, CDC)): 8:1.56 (3H, d3Jw 6.4 Hz, 4-CH), 2.93 (3H, s, 6N-Ch), 3.15-3.46 (3H, m,
3-CH+ 5-CHp), 7.10-7.15 (2om M, 7-CH and 9-CH), 7.40 (LHm td, *Juw 1.5 Hz,33w 7.5 Hz,
8-CH), 7.93 (1Hiom dd,“Jw 1.5 Hz,3Juw 8.3 Hz, 10-CH)C NMR (75 MHz, CDGJ): & 16.1
(4-CHy), 30.4 (C-4), 41.6 (6N-CH), 63.0 (C-5), 118.7 (7-CH), 122.1 (9-CH), 123.B-QH),
126.9 (C-10a), 129.8 (8-CH), 143.4 (C-6a), 156.634J. Anal. Calcd for GH1aNs (215.26): C,
61.38; H, 6.09; N, 32.54%. Found: C, 61.48; H, 610932.30%.
6-Acetyl-5,6-dihydro-tetrazolo[1,54][1,5]benzodiazepine(2€). White crystals, yield 52.5%,
0.60 g,mp 175-176°C (ethanol); IR ¥max cM’): 1662.67 (C=0), 1601.54 (C=N), 1504.90
(N=N). *H NMR (300 MHz, CDCJ): &« 1.99 (3H, s, 6-NCOC}), 3.22 (1H, ddd?Jw 13.9 Hz,
3341 4.6, 10.8 Hz, 5-CH), 3.38 (1H, ttl}w 17.8 Hz,2Ju 4.2 Hz, 4-CH), 3.83 (1H, dddjw 17.6
Hz, %344 6.8, 10.6 Hz, 4-CH), 5.03 (1H, ddtliw 13.8 Hz,2Jw 3.8, 6.7 Hz, 5-CH), 7.43 (LHm
dd, “3w 1.8 Hz,*Jw 7.5 Hz, 7-CH), 7.53-7.63 (2Hm m, 8-CH and 9-CH), 8.26 (LHm dd, *Ju
1.8 Hz,3Jw 7.8 Hz, 10-CH)™C NMR (75 MHz, CDCJ): &c 22.5 (6-CQCH3), 24.1 (C-4), 43.6
(C-5), 124.1 (CH), 128.9 (CH), 129.5 (CH), 130.H)C131.0 (C-10a), 134.3 (C-6a), 152.4 (C-
3a), 169.2 (B20CHs). Anal. Caled for GH1aNsO (229.24): C, 57.63; H, 4.84; N, 30.55, O,
6.98%. Found: C, 57.49; H, 4.91; N, 30.64%.
6-Acetyl-4-methyl-5,6-dihydro-tetrazolo[1,5a][1,5]benzodiazepine (2f) White crystals, yield
57.6%, 0.70 g,mp 201-203°C (ethanol); IR ¥max cM’): 1669.30 (C=0), 1600.69 (C=N),
1506.13 (N=N).!H NMR (300 MHz, CDC)): &+ 1.54 ((0.7)3H, d3Jw 6.9 Hz, 4-CH), 1.66
((0.3)3H, d,%3w 7.1 Hz, 4-CH), 1.79 ((0.3)3H, s, 6-NCCH3), 2.03 ((0.7)3H, s, 6-NCCH3),
2.85 ((0.7)1H, dd2Jw 13.9 Hz, %)y 12.2 Hz, 5-CH), 3.22-3.34 ((0.3)1H, m, 4-CH), 3.65
((0.3)1H, ddJu 13.4 Hz,%3444 6.7 Hz, 5-CH), 3.96-4.09 ((0.7)1H, m, 4-CH), 4.83.8)1H, dd,
23w 13.4 Hz,*J4n 10.5 Hz, 5-CH), 4.88 ((0.7)1H, dtllw 13.9 Hz,*J4y 6.5 Hz, 5-CH), 7.39-7.69
(3Harom M, (7-9)CH), 7.94 ((0.3)Lkbm dd,*Jwm 1.9 Hz,3Juy 7.7 Hz, 10-CH), 8.33 ((0.7) 1
dd, “Jw 2.0 Hz, 334y 7.6 Hz, 10-CH)."*C NMR (75 MHz, CDC)): &c [15.1]17.5 (4-CH),
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22.4[22.7] (6-C@Hs), [28.9]31.6 (C-4), 49.8[54.1] (C-5), 124.1[124.4FH), 128.1[129.9]
(CH), 129.1[130.0] (CH), 129.5[130.6] (CH), 131.8113] (C-10a), [134.1]134.6 (C-6a),
[156.2]156.4 (C-3a), 168.8[170.3] (BOCH;). Anal. Calcd for GHiaNsO (243.27): C, 59.25;
H, 5.39; N, 28.79, O, 6.58%. Found: C, 59.36; 325N, 28.84%.
6-Acetyl-5-methyl-5,6-dihydro-tetrazolo[1,5a][1,5]benzodiazepine (2g)White crystals, yield
90.0%, 1.1 gmp 209-21FC (ethanol); IR ¥max cm’): 1661.95 (C=0), 1601.87 (C=N), 1505.82
(N=N). *H NMR (300 MHz, CDCJ): *H NMR (300 MHz, CDCJ): &+ 1.31 (3H, d2Jw 6.5 Hz,
5-CHs), 1.68 (3H, s, 6-NCOHs), 2.57 (1H, dd?Jw 15.4 Hz,*Ju 10.9 Hz, 4-CH), 3.64 (1H, dd,
23w 15.4 Hz,*Ju 6.4 Hz, 4-CH), 5.46 (1H, pdJan 6.6, 10.9 Hz, 5-CH), 7.39 (Hm dd, *Jus
1.8 Hz,3344 7.5 Hz, 7-CH), 7.60-7.71 (2fm m, 8-CH and 9-CH), 7.93 (LHm dd,*Jw 1.7 Hz,
334n 7.8 Hz, 10-CH)**C NMR (75 MHz, CDCJ): 8c 19.4 (5-CH), 23.0 (6-C@Hs), 28.6 (C-4),
53.6 (C-5), 124.3 (CH), 130.4 (CH), 130.7 (CH), B3(C-10a), 131.8 (CH), 132.0 (C-6a), 152.9
(C-3a), 169.6 (B2OCHs). Anal. Calcd for GH1sNsO (243.27): C, 59.25; H, 5.39; N, 28.79, O,
6.58%. Found: C, 59.36; H, 5.43; N, 28.86%.
N-Phenyl-4,5-dihydro-8H-tetrazolo[1,5-a][1,5]benzodiazepine-6-carboxamide (2h) Cream-
colored crystals, yield 68.6%, 1.05mp 179-180°C (ethanol); IR ¥max cmi‘): 3373.63 (NH),
1672.35 (C=0), 1596.40 (C=N), 1499.69 (N=RH. NMR (300 MHz, CDC}): &« 3.59 (2H, t,
33w 5.9 Hz, 4-CH), 4.13 (2H, br.s, 5-Ch), 6.68 (1H, s, MCO), 7.00-8.28 (9klom M, 9CH).
13C NMR (75 MHz, CDGJ): 8c 25.2 (C-4), 43.5 (C-5), 119.6-CHpr), 123.8 (CH), 124.6p¢
CHpr), 128.4 (CH), 128.9n¢-CHpy), 129.2 (CH), 130.3 (CH), 131.5 (C-10a), 133.364); 137.7
(i-Cpp), 152.1 or 152.6 (C-3a), 152.6 or 152CONHPhH). Anal. Calcd for ¢gH14N6O (306.32):
C, 62.73; H, 4.61; N, 27.44, O, 5.22%. Found: C682H, 4.69; N, 27.51%.
4-Methyl-N-phenyl-4,5-dihydro-6H-tetrazolo[1,5-a][1,5]benzodiazepine-6-carboxamide

(2i). White crystals, yield 78.7%, 1.26 mp 152-154°C (ethanol); IR ¥mas cm): 3351.68
(NH), 1686.62. (C=0), 1598.16 (C=N), 1496.43 (N=NJ. NMR (300 MHz, CDCJ): &« 1.56
(3H, d,%Ju 6.9 Hz, 4-CH), 3.44, 3.76, 4.53 (3H, 3 br.s, 4-CH + 5-0}6.75 (1H, s, MICOPh),
7.00-8.20 (9om M, 9CH).2*C NMR (75 MHz, CDCJ): 8¢ 17.2 (4-CH)), 32.1 (C-4), 50.6 (C-
5), 119.6 6-CHpp), 123.7 (CH), 124.6p0tCHpr), 127.9 (CH), 128.9n¢-CHpr), 128.9 (CH), 130.2
(CH), 131.5 (C-10a), 133.7 (C-6a), 137i.8C6y), 152.4 (6CONHPh), 156.6 (C-3a). Anal. Calcd
for Ci7H16N6O (320.35): C, 63.74; H, 5.03; N, 26.23, O, 4.9%6und: C, 63.91; H, 4.96; N,
26.31%.
5-Methyl-N-phenyl-4,5-dihydro-6H-tetrazolo[1,5-a][1,5]benzodiazepine-6-carboxamide

(2j). Cream-colored crystals, yield 74.3%, 1.19nq 133-134°C (ethanol); IR ¥Ymax CM):
3308.03 (NH), 1666.08 (C=0), 1595.31 (C=N), 1503184N). 'H NMR (300 MHz, CDC}): &1
1.36 (3H,33w 6.5 Hz, 5-CH)), 2.68 (1H, dd?Jw 15.7,%Jw 10.0 Hz, 4-CH), 3.69 (1H, ddJu
15.7,3)w 6.5 Hz, 4-CH), 5.37 (1H, pdJw 6.5, 10.0 Hz, 5-CH), 5.97 (1H, sHCOPh), 6.98-
8.04 (9H,om M, 9CH).*C NMR (75 MHz, CDCJ): &c 19.7 (4-CH), 29.2 (C-4), 53.8 (C-5),
119.8 0-CHpr), 123.8 (CH), 124.8p-CHpp), 128.8 (n-CHpyy), 130.2 (C-10a), 130.4 (CH), 131.1
(CH), 131.8 (CH), 132.8 (C-6a), 137.i7Gpy), 152.8 or 153.0 (6ONHPh or C-3a), 152.8 or
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153.0 (C-3a or &ONHPh). Anal. Calcd for GH1gNsO (320.35): C, 63.74: H, 5.03; N, 26.23,
0, 4.99%. Found: C, 63.84; H, 5.12; N, 26.36%.
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