Accepted Manuscript

Convenient synthesis of substituted benzo[e][1,2,4]- or [d][1,2,6]oxadiazepines,
benzo[f][1,3,5]triazocines from N-aryliminoesters

Tarak Saied, Nourchaine Jelaiel, Lotfi Mohamed Efrit, Yves Fort, Corinne Comoy

PII: S0040-4020(17)30098-4
DOI: 10.1016/j.tet.2017.01.063
Reference: TET 28433

To appearin:  Tetrahedron

Received Date: 28 September 2016
Revised Date: 12 January 2017
Accepted Date: 26 January 2017

Please cite this article as: Saied T, Jelaiel N, Efrit LM, Fort Y, Comoy C, Convenient synthesis of
substituted benzo[e][1,2,4]- or [d][1,2,6]oxadiazepines, benzol[f][1,3,5]triazocines from N-aryliminoesters,
Tetrahedron (2017), doi: 10.1016/j.tet.2017.01.063.

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.


http://dx.doi.org/10.1016/j.tet.2017.01.063

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

Convenient synthesis of substituted Leave this area blank for abstract info.
benzofg][1,2,4]- or [d][1,2,6]oxadiazepines,

benzoff][1,3,5]triazocines fromN-
aryliminoesters

Saied TaraR" Jelaiel NourchainEfrit Lotfi Mohamed® Fort Yved and Comoy Corinrie
@ Groupe Hétérocycles: Réactivité et Interaction¢RE), SRSMC UMR CNRS 7565, Université de Lorrdrfe, 239, Boulevard des Aiguillettes, F-

54506 Vandoeuvre-lés-Nancy, France, E-mail: corinomoy@univ-lorraine.fr
® Laboratoire de Synthése Organique et Hétérocyeliq@épartement de Chimie, Faculté des Sciencesiis, 2092 El Manar-Tunis, Tunisie
X 8 H
=W X=0,NH N. _OR2 >=—=N_ NH,
N \ =N, X X
N\, = - Z =0, NH,, R ¥
Y/ N/<R1 Z=0,NH,R3 Y/ Z=0,NH, R Y/ N#m




Tetrahedron

journal homepage: www.elsevier.com

Convenient Synthesis of Substituted Bei{2]2,4]- or [d][1,2,6]oxadiazepines,
Benzof][1,3,5]triazocines fronN-Aryliminoesters

Saied Tarak: Jelaiel NourchainBEfrit Lotfi Mohamed® Fort Yveg and Comoy Corinfe

2 Groupe Hétérocycles: Réactivité et Interaction¢RE), SRSMC UMR CNRS 7565, Université de Lorrdrie, 239, Boulevard des Aiguillettes, F-54506
Vandoeuvre-lés-Nancy, France, E-mail: corinne.co@aniv-lorraine.fr
P Laboratoire de Synthése Organique et Hétérocyeliq@épartement de Chimie, Faculté des Sciencesinie, 2092 El Manar-Tunis, Tunisie

ARTICLE INFO ABSTRACT

Avrticle history We report herein a short and efficient synthesisevfzE][1,2,4]- or [d][1,2,6]oxadiazepines al
Received benzof][1,3,5]triazocines from easily prepar&daryl iminoesters. The strategy involves a bis-
Received in revised form nucleophile reagent (hydroxylamine or guanidine} fromotes a one-step ring closu@irthe
Accepted starting functionalized iminoesters.

Available online 2016 Elsevier Ltd. All rights reserved
Keywords

Condensed ring system
Nitrogen heterocycl¢
Benzoxadiazepines
Benzotriazocines
Synthetic method

1. Introduction synthetic strategies are reported in the literatliethe best of
o ) o X . our knowledge, the first published synthetic pathwaydhose 8-
Considering chemical reactivity as well as poterttialogical L empered condensed heterocycles have been repooredthan
activity, condensed heterocyclgs containir_lg _moran t_h)ne forty years ago. The most widely reported sequeeadd to the
heteroatom appear to be attractive targets in @rgememistry.  gynthesis of benzotriazocine moiety by using additeaction of
Because the development of convenient synthessdf species yqrazines or amines as nucleophiles with carbaamytsanalogs,
remains an exciting challenge, we focused our atterdn the  niyjle ester or amide aryl derivativ&spr, as described more
synthesis .of bgnzoxadlazeplne anq benzotrlazocuwfodds. recently, imidoyl chloride and analo§s.One example of
Benzoxadiazepines and benzotriazocines are corlensgcleophilic attack of hydrazone with chloroacetamidryl
heterocycles resulting from combination of benzeing and, derivatives has been reported 8®n the other hand, [1,4,5]-
respectively, a 7-membered heterocycle bearingooygen and  penzotriazocines are obtained by treatment of goiiree N-
two nitrogen atoms or an 8-membered heterocycleirigpéinree  ,viqe  with hydraziné® while the [1,3,4]-isomer can be
nitrogen atoms. synthesized using hetero Diels Alder cycloadditiartstg from
Although  some articles and patents describeb_enzazeltfs With tetraziqles, fpllowed by spontan(_emussinn of
benzoxadiazepines and their activities as stimutahe central  Nitrogen.” In light of this review, we have considered that the
nervous systerh,muscle relaxart, tranquilizer, anti-bacterial, development of new efficient and short synthetichpailys to
anti-inflammatory or pesticided, the synthesis of these Such heterocycles remains a major challenge to lenteir
heterocycles has been scarcely investigated inlitaeature. ~ Study. So, among the different isomers of benzazgine core,
Benzoxadiazepines are reported as intermediatémisynthesis the benzof[1,2,4]- and f][1,2,6]-isomers as well as
of quinazolines$, benzoxadiazepinésor benzimidazole§.More ~ benzof][1,3,5]triazocines were chosen as targets of oseaech
recently, several oxadiazepine ring closure procesihave been (figure 1). We report herein a short and convenaauess to the
reported involving diazonium coupling reactionskay-step’ as  entitled structures using aryliminoester as premurs
well as cyclocondensatidnor Pd-catalyzedN-arylation of N
amidoximes? Similarly, for benzotriazocines, only few patents Q =N - j
have reported their potential biological activitteas analgesic NH o IN
and sedative or psychotropic agents. Probably duehéir N/J N/J N="
complex and sensitive structure, syntheses of ligazocines  Benz[e][1,2,4]- or [d][1,2,6]oxadiazepines Benzo[f][1,3,5]triazocines
have not been particularly studied and a limitednber of Figure 1. Expected 7- or 8-membered heterocycles.
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2. Results and discussion

Iminoesters, as promising intermediates for thettmgis of
polycondensed heterocycles, were easily prepared
condensation of substituted aryl amines, usingaess of the
appropriate orthoester (1.7 equiv), in the presericacetic acid
as catalyst. Expected derivatives were obtained dondgto
excellent yields (table 1, 81-96%).

Table 1. Synthesis of iminoestefisa-h.

X X
- NH2 R'C(OR?); (1.7 equiv) X N\\|/OR2
|/ _ AcOH, 5h, reflux |/ _ R!
X = COOEt, CN, COR R, R?=Me, Et Y ah
Y =H, 4-Cl, 4-Br
X Y R! R Yields (%}
1la COOEt H Me Et 84
1b  COOEt H Et Me 92
1c CN H Me Et 8t
1d CN H Et Me 8¢
1le COPh 4-Cl Et Me 93
1f COCH H Me Et 9€
1g COCH; H Et Me 94
1h  COOMe 4-Br Et Me 81

a|solated yield after purification by reduced presstistillation
(0.1 mmHg)

Since substrateda-h exhibit two electrophilic active sites
(ester, nitrile or ketone and iminoester respebtjyea one-pot
ring closure strategy was implemented using biseagthile
reagents to prepare the desired condensed hetrscyc

At first, the preparation of berg[1,2,4]oxadiazepine rin@a
was studied, requiring hydroxylamine as bis-nucldepteagent
(table 2). Indeed, the choice of this reagent weecty related to
our aim to prepare the entitled 7-membered condkeryelic
system from iminoester as starting material. Gives rtelative
positions of the two electrophilic centers on thestrate (imino
ester and ester or nitrile or carbonyl), the seldceagent has to
possess a nitrogen and an oxygen nucleophilic sitesljacent
position, therefore hydroxylamine seems to be aavaitable
choice.

Table 2. Screening of reaction conditions for preparatiér2-o
methylbenz§][1,2,4]oxadiazepin-5(H)-one @a).

(0]
COOEt
N. _OEt NH,OH (n equiv) 0}
\\|/ T e NH
Me EtOH, RT, time (h) N §<
1a 2a Me
entry NHOH Time (h)  Yields (%)
(n equiv)
1 1.0 12 17
2 1.6 12 21
3 1.6 24 58
4 1.6 72 59
5 2.0 24 52
6 2.0 72 54

a|solated yield after purification by precipitatiand
successive washes in,6t

Reaction using only 1.0 equivalent of hydroxylamime
ethanol (EtOH) as solvent for 12 h at room tempeeagiglded a
poor amount of expected heterocy@a (entry 1, 17%). While

BYimilar results were obtained by using an excess of

hydroxylamine for a reaction time of 12 h at roocemperature
(entry 2, 1.6 equiv, 21%), a significant increases wabserved
after stirring at room temperature for 24 h (en8y 58%).
However, a longer reaction time (entry 4, 72 h, 5@¥dhe use
of 2 equivalents of hydroxylamine (entries 5 and3,and 54%
respectively) did not significantly improve the lgie

Therefore, we decided to use the optimized conditi(see
table 2, entry 3) to extend the scope of the proeedo the
synthesis of various berg]l,2,4]Joxadiazepin-5@)-ones Ra-
c). As shown in table 3, the expected 7-membered dmteles
2a-c were obtained in good yields (58, 61 and 74% yield
respectively). It should be stated here that tleetien sequence
easily tolerates the presence of a bromine atortheraromatic
ring (2c¢). Thereafter, with the aim to synthesize heterdcycl
imine analogs, the same reaction conditions werdiespfrom
cyanophenyl iminoesterkc-d as starting material. After 24 h in
the presence of hydroxylamine (1.6 equiv) in EtOHraim
temperature, the expected besifd],2,4]oxadiazepin-5)-
imines2d-e have also been obtained in good yields (61 and 79%
respectively). Based on these first results, wedsetito extend
the scope of the sequence to benzoyl- or acetyjplmmoesters
le-g containing a carbonyl group as second electraphuitiit.
Unfortunately, treatment of benzoyliminoestede by
hydroxylamine did not afford the anticipated prodga’.
Instead, as revealed by mass spectroscopy and NMdigsas, a
dehydration step that cannot be planned fBatmccurred during
leading to the formation of compour8h. A new mechanism
pathway allowed us to propose a structure Far(Scheme 1).
More specifically, fromla-d and 1h, benzoxadiazepine ring
closure involves ai-nucleophilic addition of hydroxylamine on
the iminoester substituent that exhibits a higheactivity
compared to the ester or nitrile groups. ConsedyeatN=C-N
link is formed in the intermediate compound. Theasidual
hydroxyl function reacts with the ester or nitrileiety leading
to expected heterocycka-e

HQ pn

o)
Ph. _O \H

NH,OH —

N OMe (16 oquiv) N/<

Y 2
Et EtOH, RT, 24h

cl 1e -
o)

N’<
3a, 85% Et

Scheme 1.Formation of beng|[1,2,6]oxadiazepine3a versus
benzg][1,2,4]oxadiazepin8a’.

Conversely, concerning carbonyl-iminoesley the carbonyl
group appears to be more electrophilic than thendester.
Consequently, thé&l-condensation of hydroxylamine occurs first
on the carbonyl group. Then, the residual hydraxytleophile
reacts with the iminoester group to afford [1,2&}mer3a in
very good yield (85%) (table 3). These results shbat the
nature of the second electrophilic site is essketdiaontrol the
chemo-selectivity of cyclocondensation, to subsatjyeafford
the desired heterocyclic isomers.

Two additional examples were carried out fréfmand1g as
substrates affording bergl]1,2,6]-oxadiazepinesSb-c in good
yields (73 and 79% respectively).



Table 3. Preparation of benzoxadiazepir#gzseand3a-c.

X
N._ _OR?
X
| \ﬁj 1a-h
s R x-cooEt on, cor
Y =H, 4-Cl, 4-Br
NH,0H, R1, R?= Me, Et
24h, 1t
for
X = COOEtl for X = CNl lforX = COR?
HO
E _H 11 /H NH-OH
O.__OEt Q Q R3 O
| N NYN\H | N NYN\H | N NYORQ
/.~ R /.~ R /.~ R
Y l Y l Y l
0 HN R3
X Q Xy @ Xy N
| P NH | P NH | Y 0
0z = 7 = Iz =
Y N/<R1 Y N/<R1 Y N/<R1
2a-c 2d,e 3a-c
Y R! Yield (%) Y R Yield (%) R R Y Yields (%}
2a H Me 58 2d H Me 61 3a Et Ph 7-Cl 8t
2b H Et 61 2¢ H Et 7¢ 30 Me Me H 73
2C 7-Br Et 74 3c Et Me H 79

a|solated yield after purification by precipitatiand successive washes in@&t

Next, we focused our attention on the preparatiotthef 8-
membered heterocyclic benzotriazocine scaffold. aBee the
target structure was the [1,3,5]-isomer, guanidii=£C(NH,),)

Table 4. Screening of reaction conditions for preparatiéri-o
amino-2-methylbenzd@[1,3,5]triazocin-6(%)-one @a).

was selected as bis-nucleophile to allow the dedired-N=C-N COOEt HN?/NHz H
link formation. N._ OFEt i, €quiv), EtOH N___NH,
Y : g
As reported in table 4, optimization of reaction ditions was Me acid catalyst, T°C, time (h) N
performed. When only one equivalent of guanidine wsed in N:<
EtOH as solvent for 12 h at room temperature, ncsfoamation 1a 4a Me
was observed and the starting iminoester was recovered entry  Acid T°C  HN=C(NH): Time  Yields
unchanged (entry 1). Furthermore, when increaseduatnof catalyst (n equiv) (h) (%)
guanidine (1.6 equiv) was involved, no trace of expa 1 - 5 15 13 5
benzotriazocine4a was detected, regardless of the reaction '
temperature (RT or 79 °C). Starting material wasvered once 2 - 25 16 12 L
again (entries 2 and 3). To activate the nucleapfattack on 3 . 79 16 12 b
aryliminoesterla, an acid catalyst was added to the reaction .
medium (HCOOH, APTS or AcOH). While no interesting result 4 HCOOH 25 1.6 24 )
was observed in the presence of formic acid or ARTxiés 4- 5 HCOOH 79 1.6 24 -
7, de.gradatiop_of sub;trate or no ponversion wesemkd), the 6 APTS 25 16 24 b
reaction conditions using acetic acid as catafgst24 h and with
1.6 equivalent of reagent led to target heterocgale 6% vyield 7 APTS 79 16 24 b
for reaction performed at room temperature and 388kd at 8 AcCOH 25 1.6 24 6
79°C (entries 8 and 9). Finally, a significant ie&se in yield was
observed (63%, entry 10) when a larger excess aifidine was ° AcOH & 16 24 39
used (2.0 equivalent). However, it should be noteat tn 10 AcOH 79 2.0 24 63
increased reaction time (entry 11, 48h) led to aegtion of 11 AcOH 79 20 48 574

product4a and, consequently, to a decreased yield.

dsolated yield after purification by precipitatioand successive
washes in EO. 1awas recovered unchangédegradation olawas
observed? degradation ofiawas observed by refluxing for 48h.

The optimized conditions (entry 10) were appliedrtstg

from iminoesters la-f for
benzotriazocines (table 5).

the preparation of various
Thus

4-amino-

benzof][1,3,5]triazocin-6(%1)-ones 4a-b were easily obtained
from iminoestersla and b in 63 and 69% yield respectively.
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Concerning reaction from iminoestete-d, the nucleophilic =~ bearing a carbonyl function, afforded very goodultss and the
addition of guanidine on the cyano moiety allowed #xpected expected 8-membered heterocycles were isolated Bnd859%
ring closure to happen. Interestingly, the struetof the new  respectively. Here, the dehydration of hydroxylatedrmediates
promising derivative®a and5b (53 and 66% yield respectively) resulting from the cyclocondensation step was easityied out
features a second amino group in position-6, thpears to be an and led spontaneously to the expected aromatiersgst
asset for further functionalization. Finally, imigters le-f,

Table 5. Preparation of benzotriazocingéa-b and5a-d.

X
N NYORQ 1a-dh
| X = COOE, CN, COR
Vo R! Y = H, 4-Cl, 4-Br
R, R? = Me, Et

NF2 | pcOH, EtoH
— COH, EtOH,
HN reflux
NH,

X = fcochOEtl for X =CN l iforX = COR®
O n H,oN R3
N NH, =N NH, A =N NH;
g g LN
N=( N=( Y ON=(
4a-b R’ 5ab R’ Sc-d R
R Yield (%) R Yield (%) R R Y Yields (%)
45 Me 63 52 Me 52 5c Et __Ph _8Cl 78
4 Et 69 sb Et 66 5d Me Me H 5@

2 Isolated yield after purification by precipitatiand successive washes inC&t

3. Conclusion cyclohexane 1/9). Purification by reduced presdiigtillation
(0.1 mmHg) afforded the expected compounds as oils.
To conclude, we proposed here short and converoeites to o
various functionalized berd[1,2,4]- or [1,2,6]oxadiazepines 4-2.1. Ethyl N-(2-carbethoxyphenyl)acetimidate)(

and benzd][1,3,5]triazocines, in good overall yields, stagi ; 0 o
from readily available arylamines (in 49-79% and74%6 yields CDéllse)ldl_s;;/zt' beH]é‘:]Li 56(_%];_'?%%%&2)'\]%248& (23?_'03‘;\::‘_':

respectively). Besides, we highlighted the imporéate have a g g 12 CHCH,), 3.69-3.74 (m, 2H, C}), 4.20-4.27 (m, 2H
second electrophilic substituent to direct the wiwpure towards ). 6.67-7.90 (m, 4H, k,.); “C NMR 8¢ (63 MHz, CDCY)

the [1,2,4]- or [1,2,6]-isomers of benzoxadiazepinkloreover, 14.2, 15.2, 16.7, 18.3, 57.3, 60.5, 121.9, 122F.,.1, 132.8,
the entitled condensed heterocycles prove to besatier 150.1, 160.6, 166.6.

substrates to envision subsequent functionalizatieolving, for o
examples, N-alkylation or acylation, regioselective 4.2.2. Methyl N-(2-carbethoxyphenyl)propionimidéi)(

lithiation/electrophilic trapping sequences as wasllPd-catalyzed .
: Yield 92%. bp 123 °C (0.1 mmHg)}H NMR &, (250 MHz,
cross couplings. CDCl,) 1.02 (9,3H,*34 = 6.0 Hz, CH-CH,-C=N), 1.30 (t3H,

4. Experimental section *J4 = 9.0 Hz, CHCH,0), 2.05-2.11 (m2H, CHCH;), 3.81 (s,
3H, CHO), 4.22-4.37 (M, 2H, CI®), 6.54-7.90 (M, 4H, kb.):
4.1. General Methods: ¥C NMR d¢c (63 MHz, CDC}) 10.1, 14.1, 23.8, 53.2, 60.3, 115.8,

N 1 _ 124.3,127.1, 127.8, 133.6, 134.1, 144.2, 166.8,4L6
The "H and "C NMR spectroscopic data were recorded at

250 MHz for'H NMR and 63 MHz for°C NMR, and CDG  4.2.3. Ethyl N-(2-cyanophenyl)acetimidéte).
with TMS as the internal standard (fit NMR) or DMSO-d ) A
were used as solvent. HRMS spectra were recorded on a Yield 85%. bp 137 °C (0.1 mmHgjH NMR 3y (250 MHz,

micrOTOF-Q spectrometer. MS data were recorded @Ca  CDCh) 1.26-1.32 (m, 3H, CICH;0), 1.78 (s, 3H, CHC=N),

MS-QP2010 spectrometer. Melting temperatures wererded ~ 4-22-4.29 (m, 2H, CHO), 6.78-7.50 (m, 4H, f4.); “C NMR
with a thermostatic oil bath device. All reagents weredc (63 MHz, CDC}) 13.9, 20.0, 62.2, 105.0, 117.3, 121.7, 123.0,

commercially available and purified by distillatiovvhen ~ 132.6,133.1,152.4, 162.4.
necessary. 4.2.4. Methyl N-(2-cyanophenyl)propionimidatel)(

Yield 89%. bp 145 °C (0.1 mmHgfH NMR &, (250 MHz,

To a solution of selected arylamine (30 mmol,aq@iv.) and  CDCl) 1.10 (t, 3H 3y = 7.0 Hz, CHCH,), 2.17 (q, 2H 3y =

appropriate orthoester (50.0 mmol, 1.7 equiv.) vadtded few 7-0 Hz, CH), 3.82 (s, 3H, CkD), 6.84-7.57 (m, 4H, kby); *°C
drops of acetic acid. The resulting mixture was tisémed at NMR 8¢ (63 MHz, CDC}) 10.2, 23.1, 53.2, 104.9, 110.6, 115.9,

reflux for 5 h. Reaction was monitored by TLC (etlagetate/ 122.6,133.7,150.6, 163.7, 166.5, 167.9.
4.2.5. Methyl N-(2-benzoyl-4-chlorophenyl)propiordate(1e€).

4.2.General procedure for the synthesis of iminoestiashj.



Yield 93%. bp 209 °C (0.1 mmHg)}H NMR &, (250 MHz,
CDCl;) 0.98 (t,3H, *Jyy = 9.0 Hz, CHCH,C=N), 2.07 (q°3 =
9.0 Hz, 2H, CH), 3.23 (s, 3H,CH;0), 6.72-7.77 (m, 8H, H);
*C NMR ¢ (63 MHz, CDC}) 10.3, 23.7, 53.1, 118.5, 123.3,
128.0, 128.3, 128.9, 129.0, 129.6, 131.3, 132.8.013137.3,
145.8, 165.4, 196.0.

4.2.6. Ethyl N-(2-acetylphenyl)acetimidaté)(

Yield 96%. bp 121 °C (0.1 mmHgfH NMR &, (250 MHz,
CDCl) 1.35 (t,3H, 3y = 7.0 Hz, CHCH,), 1.76 (s, 3H,
CH,C=N), 2.49 (s, 3H, cgcoz, 4.25 (q, 2H 3y = 7.0 Hz,
CH,), 6.70-7.68 (m, 4H, kbm); ~C NMR &¢ (63 MHz, CDC})
14.6, 17.0, 30.7, 62.1, 122.7, 123.1, 129.6, 1313@.8, 146.7,
161.8, 201.3.

4.2.7. Methyl N-(2-acetylphenyl)propionimiddiey).

Yield 94%. bp 122 °C (0.1 mmHgfH NMR &, (250 MHz,
CDCly) 1.03 (t, 3H.Jy = 7.0 Hz, CHCH,), 2.11 (q, 2H33} =
7.0 Hz, CH), 2.50 (s, 3H, CKCO), 3.83 (s, 3H, OCH), 6,61-
7,69 (M, 4H, Hon); °C NMR &¢ (63 MHz, CDC}) 10.7, 24.0,
30.8, 53.7, 116.0, 117.5, 122.7, 129.6, 132.8, 3,4865.2,
201.29.

4.2.8. Methyl N-(2-carbomethoxy-4-bromophenyl)propiodate
(1h).

Yield 81%. bp 127 °C (0.1 mmHg)H NMR &y (250 MHz,
CDCly) 1.06 (t, 3H 23, = 7.0 Hz, CHCH,), 2.09 (q, 2H 3}y =
7.0 Hz, CH), 3.59 (s, 3H, OC}), 3.91 (s, 3H, OCH), 6,64-8.04
(m, 3H, Hrom; C NMR 8¢ (63 MHz, CDC}) 10.3, 21.1, 51.1,
52.8, 118.0, 122.1, 123.9, 134.1, 136.9, 144.2,71850.9.

4.3.General procedure for the synthesis of benzoxadiagep
(2a-e) and (3a-c).

Hydroxylamine hydrochloride (0.34 g, 50.0 mmol, &duiv)
in ethanol (EtOH) (5 mL) was added to a solution ofiigm
ethylate (0.12 g, 50.0 mmol, 1.0 equiv) in EtOH (#)rat O °C,
under nitrogen atmosphere. After stirring and fiita, free
hydroxylamine in EtOH was then obtained. Then, tolatem of
iminoestersla-h (3.0 mmol, 1.0 equiv) in EtOH (4 mL) was
added hydroxylamine (6.0 mmol, 2.0 equiv). Reactioixture
was stirred for 24 h at room temperature. After salve
evaporation, crude product was obtained by pretipit in
petroleum ether and then purification was carried oy
successive washings with diethyl ether,@®t The expected
products?a-eand3a-cwere obtained as solid.

4.3.1. 2-Methyl benz[e][1,2,4]oxadiazepin-5(3H)-qR2a).

Yield 58%. m.p. 159-161 °C*H NMR & (250 MHz, DMSO-g)
2.63 (s, 3H, Ch), 7.48-7.55 (m, 1H, kbn), 7.64-7.69 (m, 2H,
Haron), 8.20 (d, 1H334 = 8.0 Hz, Hyon), 8.46 (brs, 1H, NH)¥*C
NMR 8¢ (63 MHz, DMSO-@) 21.0, 113.2, 123.2, 126.9, 128.1,
131.7, 141.3, 150.9, 155.5; ESI-HRMS calcd fgHgN,0, (M):
176.0828, found: 176.0843.

4.3.2. 2-Ethyl benz[e][1,2,4]oxadiazepin-5(3H)-or2b)(

Yield 61%. m.p. 171-173 °C;'H NMR &, (250 MHz,
DMSO-d) 1.29 (t, 3H,33 = 7.0 Hz, CH), 3.01 (q, 2H3y =
7.0Hz, CH), 7.39-7.43 (m, 1H, Kby, 7.61-7.74 (m, 1H, K,
8.02 (d, 1H,%3 = 8.0 Hz, Hon); C NMR & (63 MHz,
DMSO-d;) 10.95, 26.34, 118.63, 125.04, 125.85, 127.58,4532
145.32, 158.15, 161.68. ESI-HRMS calcd for,HGoN,O,
(M+H)": 191.0815, found: 191.0866.

4.3.3.
(20).

7-Bromo-2-ethyl benz[e][1,2,4]oxadiazepin3}dne

5
Yield 74%. m.p 176-178 °C'H NMR &, (250 MHz, DMSO-¢
D,0) 1.22 (t, 3H>3,, = 7.0 Hz, CH)), 2.85 (q, 2H>3 = 7.0 Hz,
CHy), 7.55 (d, 1H334 = 9.0 Hz, Hyon), 7.81 (dd, 1H%3,, = 9.0
Hz, *J4 = 4.5 Hz, Heon), 8.04 (d, 1H 34y = 4.5 Hz, H,on); C
NMR &¢ (63 MHz, DMSO-¢) 10.2, 25.8, 117.3, 122.5, 127.3,
129.1, 135.4, 144.5, 157.7, 159.3; ESI-HRMS calcd fo
C10HsBrN,O, (M+H"): 271.2353, found: 271.2436.

4.3.4. 2-Methyl benz[e][1,2,4]oxadiazepin-5(3H)-imif2el).

Yield 61%. m.p 145-147 °C'H NMR 3y (250 MHz, DMSO-
ds D;0) 2.61 (s, 3H, CHJ; 7.35-7.43 (m, 1H, kby), 7.59-7.71
(M, 2H, , Heon), 8.11 (d, TH34 = 7.0 Hz, Hon); -C NMR 8¢
(63 MHz, DMSO-d) 21.1, 118.7, 125.0, 125.1, 125.9, 127.4,
132.6, 145.4, 154.8, 161.6, 161.7; ESI-HRMS calecdXpigN;O
(M+2H"): 177.0699, found: 177.0659.

4.3.5. 2-Ethyl benz[e][1,2,4]oxadiazepin-5(3H)-imi{2e).

Yield 79%. m.p 161-163 °C'H NMR &y (250 MHz, DMSO-
de) 1.29 (t, 3H,2Jy, = 8.0 Hz, CH)), 3.04 (q, 2H>Jy, = 8.0 Hz,
CHy), 7.52 (¢, 1H, 3y = 8.0HZ, Hion), 7.65-7.75 (M, 2H, k),
8.21 (d, 1H,Jy = 8.0 Hz, Hyn), 8.43 (s, 2H, NH)}°C NMR &¢
(63 MHz, DMSO-¢) 10.8, 26.2, 113.1, 123.2, 126.9, 128.3,
131.7, 141.3, 150.8, 158.76; ESI-HRMS calcd fagHzN:O
(M+H"): 190.0991, found: 190.0975.

4.3.6.
(3a).

Yield 85%. m.p 188-190 °C'H NMR §,, (250 MHz, CDC}))
1.47 (t, 3H,%}4 = 7.0 Hz, CH), 3.26 (q, 2H,%3}4 = 7.0 Hz,
CH,), 7.36-7.62 (M, 7H, Ebn), 7.93 (d, 1H>3, = 8.0 Hz, Hron);
¥%C NMR 8¢ (63 MHz, CDC}) 10.2, 26.1, 123.7, 124.5, 128.9,
129.0, 129.1, 129.5, 130.1, 130.5, 131.4, 134.B.9,3149.0,
162.1; ESI-HRMS calcd for gH;sCIN,O (M+H"): 285.0820,
found: 285.0789.

7-Chloro-2-ethyl-5-phenyl  benz[d][1,2,6]oxarepine

4.3.7. 2,5-Dimethyl benz[d][1,2,6]oxadiazepi(8b).

Yield 73%. m.p 144-146 °C'H NMR &y (250 MHz, DMSO-
de) 2.84 (s, 3H, Ch), 2.86 (s, 3H, CH), 7.54 (t, 1H 3y, = 7.0
HZ, Huon), 7.67 (t, 1H 3y = 7.0 HZ, Hyom), 7.79 (d, 1H33,, =
7.0 HZ, Hyom), 7.86 (dd, 1H3J,, = 7.0 Hz,"Jyy = 1.0 Hz, Hiom);
®C NMR §¢ (63 MHz, DMSO-¢) 13.2, 20.8, 123.4, 123.7,
128.7, 128.8, 131.0, 140.1, 150.9, 157.9; ESI-HRM& for
C1oH10N,0 (M+H"): 175.0866, found: 175.0883.

4.3.8. 2-Ethyl-5-methyl benz[d][1,2,6]oxadiazep(Be).

Yield 79%. m.p 149-151 °C'H NMR & (250 MHz, DMSO-
de) 1.29 (t, 3H,%Jy, = 7.0 Hz, CH), 2.57 (s, 3H, Ch), 3.12 (q,
2H, 33y, = 7.0 Hz, CH), 7.65 (dt, 1H33y, = 7.0 Hz, Hon), 7.77
(t, 1H, *Jyy = 7.0 HzZ, Hron), 7.89 (dd, 1H33y, = 7.0 Hz,"Jy =
3.0 Hz, Hyon), 8.08 (dd, 1H3,, = 7.0 Hz,"3uy = 3.0 Hz, Hiom).
¥C NMR 8¢ (63 MHz, DMSO-g) 10.6, 13.6, 26.0, 123.7, 124.4,
128.6, 129.2, 131.3, 139.2, 150.6, 160.4. ESI-HRMB for
CuH1N,O (M+H'): 189.1028, found: 189.0122.

4.4.General procedure for the synthesis of benzotriawmscla-
b) and 6Ga-d).

Guanidinium hydrochloride (0.57 g, 6.0 mmol, 1.0 ig}in
ethanol (EtOH) (5 mL) was added to a solution of swdiu
ethylate (0.41 g, 6.0 mmol, 1 equiv) in EtOH (4 mit)Ca°C,
under nitrogen atmosphere. After stirring and fiita, free
guanidine in EtOH was then obtained. Then, to solutbn
iminoestersla-f (3.0 mmol, 1.0 equiv) in EtOH (4 mL) was
added guanidine (6.0 mmol, 2.0 equiv), in the preseof few
drops of acetic acid. Reaction mixture was refluxfog 24 h.
After solvent evaporation, crude product was obtairsd
precipitation in petroleum ether and then purifimatwas carried
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out by successive washings with diethyl ether,@Et The
expected productéa-b or 5a-d were obtained as solid.

4.4.1. benzo[f][1,3,5]triazocin-6(5bhe

(4a).

Yield 63%. m.p. 192-194 °C;'H NMR &, (250 MHz,
DMSO-d;) 1.61 (s, 3H, CH), 6.34 (t, 1H,°J = 7.0 Hz, Hom,
6.49 (t, 1H,%) = 7.0 Hz, Hon), 6.66 (br s, 2H, Nbj, 6.88-6.96
(m, 1H, Hyon), 7.65-7.75 (M, 1H, by, 8.30 (s, 1H, NH)*C
NMR & (63 MHz, DMSO-¢). 25.4, 114.5, 115.8, 121.0, 130.5,
132.4, 150.7, 160.3, 167.7, 175.2. ESI-HRMS calcd fo
Cy0H10NLO (M): 202.0849, found: 202.1124.

4.4.2. 4-Amino-2-ethyl benzolf][1,3,5]triazocin-6(5dhe @b).

4-Amino-2-methyl

Yield 69%. m.p. 191-193 °C;H NMR &, (250 MHz,
DMSO-d) 1.24 (t, 3H,33 = 7.0 Hz, CH), 2.68 (q, 2H3y, =
7.0 Hz, CH), 6.00 (br s, 1H, NH), 7.37 (t, 1}y = 7.0 Hz,
Haror), 7.57-7.65 (m, 1H, k), 7.67 (br s, 2H, Nb), 7.69-7.71
(M, 1H, Hion), 8.14 (d, 1H 3y = 7.0 Hz, Hiom); “C NMR 8¢
(63 MHz, DMSO-@) 13.3, 32.9, 113.5, 124.1, 125.1, 127.7,
133.2, 151.0, 162.6, 168.2, 168.3. ESI-HRMS calcd fo
C1H1.N,O (M): 216.1006, found: 216.1255.

4.4.3. 2-Methyl benzolf][1,3,5]triazocine-4,6-diareiba).

Yield 53% %. m.p. 168-170 °C*H NMR &, (250 MHz,
DMSO-d;) 1.72 (s, 3H, CH), 7.46 (t, 1H 3 = 7.0 Hz, Hiom,
7.66 (d, 2H 23, = 7.0 Hz, Hyon), 7.78 (br s, 4H, NbJ, 8.26 (dd,
1H, %34, = 7.0 Hz,%3 = 2.0 Hz, Heom); °C NMR &¢ (63 MHz,
DMSO-d) 25.7, 113.0, 123.9, 124.9, 127.2, 133.0, 15%8,2,
163.6, 176.1. ESI-HRMS calcd for,l;;Ns (M): 202.1098,
found: 202.1087.

4.4.4. 2-Ethyl benzol[f][1,3,5]triazocine-4,6-diami(&h).

Yield 66%. m.p. 172-174 °C;'H NMR &, (250 MHz,
DMSO-d) 1.25 (t, 3H,3J = 7.0 Hz, CH), 2.66 (q, 2H3y, =
7.0 Hz, CH), 5.97 (br s, 2H, Nb), 7.36 (d, 1H2Jy, = 7.0 Hz,
Haron), 7.58-7.70 (M, 4H, Kb NH,), 8.14 (d, 1H 3y, = 7.0 Hz,
Haom); °C NMR 8¢ (63 MHz, DMSO-¢) 13.3, 32.9, 113.5,
124.1, 125.1, 127.7, 133.2, 151.0, 162.6, 168.%.1L7ESI-
HRMS calcd for GH;gNs (M+H"): 216.1224, found: 216.1229.

4.45. 8-Chloro-2-ethyl-6-phenyl  benzo[f][1,3,5h@0cin-4-

amine bc).

Yield 78%. m.p. 178-180 °C;'H NMR &y (250 MHz,
DMSO-d) &, = 1.39 (t, 3H,23 = 7.0 Hz, CH), 4.48 (q, 2H,
%34 = 7.0 Hz, CH), 5.94 (br s, 1H, NB), 6.96 (br s, 1H, Nb),
7.51-7.58 (M, 6H, Hom), 7.69 (dd, 1H3yy = 2.0 HZJ,, = 7.0
Hz, Huyon), 7.84 (d, 1H 3 = 7.0 Hz, Hen); °C NMR 5¢ (63

MHz, DMSO-d) 14.9, 62.1, 114.1, 1245, 124.7, 129.0, 129.3

(2C), 129.4 (2C), 129.6, 129.9, 130.5, 136.8, 14556.5, 162.0.
ESI-HRMS calcd for GH;sCIN, (M+H"): 311.1058, found:
311.052.

4.4.6. 2,6-Dimethyl benzo[f][1,3,5]triazocin-4-amirtd).

Yield 59%. m.p. 166-168 °C:'H NMR &, (250 MHz,
DMSO-d) 5, = 2.11 (s, 3H, CH), 2.38 (s, 3H, Ch), 5.00 (br s,
2H, NH,), 7.08 (t, 1H 23, = 8.0 Hz, Hyon), 7.14 (d, 1H 3y, =
8.0 Hz, Hyon), 7.26 (d, 1H334 = 7.0 Hz, Heom),7.71 (d, 1H 3
= 7.0 Hz, Hwon):C NMR &¢ (63 MHz, DMSO-g) 13.5, 15.8,
116.9, 121.6, 124.8, 127.1, 129.2, 139.4, 141.9,2¥5 163.8.
ESI-HRMS caled for @HN, (M+H"): 201.1104, found:
201.1080.
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