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ARTICLE INFO ABSTRACT
Article history: A [4+3] annulation of ghenylenediamines with primary nitroallylic acetateafford:
Received nitrobenzodiazepines (NBDZs) in good to excellerdldy The reaction which proceeds
Received in revised form MeOH at room temperature in the absence of any basatalyst involves a cascadg23\-
Accepted nitroallylation-intramolecular aza-Michael additisequence. In the case of mono-N-arylated o-
Available online phenylenediamines and o-aminobenzamides, the oeastops at the \& stage affordin
nitroallylic amines. On the other hand, reaction @dminobenzamides with seconc
Keywords: nitroallylic acetates deliversy®' products. Formation of stableBand §2' products provide

1. Morita-Baylis-Hillman
2. Benzodiazepine

3. Aza-Michael addition . )
4. o-Phenylenediamines 2009 Elsevier Ltd. All rights reserved

5. Nitroallylic acetates

insights into the reactivity of primary and secandaitroallylic acetates and also the mechal
of formation of nitrobenzodiazepines.

1. Introduction

H
Various natural products, drugs and active pharntaegu \NH o0 o N °
ingredients possess heterocyclic rings which aremanly N>§ Cl N W Ph O
responsible for their biological activityBenzodiazepines which O \C[ NH OO N N
contain two nitrogens in an arene-fused seven mezdbérg are ~ © NG N :
one of the highly privileged heterocyclic systemdhese © o]
compounds exhibit diverse biological activities aar@ among O O

the most commonly prescribed anti-depressants (€ifj)? Ever Chiordi de  Peotide Choleorstokinin I (Kionopin)
since the first benzodiazepine drug chlordiazepoxigis been e ok recontor ioamd A apa T ook
reported in 1955 by Sternbathhis class of compounds began Ant(i-depres)sant (€01 receptortla prepte s
receiving increasing attention. This resulted ia tfevelopment
of numerous drugs containing benzodiazepin€ke biological
significance of benzodiazepine skeleton also precpt
development of different synthetic routes from woas
precursors. These include reactionogphenylenediamine with . .
different bielectrophile&one pot conversion of nitroarenes using While one of the substrates for the synthesis & NBDZs
bimetallic nanoparticles,Au(l)-NHC-catalyzed synthesis from aPpeared to be 1,4-binucleophileephenylenediamine, a 1,3-
N-substitutedo-phenylenediamines and terminal alkyhesc® bielectrophilic nitroalkene derivative emerged dse tqther
Owing to the importance of nitro group in biologigakctive subi.trate. Ovﬁr the y(;ar_s, we, fhef‘ and ‘f’th‘?rs Imvlgatmnvely
compounds? and particularly nitrobenzodiazepines (NBDZs) as\Working on the synthetic applications o mtroaklya(_:etates,
hypnotic and sedative drugssynthesis of novel NBDZs, in derived from Morita-Baylis-Hillman - (MBH)  reactions f o
which the nitro group is attached to the 7-membeliedrogen nitroalkenes with activated carbonyl compouffd®lumerous

. . . . 3
heterocycle rather than to the aromatic ring, \nea pot cascade fused 14and funcit5|ongllzed hgterocyc!e; é’;}c'.”‘?'”g alfﬁ?
reactions from readily available starting materiafpeared an pyrans, p_yr_rolesé, d|hydrqpyr|dopyr_|m|_d|ne ’ |m_|da_zole 20
attractive objective imidazopyridines: benzimidazothiazineS,  picolinate’

piperidines’’ benzoxacinone$, thiopyranoindoleS etc have
been synthesized from such nitroalkene derived MBétedes by

Figure 1. Bioactive molecules containing benzazepine
skeleton
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us and other research groups. However, to the Hestro
knowledge, there is no report on the synthesis ntbeiazepines
from MBH acetates as bielectrophiles through a [4a8julation
strategy. Herein, we report the first direct synthesfi NBDZs
from o-phenylenediamines and nitroallylic acetates thhowg
cascadeN-alkylation-intramolecular aza-Michael addition. éls
included in this report are the results of our Esdon the
reactivity of related 1,4- and 1,5-binucleophilesvards MBH
acetates.

2. Results and Discussion

Optimization studies by taking the bielectroghMBH acetate
la and the binucleophilic o-phenylediamirga as the model
substrates revealed that the reaction works smooti§jeOH at
room temperature as in the case of our imidazopgidynthesis
from aminopyridine and MBH acetat®. There was no
requirement of any base or catalyst and the desmethound3a

was formedin 78% yield as a single diastereomer in a short
reaction time of 4 h (Table 1). Tleans stereochemistry between

the furyl group and the nitro group 8a was evident from d
value of 9.4 Hz for the coupling between the two aiphvicinal
methine protons.

Table 1.Optimization of reaction conditions

o
NH H —
X NO2 : Solvent - INO,
\_0 ’ —_
OAc NH, RT N
1a 2a 3a
entry Solvent time (h) yield (%)
1 MeOH 4 78
2 EtOH 7 71
3 MeOH : HO" 5 26
4 MeCN 9 13
5 THF 8 23
6 DMF 12 traces
7 DCM 6 16

3After silica gel column chromatograptyi:1 Ratio

The scope of the reaction was then investigatéi avidiverse
array of MBH acetates (Table 2). There was no apaloéei
substituent effect on the yield which remainedhia tange of 68-
86%. For instance, MBH acetatéa and 1k bearing heteroaryl
groups afforded the diazepinga and3k in 78% and 68% vyields,
respectively. Substrates bearing electroneutrdl amg weakly
activated aryl 1b and 1c, respectively, provided the
corresponding diazepine&b and 3c in comparable yields (79-
80%). Strongly activated aryls with single and npléielectron

donating groupd.d-f also helped maintain high yields (80-84%)

of the products3d-f. While weakly and strongly electron
withdrawing groups on the aryl ring of the substrdtgs and1j,
respectively, did not influence the yields of thezepines3g-j to
any appreciable extent (75-86%), ortho-substitutimhaffect the
diastereoselectivity as in the casebfand3;.

Table 2 Synthesis of benzodiazepines from o-phenylene-
diamines and MBH acetafes

H Ar
NO2 NHQ N
ArA\[ @[ MeOH @ NO
+ R 2
OAc NH, RT N
1 2a 3

Me

'NO2 @[ ~INO, @[ INO
2
N
N
H H

3a,4h 3b,4h 3c,35h
78% 80%, 91:09 dr 79%, >95:5 dr
OMe MeQ OMe O/\O

H H

N N N
CLO L e

N N

H H ”

3d,3h 3e,35h 3f,45h

84%, >95:5 dr 82%, >95:5 dr 80%, >95:5 dr

Cl Br,

Cl

H
H N H
N INO N

o S M

N H
H N
39,4h

3h,6h
81%, >95:5 dr 86%, 75:25 dr
[

3i,45h
76%, 92:08 dr

/\\\/ OoN

)_/‘ § N

: \
LG O e L
SN N N
\/ )
At 3j,5h 3k, 6h

75%, 80:20 dr 68%, 94:06 dr

CCDC 1941084

aYield after silica gel column chromatography, drsvatermined bjH
NMR of the crude reaction mixture.

Subsequently, the reaction of substitubgghenylenediamines
2b-c with a representative MBH acetata led to the formation
of an inseparable mixture of regioisoméed+5ab and4act5ac
respectively, in ~ 1:1 ratio (Scheme 1). However, pheducts
were isolated as single diastereomers in high yi@fs34%).

H
OAc NH N
DL L, S
0 NO; R N, RTOOR N
1a 2b: R = Me 4
2c:R=Cl
Inseparable (1:1) regioisomers, >95:5 dr
4ab + 5ab, R = Me, 84% yield, 4 h
4ac + 5ac, R = Cl, 76% yield, 4.5 h
Scheme 1Benzodiazepines from substituteghenylenediamines and
MBH acetate
The effect of substituent on the amine nitrogen wzn
evaluated usin@d as the representative binucleophile (Table 3).
This enabled us to compare the reactivity of primand

secondary aromatic amines towards MBH acetafehough not



unexpected, we isolated only thg2Sproducts7 in most cases
instead of diazepings The intramolecular cyclization has taken
place only in the case of MBH acetaldh with an ortho-
substituent on the aromatic ring which afforded ejpze6h in
good vyield (72%) and diastereoselectivity (88:12)wever, this
shed more light into the mechanism (vide infra} tha first step
in the reaction would be\8 rather than &’. The nitroallylic
amines bearing weakly and strongly electron donatang
groups7a, 7¢, 7d, 7f, 71 and7n were formed in higher yields (74-
85%) as compared to those bearing weakly and siratgttron
withdrawing aryl groupgg and7j as well as the one with a fused
aryl group7m (70-72%). The intramolecular cyclization of the
above {2 products, including’/n bearing an o-substituertip
diazepinesé has not taken place upon heatt@onventional
and microwave) and/or in the presence of a varietyases such
as DABCO, DBU, TMG, NaH, GEO;, KOH and LiCBu.
Unfortunately, strong bases and/or extreme conditioaused
decomposition of the substrates.

Table 3. Nitroallylation of N-phenyle-phenylenediamine
with MBH acetate$

Ph Ar NHPh
NO.
Ar/\[ 2 @ MeOH_ @E § \NOQ @
NH;

Me

NHPh X O
@ @NHPh @NHPh

7a, 3 h, 85%

OMe

@E

Gh 45h

0,
72%, 8812 dr 7c,4h, 74%

7d,3h, 85%
@NHPh
H =
NO>

7j,3h, 71%

Cl

@NHPh
H =
NO,

79,3 h, 70%

0\
(0]

@NHPh
N =
N02

7f,45h, 78%

OM
NHPh
NHPh @ @NHPh
[ :[H =
NO,
71,3 h, 81% 7m, 3 h, 72% 7n,3 h, 85%

Yield after silica gel column chromatography.

As briefly stated earlier, the relative stereochémisof
compounds3-6 appeared to beans from theJ value of 9-10 Hz
for the two aliphatic vicinal methine protons. However
dihedral angle of 68.7° for the ArC-C-C-N chain ire tX-ray
structure of a representative compogsuggested that the aryl
and nitro groups have a synclinal relationship (BeeSl).

In view of the isolation of & products/, the first step in the
formation of NBDZs3 is confirmed to be the\3 reaction ofo-
phenylenediamine2 with MBH acetatel (Scheme 2). The
reaction proceeds further in the case NMunsubstitutedo-
phenylenediamines2a-c in an intramolecular aza-Michael
fashion to afford NBDZs3. However, when the nucleophilicity
of one of the amino groups is curtailed, as indase of2d, the
reaction stops at the,3 stage. Yet another reason for the
reluctance of most of they® products7 to undergo the
intramolecular aza-Michael addition is a probabl@-dllylic
strain (A"%) between the two aryl groups in the transition state.

NHR

Segyne
—
NHz OAc u/\C/\Ar
N
T 05+0-
7-endo-trig
R Ar R A o
N /
—N-+
O F O
N N— 4 O~
N H H

Scheme 2Proposed mechanism for the formation of nitro-
benzodiazepines

Under the above conditions, a 1,2-amino alcohol sash
phenyl alaninol2e participated in the & reaction with MBH
acetatela (la:2e in 2:1 ratio) displacing the acetate group twice
to generate compourl(Scheme 3). This double nitroallylation
of the amino group ir2e provides novel bis-nitroallylic tertiary
amines confirming the greater reactivity of alipb@mines.

\):OH N

Ar/\[N02 9" wmeon, RT PR SN
OAc Ph\):,\% 1a:2e 2:1)  ON | NO,
1a 2e Ar= 22-r|1=uryl Ar 8,72%

Scheme 3Double nitroallylation of phenylalaninol with
MBH acetate

Having obtained NBDZs and their precursors depenairon
the nature of the binucleophile, we intended to s$tigate the
bielectrophilic nature of MBH acetaté with a binucleophile
bearing strongly nucleophilic amino group and a weak
nucleophilic amido group. With this objective, wervbahosen 2-
aminobenzamid@f whose ability to react as a 1,5-binucleophile
with electrophiles through both amine-N and amide-Nthe
formation of 6-membered rings (quinoxalines) isculbented in
the literaturé®> However, our experimentation with MBH
acetates possessing electronically different amgligs confirmed
that the reaction stops at thg2Sstage affording producgsunder
these conditions (Table 4). This is attributable the poor
nucleophilicity of the amide group as well as enically
disfavored formation of an 8-membered ring. No appide
substituent effect was observed on the yield of tkballylation
(Sv2) product as those with electron rich aryl gro@pisand 9l
and those with electron poor aryl grogsand9j were formed
in excellent yield (80-90%). The naphthyl derivatdm was also
formed in high yield (77%). Attempted cyclization @dmpounds
9 to 8-membered ring by heating and/or using diffeteses did
not provide the desired results. But nevertheléss, multi-
functional 2 products were formed in excellent yield (77-90%).
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Table 4. Nitroallylation of 2-aminobenzamide with MBH
acetatel

(0] O
NO,
A
Ar/\[ . @NHQ MeOH &NHZ Ar
Pz
OAc NH, RT H/\)
NO,

1 2f 9
OMe
(6]
NH NO
NH2 NH2 @ 2/ 2
N
NO,
NO, NO,
9d, 1 h, 90% 99,1 h, 82% 9j,4 h, 84%
OMe
MeO OM O
g ‘* 90
NH,
NH, P
Z N
N NO,
NO,
91,3 h, 80% 9m, 3 h, 77%

®Yield after silica gel column chromatography.

At this juncture, we wished to examine the redgtiof MBH
acetate 10, which was derived from nitroalkene and
ethylglyoxylate, towards 2-aminobenzamige (Scheme 4). As
expected, based on the reported reactivity of steynacetate
10, it reacted in an @&’ fashion, unlike the primary acetate
and provided productl. Two possible modes of intramolecular
cyclization of compound.l, viz 7-exo-trig and 8endo-trig did
not take place under a variety of thermal, inclgdmicrowave,
and/or base assisted conditions. Attempted reaatfoMBH
acetatel0 with o-phenylenediamin@a under these conditions
and at 0°C as well as in other solvents such as ET®HF, and
DCM resulted in complex mixturés.

CO,Et
NO i |
> Ar
NH
Et0,C” “OAc NH, RT.1h
NH,
10 2f 14

11a: Ar = 4-MeOCgHy, 85%
11b: Ar = 1-Naph, 85%

Scheme 4Reaction of 2-aminobenzamide with secondary
MBH acetate

In order to examine the applicability of the ab@sgerimental
conditions to other MBH acetates, ethyl acrylateivaer MBH

acetatel? was treated witlo-phenylenediamin@a (Scheme 5).
The reaction afforded the expected diazefiBethough only in
35% yield and in long reaction time of 4&'hThis confirmed
that our base and catalyst free method is appkcdbi the
synthesis of benzo-1,4-diazepines, not only fromHVi&8cetates
derived from nitroalkenes but other activated aficeas well.

Tetrahedron

MeOH

CO,Et NH,
T et 1 o

12 2a 13

Scheme 5Reaction of ethyl acrylate derived MBH acetate
with o-phenylenediamine

rt, 48 h, 35%

3. Conclusion

In conclusion, we have successfully demonstratasimple
and efficient way to synthesize nitrobenzodiazepines MBH
acetates of nitroalkenes amebhenylenediamine without using
any base or catalyst. The products are formed iodgm
excellent vyields and excellent diastereoselectivitfhe
mechanism involves \@ N-nitroallylation followed by an
intramolecular aza-Michael addition which was conéidnby
isolation and characterization of several N-nitidated
intermediates in the case of diamines/aminoamid#s different
nucleophilicities. The N-nitroallylated compounds furn are
multi-functional species bearing a conjugated oaikene, allylic
amine and a secondary amine or a primary carboxamiety.

General Experimental Details.

The melting points recorded are uncorrected. NMRctspe
(*H, *H decoupled™C and'H-'H COSY) were recorded with
TMS as the internal standard. The coupling consténvalues)
are given in Hz. High resolution mass spectra wererdsd
under ESI Q-TOF conditions. X-ray data were colldcten a
diffractometer equipped with graphite monochromatéal Ko
radiation. The structure was solved by direct meshshelxs97
and refined by full-matrix least squares agairfsising shelx|97
software. Amines and aminoamid@af were commercially
available. MBH acetate$,?® 10° and 12°° were prepared by
literature methods. The identity and purity of swdgesl, 10 and
12 were in general confirmed by comparison of their qitgl
and spectroscopic data with those reported in theature’®*

General procedure for the reaction of MBH acetate With
amines 2a-e.

To a stirred solution of MBH acetatdé (0.5 mmol) in
methanol (5 mL) at room temperature was added amino
compound2 (0.5 mmol). The reaction mixture was stirred till
complete consumption of the starting materials (iooed by
TLC). The solvent was evaporatedvaruo and the crude residue
was purified by silica gel column chromatography-2086 EA /
pet ether).

2-(Furan-2-yl)-3-nitro-2,3,4,5-tetrahydro-1H-benzo-
[b][1,4]diazepine (3a). Yellow solid; Yield 101 mg, 78%, dr
>95:05; mp 9CC; IR (film, cmi®) 3394 (br m), 2925 (w), 1601
(m), 1554 (s), 1506 (m), 1457 (m), 1266 (m), 1004, (745 (vs);
'"H NMR (CDCk, 400 MHz) & 7.43 (dd,J = 1.7, 0.6 Hz, 1H),
6.71-6.79 (m, 2H), 6.63 (td, = 7.5, 1.7 Hz, 2H), 6.33-6.37 (m,
2H), 5.54 (d,J = 9.4 Hz, 1H), 5.08 (ddd] = 9.4, 4.4, 1.9 Hz,
1H), 4.31 (ddJ = 15.0, 4.4 Hz, 1H), 3.76 (dd,= 15.0, 1.9 Hz,
1H), 3.54 (br s, 2H):*C NMR (CDC}, 100 MHz) 150.9, 143.2,
137.3,136.6,121.8,121.1, 119.1, 118.6, 110.8,71®B7.1, 55.3,
48.5; HRMS (ES Ar) caled for GgH;sN;OsNa (MNa')
282.0849, found 282.0850.

3-Nitro-2-phenyl-2,3,4,5-tetrahydro-1H-benzo[b][1,4]
diazepine (3b). Yellow sticky solid; Yield 108 mg, 80%, dr
91:09; Major isomer (minor isomer could not be déetl in pure
form): mp 80°C; IR (film, cmi*) 3392 (br s), 3053 (W), 2917 (w),
1599 (s), 1544 (vs), 1505 (m), 1458 (m), 1352 (k814 (s),
1266 (m), 1254 (m), 739 (vsjH NMR (CDCk, 400 MHz) 5



7.39-7.47 (m, 5H), 6.83 (td} = 7.6, 1.3 Hz, 1H), 6.77 (td} =
7.6, 1.3 Hz, 1H), 6.69 ( dd, = 7.6, 1.3 Hz, 1H), 6.59 (dd,=
7.6, 1.3 Hz, 1H), 5.23 (d,= 9.7 Hz, 1H), 4.97 (ddd,= 9.7, 4.3,
2.9 Hz, 1H), 4.33 (dd] = 14.6, 4.3 Hz, 1H), 3.77 (br s, 1H), 3.66
(dd,J = 14.6, 2.9 Hz, 1H), 3.38 (br s, 1IHJC NMR (CDC} 100
MHz) & 139.0, 137.6, 137.5, 129.5, 129.3, 127.5, 12129,4]
119.4, 119.1, 90.6, 62.6, 49.3; HRMS (E®Ar) calcd for
C1sH1eN;ONa(MNa") 292.1056, found 292.1058.

3-Nitro-2-p-tolyl-2,3,4,5-tetrahydro-1H-benzol[b][1,4-
diazepine (3c).Yellow solid; Yield 112 mg, 79%, dr >95:5; mp
146 °C; IR (film, cm) 3366 (br m), 2917 (w), 1598 (m), 1536
(m), 1505 (m), 1462 (s), 1342 (m), 1311 (s), 12&),(1274 (w),
1180 (w), 1024 (m), 835 (w), 751 (S} NMR (CDCk, 400
MHz) & 7.33 (d,J = 7.5 Hz, 2H), 7.21 (d] = 7.5 Hz, 2H), 6.82
(td,J=7.6, 1.5 Hz, 1H), 6.76 (td,= 7.6, 1.5 Hz, 1H), 6.71 (dd,
J=17.6, 1.5 Hz, 1H), 6.59 (dd,= 7.6, 1.5 Hz, 1H), 5.14 (d,=
9.7 Hz, 1H), 4.97 (ddd] = 9.7, 4.3, 3.3 Hz, 1H), 4.31 (dd=
14.6, 4.3 Hz, 1H), 3.66 (dd, = 14.6, 3.3 Hz, 1H), 3.40 (br s,
2H), 2.36 (s, 3H);°C NMR (CDC}k, 100 MHz)$ 139.1, 137.6,
137.5, 136.0, 130.0, 127.4, 121.8, 121.3, 119.8,01©0.6, 62.3,
49.3, 21.3; HRMS (ES Ar) calcd for GgHi-N;O.Na (MNa")
306.1213, found 306.1210.

2-(4-Methoxyphenyl)-3-nitro-2,3,4,5-tetrahydro-1H-
benzo[b][1,4]diazepine (3d).Yellow solid; Yield 126 mg, 84%,
dr >95:5; mp 158C; IR (film, cm*) 3381 (br s), 2916 (w), 1600
(m), 1543 (s), 1514 (s), 1461 (s), 1354 (m), 135 1251 (vs),
1179 (m), 1029 (m), 834 (s), 750 (v8§ NMR (CDCL, 400
MHz) § 7.37 (id,J = 8.7, 1.9 Hz, 2H), 6.93, (td,= 8.7, 1.9 Hz,
2H), 6.74 (dtJ = 7.5, 1.5 Hz, 1H), 6.79 (di,= 7.5, 1.5 Hz, 1H),
6.69 (dd,J = 7.5, 1.5 Hz, 1H), 5.59 (dd, = 7.5, 1.5 Hz, 1H),
5.13 (d,J = 9.8 Hz, 1H), 4.89 (df] = 9.8, 2.6 Hz, 1H), 4.28 (dd,
J=14.4, 2.6 Hz, 1H), 3.81 (s, 3H), 3.77 (br s, 1H343dd,J =
14.4, 2.6 Hz, 1H), 3.32 (br s, 1HYC NMR (CDCE 100 MHz)5
160.1, 137.7, 137.5, 131.0, 128.7, 121.8, 121.4.3,1119.1,
114.7, 90.8, 62.1, 55.5, 49.3; HRMS {ESAr) calcd for
CaH17N;OsNa(MNa") 322.1162, found 322.1162.

2-(3,4-Dimethoxyphenyl)-3-nitro-2,3,4,5-tetrahydro-H-

benzo[b][1,4]diazepine (3e)Yellow solid; Yield 135 mg, 82%,
dr >95:5; mp 175C; IR (film, cm?) 3387 (br m), 2912 (w), 1611
(m), 1600 (m), 1543 (vs), 1514 (s), 1460 (m), 1853, 1315 (s),
1252 (vs), 1179 (m), 1031 (m), 833 (m), 750 (4); NMR
(CDCls, 400 MHz) 6 6.97 (ddJ = 8.2, 2.0 Hz, 1H), 6.94 (d,=
2.0 Hz, 1H), 6.86 (dJ = 8.2 Hz, 1H), 6.82 (id) = 7.5, 1.6 Hz,
1H), 6.76 (tdJ = 7.5, 1.6 Hz, 1H), 6.69 (dd,= 7.5, 1.6 Hz, 1H),
6.62 (dd,J = 7.5, 1.6 Hz, 1H), 5.11 (d,= 9.7 Hz, 1H), 4.92 (dt,
J=19.7, 3.5 Hz, 1H), 4.26 (br d,= 13.9 Hz, 1H), 3.89 (s, 3H),
3.88 (s, 3H), 3.78 (br s, 1H), 3.62 (brds 13.9 Hz, 1H), 3.37
(br s, 1H);"*C NMR (CDCk 100 MHz)§ 149.7, 149.6, 137.7,
137.6, 131.4, 122.0, 121.5, 119.9, 119.5, 119.2,.611110.3,
90.8, 62.5, 56.2, 56.1, 49.4; HRMS (ESAr) calcd for
C,H1N;0,Na(MNa') 352.1268, found 352.1268.

2-(Benzol[d][1,3]dioxol-5-yl)-3-nitro-2,3,4,5-tetralydro-1H-
benzo[b][1,4]diazepine (3f).Yellow solid; Yield 125 mg, 80%,
dr >95:5; mp 129C; IR (film, cm*) 3382 (br s), 2903 (w), 1600
(m), 1544 (vs), 1505 (m), 1353 (w), 1314 (m), 1248),(1089
(m), 1038 (s), 931 (m), 749 (s)H NMR (CDCk, 400 MHz) &
6.92 (d,J=1.7 Hz, 1H), 6.89 (ddl = 7.9, 1.7 Hz, 1H), 6.80 (d,
=7.9 Hz, 1H), 6.78 (td] = 7.6, 1.5 Hz, 1H), 6.76 (td,= 7.6, 1.5
Hz, 1H), 6.68 (ddJ = 7.6, 1.5 Hz, 1H), 6.59 (dd,= 7.6, 1.5 Hz,
1H), 5.98 (s, 2H), 5.10 (dl = 9.7 Hz, 1H), 4.89 (ddd] = 9.7,
4.3, 2.9 Hz, 1H), 4.27 (dd, = 14.6, 4.3 Hz, 1H), 3.62 (dd,=
14.6, 2.9 Hz, 1H), 3.30 (br s, 2HJC NMR (CDCL 100 MHz)3
148.5, 148.3, 137.6, 137.5, 132.7, 122.0, 121.9,3,2119.4,
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119.2, 108.9, 107.6, 101.6, 90.8, 62.5, 49.3; HRES',(Ar)
calcd for GgHisN;O,Na(MNa") 336.0955, found 336.0964.

2-(4-Chlorophenyl)-3-nitro-2,3,4,5-tetrahydro-1H-berzo-
[b][1,4]diazepine (3g). Yellow solid; Yield 123 mg, 81%, dr
>95:5; mp 164°C; IR (film, cm?) 3389 (br s), 3056 (W), 2916
(w), 1599 (s), 1543 (vs), 1505 (s), 1492 (s), 14959 1353 (s),
1315 (s), 1091 (s), 828 (s), 748 (v&t NMR (CDCL, 400
MHz) & 7.35-7.45 (m, 4H), 6.83 (df, = 7.6, 1.4 Hz, 1H), 6.77
(dt,J=7.6, 1.4 Hz, 1H), 6.69 (dd,= 7.6, 1.4 Hz, 1H), 6.59 (dd,
J=17.6,1.4 Hz, 1H), 5.19 (d,= 9.7 Hz, 1H), 4.87 (ddd}, = 9.7,
4.3, 3.0 Hz, 1H), 4.31 (dd, = 14.6, 4.3 Hz, 1H), 3.67 (dd,=
14.6, 3.0 Hz, 1H), 3.28 (br s, 1HJC NMR (CDCL 100 MHz)5
137.5, 137.4, 137.3, 135.1, 129.7, 128.9, 122.1,.412119.4,
119.0, 90.5, 61.9, 49.3; HRMS (ES Ar) calcd for
C,5H14.CIN;O,Na(MNa") 326.0667, found 326.0668; Selected X-
ray data (CCDC 1941084): #1,,CIN;O,, M=303.74,
Monoclinic, space group P2(1)/n, a = 10.060(3) A, 15.488(4)
A, ¢ = 10.075(3) A,a = 90°, p = 118.231(4)°,y = 90°,
Vv=1383.0(7) R, Z= 4, Dx = 1.459 Mg/fh F(000)= 632 =
0.71073 A, p = 0.284 mm total/unique= 9917/ 2462 [R(int) =
0.0671], T=100(2) K¢ range=6max = 25.29°0min = 4.16°,
final R[I>20(l)]: R1 = 0.0386, wR2 = 0.1017, R(all data): R1 =
0.0425, wR2 = 0.1054.

2-(2-Chlorophenyl)-3-nitro-2,3,4,5-tetrahydro-1H-berzo-
[b][1,4]diazepine (3h).dr 75:25 (a) Major isomer3f): Yellow
solid; Yield 98 mg, 65%; mp 16&; IR (film, cm’l) 3395 (br m),
3060 (w), 2917 (w), 1600 (m), 1544 (vs), 1505 (m)584m),
1353 (s), 1315 (m), 750 (vSH NMR (CDCk, 400 MHz)$ 7.51-
6.55 (m, 1H), 7.44-7.48 (m, 1H), 7.28-7.36 (m, 2H326(td,J =
7.4, 1.1 Hz, 1H), 6.77 (td, = 7.4, 1.1 Hz, 1H), 6.68 (dd,= 7.4,
1.1 Hz, 1H), 6.62 (dd] = 7.4, 1.1 Hz, 1H), 5.73 (d,= 9.8 Hz,
1H), 5.22 (ddd,) = 9.8, 4.2, 3.0 Hz, 1H), 4.34 (ddi= 14.6, 4.2
Hz, 1H), 3.75 (ddJ = 14.6, 3.0 Hz, 1H), 2 NH protons are not
observed;"®*C NMR (CDCk 100 MHz)$ 137.6, 137.4, 136.0,
134.4, 130.8, 130.2, 128.4, 127.8, 122.0, 121.3.4,1118.9,
87.8, 58.8, 49.1; HRMS (ESAr) calcd for GsH;4CIN;O,Na
(MNa") 326.0667, found 326.0668.

(b) Minor isomer 8h’): Yellow solid; Yield 32 mg, 21%; mp
167 °C; IR (film, cmi®) 3394 (br s), 3060 (W), 2916 (w), 1599
(m), 1544 (vs), 1505 (m), 1459 (m), 1353 (m), 13a§, 1253
(w), 1089 (w), 751 (vs)*H NMR (CDCk, 400 MHz)3 7.41-7.44
(m, 2H), 7.28-7.36 (m, 2H), 6.90-6.96 (unresolvedli), 6.83-
6.88 (unresolved m, 2H), 6.73-6.78 (unresolvedli), 5.66 (d,

J = 3.9 Hz, 1H), 5.31-5.37 (m, 1H), 4.43 (dt= 13.4, 9.4 Hz,
1H), 3.82 (dd,J = 13.4, 5.5 Hz, 1H), 2 NH protons are not
observed;"®C NMR (CDCk 100 MHz)$ 138.4, 136.5, 135.0,
132.5, 129.9, 129.8, 128.0, 126.8, 122.2, 121.5,.01,2118.8,
85.9, 57.9, 48.0; HRMS (ESAr) calcd for GsH;4CIN;O,Na
(MNa") 326.0667, found 326.0659.

2-(3-Bromophenyl)-3-nitro-2,3,4,5-tetrahydro-1H-bemzo-

[b][1,4]diazepine (3i). Yellow solid; Yield 132 mg, 76%, dr
92:08; Major isomer (minor isomer could not be &etl in pure
form): mp 191°C, IR (film, cm') 3394 (br s), 3053 (m), 2921
(w), 1599 (s), 1544 (vs), 1458 (s), 1352 (m), 1394 1265 (s),
804 (m), 778 (s), 737 (vs)H NMR (CDCk, 400 MHz)& 7.62 (t,

J = 1.6 Hz, 1H), 7.52 (dt) = 8.1, 1.6 Hz, 1H), 7.38 (d,= 7.8
Hz, 1H), 7.29 (tJ = 8.1 Hz, 1H), 6.82 (td] = 7.6, 1.5 Hz, 1H),
6.76 (td,J=7.6, 1.5 Hz, 1H), 6.67 (dd,= 7.6, 1.5 Hz, 1H), 6.59
(dd,J=7.6, 1.5 Hz, 1H), 5.20 (d,= 9.6 Hz, 1H), 4.90 (ddd),=
9.6, 4.3, 2.8 Hz, 1H), 4.34 (dd= 14.7, 4.3 Hz, 1H), 3.69 (dd,
=14.7, 2.8 Hz, 1H), 3.29 (br s, 1H), 1 NH proton is oloterved;
*C NMR (CDC}, 100 MHz)5 141.2, 137.5, 137.2, 132.5, 131.0,
130.6, 126.4, 123.4, 122.1, 121.4, 119.4, 119.®,%2.0, 49.2;
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HRMS (ES, Ar) calcd for GsH;4N3O,BrNa(MNa’) 370.0162,
found 370.0163.

3-Nitro-2-(2-nitrophenyl)-2,3,4,5-tetrahydro-1H-beno-
[b][1,4]diazepine (3j). Major + Minor: Yellow solid; 118 mg,
75%; dr 80:20; Major isomer (minor isomer could betisolated
in pure form): Yellow solid; Yield 95 mg, 60%; mp 1691 °C;

Tetrahedron

138.3, 137.5, 135.9, 135.2, 126.3, 125.4, 121.8.612119.9,
119.4, 118.6, 118.1, 110.8, 110.8, 108.8, 108.8,8b.7, 55.2,
55.0, 48.3, 48.0; HRMS (ESAr) calcd for GsH;,CIN;Os;Na
(MNa") 316.0459, found 316.0457.

4-(2-Chlorophenyl)-3-nitro-1-phenyl-2,3,4,5-tetrahydo-
1H-benzo[b][1,4]diazepine(6h). Yellow solid; Yield 136 mg,

IR (film, cm™) 3390 (br s), 2924 (m), 2853 (W), 1542 (s), 152772%, dr 88:12 (minor isomer could not be isolategre form);

(s), 1506 (w), 1459 (w), 1354 (m), 1264 (w), 745 {&);:NMR
(CDCl,, 400 MHz)3 7.61-7.63 (unresolved m, 1H), 7.52 (o=
7.8 Hz, 1H), 7.38 (dJ = 7.8 Hz, 1H), 7.27 (t) = 7.8 Hz, 1H),
6.82 (t,J = 7.6 Hz, 1H), 6.75 () = 7.6 Hz, 1H), 6.67 (d] = 7.6
Hz, 1H), 6.60 (d,) = 7.6 Hz, 1H), 5.20 (d) = 9.6 Hz, 1H), 4.90
(ddd,J = 9.6, 4.2, 3.6 Hz, 1H), 4.34 (dd= 14.6, 4.2 Hz, 1H),

Major isomer: mp 168C; IR (film, cmi’) 3392 (br w), 3059 (w),
2925 (vw), 1592 (m), 1578 (w), 1546 (s), 1499 (m)73.4w),
1358 (w), 1298 (w), 752 (vsyH NMR (CDCk, 400 MHz) 5
7.54-7.65 (m, 2H), 7.35-7.45 (m, 4H), 7.18-7.26 (H),27.03-
7.10 (m, 3H), 6.70-7.02 (m, 2H), 5.62 ®= 10.0 Hz, 1H), 5.40
(ddd,J = 10.0, 5.8, 4.1 Hz, 1H), 4.83 (dil= 15.4, 4.1 Hz, 1H),

3.69 (dd,J = 14.6, 3.6 Hz, 1H), 3.28 (br s, 1H), 1 NH proton is4.54 (dd,J = 15.4, 5.8 Hz, 1H), 3.49 (br s, 1H5‘°1C NMR

not observed’C NMR (CDCk 100 MHz)5 141.2, 137.5, 137.2,
132.5, 131.0, 130.6, 126.4, 123.4, 122.1, 121.4.411119.0,
90.3, 62.0, 49.3; HRMS (ESAr) calcd for GsH1N,O, (MHY)
315.1088, found 315.1087.

3-Nitro-2-(thiophen-2-yl)-2,3,4,5-tetrahydro-1H-benn-

[b][1,4]diazepine (3k). Yellow solid; Yield 94 mg, 68%, dr
94:06; Major isomer (minor isomer could not be &etl in pure
form): mp 81°C; IR (film, cm®) 3388 (br s), 2919 (w), 1599 (m),
1544 (vs), 1505 (s), 1459 (s), 1354 (m), 13151689 (m), 750
(s); "H NMR (CDCk, 400 MHz)$ 7.33 (dd,J = 5.1, 0.7 Hz, 1H),
7.12 (dd,J = 3.5, 0.7 Hz, 1H), 7.00 (dd, = 5.1, 3.5 Hz, 1H),
6.82 (td,J = 7.5, 1.6 Hz, 1H), 6.76 (td,= 7.5, 1.6 Hz, 1H), 6.67
(dd,J=7.5, 1.6 Hz, 1H), 6.62 (dd,= 7.5, 1.6 Hz, 1H), 5.59 (d,
J=9.6 Hz, 1H), 4.94, 4.91 (ddd,= 9.5, 4.4, 2.7 Hz, 1H), 4.31
(dd,J = 14.8, 4.4 Hz, 1H), 3.80 (br s, 1H), 3.68 (dd; 14.8, 2.7
Hz, 1H), 3.43 (br s, 1H);°C NMR (CDCk, 100 MHz)$ 141.2,
137.5, 136.9, 127.3, 126.8, 126.1, 122.1, 121.3.5,1119.0,
91.3, 57.7, 49.1; HRMS (ESAr) calcd for GgH;aN;O,SNa
(MNa") 298.0621, found 298.0617.

4-(Furan-2-yl)-7/8-methyl-3-nitro-2,3,4,5-tetrahydro-1H-
benzo[b][1,4]diazepine (4ab + 5Sab)Yellow semi-solid, Yield
114 mg, 84% (1:1 ratio, inseparable, dr >95:5);(filn, cm™)
3391 (br s), 3053 (w), 2920 (w), 2920 (m), 1599 (&43 (vs),
1506 (s), 1459 (s), 1353 (m), 1315 (s), 1281 (r@p3L(s), 1086
(w), 1031 (w), 778 (m), 747 (s)'H NMR (CDClL, 400 MHz) 5
7.42-7.44 (unresolved m, 1H), 6.59, 6.57 (ABg¢d, 8.2, 0.9 Hz,
1H), 6.55, 6.52 (ABqgJ = 7.7 Hz, 1H), 6.43-6.45 (unresolved m,
1H), 6.35-6.37 (m, 1H), 6.32-6.34 (m, 1H), 5.50 J& 9.4 Hz,
0.5H), 5.45 (dJ = 9.4 Hz, 0.5H), 5.06 (ddd,= 9.4, 4.4, 2.0 Hz,
0.5H), 5.03 (dddJ = 9.4, 4.4, 2.0 Hz, 0.5H), 4.26 (d#i= 15.0,
4.4 Hz, 0.5H), 4.22 (dd] = 15.0, 4.4 Hz, 0.5H), 3.72 (d1,=
15.0, 2.0 Hz, 1H), 3.45 (br s, 2H), 2.22 (s, 1.5H)p22 1.5H);
*C NMR (CDC}L, 100 MHz)$ 151.1, 151.0, 143.1, 143.0, 137.3,
136.6, 134.8, 134.2, 131.4, 130.7, 122.3, 121.8.7,1119.2,
119.1, 118.8, 110.8, 110.7, 108.6, 108.5, 87.46,956.3, 48.8,
48.5, 20.6, 20.5; HRMS (ES Ar) calcd for G H;sN;OsNa
(MNa") 296.1006, found 296.1002.

7/8-Chloro-4-(furan-2-yl)-3-nitro-2,3,4,5-tetrahydro-1H-

benzo[b][1,4]diazepine (4ac + 5ac)Yellow semi-solid, Yield
111 mg, 76% (1:1 ratio, inseparable, dr >95:5);(filn, cm™)
3398 (br s), 3124 (m), 2921 (m), 2855 (w), 1597 (2951 (s),
1499 (m), 1352 (m), 1310 (s), 1284 (m), 1086 (N7 &s), 745
(vs); "H NMR (CDCL, 400 MHz)$ 7.43 (d,J = 0.7 Hz, 1H), 6.72
(dd,J = 8.3, 2.2 Hz, 0.5H), 6.67 (dd,= 8.3, 2.2 Hz, 0.5H), 6.59
(d,J = 2.2 Hz, 1H), 6.53 (dJ = 8.3 Hz, 0.5H), 6.50 (d] = 8.3
Hz, 0.5H), 6.35-6.37 (m, 1H), 6.32-6.34 (m, 1H), 5.83)(= 9.2
Hz, 0.5H), 5.48 (dJ = 9.2 Hz, 0.5H), 5.05 (ddd,= 9.2, 4.2, 2.7
Hz, 0.5H), 5.02 (dddJ = 9.2, 4.2, 2.7 Hz, 0.5H), 4.30 (td,=
14.8, 4.2 Hz, 1H), 3.76 (dd, = 14.8, 2.7 Hz, 1H), 3.51 (br s,
1H); *C NMR (CDCL, 100 MHz)$ 150.6, 150.4, 143.3, 143.2,

(CDCl, 100 MHz) 5 147.2, 143.8, 136.2, 135.7, 134.5, 130.7,
130.3, 129.7, 128.0, 127.8, 127.7, 126.3, 122.2.112120.3,
117.0, 85.8, 58.6, 52.5; HRMS (ES\r) calcd for G,H;N;0,Cl
(MH") 380.1160, found 380.1155.

(E)-N*-(3-(Furan-2-yl)-2-nitroallyl)-N >-phenylbenzene-1,2-
diamine (7a).Yellow solid; Yield 143 mg, 85%; mp 15Z; IR
(film, cm™) 3374 (br m), 3047 (w), 1597 (s), 1509 (s), 1500 (s
1308 (vs), 1022 (w), 930 (w), 748 (vS}i NMR (CDCk, 400
MHz) & 7.88 (s, 1H), 7.53-7.55 (unresolved m, 1H), 7.13:7.2
(m, 3H); 6.98-7.03 (m, 1H), 6.88-6.94 (m, 2H), 6.7846(m,
2H), 6.69-6.73 (m, 2H), 6.57 (dd,= 3.5, 1.8 Hz, 1H), 4.81 (s,
2H), 2 NH protons are not observedC NMR (CDCL 100
MHz) & 147.4, 147.2, 145.6, 145.1, 142.6, 129.8, 12925.8,
124.7, 122.8, 121.8, 119.5, 119.0, 115.5, 113.8.11140.6;
HRMS (ES, Ar) calcd for GgH gN;O; (MH™) 336.1348, found
336.1334.

(E)-N*-(2-Nitro-3-p-tolylallyl)-N %-phenylbenzene-1,2-
diamine (7c). Yellow solid; Yield 133 mg, 74%; mp 14Z; IR
(film, cm™) 3378 (br s), 3048 (W), 2921 (W), 1644 (w), 1601 (s),
1545 (w), 1498 (s), 1312 (w), 1279 (w), 819 (w), 74). H
NMR (CDCl, 400 MHz)6 8.19 (s, 1H), 7.37 (dl = 8.0 Hz, 2H),
7.26 (d,J = 8.0 Hz, 2H), 7.14-7.22 (m, 3H), 7.03 (i 7.6, 1.0
Hz, 1H), 6.84 (tdJ = 7.6, 1.0 Hz, 1H), 6.78 (dd,= 7.6, 1.0 Hz,
1H), 6.71-6.76 (m, 2H), 6.55 (dd,= 7.6, 1.0 Hz, 1H), 5.00-5.15
(brs, 1H), 4.45 (s, 2H), 2.4 (s, 3H), 1 NH proton is oloserved;
*C NMR (CDC}, 100 MHz)8 147.5, 145.4, 142.2, 141.7, 137.6,
130.3, 130.1, 129.4, 128.8, 125.7, 124.4, 119.8.211115.9,
112.6, 40.8, 21.7; HRMS (ESAr) calcd for G,H» N3O, (MH™)
360.1712, found 360.1696.

(E)-N*-(3-(4-Methoxyphenyl)-2-nitroallyl)-N*phenyl-
benzene-1,2-diamine (7d)Yellow solid; Yield 95 mg, 85%; mp
120°C; IR (film, cmi') 3365 (br m), 2927 (w), 1603 (vs), 1545
(m), 1512 (vs), 1305 (m), 1257 (vs), 1178 (s), 1028, 749 (s);
'H NMR (CDCl, 400 MHZz)5 8.19 (s, 1H), 7.45 (d] = 8.8 Hz,
2H), 7.19 (overlapped § = 8.4 Hz, 2H), 7.18 (overlapped}=
8.0 Hz, 1H), 7.05 (t) = 8.4 Hz, 1H), 6.95 (d) = 8.8 Hz, 2H),
6.82 (t,J = 8.0 Hz, 1H), 6.78 (d] = 8.0 Hz, 1H), 6.74 (d] = 8.4
Hz, 2H), 6.62 (dJ = 8.0 Hz, 1H), 5.14 (br s, 1H), 4.54 (br s, 1H),
4.45 (s, 2H), 3.86 (s, 3HJ*C NMR (CDCE, 100 MHz)$ 162.1,
146.1, 145.4, 142.4, 137.7, 132.5, 130.1, 129.4.812124.3,
124.0,119.8,119.2, 115.9, 114.9, 112.5, 55.@);4ARMS (ES,
Ar) calced for G,H,,N;0; (MH") 376.1656, found 376.1654.

(E)-N'-(3-(Benzo[d][1,3]dioxol-5-yl)-2-nitroallyl)-N*-
phenylbenzene-1,2-diamine (7f)Yellow solid; Yield 152 mg,
78%; mp 150°C; IR (film, cm) 3380 (br w), 3060 (vw), 2913
(w), 1643 (w), 1598 (s), 1501 (vs), 1310 (m), 1247 1837 (s),
747 (vs);"H NMR (CDCk, 400 MHz) 8.14 (s, 1H), 7.15-7.19
(m, 3H), 7.01-7.08 (m, 3H), 6.77-6.89 (m, 3H), 6.74Jc& 7.7
Hz, 2H), 6.62 (dJ = 8.0 Hz, 1H), 6.04 (s, 2H), 5.15 (br s, 1H),
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4.42 (s, 2H), 1 NH proton is not observ&i; NMR (CDCE, 100 MHz) & 8.36 (s, 1H), 7.19 (] = 7.6 Hz, 2H), 7.13 (d) = 8.3
MHz) & 150.3, 148.7, 146.5, 145.4, 142.3, 137.7, 1329,4,  Hz, 1H), 6.94-7.02 (m, 3H), 6.88 (d~= 8.3 Hz, 1H), 6.82 (1) =
126.4, 125.8, 125.5, 124.4, 119.8, 119.3, 115.2.5,1109.8, 7.8 Hz, 1H), 6.75 (dJ = 7.8 Hz, 1H), 6.71 (d) = 7.6 Hz, 2H),
109.2, 102.1, 41.0; HRMS (ESAr) caled for G,H,gN5O,4 (MH™) 6.55 (d,J = 7.8 Hz, 1H), 5.11 (br s, 1H), 4.61 Jt= 6.0 Hz, 1H),
390.1454, found 390.1464. 4.39 (d,J = 6.0 Hz, 2H), 3.81 (s, 3H), 3.61 (s, 3I31‘")C NMR

(E)-N'-(3-(4-Chlorophenyl)-2-nitroallyl)-N *-phenyl- (CDCls, 100 MHz)$ 153.6, 152.7, 148.0, 145.5, 142.3, 133.5,

benzene-1.2-diamine (7g)Dark yellow solid: Yield 80 mg, 129.9, 129.4, 125.7, 124.3, 121.3, 119.8, 119.B.411115.8,

70%; mp 136°C; IR (flm, cm®) 3374 (br m), 3053 (W), 2927 g1 yenen (1&2,\]2) o 1o oot oo S GG T
(w), 1595 (s), 1546 (m), 1496 (vs), 1319 (s), 1093, (749 (vs); 23 a3 ' ’ ' '

'H NMR (CDCk, 500 MHz)3 8.14 (s, 1H), 7.42, 7.38 (ABd,= (9)-1-(Bis((E)-3-(furan-2-yl)-2-nitroallyl)amino)-3-phenyl-
8.5 Hz, 4H), 7.20 (t) = 7.8 Hz, 2H), 7.15 (d) = 8.0 Hz, 1H), propan-2-ol (8). The starting materialsa and 2e were used in
7.02 (t,J=7.8 Hz, 1H), 6.84 (1) = 8.0 Hz, 1H), 6.79 (1) = 8.0 2:1 ratio); Yellow solid, Yield 98 mg, 72%; mp 16€; IR (film,
Hz, 1H), 6.72 (dJ = 7.8 Hz, 2H), 6.53 (d] = 8.0 Hz, 1H), 5.14 cm") 3512 (br w), 3148 (br w), 3121 (br w), 2926 (w), 1649,
(br s, 1H), 4.56 (br s, 1H), 4.40 (d,= 4.0 Hz, 2H);°C NMR 1512 (s), 1312 (vs), 1023 (m), 753 (M) NMR (CDCk, 400
(CDCl,, 125 MHz)§ 148.6, 145.3, 142.0, 137.2, 136.0, 131.4,MHz) & 7.99 (s, 2H), 7.67 (unresolved m, 2H), 7.13-7.22 (m,
130.2, 130.1, 129.7, 129.4, 125.8, 124.5, 119.9.511115.9, 2H), 6.93-6.96 (m, 4H), 6.60 (ABd,= 1.7 Hz, 2H), 4.41 (d] =
112.7, 40.8; HRMS (ES Ar) calcd for GHioCIN;O, (MH")  13.9 Hz, 2H), 4.14 (dJ = 13.9 Hz, 2H), 3.63 (t) = 11.0 Hz,
380.1160, found 380.1164. 1H), 3.28-3.34 (m, 2H), 2.99-3.05 (m, 1H), 2.60 (bild), 2.48-
2.58 (m, 2H);"C NMR (CDC}k, 100 MHz)8 147.4, 147.2, 144.4,
138.4, 129.0, 128.7, 126.4, 123.9, 122.4, 113.5),680.2, 45.1,

IR (film, cm™) 3373 (br m). 2622 (m), 2853 (w). 1597 (m), 1524 313 HRMS (ES An) caled for GaHzN:O; (MH') 454.1609,

(vs), 1497 (m), 1343 (m), 749 (n} NMR (CDCh, 400 MHz)5  0und 454.1611,

8.46 (s, 1H), 8.26 (d] = 8.0 Hz, 1H), 7.66 (tJ = 8.0 Hz, 2H), General procedure for the reaction of MBH-acetate land
7.36 (d,J=8.0 Hz, 1H), 7.19 (d] = 7.6 Hz, 2H), 7.10 (d] = 8.0 10 with aminoamide 2f.To a stirred solution of MBH acetate
Hz, 1H), 6.92 (tJ = 7.6 Hz, 1H), 6.84 (] = 8.0 Hz, 1H), 6.75 (t, 1/10 (0.3 mmol) in methanol (1.5 mL) at room temperatuas

J = 8.0 Hz, 1H), 6.68 (d) = 7.6 Hz, 2H), 6.38 (dJ = 8.0 Hz, added 2f (0.3 mmol). The reaction mixture was stirred till
1H), 5.15 (s, 1H), 4.51 (br s, 1H), 4.25 {c 5.2 Hz, 2H);°C complete consumption of the starting materials (iooed by
NMR (CDCL, 100 MHz) 6 149.1, 147.3, 145.2, 141.5, 134.4, TLC). The solvent was evaporatedvecuo and the crude residue
134.3, 131.0 (x 2), 130.4, 129.4, 128.0, 125.6,.4,2824.2, was purified by silica gel column chromatography-236 EA /
119.9, 115.8 (x 2), 113.3, 40.8; HRMS (ES\r) calcd for pet ether).

CoH1eKN,O, (MK”) 429.0960, found 429.0958. (E)-2-(3-(4-Methoxyphenyl)-2-nitroallylamino)benzamice

(E)-N*-(2-Nitro-3-(3,4,5-trimethoxyphenyl)allyl)-N* (9d). Yellow solid; Yield 88 mg, 90%; mp 17°C; IR (film, cm
phenylbenzene-1,2-diamine (7)Red solid; Yield 105 mg, 81%; ') 3467 (br w), 3320 (br m), 1646 (s), 1603 (s), 154)0 1305
mp 130°C; IR (film, cmi’) 3358 (br m), 2936 (m), 1593 (s), 1547 (s), 1453 (w), 1384 (w), 1305 (s), 1256 (vs), 1177 1827 (m),
(m), 1498 (s), 1463 (m), 1420 (m), 1316 (m), 12410),(1128 834 (m), 742 (m)!H NMR (CDCk, 400 MHz) & 8.26 (s, 1H),
(vs), 1004 (m), 748 (sfH NMR (CDCk, 400 MHz)8 8.16 (s,  7.45 (d,J = 8.7 Hz, 2H), 7.41 (ddl = 8.1, 1.4 Hz, 1H), 7.31 (td,
1H), 7.19 (tJ = 8.0 Hz, 2H), 7.16 (] = 7.6 Hz, 1H), 7.04 (= J= 8.1, 1.4 Hz, 1H), 6.95 (d,= 8.7 Hz, 2H), 6.67 (td] = 8.1,
8.0 Hz, 1H), 6.83 () = 7.6 Hz, 1H), 6.80 (d) = 7.6 Hz, 1H), 1.4 Hz, 1H), 6.61 (dd) = 8.1, 1.4 Hz, 1H), 5.7 (br s, 1H), 4.52
6.76 (s, 2H), 6.74 (d] = 8.0 Hz, 2H), 6.65 (dJ = 7.6 Hz, 1H), (s, 2H), 3.85 (s, 3H), 2 NH protons are not observ&:NMR
5.17 (br s, 1H), 4.60 (br s, 1H), 4.43 (d= 4.8 Hz, 2H), 3.90 (s, (CDCl; 100 MHz)§é 171.9, 162.1, 149.4, 145.8, 137.8, 133.7,
3H), 3.71 (s, 6H)*C NMR (CDCL, 100 MHz)5 153.6, 147.2, 132.5, 128.6, 123.9, 116.0, 115.0, 114.4, 112.36,580.0;
145.3, 142.1, 140.6, 137.9, 130.0, 129.4, 126.%.612124.1, HRMS (ES, Ar) calcd for G;H;;N;O,Na (MNa) 350.1111,
119.9, 119.3, 115.8, 112.2, 107.6, 61.1, 56.1,;44RMS (ES, found 350.1114.

Ar) caled for G4H»6N3;05 (MH™) 436.1867, found 436.1875. (E)-2-((3-(4-Chlorophenyl)-2-nitroallyl)amino)benzamice

(E)-N'-(3-(Naphthalen-1-yl)-2-nitroallyl)-N-phenyl- (99). Yellow solid; Yield 82 mg, 82%; mp 17Z; IR (film, cm?)
benzene-1,2-diamine (7m)Brown solid; Yield 85 mg, 72%; mp 3266 (br m), 2930 (w), 2861 (w), 1645 (m), 1578 (438 (m),
159°C; IR (film, cm®) 3375 (br m), 3048 (w), 1652 (w), 1596 1396 (s), 1318 (vs), 1287 (vs), 1087 (m), 752 (Vk);NMR
(s), 1521 (vs), 1445 (m), 1330 (s), 1266 (m), M9;(‘H NMR  (CDCl,, 400 MHz)& 8.50 (t,J = 5.6 Hz, 1H), 8.28 (s, 1H), 7.87
(CDCl;, 500 MHz)4 8.73 (s, 1H), 7.98 (dl = 8.1 Hz, 1H), 7.95 (br s, 1H), 765, 7.60 (ABg) = 8.7 Hz, 4H), 7.64 (overlapped d,
(d,J = 7.5 Hz, 1H), 7.85 (d] = 8.1 Hz, 1H), 7.56-7.64 (m, 2H), = 7.8 Hz, 1H), 7.21 (br s, 1H), 7.18 Jt= 7.8 Hz, 1H), 6.60 (1)
7.51 (t,J=7.5Hz, 1H), 7.45 (d] = 7.5 Hz, 1H), 7.19 (=79 =7.8 Hz, 1H), 6.42 (d] = 7.8 Hz, 1H), 4.45 (d] = 5.6 Hz, 2H);
Hz, 2H), 7.05 (dJ = 7.3 Hz, 1H), 6.83 () = 7.3 Hz, 1H), 6.63- **C NMR (CDCk, 100 MHz)& 171.3, 148.6 (x 2), 135.6, 135.2,
6.70 (m, 4H), 6.21 (d] = 7.3 Hz, 1H), 5.0 (br s, 1H), 4.67 (br s, 132.5, 131.9, 130.2, 129.2, 129.1, 115.3, 115.0,.4,179.1;
1H), 4.44 (s, 2H)**C NMR (CDCL, 126 MHz)5 149.8, 145.5, HRMS (ES, Ar) calcd for GgH1,CIN;O;Na (MNa) 354.0616,
142.0, 135.3, 133.6, 131.5, 131.1, 129.6, 129.4.01Zx 2), found 354.0615.

127.6, 127.5, 127.0, 125.8, 125.5, 124.8, 124.9.711119.0,

115.6, 112.5, 40.5; HRMS (ESA) caled for GeHaNO; (MHY) y 10 "S- vield 86 mg, 84%: mp 168C: IR (film, cri)

396.1707, found 396.1702. 3477 (br w), 3348 (br m), 2974 (w), 2925 (W), 1656 (H15
(E)-N'-(3-(2,5-Dimethoxyphenyl)-2-nitroallyl)-N* (m), 1523 (vs), 1344 (s), 1095 (w), 753 ($J;NMR (CDCl, 400
phenylbenzene-1,2-diamine (7n)Yellow solid; Yield 103 mg, MHz) § 8.49 (s, 1H), 8.21 (dd, = 8.1, 1.0 Hz, 1H), 7.67 (td,=
85%; mp 151-153C; IR (film, cm’l) 3367 (br vs), 3044 (vw), 8.1, 1.0 Hz, 1H), 7.58 (td} = 8.1, 0.8 Hz, 1H), 7.44 (d,= 7.6
2942 (w), 2835 (w), 1595 (s), 1543 (w), 1496 (vs), 1461),  Hz, 1H), 7.30 (ddJ = 7.6, 1.4 Hz, 1H), 7.17 (td,= 7.6, 1.4 Hz,
1418 (w), 1301 (s), 1025 (vs), 745 (v8)f NMR (CDCk, 400  1H), 6.61 (tJ = 7.6 Hz, 1H), 6.36 (dd] = 8.1, 0.8 Hz, 1H), 5.90

(E)-N*-(2-Nitro-3-(2-nitrophenyl)allyl)-N >-phenylbenzene-
1,2-diamine (7j). Yellow solid; Yield 83 mg, 71%; mp 15%;

(E)-2-(2-Nitro-3-(2-nitrophenyl)allylamino)benzamide @j).
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(br s, 2H), 4.39 (s, 2H), 1 NH proton is not obser/8@;NMR  was purified by silica gel column chromatography-20% EA /
(CDCl;, 100 MHz) 5 171.8, 148.6, 148.5, 146.8, 134.4, 133.5,pet ether).

15091308, 1285, 1283, 1254, 184 LUTALSE L1 4 oo tbenza dazeping
’ oA ' ' carboxylate (13).Colorless liquid; Yield 39 mg, 35%; IR (film,

found 365.0851. cni®) 3376 (br s), 2978 (W), 2925 (M), 2855 (w), 1721),(1648

(E)-2-((2-Nitro-3-(3,4,5-trimethoxyphenyl)allyl)amino)- (m), 1598 (m), 1507 (s), 1315 (s), 749 ($J;NMR (CDCl, 400
benzamide (9l).Light yellow solid; Yield 93 mg, 80%; mp 169 MHz) 5 6.73 (d,J = 3.6 Hz, 1H), 6.71 (] = 3.6 Hz, 1H), 6.66 (t,
°C; IR (film, cm?) 3415 (s), 3298 (m), 3170 (s), 3055 (m), 1672J = 3.6 Hz, 1H), 6.64 (d) = 3.6 Hz, 1H), 4.17 (q) = 7.1 Hz,
(m), 1651 (m), 1621 (s), 1579 (m), 1504 (s), 1482, (1392 (s), 2H), 3.57 (ddJ = 13.1, 4.5 Hz, 2H), 3.40 (dd,= 13.1, 7.5 Hz,
1316 (vs), 1265 (vs), 1231 (m), 1156 (m), 990 (8); NMR 2H), 2.83 (tt,J = 7.5, 4.5 Hz, 1H), 1.27 (d,= 7.1 Hz, 3H);"C
(CDCls, 500 MHz)8 8.23 (s, 1H), 8.17 (1 = 4.5 Hz, 1H), 7.40 NMR (CDCkL, 100 MHz) § 173.1, 139.8, 121.2, 119.4, 60.8,
(d,J=7.5Hz, 1H), 7.31 () = 7.5 Hz, 1H), 6.77 (s, 2H), 6.67 (t, 47.9, 47.0, 14.4; HRMS (ESAr) calcd for G,H;eN,O.K (MK ™)
J=7.5Hz, 1H), 6.65 (d] = 7.5 Hz, 1H), 5.89 (br s, 2H), 4.47 (d, 259.0843, found 259.0847.

J=4.5Hz, 2H), 3.87 (s, 3H), 3.68 (s, 6 NMR (CDC}, 125
MHz) & 171.9, 153.6, 149.2, 146.9, 140.5, 138.4, 13328.6,
126.9, 116.2, 114.4, 112.1, 107.6, 61.1, 56.1,;49F8VIS (ES,

Ar) caled for GgHp:NsNaQ; (MNa') 410.1323, found 410.1313.

(E)-2-((3-(Naphthalen-1-yl)-2-nitroallyl)Jamino)benzamie
(9m). Yellow solid; Yield 81 mg, 77%; mp 17°C; IR (film, cm
%) 3313 (br m), 3186 (m), 1676 (m), 1648 (m), 16&8,(1571
(m), 1511 (m), 1385 (s), 1322 (vs), 1280 (s), 1254, 750 (s),
733 (s), 524'H NMR (CDCk, 500 MHz)3 8.75 (s, 1H), 8.22 (t,
J=6.1Hz, 1H), 7.96-7.80 (m, 1H), 7.92-7.96 (m, 1HB5#7.89
(m, 1H), 7.55-7.61 (m, 2H), 7.51-7.54 (m, 2H), 7.32X¢ 8.0
Hz, 1H), 6.85 (tJ = 8.0 Hz, 1H), 6.52 (tJ = 8.0 Hz, 1H), 6.15
(d,J = 8.0 Hz, 1H), 5.69 (br s, 2H), 4.50 (b= 6.1 Hz, 2H)**C

NMR (CDCl;, 125 MHz)§$ 171.8, 149.7, 148.9, 135.1, 133.6,

133.4, 131.6, 131.1, 129.0, 128.5, 127.7, 127.5.0,2125.5,
124.5, 115.8, 114.3, 112.2, 39.5; HRMS {E8r) calcd for
CogH1N:05 (MH™) 348.1343, found 348.1348.

(E)-Ethyl 2-(2-carbamoylphenylamino)-4-(4-methoxy-
phenyl)-3-nitrobut-3-enoate (11a).Yellow solid, 102 mg, 85%;

mp 161°C; IR (film, cm®) 3055 (w), 2926 (m), 2851 (w), 1754

(s), 1659 (s), 1606 (s), 1579 (m), 1513 (s), 13Wp (265 (s),
1178 (s), 1027 (s), 739 (vs), 704 ($); NMR (CDCk, 400 MHz)
§8.24 (s, 1H), 7.53 (dl = 8.4 Hz, 2H), 7.41 (d] = 7.7 Hz, 1H),
7.02 (d,J = 8.4 Hz, 2H), 7.00-7.05 (m, 1H), 6.59 Jt= 7.7 Hz,

1H), 6.06 (brs, 1H), 5.91 (d, = 7.7 Hz, 1H), 5.53 (s, 1H), 4.33

(9,3 = 6.9 Hz, 2H), 3.89 (s, 3H), 1.31 &~ 6.9 Hz, 3H), 2 NH
protons are not observetfC NMR (CDCL 100 MHz)$ 171.8,
171.7, 169.1, 162.0, 147.4, 146.4, 137.1, 133.2,8,3128.9,
1235, 116.5, 115.5, 115.0, 112.1, 62.8, 55.7,;33RMS (ES,

Ar) calcd for GgH,iN;OgNa (MN4&) 422.1323, found 422.1325.

(2)-Ethyl 4-((2-carbamoylphenyl)amino)-4-(naphthaleni-
yl)-3-nitrobut-2-enoate (11b). Yellow solid; Yield 108 mg,

85%; mp 196°C; IR (film, cmi®) 3588 (br vs), 3007 (w), 2944

(), 1637 (m), 1443 (m), 1376 (m), 1040 (it NMR (CDCl,
500 MHz) 5 8.82 (s, 1H), 8.78 (d] = 7.6 Hz, 1H), 8.03 (d) =
8.0 Hz, 1H), 7.97 (dJ = 7.6 Hz, 1H), 7.89 (dJ = 8.0 Hz, 1H),
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Highlights

Nitrobenzodiazepines have been synthesized from nitroallylic acetates for the first
time

The Nitroallylic acetates react as 1,3-bielectrophiles with 1,4-binucleophilic o-
phenylenediamines in a [4+3] fashion

The first step in the reaction of primary nitroallylic acetates has been confirmed to
be Sy2 by isolating the intermediates

The cascade reaction is highly stereoselective and takes place in MeOH at room
temperature in the absence of any base or catalyst

The intermediate SN2 products, N-nitroallylated compounds, possess multiple
functionalities
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