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3.1 Introduction

N-Nitrosamines have been known since the nineteenth century and received
considerable attention in chemistry and biology [1-3]. In organic synthesis, N-nitrosamines
have been used not only as synthetic intermediates [4-7] but also used as masking groups
and directing groups (Scheme 3.1) [8-19]. For example, secondary amines can be masked
as N-nitrosamines to perform electrophilic substitutions selectively at the a-carbon
(Scheme 3.1, A) [8, 9]. Recently, N-nitrosamine directed C-H bond activation reactions
have emerged as a powerful method for the synthesis of ortho-functionalized aniline
compounds (Scheme 4.1, B) [10-19]. On the other hand, N-nitrosamines are the
intermediate in the dealkylation of N, N-disubstituted anilines (Scheme 3.1, C) [20-22].
While many chemical reactions employ N-nitrosamine intermediates, they are also often
formed as major side products [23-25]. For instance, N-nitrosamine is obtained as the
major side product during the synthesis of an important herbicide, pendimethalin (Scheme

3.2) [23].

In all the above reactions, denitrosation of N-nitrosamine is the key step to generate
active amine compounds for further chemical and biological applications [10, 13, 15, 18,
20, 21, 23]. However, only a limited literature exists for the denitrosation of N-
nitrosamines, all of which involve metal based reducing agents. For example, CuCI/HCI
[10, 26], NiCl,/NaBH4 [10, 27], Fe(CO)s [10, 28], Raney-Ni/Hz [10, 29], Fe/NH4Cl [13,

18] and Zn/NH4Cl1 [14] have been utilized for the denitrosation process.
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Scheme 3.1 Applications of N-nitrosamines in various transformations.

Denitrosation

Pendimethalin By-product
(Herbicide)

Scheme 3.2 Formation of N-nitrosamine as the by-product.

Besides using non eco-friendly toxic metal reagents, the existing methods also
suffer from other drawbacks. One of the major setbacks with the existing reagents is
“functional group intolerance”. Namely, most of these reagents were known for reducing
other functional groups such as nitro, nitrile, alkene, alkyne, aldehyde, ketone, etc. [30, 31].
Moreover, all these methods suffer with at least one of the following additional drawbacks

such as requirement of excess of reagents, high reaction temperature, harsh reaction
|
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conditions, longer reaction time, strong acidic media, etc. Therefore, it is important to
establish a simple and efficient method for the selective denitrosation of N-nitrosamines
under mild reaction conditions especially in the presence of other sensitive functional
groups.

Triethylsilane is a mild and selective reducing agent used in combination with
different metals or Lewis acids for the reduction of selected functional groups [32-35].
Triethylsilane is inexpensive, commercially available and considered to be a good
alternative to other more toxic reducing agents [32, 36]. To the best of our knowledge
organosilanes have not been explored in denitrosation reactions. In continuation of our
second chapter [37], here we report an efficient method for the denitrosation of aryl-N-
nitrosamines using an iodine-triethylsilane system (Scheme 3.3).

"Metal-Free Condition"

Q\N l, (cat.) y
@7'\( Et3Si-H (1.5 eq.) . @N
=|= R DCM == R
FG room temperature FG
10-15 min

FG: -NO,, -CHO, -CO-R,-CN, alkenyl, alkynyl, etc.
R: alkyl, aryl, benzyl, etc.

Scheme 3.3 Denitrosation of N-nitrosamines.

3.2 Results and Discussion

3.2.1 Optimization for denitrosation under different reaction conditions

At the outset, denitrosation of N-methyl N-nitrosoaniline 1a was examined with one

equivalent of triethylsilane in different solvents at room temperature in the absence of
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catalyst (Table 3.1). A negligible amount of formation of denitrosated product was
observed (i.e. secondary amine) in different solvents including dichloromethane,
acetonitrile and methanol (Table 3.1, entries 1-3). Therefore, we have looked for a suitable

catalyst which can accelerate the reaction to give the desired product in good yield.

Among the different combinations described in the literature, the
iodine/triethylsilane system was found to be very mild and was explored in reductive ring
opening of benzylidene acetals [38], reductive amination of acetals [39], etc. Thus, a
catalytic amount of iodine (i.e. 10 mol %) was introduced in the denitrosation reactions
with triethylsilane (Table 3.1, entries 4-6). We were delighted to see a significant
conversion of N-nitrosamine 1a to the corresponding secondary amine 2a (i.e. 55%) in
dichloromethane at room temperature (Table 3.1, entry 4). Further, the denitrosation
reaction was tested with varying amounts of iodine and triethylsilane in dichloromethane
(Table 3.1, entries 7-11). Finally, it was observed that a combination of 0.3 eq. of iodine
and 1.5 eq. of triethylsilane would be optimum for the efficient denitrosation process which
provides the desired amine in quantitative yield within 10 mins (Table 3.1, entry 9). It may
also be noted that in the absence of triethylsilane no reaction was observed (Table 3.1,
entry 12). In addition, we have examined the reaction with other iodine sources such as
sodium iodide and tetrabutyl ammonium iodide and no reaction was observed (Table 3.1,

entries 13-14).
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Table 3.1 Optimization of denitrosation under different conditions.™"

R
N=0 R-siR H
1a CHs Conditions 2a CHj
S.No. Solvent Silane (eq.) Catalyst (eq.) Time Yield (%)°

1 CH,Cl, TES (1.0)c - 1h <5
2 CH3CN TES (1.0) - 1h nd¢
3 CH,OH TES (1.0) - 1h nd¢
4 CH,Cl, TES (1.0) I, (0.1) 1h 55
5 CH5CN TES (1.0) 1> (0.1) 1h 32
6 CH3OH TES (1.0) I, (0.1) 1h 5

7 CH,Cl, TES (1.0) I, (0.2) 1h 78
8 CH,Cl, TES (1.5) 12 (0.2) 30 min 95
9 CH,CI, TES (1.5) 1, (0.3) 10 min 95
10 CH,Cl, TES (1.5) 1> (0.5) 10 min 94
11 CH,Cl, TES (1.5) 2 (1.0) 10 min 95
12 CH,Cl, - 2 (1.0) 1h nd¢
13 CH,Cl, TES (1.5) Nal (0.3) 1h nd¢
14 CH,Cl, TES (1.5) BuyNI (0.3) 1h nd¢
15 CH,Cl, PS (1.5)e 2 (0.3) 30 min 94
16 CH,Cl, DMPS (1.5)f 12 (0.3) 10 min 94
17 CH,Cl, TES (1.5) B(CeFs)s (0.3) 1h nd®
18 CH,Cl, TES (1.5) BF3.0Et, (0.3) 1h nd*

#Reaction conditions: N-Nitrosamine (1 mmol), silane and catalyst were stirred in the
respective solvents (3 mL) at room temperature. °Isolated yields. °TES: Triethylsilane. ‘nd:
Not detected in TLC. °PS: Phenylsilane. ‘DMPS: Dimethylphenylsilane.
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It is also interesting to note that other expensive silanes such as phenylsilane (PS)
and dimethylphenylsilane (DMPS) showed a comparable efficiency to that of triethylsilane
in presence of iodine (Table 3.1, entries 15-16). However, when
tris(pentafluorophenyl)borane and trifluoroborane diethyl etherate was used as a catalyst in
the presence of triethylsilane, no reaction was detected (Table 3.1, entries 17-18).

3.2.2 Substrate scope

With optimized conditions in hand, the investigation of denitrosation of various N-
nitrosamines was undertaken using I»/Et;SiH at room temperature (Table 3.2).
Denitrosation of N-nitroso N-alkyl/aryl anilines were achieved in excellent yields (i.e. 95-
97%) within 10 min at room temperature (Table 3.2, 2b-2d). Sterically hindered N-
isopropyl, N-cyclohexyl and N-phenyl aniline derivatives also denitrosated with similar
efficiency and provided >91% yield (Table 3.2, 2e-2g). Further, denitrosation of various N-
nitroso N-benzyl anilines with electron donating and withdrawing substituents was
attempted under optimized conditions (Table 3.2, 2h-2w). It is interesting to note that
irrespective of the substituents present on the substrate, the reaction gave the desired
amines in excellent yields, i.e. 90-97% (Table 3.2, 2h-2w) in a short span of time. It was
also observed that N-nitrosamines with ortho-substituents took a slightly longer time, i.e.
15 min, for completion of the reaction (Table 3.2, 2i and 2v). It is worth noting that we
haven’t observed any debenzylation or dehalogenation products during the denitrosation,

which signals the broad scope of this methodology.
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Table 3.2 Denitrosation of N-nitrosamines using iodine-triethylsilane.®"

R R
— / 1, (0.3 eq.) — /
; N
\ | / N\ Et;Si-H (1.5 eq.) \ | // \H
R NO DCM, rt R
1b-1w 2b-2w
C2Hs CaHg CeH1s
O O O Ot
H H H H
2b 2c e
(10 min, 95%) (10 min, 96%) (10 min, 97%) (15 min, 93%)

50 G5 o Gk

2f 29 2h 2i
. i 0,
(15 min, 91%) (15 min, 92%) (10 min, 96%) (15 min, 96%)

O MO M ot

(10 min, 95%) (10 min, 93%) (10 min, 91%) (10 min, 90%)

Q:jéfgﬁ QQ Qﬁ

(10 min, 97%) (10 min, 97%) (10 mln 94%) (10 m|n 93%)

Qﬁ @JCWQQ @ﬁ

(10 min, 95%) (10 min, 96%) (10 min, 91%) (10 min, 90%)

GO b0

(15 min, 93%) (10 min, 95%)

#Reaction conditions: N-nitrosamine (1 mmol), triethylsilane (1.5 eq.) and iodine (0.3 eq.)
were stirred in dichloromethane (3 mL) at room temperature. °Isolated yields.
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As mentioned in the introduction, N-nitrosamine is formed as the byproduct during
preparation of herbicide pendimethalin [23, 24]. To investigate the efficiency of our
method, we have synthesized the N-nitroso pendimethalin and attempted for the
denitrosation using I> and Et3SiH. To our delight, the denitrosation underwent smoothly to
provide pendimethalin 2x in 89% yield (Scheme 3.4). Perhaps, due to steric hindrance,
denitrosation of N-nitroso pendimethalin required slightly longer time (8 h) and elevated

temperature, 1.e. 40 °C.

\j\ _NO
NH N I,/Et3Si-H NH

HNO3/H,SO4  o,N NO, DCM _ O.,N NO,
—_—
8 h, 40 °C
89%
2x

1x
N-nitroso Pendimethalin
Pendimethalin (Herbicide)

Scheme 3.4 Synthesis of Pendimethalin using Iodine and triethylsilane in DCM.

An investigation of functional group tolerance is an important aspect in
methodology development. For this study, we have subjected a series of N-nitrosamines
containing reduction susceptible functional groups such as nitro, alkenyl, alkynyl, nitrile,
aldehyde, ketone and ester with iodine-triethylsilane under optimized conditions (Table

3.3).
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Table 3.3 Denitrosation of functionalized N-nitrosamines using iodine-triethylsilane.®

_ R I, (0.3 equiv.) R
/ Et;Si-H (1.5 equiv.) o /
<\;:/>‘N\ - \ |/ N\
FG NO DCM, rt, 10 min I|:G H
3a-i FG: Functional Group 4a-i
' . H
N N \ |
I§ " NQ
H3CO N H3CO If N @[
NO,
4a: 91% 4b: 89% 4c: 89% 4d: 89%

OH H CHO 'TI
“CH
e (X Oy
COCH3 MeO,C

4e: 91% 4f: 90% 49: 85% 4h: 92%

jog
BocO

4i: 95%

#Reaction conditions: N-nitrosamine (1 mmol), triethylsilane (1.5 eq.) and iodine (0.3 eq.)
were stirred in dichloromethane (3 mL) at room temperature. ®Isolated yields.

Olefin, alkyne and nitrile functionalized N-nitrosamines underwent denitrosation
efficiently without affecting double bond and triple bonds (Table 3.3, 4a-4c). It may be
noted that previously used reagent such as Raney-Ni/H> is well known for the reduction of
these functional groups [31] Similarly, the nitro group is susceptible to reduction [30, 31]
with Raney-Ni/Hz, Zn/NH4Cl and Fe/NH4Cl while found to be intact during the
denitrosation with [>-Et3SiH (Table 3.3, 4d and 4e), which is remarkable. The carbonyl

functionalities such as aldehyde and ketone are prone to reduction in the presence of

Department of Chemistry, [IT (BHU), Varanasi. Page 92



CHAPTER-3

various reducing agents (e.g. sodium borohydride). Indeed, reduction of aldehyde was
previously achieved with organosilanes in the presence of different catalysts [40-42].
Therefore, denitrosation of carbonyl groups functionalized N-nitrosamines was investigated

with triethylsilane-iodine system under optimized condition.

Remarkably, aldehyde, ketone and ester functional groups found to be intact while
selective denitrosation was achieved in high yields (Table 3.3, 4f-4h). Further, we have also
tested the stability of acid labile protecting group such as fert-butyl carbonate (Boc).
Interestingly, Boc group was preserved during the denitrosation of Boc containing N-
nitrosamine derivative (Table 3.3, 4i).

3.3 Applications of Current Methodology to Multi-Step Synthesis

3.3.1 Palladium catalyzed C-H activation followed by denitrosation

PACL(CH,CN), NN I, Ry
PhI(OAC), OCH, EtsSi-H OCH,
MeOH DCM, rt
15 min
5a: R=CH, 6a: R=CHj; 93%
R, Ne 5b: R=C,Hs 6b: R=C,Hs5; 94%
N (6]
@ this work!
R. _N._ R. _H
phcocooH | © | N
COPh 2 COPh
Pd(OAc), @/ EtsSi-H @/
-
KyS,0% 1DSCI\/[, rt
5¢: R=CHs M 6c: R=CHj; 87%
5d: R=C,Hj 6d: C,Hs; 86%

Scheme 3.5 Palladium catalyzed C-H activation followed by denitrosation.
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After an extensive study of denitrosation with a variety of substrates, we utilized the
current methodology in different useful reactions. Palladium catalysed N-nitrosamine
directed ortho-methoxylation and ortho-acylation of anilines have been recently reported
(Scheme 3.5) [13, 18]. The resulting N-nitroso intermediates were successfully denitrosated
using the present method i.e. Ir/Et3SiH in >86% yield at room temperature within 15
minutes. In contrast, original reports require excess amount of reagent, i.e. Fe (4.0
eq.)/NH4Cl (3.0 eq.), high temperature (80 °C) and longer reaction time (6 h) for the
denitrosation. [13, 18]

3.3.2 Rhodium catalyzed C-H activation followed by denitrosation

0]

Csz\ ,N\\ N

CoHeo
N" "0 cprnCll, 2 0N
© methacrylate

CuCl (17.5 eq.) in con.HCI, rt, 2 h: 85%
NiCl, (2 eq.) / NaBH,4 (4 eq.), rt, 1 h: 68%
Fe(CO)s5 (2.2 eq.), 140 °C, 12 h: 70%
This method
I, (0.3 eq.)/Et3SiH (1.5 eq.), - 89%

rt, 15 min Csz\N,H

COZMe

5e

Denitrosation

COzMe

6e

Scheme 3.6 Rhodium catalyzed C-H activation followed by denitrosation.
Recently, N-nitroso directed C-H olefination was demonstrated using rhodium(III)

catalysts. In this report, CuCI/HCI, NiClo/NaBH4 and Fe(CO)s have been utilized for the
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denitrosation purpose (Scheme 3.6) [10]. However, this process requires either an excess of
reagents or strong acidic medium or high reaction temperature. Nevertheless, the current
protocol, i.e. I,/Et3SiH gave the desired denitrosated product in 89% yield within 15 min at

room temperature.

3.3.3 Nitrosative dealkylation of zert-amines followed by denitrosation

The current methodology was further applied in nitrosative dealkylation process of
N,N-disubstituted anilines. Dealkylated N-nitroso intermediates 5f and 5g were prepared
using the reported method [22] (Scheme 3.7) and subjected to denitrosation with I»/Et3SiH.
The reaction yielded the corresponding secondary amines 6f and 6g in >91% yields in 10
min. We believe that this new process will be an efficient alternative route for the

previously reported oxidative dealkylation methods [43, 44].

?.
N ,CH3
KI/t BuOOH I,/Et3Si-H
CH3N02 __bem
10 mln
R
5f: R=H 6f: R=H; 93%
5g9: R=Br 69: R=Br; 91%

Scheme 3.7 Nitrosative dealkylation of ferf-amines.

3.4 Nitroso as Protecting Group

Further, we utilized the nitroso moiety as a “protecting group” for secondary
amines. For this study, we have synthesized N-benzyl 4-hydroxy aniline and attempted for

O-allylation. At first, secondary amine was selectively converted to N-nitrosamine Sh in
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high yield using fert-butyl nitrite (Scheme 3.8). The resulted phenolic compound was
allylated using allyl bromide in a quantitative yield which was subsequently denitrosated
using [>/Et3SiH to obtain the desired product in 94% yield (for two steps). It shows that the
“NO” moiety can be used as an alternative protecting group to acetate or Boc for the

protection of secondary amines in organic synthesis [45, 46].

0 Bn. _H
Bn. - Bn.-N 1. Allyl Bromide N
t-BUONO K2CO3
E— >
0,
© 91% © 2. 1,/EtsSiH
94% 0
OH OH N
5h 6h

Scheme 3.8 N-Nitroso moiety as protecting group in organic synthesis.

3.5 Plausible Mechanism

Although, the mechanism of the denitrosation reaction is unclear, we believe that
the reaction may proceed through following mechanism as shown in Scheme 3.9. lodine
reacts with triethylsilane to form hydroiodic acid (HI), [47, 48] which is expected to
catalyse the reaction actively. The H' ion coordinates with the nitroso group while
triethylsilane delivers the hydride ion to form a secondary amine [40]. It may be noted that
the reaction proceeds faster when the concentration of iodine is increased from 0.1 equiv.

to 0.3 equiv. (Table 3.1, entries 4, 8 and 9).
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Loy EtaSiHe (cat) o
N0 HaC N h- N

Cat. HI -HNO
Et,Si-H

Scheme 3.9 Proposed mechanism for the denitrosation reaction.

This may be due to increase in the concentration of hydroiodic acid (HI) in the
reaction. Further to confirm the participation of HI in the denitrosation process,
denitrosation of N-nitrosamine 1a was performed with 30 mol % of HI in the presence of
1.1 equiv. of triethylsilane (Table 3.4, entry 1). The reaction proceeds smoothly to yield the
desired product 2a in 95% yield in 15 min. However, other acids such as hydrobromic acid

(HBr) and hydrochloric acid (HCI) provide the desired product in a low yield.
Table 3.4 Denitrosation of N-methyl N-nitroso aniline catalyzed by haloacids.

HI (30 mol %)

/N:O ) /H
@N TES (1.1 equiv.) @N
CH, )

DCM, rt CHs
1a 2a
S.No. Catalyst Time (min) Yield(%)
1. HI 15 95
2. HBr 15 43
3. HCI 15 36

*Reaction conditions: N-nitrosamine (1 mmol), triethylsilane (1.5 eq.) and iodine (0.3 eq.)
were stirred in dichloromethane (3 mL) at room temperature. ®Isolated yields.
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3.6 Conclusion

In conclusion, we have developed an efficient and practical method for the
denitrosation of N-nitrosamines using iodine and triethylsilane. The reaction proceeds at
room temperature in a short span of time and provides typical yields of 85-97%. Reduction
susceptible functionalities such as alkene, alkyne, nitrile, nitro, aldehyde, ketone and ester
were found to be stable under the standard reaction conditions. Applications of the current
methodology were demonstrated in different multistep organic synthesis. In addition, the
nitroso moiety was explored as a protecting group for secondary amines. Overall, we found
the current methodology will have a wide of scope in organic synthesis.

3.7 Experimental Section
3.7.1 General experimental procedure for the denitrosation of N-nitrosamines

N-nitrosamine (1.0 mmol, 1.0 equiv.) was allowed to stir in dichloromethane (3
mL) approximately for 2 min at room temperature to which iodine (76 mg, 0.3 equiv.) and
triethylsilane (0.24 mL, 1.5 equiv.) was added. The reaction was further allowed to stir for
10-15 minutes and the progress of the reaction was monitored by TLC. After completion,
the reaction mixture was quenched with saturated solution of sodium thiosulfate (20 mL)
extracted with ethyl acetate (2 x 25 mL). The organic layer was dried over anhydrous
sodium sulphate, concentrated and subjected for column chromatography (SiO2, eluent:
Hexane/ethyl acetate) to obtain corresponding pure substituted secondary amines (Scheme

3.3).
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3.7.2 Denitrosation of N-methyl N-nitrosaniline using Triethylsilane with hydroiodic
acid (HI), hydrobromic acid (HBr) and hydrochloric acid (HCI).

N-methyl N-nitrosaniline (137 mg, 1 equiv.) was stirred in dichloromethane (3 mL)
approximately for 2 min at room temperature to which triethylsilane (0.17 mL, 1.1 equiv.)
and hydroiodic acid (0.01 mL, 0.1 equiv.) was added via syringe and allowed to stir for 15
minutes. After completion, the reaction mixture was quenched with saturated solution of
sodium thiosulfate (20 mL) and extracted with ethyl acetate (2 x 25 mL). The organic layer
was dried over anhydrous sodium sulphate, concentrated and subjected for column
chromatography (Si0, eluent: Hexane/ethyl acetate) to obtain N-methyl aniline in 95%
yield (101 mg). Similarly, the denitrosation reaction was performed with hydrobromic and

hydrochloric acid (Table 3.4).

3.7.3 Experimental procedure for the synthesis of O-allyl N-benzyl (4-
hydroxyaniline) (6h) via nitrosation and denitrosation:

N-Benzyl (4-hydroxyaniliine) (398 mg, 2.0 mmol, 1.0 equiv.) was stirred with fert-
butyl nitrite (1.2 equiv., 0.16 mL) under solvent-free condition at room temperature to
obtain N-nitroso N-benzyl (4-hydroxyaniliine) Sh as yellow solid in 91% (414 mg).
Further, the nitrosamine Sh (230 mg, 1 mmol) was stirred with allyl bromide (180 mg, 1.5
mmol) and potassium carbonate (830 mg, 6 mmol) in acetone (12 mL) under refluxed
condition for 10 h. After completion, the reaction mixture was filtered, washed with
acetone and concentrated to obtain pale yellow solid. N-nitroso N-benzyl (4-
hydroxyaniliine) (5h) : '"H NMR (500 MHz, DMSO) & 9.87 (s, 1H), 7.41-7.37 (d, J = 8.5

Hz, 2H), 7.30-7.25 (m, 2H), 7.22 (t, J = 7.3 Hz, 1H), 7.10-7.00 (m, 2H), 6.90-6.78 (m, 2H),
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5.26 (s, 2H)."*C NMR (125 MHz, DMSO) & 157.3, 135.1, 133.3, 129.0, 127.7, 127.6,
122.8,116.2, 47.4.

Without further purification, the pale yellow solid product was subjected for
denitrosation using iodine (76 mg, 0.3 equiv.) and triethylsilane (0.24 mL, 1.5 equiv.) in
dichloromethane (3 mL) was added and allowed to stir for 15 minutes. After completion,
the reaction mixture was quenched with saturated solution of sodium thiosulfate extracted
with ethyl acetate (2 x 10 mL). The organic layer was dried over anhydrous sodium
sulphate, concentrated and followed by column chromatography purification as described

in general procedure to obtain 6h in 94% yield (0.224 g) (for two steps) (Scheme 3.7).

3.8 Analytical Data for Products

3.8.1 N-Methyaniline (2a)

/@ The title compound was obtained as yellow liquid. Yield: 95%

H;C.

H (101 mg). The residue was purified by column chromatography
2a

in silica gel eluting with hexane:EtOAc 95:5, Ry = 0.66. IR
(neat): 3498, 1567, 1550, 1320, 667 cm™. '"H NMR (500 MHz,
CDCl3) 6 7.39-7.30 (m, 2H), 6.86 (t, /= 7.2 Hz, 1H), 6.73 (d, J
= 7.5 Hz, 2H), 3.71 (brs, 1H), 2.93 (s, 3H). 3C NMR (125
MHz, CDCls) & 149.2, 129.0, 117.0, 112.2, 30.5; HRMS: Calc.

for C7H1oN [M+H]": 108.0813, Obser. 108.0818.
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3.8.2 N-Ethylaniline (2b)

The title compound was obtained as yellow liquid. Yield: 95%
(114 mg). The residue was purified by column chromatography
in silica gel eluting with hexane:EtOAc (95:5), Ry= 0.68. IR
(neat): 3401, 2968, 1596, 1504, 1256, 745, 690 cm™. '"H NMR
(500 MHz, CDCl3) 6 7.08 (t, J = 7.7 Hz, 2H), 6.60 (t, J = 7.3
Hz, 1H), 6.50 (d, J = 8.0 Hz, 2H), 3.37 (brs, 1H), 3.03 (q, J =
7.1 Hz, 2H), 1.13 (t, J = 7.2 Hz, 3H). *C NMR (125 MHz,
CDCl) 6 148.3, 129.1, 117.0, 112.6, 38.3, 14.7. HRMS: Calc.

for CsHi2N [M+H]": 122.0970, Obser. 122.0967.

3.8.3 N-Butylaniline (2¢)

The title compound was obtained as yellow liquid. Yield: 96%

PN /© (143 mg); The residue was purified by column chromatography

H
2c

in silica gel eluting with hexane:EtOAc (95:5), Ry = 0.66. IR
(neat): 3413, 3046, 1599, 1474, 1250, 995, 740 cm™. 'H NMR
(500 MHz, CDCl3) 6 7.24 (t, J = 7.9 Hz, 2H), 6.76 (t, J = 6.8
Hz, 1H), 6.67 (d, J = 8.5 Hz, 2H), 3.60 (brs, 1H), 3.17 (t, J=7.1
Hz, 2H), 1.69-1.52 (m, 2H), 1.51-1.48 (m, 2H), 1.06-1.02 (m,
3H). 3C NMR (125 MHz, CDCl;) § 148.5, 129.1, 117.0, 112.6,
43.6, 31.6, 20.2, 13.8. HRMS: Calc. for CioHi¢N [M+H]":

150.1283, Obser. 150.1280.
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3.8.4 N-Hexylaniline (2d)
The title compound was obtained as pale yellow liquid. Yield:

/@ 97% (171 mg). The residue was purified by column
/\/\/\N

2d H chromatography in silica gel eluting with hexane:EtOAc (95:5),
Ry = 0.67. IR (neat): 3400, 2985, 1508, 1470, 1243, 990, 737
cm’. 'TH NMR (500 MHz, CDCls) § 7.32-7.27 (t, J =5 Hz , 2H),
6.81 (t, J=7.2 Hz, 1H), 6.71 (d, J = 8.1 Hz, 2H), 3.67 (brs, 1H),
3.21 (t, J = 7.1 Hz, 2H), 1.73-1.54 (m, 2H), 1.53-1.45 (m, 6H),
1.06-1.03 (m, 3H). '3C NMR (125 MHz, CDCl;) § 148.4, 129.1,
116.9, 112.5,43.9, 31.5,29.4, 26.7, 22.5, 13.9. HRMS: Calc. for
Ci2HxoN [M+H]": 178.1596, Obser. 178.1597.

3.8.5 N-Isopropylaniline (2¢)
The title compound was obtained as yellow liquid. Yield: 93%

©\N J\ (125 mg). The residue was purified by column chromatography
2: in silica gel eluting with hexane:EtOAc (90:10), Ry = 0.60. IR
(neat): 3399, 3045, 1603, 1503, 1255, 1173, 689 cm™. 'H NMR

(500 MHz, CDCl3) 6 7.26 (t, J= 7.9 Hz, 2H), 6.77 (t, J= 7.3 Hz,

1H), 6.71-6.64 (m, 2H), 3.72 (m, 1H), 3.50 (brs, 1H), 1.30 (d, J =

6.3 Hz, 6H). *C NMR (125 MHz, CDCl3) & 147.4, 129.1, 116.8,

113.1, 44.0, 22.9. HRMS: Calc. for CoHisN [M+H]": 136.1126,

Obser. 136.1132.
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3.8.6 N-Cyclohexylaniline (2f)
The title compound was obtained as dark yellow liquid. Yield:

H
©/ N\O 91% (159 mg). The residue was purified by column
2f chromatography in silica gel eluting with hexane:EtOAc (90:10),
R/=0.62. IR (neat): 3410, 3046, 2843, 1588, 1253, 748, 691 cm™.
"H NMR (500 MHz, CDCL) & 7.14 (t, J = 6.9 Hz, 2H), 6.65 (t, J
= 7.3 Hz, 1H), 6.59 (d, J = 7.6 Hz, 2H), 3.48 (brs, 1H), 3.28-3.21
(m, 2H), 2.05 (m, 2H), 1.78-1.76 (m, 2H), 1.67-1.63 (m, 1H),
1.41-1.32 (m, 2H), 1.26-1.11 (m, 4H). 3C NMR (125 MHz,
CDCl) & 147.3, 129.2, 116.8, 113.1, 51.7, 33.4, 25.9, 25.0.

HRMS: Calc. for Ci2HisN [M+H]™: 176.1439, Obser. 176.1437.

3.8.7 Diphenylamine (2g)
The title compound was obtained as dark yellow solid. M.p. 54

H
N\© °C. Yield: 92% (155 mg). The residue was purified by column
2g chromatography in silica gel eluting with hexane:EtOAc (95:5),
Rr=0.69. IR (neat): 3378, 3023, 3011, 1455, 1310, 1248, 1022,
878, 668 cm™. '"H NMR (500 MHz, CDCls) & 7.34-7.31 (m, 4H),
7.13 (d, J=7.5 Hz, 4H), 6.99 (t, J= 7.3 Hz, 2H), 5.73 (brs, 1H).
3C NMR (125 MHz, CDClL) & 143.2, 129.3, 121.0, 117.8.

HRMS: Calc. for Ci2Hi2N [M+H]": 170.0970, Obser. 170.0977.
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3.8.8 N-Benzyl aniline (2h)
The title compound was obtained as pale yellow solid. M.p. 37.5

H\/@ °C. Rr=0.69; Yield: 96% (175 mg). The residue was purified by
©/ 2h column chromatography in silica gel eluting with hexane:EtOAc
(95:5). IR (neat): 3419, 3073, 3064, 1594, 1500, 692 cm”. 'H
NMR (500 MHz, CDCl3) 6 7.29-7.24 (m, 4H), 7.18 (t, J= 7.0
Hz, 1H), 7.09 (dd, J= 8.3, 7.5 Hz, 2H), 6.63 (t, J= 7.3 Hz, 1H),
6.55 (d, J = 7.8 Hz, 2H), 4.23 (s, 2H), 3.94 (brs, 1H). *C NMR
(125 MHz, CDCL) & 148.1, 139.4, 129.2, 128.6, 127.4, 127.1,
117.5, 112.8, 48.2. HRMS: Calc. for CisHi4N [M+H]":
184.1126, Obser. 184.1126.

3.8.9 N-Benzyl 2-ethylaniline (2i)

The title compound was obtained was dark yellow liquid. Yield:
H\/@
©:N 96% (202 mg). The residue was purified by column
_CHj;
CH:2 chromatography in silica gel eluting with hexane:EtOAc (90:10),
2j

R;=0.59. IR (neat): 3430, 3063, 3054, 1580, 1478, 675 cm™. '"H
NMR (500 MHz, CDCls) & 7.33-7.24 (m, 4H), 7.21 (d, J = 6.9
Hz, 1H), 7.02 (t, J = 6.4 Hz, 2H), 6.64 (t, J = 7.4 Hz, 1H), 6.55 (d,
J=8.3 Hz, 1H), 4.29 (s, 2H), 3.89 (brs, 1H), 2.44 (q, J = 7.5 Hz,
2H), 1.19 (t, J = 7.5 Hz, 3H). '*C NMR (125 MHz, CDCL) §
145.4, 139.5, 128.6, 127.8, 127.5, 127.5, 127.2, 126.9, 117.3,

110.2, 48.3, 23.8, 12.8. HRMS: Calc. for CisHisN [M+H]":
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212.1439, Obser. 212.1440.

3.8.10 N-Benzyl 4-methoxyaniline (2j)
The title compound was obtained as white solid. M.p. 52 °C.

/©/ OCHs Yield: 95% (202 mg). The residue was purified by column
gﬁ chromatography in silica gel eluting with hexane:EtOAc (95:5),
Ry=0.72. IR (neat): 3408, 3012, 1899, 1600, 1300, 1237, 1170,

815, 678 cm™. 'TH NMR (500 MHz, CDCl3) § 7.31-7.25 (m, 4H),

7.20 (d, J=7.1 Hz, 1H), 6.70 (d, J = 8.9 Hz, 2H), 6.54 (d, /= 8.9

Hz, 2H), 4.21 (s, 2H), 3.67 (s, 3H). '3*C NMR (125 MHz, CDCls)

0 152.2, 142.4, 139.5, 128.5, 127.5, 127.1, 114.9, 114.1, 55.8,

49.3. HRMS: Calc. for CisHisNO [M+H]": 214.1232, Obser.

214.1231.

3.8.11 N-Benzyl 4-fluoroaniline (2k)
The title compound was obtained as dark yellow liquid. Yield:

F
N /©/ 93% (186 mg). The residue was purified by column
gﬁk chromatography in silica gel eluting with hexane:EtOAc (95:5),
Ry=0.70. IR (neat): 3405, 2922, 1600, 1512, 1450, 1231, 1032

cm’. '"H NMR (500 MHz, CDCl3) § 7.37-7.36 (m, 4H), 7.31-

7.28 (m, 1H), 6.89 (t, J= 8.8 Hz, 2H), 6.57 (m, 2H), 4.29 (s, 2H),

3.93 (brs, 1H). 3C NMR (125 MHz, CDCl) & 156.7 (d, Jcr =

233.6 Hz), 154.9, 144.4, 139.2, 128.6, 127.4, 127.2, 115.7 (d, Jc-

F = 22.9 Hz), 113.6 (d, Jcr = 7.6 Hz), 48.8. HRMS: Calc. for

Department of Chemistry, [IT (BHU), Varanasi. Page 105



CHAPTER-3

Ci3Hi3FN [M+H]": 202.1032, Obser. 202.1026.

3.8.12 N-Benzyl 4-bromoaniline (21)
The title product was obtained as yellow solid. M.p. 52 °C.
oy
H

2

/©/Br Yield: 91% (238 mg). The residue was purified by column
chromatography in silica gel eluting with hexane:EtOAc (95:5),
Ry=0.68. IR (neat): 3427, 2820, 1612, 1502, 1423, 1343, 1042,
757 em. '"H NMR (500 MHz, CDCl) § 7.34 (d, J = 4.4 Hz,
4H), 7.28-7.26 (m, 1H), 7.25-7.21 (m, 2H), 6.49 (d, J = 8.8 Hz,
2H), 4.29 (s, 2H), 4.05 (brs, 1H). *C NMR (125 MHz, CDCl;) §
147.0, 138.8, 131.9, 128.6, 127.3, 127.3, 114.4, 109.1, 48.2.
HRMS: Calc. for Ci3sHisBrN [M+H]™: 262.0231, Obser.
262.0229.

3.8.13 N-Benzyl 4-trifluoromethylaniline (2m)

The title compound was obtained as orange-coloured liquid.

H
2m chromatography in silica gel eluting with hexane:EtOAc

CF,
©/\N/©/ Yield: 90% (225 mg). The residue was purified by column
(90:10), Ry = 0.42. IR (neat): 3415, 2800, 1597, 1497, 1323,
1400, 964, 934, 750 cm™'. 'H NMR (500 MHz, CDCl3) § 7.49
(d, J=8.4 Hz, 3H), 7.44 (t, J = 7.3 Hz, 3H), 7.40 (d, J = 6.5
Hz, 1H), 6.69 (d, J = 8.6 Hz, 2H), 4.43 (s, 2H). '*C NMR (125
MHz, CDClL3) 6 150.5, 138.5, 128.8, 127.6, 127.4, 126.7 (q, Jc-

r = 3.8 Hz), 124.0, 119.4 (q, Jcr = 32.8 Hz), 112.0, 47.8.
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HRMS: Calc. for CisHi3FsN [M+H]": 252.1000, Obser.
252.0999.

3.8.14 N-(4-Methylbenzyl)aniline (2n)
/@ The title compound was obtained as yellow solid. M.p. 47 °C.

/©/\H Yield: 97% (191 mg). The residue was purified by column

H;C 2n
chromatography in silica gel eluting with hexane:EtOAc
(95:5), Ry = 0.70. IR (neat): 3434, 3024, 2912, 2755, 1906,
1609, 1513, 1450, 1323, 1120, 980, 697 cm™. '"H NMR (500
MHz, CDCl3) & 7.29 (s 1H), 7.21-7.17 (m, 4H), 6.74 (t, J=7.3
Hz, 1H), 6.67 (d, J = 7.7 Hz, 2H), 4.31 (s, 2H), 4.06 (brs, 1H),
2.37 (s, 3H). C NMR (125 MHz, CDCl) & 148.1, 136.8,
136.3, 129.3, 129.2, 127.5, 117.5, 112.7, 48.1, 21.0. HRMS:
Calc. for C14HisN [M+H]": 198.1283, Obser. 198.1283.

3.8.15 N-(4-Methylbenzyl) 4-methylaniline (20)

The title compound was obtained as yellow solid. M.p. 56

CH;
/@/\NQ °C. Yield: 97% (204 mg). The residue was purified by
H3C :o column chromatography in silica gel eluting with
hexane:EtOAc (95:5), Ry=0.72. IR (neat): 3452, 3033, 2910,
2753, 1900, 1599, 1453, 1320, 1111, 978, 667 cm™'. 'H NMR
(500 MHz, CDCls) 6 7.17 (t, J= 6.1 Hz, 2H), 7.06 (d, J="7.8
Hz, 2H), 6.90 (d, J = 8.0 Hz, 2H), 6.48 (d, J = 8.4 Hz, 2H),

4.17 (s, 2H), 3.76 (brs, 1H), 2.26 (s, 3H), 2.15 (s, 3H). *C
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NMR (125 MHz, CDCl) ¢ 145.9, 136.7, 136.5, 129.7, 129.2,
127.4, 126.6, 112.9, 48.3, 21.0, 20.3. HRMS: Calc. for
CisHisN [M+H]™: 212.1439, Obser. 212.1434.

3.8.16 N-(4-Methylbenzyl) 4-chlogroaniline (2p)

o The title compound was obtained as yellow liquid. Yield:

/@ﬁ,\, 94% (217 mg). The residue was purified by column
H
HsC

2p chromatography in silica gel eluting with hexane:EtOAc
(95:5), Ry = 0.71. IR (neat): 3445, 3021, 2907, 1899, 1450,
1306, 989, 690 cm. '"H NMR (500 MHz, CDCls) § 7.22-
7.18 (m, 4H), 6.91 (d, J = 8.0 Hz, 2H), 6.46 (d, J = 8.4 Hz,
2H), 4.21 (s, 2H), 3.90 (brs, 1H), 2.16 (s, 3H). '*C NMR (125
MHz, CDClL) & 145.5, 138.1, 132.7, 129.7, 128.6, 127.0,
125.8, 113.0, 47.9, 20.3. HRMS: Calc. for CisHisCIN
[M+H]": 232.0893, Obser. 232.0894.

3.8.17 N-(4-Methylbenzyl) 4-bromoaniline (2q)
The title compound was obtained as yellow solid. M.p.78-79

N/©/Br °C. Yield: 93% (256 mg). The residue was purified by
H3C/©/\ :q column chromatography in silica gel eluting with
hexane:EtOAc (95:5), Rr=0.72. IR (neat): 3443, 3033, 2934,

1897, 1309, 987, 692 cm™’. 'H NMR (500 MHz, CDCl;) §

7.16-7.12 (m, 4H), 7.07 (d, J = 7.9 Hz, 2H), 6.41 (d, J = 8.8

Hz, 2H), 4.16 (s, 2H), 3.94 (brs, 1H), 2.26 (s, 3H). *C NMR
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(125 MHz, CDCL) 6 147.0, 137.0, 135.7, 131.8, 129.3,
127.3, 114.3, 108.9, 47.9, 21.0. HRMS: Calc. for Ci14HisBrN
[M+H]": 276.0388, Obser. 276.0389.

3.8.18 N-(4-Methoxylbenzyl) 4-chloroaniline (2r)
The title compound was obtained as yellow solid. M.p. 81

Cl
/©/ °C. Yield: 95% (278 mg). The residue was purified by

H3CO/©/\ Er column chromatography in silica gel eluting with
hexane:EtOAc (95:5), Ry = 0.69. IR (neat): 3450, 3031,
2810, 2752, 1876, 1556, 1444, 1334, 967, 670 cm™. 'H
NMR (500 MHz, CDCl3) ¢ 7.18 (d, J = 8.6 Hz, 2H), 7.02
(d, J = 8.8 Hz, 2H), 6.80 (d, J = 8.6 Hz, 2H), 6.46 (d, J =
8.8 Hz, 2H), 4.14 (s, 2H), 3.90 (brs, 1H), 3.72 (s, 3H).*C
NMR (125 MHz, CDCl) & 158.9, 146.6, 130.8, 129.0,
128.7, 122.0, 114.0, 113.8, 55.2, 47.8. HRMS: Calc. for

C14HisCINO [M+H]": 248.0842, Obser. 248.0842.

3.8.19 N-(4-(Methylthio)benzyl) 4-methylaniline (2s)
The title compound was obtained as dark yellow liquid.

CH
N/©/ 3 Yield: 96% (233 mg,). The residue was purified by
HSCS/@ :s column chromatography in silica gel eluting with
hexane:EtOAc (90:10), Ry= 0.65. IR (neat): 3429, 3031,
2758, 1865, 1458, 1367, 695 cm™. 'H NMR (500 MHz,

CDCl) § 7.17-7.10 (m, 4H), 6.87 (d, J = 8.0 Hz, 2H), 6.43
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(d, J = 8.3 Hz, 2H), 4.13 (s, 2H), 3.73 (brs, 1H), 2.35 (s,
3H), 2.13 (s, 3H).*C NMR (125 MHz, CDCls) & 145.7,
136.9, 136.5, 129.6, 127.8, 126.8, 126.6, 112.9, 48.0, 20.3,
15.9. HRMS: Calc. for CisHisNS [M+H]": 244.1160,
Obser. 244.1157.

3.8.20 N-Phenyl-4-hydroxybenzylamine (2t)

The title compound was obtained as yellow solid. M.p.114-
N/© 116 °C. Yield: 91% (181 mg). The residue was purified by
HO/<J/\2:| column chromatography in silica gel eluting with
hexane:EtOAc (95:5), Ry = 0.69. IR (neat): 3378, 1583,
1508, 1283, 890 cm™. '"H NMR (500 MHz, CDCl3) § 7.41-
7.36 (m, 3H), 7.34-7.28 (m, 1H), 6.71 (d, J = 8.4 Hz, 2H),
6.59 (d, J = 8.5 Hz, 2H), 4.43 (brs, 1H), 4.30 (s, 2H).!*C
NMR (125 MHz, CDCl3) o 148.0, 141.9, 1394, 128.5,
127.5, 127.1, 116.2, 114.7, 49.4. HRMS: Calc. for
C13H14sNO [M+H]": 200.1075, Obser. 200.1071.

3.8.21 4-((p-Tolylamino) methyl)phenol (2u)

The title compound was obtained as yellow solid. M.p. 90

/©/CH3 °C. Yield: 90% (191 mg). The residue was purified by

g” column chromatography in silica gel eluting with
HO

2u hexane:EtOAc (95:5), Ry = 0.67. IR (neat): 3348, 1680,
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1595, 1284, 892, 592 cm™. '"H NMR (500 MHz, CDCls) §
7.25 (d, J= 8.5 Hz, 2H), 7.06 (d, J = 8.2 Hz, 2H), 6.79 (d, J
=8.5 Hz, 2H), 6.64 (d, J = 8.4 Hz, 2H), 4.53 (brs, 1H), 4.25
(s, 2H), 2.30 (s, 3H). *C NMR (125 MHz, CDCl3) § 154.8,
145.7, 131.3, 129.8, 129.7, 128.9, 127.0, 115.9, 1154,
113.3, 48.3, 20.3. HRMS: Calc. for C14Hi;sNO [M+H]" :

214.1232. Obser. 214.1228.

3.8.22 N-Benzyl-2, 4-dimethylaniline (2v)

HSC]@/CH3
N
@/\H

2v

The title compound was obtained as pale yellow liquid.
Yield: 93% (196 mg). The residue was purified by column
chromatography in silica gel eluting with hexane:EtOAc
(95:5), Rr=10.70. IR (neat): 3457, 3009, 2767, 1872, 1458,
1365, 667 cm. '"H NMR (500 MHz, CDCL) & 7.56-7.43
(m, 5H), 7.08 (t, J= 8.2 Hz, 2H), 6.70 (t, J = 9.4 Hz, 1H),
4.50 (d, J=17.9 Hz, 2H), 3.88 (brs, 1H), 2.40 (s, 3H), 2.30
(s, 3H). 3C NMR (125 MHz, CDCl;) & 143.7, 139.6,
130.9, 128.5, 127.4, 127.3, 127.0, 126.2, 121.9, 110.1,
48.4, 20.2, 17.4. HRMS: Calc. for C;sHisN [M+H]":

212.1439, Obser. 212.1435.
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3.8.23 N-(4-Bromobenzyl)-3, 4-dimethoxyaniline (2w)
The title compound was obtained as yellow solid. M.p. 108

Br
H3CO]©/\H/©/ °C. Yield: 95% (230 mg). The residue was purified by
H3CO 2w column chromatography in silica gel -eluting with
hexane:EtOAc (90:10), Ry = 0.59. IR (neat) 3432, 2987,
2778, 1890, 1445, 1345, 1080 cm™. '"H NMR (500 MHz,
CDCl) 6 7.16-7.14 (m, 2H), 6.7 (d, J = 8.0 Hz, 2H), 6.75
(d, J=17.8 Hz, 1H), 6.42 (d, J = 8.8 Hz, 2H), 4.13 (s, 2H),
3.94 (brs, 1H), 3.78 (s, 3H), 3.77(s, 3H). *C NMR (125
MHz, CDCl) & 149.1, 148.2, 147.0, 131.8, 131.2, 119.5,
114.3, 111.2, 110.6, 109.0, 55.8, 55.8, 48.0. HRMS: Calc.

for CisH17BrNO, [M+H]": 322.0443. Obser. 322.0440.

3.8.24 3,4-dimethyl-2,6-dinitro-V-(pentan-3-yl)aniline (2x)
\j\ The title compound was obtained as pale yellow solid. M.p.
H 56-57 °C. Yield: 82% (230 mg). The residue was purified
O,N NO,
by column chromatography in silica gel eluting with
hexane:EtOAc (85:15), Ry = 0.45. IR (neat) 3345, 2997,
2x
2889, 1683, 1397, 1321 cm™’. 'H NMR (500 MHz, CDCI3)
0 7.99 (s, 1H), 7.55 (brs, 1H), 3.13-3.01 (m, 1H), 2.19 (s,
3H), 2.10 (s, 3H), 1.51-1.34 (m, 4H), 0.80 (s, 6H). *C

NMR (125 MHz, CDCL) & 142.4, 138.3, 136.9, 134.2,
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128.3, 125.5, 57.3, 28.0, 19.3, 15.3, 9.7. HRMS: Calc. for

C13H20N304 [M+H]": 282.1454. Obser. 282.1452.

3.8.25 N-Allyl 4-methoxyaniline (4a)
The title compound was obtained as yellow liquid. The

/©/OCH3 residue was purified by column chromatography in silica
H 4a gel eluting with hexane:EtOAc (95:5), Ry = 0.58; Yield:
91% (148 mg). IR (neat): 3548, 3474, 1637, 1210, 928, 617
cm. 'TH NMR (500 MHz, CDCls) & 6.70 (d, J = 8.9 Hz,
2H), 6.52 (d, J = 8.9 Hz, 2H), 5.90-5.85 (m, 1H), 5.19 (dd,
J=17.2, 1.6 Hz, 1H), 5.07 (dd, J = 10.3, 1.4 Hz, 1H), 3.66
(s, 3H), 3.65-3.63 (m, 2H), 3.24 (brs, 1H). *C NMR (125
MHz, CDCl) 6 152.1, 142.2, 135.7, 116.0, 114.8, 114.2,
55.7, 47.5. HRMS: Calc. for C1oHi4sNO [M+H]": 164.1075,
Obser. 164.1075.

3.8.26 N-Propargyl 4-methoxyaniline (4b)
The title compound was obtained as yellow liquid. Yield:

OCH;
/©/ 89% (143 mg). The residue was purified by column

chromatography in silica gel eluting with hexane:EtOAc
4b

(95:5), Ry=0.55. IR (neat): 3200, 2908, 1890, 1540, 1231,
890 cm™. '"H NMR (500 MHz, CDCL) § 6.88-6.84 (m, 2H),

6.70 (d, J = 8.9 Hz, 2H), 3.91 (s, 2H), 3.76 (s, 3H), 3.72
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(brs) 2.27 (t, J = 2.4 Hz, 1H). 13C NMR (125 MHz, CDCL)
§ 152.7, 140.7, 114.9, 114.6, 81.3, 71.1, 55.4, 34.3. HRMS:
Calc. for C1oH12NO [M+H]": 162.0919, Obser. 162.0914.

8.27 N-(Benzylamino) 4-benzonitrile (4¢)
The title compound was obtained as yellow solid. M.p. 62
o
H

4c column chromatography in silica gel eluting with

CN
/©/ °C. Yield: (185 mg, 89%). The residue was purified by

hexane:EtOAc (95:5), Ry = 0.64. IR (neat): 3330, 2250,
1657, 1090, 658 cm™. '"H NMR (500 MHz, CDCls) § 7.45-
7.42 (m, 2H), 7.41-7.30 (m, 5H), 6.61 (d, J = 8.8 Hz, 2H),
4.66 (brs, 1H), 4.40 (d, J = 3.0 Hz, 2H). '*C NMR (125
MHz, CDCl) 6 151.0, 137.7, 133.6, 128.8, 127.6, 127.2,
120.3, 112.3, 99.0, 47.4. HRMS: Calc. for Ci4sHi3N>
[M+H]": 209.1079, Obser. 209.1075.

3.8.28 N-(Benzylamino) 4-nitroaniline (4d)

The title compound was obtained as yellow solid. M.p.73-

74 °C Yield: 89% (202 mg). The residue was purified by

@” NO, column chromatography in silica gel eluting with
4d hexane:EtOAc (90:10), Ry = 0.54. IR (neat): 3470, 1680,

1500, 1230, 720 cm™. 'H NMR (500 MHz, CDCl;) § 8.33

(brs, 1H), 8.12-8.10 (m, 1H), 7.29-7.27 (m, 5H), 7.22-7.17
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(m, 1H), 6.73 (d, J = 8.6 Hz, 1H), 6.59-6.56 (m, 1H), 4.46
(d, J = 5.7 Hz, 2H).>C NMR (125 MHz, CDCl;) 5 145.1,
137.3, 136.1, 132.2, 128.8, 127.6, 126.9, 126.7, 115.6,
114.1, 47.0. HRMS: Calc. for Ci3HisN202 [M+H]":

229.0977, Obser. 229.0975.

3.8.29 2-Nitro-4-((p-tolylamino)methyl)phenol (4e)

/©/CH3
N
H
HO/Q/\ 4e

NO,

The title compound was obtained as yellow solid. M.p. 132
°C. Yield: 91% (234 mg). The residue was purified by
column chromatography in silica gel eluting with
hexane:EtOAc (95:5), Ry = 0.61. IR (neat): 3386, 1577,
1510, 1385, 567, 750 cm™. "TH NMR (500 MHz, CDCl;) &
10.45 (s, 1H), 8.02 (d, J = 2.1 Hz, 1H), 7.54-7.51 (m, 1H),
7.05 (d, J = 8.6 Hz, 1H), 6.91 (d, J = 8.2 Hz, 2H), 6.46—
6.43 (m, 2H), 4.23 (s, 2H), 3.94 (brs, 1H), 2.16 (s, 3H). 1*C
NMR (125 MHz, CDCl) o 154.2, 145.0, 136.6, 133.4,
132.3, 129.8, 127.4, 123.2, 120.2, 113.1, 47.2, 20.3.
HRMS: Calc. for CisHisN2Os [M+H]": 259.1083. Obser.

259.1079.
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3.8.30 N-Benzyl (2-acetoxyaniline) (4f)

0]

X

4f

The title compound was obtained as yellow solid. M.p. 74
°C. Yield: 90% (202 mg). The residue was purified by
column chromatography in silica gel -eluting with
hexane:EtOAc (90:10), Ry = 0.53. IR (neat): 3458, 1695,
1456, 1253, 780 cm™. 'TH NMR (500 MHz, CDCls) & 9.36
(brs, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.43-7.21 (m, 5H),
6.72-6.68 (m, 2H), 4.50 (d, J = 5.7 Hz, 2H), 2.64 (s, 3H).
3C NMR (125 MHz, CDCl) & 200.9, 150.8, 138.6, 134.9,
132.6, 128.6, 127.0, 126.9, 117.8, 114.3, 112.1, 46.7, 27.8.
HRMS: Calc. for Ci;sHigNO [M+H]": 226.1232, Obser.

226.1235.

3.8.31 2-Methylamino benzaldehyde (4g)

The title compound was obtained as yellow oil. Yield: 85%
(114 mg). The residue was purified by column
chromatography in silica gel eluting with hexane:EtOAc
(90:10), Rr=0.54. IR (neat): 3489, 2823, 2190, 1756, 890
cml. 'H NMR (500 MHz, CDCls) § 9.84 (s, 1H), 8.27 (brs,
1H), 7.48 (dd, J = 7.7, 1.6 Hz, 1H), 7.43-7.28 (m, 1H),
6.72-6.68 (m, 2H), 2.95 (s, 3H). *C NMR (125 MHz,

CDCl) 6 193.8, 151.5, 136.5, 135.7, 118.3, 114.6, 110.3,
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29.0. HRMS: Calc. for CgH;oNO [M+H]": 136.0762,

Obser. 136.0759.

3.8.32 Methyl 4-(benzylamino) benzoate (4h)
o The title compound was obtained as pale yellow solid. M.p.

/©)J\O/CH3 52 °C. Yield: 92% (221 mg). The residue was purified by
©/\ﬂ column chromatography in silica gel -eluting with
4h

hexane:EtOAc (95:5), Ry = 0.62. IR (neat): 3890, 2923,
1740, 1100, 977 ecm™. 'H NMR (500 MHz, CDCl3) § 7.89
(d, J = 8.8 Hz, 2H), 7.41-7.36 (m, 4H), 7.34-7.30 (m, 1H),
6.61 (d, J= 8.5 Hz, 2H), 4.57 (brs, 1H), 4.41 (s, 2H), 3.87
(s, 3H). 3C NMR (125 MHz, CDClL) & 167.2, 151.7,
138.3, 131.5, 128.7, 127.4, 127.3, 118.6, 111.6, 51.4, 47.6.
HRMS: Calc. for CisHi¢NO> [M+H]": 242.1181, Obser.
242.1179.

3.8.33 N-[ 4-(Tert-Butoxycarbonyloxy)benzyl] aniline (4i)

/O\’< The title compound was obtained as yellow liquid. Yield:
o
H
4

95% (284 mg). The residue was purified by column

! chromatography in silica gel eluting with hexane:EtOAc
(95:5), Rr=0.62. IR (neat): 3356, 2820, 1845, 1890, 1689,
1001 cm™. 'H NMR (500 MHz, CDCl3) § 7.41 (d, J = 8.5

Hz, 2H), 7.23-7.17 (m, 4H), 6.76 (d, J = 7.3 Hz, 1H), 6.67-
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6.65 (m, 2H), 4.35 (s, 2H), 4.07 (brs, 1H), 1.60 (s, 9H). *C
NMR (125 MHz, CDCl) & 151.9, 150.1, 147.9, 136.9,
129.2,128.3, 121.3, 117.6, 112.8, 83.5, 47.6, 27.6. HRMS:
Calc. for Ci1sH22NOs [M+H]": 300.1600. Obser. 300.1598.

3.8.34 2-Methoxy-N-methyl aniline (6a)

The title compound was obtained as yellow liquid. Yield:

@OCHS 93% (127 mg). The residue was purified by column

~CHs chromatography in silica gel eluting with hexane:EtOAc

”

6a (90:10), Ry= 0.54. IR (neat): 3310, 2923, 1560, 1254, 1102
cm!. 'TH NMR (500 MHz, CDCls) & 6.83 (t, J = 7.4 Hz,
1H), 6.69 (d, J= 7.8 Hz, 1H), 6.60 (t, J= 8.0 Hz, 1H), 6.53
(d, J=7.8 Hz, 1H), 4.17 (brs, 1H), 3.77 (d, J = 0.5 Hz, 3H),
2.79 (s, 3H). 3C NMR (125 MHz, CDCL) & 146.8, 139.3,
121.3, 116.2, 109.3, 109.2, 55.3, 30.3. HRMS: Calc. for
CsHi2NO [M+H]": 138.0919, Obser. 138.0919.

3.8.35 2-Methoxy-N-ethyl aniline (6b)
@[OCH3 The title compound was obtained as yellow liquid. Yield:

H/CHZ‘CHg (141 mg, 94%). The residue was purified by column
6b chromatography in silica gel eluting with hexane:EtOAc
(90:10), Ry=0.53. IR (neat): 3330, 2925, 1453, 1566, 1243,
1002, 980 cm™. 'H NMR (500 MHz, CDCls) & 6.80 (t, J =

8.3 Hz, 1H), 6.70 (d, J = 7.9 Hz, 1H), 6.59 (t, J= 7.7 Hz,
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1H), 6.54 (d, J = 7.8 Hz, 1H), 4.03 (brs, 1H), 3.77 (s, 3H),
3.10 (q, J = 7.1 Hz, 2H), 1.23 (t, J = 7.1 Hz, 3H). 3C NMR
(125 MHz, CDCL) § 146.7, 138.4, 121.3, 116.2, 109.8,
109.3, 55.3, 38.1, 14.8. HRMS: Calc. for CoH;sNO
[M+H]": 152.1075, Obser. 152.1073.

3.8.36 (2-Methylamino) phenyl)(phenyl) methanone (6¢)

The title compound was obtained as yellow liquid. Yield:

HsC.
NH O
87% (183 mg). The residue was purified by column

O 6 chromatography in silica gel eluting with hexane:EtOAc
C
(95:5), Ry = 0.63. IR (neat): 3449, 2972, 1675, 1533, 899
cm’. 'TH NMR (500 MHz, CDCl3) & 8.56 (brs, 1H), 7.63-
7.61 (m, 2H), 7.55-7.48 (m, 2H), 7.47-7.41 (m, 3H), 6.79
(d, J = 8.4 Hz, 1H), 6.60-6.53 (m, 1H), 3.00 (s, 3H)."*C
NMR (125 MHz, CDCl3) o 199.3, 152.7, 140.6, 135.4,
135.0, 130.6, 128.9, 128.0, 117.2, 113.6, 111.0, 29.4.

HRMS: Calc. for CisHisNO [M+H]": 212.1075, Obser.

212.1077.
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3.8.37 (2-Ethylamino) phenyl)(phenyl) methanone (6d)

The title compound was obtained as yellow liquid. Yield:
HsC” NH O

86% (195 mg). The residue was purified by column
chromatography in silica gel eluting with hexane:EtOAc
¥ (95:5), Ry = 0.65. IR (neat): 3452, 2980, 1680, 1567, 980
cm’!. "TH NMR (500 MHz, CDCls) & 8.56 (brs, 1H), 7.64-
7.63 (m, 2H), 7.55-7.44 (m, 4H), 7.42-7.39 (m, 1H), 6.80
(d, J=8.5 Hz, 1H), 6.55 (t, J= 7.5 Hz, 1H), 3.33 (q, J =
7.1 Hz, 2H), 1.39 (t, J = 7.2 Hz, 3H).3C NMR (125 MHz,
CDCl) 6 199.2, 151.7, 140.5, 135.4, 134.9,130.5, 128.9,
127.9, 116.9, 113.4, 111.4, 37.2, 14.4. HRMS: Calc. for
CisHisNO [M+H]": 226.1232, Obser. 226.1233.

3.8.38 (E)-Methyl 3-(2-(ethylamino)phenyl)acrylate (6e)
The title compound was obtained as dark brown liquid.

H
Ill Yield: 89% (182 mg). The residue was purified by column
"CzHs
chromatography in silica gel eluting with hexane:EtOAc
(95:5), Rr=0.58. IR (neat): 3450, 2980, 1675, 1750, 1278,
COQMG
6e 899 cm!. '"H NMR (500 MHz, CDCl3) & 7.82 (d, J = 15.7

Hz, 1H), 7.37 (dd, J= 7.7, 1.5 Hz, 1H), 7.27 (td, J = 8.0,1.6
Hz, 1H), 6.73-6.65 (m, 2H), 6.34 (d, J = 15.7 Hz, 1H), 3.93

(brs, 1H), 3.81 (s, 3H), 3.21 (q, J = 7.1 Hz, 2H), 1.31 (t, J =
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7.2 Hz, 3H). 3C NMR (125 MHz, CDCl;) & 167.8, 146.8,
140.4, 131.6, 128.1, 119.5, 117.6, 117.1, 111.3, 51.6, 38.4,
14.7. HRMS: Calc. for Ci2HisNO2 [M+H]": 206.1181,

Obser. 205.1178.

3.8.39 N-Methyl aniline (6f)

[j\/H
N-CHe

H
6f

The title compound was obtained as yellow liquid. Yield:
93% (99 mg). The residue was purified by column
chromatography in silica gel eluting with hexane:EtOAc
(95:5), Rr=0.66. IR (neat): 3467, 1598, 1578, 1315, 668 cm’
'em!. "H NMR (500 MHz, CDCl) § 7.18 (t, J = 7.9 Hz,
2H), 6.70 (t, J = 7.3 Hz, 1H), 6.60 (d, J = 7.7 Hz, 2H), 3.54
(brs, 1H), 2.81 (s, 3H). '*C NMR (125 MHz, CDCl3) § 149.3,
129.1, 117.1, 112.3, 30.6. HRMS: Calc. for C;HioNO

[M+H]": 108.0813, Obser. 108.0807.

3.8.40 4-Bromo N-methyl aniline (6g)

Br
[ j\ _CH
N 3

H
6g

The title compound was obtained as yellow solid. M.p. 181
°C. Yield: 91% (169 mg). The residue was purified by
column chromatography in silica gel eluting with
hexane:EtOAc (95:5), Ry= 0.64. IR (neat): 3450, 2943, 1592,
1470, 1181, 813 cm™. '"H NMR (500 MHz, CDCl3) & 7.28 (d,

J=9.1 Hz, 2H), 6.51 (d, J = 8.9 Hz, 2H), 3.76 (brs, 1H), 2.83
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(s, 3H). °C NMR (125 MHz, CDCl;) & 148.2, 131.8, 113.9,
108.7, 30.6. HRMS: Calc. for CsHoBrN [M+H]": 185.9918,
Obser. 185.9913.

3.8.41 N-(4-(4(Allyloxy)benzyl)aniline (6h)
The title compound was obtained as yellow liquid. Yield:

/@/ H\/© 94% (224 mg). The residue was purified by column
"0 o . . _

6h chromatography in silica gel eluting with hexane:EtOAc

(95:5), Ry = 0.66. IR (neat): 3385, 2900, 2856, 1468, 1460,

1294, 1021 cm™. "TH NMR (500 MHz, CDCls) § 7.33 (d, J =

8.7 Hz, 2H), 7.23 (t, J= 8.5, 7.4 Hz, 2H), 6.95 (d, J = 8.7 Hz,

2H), 6.77 (t, J = 7.3 Hz, 1H), 6.69 (dd, J = 8.6, 1.0 Hz, 2H),

6.15-6.07 (m, 1H), 5.47 (dq, J=17.3, 1.6 Hz, 1H), 5.36-5.33

(m, 1H), 4.58 (dt, J = 5.3, 1.5 Hz, 2H), 4.29 (s, 2H), 3.98

(brs, 1H). C NMR (125 MHz, CDCl) & 157.8, 148.1,

133.3, 131.5, 129.2, 128.7, 117.6, 117.5, 114.8, 112.8, 68.8,

47.8. HRMS: Calc. for CisHioNO [M+H]": 240.1388, Obser.

240.1385.
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3.9 Spectral Data for Few Products
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Figure 3.1 'H NMR of product 2a in CDCl.
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Figure 3.2 *C NMR of product 2a in CDCl.
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