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Synthesis of some (E)-3-arylidene-7-methylazepan-2-ones via Beckmann 
rearrangement

Abstract: In the present study, synthesis of some (E)-3-arylidene-7-methylazepan-2-ones (6) derived from 
2-methylcyclohexanone (1) via thionyl chloride/dry dioxane mediated Beckmann rearrangement in moder-
ate yields has been described. The structural elucidation of the synthesized compounds was confirmed on 
the basis of spectral (IR, NMR and mass) as well as elemental analysis results.
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1.	  Introduction

Azaheterocyclic compounds have gained the 
attention of researchers worldwide and are 
of continued interest due to their presence 
in numerous natural products and synthetic 
compounds which exhibit important chemical, 
biological, and medicinal properties [1]. 
Azepine and its derivatives fall into this 
class. Some examples of biologically active 
azepinone-based natural products are like 
debromohymenialdisine, which acts as 
checkpoint kinase 2 (Chk2) inhibitor, the 
marine sponge constituent CID755673, which 
is a highly selective inhibitor of proteinkinase 
D (PKD), and the matrix metalloproteinase 
inhibitor (_)-cobactin T [2]. Similarly, 
benzazepines such as ribasine, isolated from 

Fumariaceae plants, and homoprotoberberines 
alkaloids that are known to show antimalarial 
and antibacterial properties [3]. In addition, 
azepinones and their saturated and unsaturated 
analogues play a significant role in medicinal 
chemistry [4] including in drugs (e.g. benazepril 
[5], ivabradine [6], telcagepant [7]), antibiotic 
research (e.g. capuramycin [8]), and as simple 
models of cyclic peptides [9] and many more 
[10]. Further, azepinone derivatives are also 
known for their industrial applications e.g. 
ε-Caprolactam, or hexahydro-2-azepinone, is an 
important starting material in polymer chemistry 
which is used in nylon preparation [11], and as 
such is the basis for the manufacturing of many 
useful products. Derivatives of ε-caprolactam 
are of importance for the manufacture of 
modified nylons [12] and nanogels [13]. As 
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a consequence, extensive research has been 
focused on the development of efficient routes 
towards azepine derivatives [14]. Beckmann 
rearrangement [15] finds various applications 
in the synthesis of N-substituted amides 
and lactams [16], a variety of heterocyclic 
compounds [17] and aza steroids [18]. The 
pioneering reports on Beckmann rearrangement 
have been published by groups of researchers 
[19]. Despite wide interest in the Beckmann 
rearrangement, chemists in the past have taken 
sporadic interest in Beckmann rearrangement 
of alicylic and cyclic α,β-unsaturated ketones 
[20]. Considering the biological interest of 
azepinone derivatives and synthetic utility of 
Beckmann rearrangement, and pursuing our 
interest in synthetic methodology development 
for heterocycle synthesis [21], herein, we wish 
to report the synthesis of some (E)-3-arylidene-
7-methylazepan-2-ones (6) via thionyl chloride/
dry dioxane mediated Beckmann rearrangement 
with an aim to study whether (i) O-tosyl oximes 
(5) undergo alkyl or vinyl migration, and (ii) 
the rearrangement is escorted by the migration 
of double bond from exocyclic to endocyclic 
position or not. 

2.	 Materials and methods

2.1	 General: The chemicals used in the 
present investigation were procured from 
commercial sources and were used as such 
or after necessary purification as per standard 
literature procedures. Melting points (°C) of the 
synthesized compounds were determined on an 
electrothermal apparatus (Labco Co., India) in 
open head capillaries and are uncorrected. Purity 
of the synthesized compounds and progress 
of the reactions were monitored by thin layer 
chromatography (TLC) using commercially 
available precoated silica gel (HF254, 200 
mesh) plates as stationary phase and different 
combinations of solvents as mobile phase. The 
developed TLC plates were examined under UV 
light or using iodine staining for visualization 
of the spots. The synthesis of compounds was 

done by stirring with the aid of a magnetic 
stirrer and/or heating at desired temperature on 
a water bath and structures of all the synthesized 
compounds were corroborated by employing 
different spectral (FTIR, NMR, Mass) and 
elemental analytical techniques. IR spectra 
were scanned on Perkin Elmer Spectrum, BX 
II FTIR spectrometer in the range of 400_4000 
cm-1 using potassium bromide (KBr) pellets 
and intensity of absorption bands are assigned 
as follows: s, strong; m, medium; w, weak; 
and br, broad. 1H NMR and 13C NMR spectra 
were recorded on Bruker Advance 300/400/500 
MHz spectrometer at 300/400/500 MHz and 
75/100/125 MHz, respectively using CDCl3/
DMSO-d6 as solvents. Chemical shift values 
(δ) are reported in parts per million (ppm) and 
tetramethylsilane (TMS) was used as an internal 
standard. The peak patterns are assigned 
as follows: s, singlet; br s, broad singlet; d, 
doublet; m, multiplet, and coupling constant 
(J) values are given in Hertz (Hz). Mass 
spectra were recorded on Agilent 6310 LCMS 
ION TRAP spectrometer. The figure given in 
the parentheses represents relative intensities 
corresponding to the base peak taken as 100. 
Elemental analysis was carried out using Vario 
Micro Cube Elementar CHNS analyzer and 
analytical results for C, H and N were found 
within ±0.4% of the theoretical values. 

2.2	 General procedure for the synthesis 
of (E)-2-arylidene-6-methylcyclohexanones 
(3): To a solution of 2-methylcyclohexanone 
(1, 2.24 g, 0.02 mole) and an appropriate 
benzaldehyde (2, 0.024 mole) in methanol 
(50 mL) was added 15% aqueous KOH (33 
mL) dropwise while stirring with the aid of a 
magnetic stirrer and the reaction mixture was 
heated at reflux while stirring on a water bath 
for 2–3h. Thereafter, the reaction mixture 
was poured in cold water and extracted with 
chloroform (3×20 mL). The organic layer was 
washed with dil. HCl followed by water, dried 
over anhydrous MgSO4, and chloroform was 
removed under reduced pressure. The residue 
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thus obtained was crystallized from ethanol 
to give the corresponding (E)-2-arylidene-6-
methylcyclohexanones (3) in good yields. Their 
physical data are given as follows: 

(E)-2-benzylidene-6-methylcyclohexanone 
(3a): Obtained by stirring for 2h; white crystals, 
yield 62%; mp 59–60 °C (Lit. mp [22,23] 61–62 
°C). 

( E ) - 2 - ( 4 - m e t h y l b e n z y l i d e n e ) - 6 -
methylcyclohexanone (3b): Obtained by 
stirring for 2.5h; white crystals, yield 55%; mp 
117–120 °C (Lit. mp [23] 120–124 °C). 
( E ) - 2 - ( 4 - m e t h o x y b e n z y l i d e n e ) - 6 -
methylcyclohexanone (3c): Obtained by 
stirring for 3h; white crystals, yield 53%; mp 
68–69 °C (Lit. mp [22] 69–71 °C). 

( E ) - 2 - ( 4 - c h l o r o b e n z y l i d e n e ) - 6 -
methylcyclohexanone (3d): Obtained by 
stirring for 2h; white crystals, yield 61%; mp 
59–60 °C (Lit. mp [24] 61–62.5 °C). 

2.3	 General procedure for the synthesis of 
(1E,2E)-2-arylidene-6-methylcyclohexanone 
oximes (4): A mixture of an appropriate (E)-
2-arylidene-6-methylcyclohexanone (4, 0.009 
mole), NH2OH.HCl (0.70 g, 0.01 mole) and 
NaOH (4.0 g) in methanol (150 mL) was heated 
at reflux on a water bath for 2–4h. Thereafter, 
the hot mixture was filtered, filtrate was 
concentrated in vacuuo, water was added and 
solid thus obtained was collected by filtration 
which upon crystallization from a suitable 
solvent furnished the corresponding (1E,2E)-
2-arylidene-6-methylcyclohexanone oximes 
(4) in high yields (79.3–86%). Their spectral 
parameters and other characteristics are given 
below: 

( 1 E , 2 E ) - 2 - b e n z y l i d e n e - 6 -
methylcyclohexanone oxime (4a): Obtained 
by refluxing for 3h; white crystals (methanol), 
yield 85%; mp 145–147 °C (Lit. mp [24] 
147–149 °C); IR (KBr, cm-1): 3225 (br, O–H, 

stretch), 1630 (m, C=N, stretch), 1590 (s, C=C, 
stretch), 1558, 1422, 1161, 1117, 972, 885, 789, 
672, 515; 1H NMR (400 MHz, CDCl3): δ 1.12 
(d, J = 7.2 Hz, 3H, 6-CH3), 1.53–1.79 (m, 4H, 
4-H, 5-H), 2.27–2.99 (m, 3H, 3-H, 6-H), 6.82 
(s, 1H, Hβ), 7.23–7.37 (m, 5H, 2′-H, 3′-H, 4′-H, 
5′-H, 6′-H), 8.08 (br s, 1H, OH, exchangeable 
with D2O); 13C NMR (100 MHz, CDCl3): δ 
14.15 (C6-CH3), 21.60, 30.06, 30.98 (C3, C4, 
C5), 26.92 (C6), 127.63 (C3′ & C5′), 127.99 (C2′ 
& C6′), 128.17 (C1′), 128.90 (C4′), 135.03 (Cβ), 
137.91 (C2), 163.16 (C1); Anal. Calcd. for 
C14H17NO (215.13): C, 78.10; H, 7.96; N, 6.51. 
Found: C, 77.92; H, 7.84; N, 6.66.

(1E , 2E ) -2 - (4 -methy lbenzy l idene) -6 -
methylcyclohexanone oxime (4b): Obtained 
by refluxing for 4h; yellow crystals (benzene), 
yield 86%; mp 100–102 °C; IR (KBr, cm-1): 3298 
(br, O–H, stretch), 1636 (m, C=N, stretch), 1599 
(s, C=C, stretch), 1558, 1422, 1161, 1117, 972, 
885, 789, 672, 515; 1H NMR (300 MHz, CDCl3): 
δ 1.09 (d, J = 7.2 Hz, 3H, 6-CH3), 1.42–1.93 (m, 
4H, 4-H, 5-H), 2.29–2.89 (m, 6H, 3-H, 6-H, 4′-
CH3), 6.76 (s, 1H, Hβ), 7.13 (d, J = 8.1 Hz, 2H, 
3′-H & 5′-H), 7.20 (d, J = 8.1 Hz, 2H, 2′-H & 
6′-H), 10.05 (br s, 1H, OH, exchangeable with 
D2O); 13C NMR (75 MHz, CDCl3): δ 18.23 (C6-
CH3), 21.40 (C4′-CH3), 21.82, 29.73, 30.53 (C3, 
C4, C5), 27.12 (C6), 128.79 (C3′ & C5′), 129.06 
(C2′ & C6′), 131.19 (C1′), 133.78 (C4′), 134.92 
(Cβ), 137.14 (C2), 163.64 (C1); Anal. Calcd. for 
C15H19NO (229.15): C, 78.56; H, 8.35; N, 6.11. 
Found: C, 78.41; H, 8.49; N, 6.03.

(1E ,2E)-2-(4-methoxybenzylidene)-6-
methylcyclohexanone oxime (4c): Obtained 
by refluxing for 2.5h; white crystals (methanol), 
yield 83%; mp180–182 °C; IR (KBr, cm-

1): 3218 (br, O–H, stretch), 1632 (m, C=N, 
stretch), 1605 (s, C=C, stretch), 1511, 1461, 
1370, 1112, 938, 872, 830, 532; 1H NMR (300 
MHz, CDCl3): δ 1.14 (d, J = 7.2 Hz, 3H, 6-CH3), 
1.57–1.85 (m, 4H, 4-H, 5-H), 2.23–2.84 (m, 3H, 
3-H, 6-H), 3.80 (s, 3H, 4′-OCH3), 6.78 (s, 1H, 
Hβ), 6.94 (d, J = 8.4 Hz, 2H, 3′-H & 5′-H), 7.45 
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(d, J = 8.4 Hz, 2H, 2′-H & 6′-H), 8.95 (br s, 
1H, OH, exchangeable with D2O); 13C NMR 
(75 MHz, CDCl3): δ 19.06 (C6-CH3), 22.13, 
29.55, 30.75 (C3, C4, C5), 27.05 (C6), 55.16 (C4′-
OCH3), 113.60 (C3′ & C5′), 128.67 (C2′ & C6′), 
131.03 (C1′), 133.17 (Cβ), 136.53 (C2), 158.90 
(C4′), 163.17 (C1); Anal. Calcd. for C15H19NO2 
(245.14): C, 73.44; H, 7.81; N, 5.71. Found: C, 
73.75; H, 7.53; N, 5.99.

( 1 E , 2 E ) - 2 - ( 4 - c h l o ro b e n z y l i d e n e ) - 6 -
methylcyclohexanone oxime (4d): Obtained 
by refluxing for 3h; white crystals (methanol), 
yield 79.3%; mp 146 °C (lit. mp [24] 147–150 
°C); IR (KBr, cm-1): 3282 (br, O–H, stretch), 
1625 (m, C=N, stretch), 1601 (s, C=C, stretch), 
1515, 1466, 1257, 1185, 957, 822, 734,673, 
525; 1H NMR (300 MHz, CDCl3): δ 1.12 (d, J 
= 7.0 Hz, 3H, 6-CH3), 1.43–1.81 (m, 4H, 4-H, 
5-H), 2.41–2.98 (m, 3H, 3-H, 6-H), 6.80 (s, 1H, 
Hβ), 7.26-7.47 (m, 4H, 2′-H, 3′-H, 5′-H, 6′-H), 
8.06 (br s, 1H, OH, exchangeable with D2O); 
13C NMR (75 MHz, CDCl3): δ 19.20 (C6-CH3), 
22.53, 29.40, 30.69 (C3, C4, C5), 26.72 (C6), 
128.43 (C3′ & C5′), 129.11 (C2′ & C6′), 131.46 
(C1′), 132.88 (C4′), 134.54 (Cβ), 136.18 (C2), 
164.13 (C1); Anal. Calcd. for C14H16 ClNO 
(249.09): C, 67.33; H, 6.46; N, 5.61. Found: C, 
67.39; H, 6.38; N, 5.75.

2.4	 General procedure for the synthesis of 
(1E,2E)-2-arylidene-6-methylcyclohexanone 
O-tosyl oximes (5): A solution of 
p-toluenesulphonyl chloride (1.90 g, 0.01 
mole) in pyridine (7 mL) was added to a 
solution of an appropriate (1E,2E)-2-arylidene-
6-methylcyclohexanone oxime (0.01 mole) 
in pyridine (7 mL) at 0 °C and the reaction 
mixture was stirred for 2–3h while maintaining 
the temperature of reaction mixture 0 °C. After 
stirring for further 45 min. at room temperature, 
poured the contents onto crushed ice containing 
5 mL of dil. H2SO4. The solid thus obtained was 
collected by filtration and recrystallized from 
a suitable solvent to afford the corresponding 
(1E,2E)-2-arylidene-6-methylcyclophexanone 

O-tosyl oximes (5) in high yields (85–
90.2%). Their spectral parameters and other 
characteristics are given below:

( 1 E , 2 E ) - 2 - b e n z y l i d e n e - 6 -
methylcyclohexanone O-tosyl oxime (5a): 
Obtained by stirring for 3h; white crystals 
(methanol), yield 88%; mp 141–143 °C; IR 
(KBr, cm-1): 1611 (m, C=N, stretch), 1528, 
1393, 1321, 1196, 903, 795, 689, 617, 569; 1H 
NMR (300 MHz, CDCl3): δ 1.14 (d, J = 7.2 Hz, 
3H, 6-CH3), 1.47–1.86 (m, 4H, 4-H, 5-H), 2.31–
2.86 (m, 6H, 3-H, 6-H, 4″-CH3), 6.94 (s, 1H, 
Hβ), 7.20–7.47 (m, 7H, 2′-H, 3′-H, 4′-H, 5′-H, 
6′-H, 3″-H, 5″-H), 7.93 (d, J = 8.4 Hz, 2H, 2″-H 
& 6″-H); 13C NMR (75 MHz, CDCl3): δ 14.15 
(C6-CH3), 20.18 (C4″-CH3), 21.82, 27.75, 30.86, 
31.53 (C3, C4, C5, C6), 127.18, 127.83, 128.06, 
128.32, 128.45, 129.15, 131.23 (C1′, C2′, C3′, 
C4′, C5′, C6′, C2″, C3″, C4″, C5″, C6″), 133.84 (Cβ), 
136.83 (C2), 143.73 (C1″), 160.49 (C1); Anal. 
Calcd. for C21H23NO3S (369.14): C, 68.27; H, 
6.27; N, 3.79. Found: C, 68.39; H, 6.11; N, 3.96.

(1E , 2E ) -2 - (4 -methy lbenzy l idene) -6 -
methylcyclohexanone O-tosyl oxime (5b): 
Obtained by stirring for 2.5h; white crystals 
(methanol), yield 90.2%; mp 160–162 °C; IR 
(KBr, cm-1): 1599 (m, C=N, stretch), 1523, 
1435, 1268, 1156, 1037, 1025, 967, 884, 645; 1H 
NMR (300 MHz, CDCl3): δ 1.11 (d, J = 7.2 Hz, 
3H, 6-CH3), 1.57–1.96 (m, 4H, 4-H, 5-H), 2.33–
2.98 (m, 9H, 3-H, 6-H, 4′-CH3, 4″-CH3), 6.91 (s, 
1H, Hβ), 7.16 (d, 2H, J = 7.5 Hz, 3′-H & 5′-H), 
7.35 (d, J = 7.5 Hz, 2H, 2′-H & 6′-H), 7.48 (d, J 
= 8.4 Hz, 2H, 3″-H & 5″-H), 7.94 (d, J = 8.4 Hz, 
2H, 2″-H & 6″-H); 13C NMR (75 MHz, CDCl3): 
δ 15.03 (C6-CH3), 20.33 (C4″-CH3), 21.06 (C4-
CH3), 22.36, 27.93, 30.12, 31.95 (C3, C4, C5, 
C6), 127.16, 128.64, 129.25, 129.49, 130.83, 
131.32, 132.87 (C1′, C2′, C3′, C4′, C5′, C6′, C2″, C3″, 
C4″, C5″, C6″), 134.75 (Cβ), 136.12 (C2), 143.14 
(C1″), 159.96 (C1); Anal. Calcd. for C22H25NO3S 
(383.16): C, 68.90; H, 6.57; N, 3.65. Found: C, 
68.81; H, 6.46; N, 3.83.
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(1E ,2E)-2-(4-methoxybenzylidene)-6-
methylcyclohexanone O-tosyl oxime (5c): 
Obtained by stirring for 2h; light brown crystals 
(benzene), yield 85%; mp 125–127 °C; IR (KBr, 
cm-1): 1606 (m, C=N, stretch), 1538, 1471, 
1393, 1327, 1138, 1088, 842, 756, 611; 1H NMR 
(300 MHz, DMSO-d6): δ 1.12 (d, J = 7.2 Hz, 
3H, 6-CH3), 1.49–1.90 (m, 4H, 4-H, 5-H), 2.28–
2.96 (m, 6H, 3-H, 6-H, 4″-CH3), 3.80 (s, 3H, 
4′-OCH3), 6.94 (s, 1H, Hβ), 7.11 (d, J = 8.7 Hz, 
2H, 3′-H & 5′-H), 7.33–7.48 (m, 4H, 2′-H, 6′-H, 
3″-H, 5″-H), 7.90 (d, J = 8.4 Hz, 2H, 2″-H & 
6″-H); 13C NMR (75 MHz, DMSO-d6): δ 14.58 
(C6-CH3), 20.25 (C4″-CH3), 21.78, 27.95, 30.45, 
31.73 (C3, C4, C5, C6), 55.10 (C4′-OCH3), 113.15 
(C3′ & C5′), 127.37, 127.93, 128.48, 130.61, 
131.25 (C1′, C2′, C4′, C6′, C2″, C3″, C4″, C5″, C6″), 
133.94 (Cβ), 137.73 (C2), 143.05 (C1″), 158.60 
(C4′), 161.10 (C1); Anal. Calcd. for C22H25NO4S 
(399.15): C, 66.14; H, 6.31; N, 3.51. Found: C, 
66.38; H, 6.43; N, 3.67.

( 1 E , 2 E ) - 2 - ( 4 - c h l o ro b e n z y l i d e n e ) - 6 -
methylcyclohexanone O-tosyl oxime (5d): 
Obtained by stirring for 3h; white crystals 
(methanol), yield 88%; mp 165–168 °C; IR 
(KBr, cm-1): 1609 (m, C=N, stretch), 1542, 
1462, 1310, 1258, 1065, 1024, 983, 823, 654; 
1H NMR (300 MHz, CDCl3): δ 1.11 (d, J = 7.2 
Hz, 3H, 6-CH3), 1.55–1.91 (m, 4H, 4-H, 5-H), 
2.29–2.92 (m, 6H, 3-H, 6-H, 4″-CH3), 6.90 (s, 
1H, Hβ), 7.29–7.49 (m, 7H, 2′-H, 3′-H, 4′-H, 5′-
H, 6′-H, 3″-H, 5″-H), 7.93 (d, J = 8.4 Hz, 2H, 
2″-H & 6″-H); 13C NMR (75 MHz, CDCl3): δ 
15.12 (C6-CH3), 20.47 (C4″-CH3), 22.68, 27.77, 
29.87, 31.75 (C3, C4, C5, C6), 124.67, 127.23, 
127.93, 128.72, 129.67, 131.75, 133.87 (C1′, C2′, 
C3′, C4′, C5′, C6′, C2″, C3″, C4″, C5″, C6″), 134.67 
(Cβ), 136.50 (C2), 143.56 (C1″), 160.52 (C1); 
Anal. Calcd. for C21H22 ClNO3S (403.10): C, 
62.45; H, 5.49; N, 3.47. Found: C, 62.71; H, 
5.41; N, 3.73.

2.5	 General procedure for the synthesis 
of (E)-3-arylidene-7-methylazepan-2-ones 
(6): A solution of an appropriate (1E,2E)-2-

arylidene-6-methylcyclophexanone O-tosyl 
oxime (5, 0.00146 mole), SOCl2 (0.521 mL) in 
dry dioxane (30 mL) was stirred with the aid 
of a magnetic stirrer at room temperature for 
10–11h. Thereafter, water (50 mL) was added to 
the reaction mixture and extracted with diethyl 
ether (3×20 mL). The combined extracts were 
washed with 5% aq. NaHCO3 solution followed 
by water, and dried over anhydrous Na2SO4. 
Rotaevaporation of the solvent furnished a solid 
that upon crystallization from a suitable solvent 
furnished the corresponding (E)-3-arylidene-
7-methylazepan-2-ones (6) in moderate yields 
(56–64%). Their spectral parameters and other 
characteristics are given below:

(E)-3-benzylidene-7-methylazepan-2-one 
(6a): Obtained by stirring for 10h; pale yellow 
crystals (ethanol), yield 62%; mp 97–101 °C; 
IR (KBr, cm-1): 3274 (m, N–H, stretch), 1673 
(s, C=O, stretch), 1601 (s, C=C, stretch), 1496, 
1450, 1376, 1263, 1196, 1048, 764, 757, 701; 
1H NMR (300 MHz, CDCl3): δ 1.18 (d, J = 6.6 
Hz, 3H, 7-CH3), 1.61–2.01 (m, 4H, 5-H, 6-H), 
2.43–2.60 (m, 2H, 4-H), 3.43 (m, 1H, 7-H), 
6.62 (br s, 1H, NH, exchangeable with D2O), 
7.18–7.34 (m, 5H, 2′-H, 3′-H, 4′-H, 5′-H, 6′-H), 
7.45 (s, 1H, Hβ); 

13C NMR (75 MHz, CDCl3): δ 
20.13 (C7-CH3), 27.84, 29.71, 33.52 (C4, C5, C6), 
56.32 (C7), 128.12, 128.78, 129.35, 130.38 (C1′, 
C2′, C3′, C4′, C5′, C6′), 133.57 (Cβ), 136.93 (C3), 
165.20 (C2); ESI-MS m/z: 215 (M+∙, 54%), 214 
(60%), 187 (63%), 116 (32%), 115 (100%), 91 
(6.9%), 77 (5.1%); Anal. Calcd. for C14H17NO 
(215.13): C, 78.10; H, 7.96; N, 6.51. Found: C, 
77.82; H, 7.73; N, 6.83.

(E)-7-methyl-3-(4-methylbenzylidene)
azepan-2-one (6b): Obtained by stirring for 
11h; brown crystals (benzene_hexane), yield 
62%; mp 163–165 °C; IR (KBr, cm-1): 3163 (m, 
N–H, stretch), 1666 (s, C=O, stretch), 1612 (s, 
C=C, stretch), 1465, 1379, 1278, 1176, 1072, 
956, 857, 833, 725, 696; 1H NMR (300 MHz, 
CDCl3): δ 1.14 (d, J = 6.6 Hz, 3H, 7-CH3), 1.57–
1.96 (m, 4H, 5-H, 6-H), 2.33–2.51 (m, 5H, 4-H, 
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4′-CH3), 3.46 (m, 1H, 7-H), 5.74 (br s, 1H, NH, 
exchangeable with D2O), 7.14 (d, J = 7.8 Hz, 
2H, 3′-H & 5′-H), 7.38 (d, J = 7.8 Hz, 2H, 2′-H 
& 6′-H), 7.50 (s, 1H, Hβ); 

13C NMR (75 MHz, 
CDCl3): δ 20.03 (C7-CH3), 21.94 (C4′-CH3), 
27.46, 29.55, 34.09 (C4, C5, C6), 57.37 (C7), 
129.78, 130.57, 131.86, 134.94 (C1′, C2′, C3′, C4′, 
C5′, C6′), 135.32 (Cβ), 137.26 (C3), 165.59 (C2); 
ESI-MS m/z: 229 (M+·, 58.4%), 228 (53%), 214 
(5.3%), 201 (63.4%), 130 (35%), 129 (71.2%), 
115 (100%), 105 (5.4%), 91 (3.1%), 77 (0.6%); 
Anal. Calcd. for C15H19NO (229.15): C, 78.56; 
H, 8.35; N, 6.11. Found: C, 78.28; H, 8.63; N, 
6.38.
 (E)-3-(4-methoxybenzylidene)-7-
methylazepan-2-one (6c): Obtained by stirring 
for 10h; pale yellow crystals (methanol), yield 
56%; mp 180–182 °C; IR (KBr, cm-1): 3289 (m, 
N–H, stretch), 1670 (s, C=O, stretch), 1604 (s, 
C=C, stretch), 1460, 1384, 1321, 1249, 1160, 
946, 864, 803, 690; 1H NMR (500 MHz, CDCl3): 
δ 1.12 (d, J = 7.0 Hz, 3H, 7-CH3), 1.58–2.05 (m, 
4H, 5-H, 6-H), 2.48–2.71 (m, 2H, 4-H), 3.44 (m, 
1H, 7-H), 3.78 (s, 3H, 4′-OCH3), 5.90 (br s, 1H, 
NH, exchangeable with D2O), 7.03 (d, J = 8.4 
Hz, 2H, 3′-H & 5′-H), 7.45 (d, J = 8.4 Hz, 2H, 
2′-H & 6′-H), 7.62 (s, 1H, Hβ); 

13C NMR (125 
MHz, CDCl3) δ: 20.97 (C7-CH3), 27.11, 29.32, 
33.22 (C4, C5, C6), 55.13 (C4′-OCH3), 56.74 
(C7), 113.58 (C3′ & C5′), 128.83, 131.27 (C1′, C2′ 
& C6′), 134.83 (Cβ), 137.05 (C3), 160.22 (C4′), 
165.37 (C2); ESI-MS m/z: 245 (M+∙, 59.1%), 
244 (63%), 230 (7.4%), 217 (59.2%), 202 
(26%), 186 (3.6%), 145 (73%), 121 (6.1%), 115 
(100%), 91 (4.9%); Anal. Calcd. for C15H19NO2 
(245.14): C, 73.44; H, 7.81; N, 5.71. Found: C, 
73.18; H, 7.57; N, 6.02.

 (E)-3-(4-chlorobenzylidene)-7-
methylazepan-2-one (6d): Obtained by stirring 
for 10.5h; pale yellow crystals (methanol), yield 
64%; mp 110–112 °C; IR (KBr, cm-1): 3181 (m, 
N–H, stretch), 1662 (s, C=O, stretch), 1595 (s, 
C=C, stretch), 1490, 1453, 1330, 1244, 1163, 
1093, 1014, 827, 731, 671, 559; 1H NMR (500 
MHz, CDCl3): δ 1.12 (d, J = 7.0 Hz, 3H, 7-CH3), 
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1.43–1.97 (m, 4H, 5-H, 6-H), 2.41–2.64 (m, 2H, 
4-H), 3.49 (m, 1H, 7-H), 6.51 (br s, 1H, NH, 
exchangeable with D2O), 7.26 (d, J = 8.5 Hz, 
2H, 3′-H & 5′-H), 7.35 (d, J = 8.5 Hz, 2H, 2′-H 
& 6′-H), 7.58 (s, 1H, Hβ); 

13C NMR (125 MHz, 
CDCl3): δ 19.65 (C7-CH3), 27.10, 29.87, 34.25 
(C4, C5, C6), 56.60 (C7), 123.41, 128.60, 129.92, 
132.39 (C1′, C2′, C3′, C4′, C5′, C6′), 134.51 (Cβ), 
136.74 (C3), 164.86 (C2); ESI-MS m/z: 249 
(M+·, 58.3%)/251 (M+∙+2, 19.6%), 248 (M+·_1, 
63.4 %)/250 (M+∙_1, 20.8 %), 221 (65.1%)/223 
(21.8%), 214 (37.1%), 150 (26.4%)/152 (8.5%), 
149 (70.3%)/151 (23.5%), 125 (5.2%)/127 
(1.7%), 115 (100%); Anal. Calcd. for C14H16 
ClNO (249.09): C, 67.33; H, 6.46; N, 5.61. 
Found: C, 67.56; H, 6.73; N, 5.84.

3.	 Results and discussion

3.1	 Chemistry

The general approach towards the synthesis 
of lactams (6) involves an initial condensation 
of 2-methylcyclohexanone (1) with 
appropriate 4-substituted benzaldehydes 
(2) by base-catalyzed condensation to 
furnish the corresponding (E)-2-arylidene-6-
methylcyclohexanones (3) in good yields. The 
arylidenes (3) upon refluxing with NH2OH.HCl 
and NaOH in methanol furnished (1E,2E)-2-
arylidene-6-methylcyclohexanone oximes (4) 
which upon subsequent stirring with equimolar 
quantities of p-toluenesulfonyl chloride in 
the presence of pyridine afforded (1E,2E)-
2-arylidene-6-methylcyclohexanone O-tosyl 
oximes (5) in high yields. The O-tosyl oximes 
(5) thus obtained were subjected to thionyl 
chloride mediated Beckmann rearrangement in 
dry dioxane under stirring at room temperature 
to furnish the corresponding lactams, i.e. (E)-
3-arylidene-7-methylazepan-2-ones (6) in 
56_64% yields (Scheme 1).

The (E)-2-arylidene-6-methylcyclohexanones 
(3a–3d) needed for the purpose were synthesized 
by base-catalyzed condensation of equimolar 
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quantities of 2-methylcyclohexanone (1) with 
appropriate benzaldehydes (2) in fairly good 
yields (53–62%) according to the procedure as 
described in the literature [25,26]. The purity 
of the entire synthesized 3a–3d was checked 
through TLC and their melting points.
The synthesis of oximes (4a–4d) was carried 
out by refluxing a mixture of appropriate (E)-
2-arylidene-6-methylcyclohexanones (3, 0.09 
mole), NH2OH.HCl (7.0 g, 0.1 mole) and 
NaOH (4.0 g) in methanol (150 mL) for 2.5–4h. 
Usual work up of the resulting reaction mixture 
furnished a solid which upon crystallization from 
a suitable solvent afforded the corresponding 
(1E,2E)-2-arylidene-6-methylcyclohexanone 
oximes (4) in high yields (79.3–86%) (Scheme 
1). 
The structures of all the oximes thus synthesized 
were established on the basis of spectral (IR, 1H 
NMR and 13C NMR) and elemental analysis 

results. In principle, the oximes (4a–4d) can 
exist in four stereoisomeric forms on the basis 
of differences in orientation around C=N and 
C=C bonds, i.e. (1E,2E)-4a–4d, (1Z,2E)-4a–
4d, (1E,2Z)-4a–4d and (1Z,2Z)-4a–4d.

Scheme 1: Synthetic route for the preparation of (E)-3-arylidene-7-methylazepan-2-ones (6)
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Out of the four possible stereoisomeric forms, 
the configurations, (1Z,2Z) and (1E,2Z) for the 
oximes (4a–4d) can easily be discarded on the 
basis of arguments presented below:

Since the precursor (E)-2-arylidene-6-
methylcyclohexanones (3a–3d) possess (E)-
configuration and it is highly unlikely that 
under base-catalyzed equilibrium conditions, 
a thermodynamically more stable ketone 
with (E)-configuration is converted into a 
thermodynamically less stable ketone with 
(Z)-configuration, therefore, it seems logical 
to assume that during the formation of oximes 
(4), there is no change in configuration around 
C=C, hence the configurations (1Z,2Z) and 
(1E,2Z) for the oximes (4) stand rejected. In 
order to distinguish between the remaining two 
configurations, i.e. (1E,2E) and (1Z,2E), the 
IR, 1H NMR and 13C NMR spectra of oximes 
(4) were critically examined. The IR spectra of 
oximes (4a–4d), in each case, exhibited a broad 
band in the region at 3218–3298 cm-1 due to 
O–H stretching, a band of weak intensity in the 
region at 1625–1636 cm-1 due to C=N stretching 
and another band of medium intensity in the 
region at 1590–1605 cm-1 due to C=C stretching. 
The 1H NMR (300/400MHz, CDCl3) spectra of 
oximes (4a–4d) displayed the required integral 
ratio of aromatic to non-aromatic protons. 
In the aliphatic region, in each case, at the 
highest field was located a doublet (J = 7.2 Hz) 
corresponding to three protons in the region 
at δ 1.09–1.14 which could safely be assigned 
to the protons of C6-CH3 group. Next, towards 
the lower field was exhibited a four-proton 
multiplet in the region at δ 1.42–1.93 assigned 
to C4 and C5 protons which was followed by 
another three-proton multiplet in the region at δ 
2.23–2.99 assignable to C3 and C6 protons. The 
singlet displayed, in each case, in the region 
at δ 6.76–6.82 integrating for one proton was 
undoubtedly assigned to olefinic proton (Cβ-
H). A broad singlet (exchangeable with D2O) 
observed in the region at δ 8.06–10.05 was 
safely assigned to the proton of the oxime (=N–

OH) group. The signals due to the remaining 
aliphatic and aromatic protons were observed in 
the expected regions (vide experimental). The 
13C NMR spectra of oximes (4a–4d), in each 
case, in the highest field, exhibited a signal in 
the region at δ 14.15–19.20 which was safely 
assigned to the carbon of methyl group located 
at C6. Next, towards the lower field, the signals 
displayed in the regions at δ 21.60–22.53, δ 
26.72–27.12, δ 29.40–30.06 and δ 30.53–30.98 
were ascribed to the methylene carbons of the 
aliphatic ring whereas the signals observed in 
the regions at δ 133.17–135.03 and δ 136.18–
137.91 were easily assigned to Cβ and C2, 
respectively. The signal exhibited, in the lowest 
field, in the region at δ 163.16–164.13 could 
undoubtedly be ascribed due to C1. The signals 
due to the remaining aliphatic and aromatic 
carbons were observed in the expected regions 
(vide experimental).

The (1E,2E)-configuration of the oximes (4a–
4d) finds rationale from the results reported in the 
literature in view of steric effect of the arylidene 
group as supported by the work carried out by 
Sato et al.[20a] on 2-benzylidenecyclohexanone 
oxime. Further, Kelly and Matthews [27] also 
found that anti-configuration to be the most 
probable structure in several 2-substituted 
cyclohexanone oximes. Moreover, the oximes 
synthesized by Smith et al. [28] are known 
to possess (E)-configuration around C=N 
bond. In view of steric effect of the arylidene 
group, the 2-arylidenecyclohexanone oximes 
have been assigned (1E,2E) configuration. 
But for assigning the configuration to oximes 
(4a–4b), the steric effect of both the arylidene 
and α-methyl group is to be taken into 
consideration. This argument finds rationale 
from an earlier observation of Hawkes et 
al. [29] for the assignment of configuration 
to oximes on the basis of chemical shifts of 
α-methylene carbons in the 13C NMR spectra 
of 2-methylcyclohexanone oximes (7) and (8) 
in which α-methylene carbons (C2) are found to 
display signals at δ 37.2 and δ 26.8, respectively. 
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Hence, on analogy with the chemical shift of 
similar carbon (C2) in 13C NMR spectrum of 
2-methylcyclohexanone oxime (8), the oximes 
(4a–4d), have been assigned (E)-configuration 
around C=N bond.

The O-tosyl oximes (5a–5d) needed for the 
purpose were prepared by stirring solution of 
appropriate oximes (4a–4d, 0.01 mole) and 
p-toluenesulphonyl chloride (1.90 g, 0.01 mole) 
in pyridine at room temperature for 2–3h in 
excellent yields (85–90.2%) (Scheme 1).

Since during the tosylation of oximes (4a–4d), 
the C=C and C=N bonds are not affected, hence 
it is rational to assume that the configuration of 
oximes, i.e. (1E,2E) is retained in their O-tosyl 
oximes (5a–5d).

The structures of all the O-tosyl oximes (5a–
5d) have been established on the basis of their 
spectral (IR, 1H NMR and 13C NMR) as well 
as elemental analytical results. IR spectra 
of O-tosyl oximes (5a–5d) displayed the 
characteristic absorption due to C=N stretching 
in the region at 1599–1611 cm-1. The 1H NMR 
(300 MHz, CDCl3/DMSO-d6) spectra of 
O-tosyl oximes (5a–5d), in each case, displayed 
the required integral ratio of aromatic to non-
aromatic protons. The O-tosyl oximes (5a–5d), 
in the aliphatic region, at the highest field, in 
each case, displayed a three-proton doublet (J = 
7.2 Hz) in the region at δ 1.11–1.14 which was 

undoubtedly assigned to the protons of C6-CH3 
group. The aliphatic region of 5a–5d, in each 
case, exhibited a multiplet corresponding to 
four protons in the region at δ 1.47–1.91 which 
was safely assigned to C4- and C5-protons. Next, 
towards the lower field, was located a multiplet 
in the region at δ 2.28–2.98 integrating for 
six protons ascribable to C3-, C6- and C4’’-CH3 
protons. However, in 5b, the resonance due to 
C4′-CH3 also got merged with the multiplet due to 
C3-, C6- and C4’’-CH3 protons and was appeared 
in the region at δ 2.33–2.98. To the downfield 
side, in each case, was observed a signal in 
the region at δ 6.90–6.94 assignable to vinylic 
proton (Cβ-H). At the lowest field of spectra, in 
each case, was exhibited a two-proton doublet 
(J = 8.4 Hz) in the region at δ 7.90–7.94. The 
most suitable contender for this signal seems to 
be C2’’-H and C6’’-H in accord with the results 
reported in literature for analogous compound 
[30]. The signals due to the remaining aliphatic 
and aromatic protons were observed in the 
expected regions (vide experimental). 13C NMR 
spectra of O-tosyl oximes (5a–5d), in each 
case, in the aliphatic region, at the highest field, 
displayed a signal in the region at δ 14.15–
15.12 ascribable to the carbon of methyl group 
located at C6, however, the signal due to methyl 
carbon present at C4″ was observed in the region 
at δ 20.18–20.47. Next, towards the lower 
field, the signals due to methylene carbons (C3, 
C4, C5, C6) were observed in the regions at δ 
21.78–22.68, δ 27.75–27.95, δ 29.87–30.86 
and δ 31.53–31.95. The compounds 5a–5d, in 
each case, displayed signals in the regions at δ 
133.84–134.94 and δ 136.12–137.73 assignable 
to Cβ and C2, respectively. The signal due to C1’’, 
characteristic of tosyl group, was appeared in 
the region at δ 143.05–143.73 whereas signal 
exhibited in the most downfield region at δ 
159.96–161.10 was safely assigned to C1. The 
remaining aliphatic and aromatic carbons were 
found to display signals in their characteristic 
regions (vide experimental).

After having established the structures of 
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O-tosyl oximes (5), the next step was the 
synthesis of lactams (6), which were prepared 
by the Beckmann rearrangement of 5. 

Initially, Beckmann rearrangement of the oxime 
(4a) and O-tosyl oxime (5a) was carried out using 
various reagents such as PPA, CNC (cyanuric 
chloride (2,4,6-trichloro-[1,3,5]triazine))/
DMF, CNC/CH3CN, CNC and ZnCl2/CH3CN 
by employing different reaction conditions. In 
each case, the product obtained was similar, i.e. 
6a but in varying yields as shown in Table 1. 

Table 1: Beckmann rearrangement of 4a and 5a 
under different reaction conditions.

Substrate
used

Product 
formed Reagents used

Reaction 
conditions 

applied

Yield 
(%)

4a 6a PPA reflux, 6h 12

4a 6a CNC/DMF stirring, rt, 
8–10h 18

4a 6a CNC/CH3CN reflux, 4–5h 23

4a 6a CNC, ZnCl2/
CH3CN reflux, 4–5h 31

4a 6a SOCl2/dry 
dioxane stirring, rt, 9h 51

5a 6a PPA reflux, 5h 20

5a 6a CNC/DMF stirring, rt, 
7–8h 26

5a 6a CNC/CH3CN reflux, 3–5h 30

5a 6a CNC, ZnCl2/
CH3CN reflux, 4–5h 38

5a 6a SOCl2/dry 
dioxane stirring, rt, 8h 62

Among the reagents employed as mentioned in 
Table 1, the optimization of reaction conditions 
established SOCl2/dry dioxane to be a better 
reagent. Hence, it was thought worthwhile 
to undertake SOCl2/dry dioxane mediated 
Beckmann rearrangement of O-tosyl oximes 
(5a–5d) instead of oximes (4a–4d) to obtain the 
better yields of lactams (6a–6d).

The general approach towards the synthesis 
of lactams (6) by Beckmann rearrangement 
involves the stirring a solution of (1E,2E)-2-
arylidenecycloalkanone O-tosyl oximes (5) 
in dry dioxane with thionyl chloride at room 
temperature for 10–11h to afford 6 in moderate 
to good yields (56–64%) (Scheme 1). The TLC 
analysis of the mother liquor left after filtration 
of the lactam (6) revealed the presence of starting 
O-tosyl oxime (5) along with traces of the 
lactam (6) thereby confirming that Beckmann 
rearrangement of (1E,2E)-2-arylidene-6-
methylcyclohexanone O-tosyl oximes (5) 
furnished (E)-3-arylidene-7-methylazepan-2-
ones (6) as a single product.

The structures of all the lactams (6a–6d) had 
been elucidated through spectral (IR, 1H NMR, 
13C NMR and mass) and elemental analytical 
results. IR spectra of all the lactams 6a–6d, 
in each case, exhibited a medium intensity 
absorption band in the region at 3163–3289 
cm-1 due to N–H stretching of secondary amide. 
Another noteworthy feature was the presence 
of two intensive bands at 1662–1673 cm-1 and 
1595–1612 cm-1 assignable to C=O stretching 
of α,β-unsaturated amide group and C=C 
stretching, respectively. The 1H NMR spectra 
of 6a–6d, in each case, displayed the required 
integral ratio of aromatic to non-aromatic 
protons. In the aliphatic region at the highest 
field, was located a doublet (J = 6.6 Hz) in the 
region at δ 1.12–1.18 corresponding to three 
protons of methyl group present at C7. It was 
followed by a four-proton multiplet due to 
methylene protons of C5 and C6 in the region 
at δ 1.43–2.05. Next, towards the lower field 
was located another two-proton multiplet in 
the region at δ 2.33–2.71 which could safely be 
assigned to C4 protons contiguous to exocyclic 
double bond. A one-proton multiplet observed 
in the region at δ 3.43–3.49 was undoubtedly 
assigned to C7-methylene protons which finds 
support from the earlier observations reported 
in the literature for analogous 7-methylazepan-
2-one (9) [31] in which similar proton, i.e. 
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C7-H appears at δ 3.50. The signal due to NH 
proton, however, was appeared as a broad 
singlet (exchangeable with D2O) in the region 
at δ 5.74–6.62. Another distinguishing feature 
of 1H NMR spectra of 6a–6d, is the chemical 
shift of vinylic proton (Cβ-H), which appeared 
as a singlet in the lowest field of spectra, in the 
region at δ 7.45–7.62 due to deshielding by 
C=O group. The signals due to the remaining 
aliphatic and aromatic protons were observed in 
their characteristic regions (vide experimental). 

The structures of all the lactams 6a–6d have been 
further corroborated by their 13C NMR spectra, 
which in each case, at the highest field displayed 

a signal in the region at δ 19.65–20.97 that was 
safely assigned to methyl carbon located at C7. 
Their 13C NMR spectra are characterized by the 
presence of a signal in the aliphatic region at 
δ 56.32–57.37 ascribable to C7 in analogy with 
13C NMR spectrum of 7-[(N-phenylamino)
benzyl]azepan-2-one (10) [32] in which similar 
carbon, i.e. C7 resonates at δ 58.87. The signals 
due to the methylene carbons (C4, C5, C6) were 
observed in the regions at δ 27.10–27.84, δ 
29.32–29.87 and δ 33.22–34.25. The signals 
displayed in the regions at δ 133.57–135.32 and 
δ 136.74–137.26 were undoubtedly assigned to 
the vinylic carbons, i.e. Cβ and C3, respectively. 
The signal displayed in the most downfield 
region at δ 164.86–165.59 was undoubtedly 
assigned to C2 (carbon of C=O group). These 
assignments also find support from the results 
reported in literature for analogous compounds, 
i.e. (E)-3-arylideneazepan-2-ones [33]. The 
signals due to the remaining aliphatic and 
aromatic carbons were observed in the expected 

Scheme 2: Expected products of Beckmann rearrangement of O-tosyl oxime (5) 
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regions (vide experimental). 

Further, the mass spectra of 6a–6d, in each 
case, showed the expected fragmentation 
pattern (vide experimental). The base peak, 
however, was observed at m/z 115 (100%). The 
characteristic feature of the mass spectra of 
lactams (6a–6d) is the sequential elimination of 
CO, 2-methylazetidine moiety and H from the 
molecular ion generating ion peaks at M+.–28, 
M+.–99 and M+–100, respectively. Moreover, the 
ion peak at M+–100 may also arise by sequential 
elision of H-atom and 5-methylpyrrolidin-2-
one (99 mass units). The analytical data of all 
the lactams 6a–6d were also found in good 
agreement with their molecular formulae (vide 
experimental).

In principle, Beckmann rearrangement of 
O-tosyl oxime (5), in each case, is expected 
to furnish 6 through alkyl migration in which 
configuration around C=C is (E), 11 by alkyl 
migration in which configuration around 
C=C is (Z), 12 by vinyl migration in which 
configuration around C=C is (E) and 13 by 
vinyl migration in which configuration around 
C=C is (Z) (Scheme 2).

If the product would have an alternate structure, 
i.e. 11 or 12 or 13 than Cβ-H must have 
resonated at a comparatively higher field in 
their 1H NMR spectra, because this will not 
lie in the deshielding zone of C=O group in 
all these cases. Hence, downfield shifting of 
Cβ-H unequivocally proves the formation of 6 
and formation of lactams 11, 12 and 13 stands 
discarded.

One more appealing point which deserves 
consideration here is that during the Beckmann 
rearrangement of 5, there occurs no movement 
of α,β-unsaturated double bond from exocyclic 
to endocyclic position to furnish lactam (14). 
If this migration had happened, it must have 
exhibited a two-proton signal due to C3-benzylic 
CH2-group and a resonance characteristic of the 
C4-vinylic proton but no such type of resonances 
were obsereved in 1H NMR spectrum of the 
product formed. 

Scheme 3: Mechanistic pathway for the formation of (E)-3-arylideneazepan-2-ones (6) by 
Beckmann rearrangement of O-tosyl oximes (5)
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Hence, all these arguments support the 
formation of 6 by alkyl migration in which 
configuration around C=C bond is retained 
during the Beckmann rearrangement of 5.

Mechanistically, the conversion of 5 → 6 is 
envisaged to occur through an initial thionyl 
chloride catalyzed isomerization around C=N 
to afford 16 (Scheme 3). Driving force for this 
isomerization is presumably the stabilization 
of the intermediate carbocation (15) through 
H-bonding between O¯ and H-atom of the Cβ-H. 
The intermediate 16 thus obtained subsequently 
underwent anti migration of alkyl group to 
afford the lactam 6. 

Conclusion

From the above disscusion, it is concluded 
that the thionyl chloride mediated Beckmann 
rearrangement of O-tosyl oximes (5a–
5d) in dry dioxane leads to the formation 
of the corresponding lactams, i.e. (E)-3-
arylideneazepan-2-ones (6a–6d) in moderate to 
good yields by alkyl migration without shifting 
of double bond from exocyclic to endocylic 
position.
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