
INTRODUCTION

Acylation reaction of a variety of cyclic ketones via

acylation of the corresponding enamines is well-

defined in the literature. Enamine acylation of

carbonyl compounds is a significant synthetic

method because of its mildness and the ease of

preparing various β-diketones [1-4]. Acylation

reactions are performed by means of converting

enamines to the enaminoketones and subsequent

hydrolysis of the enaminoketones to the desired β-

diketones [5,6]. The yield of the reaction is increased

when triethylamine is used in the reaction medium

as a base to prevent salt formation [7].

In our previous investigation, we were interested in

the diacylation reactions of heterocyclic enamines

of a number of ketones at α- and α’-positions rather

than monoacylation at α-position of similar

enamines as in the literature [8,9]. Up to then, α,α’-

diacylated cyclic enamine synthesis had been very

rare in the literature [10].

Enamines are good nucleophiles and have both a

nucleophilic nitrogen and a nucleophilic carbon. The

nucleophilicity of the carbon of enamines makes

them particularly useful reagents in organic

synthesis because they can be acylated, alkylated

and used in Michael additions. When an enamine

reacts with an acyl halide the product is a C-acylated
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Acylation reaction of a variety of cyclic ketones via acylation of the corresponding enamines

is well-defined in the literature. Enamine acylation of carbonyl compounds is a significant

synthetic method because of its mildness and the ease of preparing various β-

diketones.The pyrrolidine and morpholine enamines of cyclic ketones such as

cyclohexanone and cyclopentanone were successfully reacted with phenylacetyl chloride

and chloroacetyl chloride respectively, to yield various acetylated or diacetylated enamines.

No trace of acetylated pyrrolidine was observed where acylated morpholine was isolated

in good yields when morpholine enamines were reacted.Key Words
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compound.  The iminium ion that forms hydrolyzes

when water is added and the overall reaction

provides a synthesis of β-diketones [1-4].

In our study, the iminium ion did not hydrolyze using

water and NaHCO3 and α-acetylated enamines

were isolated when triethylamine was used. When

the same enamines reacted with trichloroacetyl

chloride under the presence of zinc gave α,α’-

diacetylated enamines were synthesized. 

Although acylation mechanism of the enamines is a

well-known synthetic method for α-acylation of

ketones, diacetylation mechanism is unknown. The

acetylation mechanism might proceed through first

monoacetylation and then α-acylated product (α, β-

unsaturated carbonyl compound) gave keto-enol

tautomerism which led to the formation of a new

nucleophilic carbon atom. This carbon atom might

act as a nucleophile in the second acetylation.

Figure 1. The mechanism of mono and diacetylation reactions.
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MATERIALS AND METHODS

All reactions were performed under nitrogen

atmosphere. Diethyl ether was dried over sodium-

potassium alloy and freshly distilled prior to use. IR

spectra were obtained on a Mattson 1000 FTIR

spectrometer; absorption maxima are reported in

wavenumbers (cm-1). 1H-NMR spectra were

recorded on a Bruker AC-200 (200 MHz) NMR

spectrometer; CDCl3 was the solvent and

tetramethylsilane (TMS) was used as the internal

standard. Chemical shifts are reported in ppm (δ)

downfield from the signal for TMS. The symbols, t

(triplet) and m (multiplet) are used to report the

multiplicity of signals. 13C-NMR spectra were

recorded proton decoupled. GC-MS spectra were

recorded on a  5890 Series Mass Selective Detector

Combine System and gave a parent peak and other

fragmentations in agreement with the proposed

structures. Elemental analyses were determined on

a LECO 932 CHNS-O elemental analyzer. Melting

points are determined with an electrothermal melting

point apparatus and are uncorrected.

Chloroacetyl chloride (from Merck), phenylacetyl

chloride (from   Aldrich) were freshly distilled before

use and Zn was activated as described previously

[11,12].The morpholine and pyrrolidine enamines of

cyclohexanone and morpholine enamine of

cyclopentanone were prepared according to the

literature procedures [3,13]. Ether  was dried by

sodium-potassium alloy and purified by distillation

prior to use. Silica gel 60 (from Merck) was used for

column chromatography.

General Procedure for the Diacetylation
Reaction of Enamines with Acetyl Chlorides
A solution of freshly distilled acetyl chloride (35.6

mmol) in 30 mL dry ether was added dropwise over

a period of 1 h to a cooled mixture (in ice-salt bath)

of activated zinc (8.9 mmol, 0.58 g) and appropriate

enamine (17.8 mmol) in 50 mL anhydrous ether

while stirring under nitrogen atmosphere. The

reaction mixture was continued to stirring overnight

then zinc chloride was removed by filtration and the

solvent was evaporated under reduced pressure.

The residue was dissolved in hexane, washed

successively with water, saturated NaHCO3 solution

and brine, and dried over MgSO4, filtered and then

the solvent was evaporated.

General Procedure for the Monoacetylation
Reaction of Enamines with Acetyl Chlorides 
A solution of freshly distilled acetyl chloride (17.8

mmol) in 30 mL dry ether was added dropwise over

a period of 1 h to a cooled mixture (in ice-salt bath)

of trietylamine and appropriate enamine (17.8 mmol)

in 50 mL anhydrous ether while stirring under

nitrogen atmosphere. The reaction mixture was

continued to stirring overnight, then ammonium

chloride was removed by filtration and the solvent

was evaporated under reduced pressure. The

residue was dissolved in hexane, washed

successively with water, saturated NaHCO3 solution

and brine, and dried over MgSO4, filtered and then

the solvent was evaporated.

2,6-Di-(phenylacetyl)-1-(4-morpholino)cyclo-
hexene (4a) and N-(phenylacetyl)morpholine (5a)
Phenylacetyl chloride (35.6 mmol, 5.50 g), 1-(4-

morpholino)cyclohexene (1) (17.8 mmol, 2.97 g)

and activated zinc (8.9 mmol, 0.58 g) were used.

The column chromatography of the residue [silica

gel, ethyl acetate-hexane (1:10)] afforded pure 2.20

g (61%) 4a as a yellow solid and 0.36 g (20%) 5a as

a white solid respectively. Both 4a and 5a were then

recrystallized from hexane solution separately.

Compound 4a (C26H29NO3) mp 142-143ºC; MS

(70 eV): 403 (M+); IR (KBr) cm-1  : 1748 (C=O), 1709

(conjugated C=O), 1600 (C=C); 1H NMR (CDCl3): δ

7.00-7.20 (m, 10H, C6H5), 3.90-4.10 (s, 4H,

COCH2C6H5), 3.80-3.90 (t, 1H, CHCO), 3.40-3.65

(t, 4H, NCH2), 2.95-3.10 (t, 4H, NCH2CH2O), 1.90-
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2.20 (m, 4H, CH2CH2CH2), 1.65-1.80 (m, 2H,

CH2CH2CH2); 13C NMR (CDCl3): δ 200 (C=O), 180

(conjugated C=O), 140 (C=C), 120-140 (C6H5), 78

(CHCO), 60 (COCH2C6H5), 55 (NCH2), 50

(NCH2CH2O), 45 (CH2C=C), 35 (CH2),  25 (CH2).

Anal. Calcd. for C26H29NO3: C, 77.39; H, 7.24; N,

3.47; Found: C, 77.16; H, 7.16; N, 3.35.

Compound 5a (C12H15NO2) mp 64oC; MS (70 eV):

205 (M+); IR (KBr) cm-1: 1650 (amide C=O); 1H NMR

(CDCl3): δ 7.00-7.20 (m, 5H, C6H5), 3.90-3.10 (s,

2H, COCH2C6H5), 3.40-3.60 (t, 4H, NCH2), 3.20-

3.35 (t, 4H, NCH2CH2O), 13C NMR (CDCl3):  δ 168

(C=O), 120-140 (C6H5), 76 (COCH2C6H5), 55

(NCH2), 45 (NCH2CH2O). Anal. Calcd. for

C12H15NO2 : C, 70.22; H, 7.36; N, 6.82; Found: C,

70.20; H, 7.32; N, 6.75.

2-Phenylacetyl-1-(4-morpholino)cyclohexene
(6a) and 6-phenylacetyl-1-(4-morpholino) 
cyclohexene (7a) Phenylacetyl chloride (17.8

mmol, 2.75 g), 1-(4-morpholino)cyclohexene (1)

(17.8 mmol, 2.97 g) and triethylamine (17.8 mmol,

1.80 g) yielded 4 and 5 directly. The column

chromatography of the residue  [silica gel, ethyl

acetate-hexane (1:10)] afforded 1.14 g (45%) 6a
and 0.77 g (30%) 7a as yellow solids respectively.

Both 6a and 7a were then recrystallized from

hexane solution separately.

Compound 6a (C18H23NO2) mp 115oC; MS (70

eV): 285 (M+); IR (KBr) cm-1: 1643  (C=O), 1596

(C=C); 1H NMR (CDCl3):  δ 7.10-7.35 (m, 5H,

C6H5), 3.75-3.90 (s, 2H, COCH2C6H5), 3.40-3.60 (t,

4H, NCH2), 3.00-3.25 (t, 4H, NCH2CH2O), 1.20-

1.85 (m, 8H, CH2CH2CH2CH2); 13C NMR (CDCl3):

δ 175 (C=O), 150 (C=C), 120-145 (C6H5), 60

(COCH2C6H5), 65 (NCH2), 50 (NCH2CH2O), 43

(CH2C=C), 30 (CH2),  25 (CH2). Anal. Calcd. for

C18H23NO2: C, 75.76; H, 8.12; N, 4.91; Found: C,

75.65; H, 8.00; N, 4.71.

Compound 7a (C18H23NO2) mp. 116oC; MS (70

eV): 285 (M+); IR (KBr) cm-1: 1750 (C=O), 1580

(C=C); 1H NMR (CDCl3): δ 6.95-7.20 (m, 5H, C6H5),

4.20-4.30 (t, 1H, CH=C), 3.75-3.90 (s, 2H,

COCH2C6H5), 3.35-3.45 (t, 4H, NCH2), 3.10-3.20

(m, 4H, NCH2CH2O), 2.90-3.00 (t, 1H, COCH) 1.20-

1.60 (m, 6H, CH2CH2CH2);  13C NMR (CDCl3):  δ

200 (C=O), 151 (C=C), 120-145 (C6H5), 70

(CHCO), 65 (COCH2C6H5),  53 (NCH2), 45

(NCH2CH2O), 35 (CH2CH2), 30 (CH2), 25 (CH2).

Anal. Calcd. for C18H23NO2: C, 75.76; H, 8.12; N,

4.91; Found: C, 75.60; H, 8.02; N, 4.71.

2,6-Di-(Chloroacetyl)-1-(4-morpholino)cyclo-
hexene (4b) and N-(chloroacetyl) morpholine
(5b): Chloroacetyl chloride (35.6 mmol, 4.02 g), 1-

(4-morpholino)cyclohexene (1) (17.8 mmol, 2.97 g)

and activated zinc (8.9 mmol, 0.58 g) were used.

The column chromatography of the residue [silica

gel, ethyl acetate-hexane (1:10)] afforded pure 1.28

g (45%) 4b as a yellow solid and 0.22 g (15% ) 5b
as a white solid respectively. Both 4b and 5b were

then recrystallized from hexane solution separately.

Compound 4b (C14H19CI2NO3) mp 121-122ºC; MS

(70 eV): 319 (M+); IR (KBr) cm-1: 1741 (C=O), 1706

(conjugated C=O), 1600 (C=C); 1H NMR (CDCl3):  δ

4.40-4.55 (s, 4H, COCH2Cl), 3.75-3.85 (t, 1H,

CHCO), 3.40-3.55 (t, 4H, NCH2), 3.20-3.35 (t, 4H,

NCH2CH2O), 1.10-1.30 (m, 6H, CH2CH2CH2); 13C

NMR (CDCl3):  δ 205 (C=O), 186 (conjugated C=O),

160 (C=C), 70 (CHCO), 65 (CH2Cl), 55 (NCH2), 45

(NCH2CH2O), 40 (CH2C=C), 30 (CH2),  20 (CH2).

Anal. Calcd. for C14H19CI2NO3: C, 52.52; H, 5.98;

N, 4.37; Found: C, 52.16; H, 5.66; N, 4.25.

Compound 5b (C6H10NO2CI) mp 38oC; MS (70

eV): 163 (M+); IR (KBr) cm-1: 1650 (amide C=O); 1H

NMR (CDCl3):  δ 4.70-4.80 (s, 2H, COCH2Cl), 3.80-

3.90 (t, 4H, NCH2), 3.20-3.35 (t, 4H, NCH2CH2O);
13C NMR (CDCl3):  δ 170 (C=O), 70 (CH2Cl), 65

(NCH2), 44 (NCH2CH2O). 
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Anal. Calcd. for C6H10NO2CI : C, 44.05; H, 6.16; N,

8.50; Found: C, 43.89; H, 5.90; N, 8.25.          

2-Chloroacetyl-1-(4-morpholino)cyclohexene
(6b) and 6-chloroacetyl-1-(4- morpholino) 
cyclohexene (7b) Chloroacetyl chloride (17.8

mmol, 2.01 g), 1-(4-morpholinyl)cyclohexene (1)

(17.8 mmol, 2.97 g) and triethylamine (17.8 mmol,

1.80 g) yielded 6b and 7b directly. The column

chromatography of the residue  [silica gel, ethyl

acetate-hexane (1:10)] afforded pure 0.76 g (35%)

6b and 0.63 g (29%) 7b as  yellow solids

respectively. Both 6b and 7b were then

recrystallized from hexane solution separately.

Compound 6b (C12H18NO2CI) mp 105-106oC ; MS

(70 eV): 243 (M+); IR (KBr) cm-1: 1645  (C=O), 1580

(C=C); 1H NMR: (CDCl3): δ 4.50 - 4.70 (s, 2H,

COCH2Cl), 3.85 - 4.00 (t, 4H, NCH2), 3.10-3.15 (t,

4H, NCH2CH2O), 1.55-1.170 (m, 8H,

CH2CH2CH2CH2); 13C NMR (CDCl3):  δ 185 (C=O),

156 (C=C), 68 (CH2Cl), 60 (NCH2), 50

(NCH2CH2O), 40 (CH2C=C), 28 (CH2),  24 (CH2). 

Anal. Calcd. for C12H18NO2CI: C, 59.14; H, 7.44; N,

5.75; Found: C, 58.88; H, 7.24; N, 5.35.

Compound 7b (C12H18NO2CI) mp 107oC; MS (70

eV): 243 (M+); IR (KBr) cm-1: 1712  (C=O), 1590

(C=C); 1H NMR (CDCl3): δ 4.40-4.55 (COCH2Cl),

4.20-4.30 (t, 1H, CH=C), 3.30-3.45 (t, 4H, NCH2),

3.00-3.15 (m, 4H, NCH2CH2O), 2.90-3.10 (t, 1H,

COCH) 1.25-1.60 (m, 6H, CH2CH2CH2); 13C NMR

(CDCl3):  δ 200 (C=O), 145 (C=C), 70 (CHCO), 68

(CH2Cl), 62 (NCH2), 50 (NCH2CH2O), 30 (CH2), 25

(CH2), 20 (CH2). 

Anal. Calcd. for C12H18NO2CI: C, 59.14; H, 7.44; N,

5.75; Found: C, 58.75; H, 7.19; N, 5.46.

2,6-Di-(phenylacetyl)-1-(4-morpholino)
cyclopentene (4c) and N-(phenylacetyl) 
morpholine (5a) Phenylacetyl chloride (35.6 mmol,

5.50 g), 1-(4-morpholino)cyclopentene (1b) (17.8

mmol, 2.73 g) and activated zinc (8.9 mmol, 0.58 g)

were used. The column chromatography of the

residue  [silica gel, ethyl acetate-hexane (1:10)]

afforded pure 2.03 g (58%) 4c as a yellow solid and

0.18 g (10% ) 5a as a white solid respectively. Both

4c and 5a were then recrystallized from hexane

solution separately.

Compound 4c (C25H27NO3) mp 117ºC; MS (70

eV): 389 (M+); IR (KBr) cm-1: 1743 (C=O), 1701

(conjugated C=O), 1600 (C=C); 1H NMR (CDCl3):  δ

6.90-7.10 (m, 10H, C6H5CH2), 3.70-3.80 (s, 4H,

COCH2C6H5), 3.80-3.90 (t, 1H, CHCO), 3.50-3.65

(t, 4H, NCH2), 3.10-3.25 (t, 4H, NCH2CH2O), 1.95-

2.10 (m, 2H,CH2CH2); 13C NMR (CDCl3):  δ 203

(C=O), 190 (conjugated C=O), 155 (C=C), 120-140

(C6H5), 68 (CHCO), 55 (COCH2C6H5), 50 (NCH2),

45 (NCH2CH2O), 40 (CH2C=C), 30 (CH2). 

Anal. Calcd. for C25H27NO3: C, 77.10; H, 6.98; N,

3.60; Found: C, 76.85; H, 6.66; N, 3.35.

2-Phenylacetyl-1-(4-morpholino)cyclopentene
(6c) and 6-phenylacetyl-1-(4-morpholino) 
cyclopentene (7c) Phenylacetyl chloride (17.8

mmol, 2.75 g), 1-(4-morpholino)cyclopentene (2)

(17.8 mmol, 2.73 g) and triethylamine (17.8 mmol,

1.80 g) yielded 6c and 7c directly. The column

chromatography of the residue  [silica gel, ethyl

acetate-hexane (1:10)] afforded pure 1.21 g (50%)

6c and 0.36 g (15%) 7c as yellow solids

respectively. Both 6c and 7c were then

recrystallized from hexane solution separately.

Compound 6c (C17H21NO2) mp 108oC; MS (70

eV): 271 (M+); IR (KBr) cm-1: 1650  (C=O), 1540

(C=C); 1H NMR (CDCl3):  δ 6.95-7.10 (m, 5H,

C6H5), 3.95-4.10 (s, 2H, COCH2C6H5), 3.55-3.70 (t,

4H, NCH2), 3.25-3.40 (t, 4H, NCH2CH2O), 1.50 -

2.30 (m, 6H, CH2CH2CH2);  13C NMR (CDCl3):  δ

200 (C=O), 158 (C=C), 120-145 (C6H5), 60

(COCH2C6H5), 55 (NCH2), 50 (NCH2CH2O), 40

(CH2C=C), 30 (CH2). 
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Anal. Calcd. for C17H21NO2: C, 75.26; H, 7.79; N,

5.16; Found: C, 75.02; H, 7.56; N, 4.85.

Compound 7c (C17H21NO2) mp 110oC; MS (70

eV): 271 (M+); IR (KBr) cm-1: 1723  (C=O), 1580

(C=C); 1H NMR  (CDCl3): δ 7.10-7.25 (m, 5H, C6H5),

4.20-4.30 (t, 1H, CH=C), 3.75-3.90 (s, 2H

COCH2C6H5), 3.40-3.55 (m, 4H, NCH2), 3.10-3.20

(m, 4H, NCH2CH2O), 2.80-2.90 (t, 1H, COCH) 1.55-

2.25 (m, 4H, CH2CH2);   13C NMR (CDCl3):  δ 200

(C=O), 150 (C=C), 120-145 (C6H5), 70 (CHCO), 65

(COCH2C6H5),  53 (NCH2), 45 (NCH2CH2O), 35

(CH2), 30 (CH2). 

Anal. Calcd. for C17H21NO2: C, 75.26; H, 7.79; N,

5.16; Found: C, 74.96; H, 7.52; N, 4.91.

2,6-Di-(Chloroacetyl)cyclopentanone  (8) and  
N-(chloroacetyl) morpholine (5b) Chloroacetyl

chloride (35.6 mmol, 4.02 g), 1-(4-morpholino)

cyclopentene (2) (17.8 mmol, 2.73 g) and activated

zinc (8.9 mmol, 0.58 g) were used. The column

chromatography of the residue  [silica gel, ethyl

acetate-hexane (1:9)] afforded pure 0.74 g (35%) 8
as a oil and 0.44g (30%) 5b as a white solid

respectively. Both 8 and 5b were then recrystallized

from hexane solution separately.

Compound 8 (C9H10CI2O3) MS (70 eV): 236 (M+);

IR (KBr) cm-1: 1740 (C=O), 1710 (C=O) 1H NMR

(CDCl3): δ 3.85-3.90 (s, 4H, COCH2Cl), 3.75-3.85

(t, 2H, COCH), 1.95-2.25 (t, m 4H, CH2CH2); 13C

NMR (CDCl3):  δ 212 (C=O), 200 (C=O (CH2Cl)), 75

(CHCO), 30 (CH2),  25 (CH2). 

Anal. Calcd. for C9H10CI2O3: C, 45.60; H, 4.24;

Found: C, 45.23; H, 3.87.

2-Chloroacetyl-1-(4-morpholino)cyclopentene
(6d) and 6-chloroacetyl-1-(4-morpholino) 
cyclopentene (7d) Chloroacetyl chloride (17.8

mmol, 2.01 g), 1-(4-morpholino)cyclopentene (2)

(17.8 mmol, 2.73 g) and triethylamine (17.8 mmol,

1.80 g) yielded 6d and 7d directly. The column

chromatography of the residue  [silica gel, ethyl

acetate-hexane (1:10)] afforded 0.62 g (30%) 6d
and 0.51 g (25%) 7d as  yellow solids respectively.

Both 6d and 7d were then recrystallized from

hexane solution separately.

Compound 6d (C11H16NO2CI) mp 92-93oC; MS

(70 eV): 229 (M+); IR (KBr) cm-1: 1642  (C=O), 1590

(C=C); 1H NMR (CDCl3): δ 4.60-4.75 (s, 2H,

COCH2Cl), 3.60-3.75 (t, 4H, NCH2), 3.25-3.35 (m,

4H, NCH2CH2O), 1.45-1.95 (m, 6H, CH2CH2CH2);
13C NMR (CDCl3):  δ 185 (C=O), 158 (C=C), 78

(CH2Cl), 55 (NCH2), 50 (NCH2CH2O), 38 (CH2), 30

(CH2),  25 (CH2).

Anal. Calcd. for C11H16NO2CI: C, 57.52; H, 7.02; N,

6.10; Found: C, 57.28; H, 6.84; N, 5.75.

Compound 7d (C11H16NO2CI) mp 95oC; MS (70

eV): 229 (M+); IR (KBr) cm-1: 1707 (C=O), 1580

(C=C); 1H NMR (CDCl3): δ 4.60-4.75 (s, 2H,

COCH2Cl), 4.25-4.35 (t, 1H, CH=C), 3.55-3.70 (t,

4H, NCH2), 3.25-3.40 (m, 4H, NCH2CH2O), 2.90-

3.00 (t, 1H, COCH) 1.55-1.95 (m, 4H,  CH2CH2);
13C NMR (CDCl3):  δ 200 (C=O), 150 (C=C), 68

(CHCO), 64 (CH2Cl), 55 (NCH2), 50 (NCH2CH2O),

25 (CH2), 20 (CH2). 

Anal. Calcd. for C11H16NO2CI: C, 57.52; H, 7.02; N,

6.10; Found: C, 57.25; H, 6.79; N, 5.86.

2,6-Di-(phenylacetyl)-1-(1-pyrrolidinyl)cyclo-
hexene (9a): Phenylacetyl chloride (35.6 mmol,

5.50 g), 1-(1-pyrrolidinyl)cyclohexene (3) (17.8

mmol, 2.69 g) and activated zinc (8.9 mmol, 0.58 g)

were used. The crude product was recrystallized

from hexane to give  3.45 g (50%) 9a as a  yellow

solid.

Compound 9a (C26H29NO2) mp 152ºC; MS (70

eV): 387 (M+); IR (KBr) cm-1: 1743 (C=O), 1710

(conjugated C=O), 1600 (C=C); 1H NMR (CDCl3):  δ

6.80-7.20 (m, 10H, C6H5), 4.00-4.20 (s, 4H,

COCH2C6H5), 3.20-3.40 (t, 1H, COCH), 2.40-2.60



(t, 4H, NCH2), 2.20-2.30 (t, 4H, NCH2CH2), 1.60-

1.85 (m, 6H, CH2CH2CH2) ; 13C NMR (CDCl3):  δ

205 (C=O), 190 (conjugated C=O), 140 (C=C), 120-

140 (C6H5), 80 (CHCO), 60 (COCH2C6H5), 55

(NCH2), 40 (NCH2CH2), 35 (CH2), 30 (CH2), 25

(CH2). 

Anal. Calcd. for C26H29NO2: C, 80.59; H, 7.54; N,

3.61; Found: C, 80.26; H, 7.26; N, 3.35.

2-Phenylacetyl-1-(1-pyrrolidinyl)cyclohexene
(10a) Phenylacetyl chloride (17.8 mmol, 2.75 g), 1-

(1 -pyrrolidinyl)cyclohexene (3) (17.8 mmol, 2.97 g)

and triethylamine (17.8 mmol, 1.80 g) were used.

The crude product was recrystallized from hexane

to give  3.12 g (65%) 10a as a yellow solid.

Compound 10a (C18H23NO) mp 125oC; MS (70

eV): 269 (M+); IR (KBr) cm-1: 1644  (C=O), 1590

(C=C); 1H NMR (CDCl3):  δ 7.00-7.15 (m, 5H, C6H5),

3.85-4.00 (s, 2H, COCH2C6H5), 2.50-2.70 (t, 4H,

NCH2), 2.10-2.30 (t, 4H, NCH2CH2), 1.30-1.80 (m,

8H, CH2CH2CH2CH2); 13C NMR (CDCl3):  δ 175

(C=O), 150 (C=C), 120-140 (C6H5), 60

(COCH2C6H5), 55 (NCH2), 38 (NCH2CH2), 35

(CH2), 30 (CH2), 25 (CH2), 20 (CH2). 

Anal. Calcd. for C18H23NO: C, 80.26; H, 8.59; N,

5.20; Found: C, 79.95; H, 8.23; N, 4.91.

2,6-Di-(Chloroacetyl)-1-(1-pyrrolidinyl)cyclo-
hexene (9b) Chloroacetyl chloride (35.6 mmol, 4.02

g), 1-(1-pyrrolidinyl)cyclohexene (3) (17.8 mmol,

2.69 g) and activated zinc (8.9 mmol, 0.58 g) were

used. The crude product was recrystallized from

hexane to give 1.89 g (35%) 9b as a oil.

Compound 9b (C14H19NO2CI2); MS (70 eV): 304

(M+); IR (KBr) cm-1: 1760 (C=O), 1708 (conjugated

C=O), 1600 (C=C); 1H NMR (CDCl3):  δ 4.40-4.55

(s, 4H, COCH2Cl), 3.40-3.50 (t, 1H, COCH), 2.50-

2.70 (t, 4H, NCH2), 2.30-2.45 (t, 4H, NCH2CH2),

1.10-1.50 (m, 6H, CH2CH2CH2); 13C NMR (CDCl3):

δ 203 (C=O), 185 (conjugated C=O), 160 (C=C), 80

(CH2Cl),  75 (CHCO), 50 (NCH2), 42 (NCH2CH2),

45 (CH2C=C), 30 (CH2), 25 (CH2).

Anal. Calcd. for C14H19NO2CI2: C, 55.28; H, 6.29;

N, 4.60; Found: C, 54.93; H, 5.90, N, 4.25. 

2-Chloroacetyl-1-(1-pyrrolidinyl)cyclohexene
(10b) Chloroacetyl chloride (17.8 mmol, 2.01 g), 1-

(1 -pyrrolidinyl)cyclohexene (3) (17.8 mmol, 2.69 g)

and triethylamine (17.8 mmol, 1.80 g) were used.

The crude product was recrystallized from hexane

to give  1.62 g (40%) 10b as a yellow solid.

Compound 10b (C12H18NOCI) mp 121oC; MS (70

eV): 227 (M+); IR (KBr) cm-1: 1633  (C=O), 1540

(C=C); 1H NMR (CDCl3):  δ 4.40-4.55 (s, 2H,

COCH2Cl), 2.50-2.70 (t, 4H, NCH2), 2.20-2.40 (t,

4H, NCH2CH2), 1.10-1.70 (m, 8H, CH2CH2CH2-

CH2);  13C NMR (CDCl3):  δ 185 (C=O), 150 (C=C),

75 (CH2Cl),  45 (NCH2), 40 ( NCH2CH2), 35 (CH2),

30 (CH2), 25 (CH2), 20 (CH2). 

Anal. Calcd. for C12H18NOCI: C, 63.30; H, 7.96; N,

6.15; Found: C, 62.98; H, 7.54; N, 5.95.

RESULTS AND DISCUSSION

Diacylation of cyclic enamines, such as 1-(4-

morpholinyl)cyclohexene (1), 1-(4-morpholinyl)

cyclopentene (2) and 1-(1-pyrrolidinyl)cyclohexene

(3) with trichloroacetyl chloride as the acylating

agent by using zinc, succesfully yielded α- and α’-

ditrichloroacetylated enamines where monoacetyla-

tion of the same enamines was also possible when

the reaction proceeded under the presence of

triethylamine without using zinc catalyst. Acylation

of enamines on nitrogen besides acylation on

carbon can sometimes be observed during these

reactions especially when morpholine enamines are

reacted with acylating agents. Thus, trichloro-

acetylated morpholine had been obtained in quite

high yields and isolated as a stable product from the

mixtures with diacetylated morpholine enamines.
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Single crystal x-ray analysis of N-(trichloro-

acetyl)morpholine was published elsewhere [11].

No trace of acetylated pyrrolidine was observed in

the similar reactions of pyrrolidine enamines with

trichloroacetyl chloride. 

This study deals with the acylation reactions of

similar cyclic ketone enamines by using chloroacetyl

chloride and phenylacetyl chloride as two different

acylating agent, respectively. The influence of zinc

catalyst, which probably led to α,α’-diacylated

product formation, was also tested. Thus, the

acylation reactions were performed both under the

presence of zinc catalyst and then by using

triethylamine as in ordinary acylation reactions.

The inductive effect of three chlorine atoms as

electron-withdrawing groups of trichloroacetyl

chloride had been thought to have a positive effect

on acylation reactions by the ease of forming α,α’-

diacetylated products, which had been very rare in

the literature, rather than the formation of

monoacetylated enamines. Besides the effect of

chlorines, the catalytic effect of zinc might also

cause the diacetylation of the enamines.

The aim of this study was to decide whether the zinc

catalyst or the type of acid chloride caused the α,α’-

diacetylation of the mentioned enamines. For this

reason, the acylation reactions were performed by

using chloroacetyl chloride and phenylacetyl

chloride, respectively, as acylating agents which

created less inductive effects when compared with

the inductive effect of trichloroacetyl chloride. Both

acid chlorides yielded corresponding α,α’-

diacetylated enamines (compounds 4a, 4b, 4c, 9a
and 4f) and α,α’-diacetylated cyclic ketone

(compound 8) in quite high yields under the

presence of zinc catalyst. The formation of

diacylated products even by using different acid

chlorides under the presence of zinc showed that

zinc catalyst played an important role during the

reaction. Besides the diacylated enamines and/or

diacylated ketones, N-acylated morpholines

(compounds 5a and 5b) were also isolated when

morpholine enamines entered into the reaction, as

previously.
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The morpholine enamine of cyclohexanone (1) was

converted to 2,6-di(chloroacetyl)-1-(4-morpholino)

cyclohexene (4b) in 45% yield when chloroacetyl

chloride was used. Trichloroacetyl chloride had

given a similar yield with the same enamine, thus

43% 2,6-di(trichloroacetyl)-1-(4-morpholino)cyclo

hexene had been obtained in our previous study [8].

Eventhough the yields of diacetylation were almost

high when chloroacetyl chloride was reacted, the

products were quite unstable and decomposed

quickly. The chloroacetyl derivatives, 2,6-

di(chloroacetyl)cyclopentanone (8) and 2,6-di-

(chloroacetyl)-1-(1-pyrrolidinyl) cyclohexene (9b),

were obtained as oils and could never be solidified

eventhough several attempts were made. A more

stable product, 2,6-di(phenylacetyl)-1-(4-mor-

pholino)cyclohexene (4a), was obtained when

phenylacetyl chloride was used in a similar reaction

in a higher yield (61%).

In case of morpholine enamine of cyclopentanone,

2,6-di-(phenylacetyl)-1-(4-morpholino)cyclopentene

(4b) could be isolated when phenylacetyl chloride

was used, however, diacetylated product obtained

by using chloroacetyl chloride could not be isolated

and it readily hydrolyzed to the triketone, 2,6-

di(chloroacetyl)cyclopentanone (8) during the

reaction.

The same enamines with the same acyl chlorides

were successfully converted to monoacylated

derivatives under the presence of triethylamine

without using zinc catalyst. The morpholine

enamines of cyclopentanone and cyclohexanone (1
and 2) yielded isomeric mixtures in each case, 2-

and 6-substituted derivatives (compounds 6a-d and
7a-d). The yields of 2-substituted derivatives (6a-d)

were higher when compared with the yields of 6-

substituted derivatives (7a-d). For example, when

morpholine enamine of cyclohexanone (1) was

reacted with phenylacetyl chloride under the

presence of triethylamine, 2-(phenylacetyl)-1-(4-

morpholino) cyclohexene (6a) and 6-(phenyl-

acetyl)-1-(4-morpholino)cyclohexene (7a) were

obtained in 45% and in 30% yields, respectively. In

case of morpholine enamine of cyclopentanone (2)

in a similar reaction with phenylacetyl chloride, 2-

(phenylacetyl)-1-(4-morpholino)cyclopentene (6c)

and 6-(phenyl- acetyl)-1-(4-morpholino)cyclo-

pentene (7c) were obtained in 50% and 15% yields,

respectively. Eventhough the corresponding isomers

in the previous study had been separated only by

means of HPLC, new isomers in this study could be

successfully isolated by column chromotography by

using ethyl acetate-hexane mixtures. The

monoacetylation reactions of pyrrolidine enamines

gave a different result under the presence of

triethylamine. Thus, only 2-acylated products were

synthesized, no trace of 6-acylated products were

observed. The reaction of pyrrolidine enamine of

cyclohexanone with phenylacetyl chloride gave 2-

(phenylacetyl)-1-(1-pyrrolidinyl)cyclohexene (10a) in
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65% yield where the same enamine with

chloroacetyl chloride gave 2-(chloroacetyl)-1-(1-

pyrrolidinyl)cyclohexene (10b) in 40% yield.    

The IR and NMR spectra supported both

diacetylated and monoacetylated compounds. In the

diacetylated products (compounds 4a-c) a

difference in the two carbonyl absorptions was

observed because of a conjugation of the C=C with

one of the carbonyls. The resonance effect

increased the C=O bond lenght and reduced the

frequency of absorption. Thus unconjugated

carbonyl absorption was recorded at its normal

value (1740 - 1748 cm-1) where as the conjugated

carbonyl absorption appeared at a lower frequency

(1706 - 1715 cm-1) due to the resonance effect.

When the IR spectra of the isomer monoacetylated

products were compared, the absorption frecuency

of 6-substituted derivatives (compounds 7a-d) was

recorded 1750-1710 cm-1 where the absorption

bond of the 2-substituted derivatives (conjugated

products) (compounds 6a-d and 10a,b) shifted to

lower stretching frequency (1630 - 1650 cm-1) due

to the resonance effect.

When the 1H NMR spectra of the diacetylated

products were examined, the methine protons

appeared in the range δ= 3.20-3.90 ppm. This  is a

normal range of  methine protons. 2-Substituted

monoacetylation products where  carbonyl  groups

is conjugation with the enamine moity does not have

methine protons and this range NMR spectra is lack

of peaks. In case of 6-substituted monoacetylated

products,  the methine protons appeares in the 2.80

- 3.10 ppm range. Also, the additional vinylic protons

of these products appears between 4.20-4.35 ppm.

CONCLUSION

Herein we report acetylation reaction of 1-(4-

morfolino)cyclohexene (1), 1-(4-morpholino)

cyclopentene (2) and 1-(1-pyrrolidino)cyclohexene

(3) with phenylacetyl chloride and monochloro-

acetyl chloride under two different reaction

conditions; under the presence of zinc catalyst or by

using triethylamine respectively. The diacetylation

products were obtained by the reaction of the

enamines with the two different acylating agents

under zinc catalyst. Then the same enamines were

reacted with the same acetyl chlorides under the

presence of triethylamine without using zinc, new

products, monoacetylated enamines, were

obtained. The result of these studies supported

importance of zinc catalyst for the useful syntheses

of diacetylated products.
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