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Abstract: A convenient and general protocol for the cyclopenten-
one annulation process is described.
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The cyclopentenone annulation process has considerable
synthetic value, as one or more cyclopentane rings are part
of several natural products1–8 like the polyquinanes. The
importance of this is evident by the numerous cyclopen-
tenone annulation methodologies currently available.9–20

In spite of this, construction of a sterically crowded cyclo-
pentane ring is still a challenging task and inspires the de-
velopment of novel approaches toward this end. In the
context of our interests in the synthesis of cyclopentanoid
natural products, namely (±)-a-cuparenone19 and (±)-lau-

rene,19 we have developed a convenient and efficient pro-
tocol for the construction of 4-substituted and 4,4-
disubstituted-2-cyclopentenones. This consists of four
steps: Wittig olefination to an allyl vinyl ether;20 Claisen
rearrangement;21–23 Wacker oxidation;24 and finally, in-
tramolecular aldol condensation. 

Wittig olefination of aldehydes and ketones with
allyloxymethylenetriphenylphosphonium chloride under
reported reaction conditions20 afforded the corresponding
allyl vinyl ethers, in most cases, as an inseparable mixture
of E and Z isomers25 (Table 1). Heating these allyl vinyl
ethers in refluxing xylene effected the Claisen rearrange-
ment and gave substituted 4-pentenals in near quantitative
yields. Under standard Wacker oxidation conditions,
these 4-pentenals were converted smoothly to the corre-
sponding ketoaldehydes in good yields. The aldehyde
group remained unaffected under the Wacker conditions. 

Table 1 

R1 R2

a Ph CH3 83% 96% 83% 89%

b [4-(Me)C6H4] CH3 81% 93% 84% 90%

c [3,4-di-(OMe)-
C6H3]CH2CH2

CH3 81% 97% 83% 86%

d [4-(OMe)C6H4]CH2CH2 CH3 85% 94% 76% 88%

e CH3CH2CH2 CH3CH2CH2 78%31 89% 71% 83%

f CH3CH2CH2 CH3(CH2)3 77%31 88% 73% 81%

g CH3CH2 CH3 74%31 84% 72% 82%

h [3,4-di-(OMe)C6H3] H 86% 95% 76% 87%26

Reagents and Conditions: 
i) CH2CHCH2OCH2Ph3P

+Cl-, THF, t-BuO-K+/t-BuOH, 0 °C. ii) Xylene, reflux, 4–5 h. iii) PdCl2/CuCl2 (10 mol% each), O2, H2O–DME (1:9), 
r.t., 2–3 h. iv) 5% aq. methanolic KOH, r.t., 2 h.
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Intramolecular aldol condensation of the ketoaldehydes
with 5% methanolic KOH afforded 2-cyclopentenones in
excellent yields. The whole sequence is short enough to be
executed in a single long working day.

All solvents were distilled and dried before use. ‘Acme’ silica gel
(100–200 mesh) was used for column chromatography, and a hex-
ane–EtOAc solvent system was used for elution. The mp and bp val-
ues are uncorrected and were obtained using a paraffin oil bath. The
FT-IR spectra were recorded on a Perkin-Elmer 1600 series instru-
ment. 1H and 13C NMR spectra were recorded on JEOL FX 90Q/

Varian Mercury 300 instrument. Elemental analyses were obtained
on a HOSLI semi-automatic C, H analyzer.

General Procedures32

To a suspension of aldehyde or ketone 1a–h (5 mmol) and
allyloxymethylenetriphenylphosphonium chloride (1.2 equiv) in
dry THF at 0 °C was dropwise added a solution of KOt-Bu (1.2
equiv) in dry t-BuOH. After one hour, the normal aqueous extrac-
tive work up gave crude allyl vinyl ethers. Passing these crude prod-
ucts through a short silica gel column afforded the allyl vinyl ethers
2a–h in 74–86% yield and in sufficiently pure form for the next re-
action. 
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A solution of the allyl vinyl ethers 2a–h was heated in refluxing xy-
lene for 4–5 h. Removal of xylene under reduced pressure gave 4-
pentenals 3a–h in 84–97% yield and in fairly pure form. 

The 4-pentenals 3a–h, PdCl2 (10 mol%), and CuCl2 (10 mol%)
were dissolved in aqueous DME (1:9) and stirred under an oxygen
atmosphere for 2–3 h. When the reaction was observed to be com-
plete, normal aqueous extractive work-up gave the ketoaldehydes
4a–h in 71–84% yield. 

The crude ketoaldehydes 4a–4h were dissolved in 5% aq. methan-
olic KOH and stirred at r.t. until the reaction was complete. Remov-
al of methanol under reduced pressure and purification of the
product on a silica gel column gave 2-cyclopentenones 5a–g,j in
81–90% yield. 

Table 2 

Compound Bp/Mp 
[°C] (Torr) 

IR [cm–1] 
(neat/nujol)

1H NMR (CDCl3) d J (Hz) 13C NMR (CDCl3) d Microanalysis
calcd/found
C H

2a 
viscous liquid

– 1645.0, 1513.4, 
1434.1, 1378.7, 
814.6.

1.84, 1.96 (2 × s, 3 H, E,Z 
-C=C-CH3), 4.30 (m, 2 H, 
-O-CH2CH=), 5.32 (m, 2 H, 
-C=CH2), 5.91 (m, 1 H, 
-C=CH-), 6.20, 6.48 (2 × s, 1 H, 
E,Z O-CH=C), 7.31 (s, 5 H, Ar-
H)

16.6, 21.4 (-C=C-CH3), 74.6 
(-O-CH2CH), 109.4 (Ar-
C=CH-), 117.9 (-CH=CH2), 
127.7 (Carompara), 128.1 
(Carommeta), 129.4 (Caromortho), 
133.8 (CH2-C=CH2), 135.8 
(Carom1), 138.7 (O-CH=C)

82.72
82.92

8.10
8.28

2b 
viscous liquid

– 1654.1, 1512.8, 
1434.1, 1378.6, 
812.8.

2.04, 2.12 (2 × s, 3 H, E,Z C=C-
CH3), 2.44 (s, 3 H, Ar-CH3), 
4.64 (m, 2 H, -OCH2-), 5.62 (m, 
2 H, C=CH2), 6.24 (m, 1 H, 
-C=CH-), 6.48, 6.84 (2 × s, 1 H, 
E,Z -O-CH=C), 7.66 (m, 4 H, 
Ar-H)

16.5, 21.3 (-C=C-CH3), 21.4 
(Ar-CH3), 74.7 (-O-CH2CH=), 
109.5 (Ar-C=CH), 118.1 
(-CH=CH2-), 128.3 (Caromme-
ta), 129.6 (Caromortho), 133.7 
(-CH2-C=CH2), 135.9 (Carom1), 
137.3 (Carompara), 138.8 (-O-
CH=C-)

82.93
83.11

8.57
8.62

2c 
viscous liquid

– 1682.0, 1603.0, 
1522.0, 1461.0, 
820.0

1.57, 1.68 (2 × s, 3 H, E,Z C=C-
CH3), 2.15, 2.39 (t, 2 H, C=C-
CH2-, J = 7.7 Hz), 2.64 (m, 2 H, 
Ar-CH2-), 3.84 (s, 3 H, -OCH3), 
3.86 (s, 3 H, -OCH3), 4.12–4.17 
(m, 2 H, -OCH2), 5.16–5.27 (m, 
2 H, -C=CH2-), 5.81–5.89 (m, 1 
H, CH2=CH-), 6.70, 6.79 (2 × s, 
1 H, E,Z -CH=C), 6.75–6.87 
(m, 3 H, Ar-H)

16.8, 21.2 (=C-CH3), 32.8 (Ar-
CH2-CH2-), 33.8 (Ar-CH2-), 
55.8, 55.9 (2 × -O-CH3), 74.8 
(-O-CH2-CH=), 108.9 
(CH3C=C-O-), 113.1 
(Carom5meta), 114.5 
(Carom2ortho), 118.1 
(-CH=CH2), 121.5 
(Carom6ortho), 131.6 (Carom1), 
133.3 (-CH2-C=CH2), 137.9 
(-O-CH=C), 144.1 
(Carom4para), 147.8 
(Carom3meta)

73.25
73.40

8.45
8.61

2d 
viscous liquid

– 1675.0, 1621.0, 
1520.0, 1445.0, 
835.0.

1.55, 1.68 (2 × s, 3 H, E,Z 
-C=C-CH3), 2.14, 2.38 (2 × t, 2 
H, J = 8.0 Hz, -C=C-CH2-), 
2.65 (m, 2 H, Ar-CH2-), 3.78 (s, 
3 H, -OCH3), 4.12–4.18 (m, 2 
H, -OCH2), 5.19–5.28 (m, 2 H, 
-CH=CH2-), 5.78–5.92 (m, 1 H, 
-CH=CH2), 6.81, 6.83 (2 × s, 1 
H, E,Z -O-CH=C), 7.07–7.15 
(m, 4 H, Ar-H)

16.4, 21.0 (=C-CH3), 32.6 (Ar-
CH2-CH2-), 33.5 (Ar-CH2-), 
55.8 (-O-CH3), 74.5 (-O-CH2-
CH=), 109.5 (CH3C=C-O-), 
114.1 (Carommeta), 117.9 
(-CH=CH2), 128.2 (Caromortho), 
131.9 (Carom1), 133.1 (CH2-
C=CH2), 138.2 (-O-CH=C), 
148.7 (Carompara) 

77.55
77.66

8.68
8.49

2e 
liquid

167–169 
(760)

2933.2, 1651.3, 
1464.7, 1168.2 

0.95 (m, 6 H, 2 × -CH3), 1.29 
(m, 4 H, 2 × -CH2-CH3), 1.87 
(m, 4 H, 2 × -CH2-CH2-CH3), 
4.59 (m, 2 H, -O-CH2-), 5.26 
(m, 2 H, -CH=CH2), 5.96 (m, 1 
H, -CH2-CH=CH2), 6.4 (s, 1 H, 
-O-CH=C-)

13.7 (CH3CH2-), 22.4 
(CH3CH2-), 30.5, 34.1 
(CH3CH2CH2-), 74.2 (-OCH2-), 
114.2 (-C=CH-O-), 118.3 
(-CH2CH=CH2), 132.8 
(-CH2CH=CH2), 139.7 (-O-
CH=C-)

78.51
78.42

11.98 
11.79
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2f 
liquid

181–182 
(760)

2920.5, 1653.2, 
1462.5, 1157.9

0.94–1.0 (m, 6 H, 2 × -CH3), 
1.25–1.40 (m, 6 H, -CH2CH3, 
-CH2CH2CH2CH3), 1.86–1.93 
(m, 4 H, 2 × -CH2-C-), 4.58 (m, 
2 H, -O-CH2-), 5.21–5.40 (m, 2 
H, -CH=CH2), 5.96 (m, 1 H, 
-CH2CH=CH2), 6.41, 6.48 (2 × 
s, 1 H, E,Z -O-CH=C-)

13.9 (CH3CH2-), 17.8 
(CH3CH2-), 20.7, 22.5 (2 ×
-CH2CH3), 29.2, 29.8 (2 ×
-CH2CH2CH3), 31.8 
(-CH2C=CH), 73.8 (-O-CH2-), 
112.2 (-C=CH-O-), 117.2 
(-CH2CH=CH2), 133.1 
(-CH2CH=CH2), 138.6 (-O-
CH=C-) 

79.06
78.92

12.16 
12.27

2g 
liquid

142–144 
(760)

2925.8, 1658.7, 
1454.2, 1164.9

0.92 (m, 3 H, -CH2CH3), 1.41 
(s, 3 H, -C-CH3), 1.93 (m, 2 H, 
-CH2CH3), 4.51 (m, 2 H, -O-
CH2-), 5.21–5.36 (m, 2 H, 
-CH=CH2), 5.94 (m, 1 H, 
-CH2CH=CH2), 6.42, 6.48 (2 × 
s, 1 H, E,Z -O-CH=C-)

14.1 (CH3CH2-), 17.7, 21.6 
(E,Z CH3-C-), 28.4 (CH3CH2-), 
73.9 (-O-CH2-), 108.9 (-C=CH-
O-), 118.1 (-CH2CH=CH2), 
134.1 (-CH2CH=CH2), 138.3 
(-O-CH=C-)

76.14 75.92 11.18 
11.31

2h 
viscous liquid

– 1681.2, 1653.6, 
1601.7, 1515.6, 
859.0

4.20 (s, 6 H, 2 × -OCH3), 4.66 
(m, 2 H, -O-CH2C=), 5.68 (m, 2 
H, -CH=CH2-), 6.42 (m, 1 H, 
-CH2CH=CH2), 6.60 (d, 1 H, 
J = 8.0 Hz, -O-CH=CH-), 7.44 
(m, 3 H, Ar-H), 7.82 (d, 1 H, 
J = 10.2 Hz, OCH=CH-)

55.8, 56.1 (2 × O-CH3), 73.9 
(-O-CH2-), 99.5 (Ar-C=C-), 
110.7 (Carom2ortho), 113.3 
(Carom5meta), 117.2 
(-CH=CH2), 119.6 
(Carom6ortho), 128.7 (Carom1), 
134.7 (-C=CH2), 143.2 (-O-
CH=C), 146.1 (Carom4para), 
148.3 (Carom3meta)

70.90
71.01

7.32 
7.54

3a 
liquid

82 (3) 2729.1, 1720.9, 
1651.3, 1446.5, 
922.0

1.32 (s, 3 H, -C-CH3), 2.58 (d, 2 
H, J = 7.7 Hz, -C=CHCH2-), 
5.24 (m, 2 H, -C=CH2), 5.44 
(m, 1 H, -C=CH-), 7.28 (s, 5 H, 
Ar-H), 9.60 (s, 1 H, -CHO)

21.4 (C-CH3), 39.5 
(-CH2CH=CH2), 55.9 (Ar-C-
CHO), 118.6 (-CH=CH2), 
124.7 (Caromortho), 126.3 
(Carompara), 128.7 (Carommeta), 
135.3 (-CH=CH2), 137.6 
(Carom1), 201.1 (-CHO)

82.72 82.63 8.10 
7.96

3b 
liquid

91 (1.6) 2721.0, 1724.0, 
1645.0, 920.0

1.51 (s, 3 H, -C-CH3), 2.53 (s, 3 
H, Ar-CH3), 2.78 (d, 2 H, 
J = 7.5 Hz, =CHCH2-), 5.22 
(m, 2 H, -CH=CH2), 5.64 (m, 1 
H, -CH=CH2), 7.44 (s, 4 H, Ar-
H), 9.93 (s, 1 H, -CHO)

20.9 (Ar-CH3), 21.3 (-C-CH3), 
39.6 (-CH2-CH=CH2), 55.8 
(Ar-C-CHO), 118.7 
(-CH=CH2), 124.6 (Caromortho), 
129.7 (Carommeta), 135.2 
(-CH=CH2), 135.6 (Carompara), 
136.2 (Carom1), 201.2 (-CHO)

82.93
83.09

8.57
8.79

3c 
liquid

128 (1) 2690.0, 1710.0, 
1631.0, 1580.0, 
1507.0, 919.0

1.10 (s, 3 H, -C-CH3), 1.81 (m, 
2 H, -C-CH2-C), 2.29 (m, 2 H, 
-C=C-CH2-), 2.45 (m, 2 H, Ar-
CH2-), 3.82 (s, 3 H, -OCH3), 
3.85 (s, 3 H, -OCH3), 5.01–5.16 
(m, 2 H, -C=CH2), 5.71 (m, 1 H, 
-CH=CH2-), 6.60–6.80 (m, 3 H, 
Ar-H), 9.48 (s, 1 H, -CHO)

20.8 (-C-CH3), 30.2 (Ar-CH2-), 
34.8 (Ar-CH2-CH2), 38.1 
(-CH2-CH=), 51.2 (-C-CHO), 
55.7, 55.8 (2 × -OCH3), 113.2 
(Carom5meta), 114.4 
(Carom2ortho), 118.3 
(-CH=CH2), 120.9 
(Carom6ortho), 133.6 (Carom1), 
138.6 (-CH=CH2), 144.9 
(Carom4para), 147.7 
(Carom3meta), 202.5 (-CHO)

73.25
73.45

8.45
8.59

3d 
liquid

148 (2) 2705.8, 1724.8, 
1639.3, 1583.5, 
1512.8, 912.6

1.11 (s, 3 H, -C-CH3), 1.76 (m, 
2 H, -C-CH2-C-), 2.30 (t, 2 H, 
J = 8.1 Hz, -C=CHCH2-), 2.61 
(m, 2 H, Ar-CH2-), 3.78 (s, 3 H, 
-OCH3), 5.13 (m, 2 H, 
-C=CH2), 5.84 (m, 1 H, 
-CH=CH2-), 6.82 (d, 2 H, 
J = 8.2 Hz, Ar-H), 7.10 (m, 2 H, 
Ar-H), 9.50 (s, 1 H, -CHO)

20.7 (-C-CH3), 30.3 (Ar-CH2-), 
35.1 (Ar-CH2CH2), 38.2 
(-CH2CH=), 51.3 (-C-CHO), 
55.8 (-O-CH3), 114.1 
(Carommeta), 118.4 (-CH=CH2), 
128.4 (Caromortho), 132.1 
(Carom1), 138.3 (-CH=CH2), 
149.7 (Carompara), 202.6 
(-CHO) 

77.55
77.46

8.68
8.84

Table 2  (continued)

Compound Bp/Mp 
[°C] (Torr) 

IR [cm–1] 
(neat/nujol)

1H NMR (CDCl3) d J (Hz) 13C NMR (CDCl3) d Microanalysis
calcd/found
C H
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3e 
liquid

187-188 
(760)

2730.3, 1718.5, 
1533.4, 1428.2

0.9–1.02 (m, 6 H, 2 × CH3), 
1.3–1.42 (m, 4 H, 2 × CH3-
CH2-), 1.46–1.55 (m, 4 H, 
CH3CH2CH2-), 2.33 (m, 2 H, 
-CH2CH=CH2), 5.02–5.16 (m, 
2 H, -CH=CH2), 5.72 (m, 1 H, 
-CH=CH2), 9.53 (s, 1 H, -CHO)

13.8 (-CH3), 18.7 (-CH2CH3), 
33.8 (-CH2CH2CH3), 37.4 
(-CH2CH=), 49.1 (-C-CHO), 
117.4 (-CH=CH2), 138.2 
(-CH=CH2), 202.5 (-CHO) 

78.51 78.37 11.98 
12.07

3f 
liquid

202–203 
(760)

2726.1, 1720.2, 
1548.7, 1433.3

0.9–1.03 (m, 6 H, 2 × CH3), 
1.17–1.43 (m, 6 H, -CH2CH3, 
-CH2CH2CH2CH3), 1.49–1.58 
(m, 4 H, 2 × -CH2-C-), 2.31 (m, 
2 H, -CH2CH=CH2), 5.03–5.14 
(m, 2 H, -CH=CH2), 5.73 (m, 1 
H, -CH=CH2), 9.57 (s, 1 H, 
-CHO)

13.6, 14.1 (-CH3), 18.9 
(-CH2CH3), 23.2, 26.4 
(-CH2CH2CH3), 33.2, 33.7 
(-CH2-C-), 37.6 
(-CH2CH=CH2), 48.7 (-C-
CHO), 117.9 (-CH=CH2), 
138.7 (-CH=CH2), 202.3 
(-CHO)

79.06 79.21 12.12 
12.01

3g 
liquid

179–181 
(760)

2722.2, 1719.7, 
1543.6, 1427.1

0.90–0.97 (t, 3 H, J = 7.0 Hz, 
-CH2CH3), 1.22 (s, 3 H, -C-
CH3), 1.54 (q, 2 H, J = 7.0 Hz, 
-CH2CH3), 2.27 (m, 2 H, 
-CH2CH=CH2), 5.05–5.20 (m, 
2 H, -CH=CH2), 5.74 (m, 1 H, 
-CH=CH2), 9.48 (s, 1 H, -CHO)

11.3 (CH3CH2-), 17.4 (CH3C-), 
22.2 (CH3CH2-), 37.3 
(-CH2CH=CH2), 48.4 (-C-
CHO), 116.8 (-CH=CH2), 
137.3 (-CH=CH2), 202.1 
(-CHO) 

76.14 76.31 11.18 
11.05 

3h 
liquid

157 (2) 2719.3, 1722.0, 
1681.2, 1590.5, 
1517.5, 918.0.

2.79 (m, 2 H, -CH2CH=C), 3.68 
(m, 1 H, -CH-CHO), 4.02 (s, 6 
H, 2 × -OCH3), 5.3 (m, 2 H, 
-C=CH2), 6.00 (m, 1 H, 
CH2=CH-), 6.96–7.88 (m, 3 H, 
Ar-H), 10.24 (d, 1 H, J = 2.40 
Hz, -CHO)

32.8 (-CH2CH=), 55.7 (Ar-C-
CHO), 55.9, 56.1 (2 × -OCH3), 
112.3 (Carom2ortho), 113.7 
(Carom5meta), 119.6 
(-CH=CH2), 121.3 
(Carom6ortho), 130.5 (Carom1), 
136.7 (-C=CH2), 147.1 
(Carom4para), 147.8 
(Carom3meta), 201.7 (-CHO)

70.89
70.71

7.32
7.49

4a 
liquid

121 (2.5) 2689.2, 1718.8, 
1711.3.

1.56 (s, 3 H, -C-CH3), 2.04 (s, 3 
H, -COCH3), 3.10 (s, 2 H, 
-COCH2-), 7.35 (s, 5 H, Ar-H), 
9.66 (s, 1 H, -CHO)

21.8 (-C-CH3), 27.9 (CH3-
C=O), 48.9 (-CH2-C=O), 53.3 
(Ar-C-CHO), 125.8 
(Caromortho), 126.9 (Carompara), 
128.6 (Carommeta), 137.1 
(Carom1), 201.3 (-CHO), 206.7 
(CH3-C=O)

75.76
75.94

7.42
7.38

4b 
liquid

123 (2.5) 2681.0, 1722.0, 
1707.0

1.62 (s, 3 H, -C-CH3), 2.11 (s, 3 
H, -COCH3), 2.39 (s, 3 H, Ar-
CH3), 3.16 (s, 2 H, -CH2-CO), 
7.42 (s, 4 H, Ar-H), 9.88 (s, 1 H, 
-CHO)

21.0 (Ar-CH3), 21.7 (-C-CH3), 
27.8 (CH3-C=O), 49.1 (-CH2-
C=O), 53.5 (Ar-C-CHO), 125.6 
(Caromortho), 125.9 (Carommeta), 
133.5 (Carom1), 135.4 
(Carompara), 201.1 (-CHO), 
206.6 (CH3-C=O)

76.44
76.31

7.90
8.01

4c 
liquid

136 (0.6) 2695.0, 1716.0, 
1707.0.

1.19 (s, 3 H, -C-CH3), 1.83 (m, 
2 H, -C-CH2-), 2.12 (s, 3 H, 
-COCH3), 2.45 (t, 2 H, J = 8.6 
Hz, Ar-CH2-), 2.69 (d, 1 H, 
J = 17.8 Hz, -CO-CH2-), 2.84 
(d, 1 H, J = 17.8 Hz, -CO-
CH2-), 3.82 (s, 3 H, -OCH3), 
3.84 (s, 3 H, -OCH3), 6.55–6.85 
(m, 3 H, Ar-H), 9.58 (s, 1 H, 
-CHO)

20.4 (C-CH3), 26.1 (CH3-C=O), 
30.2 (Ar-CH2-), 34.4 (Ar-
CH2CH2), 46.2 (-CH2-C=O), 
47.1 (-C-CHO), 55.8, 55.9 
(2 × -OCH3), 113.5 
(Carom5meta), 114.3 
(Carom2ortho), 120.8 
(Carom6ortho), 133.8 (Carom1), 
145.4 (Carom4para), 147.8 
(Carom3meta), 204.5 (-CHO), 
206.4 (CH3-C=O)

69.04
69.15

7.97 
7.99

Table 2  (continued)

Compound Bp/Mp 
[°C] (Torr) 

IR [cm–1] 
(neat/nujol)

1H NMR (CDCl3) d J (Hz) 13C NMR (CDCl3) d Microanalysis
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4d 
solid

41–42 2712.1, 1718.1, 
1705.6.

1.22 (s, 3 H, -C-CH3), 1.72–
1.85 (m, 2 H, -C-CH2-C-), 2.12 
(s, 3 H, -COCH3), 2.46 (t, 2 H, 
J = 8.5 Hz, Ar-CH2-), 2.67 (d, 1 
H, J = 17.7 Hz, -CO-CH2-), 
2.84 (d, 1 H, J = 17.7 Hz, -CO-
CH2-), 3.77 (s, 3 H, -OCH3), 
6.81 (d, J = 8.2 Hz, 2 H, Ar-H), 
7.05 (d, J = 8.0 Hz, 2 H, Ar-H), 
9.58 (s, 1 H, -CHO)

20.5 (-C-CH3), 26.3 (CH3-
C=O), 30.1 (Ar-CH2-), 34.3 
(Ar-CH2CH2), 46.3 (-CH2-
C=O), 47.2 (-C-CHO), 55.7 
(-OCH3), 114.3 (Carommeta), 
128.5 (Caromortho), 132.3 
(Carom1), 149.8 (Carompara), 
204.6 (-CHO) 206.7 (CH3-
C=O) 

72.55
72.76

8.12 
8.20

4e 
viscous liquid

– 2705.6, 1718.1, 
1706.2

0.91–1.02 (m, 6 H, 2 × CH3), 
1.3–1.43 (m, 4 H, 2 × CH3-
CH2-), 1.5–1.6 (m, 4 H, 
2 × CH3CH2CH2), 2.11 (s, 3 H, 
CH3-C=O), 2.69 (d, 1 H, 
J = 17.1 Hz, O=C-CH2), 2.81 
(d, 1 H, J = 17.1 Hz, O=C-
CH2), 9.57 (s, 1 H, -CHO)

13.8 (-CH2CH3), 17.6 
(-CH2CH3), 26.2 (CH3-C=O), 
33.1 (-CH2CH2CH3), 44.8 
(O=C-CH2), 47.6 (-C-CHO), 
202.3 (-CHO), 205.1 (CH3-
C=O)

71.70 71.95 10.94 
10.77 

4f 
viscous liquid

– 2698.3, 1719.4, 
1704.9

0.9–1.05 (m, 6 H, 2 × CH3), 
1.28–1.44 (m, 6 H, 
CH3CH2CH2-C, 
CH3CH2CH2CH2-), 1.52–1.63 
(m, 4 H, 2 × -CH2-C-), 2.13 (s, 
3 H, CH3-C=O), 2.67 (d, 1 H, 
J = 17.3 Hz, O=C-CH2), 2.79 
(d, 1 H, J = 17.3 Hz, O=C-
CH2), 9.61 (s, 1 H, -CHO)

13.9, 14.3 (CH3CH2-), 17.7 
(CH3CH2CH2-C-), 23.1 
(CH3CH2CH2CH2-), 26.2 
(CH3CH2CH2CH2), 26.4 (CH3-
C=O), 32.2 (CH3CH2CH2CH2-
C), 33.4 (CH3CH2CH2-C), 44.9 
(O=C-CH2), 47.8 (-C-CHO), 
202.1 (-CHO), 205.4 (CH3-
C=O) 

72.68 72.83 11.18 
11.33

4g 
viscous liquid

– 2701.2, 1717.3, 
1705.8

0.90–0.97 (t, 3 H, J = 7.1 Hz, 
-CH2CH3), 1.21 (s, 3 H, -C-
CH3), 1.54 (q, 2 H, J = 7.1 Hz, 
-CH2CH3), 2.11 (s, 3 H, CH3-
C=O), 2.71 (d, 1 H, J = 17 Hz, 
O=C-CH2), 2.83 (d, 1 H, J = 17 
Hz, O=C-CH2), 9.48 (s, 1 H, 
-CHO)

10.2 (CH3-CH2-), 16.1 (CH3-
C-), 25.6 (CH3CH2-), 45.2 
(O=C-CH2), 47.3 (-C-CHO), 
202.4 (-CHO), 205.7 (CH3-
C=O) 

67.57 67.39 9.92 
9.84

4h 
solid

58–60 2685.0, 1721.0, 
1698.0.

2.17 (s, 3 H, -CO-CH3), 2.62 (d, 
1 H, J = 11.3 Hz, -CH2-CO-), 
3.31 (m, 1 H, -CH-CHO), 3.84 
(s, 6 H, 2 × -OCH3), 4.15 (br s, 
1 H, -CH2-CO-), 6.64 (s, 1 H, 
Ar-H), 6.69 (d, J = 8.1 Hz, 1 H, 
Ar-H), 6.82 (d, J = 6.0 Hz, 1 H, 
Ar-H), 9.63 (s, 1 H, -CHO) 

27.6 (CH3-C=O), 43.6 (CH2-
C=O), 52.7 (Ar-C-CHO), 55.9, 
56.2 (2 × -OCH3), 113.1 
(Carom5meta), 114.2 
(Carom2ortho), 121.7 
(Carom6ortho), 130.7 (Carom1), 
147.3 (Carom4para), 148.1 
(Carom3meta), 203.8 (-CHO), 
206.5 (CH3-C=O) 

66.08
65.98

6.83
6.87

5a 
liquid

110 (1.2) 1715.2, 1587.7, 
1512.9, 1454.2

1.60 (s, 3 H, -C-CH3), 2.58 (s, 2 
H, -COCH2-), 6.24 (d, 1 H, 
J = 5.6 Hz, -COCH=C-), 7.32 
(s, 5 H, Ar-H), 7.74 (d, 1 H, 
J = 5.6 Hz, CH=CH-CO-)

22.3 (CH3-C), 48.2 (Ar-C), 54.3 
(CH2-C=O), 124.9 (Caromortho), 
125.7 (Carompara), 127.9 
(Carommeta), 128.2 (-C=C-
C=O), 146.5 (Carom1), 147.6 
(-C=C-C=O), 200.1 (-C=O) 

83.69
83.58

7.02
7.14

5b 
liquid

86 (0.4) 1709.0, 1655.0, 
1580.0, 1500.0

1.76 (s, 3 H, -C-CH3), 2.51 (s, 3 
H, Ar-CH3), 2.69, 2.72 (2 × s, 2 
H, -COCH2-), 6.48 (d, 1 H, 
J = 5.9 Hz, -CO-CH=CH-), 
7.52 (s, 4 H, Ar-H), 8.00 (d, 1 
H, J = 5.9 Hz, -CO-CH=CH-)

21.8 (Ar-CH3), 22.4 (CH3-C-), 
48.3 (Ar-C-), 56.9 (-CH2-C=O), 
126.6 (Caromortho), 128.7 
(Carommeta), 129.5 (-C=C-
C=O), 135.1 (Carompara), 144.5 
(Carom1), 147.8 (-C=C-C=O), 
200.2 (-C=O)

83.83
83.99

7.58
7.61

Table 2  (continued)

Compound Bp/Mp 
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5c 
liquid

158 (1.5) 1692.0, 1590.0, 
1511.0, 1445.0

1.24 (s, 3 H, -C-CH3), 1.75 (m, 
2 H, -C-CH2-), 2.13 (d, 1 H, 
J = 18.6 Hz, -COCH2-), 2.31 (d, 
1 H, J = 18.6 Hz, -COCH2-), 
2.44 (m, 2 H, Ar-CH2-), 3.79 (s, 
3 H, -OCH3), 3.82 (s, 3 H, 
-OCH3), 6.01 (d, 1 H, J = 5.5 
Hz, -CO-CH=CH-), 6.61–6.82 
(m, 3 H, Ar-H), 7.42 (d, 1 H, 
J = 5.5 Hz, -CO-CH=CH-)

24.3 (CH3-C-), 31.4 (Ar-
CH2-),39.3 (Ar-CH2-CH2-), 
48.8 (CH3-C-),55.6 (-CH2-
C=O), 55.9, 56.1 (2 × -OCH3), 
113.2(Carom5meta), 114.2 
(Carom2ortho), 120.7 
(Carom6ortho), 129.3 (-C=C-
C=O), 133.6 (Carom1), 145.6 
(Carom4para), 147.9 
(Carom3meta), 149.9 (-C=C-
C=O), 200.4 (-C=O) 

73.82
73.70

7.74
7.71

5d 
solid

83–84 1705.0, 1610.0, 
1581.0, 1508.0

1.25 (s, 3 H, -C-CH3), 1.81 (m, 
2 H, -C-CH2-C), 2.17 (d, 1 H, 
J = 18.6 Hz, -COCH2-), 2.38 (d, 
1 H, J = 18.6 Hz, -COCH2-), 
2.51 (m, 2 H, Ar-CH2-), 3.85 (s, 
3 H, -OCH3), 6.06 (d, 1 H, 
J = 5.5 Hz, -CO-CH=CH-), 
6.81 (d, 2 H, J = 8.4 Hz, Ar-H), 
7.05 (d, 2 H, J = 8.4 Hz, Ar-H), 
7.44 (d, 1 H, J = 5.5 Hz, -CO-
CH=CH-)

24.1 (CH3-C-), 31.5 (Ar-
CH2CH2-), 39.6 (Ar-CH2CH2), 
48.8 (CH3-C-), 55.5 (-CH2-
C=O), 56.1 (-O-CH3), 114.0 
(Carommeta), 128.7 (Caromortho), 
129.1 (-C=C-C=O), 132.5 
(Carom1), 149.2 (Carompara), 
149.9 (-C=C-C=O), 200.6 
(-C=O)

78.29
78.10

7.88
8.04

5e 
viscous liquid

– 1704.2, 1588.3, 
1471.2

0.89–1.03 (m, 6 H, 2 × CH3), 
1.2–1.46 (m, 8 H, 2 × -CH2-
CH2-), 2.57 (s, 2 H, O=C-CH2), 
6.04 (d, 1 H, J = 5.9 Hz, CO-
CH=CH), 7.02 (d, 1 H, J = 5.9 
Hz, CO-CH=CH)

14.1 (CH3CH2-), 18.7 
(CH3CH2-), 34.5 (CH3CH2

CH2-), 45.3 (-C-CH=C), 55.2 
(O=C-CH2), 128.9 (O=C-CH=
CH-), 146.4 (O=C-CH=CH-), 
202.2 (O=C-) 

79.46 79.61 10.91 
10.74

5f 
viscous liquid

– 1701.1, 1598.4, 
1482.9

0.92–1.05 (m, 6 H, 2 × CH3), 
1.21–1.48 (m, 10 H, 5 ×
-CH2-), 2.23 (d, 1 H, J = 17.3 
Hz, O=C-CH2), 2.39 (d, 1 H, 
J = 17.3 Hz, O=C-CH2), 6.08 
(d, 1 H, J = 6.1 Hz, CO-
CH=CH), 7.04 (d, 1 H, J = 6.1 
Hz, CO-CH=CH)

14.1, 14.5 (CH3CH2-), 18.5 
(CH3CH2CH2C), 22.8 
(CH3CH2CH2CH2C), 28.2 
(CH3CH2CH2CH2C), 34.7 
(CH3CH2CH2C), 35.2 (CH3CH2 
CH2 CH2C), 45.2 (-CH=CH-
C-), 55.6 (O=C-CH2), 128.2 
(O=C-CH=CH-), 147.4 (O=C-
CH=CH-), 202.6 (O=C-)

79.94 79.76 11.18 
11.29

5g 
viscous liquid

– 1699.3, 1586.3, 
1478.1

0.92–1.0 (m, 3 H, CH3-CH2-), 
1.27 (s, 3 H, CH3C-), 1.3–1.36 
(m, 2 H, CH3CH2-), 2.25 (d, 1 
H, J = 17.1 Hz, O=C-CH2), 
2.37 (d, 1 H, J = 17.1 Hz, O=C-
CH2), 6.03 (d, 1 H, J = 6.2 Hz, 
CO-CH=CH), 7.05 (d, 1 H, 
J = 6.2 Hz, CO-CH=CH)

11.2 (CH3CH2-), 22.7 (CH3C-), 
32.8 (CH3CH2-), 43.1 
(-CH=CH-C-), 56.3 (O=C-
CH2), 124.9 (O=C-CH=CH-), 
147.6 (O=C-CH=CH-), 201.1 
(O=C-) 

77.38 77.51 12.88 
12.69

5j(26) 
solid

148–149 1680.0, 1595.0, 
1500.0, 1446.0 

2.53 (m, 2 H, -CO-CH2CH2), 
2.99 (m, 2 H, -CO-CH2-), 3.90 
(s, 6 H, 2 × -OCH3), 6.43 (s, 1 
H, -CO-CH=C-), 6.88 (d, 
J = 7.6 Hz, 1 H, Ar-H), 7.11 (s, 
1 H, Ar-H), 7.24 (d, J = 7.6 Hz, 
1 H, Ar-H)

30.2 (-CO-CH2CH2-), 36.8 
(-CH2-C=O), 55.7, 55.9 
(-OCH3), 114.7 (Carom5meta), 
115.6 (Carom2ortho), 117.8 
(Carom6ortho), 131.1 (-C=C-
C=O), 131.4 (Carom1), 147.1 
(Carom4para), 147.4 
(Carom3meta), 154.9 (-C=C-
C=O), 201.1 (-C=O)

71.54
71.38

6.47
6.61

Table 2  (continued)

Compound Bp/Mp 
[°C] (Torr) 
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