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a: Ar = p-FC6H4, b: Ph, c: p-MeC6H4, d: p-MeOC6H4

a: Ar = p-FC6H4, b: Ph, c: p-MeC6H4, d: p-MeOC6H4

FM3AbP. falciparuma

EC50 (nM)

1a 560

Table 1.  In vitro antimalarial activity of various cyclic peroxides 1-3 against P. falciparum (FCR-3 strain) 
and cytotoxicity against FM3A cells

18000 (61%)d

Selectivityc

>32

aChloroquine-sensitive (FCR-strain).  bMouse mammary tumor FM3A cells in culture as a control for 
mammalian cell cytotoxicity.  cSelectivity = (EC50 value for FM3A)/(EC50 value for P. falciparum).
dGrowth percent at the concentration indicated.

compound

Artemisinin 7.8 10000 1280

1b 1000 32000 (60%)d >32
1c 500 1700 3.4
1d 1200 18000 (88%)d >15

2a 250 15000 60
2b 90 27000 (59%)d >300
2c 160 16000 (59%)d >100
2d 160 16000 (83%)d >100

3a 170 3000 18
3b 130 1000 8
3c 80 19000 (66%)d >238
3d 110 10000 91

Reference

[2a]

[2a, 2b]

[2a]
[2a]
[2a]

[2b]
[2b]
[2b]
[2b]

[2d]
[2d]
[2d]
[2d]
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Scheme 2  Synthesis of novel antimalarial N1-(7-substituted-quinoline-4-yl)-N1,N3,N3-trialkyl-
propane-1,3-diamines
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Cl

N
Me R

Me

7a: R = H
7b: R = CH3 (Me)
7c: R = CH2CH3 (Et)
7d: R = CH2CH2CH3 (Pr)
7e: R = CH(CH3)2 (i-Pr)
7f: R = CH2CH2CH2CH3 (Bu)
7g: R =  CH2CH2CH2CH2CH3 (Pen)

N

N

8
F3C

N
Me R

Me

8a: R = H
8b: R = CH3 (Me)
8c: R = CH2CH3 (Et)
8d: R = CH2CH2CH3 (Pr)
8e: R = CH(CH3)2 (i-Pr)
8f: R = CH2CH2CH2CH3 (Bu)
8g: R =  CH2CH2CH2CH2CH3 (Pen)

FM3AbP. falciparuma

EC50 (nM)

7a 92

Table 2.  In vitro antimalarial activity of Aminoalkylquinolines  7-8 against P. falciparum (FCR-3 strain) 
and cytotoxicity against FM3A cells [4]

700

Selectivityc

8
7b 25 11000 440
7c 94 6200 66
7d 90 6500 72
7e 56 5600 100
7f 84 6900 82
7g 69 4800 70

aChloroquine-sensitive (FCR-strain).  bMouse mammary tumor FM3A cells in culture as a control for 
mammalian cell cytotoxicity.  cSelectivity = EC50 value (FM3A) / EC50 value (P. falciparum).

compound

8a 112 1300 12
8b 25 18000 720
8c 490 6200 14
8d 370 4400 12
8e 450 3800 8
8f 270 3100 11
8g 530 4600 9

Chloroquine 18 32000 1780
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Scheme 3  Synthesis of bicyclic peroxides possessing various alkaloidal substituents
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Table 3.  Reactions of cyclic peroxides 1c, 2c with NBS

Reaction time (h)
Yield of product (%)b

a1c, 2c = 2.00 mmol, N-bromosuccinicimide (NBS) = 2.40 mmol,  AIBN = 1.0 mg, dry CCl4 (bp. 76°C) = 50 mL. 
bIsolated yield by SiO2 silica gel column chromathography.

NBS (mmol)Run Substrate (mmol)

1 2.401c (2.00) 2

2 2.402c (2.00) 2

13 14 15 16Conv. (%)

79 47 30

87 44 20

-- --

-- --
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Table 4.  Synthesis of 1,4-diaryl-2,3-dioxabicyclo[2.2.2]octanes possessing an alkaloidal substituent 9
Reaction time (h) Yield of 9 (%)b

a13 = 0.10 mmol, Nu-H (amine) = 0.105-0.20 mmol, K2CO3 = 0.20 mmol, dry CH3CN (bp. 82°C)
= 5 ml. bIsolated yield by SiO2 silica gel thin layer chromathography.

O

13

O CH2Br

Me

reßux/N2

K2CO3/CH3CN
+

O

9

O CH2Nu

Me

Nu-H

Nu-H (mmol)Run 13 (mmol)

1 HN 0.200.10 1 9a = 78

2 0.200.10 1 9b = 84

3 0.200.10 1 9c = 89

4 0.200.10 1 9d = 78

5 0.1050.10 2 9e = 93

6 0.500.10 1 9f = 69

7 0.500.10 1 9g = 77

HN OH

HN

HN NMe

HN NPh

NH2N

NH2N
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Table 5.  Synthesis of 1,5-diaryl-2,3-dioxabicyclo[3.2.2]nonanes possessing an alkaloidal substituent 11

Reaction time (h) Yield of 11 (%)b

a15 = 0.10 mmol, Nu-H (amine) = 0.105-0.20 mmol, K2CO3 = 0.20 mmol, dry CH3CN (bp. 82°C)
= 5 ml. bIsolated yield by SiO2 silica gel thin layer chromathography.

O

15

O CH2Br

Me

reßux/N2

K2CO3/CH3CN
+

O

11

O CH2Nu

Me

Nu-H

Nu-H (mmol)Run 15 (mmol)

1 HN 0.200.10 1 11a = 86

2 0.200.10 1 11b = 86

3 0.200.10 1 11c = 82

4 0.200.10 1 11d = 74

5 0.1050.10 1 11e = 97

6 0.500.10 1 11f = 68

7 0.500.10 1 11g = 81

HN OH

HN

HN NMe

HN NPh

NH2N

NH2N
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Table 6.  Synthesis of 1,4-diaryl-2,3-dioxabicyclo[2.2.2]octanes possessing two alkaloidal substituents 10
Reaction time (h) Yield of 10 (%)b

a14 = 0.10 mmol, Nu-H (amine) = 0.20-1.00 mmol, K2CO3 = 0.20-0.40 mmol, dry CH3CN (bp. 82°C) 
= 5 ml. bIsolated yield by SiO2 silica gel thin layer chromathography.

O
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O CH2Br

CH2Br

reßux/N2

K2CO3/CH3CN
+

O

10

O CH2Nu

CH2Nu

Nu-H

Nu-H (mmol)Run 14 (mmol)

1 HN 0.200.10 1 10a = 74

2 0.400.10 1 10b = 80

3 0.400.10 1 10c = 84

4 0.400.10 1 10d = 55

5 0.210.10 2 10e = 79

6 1.000.10 1 10f = 66

7 1.000.10 1 10g = 58

HN OH

HN

HN NMe

HN NPh

NH2N

NH2N
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�������� ����� �������������-���������F)%(%(G���� (J��������

Table 7.  Synthesis of 1,5-diaryl-2,3-dioxabicyclo[3.2.2]nonanes possessing two alkaloidal substituents 12

Reaction time (h) Yield of 12 (%)b

a16 = 0.10 mmol, Nu-H (amine) = 0.21-0.40 mmol, K2CO3 = 0.40 mmol, dry CH3CN (bp. 82°C)
= 5 ml. bIsolated yield by SiO2 silica gel thin layer chromathography.

O

16

O CH2Br

CH2Br

reßux/N2

K2CO3/CH3CN
+ 2Nu-H

Nu-H (mmol)Run 16 (mmol)

1 HN 0.400.10 1 12a = 88

2 0.400.10 1 12b = 75

3 0.400.10 1 12c = 100

4 0.400.10 1 12d = 72

5 0.210.10 1 12e = 60

6 1.000.10 1 12f = 100

7 1.000.10 1 12g = 100

HN OH

HN

HN NMe

HN NPh

NH2N

NH2N

O

12

O CH2Nu

CH2Nu
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FM3AbP. falciparuma

EC50 (nM)

9a 5800

Table 8.  In vitro antimalarial activity of bicyclic peroxides 9-10 possessing alkaloidal substituents
 against P. falciparum (FCR-3 strain) and cytotoxicity against FM3A cells

860

Selectivityc

< 1
9b 3600 3100 < 1
9c 4700 2200 < 1
9d 3600 3500 1
9e 380 3600 10
9f 530 550 1

aChloroquine-sensitive (FCR-strain).  bMouse mammary tumor FM3A cells in culture as a control for 
mammalian cell cytotoxicity.  cSelectivity = EC50 value (FM3A) / EC50 value (P. falciparum).

compound

10a 4500 380 < 1
10b 470 1800 4
10c 4300 6100 1
10d 7000 11000 2
10e 10600 5300 < 1
10f 365 3000 8

Chloroquine 18 32000 1780

9g 650 2500 4

10g 890 3300 4

1c 500 1700 3

FM3AbP. falciparuma

EC50 (nM)

11a 600

Table 9.  In vitro antimalarial activity of bicyclic peroxides 11-12 possessing alkaloidal substituents
 against P. falciparum (FCR-3 strain) and cytotoxicity against FM3A cells

1400

Selectivityc

2
11b 60 1200 20
11c 24 920 38
11d 12 1200 100
11e 260 1200 5
11f 54 760 14

aChloroquine-sensitive (FCR-strain).  bMouse mammary tumor FM3A cells in culture as a control for 
mammalian cell cytotoxicity.  cSelectivity = EC50 value (FM3A) / EC50 value (P. falciparum).

compound

12a 67 5100 76
12b 43 4700 109
12c 440 6400 15
12d 480 9900 21
12e 370 680 2
12f 67 1500 22

Chloroquine 18 32000 1780

11g 100 270 3

12g 350 1000 3

2c 160 16000(59%)d > 100
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 ����������)��� �������� �*��, �������

��)��������C20H21BrO2 [M.W. 373.28], colorless needles, m.p.: 118-120 °C (CH3CN)� 
1H-NMR (200 MHz, CDCl3) δppm: 2.14-2.30 (m, 4H), 2.34 (s, 3H), 2.35-2.56 (m, 4H), 4.48 (s, 2H), 7.12-7.23 (m, 2H), 
7.28-7.38 (m, 2H), 7.39 (bs, 4H). 
13C-NMR (50 MHz, CDCl3) δppm: 21.13 (q, 1C), 31.40 (t, 2C), 31.58 (t, 2C), 33.06 (t, 1C), 77.98 (s, 1C), 78.17 (s, 1C), 
125.07 (d, 2C), 125.55 (d, 2C), 129.02 (d, 4C), 137.26 (s, 1C), 137.70 (s, 1C), 138.98 (s, 1C), 142.64 (s, 1C). 
IR (KBr) cm-1: 3070, 3030, 2960, 2930, 2920, 1514, 1435, 1415, 1352, 1340, 1230, 1220, 1210, 1183, 1120, 1108, 1045. 
��*��������C20H20Br2O2 [M.W. 452.18], colorless plates, m.p.: 100-103 °C (CH3CN)� 
1H-NMR (200 MHz, CDCl3) δppm: 2.17-2.30 (m, 4H), 2.41-2.53 (m, 4H), 4.49 (s, 4H), 7.40 (bs, 8H). 
13C-NMR (50 MHz, CDCl3) δppm: 31.49 (t, 4C), 33.00 (t, 2C), 78.16 (s, 2C), 125.56 (d, 4C), 129.07 (d, 4C), 137.40 (s, 
2C), 142.40 (s, 2C). 
IR (KBr) cm-1: 3040, 2980, 2950, 2890, 1515, 1460, 1418, 1372, 1338, 1228, 1200, 1100, 1072, 1042, 1010, 970, 942. 
�����������C21H23BrO2 [M.W. 387.31], colorless prisms, m.p.: 175-177 °C (CH3CN)� 
1H-NMR (200 MHz, CDCl3) δppm: 1.80-2.46 (m, 10H), 2.32 (s, 3H), 4.47 (s, 2H), 7.09-7.20 (m, 2H), 7.27-7.44 (m, 6H). 
13C-NMR (50 MHz, CDCl3) δppm: 21.02 (q, 1C), 21.23 (t, 1C), 29.26 (t, 1C), 29.36 (t, 1C), 33.19 (t, 1C), 40.41 (t, 2C), 
82.54 (s, 1C), 82.73 (s, 1C), 124.25 (d, 2C), 124.85 (d, 2C), 128.90 (d, 4C), 136.45 (s, 1C), 136.75 (s, 1C), 143.23 (s, 1C), 
146.70 (s, 1C). 
IR (KBr) cm-1: 3020, 2960, 2920, 1610, 1515, 1475, 1410, 1368, 1352, 1315, 1258, 1224, 1202, 1190, 1148, 1100, 1068. 
��,��������C21H22Br2O2 [M.W. 466.21], colorless prisms, m.p.: 172-174 °C (CH3CN)� 
1H-NMR (200 MHz, CDCl3) δppm: 1.80-2.46 (m, 10H), 4.47 (s, 4H), 7.29-7.45 (m, 8H). 
13C-NMR (50 MHz, CDCl3) δppm: 21.14 (t, 1C), 29.23 (t, 2C), 33.16 (t, 2C), 40.30 (t, 2C), 82.62 (s, 2C), 124.81 (d, 4C), 
128.94 (d, 4C), 136.52 (s, 2C), 146.44 (s, 2C). 
IR (KBr) cm-1: 3030, 2970, 2930, 2920, 1610, 1515, 1478, 1438, 1435, 1412, 1368, 1352, 1320, 1258, 1228, 1201, 1150. 
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(2) �����������(�����������F(%(%(G���� �H�N������ 
��H��������C25H31NO2 [M.W. 377.52], colorless needles, m.p.: 160-161 °C (CH3OH)� 
1H-NMR (200 MHz, CDCl3) δppm: 1.35-1.52 (m, 2H), 1.51-1.68 (m, 4H), 2.14-2.29 (m, 4H), 2.34 (s, 3H), 2.32-2.56 (m, 
8H), 3.49 (s, 2H), 7.12-7.22 (m, 2H), 7.24-7.42 (m, 6H). 
13C-NMR (50 MHz, CDCl3) δppm: 21.08 (q, 1C), 24.23 (t, 1C), 25.79 (t, 2C), 31.43 (t, 2C), 31.48 (t, 2C), 54.38 (t, 2C), 
63.30 (t, 1C), 77.99 (s, 2C), 124.92 (d, 2C), 125.03 (d, 2C), 128.95 (d, 2C), 129.16 (d, 2C), 137.53 (s, 1C), 137.84 (s, 1C), 
139.14 (s, 1C), 140.81 (s, 1C). 
IR (KBr) cm-1: 3040, 2970, 2960, 2930, 2855, 2790, 1515, 1462, 1440, 1410, 1390, 1368, 1352, 1340, 1310, 1299, 1210. 
��I��������C24H29NO2 [M.W. 363.49], colorless needles, m.p.: 136-139 °C (CH3CN)� 
1H-NMR (200 MHz, CDCl3) δppm: 1.72-1.90 (m, 4H), 2.15-2.28 (m, 4H), 2.34 (s, 3H), 2.41-2.66 (m, 8H), 3.65 (s, 2H), 
7.13-7.22 (m, 2H), 7.29-7.43 (m, 6H). 
13C-NMR (50 MHz, CDCl3) δppm: 21.06 (q, 1C), 23.36 (t, 2C), 31.45 (t, 4C), 54.05 (t, 2C), 60.11 (t, 1C), 77.97 (s, 2C), 
125.01 (d, 4C), 128.82 (d, 2C), 128.92 (d, 2C), 137.51 (s, 1C), 138.47 (s, 1C), 139.10 (s, 1C), 140.87 (s, 1C). 
IR (KBr) cm-1: 3040, 2980, 2940, 2870, 2800, 1516, 1462, 1445, 1415, 1377, 1348, 1260, 1239, 1217, 1190, 1120, 1110. 
��J��������C25H31NO3 [M.W. 393.52], colorless needles, m.p.: 163-164 °C (CH3CN)� 
1H-NMR (200 MHz, CDCl3) δppm: 1.45 (d, 1H, J = 3.6 Hz), 1.50-1.72 (m, 2H), 1.80-2.01 (m, 2H), 2.08-2.28 (m, 6H), 
2.34 (s, 3H), 2.40-2.56 (m, 4H), 2.68-2.85 (m, 2H), 3.52 (s, 2H), 3.62-3.82 (m, 1H), 7.10-7.12 (m, 2H), 7.28-7.44 (m, 6H). 
13C-NMR (50 MHz, CDCl3) δppm: 21.09 (q, 1C), 31.41 (t, 2C), 31.48 (t, 2C), 34.27 (t, 2C), 50.89 (t, 2C), 62.42 (t, 1C), 
67.75 (d, 1C), 78.02 (s, 2C), 125.04 (d, 4C), 128.97 (d, 2C), 129.07 (d, 2C), 137.58 (s, 1C), 137.73 (s, 1C), 139.08 (s, 1C), 
140.96 (s, 1C). 
IR (KBr) cm-1: 3400 (OH), 3030, 2950, 2880, 2800, 1516, 1455, 1358, 1337, 1065, 1011, 965, 813, 542, 538. 
�����������C25H32N2O2 [M.W. 392.53], colorless needles, m.p.: 152-153 °C (CH3CN)� 
1H-NMR (200 MHz, CDCl3) δppm: 2.15-2.28 (m, 4H), 2.29 (s, 3H), 2.34 (s, 3H), 2.38-2.67 (m, 12H), 3.50 (s, 2H), 7.10-
7.23 (m, 2H), 7.27-7.47 (m, 6H). 
13C-NMR (50 MHz, CDCl3) δppm: 21.09 (q, 1C), 31.44 (t, 2C), 31.50 (t, 2C), 45.96 (q, 1C), 52.96 (t, 2C), 55.03 (t, 2C), 
62.56 (t, 1C), 78.00 (s, 2C), 124.98 (d, 2C), 125.03 (d, 2C), 128.96 (d, 2C), 129.06 (d, 2C), 137.56 (s, 1C), 137.73 (s, 1C), 
139.12 (s, 1C), 140.93 (s, 1C). 
IR (KBr) cm-1: 3040, 2980, 2960, 2940, 1515, 1455, 1438, 1410, 1350, 1340, 1287, 1280, 1160, 1152, 1140, 1050, 962. 
��L��������C30H34N2O2 [M.W. 454.60], colorless prisms, m.p.: 181-182 °C (CH3CN)� 
1H-NMR (200 MHz, CDCl3) δppm: 2.14-2.30 (m, 4H), 2.34 (s, 3H), 2.41-2.55 (m, 4H), 2.55-2.66 (m, 4H), 3.13-3.26 (m, 
4H), 3.55 (s, 2H), 6.78-6.96 (m, 2H), 7.12-7.45 (m, 11H). 
13C-NMR (50 MHz, CDCl3) δppm: 21.10 (q, 1C), 31.44 (t, 2C), 31.52 (t, 2C), 49.08 (t, 2C), 53.07 (t, 2C), 62.61 (t, 1C), 
78.02 (s, 2C), 115.96 (d, 2C), 119.53 (d, 1C), 125.06 (d, 4C), 128.98 (d, 4C), 129.10 (d, 2C), 137.59 (s, 2C), 139.11 (s, 
1C), 141.07 (s, 1C), 151.25 (s, 1C). 
IR (KBr) cm-1: 3040, 2970, 2920, 2850, 2810, 2780, 1605, 1510, 1455, 1352, 1155, 1140, 1011, 968, 920, 842, 816, 803. 
��M��������C27H36N2O2 [M.W. 420.59], colorless needles, m.p.: 128-129 °C (CH3CN)� 
1H-NMR (200 MHz, CDCl3) δppm: 1.34-1.39 (m, 2H), 1.49-1.65 (m, 4H), 2.15-2.56 (m, 15H), 2.34 (s, 3H), 2.70 (t, 2H, J 
= 5.9 Hz), 3.79 (s, 2H), 7.10-7.22 (m, 2H), 7.25-7.45 (m, 6H). 
13C-NMR (50 MHz, CDCl3) δppm: 21.09 (q, 1C), 24.35 (t, 1C), 25.89 (t, 2C), 31.45 (t, 2C), 31.52 (t, 2C), 45.74 (t, 1C), 
53.51 (t, 1C), 54.64 (t, 2C), 58.40 (t, 1C), 78.02 (s, 2C), 125.03 (d, 2C), 125.14 (d, 2C), 128.03 (d, 2C), 128.97 (d, 2C), 
137.57 (s, 1C), 139.13 (s, 1C), 139.97 (s, 1C), 140.82 (s, 1C). 
IR (KBr) cm-1: 3310 (NH), 3030, 2940, 2850, 2800, 1517, 1455, 1438, 1412, 1385, 1352, 1300, 1262, 1120, 1110, 1050. 
��N��������C26H34N2O2 [M.W. 406.56], colorless prisms, m.p.: 120-122 °C (hexane)� 
1H-NMR (200 MHz, CDCl3) δppm: 1.25 (s, 1H), 1.65-1.83 (m, 4H), 2.15-2.29 (m, 4H), 2.34 (s, 3H), 2.39-2.55 (m, 8H), 
2.55-2.65 (m, 2H), 2.68-2.78 (m, 2H), 3.80 (s, 2H), 7.10-7.21 (m, 2H), 7.23-7.45 (m, 6H). 
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13C-NMR (50 MHz, CDCl3) δppm: 21.10 (q, 1C), 23.43 (t, 2C), 31.46 (t, 2C), 31.53 (t, 2C), 47.91 (t, 1C), 53.66 (t, 1C), 
54.17 (t, 2C), 55.87 (t, 1C), 78.02 (s, 2C), 125.05 (d, 2C), 125.12 (d, 2C), 128.05 (d, 2C), 128.97 (d, 2C), 137.58 (s, 1C), 
139.15 (s, 1C), 140.11 (s, 1C), 140.78 (s, 1C). 
IR (KBr) cm-1: 3310 (NH), 3030, 2960, 2930, 2790, 1515, 1479, 1455, 1438, 1415, 1347, 1340, 1222, 1150, 1120, 1075. 
 
(3) �����������(�)���������F(%(%(G���� ��H�N ������ 
���H��������C30H40N2O2 [M.W. 460.65], colorless needles, m.p.: 175-176 °C (CH3OH)� 
1H-NMR (200 MHz, CDCl3) δppm: 1.35-1.50 (m, 4H), 1.51-1.70 (m, 8H), 2.15-2.57 (m, 16H), 3.46 (s, 4H), 7.25-7.43 (m, 
8H). 
13C-NMR (50 MHz, CDCl3) δppm: 24.30 (t, 2C), 25.88 (t, 4C), 31.45 (t, 4C), 54.42 (t, 4C), 63.38 (t, 2C), 78.02 (s, 2C), 
124.89 (d, 4C), 129.08 (d, 4C), 138.15 (s, 2C), 140.66 (s, 2C). 
IR (KBr) cm-1: 3040, 2950, 2920, 2860, 1510, 1465, 1440, 1412, 1390, 1370, 1342, 1318, 1250, 1152, 1121, 1116, 1100. 
���I��������C28H36N2O2 [M.W. 432.60], colorless needles, m.p.: 153-156 °C (CH3OH)� 
1H-NMR (200 MHz, CDCl3) δppm: 1.72-1.88 (m, 8H), 2.16-2.32 (m, 4H), 2.42-2.63 (m, 12H), 3.64 (s, 4H), 7.30-7.46 (m, 
8H). 
13C-NMR (50 MHz, CDCl3) δppm: 23.40 (t, 4C), 31.48 (t, 4C), 54.11 (t, 4C), 60.20 (t, 2C), 78.07 (s, 2C), 125.04 (d, 4C), 
128.84 (d, 4C), 138.65 (s, 2C), 140.82 (s, 2C). 
IR (KBr) cm-1: 3050, 2980, 2950, 2920, 2900, 2780, 1515, 1450, 1416, 1375, 1345, 1323, 1305, 1290, 1250, 1223, 1200. 
���J��������C30H40N2O4 [M.W. 492.65], colorless prisms, m.p.: 191-193 °C (CH3CN)� 
1H-NMR (270 MHz, CDCl3) δppm: 1.37 (d, 2H, J = 4.8 Hz), 1.44-1.70 (m, 4H), 1.80-1.97 (m, 4H), 2.04-2.30 (m, 8H), 
2.43-2.54 (m, 4H), 2.66-2.82 (m, 4H), 3.50 (s, 4H), 3.62-3.78 (m, 2H), 7.27-7.36 (m, 4H), 7.36-7.42 (m, 4H). 
IR (KBr) cm-1: 3410 (OH), 3030, 2955, 2900, 2800, 2760, 1515, 1470, 1455, 1358, 1338, 1315, 1305, 1242, 1140, 1125. 
������������C30H42N4O2 [M.W. 490.68], colorless needles, m.p.: 186-188 °C (CH3CN)� 
1H-NMR (200 MHz, CDCl3) δppm: 2.18-2.32 (m, 4H), 2.29 (s, 6H), 2.33-2.65 (m, 20H), 3.50 (s, 4H), 7.27-7.45 (m, 8H). 
13C-NMR (50 MHz, CDCl3) δppm: 31.47 (t, 4C), 45.96 (q, 2C), 52.96 (t, 4C), 55.04 (t, 4C), 62.55 (t, 2C), 78.03 (s, 2C), 
124.98 (d, 4C), 125.06 (d, 4C), 137.78 (s, 2C), 140.86 (s, 2C). 
IR (KBr) cm-1: 3050, 2980, 2950, 2800, 2770, 1515, 1455, 1445, 1415, 1396, 1370, 1348, 1327, 1320, 1280, 1161, 1155. 
���L��������C40H46N4O2 [M.W. 614.82], colorless prisms, m.p.: 209-210 °C (CH3CN)� 
1H-NMR (200 MHz, CDCl3) δppm: 2.18-2.33 (m, 4H), 2.44-2.70 (m, 12H), 3.13-3.28 (m, 8H), 3.57 (s, 4H), 6.68-7.02 (m, 
6H), 7.18-7.48 (m, 12H). 
13C-NMR (50 MHz, CDCl3) δppm: 31.53 (t, 4C), 49.12 (t, 4C), 53.11 (t, 4C), 62.64 (t, 2C), 78.11 (s, 2C), 116.02 (d, 4C), 
119.60 (d, 2C), 125.12 (d, 4C), 129.03 (d, 4C), 129.16 (d, 4C), 137.63 (s, 2C), 141.04 (s, 2C), 151.27 (s, 2C). 
IR (KBr) cm-1: 3060, 3030, 2950, 2920, 2820, 2770, 1602, 1503, 1455, 1350, 1337, 1300, 1250, 1225, 1141, 1010, 919. 
���M��������C34H50N4O2 [M.W. 546.79], colorless prisms, m.p.: 119-122 °C (hexane)� 
1H-NMR (200 MHz, CDCl3) δppm: 1.34-1.49 (m, 4H), 1.51-1.65 (m, 8H), 2.18-2.30 (m, 4H), 2.20-2.55 (bs, 2H), 2.30-
2.43 (m, 8H), 2.43-2.55 (m, 8H), 2.71 (t, 4H, J = 6.5 Hz), 3.80 (s, 4H), 7.25-7.36 (m, 4H), 7.36-7.48 (m, 4H). 
13C-NMR (50 MHz, CDCl3) δppm: 24.36 (t, 2C), 25.90 (t, 4C), 31.49 (t, 4C), 45.72 (t, 2C), 53.47 (t, 2C), 54.63 (t, 4C), 
58.37 (t, 2C), 78.06 (s, 2C), 125.13 (d, 4C), 128.04 (d, 4C), 139.97 (s, 2C), 140.76 (s, 2C). 
IR (KBr) cm-1: 3320 (NH), 3030, 2930, 2850, 2810, 1515, 1470, 1442, 1412, 1345, 1301, 1156, 1120, 1040, 1010, 965. 
���N��������C32H46N4O2 [M.W. 518.73], colorless prisms, m.p.: 113-117 °C (hexane)� 
1H-NMR (200 MHz, CDCl3) δppm: 1.64-1.90 (m, 8H), 2.06-2.87 (m, 26H), 3.80 (s, 4H), 7.22-7.54 (m, 8H). 
13C-NMR (50 MHz, CDCl3) δppm: 23.41 (t, 4C), 31.48 (t, 4C), 47.84 (t, 2C), 53.62 (t, 2C), 54.15 (t, 4C), 55.83 (t, 2C), 
78.04 (s, 2C), 125.10 (d, 4C), 128.03 (d, 4C), 140.09 (s, 2C), 140.70 (s, 2C). 
IR (KBr) cm-1: 3300 (NH), 3030, 3020, 2970, 2940, 2860, 2805, 1515, 1462, 1455, 1417, 1350, 1260, 1240, 1222, 1218. 
 
(4) �����������������������F)%(%(G�����H�N ������ 
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���H��������C26H33NO2 [M.W. 391.55], colorless prisms, m.p.: 147-149 °C (CH3OH)� 
1H-NMR (200 MHz, CDCl3) δppm: 1.34-1.52 (m, 2H), 1.52-1.72 (m, 4H), 1.80-2.50 (m, 14H), 2.33 (s, 3H), 3.47 (s, 2H), 
7.12-7.17 (m, 2H), 7.28-7.42 (m, 6H). 
13C-NMR (50 MHz, CDCl3) δppm: 20.98 (q, 1C), 21.25 (t, 1C), 24.25 (t, 1C), 25.79 (t, 2C), 29.25 (t, 1C), 29.39 (t, 1C), 
40.26 (t, 1C), 40.47 (t, 1C), 54.35 (t, 2C), 63.31 (t, 1C), 82.60 (s, 2C), 124.14 (d, 2C), 124.25 (d, 2C), 128.83 (d, 2C), 
129.10 (d, 2C), 136.61 (s, 1C), 136.94 (s, 1C), 143.42 (s, 1C), 144.98 (s, 1C). 
IR (KBr) cm-1: 3090, 3060, 3030, 2930, 2850, 2800, 2755, 1512, 1480, 1470, 1440, 1430, 1415, 1392, 1368, 1345, 1318. 
���I��������C25H31NO2 [M.W. 377.52], colorless prisms, m.p.: 103-105 °C (CH3OH)� 
1H-NMR (200 MHz, CDCl3) δppm: 1.68-1.74 (m, 4H), 1.75-2.45 (m, 10H), 2.32 (s, 3H), 2.46-2.63 (m, 4H), 3.61 (s, 2H), 
7.08-7.18 (m, 2H), 7.27-7.43 (m, 6H). 
13C-NMR (50 MHz, CDCl3) δppm: 20.97 (q, 1C), 21.23 (t, 1C), 23.36 (t, 2C), 29.27 (t, 1C), 29.34 (t, 1C), 40.43 (t, 2C), 
54.04 (t, 2C), 60.12 (t, 1C), 82.60 (s, 2C), 124.24 (d, 4C), 128.76 (d, 2C), 128.82 (d, 2C), 136.60 (s, 1C), 137.60 (s, 1C), 
143.39 (s, 1C), 145.05 (s, 1C). 
IR (KBr) cm-1: 3090, 3060, 3030, 2970, 2920, 2880, 2790, 1512, 1478, 1442, 1415, 1378, 1345, 1252, 1190, 1142, 1125. 
���J��������C26H33NO3 [M.W. 407.55], colorless prisms, m.p.: 148-150 °C (CH3CN)� 
1H-NMR (200 MHz, CDCl3) δppm: 1.46-1.68 (m, 2H), 1.78-2.47 (m, 15H), 2.32 (s, 3H), 2.65-2.83 (m, 2H), 3.48 (s, 2H), 
3.59-3.76 (m, 1H), 7.08-7.18 (m, 2H), 7.22-7.44 (m, 6H). 
13C-NMR (50 MHz, CDCl3) δppm: 20.99 (q, 1C), 21.25 (t, 1C), 29.27 (t, 1C), 29.37 (t, 1C), 34.29 (t, 2C), 40.42 (t, 1C), 
40.47 (t, 1C), 50.87 (t, 2C), 62.43 (t, 1C), 67.80 (d, 1C), 82.62 (s, 1C), 82.66 (s, 1C), 124.26 (d, 4C), 128.85 (d, 2C), 
129.02 (d, 2C), 136.67 (s, 1C), 136.82 (s, 1C), 143.38 (s, 1C), 145.16 (s, 1C). 
IR (KBr) cm-1: 3370 (OH), 3100, 3030, 2920, 2910, 2850, 1515, 1472, 1452, 1435, 1412, 1360, 1338, 1260, 1242, 1209. 
������������C26H34N2O2 [M.W. 406.56], colorless prisms, m.p.: 135-137 °C (CH3CN)� 
1H-NMR (200 MHz, CDCl3) δppm: 1.86-2.62 (m, 18H), 2.28 (s, 3H), 2.33 (s, 3H), 3.49 (s, 2H), 7.09-7.19 (m, 2H), 7.23-
7.42 (m, 6H). 
13C-NMR (50 MHz, CDCl3) δppm: 21.01 (q, 1C), 21.27 (t, 1C), 29.31 (t, 1C), 29.39 (t, 1C), 40.45 (t, 1C), 40.49 (t, 1C), 
45.96 (q, 1C), 52.97 (t, 2C), 55.05 (t, 2C), 62.58 (t, 1C), 82.65 (s, 2C), 124.23 (d, 2C), 124.26 (d, 2C), 128.86 (d, 2C), 
129.02 (d, 2C), 136.67 (s, 1C), 136.86 (s, 1C), 143.41 (s, 1C), 145.13 (s, 1C). 
IR (KBr) cm-1: 3070, 3030, 2960, 2930, 2870, 2800, 2760, 1515, 1450, 1412, 1368, 1348, 1280, 1160, 1150, 1140. 
���L��������C31H36N2O2 [M.W. 468.63], colorless prisms, m.p.: 173-175 °C (CH3CN)� 
1H-NMR (200 MHz, CDCl3) δppm: 1.82-2.48 (m, 10H), 2.32 (s, 3H), 2.53-2.67 (m, 4H), 3.12-3.25 (m, 4H), 3.54 (s, 2H), 
6.78-6.96 (m, 3H), 7.08-7.45 (m, 10H). 
13C-NMR (50 MHz, CDCl3) δppm: 21.01 (q, 1C), 21.26 (t, 1C), 29.31 (t, 1C), 29.38 (t, 1C), 40.44 (t, 1C), 40.49 (t, 1C), 
49.07 (t, 2C), 53.05 (t, 2C), 62.61 (t, 1C), 82.61 (s, 1C), 82.65 (s, 1C), 115.96 (d, 2C), 119.51 (d, 1C), 124.26 (d, 2C), 
124.30 (d, 2C), 128.86 (d, 2C), 128.98 (d, 2C), 129.04 (d, 2C), 136.67 (s, 2C), 143.39 (s, 1C), 145.25 (s, 1C), 151.26 (s, 
1C). 
IR (KBr) cm-1: 3080, 3030, 2940, 2820, 1600, 1502, 1453, 1385, 1350, 1340, 1300, 1248, 1228, 1150, 1138, 1010, 940. 
���M��������C28H38N2O2 [M.W. 434.61], colorless oil� 
1H-NMR (200 MHz, CDCl3) δppm: 1.25 (s, 1H), 1.34-1.48 (m, 2H), 1.48-1.63 (m, 4H), 1.81-2.50 (m, 16H), 2.33 (s, 3H), 
2.69 (t, 2H, J = 5.9 Hz), 3.77 (s, 2H), 7.08-7.18 (m, 2H), 7.22-7.44 (m, 6H). 
13C-NMR (50 MHz, CDCl3) δppm: 21.00 (q, 1C), 21.28 (t, 1C), 24.45 (t, 1C), 26.00 (t, 2C), 29.37 (t, 2C), 40.49 (t, 2C), 
45.87 (t, 1C), 53.55 (t, 1C), 54.66 (t, 2C), 58.50 (t, 1C), 82.65 (s, 2C), 124.27 (d, 2C), 124.38 (d, 2C), 127.94 (d, 2C), 
128.86 (d, 2C), 136.67 (s, 1C), 139.26 (s, 1C), 143.41 (s, 1C), 144.98 (s, 1C). 
IR (KBr) cm-1: 3020, 3000, 2940, 2850, 1515, 1470, 1455, 1445, 1350, 1302, 1270, 1260, 1218, 1155, 1130, 1050, 1038. 
���N��������C27H36N2O2 [M.W. 420.59], colorless oil� 
1H-NMR (270 MHz, CDCl3) δppm: 1.62-1.82 (m, 4H), 1.82-2.67 (m, 15H), 2.32 (s, 3H), 2.61 (t, 2H, J = 5.9 Hz), 2.73 (t, 
2H, J = 5.9 Hz), 3.79 (s, 2H), 7.11-7.28 (m, 2H), 7.25-7.42 (m, 6H). 
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13C-NMR (67.5 MHz, CDCl3) δppm: 21.04 (q, 1C), 21.32 (t, 1C), 23.47 (t, 2C), 29.39 (t, 2C), 40.49 (t, 1C), 40.52 (t, 1C), 
47.87 (t, 1C), 53.65 (t, 1C), 54.18 (t, 2C), 55.87 (t, 1C), 82.60 (s, 1C), 82.62 (s, 1C), 124.19 (d, 2C), 124.28 (d, 2C), 127.89 
(d, 2C), 128.78 (d, 2C), 136.57 (s, 1C), 139.14 (s, 1C), 143.30 (s, 1C), 144.87 (s, 1C). 
IR (KBr) cm-1: 3030, 2970, 2930, 2810, 1515, 1450, 1355, 1258, 1145, 1115, 1050, 1038, 978, 960, 922, 818, 542. 
 
(5) �����������������������F)%(%(G����(H�N �������

��(H��������C31H42N2O2 [M.W. 474.68], colorless needles, m.p.: 175-177 °C (CH3OH)� 
1H-NMR (200 MHz, CDCl3) δppm: 1.35-1.50 (m, 4H), 1.50-1.72 (m, 8H), 1.83-2.48 (m, 18H), 3.45 (s, 4H), 7.22-7.32 (m, 
4H), 7.33-7.41 (m, 4H). 
13C-NMR (50 MHz, CDCl3) δppm: 21.27 (t, 1C), 24.34 (t, 2C), 25.92 (t, 4C), 29.33 (t, 2C), 40.44 (t, 2C), 54.44 (t, 4C), 
63.43 (t, 2C), 82.65 (s, 2C), 124.13 (d, 4C), 129.05 (d, 4C), 137.31 (s, 2C), 144.88 (s, 2C). 
IR (KBr) cm-1: 3070, 3020, 2940, 2850, 2800, 2750, 1514, 1465, 1455, 1440, 1410, 1392, 1370, 1342, 1320, 1299, 1272. 
��(I��������C29H38N2O2 [M.W. 446.62], colorless plates, m.p.: 147-149 °C (CH3OH)� 
1H-NMR (200 MHz, CDCl3) δppm: 1.70-2.65 (m, 26H), 3.64 (s, 4H), 7.28-7.43 (m, 8H). 
13C-NMR (50 MHz, CDCl3) δppm: 21.26 (t, 1C), 23.40 (t, 4C), 29.33 (t, 2C), 40.45 (t, 2C), 54.13 (t, 4C), 60.26 (t, 2C), 
82.67 (s, 2C), 124.25 (d, 4C), 128.73 (d, 4C), 137.98 (s, 2C), 144.95 (s, 2C). 
IR (KBr) cm-1: 3080, 3030, 2960, 2920, 2880, 2780, 1516, 1477, 1458, 1443, 1430, 1416, 1372, 1345, 1325, 1310, 1290. 
��(J��������C31H42N2O4 [M.W. 506.68], colorless prisms, m.p.: 199-202 °C (CH3CN)� 
1H-NMR (270 MHz, CDCl3) δppm: 1.50-2.48 (m, 24H), 2.68-2.81 (m, 4H), 3.48 (s, 4H), 3.63-3.76 (m, 2H), 7.26-7.32 (m, 
4H), 7.35-7.42 (m, 4H). 
13C-NMR (67.5 MHz, CDCl3) δppm: 21.35 (t, 1C), 29.40 (t, 2C), 34.53 (t, 4C), 40.49 (t, 2C), 51.02 (t, 4C), 62.54 (t, 2C), 
68.11 (d, 2C), 82.69 (s, 2C), 124.22 (d, 4C), 128.92 (d, 4C), 137.15 (s, 2C), 144.99 (s, 2C). 
IR (KBr) cm-1: 3380 (OH), 2950, 2930, 2880, 2800, 1512, 1470, 1452, 1412, 1390, 1375, 1362, 1335, 1295, 1258, 1240. 
��(���������C31H44N4O2 [M.W. 504.71], colorless prisms, m.p.: 164-165 °C (CH3CN)� 
1H-NMR (270 MHz, CDCl3) δppm: 1.84-2.63 (m, 26H), 2.28 (s, 6H), 3.49 (s, 4H), 7.23-7.33 (m, 4H), 7.33-7.42 (m, 4H). 
13C-NMR (67.5 MHz, CDCl3) δppm: 21.28 (t, 1C), 29.35 (t, 2C), 40.45 (t, 2C), 46.00 (q, 2C), 53.01 (t, 4C), 55.06 (t, 4C), 
62.58 (t, 2C), 82.61 (s, 2C), 124.14 (d, 4C), 128.94 (d, 4C), 136.81 (s, 2C), 144.96 (s, 2C). 
IR (KBr) cm-1: 3030, 2930, 2850, 2800, 1512, 1458, 1412, 1370, 1348, 1290, 1280, 1162, 1145, 1140, 1108, 1012, 922. 
��(L��������C41H48N4O2 [M.W. 628.8454], colorless prisms, m.p.: 204-206 °C (CH3CN)� 
1H-NMR (270 MHz, CDCl3) δppm: 1.84-2.48 (m, 10H), 2.60 (t, 8H, J = 4.9 Hz), 3.19 (t, 8H, J = 4.9 Hz), 3.54 (s, 4H), 
6.79-6.88 (m, 2H), 6.88-6.96 (m, 4H), 7.19-7.29 (m, 4H), 7.29-7.37 (m, 4H), 7.37-7.45 (m, 4H). 
13C-NMR (67.5 MHz, CDCl3) δppm: 21.33 (t, 1C), 29.40 (t, 2C), 40.49 (t, 2C), 49.13 (t, 4C), 53.11 (t, 4C), 62.66 (t, 2C), 
82.68 (s, 2C), 115.93 (d, 4C), 119.48 (d, 2C), 124.26 (d, 4C), 128.94 (d, 4C), 129.00 (d, 4C), 136.72 (s, 2C), 145.11 (s, 
2C), 151.20 (s, 2C). 
IR (KBr) cm-1: 3100, 3050, 3030, 2920, 2810, 2760, 1601, 1579, 1503, 1455, 1415, 1382, 1375, 1350, 1332, 1320, 1298. 
��(M��������C35H52N4O2 [M.W. 560.81], colorless oil� 
1H-NMR (270 MHz, CDCl3) δppm: 1.35-1.48 (m, 4H), 1.48-1.66 (m, 8H), 1.82-2.64 (m, 20H), 2.44 (t, 4H, J = 5.9 Hz), 
2.69 (t, 4H, J = 5.9 Hz), 3.78 (s, 4H), 7.22-7.50 (m, 8H). 
13C-NMR (67.5 MHz, CDCl3) δppm: 21.27 (t, 1C), 24.44 (t, 2C), 25.99 (t, 4C), 29.35 (t, 2C), 40.45 (t, 2C), 45.83 (t, 2C), 
53.51 (t, 2C), 54.61 (t, 4C), 58.45 (t, 2C), 82.60 (s, 2C), 124.25 (d, 4C), 127.82 (d, 4C), 139.14 (s, 2C), 144.77 (s, 2C). 
IR (KBr) cm-1: 3030, 2940, 2850, 2810, 1513, 1470, 1458, 1443, 1412, 1350, 1301, 1272, 1258, 1216, 1157, 1128, 1070. 
��(N��������C33H48N4O2 [M.W. 532.76], colorless oil� 
1H-NMR (270 MHz, CDCl3) δppm: 1.68-1.72 (m, 8H), 1.83-2.56 (m, 20H), 2.61 (t, 4H, J = 5.9 Hz), 2.73 (t, 4H, J = 5.9 
Hz), 3.79 (s, 4H), 7.25-7.42 (m, 8H). 
13C-NMR (67.5 MHz, CDCl3) δppm: 21.26 (t, 1C), 23.42 (t, 4C), 29.32 (t, 2C), 40.45 (t, 2C), 47.83 (t, 2C), 53.59 (t, 2C), 
54.12 (t, 4C), 55.81 (t, 2C), 82.60 (s, 2C), 124.24 (d, 4C), 127.86 (d, 4C), 139.08 (s, 2C), 144.78 (s, 2C). 
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IR (KBr) cm-1: 3020, 2945, 2850, 2810, 1515, 1470, 1458, 1443, 1412, 1350, 1302, 1270, 1260, 1218, 1156, 1125, 1050. 
 

4．おわりに 

環状過酸化物にアルカロイド官能基を導入することにより，環状過酸化物それ自体よりも高い抗マラリア

活性が得られることを期待して，環状過酸化物の置換基であるベンゼン p位のメチル基（ベンジル位）を臭

素化することにより得られた臭化物を利用して種々のアルカロイド官能基を導入することに成功した。1,4-

ジ(p-メチルフェニル)-2,3-ジオキサビシクロ[2.2.2]オクタン 1c を母体にしてアルカロイド官能基を導入

したものは，モノアルカロイド環状過酸化物 9 もビスアルカロイド環状過酸化物 10 ともに抗マラリア活性

の向上はまったく見られず，逆に活性が低下するものが多かった。これに対してジ(p-メチルフェニル)-6,7-

ジオキサビシクロ[3.2.2]オクタン2cを母体にしてアルカロイド官能基を導入したものは，モノアルカロイ

ド環状過酸化物 11 で 4 種，ビスアルカロイド環状過酸化物 12 で 3 種の誘導体で抗マラリア活性が 3-13 倍

も向上することがわかった。これらのうち11d（抗マラリア活性 = 12 nM，selectivity = 100）および12b

（抗マラリア活性 = 43 nM，selectivity = 109）では，母体2cよりも抗マラリア活性が 4-12倍向上する

にもかわらず，母体2cと同程度以上の選択毒性比を維持することがわかった。この２つの誘導体は抗マラリ

ア剤候補あるいはリード化合物として有望と考えられる。 

環状過酸化物は酸性条件下では O-O結合が開裂して分解を起こす短所があり，一方，アルカロイド官能基

は光電子移動条件下ではアミノ基が一電子還元体になるため，光酸素化反応の基質であるジエン（4, 5）に

アルカロイド官能基を事前に導入しておくことは避けなければならないなど，合成的な制約がある。しかし，

環状過酸化物とアルカロイド官能基をドッキングすることにより，抗マラリア活性や選択毒性比の向上（あ

るいは維持）が期待できるため今後の更なる展開が期待される。 
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