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(20), 130(13), 105(33). 77(15). Analysis calcutated for C,,H,;NO, (309.32) C, 69.89: H, 4.88: N, 4.53;
Found C, 69.73; H, 4.97; N, 4 87.

4-Phthalimidomethyl-2-acetyl-1-methoxybenzene (10). The reaction of 1-phthalimidomethyi-4-
methoxybenzene 5 and acetyl chloride in the presence of anhydrous aluminium trichloride as described for
compound B also provided compound 10 as the minor product. After further purification by recrystallization
with hexane/EtOAc, compound 10 was obtained (0.10 g, 7.9% yield) as pale-yellow solid; mp 154-155°C.
IR(KBr)(cm'T) 3073 {aromatic C-H), 2933-2856 (aliphatic C-H), 1726 (C=0): H NMR(CDCI,) O 2.62 (s, 3H,
CH3-CO}, 3.87 (s, 3H, CH;-0), 4.79 (s, 2H, CH,-N), 6.90 (d, J = 8.4 Hz, 1H, benzene HB), 7.53 (dd, J = 8.4,
2.2 Hz, 1H, benzene HS), 7.67-7.85 (m, 5H, phthalimide, benzene H3); El MS(m/z) 309(M+, 27), 294(100),
160(B), 130(17). Analysis calculated for C,zH,sNO, (309.32) C, 69.89; H, 4.89; N, 4.53; Found C, 69.89; H,
4.87. N, 464,

4-Phthalimidomethyl-1,2-dihydroxybenzene {11). Prepared according to the general procedure
1 using 3.4-dihydroxybenzylamine HBr (200 mg, 1.05 mmol) and N-carbethoxyphthalimide (276 mg, 1.26
mmol}. The crude product was purified by preparative thin-layer chromatography (CHCI,/MeOH: 9/1) to
afford 38 mg of 11 (13% yield); mp 202-203°C; IR(KBr)(cm'1) 3310 (O-H), 3010 (aromatic C-H), 2910
(aliphatic C-H), 1740(C=0): "H NMR(CD,0OD) S 466 {s, 2H, -CH,-N), 6.65-6.72 {m, 2H, benzene H5, H6),
6.83 (bs, 1H, benzene H3), 7.74-7.86 (m. 4H, phthalimide); EI MS(m/z) 269(M", 1), 160(1), 147(1), 136(1),
104(3), 76(4), 28(100). Analysis calculated for C,sH,,NO, (269.06) C, 66.91; H, 4.11; N, 5.20; Found C,
66.71; H, 3.79: N, 5.25.

4-(2-Phthalimidoethyl)-1,2-dihydroxybenzene (12). Prepared according to the general procedure
1 using 3-hydroxytyramine HC! (500 mg, 2.63 mmoi) and N-carbethoxyphthalimide (690 mg, 3.15 mmaol).
After purification by column chromatography (CHCIl,/MeOH: 9/1) yielded 137 mg of compound 12 (18%
yield), mp 167-168°C; lR(KBr)(ch) 3270 (O-H), 3065 (aromatic C-H), 2953 (aliphatic C-H}, 1696 (C=0});
'H NMR(CD,0D) 8 2.80 (t, J = 7.8 Hz, 2H, -CH,-CH,-N}, 3.81 (t, J = 7.8 Hz, 2H, -CH,-CH,-N), 6.49 (dd, J
= 1.8, 7.8 Hz, 1H, benzene H5), 6.59-6.63 {m, 2H, benzene H3, H6), 7.74-7.85 (m, 4H, phthalimide}; El
MS(m/z) 283(M., 11), 160(35), 136(100), 123(70), 104(16), 77(57). Analysis calculated for C,sH,;NO,
(283.03) C, 67.83; H, 4.62; N, 4.94; Found C, 67.25; H, 4.40; N, 4.84.

1-(2-Phthalimidoethyl)-4-methoxybenzene (13). Prepared according to the general procedure 1
using 2-(4-methoxyphenyl)ethylamine (1 g, 6.81 mmol) and N-carbethoxyphthalimide (1.8 g, 8.10 mmol).
The crude product was purified by column chromatography (EtOAc/hexane: 3/1) to afford 618 mg of 13
(32% yield); mp 136-137°C; IR(KBr)(cm'1) 3032 (aromatic C-H), 2933-2848 (aliphatic C-H), 1708 {C=0); H
NMR(CDCI;) O 2.82-2.89 (m, 2H, -CH,-CH,-N), 3.60-3.70 (m, 2H, CH,-CH,-N), 3.79 (s, 3H, CH;0-), 6.86
(d. J = 84 Hz, 2 H, benzene H3, H5), 7.15 (d, J = 8.4 Hz, 2H, benzene HZ, HBE), 7.49-7.94 (m, 4H,
phthalimide); El MS(m/z) 281(M", 8), 160(23). 134(100), 121(96), 104(11), 77(32). Analysis calculated for
Ci;HsNO, (281.31) C, 72.58; H, 5.37; N, 4.97; Found C, 72.75; H, 4.97; N, 4.94.

5-(2-Phthalimidoethyl}-1,3-benzodioxole (14).
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5-(2-Aminoethyl)-1,3-benzodioxole. A slurry of lithium aluminium hydride (560 mg. 14.75 mmol) in
anhydrous ether (180 mL)} was stirred in an ice-bath. To this slurry was added dropwise of 3.4-
(methylenedioxy)phenylacetonitrile (2.0 g, 12.41 mmol) at 0°C under nitrogen gas. The reaction mixture
was stirred at room temperature overnight. The mixture was cooled to 0°C and slowly added 2 mL of water
through the top of condenser, followed by the careful addition of 2 mL of 15% sodium hydroxide and 4 mL
of water respectively, then stirred at room temperature for 1 hour and filtered. The white precipitate was
washed with ether (100 mL). The combined ether filtrates were dried over anhydrous sodium sulfate and
evaporated to obtain crude amine product as yellow-brown oil which was shown as a tailing spot on TLC
(CHCIyMeOH: 9/1), detected by ninhydrin spraying reagent. After purification by flash chromatography
(CHClL/MeOH: 9/1 and 1% NH,OH), the desired amine was obtained as yellow oil (1.87 g, 91%); IR (neat)
(cm'1) 3374, 3302 (N-H), 3080 (aromatic C-H), 2979-2907 (aliphatic C-H), 1045 (C-0), 1439 (bending C-H),
1360 (C-N).
5-(2-Phthalimidoethyl)-1,3-benzodioxole (14). Prepared according to the general procedure 1 using 5-(2-
aminocethyl)-1,3-benzodioxole (1.5 g, 9.09 mmol) and N-carbethoxyphthalimide (2.4 g, 10.84 mmol). The
crude product was purified by column chromatography (CHCl/hexane: 3/1) to afford 834 mg of 14 (28%) as
yellow solid; mp 139-140°C; IR(KBr)(cm'1) 3040 (aromatic C-H), 2938-2895 (aliphatic C-H), 1771 (C=0}); 'H
NMR(CDCl,) O 2.80 (t, J = 7.4 Hz, 2H, CH,-CH,-N), 3.88 (t, J = 7.4 Hz, 2H, CH,-CH,>-N), 5.92 (s, 2H, -O-
CH,-0-), 6.68-6.72 (m, 2H, benzodioxole H6, H7), 6.76 (bs, 1H, benzodioxole H4), 7.69-7.86 (m, 4H,
phthalimide); E{ MS(m/z) 295(M", 11), 160(21), 148{100), 135(76). 105(14), 77(57). Analysis calculated for
CyHNO, (295.29) C, 69.14; H, 4.43; N, 4.74: Found C, 68.88; H, 457, N, 4.78,
1-Phthalimidomethyl-3-{2-chlorcpropionyl)benzene {15). Compound 15 was synthesized from
phthalimidormethylbenzene 1 (1g, 4.22 mmol), 2-chloropropiony! chloride (1.2 mL, 12.19 mmol), and
anhydrous aluminium trichloride (1.7 g, 12.75 mmo!} using the same procedure as described for compound
8. After evaporation, the crude product was purified by column chromatography using hexane/EtOAc: 2/1
as eluent 10 give compound 15 {(0.16 g, 11.13% yield) as pale-yellow liquid. IR(KBr)(cm'1) 3059 (aromatic
C-H), 2982-2940 (aliphatic C-H), 1740 (C=0y), 'H NMR(CDCI,) 8 1.72 (d, J = 6.8 Hz, 3H, CH,-CH(CI)-CO),
4.92 (s, 2H, CH,-N), 5.24 (g, J = 6.8 Hz, 1H, CH,- CH(CI)-CO), 7.45 (t, J= 8.2, 1H, benzene, HS), 7.53 (d,
J = 8.2, 1H, benzene, HB), 7.44-7.91 (m, 4H, phthalimide} 7.97 (dd , J = 8.2, 1.8, Hz, 1H, benzene, H4),
8.08 (d, J = 1.8 Hz, 1H, benzene, H2); El MS(m/z) 264(100}, 236(10), 130(21). Analysis calculated for
CeH4NO,CI (327.77) C, 65.96; H, 4.31; N, 4.27; Found C, 65.97; H, 4.32; N, 4.29.
4-Phthalimidomethyl-2-{2-chloropropionyi)-1-hydroxybenzene (16). Compound 16 was
synthesized from 1-phthalimidomethyl-4-methoxybenzene 5 (1 g, 3.75 mmol), 2-chloropropionyl chioride (1.1
mL, 11.10 rmmol), and aluminium trichloride (1.5 g, 11.25 mmol) using the same procedure as described for
compound 8. The crude product was purified by column chromatography using hexane/ EtOAc: 2/1) as
eluent. Recrystallization from hexane/EtOAc gave compound 16 (0.26 g, 20.4% yield) as yellow solid; mp
148-150°C. IR(KBr)(cm'1) 3052 (aromatic C-H), 2979-2920 (aliphatic C-H), 1726 {C=0}); 'H NMR(CDCI,) &
1.77 (d, J = 6.8 Hz, 3H, CH,-CH(CI)-CO), 4.82 (s, 1H, CH,-N), 5.37 (q, J = 6.8 Hz, 2H, CH,-CH(CI)-CO),
6.99 (d, J= 85 Hz, 1H, benzene H6), 7.64 (dd, J = B.5, 2.2 Hz, 1H, benzene HS), 7.71-7.89 (m, 4H,
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phthalimide), 7.97 (d. J= 2.2 Hz, 1H, benzene H3) 11.90 (s, OH exchangeable with D,0); E! MS(m/z) 343
(M", 7)., 307(92), 280(100), 160(96), 130(12), 105(29). Analysis calculated for C,gH, ,NO,CI (343.77) C,
62.89; H, 4.07; N, 4.07; Found C, 62.78; H, 4.17, N, 4.17.

4-Phthalimidomethyl-1,2-diacetoxybenzene (17). To a stirred solution of 4-phthlimidomethyl-1,2-
dihydroxybenzene 11 (0.t g, 0.56 mmol) in pyridine (0.5 mL), was slowly added acetyl chloride (0.15 mL,
2.11 mmol). The reaction mixture was adjusted to pH 7 with saturated sodium bicarbonate in an ice bath.
The mixture was extracted with EtOAc (3X30 mL). The combined EtOAc layers were dried over anhydrous
sodium sulfate and evaporated under reduced pressure. The crude product was purified by column
chromatography using hexane/EtOAc: 2/1 as eluent. Recrystallization from hexane/EtOAc gave compound
17 (0.06 g, 45.7 % yield) as white solid; mp 101-102°C. iR(KBr)(cm'1) 3094-3071 (aromatic C-H)}. 2963
{ahphatic C-H), 1720 (C=0}; 'H NMR(CDCL,) O 2.26 {s. 3H. CH;-COO0), 2.27 (s, 3H, CH,-CO0), 4.82 (2H,
CH,-N), 7.14 (d, J = 8.0 Hz, 1H, benzene HB), 7.30-7.39 {m, 2H, benzene H3, HS3), 7.69-7.87 (m, 4H,
phthalimide); EI MS(m/z) 311(26), 269(100), 160(15), 122(22). Analysis calculated for C,gH,;NO, (353.33)
C.64.59; H, 428, N, 3.96; Found C, 6467, H, 4.14;: N, 413,

4-Phthalimidomethyl-1,2-dipropionyloxybenzene {18). Compound 18 was synthesized from 4-
phthalimidomethy!-1,2-dihydroxybenzene 11 (0.15 g, 0.56 mmol), propionyl chioride (0.2 mL, 2.29 mmol),
and dry pyridine {0.5 mL} using the same procedure as described for compound 17. After evaporation, the
residue was purified by column chromatography using hexane/EtOAc; 2/1 as eluent. Recrystallization from
hexane/EtOAc gave compound 18 (0.05 g. 35.3% yield) as white solid; mp 113-114°C. IR(KBr)(ch) 3050
(aromatic C-H), 2982-2940 (aliphatic C-H), 1726 (C=0); H NMR(CDCI;) O 1.22 (1, J = 7.8 Hz, 3H, CH,-
CH,-COO0), 1.23 (t, J = 7.8 Hz, 3H, CH,-CH,-COO}, 253 (g, J = 7.8 Hz, 2H, CH,-CH,-CO0), 254 (q. J =
7.8 Hz, 2H, CH;-CH,-C0OQ), 4.92 (2H, CH,-N), 7.12 (d, J = 8.4 Hz, 1H, benzene HG}, 7.28-7.37 (m, 2H,
benzene H3, H5), 7.68-7.86 (m, 4H, phthalimide). El MS{m/z) 325(25), 269(100), 160(12), 122(17).
Analysis calculated for C,,H,;NO; (381.38) C, 66.14; H, 5.02; N, 3.67; Found C, 66.14; H, 5.11; N, 3.73.

4-Phthalimidomethyl-2,6-dipropionyl-1-hydroxybenzene (19}. The reaction of 1-phthalimido-
methyl-4-methoxybenzene and propionyl chloride in the presence of anhydrous aluminium trichloride as
described for compound 8, aiso provided compound 19 as the minor product. Afier further purification by
recrystallization with hexane/EtOAc, compound 19 was obtained (0.10 g, 6.5% yield) as white solid; mp
165-166°C. IR(KBr)(cm™') 3045 (aromatic C-H), 2982-2940 (aliphatic C-H), 1718 (C=0); 'H NMR(CDCI,) &
1.21 (t. J =74 Hz, 6H, 2XCH,-CH,-CQ), 3.09 (q, J = 7.4 Hz, 4H, 2XCH,-CH,-CO}. 4.81 (s, 2H, CH;-N),
7.70-7.88 (m, 4H, phthalimide), 8.07 (s, 2H, benzene H3, H5); EI MS(m/z 366( M +H, 24), 337(100), 319
{15), 207(22), 160(32), 130{18). Analysis calculated for C,,H,,NC; (365.38) C, 68.03; H, 5.24; N, 3.83;
Found C, 69.00; H, 5.38: N, 3.99.

3-Phthalimidopyridine (20).  Prepared according to the general procedure 1 using 3-
aminopyridine (500 mg, 5.3 mmol) and N-carbethoxyphthalimide (1.2 g, 5.5 mmol}. The crude product was
purified by recrystallization from CHClyhexane to obtain 120 mg of 20 (10% yield) as white solid; mp 174-

175°C; IR(KBr)(cm") 3035 (aromatic C-H), 2922-2855 (aliphatic C-H), 1710 {C=0); "H NMR(CDCI,) O 7.47
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(dd, J = 5.0, 8.0 Hz, 1H, pyridine HS5), 7.82-7.99 (m, 5H, [4H, phthalimide], [1H, pyridine H4]), 8.64 (dd, J =
1.6, 5.0 Hz, 1H, pyridine H6), 8.79 (d, J = 2.3 Hz, 1H, pyridine H2); EI MS(m/z) 224 (M, 90), 180(54), 104
(41), 76(100). Analysis calculated for C,3HgN,O, 0.1 H,0 (224.22) C, 69.62; H, 3.60; N, 12.50; Found C,
69.05; H, 3.57; N, 12.52.

3-Phthalimidomethylpyridine (21). Prepared according to the general procedure 1 using 3-
aminomethylpyridine (500 mg, 4.72 mmol) and N-carbethoxyphthalimide (1.1 g, 5.02 mmol). The crude
product was purified by column chromatography (EtOAc/hexane: 4/1) to afford 440 mg of 21 (39% yield) as
white solid; mp 153-154°C; IR(KBr){cm ) 3096-3026 (aromatic C-H), 2950 (aliphatic C-H), 1710 (C=0); 'H
NMR(CDCI,) o 4.87(s, 2H, -CHy-N), 7.24-7.28 (m, 1H, pyidine H5), 7.73-7.86 (m, 5H, [4H, phthalimide],
[1H, pyridine H4)), 8.53 (dd, J = 1.76, 4.91 Hz, 1H, pyridine H6), B.72 (d, J = 2.11 Hz, 1H, pyridine H2); Ei
MS(mvz) 238(M’, 100), 181(23), 105(64), 76(48). Analysis calculated for CaHpN,O, (238.25) C, 70.57; H,
4.23; N, 11.76;: Found C, 70.59; H, 4.25; N, 12.27.

2-Phthalimidomethylpyridine (22). Prepared according to the general procedure 1 using 2-
aminomethylpyridine (500 mg, 4.72 mmol) and N-carbethoxyphthalimide (1.1 g, 5.02 mmol). The crude
product was purified by column chromatography (EtOAc/hexane: 3/1} to afford 716 mg of 22 (65% yield) as
white solid; mp 123-124°C; IR(KBr)(cm'1) 3107-3045 (aromatic C-H), 2936 (aliphatic C-H), 1700 (C=0), H
NMR(CDCl,) 3 5.02 (s, 2H, -CH,-N}, 7.17 {ddd, J = 1.05, 5.27, 7.37 Hz, 1H, pyridine H5}, 7.29 (d, J = 7.37
Hz, 1H, pyridine H3), 7.64 (dt, J = 1.76, 7.37 Hz, 1H, pyridine H4), 7.74-7.89 (m, 4H, phthalimide), 8.51-
8.54 (m, 1H, pyridine HB);, EI MS{m/z) 238 (M'. 100), 193(92), 160(32), 104(49), 76(59). Analysis calculated
for C, H;oN,O,(238.25) C, 70.57; H, 4.23; N, 11.76; Found C, 70.62; H, 4.24; N, 11.87.

3-Phthalimidomethyl-6-aminopyridine (23).
3-Aminomethyl-6-aminopyridine.  3-Aminomethyl-6-aminopyridine was synthesized using the same
procedure as described for 5-(2-aminoethyl)-1,3-benzodioxole from 6-aminonicotinamide (1.0 g, 7.29 mmaol)
and lithium aluminium hydride (330 mg, 869 mmol). The crude amine was purified by flash
chromatography (CHCIly/MeOH: 5/1 and 1% NH,OH) to provide pale yellow oil (850 mg, 94%), IR(neat)
(cm ') 3359, 3222 (N-H), 2890-2960 (aliphatic C-H), 1395 (C-N), 1511 {bending C-H), 843 (oop N-H.
3-Phthalimidomethyl-6-aminopyridine (23). Prepared according to the general procedure 1 using 3-
aminomethyl-6-aminopyridine (450 mg, 3.65 mmol) and N-carbethoxyphthalimide (960 mg, 4.38 mmol).
The crude product was purified by column chromatography (EtOAc/hexane: 3/1) to afford 527 mg of 23
(54% yield); mp 189-190°C; IR(KBr)(cm'1) 3468, 3365 (N-H), 3059-3025 (aromatic C-H), 2956 (aliphatic C-
H), 1770 (C=0}; 'H NMR(CDCL) O 4.52 (s, 2H, -NH,), 4.70 (s, 2H, -CH,N), 6.44 (d, J = 8.4 Hz, 1H,
pyridine H5), 7.56 (dd, J = 2.6, 8.4 Hz, 1H, pyridine H4), 7.68-7.88 {(m, 4H, phthalimide), 8.18 (¢, J = 2.6
Hz, 1H, pyridine H2); EI MS(m/z) 253(M , 29), 196(10), 130(7), 120(21), 107(21), 94(22), 76(28). Analysis
calculated for C, H,,N;0, (253.26) C, 66.39; H, 4.37; N, 16.59; Found C, 66.23; H, 4.73; N, 16.69.

3-Phthalimidomethyl-6-methylpyridine {24).
3-Aminomethyl-6-methylpyridine.  3-Aminomethyi-6-methylpyridine was synthesized using the same
procedure as described for 5-(2-aminoethyl)-1,3-benzodioxole from 6-methylnicotinamide (1.0 g, 7.34 mmol)

and lithium aluminium hydride (350 mg, 9.22 mmol}. After purification by flash chromatography
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(CHCIy/MeOH: 9/1 and 1% NH,OH), the desired amine was obtained as yellow oil (702 mg. 78%); IR(neat)
(cm'1) 3340, 3300 {N-H), 3180 (heterocyclic C-H), 2910-2850 (aliphatic C-H), 1439 (bending C-H), 1380 (C-
N).
3-Phthalimidomethyl-6-methylpyridine (24). Prepared according to the general procedure 1 using 3-
aminomethyl-6-methylpyridine (200 mg, 1.63 mmol) and N-carbethoxyphthalimide (430 mg, 1.96 mmol). The
crude product was purified by column chromatography (EtOAc/hexane: 3/1) to afford 84 mg of 24 (16%
yield) as white solid; mp 131-132°¢C; IR(KBr)(cm'1) 3032 (aromatic C-H), 2947-2933 (aliphatic C-H), 1722
{C=0); 'H NMR{CDC!,) d 252 (s. 3H, CH;-Ar), 4.82 (s, 2H, -CH,-N), 7.11 (d, J = 7.6 Hz, 1H, pyridine H5),
7.68 (dd, J = 2.6, 7.6 Hz, 1H, pyridine H4), 7.68-7.88 (m, 4H, phthalimide), 8.59(d, J = 2.6 Hz, 1H, pyridine
H2); Bl MS(m/z) 252(M°, 100), 223(20), 195(25), 160(20), 119(71), 104(44), 93(24), 76(85). Analysis
calculated for C,.H,,N,O, (252.27) C, 71.41; H, 4.79; N, 11.10; Found C, 71.21; H, 4.78; N, 10.84,
2-Phthalimidomethyl-5-methylpyrazine (25). Prepared according to the general procedure 1
using 2-{aminomethyl)}-5-methylpyrazine (500 mg, 4.05 mmol) and N-carbethoxyphthalimide (1 g, 4.86
mmol}. The crude product was purified by column chromatography (EtOQAc/hexane: 3/1) to afford 419 mg of

25 (41% yield); mp 152-153°C; IR(KBr)(cm'1) 3105-3045 (aromatic C-H), 2960-2927 (aliphatic C-H), 1709

{C=0); H NMR(CDCI,) S 253 {s. 3H, CH,), 5.01 (s, 2H, -CH;-N), 7.72-7.91 (m, 4H, phthalimide), 8.36 (s,
1H, pyrazine H6), 8.53 (s, 1H. pyrazine H3); EI MS(m/z) 253(M", 100), 208(90), 194(12), 160(37), 132(27).
104(89), 76(69). Analysis calculated for C,,H,;N,O, (253.26) C, 66.39; H, 4.37; N, 16.59; Found C, 66.31;
H, 4.33; N, 16.64.

3-(2- Phthalimidoethyl)pyridine (26).
3-(2-aminoethyl)pyridine.  3-(2-aminoethyl)pyridine was synthesized using the same procedure as
described for 5-(2-aminoethyl)-1,3-benzodioxole from 3-pyridylacetonitrilie (1.0 g, 8.47 mmol) and lithium
aluminium hydride (400 mg, 10.54 mmol). After purification by flash chromatography (CHCIl/MeOH: 9/1
and 1% NH,OH), the desired amine was obtained as brown oil {870 mg, 94%); IR(neat)(cm'1) 3381, 3249
{N-H), 3045 (aromatic C-H), 2947-2874 (aliphatic C-H), 1433 (bending C-H), 1031 {C-N). 722 (heterocyclic
oop C-H).
3-(2-Phthalimidoethyl)pyridine (26). Prepared according to the general procedure 1 using 3-(2-
aminoethyl)pyridine (100 mg, 0.81 mmol} and N-carbethoxyphthalimide (220 mg, 0.89 mmol). The crude
product was purified by column chromatography (EtCActhexane: 4/1) to afford 142 mg of 26 (65% vyield) as
white solid: mp 143-144°C; IR{(KBr} cm-1) 3091 (aromatic C-H}, 2999-2940 (aliphatic C-H), 1716 (C=0); 1H
NMR(CDCI,) d 3.03 (t. J/ = 7.2 Hz, 2H, -CH,-CH,-N), 3.95 (t. J = 7.2 Hz, 2H, CH,-CH,-N), 7.21-7.25 (m,
2H, pyridine H5, H6) , 7.63 (d, J = 7.6 Hz, 1H, pyridine H4), 7.69-7.87 (m, 4H, phthalimide), 8.47 (s, 1H,
pyridine H2); EI MS(m/z) 252(M, 20), 160(100), 133(8), 105(21), 92(11), 77(28). Analysis calculated for
C1sHaN,0,(252.27) C, 71.41; H, 4.79; N, 11.11; Found C, 71.18; H, 4.42; N, 11.27.

2-(2-Phthalimidoethyl)pyridine (27). Prepared according to the general procedure 1 using 2-(2-
aminoethyl)pyridine (500 mg, 4.09 mmol) and N-carbethoxyphthalimide (1.1 g, 5.02 mmol). The crude
product was purified by column chromatography (EtOAc/hexane: 3/1) to afford 400 mg of 27 (39% yield) as

white solid; mp 174-175°C; IR(KBr)(cm ) 3019 (aromatic C-H), 2938 (aliphatic C-H), 1706 (C=0): 'H NMR
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(CDCL,) O 318 (t, J = 6.8 Hz, 2H, -CH,-CH,-N), 4.11 {t. J = 6.8 Hz, 2H. -CH,-CH,-N), 7.13 (ddd, J = 0.8,
4.8, 8.5 Hz, 1H, pyndine H5), 7.18 (d, J = 8.5 Hz, 1H, pyridine H3), 7.59 (dt, J = 2.0, 8.5 Hz, 1H, pyndine
H4), 7.70-7.73 (m, 4H, phthaiimide), 8.50-8.53 (m, 1H, pyridine H6): EI MS(m/z) 252(M ", 100), 160(86), 106
(63). 93(13), 77(31). Analysis calculated for C,sH,,N,0,(252.27) C, 71.41: H, 4.79: N. 11.11: Found C.
71.00; H, 4.83; N, 11.63.

2-Phthalimidomethylfuran (28). Prepared according to the general procedure 1 using
furfurylamine (1 g. 10.8 mmeol} and N-carbethoxyphthalimide (2.36 g, 10.8 mmol). After purification by
column chromatography (EtOAc/hexane: 3/1) yielded 944 mg of compound 28 (38% yield); mp 109-110°C;

IR(KBr)icm ') 3124 (aromatic C-H). 2940 (aliphatic C-H), 1722 (C=0): 'H NMR(CD,OD) & 4.86 (s, 2H,
-CH,-N). 6.31 {dd, J =19, 3.4 Hz, 1H. furan H4), 6.38 (d. 4 = 3.4 Hz, 1H, furan H3), 7.34 (d, J = 1.9 Hz,
1H, furan H5), 7.69-7.91 (m. 4H. phthalimide); El MS(m/z) 227(M . 79), 198(39), 170(25). 133(16), 104(41).
76(28), 28(100). Analysis calculated for C..H_NO, (227.05) C. 68.72; H, 3.99: N, 6.16; Found C, 68.71; H,
4.08; N, 6.33.

2-(2-Phthalimidcethyl)furan (29).
2-Furanmethylchloride. A mixture containing furfuryl alcohol (17 g, 173.5 mmol) in 100 miL of
methylenechloride and 14 mlL of dry pyridine was stimed at 0°C. To this mixture, freshly distilled
thionylchloride (13.75 g, 173.9 mmol) in 40 mL of methylenechloride was added dropwise under nitrogen
during 2 hours. The mixture was allowed to stir for six hours at 0°C. The reaction mixture was slowly
poured with stiming into 100 mL of ice water. The organic layer was washed with 100 mbL of water, 100 mtL
of saturated sodium bicarbonate, 100 mL of water, and 100 mL of brine sofution respectively. The organic
layer was dried over anhydrous sodium sulfate and evaporated in vacuo leaving the desired product as
vellow-brown liquid (153 g, 76%). The product was used directly for the next step without further
purification; IR(neat) (cm'x) 3131 (heterocyclic C-H), 2979 (aliphatic C-H), 1426 (bending C-H), 1267
{bending CH,-CI), 742 {(heterocyclic oop C-H).
2-Furanmethyicyanide. A solution of 2-furanmethylchloride (10.0 g. 856.8 mmol) and a catatytic amount of
benzyttrimethylammeoniumchloride in 50 mL of methylenechloride was stired at 0°C. To this mixture was
added dropwise of sodium cyanide (5.0 g, 102.9 mmol) in minimum amount of water. After the addition
was completed, the mixture was allowed to stir for 6 hours at 0°C. The crude reaction mixture was added
to 50 mL of water. The organic layer was separated and then washed with 3x50 mL of water and 50 mL of
brine soiution, dry over anhydrous sodiumn sulfate and then evaporated. After purification by column
chromatography (EtOAC/hexane: 1/5) the desired product was obtained as dark-brown oil (5.75 g. 62.6%);
IR(neat)(cmd) 3130 (heterocyclic C-H), 2930 (aliphatic C-H). 2227 (C=N), 1453 (bending C-H), 1025 (C-0O;,
796 {heterocyclic oop C-H).
2-(2-Aminoethyl}furan. 2-(2-Aminoethyl)furan was synthesized by using the same procedure as described
for 5-(2-aminoethyl)-1,3-benzodioxole from 2-furanmethylcyanide (5.0 g, 46.7 mmwol) and lithium aluminium
hydride (2.1 g, 5.04 mmol). The crude amine was shown as a tailing spot on TLC (CHClLy/MeOH: 9/1),
detected by ninhydrin reagent. After purification by flash chromatography (CHCl/MeOH: 9/1 and 1%
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NH,OH), the desired amine was obtained as yellow-brown oil (2.3 g, 43.3%): IR(neat)(ch) 3380, 3300 (N-
H), 3110 (heterocyclic C-H), 2960-2920 (aliphatic C-H), 1450 (bending C-H), 1205 {C-N).

2-(2-Phthalimidoethyl)furan (29). Prepared according to the general procedure 1 using 2-(2-aminocethyl)
furan (2 g, 18 mmol) and N-carbethoxyphthalimide (4.73 g, 21.6 mmol). The crude product was purifted by

column chromatography (CHCl/hexane: 3/1) to afford 1.4 g of 29 (32% yield) as yellow solid; mp 82-83°C;

IR(KBr)(cm ) 3098 (aromatic C-H), 2947-2920 (aliphatic C-H), 1722 (C=0); 'H NMR(CDCL,) & 2.23 (s, 2H.-
CH,-CH,-N), 4.80 (s, 2H, CH,-CH,-N), 5.86 (d, J = 4.3 Hz, 1H, furan H3), 624 {(dd, J = 2.1, 4.3 Hz, 1H,
furan H4), 7.21 (d, J = 2.1 Hz, 1H, furan H5), 7 65-7.90 (m, 4H, phthalimide); El MS(m/z) 241(M". 100), 198
(62), 170(31), 160(9}, 130(16), 104(36), 95(58), 76(61). Analysis calculated for C,,H,,NO, (241.24) C, 69.70:
H, 4.59; N, 56.80; Found C, 69.95; H, 4.56; N, 592

2-(2-Phthalimidoethyl}thiophene (30)
2-Thiophenemethyichloride. A mixture containing 2-thiophenemethanol (7 g, 61.4 mmol} in 100 mL of
methylenechloride and 5 mL of dry pyridine was stirred at 0°C. To this mixture, freshly distilled
thionylchloride (14.6 g, 122.8 mmol) in 40 mL of methylenechloride was added dropwise under nitrogen gas
during 2 hours. The mixture was allowed to stir for 6 hours at 0°C. The reaction mixtulre was slowly
poured with stirring into 100 mL of ice water. The organic layer was washed with 100 mL of water, 100 mL
of saturated sodium bicarbonate, 100 mL of water and 100 mL of brine solution. The organic layer was
dried over anhydrous sodium sulfate and evaporated in vacuo leaving the desired product as yellow-brown
liquid (5.5 g. 68%). 2-Thiophenemethylchloride was used directly for the next step without further
purification. IR(neat)(cm'1) 3107 (heterocyclic C-H), 2964 (aliphatic C-H), 1431 (bending C-H), 1262
(bending CH,-C!).
2- Thiophenemethylcyanide. A solution of 2-thiophenemethylchloride (5.0 g, 37.7 mmol) and a catalytic
amount of benzyltimethylammoniumchloride in 50 mL of methylenechloride was stirred at 0°C. To this
mixture, sodium cyanide (2.0 g, 40.8 mmol) in minimum amount of water was added dropwise. After the
addition was completed, the mixture was allowed to stir for & hours at 0°C. The crude mixture was added
50 mL of water. The organic layer was washed with 3x50 mL of water and 50 mL of brine solution, dried
over anhydrous sodium sulfate then evaporated. After purification by flash chromatography using
(EtOAc/hexane: 3/1), the desired product was obtained as yellow-brown oil (2.26 g, 49%), IR(neat)(cm'1)
3111 {heterocyclic C-H), 2955 (aliphatic C-H), 2255 (C=N), 1438, 1413 (bending C-H); H NMR(CDCL,) O
3.91 (s, 2H, -CH,-CN), 6.69 (dd, J = 4, 5.6 Hz, 1H, thiophene H3), 7.04-7.06 (m, 1H, thiophene H4), 7.27
(dd, J = 2.4, 4 8 Hz, 1H, thiophene H5).
2-(2-Aminoethyl)thiophene. 2-(2-Aminaethyl)thiophene was synthesized using the same procedure as
described for 5-(2-aminoethyl)-1,3-benzodioxole from 2-thiophenemethylcyanide (2.0 g, 16.2 mmol) and
lithium aluminium hydride (1.3 g, 34.3 mmal). After purification by flash chromatography (CHCI,/MeOH: 9/1
and 1% NH,OH), the desired amine was obtained as yellow oil (1.7 g, 82%); IR(neat)(cmd) 3366 and 3298
(primary N-H), 3106 (heterocyclic C-H), 2929, 2B67 (aliphatic C-H), 1443 (bending C-H), 1381 (C-N); "H
NMR (CDCl,) & 2.96 (s, 4H, -CH,-CH,-NH,), 3.25 (bs. 2H. exchangeable with D,O, -CH,-CH,-NH,), 6.82
(dd, J = 4 Hz, 1H, thiophene H3), 6.90-6.93 (m, 1H, thiophene H4), 7.11-7.16 (m, 1H, thiophene HS).
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2.(2-Phthalimidoethyl)thiophene (30). Compound 30 was synthesized according to the general procedure
1 from 2-(2-aminoethylijthiophene (500 mg, 3.94 mmol) and N-carbethoxy-phthalimide (864 mg, 3.94 mmol).
The crude product was purified by column chromatography (CHCly/hexane: 3/1) to provide white solid (695
mg, 69%); m.p. 128-130°C; IR(KBr)(cm ) 3120 (aromatic C-H), 2935-2861 (aliphatic C-H), 1715 (C=0); 'H
NMR(CDC!,) 8323 (t, J = 8 Hz, 2H, -CH,-CH;-N), 3.97 (t, J = 8 Hz, 2H, -CH,-CH,-N), 6.87-6.91 (m, 2H,
thiophene H3, H4), 7.14 (dd, J = 0.8, 5.6 Hz, 1H, thiophene H5), 7.71-7.84 (m, 4H, phthalimide); EI MS
(m/z) 257(M°, 14), 160(41), 110(100.00), 104(9), 97(24), 77(22). Analysis calculated for C,,H,,NO,S
(257.31) C, 65.36; H, 4.31; N, 5.45; Found C, 65.58; H, 3.94; N, 5.88.

2-Phthalimidomethyl -3,4-dihydro-2H-pyran {31)
3,4-Dihydro-2H-pyran-2-carboxamide. A mixture containing sodium 3, 4-hydro-2H-pyran-2-carboxylate (10
g, 66.62 mmol), anhydrous sodium carbonate (1.13 g, 10.66 mmol), ethyl iodide (8.2 mL, 16 g, 102.56
mmol), a trace amount of hydroquinone and N, N-dimethylformamide 80 mL was stirred vigorously for 3
hours at 80-100°C. After cooling to room temperature, the mixture was extracted with 100 mL of benzene
and 100 mL of water. The organic layer was washed with 3x80 mL of water, dried over anhydrous sodium
sulfate and evaporated in vacuo. The crude ester was stired vigorously at 80°C with concentrated
ammonium hydroxide 100 mL until the mixture became homogeneous. The sclution was allowed to cool to
room temperature and after crystallization had begun, the mixture was placed in an ice bath to crystallize.
The mixture was filtered and the crystalline was washed with small amounts of ice water. The crystalline
amide was dried in a vacuum desicator and yielded the desired ester product 3.6 g (43%); m.p. 114-115°C;
IR(KBr)(cm'1) 3401 and 3197 (N-H). 2954-2876 (aliphatic C-H), 1666 (C=0); 'H NMR(CDCly) S 1.82-2.31
(m, 4H, -CH,-CH,-), 4.29 (dd, J = 3.12, 8.91 Hz, 1H —CH,-CH-0-), 4.80-4.84 {m, 1H, -CH=CH-0-), 6.38 (td,
J =223, 624 Hz, 1H, -CH=CH-0C-), 6.52 {bs, 2H, CO-NH,).
3.4-Dihydro-2H-pyran-2-methanamine. 3 .4-Dihydro-2H-pyran-2-methanamine was synthesized using the
same procedure as described for 5-(2-aminoethyl)-1,3-benzodioxcle from 3.4-dihydro-2H-pyran-2-
carboxamide (3.0 g, 26.5 mmol) and lithium aluminium hydride (2.0 mg, 52.7 mmol). The crude product
was purified by flash chromatography (CHCl;/MeOH: 9/1 and 1% NH,OH) to provide pale yellow oil {1.65 g,
62%). IR(neat)cm’) 3380 and 3306 (N-H), 2973-2873 (aliphatic C-H), 1458, 1442 (bending C-H), 1379 (C-
N}.
2-Phthalimidomethy!-3,4-dihydro-2H-pyran (31). Compound 31 was synthesized according to the general
procedure 1 from 3 4-dihydro-2H-pyran-2-methanamine (500mg, 2.06 mmol) and N-carbethoxyphthalimide
(452 mg, 2.06 mmol). The crude product was purified by column chromatography (EtOAc/hexane: 2/1) to
provide white solid (550 mg, 51%); m.p. 95-96°C; IR(KBr)(cm'1) 3061 (aromatic C-H), 2950-2848 (aliphatic
C-H), 1725 (C=0y), 'H NMR(CDCI,) 01.63-2.14 (m, 4H, -CH,-CH,-), 3.71-4.20 (m, 2H, -CH,-N), 4.18 (it, J =
1.76, 8.78 Hz, 1H, -CH,-CH-0-), 4.68-4.71 (m, tH, CH=CH-O), 6.30 (td, J = 2.11, 6.32 Hz, 1H, -CH=CH-
0-), 7.73-7.86 (m, 4H, phthalimide); E! MS{m/z) 243(M*, 5}, 225(14}), 160(36), 148(14), 104(23), 96{100), 83
(64), 76(41), 67(19), 55(48). Analysis calculated for C,,H,3NO; (243.26) C, 69.11; H, 5.39; N, 5.76; Found
C,69.71; H, 4.76; N, 6.28.
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4-(2-Phthalimidoethyl)morpholine (32). Prepared according to the general procedure 1 using 4-
(2-aminoethyl)morpholine (1 g, 7.68 mmol} and N-carbethoxyphthalimide (2 g, 9.21 mmel). The crude
product was purified by column chromatography (EtOAc/hexane: 3/1) to afford 669 mg of 32 (33% vyield) as
white solid; mp 127-128°C; IR(KBr)(cm') 3026 (aromatic C-H), 2960-2800 (aliphatic C-H), 1716 (C=0): 'H
NMR(CDCl3} 8 2.51 (t, J = 4.4 Hz, 4H, 2xO-CH,-CH,-N), 2.63 (t, J = 6.4 Hz, 2H, -CH,-CH,-NCO), 3.63 (t, J
= 4.4 Hz, 4H, 2 x O-CH,-CH,-N), 3.82 (t, J = 6.4 Hz, 2H, -CH,-CH,-NCOQ), 7.70-7.87 {m, 4H, phthalimide):
El MS(m/z) 260(M’, 1), 174(2), 160(11), 104(12). 100(100), 76{13). Analysis calculated for C,,H,sN,O,
(260.29) C, 64.60; H, 6.19; N, 10.76; Found C, 64.35; H, 6.24; N, 10.80.

4-(3-Phthalimidopropyl)morpholine (33). Prepared according to the general procedure 1 using 4-
(3-aminopropyl)morpholine (500 mg, 3.47 mmol) and N-carbethoxyphthalimide (910 mg, 4.15 mmoi). The
crude product was purified by column chromatography (EtOAc/hexane: 3/1) to afford 400 mg of 33 (42%
yield) as white solid; mp 59-61°C; IR(KBr)(ch) 3060 (aromatic C-H), 2953-2814 (aliphatic C-H), 1729
(C=0); 'H NMR(CDCl,) 8 1.78-1.92 (m. 2H, -CH,-CH,-CH,-NCO), 2.30-2.44 (m, 6H, [2x-O-CH,-CH,-NJ{-
CH,-CH,-CH,-NCQY]), 3.50 (t. J = 7.0 Hz, 4H, 2 x O-CH,-CH,-N), 3.76 {t, J = 7.8 Hz, 2H, -CH,-CH,-CH,-
NCO), 7.68-7.86 (m, 4H, phthalimide); El MS(m/z) 275(M +H, 20), 160(3), 126(6), 100(100), 70(10), 56(14).
Analysis calculated for C,.H,;N,0, (274.32) C, 65.66; H, 6.62; N, 10.22; Found C, 65.71; H, 6.52; N, 10.18.

1-Phthalimidomethyl-4-methylbenzene (34). Prepared according to the general procedure 2
using phthalimide (500 mg. 3.40 mmol)., 4-methylbenzyl bromide (1.0 mL, 7.54 mmol) and paotassium
hydroxide solution (130 mg, 2.32 mmo!) 10 mL. The crude preduct was purified by column chromatography
using hexane/EtOAc: 2/1 as eluent. Recrystallization from CHC!/CH,OH gave compound 34 (0.41 g, 43%
yield) as white needle crystal, mp. 117-118°C; IR(KBr)(cm") 3065 (aromatic C-H), 2940 (aliphatic C-H),
1726 (C=0); 'H NMR(CDCl,) O 2.36 (s. 3H, CH,), 4.78 (s, 2H. CH,-N), 7.10 (d, J = 7.8 Hz, 2H, benzene
H3, H5). 7.31 (d, J = 8.1 Hz, 2H, benzene H2, H6). 7.64-7.70 (m, 2H, phthalimide H3', H4'), 7.81 (dd, J =
3.0, 5.4 Hz, 2H, phthalimide H2', H5'); El MS(m/z) 251(M’, 100), 236(60), 208(13), 160(20), 130(27), 105
(14), 104(27), 77(16). Analysis calculated for C,;H,;NO, (251.28) C, 76.48; H, 521; N, 5.57; Found C,
76.93, H, 5.45; N, 542,

1-Phthalimidomethyl-2-methylbenzene (35). Prepared according to the general procedure 2
using phthalimide (2 g. 13.6 mmol), 2-methylbenzyl bromide (4 mlL, 29.4 mmol) and potassium hydroxide
solution (310 mg, 55 mmol) 10 mL. The crude product was purified by column chromatography using
hexane/EtOAc: 4/1 as eluent. Recrystallization from CHCI,/CH,OH gave compound 35 (1.50 g, 44.7%
yield) as white needle crystal, mp. 158-159°C; 1R(KBr)(cm'1) 3087 (aromatic C-H), 2920 (aliphatic C-H),
1705 (C=0); 'H NMR(CDCl,} O 2.46 (s, 3H, CH;), 4.85 (s, 2H, CH,-N), 7.09-7.15 (m, 3H, H3, benzene H5,
H6), 7.21-7.25 (m, 1H, benzene H4), 7.67-7.73 (m, 2H, phthalimide H3', H4'), 7.84 (dd, J = 3.0, 5.4 Hz, 2H,
phthalimide H2', H5'); EI MS(m/z) 251(M", 100), 236(20), 160(23), 130(10), 104(53), 78(14). Analysis
calculated for C,,H,,NO, (251.28) C, 76.48; H, 5.21; N, 5.57; Found C, 76.92; H, 5.54; N, 5.43.

1-Phthalimidomethyl-3-methyoxybenzene (36). Prepared according to the general procedure 2

using phthalimide (2 g, 13.6 mmol), 3-methoxybenzyl chloride (4 mL, 29.5 mmol) and potassium hydroxide
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solution (310 mg, 5.5 mmol) 10 mL. The crude product was purified by column chromatography using
hexane/EtOAc: 4/1 as eluent. Recrystallization from CHCI/CH,OH gave compound 36 {0.50 g, 13.8%
yield) as white solid crystal, mp. 126-167°C; IR(KBr)(cm ') 3039 (aromatic C-H). 2953 (aliphatic C-H), 1709
(C=0); " NMR(CDCi,) O 3.76 (s, 3H, OCH;). 4.80 (s, 2H, CH,-N), 6.78 (dd, J = 1.9, 8.2 Hz, 1H. benzene
H2), 6.95 (d, J = 2.4 Hz, 1H, benzene H6), 6.79 (d. J = 7.5 Hz. 1H, benzene H4), 7.21 (t. J = 8.1 Hz, 1H,
benzene HS), 7.66-7.72 (m, 2H, phthalimide H3', H4"), 7.82 (dd, J = 3.0. 5.4 Hz, 2H, phthalimide H2'. H5')
El MS{m/z) 268(M*+H. 29), 267(100), 234(28). 206(30), 180(9). 130(9). 77(10). Analysis calculated for
CyH;3NO, (267.28) C, 71.80; H, 4.90; N, 5.24; Found C, 71.78: H, 5.11; N. 4 89.

1-Phthalimidomethy!-3-benzonitrile (37). Prepared according to the general procedure 2 using
phthalimide (1 g. 6.79 mmol), 3-(bromomethy) benzonitrile (2.7 g. 13.8 mmol) and potassium hydroxide
solution (160 mg, 2.85 mmol) 10 mL. The crude product was purified by column chromatography using
hexane/EtOAc: 1/2 as eluent. Recrystallization from CHCI,/CH,OH gave compound 37 (1.50 g, 44.7%
vield) as white solid crystal, mp. 148-149°C; IR(KBr)(cm") 3072 (aromatic C-H), 2947 (aliphatic C-H), 2242
(C=N), 1705 (C=0y; H NMR(CDCI,) O 4.81 (s. 2H, CH,-N), 7.41 (t, J = 7.8 Hz, 1H, benzene H5), 7.54 (d.
J =78 Hz, 1H, benzene HB), 7.65 {(d. J = 7.8 Hz, 1H, benzene H4), 7.68 (s, 1H, benzene H2), 7.71-7.75
(m, 2H, phthalimide H3', H4'), 7.84 (dd, J = 3.0, 5.4 Hz, 2H, phthalimide H2', H5'); El MS(m/z) 263(M +H,
61), 262(100), 244(67), 233(24), 205(22). 130(10). 105(19), 77(9). Analysis calculated for C H,,N,O,
(262.27) C, 73.27; H, 3.84; N, 10.68; Found C, 73.69. H, 3.94; N, 10.59.

1-Phthalimidomethyl-3-nitrobenzene (38). Prepared according to the general procedure 2 using
phthalimide (2 g. 13.6 mmol), 3-nitrobenzyl chloride (5 g. 29.1 mmol) and potassium hydroxide solution (310
mg, 5.5 mmol) 10 mL. The crude product was purified by column chromatography using hexane/EtQAc; 4/1
as eluent. Recrystallization from CHCI,/CH,0H gave compound 38 (1.31 g, 34.2% yield) as white needle
crystal, mp. 163-164°C; IR(KBr)(cm") 3087 (aromatic C-H), 2933 (aliphatic C-H), 1719 (C=0), 'H NMR
{CDCl,) O 492 (s. 2H, CH,-N), 7.49 (t, J = 7.8 Hz, 1H, benzene H5), 7.69-7.75 (m, 3H, benzena H6E,
phthalimide H3', H4'), 7.85 (dd. J = 3.0. 5.4 Hz, 2H, phthalimide H2'. H5'), 8.11 (dd. J = 0.9, 7.8 Hz, 1H,
benzene H4), 8.25 (s. 1H. benzene H2); EI MS{m/z) 281(M , 11), 265(100), 266(23). 235(68), 207(9), 179
(5). 130(8), 77(8). Analysis calculated for C,;H,,N,O, (282.25) C, 63.83; H. 3.54; N, 9.93; Found C, H, N,

1-Phthalimidomethyl-4-tert-butylbenzene (39). Prepared according to the general procedure 2
using phthalimide {1 g. 6.79 mmol). 4-tert-butyl benzyl bromide (2.4 mL. 13.2 mmol) and potassium
hydroxide solution (160 mg. 2.85 mmol) 10 mL. The crude product was purified by column chromatography
using hexane/EtOAc: 4/1 as eluent. Recrystallization from CHCI/CH,OH gave compound 39 (063 g,
31.7% yield} as white solid crystal, mp. 93-94°C; IR(KBr)(crn'i) 3072 (C-H aromatic), 2966 (C-H aliphatic),
1716 (C=0); 'H NMR(CDCl,) O 1.25 (s, 9H. -C(CH,),). 4.79 (s. 2H, 2H, CH,-N), 7.31 (d. J = 8.4 Hz, 2H,
benzene H2, HE), 7.36 (d, J = 8.4 Hz, 2H, benzene H3, H5), 7.66-7.69 {m, 2H, phthalimide H3', H4'), 7.81
(dd. J = 3.1, 5.4 Hz, 2H, phthalimide H2', H5'); EI MS{mv/z) 293(M’, 16), 278(100), 236(28). 160(47), 131
(35), 130(12). Analysis calculated for C,gH,;NO, (293.36) C, 77.79; H, 6.23; N, 4.77; Found C, 7761: H,
6.75. N, 4.50.



30

| e &
#1un 2 mmﬂaauqnﬁumwu ﬂﬂl‘i)ﬂfl‘ﬂﬁ HIV-1 reverse transcriptase
3y

38 Radiometric assay

Mmmesaugnilunistutaanle’ reverse transcriptase 1au3% radiometric assay toulaaifily
1lu recombinant reverse transcriptase, poly(rA) war oligo(dT) i template-primer, [methyl-aH]-thymidine
triphosphate iflu substrate  laplFasAguaseWldnnnududu 200 pgimL FITEINEION incubate f
37°C 1Jwran 60 wi# udriaEurmnsdudanas incorporation 189 substrate 191 11flu template-primer T
w389 scintilation counter  @IRlilu positive control fia doxorubicin hydrochloride (adriamycin
hydrochloride) agﬁuﬁ-ﬁﬁqnﬁﬁ'mf\nau'ltnu“lﬁmnn'h 70 % inhibition UM IC,,

SEmmeraungmilesaziduadiecsaluil

1. Buffer and reagents preparation

1.1 Preparation of 10 mL of the buffer mixture solution.

Dw 7.57 mL

1M Tris HCI pH 8.0 1.0 miL

2M KCI 0.5 mL

1M Mg(OAc), 0.1 mL

2M dithiothreitol (DDT) 0.03 mL

2.5% Nonnidet P-40 08 mL

1.2 Preparation of substrate solution per sample.
Buffer mixture solution 5025 pbL

DW 120 L

CH] dTTP 025 L

1.3 Preparation of enzyme solution per sample.
Buffer mixture solution 100 pL

BSA 20 uL
Recombinant RT 0.1 118

2. Assay of RT (complete system)
The reaction mixture for the standard RT assay (final volume 100 pL) contained the following:

Substrate solution 625 pL
Poly(rA).oligo(dT) 100 pL
bw 104 pL
Sample solution 5.0 ML
Enzyme solution 1214 puL

The synthesized compound was adjusted to 4 pg/pL with DMSO. The enzyme solution was added
immediately before incubation. The reaction mixture was incubated at 37°C for 60 minutes and then

tsrminatedbybomngatwo"Cbrwninutes.Eightprofeadrassaymixturewasappliedtoz:ch
circular Whatman DE 81 cellular paper and dried for 1 hour. The membrane was washed batchwise with
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(4X7 mL) disodium hydrogenphosphate (Na,HPO,), followed by 2X7 mL of water and 2 mL of absolute
ethanol. The membrane was dried and then transferred to a vial containing scintillation fluid (5 mL). The
radioactivity was measured by a liquid scintillation counter.
3. Positive control of inhibitors

The positive control of inhibitors was performed by using doxorubicin hydrochloride. The reaction

mixture (final volume 100 LIL) contained the following:

Substrate solution 62.5 pL
Poly(rA).oligo(dT) 10.0 KL
DwW 104  p
Doxorubicin hydrochloride {(14.5 Lig/|U) 5.0 HL
Enzyme solution 12.1 HL

The reaction mixture was incubated at 37°C for 60 minutes and followed the same procedure for the

assay of RT.
4. Positive control of tested solution (complete system - sample)

The positive control assay consisted of DMSQ instead of the synthetic compound. The reaction

mixture (final volume 100 LL) contained the following:

Substrate solution 62.5 HL
oW 10.4 nL
DMSO 50 ML
Poly(rA).oligo{dT) 10.0 pL
Enzyme solution 121 KL

The reaction mixture was incubated at 37°C for 60 minutes and followed the same procedure for the

assay of RT.
5. Negative control of tested solution {(complete system - RT)

The negative control assay consisted of the same constituents as the assay of RT, but the RT was

omitted. The reaction mixture {final volume 100 LIL) contained the following:

Substrate solution 62.5 pL
Poly(rA).oligo{dT) 10.0 pL
Buffer mixture solution 10.0 918
BSA 20 uL
DMSO 50 L
bw 10.5 pL

The reaction mixture was incubated at 37°C for 60 minutes and followed the same procedure for the

assay of RT.
6. Inhibition of RT activity
The inhibition of the incorporation of 3H labeled substrates [3H]d'lTP into a polymer fraction by RT in

the presence of the samples was calculated as follows:
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% iR = 1 - [cpm(complete system) - cpm(complete system - RT)] x 100

[cpm(complete system - sample) - cpm(complete system - RT)]

% IR = percent of relative inhibitory ratio briefly called % inhibition

cpm = count per minute

complete system = reaction mixture which consisted of RT, template-primer, substrate, sample, and
other reagents

complete system - RT = reaction mixture which consisted of template-primer, substrate, and other
reagents.

complete system - sample = reaction mixture which consisted of RT, template-primer, substrate, and
other reagents.

All experiments were perforrmed in triplicate. The average of the 2 closely data values obtained from

the experiment was used to calculate % IR (% inhibition).

@15197 3 uaaalnTIrIIuas % inhibition #ildannimasaulayds radiometric assay mww:a&ﬁuﬁ‘ﬁﬁ
% inhibition MIANTY 70 % WIWIWIAN IC,, WULIN 4-phthalimidomethyl-1,2-dihydroxybenzene 11, 2-
phthalimidoethylfuran 29 uas 2-phthalimido-5-methylpyrazine 25 \lluanWuslu 3 §reuuInfasnnnisudale
ﬁﬁqﬂ laofifn IC, iy 60.90, 98.10 uar 120.75 pg/mL @WAAL  BUNKEAINETIIM IC dninen
delavirdine #siiein ICs, WYitNU 502.22 pg/ml Fal% poly(rA).oligo(dT) \flu template-primer ua: [3H]dTrP

(tJU substrate)
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Comparative Molecular Similarity Indices Analysis (CoMSIA)
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CoMSIA L TuIFAGaUUaIMNIN CoMFA Tamifn molecular potential field 7finduquaninilaan
electrostatic WRs steric field (%W hydrophobic field, hydrogen bonding field (Usznaueae hydrogen bond
donor U8: hydrogen bond acceptor field) 33Hasdulm similarity index v&4 filed aons12lasly probe
atom fuudazlaana anules3t pLs rayUeanuuiluannisuas contour map LEwWALINLAE CoMFA
Taud steric uat electrostatic contour map TWABINY CoMFA waiaziig hydrophobic, hydrogen bond donor
uA: hydrogen bond acceptor contour map @93 TLS1IEeN4 e]u.a'hLwia:ﬁ’muwhu‘inmfumiﬁnejua:ﬂau
ﬁﬁﬂmauﬁakﬂu hydrophobic, hydrophilic, hydrogen bond donor %3® hydrogen bond acceptor Feazvinlw

a &
activity LWULU
F5nsuasduaowlwn15@ns1 CoMFA Uaz CoMSIA

1. Biological activity data of phthalimide derivatives
The synthesized phthalimide compounds were tested for their HIV-1 reverse transcriptase inhibitory
activity by radiometric assay. The results of the inhibitory activity were reported as percentage of inhibition

and used as dependent variables in 3D QSAR studies.

2. Generating the three-dimensional (3D) structure

The 3D structures of phthalimide derivatives were modeled with SYBYL 6.8 molecular modeling
program (Tripos Associates, Saint Louis, MO) on Indigo Etan workstation (Siticon Graphics Inc., Mountain
View, CA) using sketch approach. The fragment libraries in SYBYL database containing of small molecules
were also used as building blocks for construction of larger ones. Each structure was first energy
minimized using the standard Tripos force field (Powell method and 0.05 kcal/mol” A energy gradient
convergence criteria) and electrostatic charge was assigned by Gasteiger-Hlckel method.  These
conformations were used as starting conformations to perform docking by Flexidock option in SYBYL. The
conformations obtained from docking were further optimized by MOPAC 6.0 (PM3) and these conformations

were used in the following 3D QSAR studies.

3. Structural alignment

Due to no x-ray crystallographic data of molecules in the training set available, two different alignment
methods, superimposition and field fit, were performed.

3.1 Superimposition

The superimposition of molecules in the alignment was based on trying to minimize root-mean-squares
(rms) differences in the fitting of selected atoms with template atoms. Compound 25 with the highest
percent inhibition (84%) was used as template molecule. All atoms of the benzene moiety of the
phthalimide structural element and the pyrazine ring were selected for superimposition. Conformations
which exhibited minimum of rms after superimposition procedure, were selected and stored in the database

for the next step.
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3.2 Field fit

The field fit procedure was used as the second alignment criteria to increase field similarity within a
series of molecules. In the field fit operation, the rms difference in the sum of steric and electrostatic
interaction energies averaged across all (possibly weighted) lattice points, between molecules in the training
set molecule and template molecule was minimized to find the best fit. The same template molecule and
atoms of template molecule were also used in field fit alignment. All molecular conformations obtained from
superimposition were used to calculate the steric and electrostatic field around the molecules to find the

best field fit.

4. CoMFA Set up

CoMFA was performed using the QSAR option of SYBYL version 6.8. The steric and electrostalic
energies were generated using sps-carbon as probe atom with a +1 charge (default probe atom in SYBYL
program). A 2.0 A grid spacing and a distance-dependent dielectric constant were chosen. The cutoff

value for both steric and electrostatic interaction was set to 30 kcal/mol at the beginning.

5. CoMSIA Set up

CoMSIA was performed using the QSAR option of SYBYL version 6.8. Five physicochemical
properties (steric, electrostatic, hydrophobic, and hydrogen bond donor and acceptor) were evaluated, using
a common probe atom with 1 A radius, charge +1, hydrophabicity +1, hydrogen bond donor and acceptor
properties +1. Similarity indices were calculated using Gaussian-type distance dependence between the
probe and the atoms of the molecules of the data set. This functional form requires no arbitrary definition

of cutoff limits, and the similarity indices can be calculated at all grid points inside and outside the molecule.

The value of the attenuation factor Ol was set to 0.3.

6. PLS Calculations and Validations

PLS methodology was used for all 3D-QSAR analyses. The grid had a resolution of 2.0 A and
extended beyond the molecular dimensions by 4.0 A in all directions. Column filtering was set to 2.0
kcal/mol. CoMFA and CoMSIA models were developed using the conventional stepwise procedure. The
optimum number of components used to derive the non-validated model was defined as the number of
components eading to the highest cross-validated ; (qz) and the lowest standard error of prediction (SEP).
The q2 values were derived after “leave-one-out” cross-validation. The non-cross-validated models were
assessed by the explained variance rz. standard error of estimate (S) and F ratio. The non-cross-validated
analyses were used to make predictions of the percent inhibitions of the phthalimide compounds from the
test set and to display the coefficient contour maps. The actual versus predicted percent inhibitions of the
test phthalimide compounds were fitted by linear regression, and the “predictive” rz. S, and F ratio were

determined.
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7. QSAR Coefficient Contour Maps

The visualization of the results of the best CoMFA and CoMSIA models have been performed using
the “StDev*Coeff” mapping option contoured by contribution. Favored and disfavored levels fixed at 80%
and 20%, respectively. The contours of the CoMFA and CoMSIA steric maps are shown in green (more
bulk is favored) and yellow (less bulk is favored). The electrostatic fields of both CoMFA and CoMSIA
contours are colored blue {positive charge is favored) and red (negative charge is favored). The contours
of the CoMSIA hydrophobic fields are colored yellow (hydrophobic groups enhance activity) and white
(hydrophilic groups enhance activity). The hydrogen bond field contours show regions where hydrocgen
bond acceptors (magenta} on the receptor enhance the activity and hydrogen bond donor (cyan) increase

the activity.

Han13ANE) CoMFA
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AT 4 HanIRii@uay CoMFA (grid space 2.0 A, column filtering 2 kcal/mol and energy cutoff 40

kcal/mol)
Cross-validation Non-crossvalidation
Descriptors q SEP Optimal ¢ S F
components
steric+electrostatic 0.688 13.327 6 0.996 1.510 618.924
+HOMO
Contributions
Steric Electrostatic HOMO
0.343 0.476 0.181
Pred. Pred.
%0
R '
- - ) J
. * F =09
S 7 - 0.9% ] .
- . S = 3138
L 5 =310 oo 4 0 F = 19685
M F = 618924 -
- ' . ’ . st : . Act,
0 8o 16 70
(@) (b)

[y L .
31]11 1 N7 plot s=niAN % inhibition MeinnInaaad (actual) WAZFNAIAIINMTAIUIN (predicted)

198 CoMFA QSAR model 189 training set (a) Wa:c test set (b)
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MINN5  Wevad CoMSIA

Descriptors Cross-validation Non-cross-validation
2 ) 2
q Optimal r ) F
components
Steric (S) 0.017 2 0.510 15.21 9.368
Electrostatic (E) 0.032 2 0.621 13.38 14.731
Electrostatic+steric 0.027 1 0.437 15.87 14.721
HB acceptor (A) 0.453 4 0.848 8.98 22.304
HB donor (D) 0.007 3 0.343 18.12 2.957
Acceptor + donor 0.433 6 0.860 9.23 14 .289
Hydrophobic (H) 0.063 2 0.785 10.07 32.892
S+E+A+D+H 0.616 6 0.985 3.02 152.101
S+E+A+H 0.629 6 0.994 1.90 389.280
Contributions
Steric Electrostatic Hydrophabic HB Acceptor
0.094 0.235 0.213 0.458
Pred. Predg
80 )
70 .
] .
; .
i F =094 r =099)
§ = 1502 te . § =2386
' 1 .- F =189280 10 1 - F =103 426
v Act. . T T T T Act
10 80 1o 7o

(a) (b)

< L . AW e . ,
$UN 2 n7 plot 32191961 % inhibition AldanA1maase (actual) wazdIA laIINNTFEIUIN (predicted)

1ot CoMSIA QSAR model 124 training set (a) WLt test set (D)
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(a) (b)

31J?'| 3 CoMFA contour maps: (a) Steric contour map: u?ntu.ﬁrﬁmu.imoﬁm?nmﬁn‘ziﬂmgunuﬁﬁﬁmu‘m
ngjesifn activity u?nruimﬁmuamﬁau‘inmﬁmsﬁugunuﬁﬁﬁ‘ummﬁm:tﬁ'u activity (b) Electrostatic
contour map: u?nmﬁtfﬁLﬁuuanaﬁau?nmﬁmsﬁ“gunuﬁﬁ'ﬂﬂsza‘mn (electron density MWILUWKBL) 0:
WAL activity u?ntuﬁumuamﬁw’n‘zmﬁmvﬂugunuﬁﬁﬁm:qau (electron density WHILKUNIN) TZLAY
activity

(a) (b)

{c) (d)

‘.nh'“l 4 CoMSIA contour maps. (a) Steric contour maps. (b) Electrostatic contour maps. (¢) Hydrophobic
contour map: u"inmﬁmﬁaauamﬁw’inmﬁmsﬁngunuﬁﬁn'Ju hydrophobic 3ziWy activity U3tmdu3
urmatiorFamAnrringunuiifidu hydrophilic azifva activity (d) Hydrogen bond acceptor contour map:
u?nmi:hauimaﬁazﬁnmﬁmsﬁngunuﬁﬁ;ﬂu hydrogen bond acceptor WY activity USLIMALAILAN
ﬁau?nmﬂ:'ﬁﬁﬂljunuﬁﬁl.ﬂu hydrogen bond acceptor vza# activity
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nsAnHUGATEINTUiUIzwINIeuAUT phthalimide fulawlesf HIV-1 reverse transcriptase lau33
docking 15TUunsy AutoDock 3.0 vinlu personal computer Iﬂﬂﬁnu’]ﬁuagﬁuﬁ— phthalimide wunswad 1, 11,
25 uaz 33 (mamef 3) lapdanaw % inhibition ﬁﬁﬁ‘nﬂmnmadamﬁoéﬁﬁqﬁmga las9a$e x-ray
crystal w23 HIV-1 reverse transcriptase ‘ulnssadofiiawlmisuny nevirapine %atﬂumlumju non-

. [ 4 [ . . o a - o & o - .
nucleoside nsAN®IATIRE1Y nevirapine WludmiFouifioy FEmsuartuaaulunisvin docking dasaluil

The X-ray crystal structures of HIV-1 reverse transcriptase (HIV-1 RT) binding sites complexed with
inhibitor, nevirapine (3HVT) was obtained from the Brookhaven Protein Data Bank (PDB). The docking
procedure was performed with version 3.0 of AutoDock program. It combines a rapid energy evaluation
through pre-calculated grids of affinity potentials with a variety of search algorithms to find suitable binding
positions for a hgand on a given protein. In AutoDock, the protein is required to be rigid, the program
allows torsional fiexibility in the ligand. Docking study of phthalimide compounds with HIV-RT was carried
out using the Lamarckian genetic algorithm, applying a standard protocol, with an initial population of 100
randomly placed individuals, a maximum number of 1.5/10° energy evaluations, a mutation rate of 0.02, a
crossover rate of 0.80, and an elitism value of 1. One hundred independent docking runs were carried out
for each ligand. Results differing by less than 1.5 A in positional root mean-square deviation (rmsd)} were

clustered together and represented by the result with the most favorable free energy of binding.

1. Ligand setup

The structures of the ligands were generated with SYBYL 6.8 and optimized by the MOPAC 6.0
(PM3) interface. Atomic charges were assigned using the Gasteiger-Marsili formalism, which is the type of
atomic charges used in calibrating the AutoDock empirical free energy function. Finally the compounds
were setup for docking with the help of AutoTors utility, the main purpose of which is to define the torsional

degrees of freedom to be considered during the docking process.

2. Protein setup
The structure of the HIV-1 RT catalytic core domain was obtained by X-ray analysis of the complex

with nevirapine (PDB 3HVT). The enzyme, subunit A which is the only cne monomer in the asymmetric
unit where the position of the ligand could be determined was selected. The structure of enzyme was setup
as follows: polar hydrogens were added using the PROTONATE utility, solvation parameters were added to

the final protein file using ADDSOL utility of AutoDock 3.0.

3. Grid setup
The grid maps representing the protein in the actual docking process were calculated with

AutoGrid. The grids (one for each atom type in the ligand, plus one for electrostatic interactions) were
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chosen to be sufficiently large to include not only the active site but also significant portions of the
surrounding surface. The dimensions of the grids were thus 40 A x 40 A x 40 A, with a spacing of 0.375 A
between the grid points and the center placed at mid point between Tyr181 and Lys103.
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MI1TN 6 UFAINATEY docking 100 independent run & wiLLAaE ligand (@13) 1e amino acid residue #

a - . . P - -~
urauiludntudu amino acid nausoiia H-bond NU ligand

Ligand 'NM bfm ‘AGW H-bond distance Angile of plane Contacting residues
(kcalimol) | (A) with Lys103 (degree)
Nevirapine 1 100 -8.93 3.804 113.699 Prog5, Leu100, Lys101,

Lys103, vVal106, Tyr1838,
Tyr181, Trp229

1 5 12 -7.22 - 107.233 Prog5, Leu100, Lys101,
Lys103, Val106, Tyr188,
Tyr181, Trp229

11 6 33 -8.09 2.117, 2.487 109.356 Pro95, Leu100, Lys101,
Lys103. Val106, Tyr188,
Tyr181, Trp229

25 2 22 -7.96 2.590 110.059 Prog5, Leu100, Lys101,
Lys103, Val106, Tyr188,

Tyr181, Trp229

33 17 4 -8.04 1.746 100.801 Prog5, Leu100, Lys101,
Lys103, Val106, Tyr188,
Tyr181, Trp229

'Nu is the total number of clusters; bfu is the number of results in the top cluster is given by the frequency

of occurrence; CAGM, is the estimated free energy of binding for the top cluster results and is given in

kcal/mol.
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