
CHAPTER III

EXPERIMENTS

Instruments

1. Infrared Spectrophotometer:
Perkin-Elmer model FT-IR 1760 X.
Perkin-Elmer model FT-IR 16 PC.
Perkin-Elmer model 283

2. Nuclear Magnetic Resonance Spectrometer:
Jeol JNM-A500 (500MHz)

3. Mass Spectrophotometer:
Kratos model Profile.
Varian Star 3 4 0 0  c x .  /Varian Saturn GC/MS/MS 4 D .

4. Melting Point Apparatus:
Buchi capillary melting apparatus. 5

5. CHNS/O Analyser:
Perkin Elmer PE 2400 Series II
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Chemicals

Acetone (Merck)
4-Aminopyridine (Nacalia tesque)
Aniline (Merck)
Dioxane (Merck)
Ethanol, Absolute (Merck)
30% Hydrogen peroxide solution 
4-Nitroaniline (Fluka)
Potassium cyanate (Wako Pure Chemical Industries)
Potassium thiocyanate (Merck)
2-Propylpentanoic acid (Sigma)
Sodium hydroxide
Sodium sulfate, anhydrous (Merck)
Stannic chloride (Merck)
Thionyl chloride (Laboratory grade)
2-Toluidine (Merck)
4-Toluidine (Merck)
Ail Solvents used were either B.P. or laboratory grade. 

2-PropylpentanoyI chloride

A 6.50 g (0.045 mole) of 2-propylpentanoic acid was dropwisely 
added to 5.85 g (3.60 ml, 0.050 mole) of thionyl chloride, then the 
mixture tvas stirred at room temperature overnight. The excess thionyl
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chloride was removed in vacuo to yield crude 2-propyIpentanoyl chloride 
which was not further purified and had been stored in closed bottle.

N-(2-PropyIpentanoyl)-N'-phenylthiourea

A 2.90 g (0.018 mole) of 2-propylpentanoyl chloride was 
dropwisely added into a solution of 1.95 g (0.020 mole) of potassium 
thiocyanate in dry acetone. After completion of the addition, the mixture 
was refluxed for 10 minutes. Then, a solution of 1.67 g (0.018 mole) of 
aniline in dry acetone was added at such a rate that the solution could be 
refluxed gently. After refluxed for 1 hour, the mixture was evaporated by 
rotatory evaporator. The residue was washed with adequate water, and 
filtered through the filtering paper. Recrystallization from hexane gave 
3.47 g ( 69.3 % yield ) of pale yellow needles of N-(2-propylpentanoyl)- 
N'-phenylthiourea, melting point 110.0-111,0°c.
IR : 3200 cm' vN-H thioimide
(KBr) 3040 - 3000 cm' 1 vC-H aromatic

2960 - 2870 cm' 1 vC-H aliphatic
1690 cm' 1 v O O amide
1600 cm' 1 v O C aromatic
1535 cm' 1 8 N-H amide
1315 cm' 1 V c=ร thiourea
1240 cm' 1 vC-N amide
740 cm' 1 8 C-H out-of -plane
(Figure 11 )
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H-NMR 0.93 ppm ( 6 H, t, .7=7.3 Hz, C//.Î-CH2-)
(CDCI3) l .36 ppm ( 4H, m, CH 3-C H 2-CH 2- )

1.48 ppm ( 211, m, CH3-CH2-C H r  )
1.66  ppm ( 2 H, m, CH3-CH2-C H 2- )
2.30 ppm ( 1H, m, -CH - )
7.26 ppm ( 1 H, t, J  = 7.6 Hz, aromatic )
7.40 ppm ( 2H, t , ./ = 7.9 Hz, aromatic )
7.67 ppm ( 2H, d ,./ = 8.2 Hz, aromatic )
8.96 ppm ( 1H, br ร, -NH-CS-/V//- )
12.54 pm ( 1H, br ร, -C O -N H -C S -)

1 ว _ __ _ _

(Figures 12-13)

13C-NMR : 14.00 ppm (2C : C-5', C-3") 
(CDCI3) 20.60 ppm (2C : C-4', C -2 ")

34.66 ppm (2C : C-3', C-l")
43.28 ppm (1C: C-2')
124.00 ppm (2C : C-2'", C-6 '")
126.80 ppm (1C : C-4'")
128.80 ppm (2C : C-3'", C-5'") 
137.48 ppm (1C : C-l'")
177.73, 178.22 ppm (2C : C-2, C-l') 
(Figure 14)
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EIMS (% relative intensity) : 278 (Mf, 16), 249 (16), 236 (15), 194 (5),
153 (46), 135 (35), 93 (41), 77 (28), 57 
(100), 43 (43)
(Figure 15)

CHN analysis for C15H22N2O1 Si % Calcd ; c : 64.75, H : 7.91, N : 10.07
% Found ; c : 64.75, H : 7.88, N : 9.92

N -(2 -P ro p y Ip en ta n o y I)-N '-p h en y Iu rea

Four ml of 10 % sodium hydroxide solution and 4 ml of 30 % 
hydrogen peroxide solution was slowly added to a chilled solution of
2.60 g N-(2-propylpentanoyl)-N'-phenylthiourea in acetone, respectively. 
The mixture was kept in an ice bath for 30 minutes, then another 4 ml 
portion of NaOH and H2O2 were again added. After left to stand for 30 
minutes, acetone was distilled oft7 by rotatory evaporator. The residue 
was added with 30 ml of water and extracted with 3 X 30 ml of 
ethylacetate. The organic fraction was dried over anhydrous sodium 
sulfate and then evaporated in vacuo. The product was crystallized from 
aqueous ethanol to afford 1.96 g ( 80.0 % yield ) of white needles of N- 
(2-propylpentanoyl)-N'-phenyIurea, melting point 81.0 - 82.0 °c.

IR : 3220 cm' 1 V N-H imide
(KBr) 3120 cm' 1 V N-H amide

2960 - 2880 cm' 1 V C-H aliphatic 
1700 cm' 1 V c=0 carbamoyl



45

1690 cin 1 V c=0 amide
1600 cm-1 V c=c aromatic
1550 cm' 1 5 N-FI amide
1230 cm' 1 V C-N amide
750 cm' 1 8 C-H out-of -plane
(Figure 16)

'H-NMR 0.93 ppm ( 6H, t , ./ = 7.3 Hz, CH 3-CH2-)

(c d c 13) 1.36 ppm ( 4H, m, CH3-C//2-CH2- )
1.50 ppm ( 2H, m, CH3-CH2-C H r  )
1.70 ppm ( 2H, m, CH3-CH2-C//2- )
2.42 ppm ( 1H, m, -C H - )
7.12 ppm ( 1H, t, J  = 8.2 Hz, aromatic )
7.33 ppm ( 2H, t , J  =  8.2 Hz, aromatic )
7.54 ppm ( 2H, d, ./=  8.2 Hz, aromatic )
9.83 ppm ( 1H, brs, -NH-CO-N H -)
10.81 ppm ( 1H, br ร, -C O -N H -C O - )
(Figure 17-18)

,3C-NMR : 13.94 ppm (2C : C-5', C-3")
(CDCI3) 20.60 ppm (2C : C-4', C-2")

34.55 ppm (2C:C-3',C -l")
47.42 ppm (1C: C-2')
120.17 ppm (2C : C-2"', C-6'")

124.23 ppm (1C : C-4'")
128.92 ppm (2C : C-3'", C-5'")
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137.23 ppm (1C : C-l'")
152.15 ppm (1C : C-2)
179.18 ppm (1C : C-l')
(Figure 19)

EIMS (% relative intensity) : 262 (M+ ,48), 233 (9) , 191 (4), 136 (5),
119 (100), 99 (9), 93 (86), 91 (11), 77 
(13), 57 (6 6), 43 (19)
(figu re 20)

CHN analysis of 0 ,5แ 22̂ 0 2 % Calcd ; c : 68.70, H : 8.40, N : 10.69
% Found ; c : 68.94, H : 8.33, N : 10.57

N-(2-PropyIpentanoyI)-N'-(4-methylphenyl)thiourea

A 4.25 g (0.026 mole) of 2-propylpentanoyl chloride was 
dropwisely added into a solution of 2.72 g (0.028 mole) potassium 
thiocyanate in dry acetone. After completion of the addition, the mixture 
was refluxed for 10 minutes. Then, a solution of 2.81 g (0.026 mole) 4- 
toluidine in dry acetone was added at such a rate that the solution 
refluxed gently. After refluxed for 2 hour, the mixture was evaporated by 
rotatory evaporator until the residue became pasty. The mixture was 
added with 50 ml of water and extracted with 3 X 30 ml of ethylacetate. 
The organic fraction was dried over anhydrous sodium sulfate and then 
evaporated in vacuo. The product was crystallized from aqueous



methanol to afford 4.88 g ( 64.3 % yield) of pale yellow needles of N-(2- 
propylpentanoyl)-N'-(4-methylphenyl)thiourea, melting point 96.0-98.0
°c.
IR : 3232 cm" V N-H thioimide

2962 - 2871 cm' 1 V C-H aliphatic
1684 cm"1 V c=0 amide
1600 cm"1 V c=c aromatic
1539 cm"1 8 N-H amide
1331 cm' 1 5 N-H thiourea
1250 cm' 1 V C-N amide
736 cm"1 ร C-H out-of -plane
(Figure 2 1 )

‘H-NMR 0.93 ppm ( 6H, t, .7=7.3 Hz, CH3-CH2-)
(CDC13) 1.35 ppm ( 4H, m, CH3-C//2-CH2- )

1.47 ppm ( 2H, m, CH3-CH2-C//2- )
1.66  ppm ( 2H, m, CH3-CH2-CH2- )
2.32 ppm ( 1H, m, -CH-)
2.35 ppm (3H, ร, P-CH3)
7.20 ppm ( 2H, d, .7 = 7.9 FIz , aromatic )
7.51 ppm ( 2H, d, .7 = 8.6 Hz , aromatic )
9.18 ppm ( lH ,br ร, -NH-CS-A77- )
12.46 pm ( lH ,br ร, -C O -N H -C S- )
(Figure 22-23)
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nC-NMR : 13.96, 14.02 ppm (2C : C-5', C-3")
(CDC13) 20.57, 21.00 ppm (2C : C-4', C-2")

21.05 ppm (1C :/7-CH3)
34.66 ppm (2C : C-3', C-l")
43.02 ppm (1C : C-2')
124.07 ppm (2C : C-2'", C-6 '")
129.38 ppm (2C : C-3"', C-5'")
134.88 ppm (1C : C-4'")
136.72 ppm (1C : C-l'")
177.83, 178.32 ppm (2C : C-2, C-l')
(Figure 24)

EIMS (% relative intensity) : 186 (3), 149 (14), 127 (20), 106 (40), 91
(15), 77 (8), 57 (100), 41 (47)
(Figure 25)

CHN analysis of C16H24N2O1 ร 1% Calcd ; c : 65.75, H : 8.22, N : 9.59
% Found ; c : 65.90, H : 8.15, N : 9.52

N-(2-PropyIpentanoyl)-N'-(4-methylphenyI)urea

Three ml of 10 % sodium hydroxide solution and 3 ml of 30 % 
hydrogen peroxide solution was added to a chilled solution of
1.55 g N-(2-propylpentanoyl)-N'-(4-methylphenyl)thiourea in acetone, 
respectively. The mixture was kept in an ice bath for 45 minutes, then 
another portion of 3 ml NaOH and 3 ml H2O2 were again added. After
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being left (o stand for 45 minutes, the acetone was distilled off by 
rotatory evaporator. The residue was added with 30 ml of water and 
extracted with 3 x 3 0  ml of ethylacetate. The organic fraction was dried 
over anhydrous sodium sulfate and then evaporated in vacuo. The 
product was crystallized from aqueous ethanol to afford 1.16 g ( 79.2 % 
yield ) of white needles of N-(2-propylpentanoyl)-N'-(4-methylphenyl) 
urea, melting point 90.0 - 91.0 °c.
IR 3231 cm"1 V N-H imide

3133 cm"1 v N-H amide
2980 - 2850 cm"1 V C-H aliphatic
1688 cm"1 V c=0 carbamoyl
1600 cm"1 V c=c aromatic
1551 cm' 1 5 N-H amide
1237 cm"1 8 C-N amide
816, 759 cm"1 8 C-H out-of -plane
(figure 26)

'H-NMR 0.93 ppm ( 6H, t, .7 = 7.2 Hz, CH 3-CH2-)
(CDC13) 1.36 ppm ( 4H, m, CH3-C//2-CH2- )

1.49 ppm ( 2H, m, CH3-CH2-C H 2- )
1.67 ppm ( 2H, m, CH3-CH2-ŒG- )
2.32 ppm ( 3H, ร, P-C H 3)
2.37 ppm ( 1H, m, -CH - )
7.13 ppm ( 2H, d, J  =  8.4 Hz, aromatic )
7.41 ppm ( 2H, d, J  = 8.4 Hz, aromatic )
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9.25 ppm ( 1H, br ร, -NH-CO-M/- )
10.65 ppm ( 1H, br ร, -CO-NH-CO- )
(Figure 27-28)

,3C-NMR : 13.96 ppm (2C : C-5', C-3")
(CDC13) 20.61 ppm (2C : C-4', C-2")

20.80 ppm (1C : /7-CH3)
34.57 ppm (2C : C-3', C-l")
47.68 ppm (1C: C-2')
124.15 ppm (2C : C-2 '", C-6'")
129.43 ppm (2C : C-3'", C-5'")
133.79 ppm (1C: C-4'")
134.65 ppm (1C : C-l'")
152.12 ppm (1C: C-2)
179.11 ppm (1C: C-l')
(Figure 29)

EIMS (% relative intensity) : 276 (M+,5), 205 (1), 144 (9), 133 (47), 106
(1), 91 (15), 77 (37), 65 (14), 57 (59), 43 
(55), 41 (100)
(Figure 30)

CHN analysis of C16H24N2O2 % Calcd ; c : 69.56, H : 8.70, H : 10.14
% Found ; c : 69.58, H : 8.62, N : 10.03
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N-(2-PropyIpentanoyl)-N'-(2-inethylphenyl)thiourea

A 3.30 g (0.020 mole) of 2-propylpentanoyl chloride was 
dropwisely added into a solution of 2.13 g (0.022 mole) potassium 
thiocyanate in dry acetone. After completion of the addition, the mixture 
was reflux for 10 minutes. Then, a solution of 2.14 g (0.020 mole) 2- 
toluidine in dry acetone was added at such a rate that the solution 
refluxed gently. After refluxed for 3 hour, the mixture was evaporated by 
rotatory evaporator. The mixture was added with 50 ml of water and 
extracted with three 30 ml portion of ethylacetate. The organic fraction 
was dried over anhydrous sodium sulfate and then evaporated in vacuo. 
The residue was crystallized from aqueous methanol to afford 3.86 g 
(66.1 %  yield ) of pale yellow needles of N-(2-propy]pentanoyl)-N'- 
phenylthiourea, melting point 167.0 - 168.0 °c.

1R 3182 cm' 1 V N-H imide
(KBr) 2990 -2871 cm' 1 V C-H aliphatic

1692 cm' 1 V c=0 amide
1535 cm' 1 5 N-H amide
1321 cm*1 6 N-H thiourea
1247 cm' 1 V C-N amide
560 cm' 1 8 C-H out-of -plane
(figure 31)



’H-NMR
(c d c 13)

13C-NMR : 
(CDCI3)

0.95 ppm ( 6H, t, ,7=7.3 Hz, CM3-CH2-)
1.38 ppm ( 4M, m, CH3-CY/2-CH2- )
1.51 ppm ( 2H, m, CH3-CH2-C H r  )
1.68 ppm ( 2H, ทา, CH3.CH2-C H 2. )
2.26 ppm ( 1H, m, -CH - )
2.31 ppm ( 3H, ร, 0 -C H 3)
7.24 ppm ( 3H, complex , aromatic )
7.74 ppm ( 1H, d, ,7=7.3 Hz, aromatic )
8.75 ppm ( 1H, br ร, -NH-CS-7V/7- ) 
12.14 ppm ( 1H, br ร, -C O -N H -C S- ) 
(Figure 32-33)

14.02 ppm (2C : C-5', C-3")
17.89 ppm (1 C : 0-CH3)
20.62 ppm (2C : C-4', C-2" )
34.67 ppm (2C : C-3', C-l")
48.18 ppm (1C: C-2')
126.09 ppm (1C : C-6 '")
126.34 ppm (1C : C-4'")
127.55 ppm (1C: C-3'")
130.70 ppm (1C : C-5'")
133.13 ppm (1C : C-2'")
136.21 ppm (1C : C-l'")
177.81, 179.28 ppm (2C : C-2, C-l') 
(Figure 34)
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EIMS (% relative intensity) : 186 (3), 149 (20), 127 (23), 106 (49), 99
(6), 72 (13), 57 (100), 41 (54)
(Figure 35)

CHN analysis of C16H22N20 ,ร, % Calcd ; c : 65.75, H : 8.22, N : 9.59
% Found ; c : 65.77, H : 8.08, N : 9.52

N-(2-Propylpentanoyl)-N'-(2-methyIphenyl)urea

Four ml of 10 % sodium hydroxide solution and 4 ml of 30 % 
hydrogen peroxide solution was added to a chilled solution of 2.00 g of 
N-(2-propylpentanoyl)-N'-(2-methylphenyl)urea in acetone, respectively. 
The mixture was kept in an ice bath for 30 minutes, then another 3 ml 
portion of NaOH and H20 2 were again added. After being left to stand 
for 30 minutes, acetone was distilled off by rotatory evaporator. The 
residue was added with 30 ml. of water and extracted with 3 X 30 ml of 
ethylacetate. The organic fraction was dried over anhydrous sodium 
sulfate and then evaporated in vacuo. The product was crystallized from 
aqueous ethanol to afford 1.56 g (82.5 % yield) of white needles of N-(2- 
propylpentanoyl)-N'-(2-methylphenyl)urea, melting point 90.0 -91.0 °c.
IR 3227 cm' v N-H imide
(KBr) 3135 cm' 1 V N-Fl amide

3000 - 2940 cm' 1 V C-H aliphatic 
1700 cm' 1 V c=0 carbamoyl 

cm' 11616 V c=c aromatic



1563 cm' 1 5 N-H amide 
cm' 1 6 C-H out-of -plane759

(figure 36)

’H-NMR
(CDC13)

0.92 ppm ( 6H, t, ,7 = 7.3 Hz, C//3-CH2-)
1.37 ppm ( 4H, m, CH3-C7/2-CH2- )
1.50 ppm ( 214, m, CH3-CH2-C //r )
1.71 ppm ( 2H, m, CH3-CH2-C H 2- )
2.36 ppm ( 3H, ร , O-CH3 )
2.46 ppm ( 1 H ,1 U , -CH - )
7.05 ppm ( 1H, dt, .7=7.5, 0.9 Hz, aromatic )
7.20 ppm ( 2H, complex , aromatic )
8.06 ppm ( 1H, dd, ,7= 8.5, 0.9 Hz, aromatic)
10.14 ppm ( 1H, brs, -NH-CO-A/77-)
10.77 pm ( lH ,br ร , -C O -N H -C O - )
(Figure 37-38)

13C-NMR : 13.96 ppm (2C : C-5\ C-3") 
(CDC13) 18.06 ppm (0-CH3)

20.62 ppm (2C : C-4', C-2")
34.59 ppm (2C : C-3', C-l ") 
47.90 ppm (1C : C-2')
121.25 ppm (1C : c-6 "')
124.33 ppm (1C : C-4'") 
126.52 ppm ( 1C : C-3"')
128.03 ppm (lC :C -5 '")



130.35 ppm (1C :C-2"')
135.76 ppm (1C : C-l'")
151.92 ppm (1C : C-2)
179.08 ppm (1C : C-l')
(Figure 39)

EIMS (% relative intensity) : 276 (M+,19, 144 (30), 133 (100), 107 (42),
91 (19), 79 (13), 77 (28), 72 (48), 65 (13), 
57 (80), 41 (73)
(Figure 40)

CHN analysis ofCi6H24N202 % Calcd ; c : 69.56, FI : 8.70, N : 10.14
% Found ; c : 69.64, H : 8 .6 6 , N : 10.15

N-(2-PropylpentanoyI)-N'-(4-nitrophenyI)thiourea

A 3.60 g (0.022 mole) of 2-propylpentanoyl chloride was 
dropwisely added into a solution of 2.33 g (0.024 mole) potassium 
thiocyanate in dry acetone. After completion of the addition, the mixture 
was refluxed for 10 minutes. Then, a solution of 3.04 g (0.022 mole) 4- 
nitroaniline in dry acetone was added at such a rate that the solution 
refluxed gently. After 2 hours of refluxing, the mixture was evaporated 
by rotatory evaporator until the residue became pasty. The mixture was 
added with 50 ml of water and extracted with three 30 ml portions of 
ethylacetate. The organic fraction was dried over anhydrous sodium 
sulfate and then evaporated in vacuo. The product was recrystallized
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from aqiieous methanol to afford 4.30 g (60.5 % yield) of pale yellow 
needles of N-(2-propylpentanoyl)-N'-(4-nitrophenyl)thiourea, melting 
point 115.0-116.0 °c.
IR : 3369 cm' V N-H thioimide
(KBr) 2958 cm' 1 V C-H aliphatic

1688 cm' 1 V c=0 amide
1578 cm' 1 8 N-H amide
1510 cm' 1 V C-NO2 asym
1305 cm' 1 V C-NO2 sym
849,752 
(Figure 41)

cm' 1 8 N-H out-of-plane

'H-NMR 0.94 ppm ( 6H, t, J  = 7.3 Hz, CH 3-CH2-)
(CDC13) 1.38 ppm ( 4H, m, CH3-C//2-CH2- )

1.52 ppm ( 2H, m, CH3-CH2-C H 2- )
1.68 ppm ( 2H, m, CH3-CFI1-C H 2- )
2.34 ppm ( 1H, เท, -C H - )
8.01 ppm ( 2H, dd, J  = 9.2, 2.1 Hz, aromatic
8.27 ppm ( 2H, dd, J  = 9.2, 2.1 Hz, aromatic
9.16 ppm ( 1H, br ร, -NH-CS-À97- )
13.07 ppm ( 1H, br ร, -C O -N H -C S- )
(Figure 42-43)

13C-NMR : 13.91,13.97' ppm (2C : C-5\ C-3")
(CDCI3) 20.56 ppm (2 c : C-4\ C-2")
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34.55 p p m (2 C :C -3 ',C -n  
48.21 ppm (1C : C-2')
123.07, 123.15 ppm (2C : C-2'", C-6'")
124.43, 124.51 ppm (2C : C-3'", C-5'")
143.10 ppm (1C : 4')
145.07 ppm (1C : C-E)
178.16, 178.19 ppm (2C : C-2, C-l')
(Figure 44)

El MS (% relative intensity) : 323 (M+, 7), 198 (4), 196 (1), 180 (6), 164
(2), 150 (13), 134 (8), 108 (10), 97 (7), 90 
(13), 72 (18), 54 (100), 41 (76)
(Figure 45)

CHN analysis of C15H21N3O3S1 % Calcd ; c : 55.73, H : 6.50, N : 13.00
% Found ; c : 55.82, H : 6.54, N : 12.91

N-(2-PropyIpentanoyl)-N'-(4-mtroplienyl)urea

Two ml of 10 % sodium hydroxide solution and 2 ml of 30 % 
hydrogen peroxide solution was added to a chilled solution of 1.25 
g N-(2-propylpentanoyl)-N'-(4-nitrophenyI)thiourea, respectively. The 
mixture was kept in an ice bath for 30 minutes, then another portion of 2 
ml.NaOH and 2 ml. H2O2 were again added. After left to stand for 30 
minutes, the residue was added with 30 ml of water and extracted with 
three 30-ml portions of ethylacetate. The organic fraction was drided
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over anhydrous sodium sulfate and then evaporated in vacuo. The 
residue was recrystallized from aqueous ethanol to afford 0.68 g (57.28 
% yield) of yellow needle of N-(2-propylpentanoyl)-N'-(4-nitrophenyl) 
urea, melting point 140.0 - 141.5 °c.

IR : 3220 cm'
3147 cm'
3000 - 2850 cm' 1

1697 cm'
1600 cm'
1513 cm'
1341 dll'
784 cn' 1

(Figure 46)

V N-11 imide
V N-H amide
V C-H aliphatic
V c=0 amide
V c=c aromatic
V C-NO2 a s y m

V C-NO2 sym
§ C-H out-of-plane

’H-NMR
(CDCI3)

0.95 ppm ( 6H, t, .7 = 7.3 Hz, C H 3 -C U 2 -)

1.38 ppm ( 4H, ni, CH3-C//2-CH2- )
1.54 ppm ( 2FI, m, C H 3 -C U 2 -C H 2 -  )
1.70 ppm ( 2H, m, CH3-CH2- C H 2- )
2.40 ppm ( 1H, m, - C H -  )
7.71 ppm ( 2H, dd,,/ = 9.2, 2.1 Hz, aromatic )
8.23 ppm ( 2FI, dd,./ = 9.2, 2.1 Hz, aromatic )
9.35 ppm ( 1H, br ร, -NH-CO-/V/7- )
11.24 ppm ( 1H, br ร, -CO-MY-CO- )
(Figure 47-48)
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I3C-NMR : 13.94 ppm (2C : C-5', C-3")
(CDC13) 20.64 ppm (2C : C-4', C-2 ")

34.51 ppm (2C : C-3', C-l")
48.05 ppm (1C: C-2')
119.62 ppm (2C : C-2'", C-6 '")
125.02 ppm (2C : C-3'", C-5'")
143.12 ppm (1C : C-4'")
143.74 ppm (1C : C-l'")
151.74 ppm (1C : C-2)
179.31 ppm (1C : C-l')
(Figure 49)

El MS (% relative intersity) : 307 (M+,4), 261 (2), 236 (2), 180 (2), 165
(6 ), 148 (3), 134 (16), 108 (11), 99 (7), 91 
(41), 72 (28), 57 (64), 41 (100)
(figure 50)

CHN analysis of C15H21N3O4 % Calcd c  : 58.63, H : 6.84, N : 13.68
% Found c  : 58.60, H : 6.93, N : 13.72

N -(2 -P r o p y Ip e n ta n o y l)-N '-(4 -p y r id in y l)u re a

A 2.50 g (0.015 mole) of 2-propylpentanoyl chloride and 4 
drops of stannic chloride (S11CI4) was dropwisely added to a suspension 
of 1.38 g (0.017 mole) potassium cyanate in dry dioxane, respectively. 
The mixture was heated at 120°c for 7 hours, and then added to a
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suspension of 4-animopyridine in dry dioxane. After stirred for half an 
hour, 50 ml of water was added to the mixture and extracted with 
chloroform. The organic fraction was dried over anhydrous sodium 
sulfate and then evaporated in vacuo. The residue was recrystallized 
from ethyl acetate to afford a 1.24 g (31.4 % yield ) of clear, cubic-like 
crystals of N-(2-propylpentanoly)-N'-(4-pyridinyl)urea, melting point
153.0-154.5 ๐c.

IR : 3228 cm V N-H imide
(KBr) : 3148 cm1 V N-H amide

2962 - 2870 cm1 v C-H aliphatic
1734 cm1 V c=0 carbamoyl
1688 cm' 1 V c = 0  amide
1585 Gill' 1 V c=c pyridine
1385 cm' 1 8 C-H aliphatic
(Figure 51 )

’H-NMR:
(CDCI3)

0.94 ppm (6H,t, ,7=7.3 Hz, C77rCH2-CH2) 
1.37 ppm (4H, m, CH3-C//2-CH2-)
1.52 ppm (2H, m, CH3-CH2-C//2-)
I. 70 ppm (2H, m, CH3-CH2-C H 2-)
2.43 ppm (1H, m, -C H -)
7.49 ppm (2H, dd,./=  5.8, 1.5 Hz, aromatic)
8.52 ppm (2H, d, .7=5.8 Hz, aromatic)
9.73 ppm ( 1H, br ร, NH-CO-/V/7-)
II. 06 ppm ( 1H, br ร, CO-A7/-CO)
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(Figure 52-53)

13C-NMR : 13.93 ppm (2C : C-5', C-3") 
(CDCl.i) 20.60 ppm (2C : C-4', C-2")

34.52 ppm (2C : C-3', C-l") 
47.86 ppm (IC : C-2')
1 14.16 ppm (2C : C-3'", C-5'") 
144.58 ppm (2C : C-4'")
150.44 ppm (1C : C-2'", C-6'") 
151.95 ppm (1C : C-2)
179.38 ppm (1C: C-l')
(Figure 54)

E1MS (% relative intensity) : 186 (1), 170 (2), 144 (10), 127 (31), 120
(34), 114 (8), 101 (37), 98 (35), 94 (15), 
72 (100), 65 (13),57 (30), 41 (74)
(Figure 55)

CHN anaylsis of C,4H2,N302 % Calcd c : 63.88, H : 7.98, N : 15.97
% Found c : 63.92, H : 8.15, N : 15.70



Figure 11. The DR. spectrum (KBr) of N-(2-propylpentanoyl)-N'-phenyl thiourea

to
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Figure 12. The 500 M H z ’H -N M R  spectrum  o f  N -(2 -p ropy lpen tanoy l)-N '-
pheny lth iourea  in C D C I3
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Figure 13. The 500 M H z !H -N M R  spectrum  o f  o f  N -( 2 -propylpen tanoyl)-N '-
pheny lth iourea in C D C I3  (E nlarged scale)
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Figure 13.(C ont.) The 500 M H z 'H -N M R  spectrum  o f  o f  N -( 2 -propylpentanoyl)-N '
pheny lth iourea in C D C I3  (E nlarged  scale) CN



Figure 14. The 500 M H z 1 3C -N M R  spectrum  o f  N -(2 -p ropy lpen tanoy l)-N '-
pheny lth iourea in C D C I3
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Figure 15 . The E IM S spectrum  o f N -( 2 -p ropy lpen tanoy l)-N '-pheny lth iourea
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Figure 16. The IR  spectrum  (K B r) o f  N -( 2 -p ropy lpen tanoy l)-N '-pheny lurea



Figure 17. The 500 M H z ’H -N M R  spectrum  o f  N -( 2 -p ropylpen tanoyl)-N '-phenylurea
m C D C I3
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Figure 18. The 500 MHz 'H-NMR spectrum of of N-(2-propylpentanoyl)-N - 
phenylurea in CDCI3 (Enlarged scale)
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Figure 18.(C ont.) The 500 M H z ‘H -N M R  spectrum  o f  o f  N -(2 -p ropy lpen tanoy l)-N '-
pheny lurea  in C D C I3 (E nlarged  scale)
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Figure 19. The 500 M H z 1 3C -N M R  spectrum  o f  N -(2 -p ropy lpen tanoy l)-N '-pheny lurea
m C D C I3
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Figure 20. The EIM S spectrum  o f  _N-(2 -p ropy lpen tanoy l)-N '-pheny lurea
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Figure 21. The LR. spectrum  (K Br) o f  N -(2-propy lpen tanoy l)-N '-(4 -m ethy lpheny l)
th iourea
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Figure 22. The 500 M H z 'H -N M R  spectrum  o f  N -(2 -p ropy lpen tanoy l)-N '-(4 -
m ethylphenyl)th iourea in C D C I3 รL/i
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Figure 23. The 500 M H z ’H -N M R  spectrum  o f  o f  N -(2 -p ropy lpen tanoy l)-N '-(4 -
m ethylphenyl)thiourea in C D C I3  (Enlarged scale)
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Figure 23.(Cont.) The 500 MHz ’H-NMR spectrum of of N-(2-propylpentanoyl)-N'-(4
methylphenyl)thiourea in CDCI3 (Enlarged scale) -J
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Figure 24. The 500 M H z 13C -N M R  spectrum  o f  N -(2 -p ropy lpen tanoy l)-N '-(4 -
m ethylphenyl)thiourea in C D C I3
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Figure 25. The E IM S spec trum  o f  N -(2 -p ropylpentanoyl)-N '-(4-m ethy lphenyl)th iourea



Figure 26. The ER. spectrum  (K B r) o f  N -(2 -p ropy lpen tanoy l)-N '-(4 -m ethy lpheny l)u rea วÇo



Figure 27. The 500 M H z 'H -N M R  spectrum  o f  N -(2 -p ropylpentanoyl)-N '-(4-
m ethylphenyl)urea in C D C I3
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Figure .28 The 500 M H z ’H -N M R  spectrum  o f  o f  N -(2 -p ropy lpen tanoy l)-N '-(4 -
m ethylphenyl)urea m C D C I3  (E d a rg e d  scale)
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Figure 28 .(C on t.) The 500 M H z LH -N M R  spectrum  o f  o f  N -(2-propylpentanoyl)-N '-(4
m ethylphenyl)urea in CDC13 (E nlarged  scale) îX



Figure 29. The 500 M H z I3 C -N M R  spectrum  o f  N -(2 -p ropy lpen tanoy l)-N '-(4 -
m ethylphenyl)urea in C D C T 004-*
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Figure 30. The E IM S  spectrum  o f  N -(2 -p ropy lpen tanoy l)-N '--(4 -m ethy lpheny l)u rea
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Figure 31. T he IR  spectrum  (K B r) o f  N -(2 -p ropy lpen tanoy l)-N '-(2 -m ethy lpheny l)
th iourea
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Figure 32. The 500 M H z 'H -N M Il spectrum  o f  N -(2 -p ropy lpen tanoy l)-N '-(2 -
m ethy lpheny l)th iourea  in C D C I3
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Figure 33. The 500 M H z  ’H -N M R  spectrum  o f  o f  N -(2 -p ropy lpen tanoy l)-N '-(2 -
m ethylphenyl)th iourea  in C D C I3  (E nlarged scale) oecc
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Figure 33.(Cont.) The 500 MHz !H-NMR spectrum of of N-(2-propylpentanoyl)-N'-(2- 
methylphenyl)thiourea in CDCI3 (Eniarged scale)
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Figure 34. The 500 M H z 1 3C -N M R  spectrum  o f  N -(2 -p ropy lpen tanoy l)-N '-(2 -
methy]phenyl)thiourea in CDCI3 g
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Figure 35. The ELMS spectrum of N-(2-propylpentanoyl)-N'-(2-methylphenyl)thiourea o
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igure 36. The m  spectrum  (K B r) o f  N -(2 -p ropy lpen tanoy l)-N '-(2 -m ethy lpheny l)u rea
K)
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Figure 37. The 5üü MJHLz ‘H -N M R  spectrum  o f  N -(2 -p ropylpentanoyl)-N '-(2-
m ethylphenyl)urea in C D C I3
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Figure 38. The 500 M H z “H -N M R  spectrum  o f  o f  N -(2 -p ropy lpen tanoy l)-N '-(2 -
m ethylphenyl)urea in C D C I3  (E nlarged  scale) vp4-
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Figure 38.(Cont.) The 500 MHz !H-NMR spectrum of of N-(2-propylpentanoyl)-N'-(2-
methylphenyl)urea m CDCI3 (Enlarged scale) ^
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Figure 39. The 500 MHz 13C-NMR spectrum of N-(2-propylpentanoyl)-N'-(2-
methylphenyl)urea in CDCI3 ^
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Figure 40. The EEMS spectrum of N-(2-propylpentanoyl)-N'-(2-methylphenyl)urea
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Figure 41. The ER spectrum (KBr) of N-(2-propylpentanoyl)-N'-(4-nitrophenyl) 
thiourea



UVT4-1H

Figure 42. The 500 M H z ’H -N M R  spec trum  o f  N -(2-propylpentanoyl)-N '-(4-
m trophenyl)th iourea in CDCI3
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Figure 43. The 500 MHz 'H-NMR spectrum of N-(2-propylpentanoyl)-N'-(4 
nitrophenyl)thiourea in CDCI3 (Enlarged scale)



LVT4-1H

eu ce P  t Dน: rr m -rr 
O ce" en'H O O O P  P  P  P  w  V 'Tพ พ

en i n o H D O ' T H i n  (ฎ 
en  เภ  r -  f ' .  en  นว 0

r-~ TH CO 1 0  e n  01 r x  V  a i
๐CD

2.
3

6 CD en  เท  Œ N  'T  ๐ 0  (รCD «-< i n

f  n f  f
CDœ

1
i nCD
1

T  w  mCO c e  c e  CS
ï/ Il

m  r i  c e  c e

น ิ'

e uc e

1

9 .22  9 .20  9 .18  9 .16  9 .14  9 .1 2  9.10

■'T O  C\J ce
ru eu O
—• c r i  V  e û  
■vr en en en
V -̂ r ■น’ Vพ I

Figure 43.(Cont.) The 500 MHz ’H-NMR spectrum of of N-(2-propylpentanoyl)-N'-(2- 
mtrophenyl)thiourea in CDCI3 (Enlarged scale)
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Figure 44. The 500 M H z 13C -N M R  spec trum  o f  N -(2-propylpentanoyl)-N '-(4-
n itrophenyl)th iourea in C D C F  5
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Figure 45. The ELMS spectrum of N-(2-propylpentanoyl)-N'-(4-nitrophenyl)thiourea
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Figure 46. The IR spectrum (KBr) of N-(2-propylpentanoyl)-N'-(4-mtrophenyl)urea
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Figure 47. The 500 M H z ’H -N M R  spectrum  o f  N -(2-propylpentanoyl)-N '-(4-
m trophenyl)urea in C D C I3
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Figure 48. The 500 MHz 'H-NMR spectrum of of N-(2-propvlpentanoyl)-N'-(4- 
nitrophenyl)urea in CDCT (Enlarged scale)
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Figure 48 .(C ont.) The 500 M Fiz ‘H -N M R  spectrum  o f  o f  N -(2 -p ropy lpen tanoy l)-N '-(4 -
nitrophenyl)u rea in CDCI3 (E nlarged  scale)
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Figure 49. The 500 MHz 13C-NMR spectrum of N-(2-propylpentanoyl)-N'-(4- 
mtrophenyl)urea in CDCI3
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Figure 50. The ELMS spectrum  o f  N -(2 -p ropy lpen tanoy l)-N '-(4 -n itropheny l)u rea



Figure 51 The IR spectrum (KBr) of N-(2-propylpentanoyl)-N'-(4-pyridinyl)urea
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Figure 52. The 500 M H z ]H -N M R  spec trum  o f  N (2-propylpen tanoyl)-N '-(4
pyrid inyl)urea in C D C I3
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Figure 53. The 500 M H z 'H -N M R  spectrum  o f  N (2-propylpen tanoyl)-N '-(4
pyrid inyl)urea in C D C I3 (E n larged  scale)
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Figure 54. T he 500 M H z ,3 C -N M R  spectrum  o f  N -(2 -p ropylpentanoyl)-N '-(4-
pyridm yl)urea in C D C I3
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Figure 55. The E IM S sp ec trum  o f  N -(2 -p ro py lpen tanoy l)-N '-(4 -pyndm yl)u rea
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