
CHAPTER JII 

RESULTS AND DISCUSSION 

Synthesis of Plauwtol Analogma from geraniol 

General Discussion 

The synthesis of plaunotol analogues was accomplished in three to five steps 

starting from commercially available geraniol. The plaunotol analogues were 

characterized by IR, 'H and "c-NMR, MS and Elemental Analysis. 

Synthesis of 3.7-Dimethyl-2,Mienyl tetrahydropyranyl ether (2) 

Scheme 7 shows the preparation of 3,7-Dimethyl-2,6-octadienyl tetrahydro 

pyranyl ether (2) which the hydroxyl group of geraniol was protected by 

tetrahydropyranyl ether.@' - 24) The reaction between geraniol (1) (1 equiv) and 

dihydropyran (2 equiv) which was catalyzed by ptoluentsulfonic acid was carried 

out in CH2CI2 at room temperahue for 2 hours to obtain (2) in 96 %yield. 

Scheme 7 

The spectroscopic data clearly confirmed the structure of (2). The IR spectrum 

of (2) is shown in figure 4 and the absorption peaks are assigned in table 2. 



Table 2 : The IR absorption band assignment of compound (2) 

The 'H NMR spectrum of compound (2) (Figure 5), clearly showed multiplet 

signal at 4.56-4.62 ppm which indicated one proton of an acetal group. The signal at 

3.41-4.25 ppm representedtwo methylene groups attached to oxygen atoms. The 

two olefinic protons and three vinylic methyl groups were observed in the range of 

4.99-5.39 ppm and 1.39-1.88 ppm, respectively. 

The I3c NMR spectnun and DEPT experiments (Figure 6) revealed the 

presence of 15 nonequivalent carbons, of which eleven are sp3 and four are sp3 

hybridized carbons. These four vinyl carbons were consistent with the presence of 

two double bonds in the molecule which showed signals at 140.2, 131.6, 124.0 and 

120.5 ppm, respectively. The signal at 97.7 ppm was assigned to O-CH-0 of 

acetal group and the signals of ether groups (CH2-0) were at 63.6 and 62.3 ppm. 

MS (Figure 7) data gave the fragmentation ion peak at m/z 136 (M+-102) 

indicated the elimination of dihydropyran and water. The ion peaks at m/z 85,69 

and 41 w r e  assigned as C&O+, c&+ and C3~:, respectively. 

Tentative assignments 

C-H streching vibration of CH2 , CH3 

C=C streching vibration 

C-H bending vibration of CH2 , CH3 

O-CH-0 streching vibration of acetal group 

C-0 streching vibration 

Synthesis of 2,6Dirnethyl-g(2-tetrahydr0wmnyloxy~2~diea-loI (3) 

Scheme 8 illustrated the preparation of 2,6 - dimethyl- 8 - ( 2  - tetrahydro 

pyranyloxy> 2,6 -octadien- 1-01 (3) following experimental of Camps, L. and c<r- 

workers n5) by oxidation of an allylic group of compound (2) by selenium dioxide. 

(25'2" The reaction between ( 2 ) (2 equiv) and selenium dioxide (1 equiv) in the 
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presence of pyridine was carried out in the present of solvent (EtOH) under reflux 

for 4 hours to give product (3) in 48 % yield. 

(3) 
Scheme 8 

The spectroscopic data clearly confirm the structure of (3). The IR spectrum 

of (3) is shown in figure 8 and the absorption are tabulated in table 3 which 

showed the presence of a hydroxyl group according to the broad absorption band 

between 3629-3 106 cm-'. 

Table 3 : The IR absorption band assignments of compound (3) 

The 'H NMR spectrum of compound (3) (Figure 9), clearly showed broad 

singlet signal at 2.63 ppm which indicated one proton of hydroxyl group. The signal 

at 4.49-4.56 ppm indicated the multiplet signal of methine proton which attached to 

two oxygen atoms, and similarly, the signal at 3.33-4.18 ppm represented that the 

six protons of three methylene groups attached to oxygen atoms. The two olefinic 

protons and two vinylic methyl groups were o b m e d  in the range of 5.18-5.31 

ppm and 1.29-1.82 ppm, rcspcctively. 
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The '.'c NMR spectnun and DEPT experiments (Figure 10) revealed the 

presence of 15 nonequivalent carbons, of which eleven are sp3 and four are sp2 

hybridkd carbons. These four vinyl carbons wen consistent with the presence of 

two double bonds in the molecule which showed signals at 139.8, 135.1, 125.1 and 

120.7 ppm, respectively. The signal at 97.6 ppm was assigned to O-CH-0 of e t a 1  

gr-oup and the signals of ether groups (CH2-0) vme at 63.5 and 62.1 ppm. Moreover, 

the signal at 68.4 ppm was shown to be hydroxymethyl group. 

MS (Figure 11) data gave the fragmentation ion peaks at m/z 85, 67 and 43. 

These ion peaks were assigned as cfi90t, C&4,+ and C,H,+, respectively. 

Comparison of the I3c NMR spCctMn and DEPT experiments of this 

compound with that of compound (2) indicated that compound (3) differed b m  

compound (2) only in having the hydroxymethyl group at 68.4 ppm inplace of one 

methyl group at 25.7 ppm of compound (2) which was at the terminal of gcranyl 

P"P. 

Synthesis of 2,6Dimethyl-2,6octadien-lSdio1(4) 

Scheme 9 showed cleavage of the tetrahydropyranyl group in (3) with 

methanol containing ptoluenesulfonic acid to give 2,6-dimethyl - 2,6octadien-1.8- 

diol(4). '28.29) The reaction between (3) (1 equiv) andptolucnesulfonic acid (0.01 

equiv) was carried out in MeOH at O°C for 1 hour and room temperature 3 hours to 

give (4) in 80 % yield. aOQ PTsOH. 

lt OH 

(3) (4) 
Scheme 9 

The spectroscopic data clearly contirmed the structure of (4). The IR 
spectrum of (4) is shown in figure 12 and the absorption peaks are assigned in table 4. 



Table 4 : The IR absorption band assignments of compound (4) 

The 'H NMR spectrum of compound (4) (Figure 13), clearly showed broad 

singlet signal at 3.45 pprn which indicated two protons of hydroxyl groups. The 

signals at 4.02 and 3.85 pprn showed the doublet and singlet signals of methylene 

protons, respectively, attached to oxygen atoms of hydroxyl groups. The signal at 

5.27 ppm represented the two protons of olefinic groups. The two vinylic methyl 

groups were obsewed at 1.57 and 1.55 ppm, respectively. 

The I3c NMR spectrum and DEPT experiments (Figure 14) revealed the 

presence of 10 nonequivalent carbons, of which six are sp.' and four are s$ hybridized 

carbons. These four vinyl carbons were consistent with the presence of two double 

bonds in the molecule which showed signals at 138.1, 134.9,124.9 and 123.9 ppm, 

respectively. The signals at 68.2 and 58.9 ppm were assigned to (CH2-0) of 

hydroxymethyi groups. 

MS (Figure 15) data gave the fragmentation ion peaks at m/z 83,70 and 41. 

These ion peaks were assigned as ~4370+, C&0+ and CJ-I;, respectively. 

Synthesis of Ethyl-29tho.ycarbonyI-~Pdimethylde~~-4gdienoate (6) 

The tw&n homologation exploited malonic esterification starting fiom 

geraniol(1) (scheme 10). Treatment of gcraniol with PPh3-CCL at reflux temperatun 

afforded geranyl Geranyl chloride was used for the following reaction 
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without further purification. Treatment of geranyl chloride (5) (1 equiv) with diethyl 

malonate (5 equiv) in the presence of NaH (2 equiv) gave the diethyl malonic ester 

(6) in 81 %yield. Oc3" 

Scheme 10 : Reagents andconditions ; 

i, PPh, (2 quiv), CCb(2 equiv), CH2C12, reflux, 4 h 

ii, NaH (2 equiv), CH2(C02CH2CH,)2(5 equiv), THF, reflux, 4h 

The IR spectrum of compound 6 (Figure 16) was s u m m d  in table 5. 

Table 5 : The IR absorption band assignments of compound (6) 

The 'H NMR spectrum of compound (6) (Figure 17), clearly showed three 

singlet signals at 1.66, 1.61 and 1.57 ppm which indicated nine protons of three 

olefinic methyl groups. The signal at 2.54 ppm indicated the triplet signal of 

methylene proton at C-3, and similarly, the signal at 1.86-2.10 ppm represented that 

the four protons of two methylene groups at C-6, C-7. The two olcfinic protons m e  

observed in the range of 5.02-5.12 ppm. Moreover, the chemical shift value of one .. 
proton at C-2 which attached to two carbonyl carbons appeared as triplet signal at 
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3.3 1 ppm and the signals at 1.22 and 4.15 ppm represented two methyl and two 

methylene protons (CH3 andCI12) of the diethyl malonate, respectively. 

The I3c NMR spectnun and DEPT experiments (Figure 18) showed the 

olefinic carbons at 138.6, 131.2, 124.1 and 119.3 ppm, respectively. The signals at 

169.4, 61.2, 52.1 and 14.2 ppm were assigned to the two carbonyl groups, two 

methylene carbons attached to oxygen atoms, methine carbon and two methyl carbons 

of diethyl malonate, respectively. Finally, three methylene carbons and three vinylic 

methyl carbons signals appeared at 39.8, 27.6, 26.7, 25.6, 17.8 and 16.0 ppm, 

rcspectivcly. 

MS (Figure 19) data gave the hgmentation ion peaks at mlz 69 and 41. 

These ion peaks were assigned as C&+ and C3H;, respectively. 

Synthesis of compound (7)-(ll) 

The compound (7Hll) could be synthesized by alkylation of compound (6) 

with various w-haloacids methylesters (R-X) (scheme 11). (36-33 

NaH (2 equiv) , THF * 
&lux, 4h (2 sguiv) 

Scheme 11 

Treatment of compound (6) (1 equiv) with NaH (2 equiv) at 0-25 "C, 

followed by co-haloacids methylesters (R-X) (2 equiv) at reflux temperature for 4 h, 

gave the comsponding triesters (7Hll) in good yield. (Table 6) 



Table 6 : The Alkylation of compound (6) with various w-haloacids methylesters 

(R-X) in the same condition. 

1 enW' 1 Mcthyl halbester(R-X) 1 product %yield 

From the table 6 showed that % yield of compound (7)-(ll) are decreased 

respectively when the length of alkyl chain of w-haloacids methylesters are 
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increased. These results showed that % yield of these compounds depended on two 

factors; the inductive efftct of ester group which was electron withdrawing character 

and the folding of alkyl chain of a-haloacids methylestcrs. When considering the 

(a) Methyl haloestas ( R - X ) were obtained via reaction of the acid halidea with 

k m c t h a n s  in the preaence of diethyl ether which was prepand by following procsdure 

described in the appendex section. Most acid halides used are known and they were purchased 

from Flub. 

BrC&COOCH3 

Br(CH2hCOOCH3 

I(CH2)3COOCH3 

Br(CHz14COOCH3 

B~(CHZ)~OOCHI 

inductive effect of ester group, it was found that when the length of alkyl chain of o- 

haloacids methylesters are increased, the inductive effect of ester group will be 

decreased which affects the strength of CH2-X bond and will lead to the decreased in 

% yield of these compounds. Whereas the folding of alkyl chain of cu-haloacids 

methylesters will be increased when the length of alkyl chain of a-haloacids 

methylesters are increased. As a result, the attack of nucleophile will be difficult and 

96 yield of these compounds will be decreased. 

compound 7 

compound 8 

compound 9 

compound 10 

compound 11 

The spectroscopic data clearly conkned the structure of compound (Wll). 

The IR spectrum of (7Hll) are shown in figure 20-24 and the absorption peaks arc 

assigned in table 7. 
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Table 7 :. The IR absorption band assignments of compound (7Hll)  

The 'H NMR spectrum of compound (7) (Figure 25), clearly showed three 

singlet signals at 1.61, 1.59 and 1.57 ppm which indicated nine protons of three 

olefinic methyl groups. The signal at 2.65 ppm indicated the doublet signal of 

methylene proton at C-4, and similarly, the signal at 1.81-2.02 ppm represented that 

the four protons of two methylene groups at C-7, C-8. The two olefinic protons 

were observed in the range of 4.81-5.02 ppm. The signals at 1.19 and 4.08 ppm 

were assigned to the two methyl and two methylene protons (CH, and CH2) of diethyl 

malonate. Moreover, the signals at 2.84 and 3.57 ppm represented the methylene and 

methyl protons of methyl bromoacetatc, respectively. 

Comprison of 'H NMR spectrum of compound (8) (Figure 26) with that of 

compound (7) indicated that compound (8) differed from compound (7) only in 

having two methylene and methyl protons of methyl 3-bromopropionate at 2.18,2.23 

and 3.59 ppm, respectively. 

Comparison of 'H NMR spectrum of compound (9) (Figure 27) with that of 

compound (7) demonstrated that compound (9) differed from compound (7) only in 
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having three rnethylcne and methyl protons of methyl 4-iodobutyrate at 1.31-1.40, 

1.67-1.78, 2.14 and 3.52 ppm, respectively. 

Comparison of 'H NMR spectrum of compound (10) (Figure 28) with that of 

compound (7) indicated that compound (10) differed from compound (7) only in 

having four methylem and methyl protons of methyl 5-bromovalerate at 1.03-1.25, 

1.42-1.57, 1.72-1.88,2.15-2.27 and 3.58 (3.66) ppm, respectively. 

comparison of 'H NMR spectnun of compound (11) (Figure 29) with that of 

compound (7) demonstrated that compound (11) differed from compound (7) only in 

having five methylene and methyl pmtons of methyl 6-bromocaproate at 1 .O 1-1.39, 

1.47-1.58, 1.73-1.84, 2.18-2.27 and 3.59 ( 3.67) ppm, respectively. 

The "C NMR spectrum and DEPT experiments of compound (7) (Figure 30) 

showed the two carbonyl groups (C=O), two methylene carbons attached to oxygen 

atoms (0-CH2), quarternary carbon (C3) and two methyl carbons (CH3) of diethyl 

malonate according to the signals at 169.9, 61.3, 55.7 and 14.2 ppm, respectively. 

The signals of olefinic carbons appeared at 139.8, 131.4, 123.9 and 117.7 ppm. The 

signals at 39.7, 31.7 and 26.5 ppm were assigned to the three methylene carbons 

of geranyl group. The signals of vinylic methyl carbons apptand at 25.6, 17.9 and 

16.0 ppm, respectively. Moreover, the signals at 171.1, 51.2 and 36.8 ppm were 

assigned to C=O, CH3-0, CH2 of methyl bromoacctate, resptctively. 

Comparison of "C NMR spectrum and DEPT experiments of compound 

(8) (Figure 3 1) with that of compound (7) indicated that compound (8) differed from 

compound (7) only in having C-O, CH3-0, 2(CH2) of methyl 3-bromopropionate at 

173.5, 51.9, 31.4 and 27.9 ppm, respectively. 

Comparison of "C NMR spectrum and DEPT ex-ents of compound 

(9) (Figure 32) with that of compound (7) demonstrated that compound (9) differed 

from compound (7) only in having C=O, CH3-0. 3(CHz) of methyl 4-iodobutyrate 

at 173.1, 51.2, 33.9, 31.4 and 19.6 ppm, respectively. 

Comparison of "C NMR spectrum and DEPT exptriments of compound 

(10) (Figure 33) with that of compound (7) indicated that compound (10) differed 
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