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Abstract : Acoradiene 7a, Isolated from vetiver 011, IS one kind of sprrocyclic 

sesquiterpenes contamrng the spiro[4 tildecane nucleus A new synthetic approach 

towards the total syntheses of (+)-acoradiene vra free radical cyclization for the 

construction of the spiro[4.5]decane nucleus has been completed. 

INTRODUCTION 

Acoradiene 7a, Isolated from vettver 011 by Kaiser and Naegeli,’ is one kind of spirocyclrc 

sesqurterpenes containing the spiro[4 5]decane nucleus For the synthesis of acoradrene 7a, the 

construction of the sprro[4.5]decane nucleus turns out to be a synthetic challenge. There are many 

methods recorded for the syntheses of acorane analogs through such as intramolecular Michael 

addrtron,2 photochemical Wolff rearrangement, 3 Drels-Alder reactron intramolecular ene reaction5 

aldolization,6 electrophilic cleavage of the cyclopropane ring,’ Robinson annulation,* 

photo[2+2]addrtron and reductive fragmentation,g and intramolecular Sakurar-Hosomr type 

condensatron lo However, only two methods reported for the synthesis of acoradrene 7a are the 

cyclizatronl of allylrc alcohol Induced by stannic chloride and the acylation of ynamine by enol- 

tactone.” As parts of our studies In free radical cyclizatrons,lP we report here a new synthetic 

approach towards the total synthests of (+)-acoradrene via free radical cyclizatron for the construction 

of the sprro[4.5]decane nucleus The synthetic versatility of the nrtro group in Drels-Alder reaction, 

Ionic nrtroaldol reaction (Henry reactron), and free radical cyclization will also be demonstrated. 

RESULTS AND DISCUSSION 

As shown in Scheme 1, the synthesis of (+)-acoradrene 7a from the readily accessible 

nitroolefin 1 is outlrned A radrcal 5-exo-tngonal nng closure reaction was used as the key step to 

generate the sprrocycllc center In the acorane skeleton. The nitrodrol 3 was chosen as a radrcal 

cyclization precursor, based on the synthetic versatility of the nrtro group in Diels-Alder reaction, ionic 

nitroaldol reaction (Henry reaction), and free radical cyclization. 

Nitroolefrn 1 was easily prepared from rsoprene and nrtroethylene through Diels-Alder 

reaction l4 The nitro group not only activates the drenophrle, but also controls regioselectivity. The 
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hydratron of nrtroolefrn 1 wrth 58% aqueous sulfuric acrd at 0 OC for 36 h afforded nitroalcohol 2 in 

74% yield. An rontc nitroaldol reactron of 2 with 5-methyl-4-hexenal was catalyzed by Amberlyst at 

room temperature for 24 h to give nrtrodrol 3 in 63% yield. Radical cyclization was carned out by 

treatment of 3 with trrbutyltrn hydride in the presence of 10 mol% of azobisisobutyromtrile (AIBN) in 

benzene at 80 oC to afford a separable mixture of sprrocyclic diols 4a, 4b, 4c, and 4d in 21%, 19%, 

13%, and 12% yields, respectively As In the syntheses of the acorane skeleton 4 constructed in two 

steps from nrtroalcohol 2, the nitro group not only activates a-carbon to make a carbon-carbon bond, 

but also serves as a convenrent radical precursor. 

The structures of 4a, 4b, 4c. and 4d were assrgned on the basis of the following 

consrderatrons. The X-ray crystallographtc analysis t3 of 4a and 4c, shown In Figure 1, confirmed 

their stereochemical assignments, respectrvely The stereochemistry of 4b was verified by the fact 

that a same product 5a was obtained from Jones oxrdatron of 4a and 4b, respectrvely. By the same 

method, the stereochemistry of 4d was also confirmed. 

4a 

Figure 1 X-ray structures of 4a and 4c. 
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As In the examples above, the radical cyclization could not undergo stereoselectively very well 

probably because no groups existed in the molecule were large enough for differentiating these ring 

closure reactions. However, all of four drastereorsomers 4a, 4b, 4c, and 4d would be transformed 

their functionalitres from alcohols to enones 6 , which would lost their stereochemistry at Cl and C8 

due to sp2 carbons. Thus, the direct oxidation of a mixture of 4a, 4b, 4c, and 4d was carried out with 

Jones reagent in acetone at O-5 OC for 30 min to form a mixture of 5a and 5b in 97% yield. 

Dehydration of 5a and 5b with thionyl chloride in pyridine at 0 OC for 10 min gave a mixture of two 

enones 6a and 6b in 91% yield The ratio of 6a to 6b was determined to be 1 :l based upon 

integration of the vinyl protons of 5 33 ppm and 5 41 ppm, respectively For the assignment of the 

stereochemistry for isopropyl group at C4 in 6a and 6b, respectively, two enones were separated by 

MPLC. The enone 6a was then treated with methyllithium and cenum chloride in THF at -78 OC to 

afford a mixture of tertiary alcohol (If?. v _ 3492 cm-‘). Without further purification, dehydration of the 

crude alcohols with thionyl chloride in pyndine gave a mixture of two dienes 7a and 7b as a ratio of 

68.32, respectively, in 68% yield for two steps. These were separated by chromatography on a 

column of 15% AgNOs-silica gel and elution with hexane, and then ethyl acetate. The major product 

had spectral properties consrstent with the endocyclic Isomer, which was assigned as the natural (+)- 

acoradiene 7a by comparision with the reported data. 1. l1 Hence, the minor product containing two 

vinyl protons of methylene group at 4 70-4.74 and 4.74-4 78 ppm. respectively, was assigned as the 

exocyclrc isomer 7b with the same stereochemistry of isopropyl group at C4 as 7a. According to the 

above functronality transformations, the stereochemistry of isopropyl group at C4 in 6a was assrgned 

as anti to the double bond at C7 Therefore, the isopropyl group at C4 of the other stereoisomer 6b 

was assigned as syn to the double bond at C7 

In conclusron, a new synthetic approach towards the total synthesis of (+)-acoradiene via free 

radical cyckzatron for the constructron of the spiro[4 5]decane nucleus has been completed. The 

synthetic versatrllty of the nitro group in Diels-Alder reactron. ionic nltroaldol reaction (Henry 

reaction), and free radical cyclization also have been demonstrated. 

EXPERIMENTAL SECTION 

Melting points (Buchi 535 capillary melting point apparatus) are uncorrected Infrared spectra 

were recorded on a Hitachi 270-30 spectrometer. Nuclear magnetic resonance spectra were 

recorded on a Varian VXR300S or a Varian VXR-200s spectrometer. NMR data are reported as 

follows. chemical shift [multiplicity (s=srnglet, &doublet, f=tnplet, q=quartet, m=multrplet), coupling 

constant, integration] In units of ppm Mass spectra were recorded on JOEL JMS-HX 110 and JEOL 

NMS-SX/SX 102A mass spectrometers Sikca-gel plates (Merck 60 F-254) were used for analytical 

thin-layer chromatography Column chromatography was performed on S102 (70-230 mesh) with 

elution of gradients of EtOAc and hexane. CH2Ciz was distilled over P205 under nitrogen. THF and 

benzene were drstrlled over sodium under nitrogen. 
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1-Methyl-4-nitrocyclohexanol (2). 1-Methyl-4-mtrocyclohexene 1 (1.021 g, 7.24 mmol), reacflly 

prepared from nitroethylene and isoprene,14 was mixed with a solutlon of H2SO4 (150 mL) and Hz0 

(210 mL) at 0 OC. The reactlon mixture was stlrred for 36 h, and then diluted with water (1 L) and 

extracted with ethyl acetate (200 mL x 3). The organic layer was dned over MgS04 and evaporated 

to give a pale yellow solid After chromatography by using hexanelethyl acetate (8:1) as eluent, two 

stereoisomers of tertiary alcohol 2 were obtained as colorless solids In 74% total yield. One isomer f 
mp 70-71 OC; IR (CC14) 3616, 1548, 1448, 1380 cm-l, 1 H NMR (CDC13) 6 1.28(s, 3H, CH3), 1 33(bs, 

lH, OH), 1 48(dt, J = 3 9, 13.8 Hz, 2H), 1 72-l 88(m, 2H), 2 04-2 38(m, 4H), 4 34(tt, J = 3.9, 11.7 Hz, 

lH, CHNOz), 13C NMR (CDCl3) F 26 3(f), 30 6(q), 36.6(r), 67 8(s), 84.0(d), Anal. Calcd for 

C7Hl3N03; C, 52.80, H, 8.20; N, 8.80, Found: C, 52.88, H, 8 19, N, 8 69. The other one : mp 

53 5-55.5 OC; IR (CC14) 3404, 1544, 1444, 1380 cm-l, ’ H NMR (CDC13) S 1 29(s, 3H, CH,), 1.43(&, 

lH, OH), 1.57(dt, J = 6.0, 13.5 Hz, 2H), 1.72(# J = 6 9, 13 8 Hz, 2H), 2.10~2.25(m, 4H), 4.50(& J = 5.4, 

10.2 Hz, 1 H, CHNO*); ’ 3C NMR (CDCl3) S 25.9(t), 29.2(q), 35.2(t), 68.8(s), 81.9(d); Anal. Calcd for 

C7H1 gNO3; C, 52.80; H, 8 20; N, 8 80, Found. C, 52.80; H, 8 19; N, 8.74. 

4-(l’-Hydroxy-5’-methyl-4’-hexenyl)-l-methyl-4-nitrocyclohexanol (3). A solution of 2 

(700 mg, 4 4 mmol) and 5-methyl-4-hexenal (1 20 g, IO 7 mmol) In CH2Cl2 (3 mL) was stirred at 

room temperature for 10 min Amberlyst A-21 (10 g) was then added, and the reaction mixture was 

stirred for 1 h. After standing for 24 h, the mixture was extracted by ether (50 ml x 2) and the solvent 

was evaporated to give a pale yellow liquid. The crude product was purified by chromatography 

using hexaneiethyl acetate (4.1) as eluent to give 3 (752 mg, 63%): IR (neat) 3420, 1636, 1538, 1444 

cm“, ‘H NMR (CDCl3) S 1 22(s, 3H, CH3), 1.22-l 65(m, 7H), 1 6l(s, 3H, CH,), 1.69(s, 3H, CH3), 

1.90-2.47(m, 7H), 365-3.75(m, lH, HOW, 503~5.13(m, lH, =CH), MS m/z, 27l(M+), 207, 141, 
95(base); HRMS Calcd for C14H2504N (M+) 271.1784, Found 271.1779 

8-Hydroxy-4-isopropyI-8-methylspiro[4.5]decan-l-ol (4). To a solution of 3 (137 mg, 0.50 

mmol) In dry benzene (25 mL) at 80 OC was added by syringe pump a solution of Bu3SnH (0.17 mL, 

0 63 mmol) and AIBN (10 mg, 0.06 mmol) in dry benzene (31.5 mL). After the addition completed in 3 

h, the reaction mixture was refluxed for additional 12 h and then cooled and evaporated to give a 

pale yellow liquid The crude product was purified by chromatograpgy using hexane (500 mL) and 

then changed to hexane!ethyl acetate (2:1) as eluent to remove the by-product of tin compounds. 

After the further puriflcatlon by MPLC method using hexane/ethyl acetate (5.1) as eluent, four 

diastereolsomers of 4a (24 mg, 21%), 4b (21 mg, 19%), 4c (15 mg, 13%), and 4d (13 mg, 12%) were 

obtained as colorless solids, respectively, in 65% total yield Compound 4a. mp 122 5-123.5 OC; IR 

(Ccl,) 3400 cm-l, ’ H NMR (CDC13) S 0 84(d, J = 6 9 Hz, 3H, CH,), 0.95(d, J = 6 3 Hz, 3H, CH,), 

1 19(s, 3H, CH,), 1 08-l 25(m, 2H), 1 42-l 80(m, 14H), 3 98-4 02(m, lH, HOCH); 13C NMR 

(CDCl3) 6 21 O(q), 22.0(t), 24.4(q), 25 4(t), 27 8(d), 31 4(9), 33.4(t), 34.8(t), 36 5(t), 36.7(f), 46.3(s), 

56 5(d), 69 l(s), 78 l(d); MS m/z, 208(base), 190, 165, 147, 138; HRMS Calcd for Ct4H2602 (M+) 

226 1933, Found 226 1930 Compound 4b. mp 89 5-90.5 OC; IR (CCl4) 3376 cm-l; 1 H NMR (CDCl3) 

60 89(d, J = 69 Hz, 3H, CH3). 1 02(d, J = 6.3 Hz, 3H, CH,), 1 23(s, 3H, CH,), 1 22-2.04(m, 16H), 

4 17(m, lH, HOCH), 13C NMR (CDC13) 622 5(9), 23.7(t), 23.9(q), 25 7(t), 26.0(t), 28.4(d), 31.3(9), 

31 5(t), 34 9(t), 36 5(t), 48 l(s), 51 3(d). 69 3(s), 76 l(d), MS m/z 226(M+), 208(base), 190, 165, 147, 
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138; HRMS Calcd for Cl 4H2602 (M+) 226.1933, Found 226.1933 Compound 4c: mp 134.5-135.5 

OC; IR (CC&) 3388 cm-l, 1 H NMR (CDCl3) 6 0.89(d, J = 6.9 Hz, 3H, CH3), 0.95(d, J = 6.3 Hz, 3H, 

CH3), 1 27(s, 3H, CH,), 1 27-l 80(m, 16H), 3 99-4.04(m, 1 H, HOCH); 13C NMR (CDCl3) 6 20.6(q), 

23.9(f), 24.5(q), 25.1(f), 268(q), 27 8(d), 330(f), 364(f), 37.7(f), 38.0(f), 46.7(s), 54.9(d), 70.3(s), 

79.0(d), MS m/z 226(M+), 208, 190, 165(base), 147, 138, HRMS Calcd for C14H2602 (W) 

226 1933, Found 226 1935. Anal Calcd for Cl 4H2602: C, 74.29; H, 11.58. Found: C, 74.05; H, 

11.52. Compound 4d: mp 118 5-l 19.5 OC; IR (CC14) 3396 cm-l, 1 H NMR (CDCls) 6 0.87(d, J = 6.0 

Hz, 3H, CH3), 0.95(d, J = 6.3 Hz, 3H, CH,), 1.19-2.05(m, 16H), 1.27(s, 3H, CH3), 4.16~4.21(m, lH, 

HOW); 13C NMR (CDC13) 6 21.7(9), 23.9(q), 24.4(f), 25.5(f), 27.1 (d), 28.2(q), 29.7(f), 31.2(t), 36.4(f), 

37 3(f), 48.0(s), 49 9(d), 70 6(s), 76 6(d); MS m/z 208, 190, 165(base), 147, 138; HRMS Calcd for 
Ct4H2602 (M+) 226 1933, Found 226.1932 

8-Hydroxy-4-isopropyI-8-methylspiro[4.5]decan-l-one (5). A solution of 4 (196 mg, 0.86 

mmOl) In acetone (20 mL) at O-5 OC was starred for 5 mm and then to this was added dropwrse 0.48 

mL of Jones reagent (2 67 g of CrOs and 2 3 mL of HeSO were diluted by water up to 10 mL) wrthrn 

10 min. After stirring for 20 min, to the reaction mixture was added ethyl acetate (20 mL) and water 

(20 mL) and the layer was separated The aqueous layer was extracted by ethyl acetate (20 mL x 2). 

The combined organic layer was dried over MgS04 and evaporated to give a pale yellow solid. After 

chromatography by using hexanelethyl acetate (5 1) as eluent, two diastreoisomers of 5a and 5b 

were obtained as colorless solrds In 97% total yield Compound 5a: mp 51-52 OC. IR (CC14) 3448, 

1728 cm-l ; ‘H NMR (CDCls) 6 0.81 (d, J = 6 9 Hz, 3H, CH,), 1 .Ol (d, J = 6.9 Hz, 3H, CH3), 1.26(s, 3H, 

CH3), 1.30-2 lO(m, 13H), 2.15-2 30(1-n, 2H, C(0)CH2), 13C NMR (CDCl3) 6 19.6(q), 20.3(f), 22.4(f), 

22.8(q), 27 8(d), 29.8(f), 30 2(o), 34.5(f), 34.9(f), 36.4(f), 50.0(s), 51.9(d), 69.4(s), 223.3(s); MS m/z 
224(M+), 206, 163(base), HRMS Calcd for Cl4H24C2 (M+) 224.1776, Found 224.1773. Anal. Calcd 

for Cl4H2402: C, 74 96; H, 10.78 Found. C, 75 16, H, 10.76. Compound 5b: mp 100-101 OC; IR 

(CCl4) 3300, 1728 cm-l, ‘H NMR (CD&) SO.7l(d, J = 6.9 Hz, 3H, CH3), 0.99(d, J = 6.9 Hz, 3H, 

CH3), 1 24(s, 3H, CH3), 1 30-2 OO(m, 13H), 2 02-2 40(m, 2H. C(0)CH2); 13C NMR (CDC13) 6 

18 l(9), 18 3(f), 22 5(q), 22 6(f), 27 5(d), 29 4(q), 29 7(f), 35 l(f), 35.6(f), 35.7(f), 47.0(d), 51.4(s), 
68.8(s), 223 2(s), MS m/z 224(M+), 206, 188, 163(base), HRMS Calcd for Cl4H2402 (M+) 224 1777, 

Found 224.1770 Anal Calcd for Cl4H24C2 C, 74 96; H, 10 78 Found. C, 74 44; H, 10.66 

4-lsopropyl-8-methylspiro[4.5]dec-7-en-l-one (6). To a solution of 5 (131 mg, 0.58 mmol) in 

pyridine (10 mL) at 0 OC was added thronyl chloride (0 06 mL, 0.87 mmol) After stirring for 10 mm, 

the reaction mixture was quenched by 5% HCI aqueous solution (20 mL) and then extracted by ethyl 

acetate The organrc layer was dried over MgS04 and evaporated to give a pale yellow liqurd. After 

chromatography by using hexane/ethyl acetate (10 1) as eluent, a 1.1 mixture (by NMR) of two 

diastreolsomers of 6a and 6b was obtained as colorless lrqurd (110 mg, 91%). This mixture was 

chromatographed using MPLC (Lobar srze C, hexane/ethyl acetate = 1OOO:l) to give pure 6a and 6b. 

Compound 6a . IR (neat) 1732 cm- ‘, ‘H NMR (CDC13) SO.83(d, J = 6.3 Hz, 3H, CHs), 0.98(d, J = 6.9 

Hz, 3H, CH,), 1.68(s, 3H, CH3), 1 54-2 32(m, 12H), 5 33(bs, lH, C=CH); 13C NMR (CDC13) 3 

19.7(q), 20.6(f), 226(q), 228(f), 235(9), 27.0(f), 28.1(d), 32.9(f), 357(f), 500(s), 50.3(d), 118.3(d), 

133.9(s), 223.0(s), MS m/z, 206(M+), 188, 173, 163(base), 145, 136, 121,105, HRMS Calcd for 
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C14H220 (M+) 206 1670, Found 206 1667. Compound 6b IR (neat) 1730 cm-l; lH NMR (CDC13) 6 

0 69(d, J = 6 6 Hz, 3H, CH,), 0 94(d, J = 6 9 Hz, 3H, CH3), 1 65(s, 3H, CH,), 1.40-2.44(m, 12H), 

5 41 (bs, 1 H, C=CH), 13C NMR (CDCl3) 6 17 9(t), 18.1(q), 22 5(q), 23.2(q), 26.5(t), 27.2(f), 27 9(d), 

30 4(f). 35 5(f), 47 7(d), 50.8(s), 119 3(d), 132.8(s), 223 3(s); MS m/z, 206(M+), 188, 173, 163(base), 
145, 136, 121,105, HRMS Caicd for Cl4H22O (M+) 206.1670, Found 206.1664 

4-lsopropyl-l,8-methyispiro[4.5]dec-l,7-diene (7a) and 4-isopropyl-8-methyl-l- 

methylenespiro[4.5]dec-7-ene (7b). Cerlum chloride15 (CeC13 7H20) (309 mg, 0.83 mmoi) 

was placed In a 25 mL two-necked flask and was heated with stirring at 140 OC In vacua for 2 h and 

cooled Dry THF (5 mL) was added and stlrnng was conttnued for 2 h. The resulted suspension was 

then cooled to -78 OC, and a 1 5 M solution of MeLl In hexane (0.5 mL, 0.77 mmol) was added, 

whereupon the color of suspension turned from whtte to dark orange After being kept at the same 

temperature for 0 5 h, a solutlon of 8a (134 mg, 0 64 mmoi) in THF (4 mL) was added. The reaction 

mixture was stirred for 3 h and then treated with sat NH&I solution (50 mL) and extracted with ethyl 

acetate (30 mL x 2) The organic layer was dned over MgS04 and evaporated to give a mixture of 

tertiary alcohols (IR: v - 3492 cm-‘) Without further puriflcatlons, the crude alcohols (141 mg) were 

mixed with pyrtdine (20 mL) and the mixture was cooled to 0 OC. After thionyi chloride (0.06 mL, 0.87 

mmol) was added, the reactlon mixture was stlrred for 10 min and then treated with 5% HCI solution 

(40 mL) and extracted with hexane (40 mL x 2) The organic layer was dried over MgS04 and 

evaporated to give a pale yellow ilquld After chromatography by using hexane as eiuent, a 68 32 

mixture (by NMR) of two dienes was obtained as colorless Ilquld (88 mg, 68%). For the further 

separation, two dlenes were chromatographed on a column of 15% AgN03-silica gel with hexane 

and then ethyl acetate as eluent to give the endocycltc diene 7a and the exocyciic diene 7b, 

respectively Acoradlene 7a.l, ” IR (neat) 3044, 1466, 1380, 1198, 1160, 1066, 1028, 1014, 956, 

786 cm-l, 1 H NMR (CDCl3) 6 0 8l(d, J = 6 6 Hz, 3H, CH3), 0.92(d, J = 6 6 Hz, 3H, CH,), 

1 50-2 20(m, 16H), 5 28(bs, 1H. C=CH), 5 38(bs, lH, C=CH), 13C NMR (CDCl3) 6 14.8(q), 21.0(q), 

22.8(q), 23 5(q), 26 3(t), 28 O(d), 28 7(f), 32 2(t), 34 3(t), 47 8(s), 55.0(d), 121 2(d), 123.6(u), 133.7(s), 

148 7(s), MS m/z, 204(M+), 189, 175. 161, 145, 136, 121, 105, 94(base), 79, 77, HRMS Caicd for 
Cl5H24 (M+) 204 1878, Found 204 1874 Compound 7b IR (neat) 3076, 1644, 1434, 1368, 1008, 

886 cm-l, ‘H NMR (CDCl3) 8 0 85(d. J = 6 6 Hz, 3H, CH3), 0 94(d, J = 6 6 Hz, 3H, CH,), 

1 38-l 56(m, 4H), 1 64(bs, 3H), 1 67-2 OO(m, 5H), 2.24-2 46(m, 3H), 4 70-4.74(m, lH, C=CH2), 

4 74-4.78(m, lH, C=CH2), 5 36(bs, 1 H, C=CH); 13C NMR (CDCl3) 6 20 7(q), 23 4(q), 23.8(q), 23.9(t), 

24.8(r), 27 4(t), 27 7(d), 30 3(t), 36.6(t), 46 3(s), 53 9(d), 103.5(t), 120 5(d), 133.8(s), 160.6(s); MS m/z, 
204(M+), 189, 176, 161 (base), 133. 119, 105. 84, 79, 77, HRMS Caicd for Cl 5H24 (M+) 204 1878, 

Found 204 1875 
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from the Director of the Cambridge Crystallographic Data Center, University Chemical 

Laboratory, Lensfield Road, Cambridge CB2 1 EW Any request should be accompanred by the 

full literature citation for this communrcation. 
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