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Abstract - Geijerone I was synthesized in racemic form via stereo- 

selective alkylation o f  an ester lactone conformationally fixed 

with its bridged lactone ring. dl?-Elemene 2 has already been obtained 

from I. 

The generation of quaternary carbon atoms with stereochemical control is an 

important problem in organic synthesis. The occurrence of six-membered or its 
I 

bicyclic system (i.e. sesquiterpenes such a s  elemenes in a number of biologi- 

cally actlve natural products has prompted us to develop new methods for the 
2 

elaboration of substituted cyclohexanes. W e  previously reported a stereoselec- 

five alkylation of cyclohexenecarboxylafe derivatives which provided a new 

process for the formation of cis-fused 6-valerolactone. In this comnunication 

we describe the control of the stereochemistry of substituents necessary in 
4 

the synthesis of geijerone l 3  and y-elemene 2 which we achieved by imposing a 

rigid conformation on the cyclohexanecarboxylate ( 3  -4). 
5 



Treatment of cis-4-cyclohexene-1.2-dicarboxyiic acid monomethyl ester s6 with 

iodine and potassium iodide in aqueous sodium carbonate afforded the iodoiac- 

tone 6 [mp 83-86T; IR max (nujol) 1765, 1720 cm-I; 'H MvR(CDC1316 3.75(s,3H), 

4.55(m,lH), 4.84(m,lH); MS mlr 310(~')I in 7Wb yield. Reduction of 6 with 

tri-n-butyltinhydride rn ether over 1.5 h gave the bicyclic lactone 3 ibp 

IOI"C(O.03rmNg); IR max (film) 1785, 1735 cm-I; 'H M(CDCi3)6 2.78(m, IH), 

3.75(9,3H), 4.85(m, w12=15 Hr,lH); MS mlr 184(~')1 in 97% yield after purifi- 

cation by chromatography an silica gel. 

The crucial alkylatlon of 3 was carried out by methyl iodide using lithium 

diisopropylamide(LDA) as base in tetrahydrofuran(THF)-hexamethylphosphorous 

triamide(WT)(4:1) at room temperature for 20 h to give 74% of the desired 

iactone 7 [mp 79-80eC;IR max(nujai) 1765, 1720 cm-I; IH Nd3(CDCi3)6 1.33(s,3H), 

2.77(m,lH), 3.74(5,3H), 4.80(m,lH); MS mlz 198(~+)1 and 17% of the isomeric 

lactone 8 Imp 68.5-69.5-C; IR max (nujol) 1765, 1720 cm"; IH NvR(CDCl3)6 

1.35(s,3H), 2.95(m,lH), 3.74(s,3Hl, 4.76(m,lH); MS mlr 198(Mt)] in a ratio of 

82:18,.respectively. On the other hand, when this aikylation was performed in 

THF solution without the addition of W T ,  the ratio of the products of 7 and 

8 was changed to 35:65. 
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i t  is obviously of interest to note that alkyiation of the anlon obtained by 

deprotonation of 3 In the presence of W T  occurred stereoselectively on the 

more hindered convex slte. This degree o f  control should be proceeded with 

selective formation of the geometric enolate 9(E-enolate) rather than its 

isomer~c enolate(Z-enolate), ln which lithium cation is separated far from 

carbanyl oxygen, by the effects known as solvation of the coordinating 

WA.~'~- The stereochemistry assigned to 7 and 8 obtained in this way was 

verlfied by the following chemical transformations. The mlnor lactone 8 was 
9 converted to the known derivatlves 10 Imp 144-145"C(lit. 144-145'C)l and ll[mp 

181-182"~(lit.~i8i-i82~~)1 under basic conditions as depicted. Similarly, 

exposure of the major lactone 7 to basic soiut~on gave the corresponding 

compounds 12 Imp 128-129°C; IR max (nuloi ) 3430, 1710 cm-I; IH NvR(ClXI3) 6 

1.24(s,3H), 3.02(dd, J-13 and 4 Hz,IH), 3.66(s,3H); MS mlz 2i6(M1)1 and I3 [mp 

205-206"C;IR max(nujoi) 3400,1715cm-~;'~ NvR(CECi3)6 i.61(s,3H);MS mlz 202(~+)1. 

The keto amide 14 was easily obtained from 12 by two steps I i .  Cr03, H2S04, 

acetone, 81%. i i .  SOCi2, C6H6 followed by Me2NH, ether, 84%). Acetaliration 

of 14 with ethylene glycol in the presence of a catalytic amount of p-toiuene- 

suifonic acid fallowed by saponification wlth 5% aqueous sodlum hydroxide gave 

16 [mp 169-17l'C; IH M(ClX13)6 1.54(s,3H), 2.93[s,3H), 3.11(s.3HI, 3.48(dd, 

J-I2 and 4.5 Hz,lH), 4.00(s,4H), 11.07(br,lH)] in 73% yield. Treatment of 16 

with ethyl chlaraformate in the presence of triethylamine at -30PC and subse- 

quent reduction of the resulting mixed anhydride with sodium borohydride at 

-10°C afforded the desired alcohol 17 in 61% yield after purification by 

chromatography. Oxidation of 17 wlth pyridinium chlarochromate in dichloro- 

methane led to the acetai aldehyde 18 imp 64-66°C IR max inujol) 2710, 1720, 

1640 cm-';l~NvR(ClXl~)S 1.47(s,3H), 2.92(s,3H), 3.10(s,3H), 3.32(dd, 1-12 and 

5 Hz,IH), 3.98(s,4H), 9.58(s,IH); MS mlz 255(Mf)) in 85% yield. The Wittig 

reaction of I8 with methylenetriphenyiphosphorane in benzene gave the -vinyl- 

amide 19 in 54% yield which in turn was converted to the vinylketone 20 in 76% 

yield by the addition of methyliithium. 



Finally, dl-geijerone 1 was obtained from 20 by two steps [i. ph3pfCH3~r', n -  

BuL1, C6H6. 43%. l i .  IO%HCI. THF, 85%1. Spectral properties of the synthetic 

geljerone 1 were rdentical in all respects with those of a sample3b kindly pro- 

vided by Professor A. Yoshikoshi. Since ~ o s h i k o s h i ~ ~  had reported the suc- 

cessful conversion of geijerone I into Y-elemene 2 by two steps, the present 

synthesis of dl-geijerane means a formal total synthesis of dl-y-eiemene. 
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