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SUMMARY. A synthesis of an lntermedlate (5) for the construction of gualanoll- 
desls described. The relative stereochemrstry at C-l and C-7 1s establlshed 
with complete stereocontrol. 

The blologlcal actlvltyl of hydroazulenlc sesqurterpene lactones has stlmu- 

lated the total synthesis of a series of pseudogualanolldes' . In the large 

group of gualanolldes3, however, synthetic efforts thus far have been restric- 

ted to the modlflcatlon of some naturally occurlng sesqulterpene lactones4. 

Only recently two total syntheses5have been reported. 

In this paper we describe the dlastereoselectlve syntheses of ester (51, 

whzch can be used as an lntermedlate for the preparatron of gualanolrdes, e.g. 

dehydrocostus lactone (II6 (scheme 1). 

Hydrolysis of the easily accessible lactone (2)*, followed by silylatlon' 

of the resulting hydroxy aced and subsequent reduction afforded a monosllylated 

dlol, which gave the secondary allyllc alcohol (3) after methylatron and desl- 

lylatron'. The !3-confrguratlon of the szde chain at C-10 was determlned by an 

alternative preparation of (3)l" and comparison of the two compounds by capll- 

lary gas chromatography". 1,3-Transposition of the hydroxyl group from C-7 to 

4067 



4068 

scheme 17. 
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a: NaOH, MeOH/H20, 25' C, 20 h; b: t-BuMe2SIC1, lmldazole, DMF, 25" C, 20 h; 

c: LiA1H4, ether, reflux, 1.5 h; d: NaH, MeJ, THF, 25' C, 16 h; e: Bu4NF, 

THF, 25" c, 18 h; f: t-BuOOH, VO(acac)2, benzene, 40" C, 24 h; 

g: CrOj - 2 C5H5N, CH2C12, 25' C, 20 mln; h: N2H4' H20,AcOH, MeOH, 25" C, 

20 mln; 1: EtO-CH=CH2, PhSeBr, 1-Pr2NH, benzene, 25' C, 15 mln; J: NaJ04, 

NaHC03, MeOH/H20, 25' C, 15 mln; k: toluene, n-C6H,3NH2, reflux, 18/L. 

Scheme 2?: 

a. MCPBA, CC14, 0“ C, 10 mln; b: MejS1-OTf, 2,6-lutidine, toluene, -78' C, 

1.5 h; c: Bu4NF, THF, 25' C, 10 min. 
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C-5 was achieved by Sharpless epoxldatlon 
12 

, modified Collins oxidation 
13 , and 

Wharton reduction 
14 

respectively, yielding the tertiary allylic alcohol (4). 

The stereochemical information was transferred back from C-5 to C-7 by a Clai- 
15 

sen rearrangement , which led to ester (5) (homogenous by capillary gas chro- 

matography 
11 ). - Oil; 'H-NMR (CDC13) 6 (ppm) = 5.46 (lH, m, 6-H), 4.14 (2H, q, 

-C02-CH2-CH3), 3.32 (3H, s, -CH2-OE), 3.22 -3.38 (2H, AB of ABX, -g2-OMe), 

1.26 (3H, t, -C02-CH2-a3); IR (film): T= 1730 cm -' (ester), GC/MS m/e = 234 

(13 %, M+ -MeOH), 133 (100 %);C,6H2603 talc. C 72.14 %, H 9.84 %, found 

C 72.26 %, H 9.96 %. 

This preparation of ester (5) represents a stereospeclflc solution to one of 

the main problems associated with the total synthesis of guaianolides: the con- 

trol of the relative stereochemistry at C-l and C-71b. The oxidized side chain 

at C-IO widens the synthetic scope of (5). Furthermore the 5,6-double bond 

allows the lactone ring closure towardsc-6, as well as functionalization of 

the five-membered ring for the introduction of the missing one carbon unit 

at C-4. 

First results are shown in scheme2. The epoxidation of (5) with m-chloroper- 

benzolc acid produced a 1.7 : 117 mixture of the diastereomeric epoxides (6) 

using three different solvents (CC14, n-pentane, ether). According to a quali- 
18 tative conformatlonal analysis , the B-epoxy structure was assigned to the 

major component (6a). Isomerization of the crude epoxidation products 
19 

with 

trimethylsilyl trlfluoromethanesuLfonate/2,6-lutldlne 
20 

and subsequent desily- 

lation' yielded the cis-lactone (7) (IH-NMR (CDC13) d = 5.34 ppm (IH, d, 

J6,7 
= 7.0 Hz, 6-H)) in low yleld'l. 
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References and Notes 

1) E. Rodriguez, G.H.N. Towers, J.C. Mitchell, Phytochem. 15, 1573 (1976). 

2) C.H. Heathcock, S.L. Graham, M.C. Pirrung, F. Plavac, C.T. White in 

"The Total Synthesis of Natural Products", 5 (1982). 

3) N.H. Fischer, E.J. Olivier, H.D. Fischer in "Progress in the Chemistry 

of Organic Natural Products", 38 (1979). 

4) See e.g. M.T. Edgar, A.E. Greene, P. Crabbg, J.Org.Chem. 44, 159 (1979). 

5) a) Synthesis of a naturally occuring gualanollde: A.A. Devreese, P.J. De 

Clercq, M. Vandewalle, Tetrahedron Lett. 21, 4767 (1980); 



4070 

5) b) synthesis of a non-natural gualanollde: G.H. Posner, K.A. Bablak, G.L. 

LOOrnlS, W.J. Frazee, R.D. Mlttal, I.L. Karle, J.Am.Chem.Soc. 102, 7498 

(1980). 

6) P.S. Kalsl, V.K. VI], O.S. Slngh, M.S. Wadla, Phytochem. 16, 784 (1977). 

7) All new compounds exhIbIted satisfactory 'H-NMR, IR, mass spectra and 

elemental analyses. 

8) 

9) 

IO) 

111 

12) 

13) 

14) 

15) 

16) 

J.B. HendrIckson, R.K. Boeckman, Jr., J.Am.Chem.Soc. 93, 1307 (1971). 

E.J. Corey, A. Venkateswarlu, J.Am.Chem.Soc. 94, 6190 (1972). 

(2) 
a-c 
___) (3) and three other products (a: LlA1H4, THF; b: 1 equlv. Na, 

dloxane; c: 1 eq. MeJ); during these reactlons eplmerlzation at C-10 1s 

lmposslble. 

25 m capillary, SE 30 0.3 8. 

K.B. Sharpless, R.C. Michaelson, J.Am.Chem.Soc. 95, 6136 (1973). 

R. Ratcliffe, R. Rodehorst, J.Org.Chem. 35, 4000 (1970). 

P.S. Wharton, D.H. Bohlen, J.Org.Chem. 26, 3615 (1961). 

R. Pltteloud, M. Petrzllka, Helv. Chum. Acta 62, 1319 (1979). 

Pd(PPh3)4-catalyzed alkylatlon of (2) with dlmethyl sodlomalonate failed, 

presumably because of the sterlcally hindered nucleophilic attack upon 

the p-face of the intermediate n-ally1 complex: for successful examples 

of this methodology see B.M. Trost, T.R. Verhoeven, J.Am.Chem.Soc. 102, 

4730 (1980. 

17) By integration of the 6-H 'H-NMR (CDCl3) signals: 

(6a): 6 = 3.06 ppm, J6 7 = 0 Hz; (6b): 6 = 3.15 ppm, J6 7 = 5.2 Hz. 
I I 

18) C.f. a) P.J. De Clercq, J.Org.Chem. 46, 667 (1981); 

b) P.J. De Clercq, Tetrahedron 37, 4277 (1981). 

19) The mixture of epoxides was totally decomposed on a HPLC column filled with 

LiChrosorbRSi 60, 7pm (Merck); the use of LlChrosorb R RP-18, 10 pm 

(Merck) permitted the isolation of pure (6a) with great material loss. 

20) S. Murata, M. Suzuki, R. Noyorl, J.Am.Chem.Soc. 101, 2738 (1979). 

21) Iodolactonlzation of the carboxyllc acid obtained from (5) gave a low 

yield of an lodolactone, which on subsequent treatment with DBU in THF 

afforded an inseparable mixture of (7) and a double bond isomer. 

(Received in Germany 5 July 1982) 


