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The sesquiterpene (-)-modhephene, (-)-cl), isolated from the plant Isocoma wriehtii by 

Zalkow and coworkers in 1978,z was the first natural product shown to possess the 

interesting carbocyclic [3 3 3]propellsne skeleton Although a number of inventive 

syntheses of rscemic modhephene have appeared,5 no enantioselective synthesis has yet bee,, 

disclosed, nor has proof of the absolute stereochemistry of this sesquiterpene been 

obtalned Completion of the first enantioselective synthesis of modhephene and assignment 

of its absolute configuration are outlined in Scheme I and discussed below 

Ketalizstion of 3,3-dimethyl-2,3.5,6-tetrahydro-l~,4~-pentalen-l-one (2)3d (Scheme I) 

using the bis(trimethylsily1 ether) of 1,4-di-Q-methyl-D-threitol (3)4 and trimethylsilyl 

trifluoromethanesulfonste' produced in 64% yield homochiral ketal 4 Treatment of thu 

ketal with the Simmons-Smith reagent6 in refluxing ether gave, after 2 h and in 84% chemical 

yreld, an inseparable 8 1 mixture of diastereomeric cyclopropane ketals 5 and 6 as 

determined by 62 g-MHz “C NMR spectroscopy ' 

Hydrolysis of the mixture of cyclopropane ketals (aqueous HCl. MeOH. room temperature. 

3 h) provided in 94% yield enantiomerically enriched cyclopropyl ketone 7, mp 48-50 'C, 

[alZ50 - 31 5' (r 3 9, CHCl,) Assignment of the (3aS, 6as) absolute stereochemistry to 7 

was based upon application of the "reversed octant rule"' in interpreting its CD spectrum 1 

This assignment was in accord with all previously examined cyclopropyl ketones ' *-I1 

Treatment of 7 with excess trimethylsilyl iodide (2 1 equiv. Ccl,, -10 'C, 3 h) 

produced, via regioselective cyclopropane ring Opening, I2 iodomethyl ketone 8 in 85% yLeld 

Ketalization of 8 using the bis(trimethylsily1 ether) of ethylene glycol and trimethylsllyl 

trlfluoromethanesulfonate5 gave the corresponding iodomethyl ketal 9 in 96% yield 

Treatment of 9 with en exce.ss of the lithium salt of 1-trimethylsilyl-l-propynel' (2 equlv, 

ether/tetramethylethylenedismine/HMPA, -25 'C, 1 h) gave acetylenic ketal 10 Ketal 10 was 

subjected to hydrolysis (aqueous HCl, MeOH, rcwm temperature, 3 h) and to desilylation 

(nBu,NF, THF, 24 h) to give enantiomerically enriched acetylenic ketone 11. [Q]"~ -117 9' (2 

3 5, CHCl,) in 82% yield from iodoketal 9 Ketone (-)-11 exhibited physical properties and 

gave spectral data consistent with those published for racemic 11 ad 

ThermolysisJd," of acetylenic ketone 11. (decalin, 360 'C, 100 min) provided tricyclic 
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SCHmE I Enantioselective Synthesis of (-)-Modhephene (1) 

4 5 6 

6 9. 
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Reagents 

(a) 1,4-Di-Q-methyl-2,3-di-Q-trimethyl- (h) nBu4N@+, THF, H20 
silyl-D-threitol, TMS-OTf 

(b) Zn(Cu), CH212, Et20, heat 

(c) Aq HCl, CH30H 

(d) TMS-I, CC14 

(I?) TMSOCH2CH20TMS. TMS-OTf, CH2C12 

(f) Li%CH2C-CTMS. TMED. HMPA, Et20 

(I9 Aq HCl, CH30H 

(i) 

(J) 

(k) 

(1) 

(ml 

(n) 

360 'C, decalln 

CH212, Zn, T1C14, THF 

MCPBA, Na2HP04, CH2C12 

BF3 Et20. CH2C12 

12, CgHg. heat 

NH2NH2, K2CO3 dlethylene 
glycol. heat 
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ketone 12 in 57% yield Olefinationl’ of 12 (CHeI,, Zn, TiCl,) gave diene 13 in 52% yield 

(81% based on unrecovered ketone) Regio- and stereoselective monoepoxidstior? of 13 

(MCPBA , NseHPO, , CH,Cl,) produced the desired epoxide 14 in 53% yield Isomerirstion5d of 14 

using BF, Et,0 in CH,Cl, produced olefinic ketone 15 in 43% yield Exocyclic slkene 15 “se 

equilibrsted”d vith its en&cyclic isomer 16 using iodine in refluxing benzene At 

equilibrium, the ratio of 15 to 16 was approximately 1 2 These isomers were 

chromstographicslly separable Wolff-Kishner dsoxygenation’* of 16 produced in our hands in 

66% yield sn inseparable 5 1 mixtureSb of (-)-modhephene, (-)-1, end epimodhephene 17 se 

determined by 250-MHz ‘Ii and 62 9-MHz “C NMR spectra of our synthetic material with those 

of (f)-1 graciously provided by Professor Paul Wander Sk 

Since natural modhephene wss unavailable to us for comparison purposes, we were forced 

to compare its optical rotation se cslculated’e from the reported ORD datai with the 

rotations measured for synthetic modhephene The data sre summarized in Table 1 

Previously, Zslkow ‘,I’ and others’” speculated that modhephene and the co-occurring 

sesquiterpene isocomene might be derived biosynthetically from (lR,9g)-csryophyllene 

Assignment of the (3sg, 4g, 6sg) absolute stereochemistry to natural (-)-modhephene is not 

rn accord with the postulated biosynthetic pathway lo 

Table 1 Rotations for Natural end Synthetic Modhepenes 

A.nm 
569 
578 
550 
546 
500 
450 
435 

lal .den 
Nat rsl’ 
-4 Tl 

-6 71 

-7 99 
-9 31 

Svntheticb ’ X.nm 
-5 22 404 
-5 66 400 

365 
-6 60 350 

334 
302 

-14 0 300 

la1 .den 
Natural. 

-14 70 

-22 49 

-41 32 

Svnthet@ ’ 
-17 2 

-26 5 

-38 0 
-59 8 

’ calculated from the reported ORD data 
b (n 1 6, CHCl,) 

= corrected to 100% e e 

3.3-Dimethvl-3.4.5.6-tetrshvdrooentslen l(2H) one 1.4-Di 0 ethyl D threitol Ketal _ _ -_m __ ( 41, To 
a veil-stirred solution of trimethylsilytrifluoromethsnesulfonste (50 ML, 5 mol %) in CH,Cl, 
(1 mL) at -78 ‘C were added 1,4-di-p-methyl-2,3-di-~-trimethylsilyl-D-threitol (1 1 g, 4 69 
mmol) and enone 2 (750 mg, 5 0 mmol) dropwise The reaction mixture was warmed from -76 ‘C 
to 25 ‘C over several hours After 20 h the reaction was quenched by addition of dry 
pyrldine (500 pL) and volstiles were removed in vscuo Chromatography of the residue on 
silica gel 60 (200 g) eluted with 35% ethyl scetste/hexsnes gave ketsl 4 se a pale yellow 
oil homogenous by TLC (Rr 0 48, 35% EtOAc/hexsnes), [a]e5,-3 00’ (S 3 00, CHCl,). yxld 830 
mg. 2 96 mmol, 649, IR (CHCl,) cm -I 3014. 2957, 2930, 1454. 1222, 1210, 1135, 1095, 962 and 
823, ‘H NMR (CDCl,) 6 1 03 (3,s), 1 04 (3,s), 1 09-2 28 (f3,m), 3 33 (3,s), 3 34 (3,s), 3 34- 
3 47 (4,m), and 3 85-3 86 (2,m). “C NMR (CDl,) 6 25 66 (CHe), 27 22 (CHe). 27 36 (Cti,). 
27 43 (C), 57 91 (CH,), 59 24 (CH), 59 32 (CH). 73 21 (CHr), 73 26 (CHr), 76 91 (CH,), 77 73 
(CH,), 115 61 (C), 141 84 (C) and 162 34 (C), q  see spectrum (70 eV) m/z (rel intensity) 282 
(23), 267 (34). 237 (12), 177 (4), 151 (22). 175 (loo), 115 (54). 107 (18), 91 (23), 87 
(30), 77 (19), 71 (13). 59 (18). 55 (15), 52 (3). exact msse cslcd for C,,H,,O, 282 1831, 
obsd 282 1831 

(3aS.6sS)-3.3-Dimethvl-3.4.5.6-tetE&ydro 38.6s methlllpoentslan l(2H) 1. _ _ _ _ one 4-Di-O-,,,ethyl-D_ 
threitol Ketsls (5 and 61, To a well-stirred suspension of freshly prepared Zn-Cu couple 
(1 9 g. 14 3 mmol) and anhydrous &CO, (1 1 g, 7 68 mmol) in ether (4 mL) at reflux were 
added s large crystal of I, and CH,I, (620 gL, 7 68 mmol) After 20 mm at reflux, the 
ketsl 4 (721 mg, 2 56 mmol) was added se s solution in ether (2 mL) After 2 h the mixture 
wss cooled to 0 ‘C and quenched with saturated aqueous K,CO, (700 pL) After stirring et 
room temperature for 30 min, the gray-black precipitate wes removed by filtration through n 
powder funnel plugged with glass wool and the precipitate wse washed well with ether The 
orgsnlc extracts were washed with saturated aqueous NH&Cl, saturated aqueous NaHCO,, snd 
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c 2 en 7 __ _- one ML To a solution of 
15 (96 mn. 0 44 mmol) in benzene (8 IDI.) was adds& a sing10 crystal of iodine (12 mg) and the 
rssultin;.solution orbs hsatsd et isflux for 2 h Upon cooling the solution was diluted with 
Et20 and washed with Na,S,O,, brine, dried (l4gSO,), and concentrated Chromatography on 
silica gel 60 elutsd with 19 1 hexanss Et20 gave 32 mg of recovered 18 (0 15 mmol, 34%) and 
64 mg (0 29 mmol. 66%) of 16 as a pals yellow oil, [u]"~ + 77' (r 1 26, CHCl,). 'H NMR 
(CDCl,) 6 0 98 (3.s), 1 06 (3,s), 109 (3,d,J-7 1 Hz), 1 3-1 65 (5,m), 1 40 (3,m), 1 88-13 
2 95(2,m), 2 32 (3,dq,J-7 1 Hz, 1 8 Hz), 2 82 (l,dd,J-19 3 Hz. 1 8 Hz) and 5 01 (l,bs), C 
NMR (CDCl,) 6 11 42, 13 57, 24 65, 25 71, 29 62. 29 92, 38 53, 46 15, 46 42. 53 41, 59 27, 
69 35, 134 62, 142 24 and 221 2 

1.5 f&.5S.8R)-2.4.4.8-Tstr-sc 2 ens ( ) (u, __ _- A well-stirred 
mixture of 16 (44 mg, 0 20 mmol), hydrszine hydrate (100 91, 2 0 mmol) and potassium 
carbonate (358 mg, 2 6 mmol) in diethylene glycol (2mL) was heated at 160' for 2 h then at 
240'C for a further 2 h Upon cooling, the reaction mixture was diluted with water and 
extracted with hexanes The combined organic extracts were washed with water, dried (MgSO,) 
and concentrated Chromatography on silica 

f 
el 60 elutsd with hexanes gavs 27 mg (0 13 

mmol, 668) of (-)- 1 as a colorless oil, [a] 'D -4 1' (n 1 6, CHCl,), 'H NMR (CDCl,) 6 0 96 
(b,s), 0 97 (3,d,J-6 Hz), 1 08 - 2 18 (8,m). 1 58 (3,d,J-1 5 Hz) and 4 81 (l,m) 

1 

2 

3 

4 

5 
6 
7 

8 

9 
10 
11 
12 
13 

14 
15 
16 

17 
18 

19 

References and Notes 

(a) Presented in pert at the 194th National Meeting of the American Chemical Society, 
New Orleans, LA, September 1987, ORGN 154 
(b) A preliminary account of this research has appeared Hash, E A , Math, S K , 
Flann, C J Tetrahedron LetC 1988, 2, 2147-2150, 1989, 2p, 2 
Zalkow. L H , Harris, R N , III , Van Deruesr, D J. Sot. Chem. Commuq 1978, 
420-421 

I$ 
Karpf, H , Dreiding, A S wdron Letf , 1980, 21, 4569-4570 
Smith, A B , III, Jerris, P J ,l. Am. Chem. Sot,, 1981. m, 194-195 

I:; 
Schostsrez, H , Paquette, L A J. Am. C&N-&S_, 1982, 103, 722-724 
Schostarez, H J , Ph D Dissertation, The Ohio Stats University, 1982 

(s) Oppolzer, W , Marazza, F flelv. ChioLBEtg. 1981, a, 1575-1578 
(f) Oppolzer, W , Battig, K lislv. Chim. 1981. 64, 2489-2491 

I:; 
Smith, A B , III,, Jerris, P J J., 1982, a, 1845-1855 
Wender, P A , Drsyer, C B L. em. Chem. Sot,, 1982, 5805-5807 

(i) Wrobel, J, Takahashi, K , Honkan, U , Lannoye, C , Cook, J M , Bertr., S H J, 
wChem. 1983. u. 139-141 

(j) Mundy, B P , Wilkening, D , Lipkowitz, K B a Chem,, 1985, x, 5727-5731 
Prepared from unnatural tartaric acid by the method of Schmidt et al who prepared the 
L enantiomsr from natural tartaric acid [olz5D +2 15' (p 2 0, CH,OH) for the D 
snantiomer, lit [aID- 5' (E 1 9, CH,OH) for the L enantiomer Schmidt, M , Amstutz, 
R , Crass, G , Seebach, D Chen., 1980, m. 1691-1707 
Tsunoda, T , Suzuki, H , Noyori, R -shedron Lett,, 1980, 2, 1357-1358 
Mash, E A , Nelson, K A Tetrahedron., 1987, 42, 679-692 
An authentic diastereomeric mixture of ketals was prepared for spectral comparison by 
rsketalization of the ketone with the 1,4-di-Q-alkyl-DL-thrsitol For previous 
examplss of the uss of 13C NMR in the measurement of diestereoner ratios see 
Hiemstra, ii , Wynbsrg, H TnfEahedron Leer,, 1977, MB, 2183-2186 
Lightnsr, D A , Jackman, D E Tetrahedron Lett,, 1975, u, 3051-3054 and references 
cited therein 
Mash, E A a CheK, 1987,2, 4142-4143 
Nelson, K A , Mash,E A J.Om. 1986, fi, 2721-2724 
Mash, E A , Fryling, J A ,l. rs. Cb 1987, X2, 3000-3003 
Miller, R D , McKsan, D R J.'Ore. Chem, 1981. a, 2412-2414 
Corey. E J , Kirst, H A , Katzensllsnbog~n, J A J. Am. Chem. Sot,, 1970, z, 6314- 
6317 
Drouin, .J , Leyendscker, F , Conia, J M Tetrahedron, 1980, 2, 1195- 
Hibino, J , Okazoe, T , Takai, K , Nozaki, H mron Lett,. 1985, 26. 5579-5580 
Lsmbert, J B , Shurvell, H F , Verbit, L , Cooks, R C , Stout, G H "Organic Structural 
Analysis", Macmillan Publishing Co , Inc , New York, 1976, p 329 
Zalkow, L H , Harris, R N , Burke, N I J. Nat. Prod,, 1979, 42, 96-102 
Roberts. J S , in "Tarpenoids and Steroids", Hanson, J R , Ed , The Royal Society 
Press, London, 1981. Vol 10. P 105 
Acknowledgment is made to the donors of the Petroleum Research Fund, administered by 
the American Chemical Society. for support of this research Partial support of this 
research by the American Heart Association, Arizona Affiliate. is gratefully 
acknowledged 


