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SUMMARY 

The total synthesis of (+) drhydroreynosln 1 and of (+) 1-oxocostlc acid 2 

(R = H) are lllustratlve examples for a short entry Into l-oxygenated eudesma- 

nes via an easily accessible key IntermedIate 1. 

Many total syntheses of eudesmanes have been accompllshed2; however the l- 

oxygenated numbers comprise an important subclass whrch has received little at- 

tention from a synthetic vlewpolnt3. We want to describe a short highly stereo- 

and regioselectlve approach to this subclass with special emphasis on those mem- 

bers which carry a heavily functlonallzed C-7 "Isopropyl group" amenable for 

lactone ring formation; therefore including also some eudesmanolldes as target 

molecules. Eudesmanolldes4 possess a y-lactone ring mostly closed in a trans 

manner toward C-6 and about 45 % of them carry an oxygen function at C-l. 

Many members contain 3,4-, 4,5-, 4,15, 11,13-double bonds. A characterlstrc 

feature of the eudesmane framework 1s the relative cis configuration of the C-7 

side chain and the angular methyl group. The approach 1s based on previously 

discussed photocycloaddltron reactions of 1,2-brs(trrmethylslloxy)cycloalkenes' 

with 2-cycloalkenones and allows a facile construction of key intermediate z 

(+8). The potentiality of z (+c) 1s illustrated by the synthesis of (?) dlhy- 

droreynosln L6 and of (2) 1-oxocostlc acid 2 7 (R=H). 

All, but one, of the carbon atoms of the eudesmane skeleton were assembled 

during the photocycloadditlon of 3 and 4 (350 nm, pentane, N2, r.t.). The 

crude product (5; mayor isomer8) was reduced (NaBH4, MeOH, -20°C, 1 h); subse- 

quent hydrolysis and oxldatlve cleavage (NaI04, H20-MeOH, r.t., 30 mln, dark) 

afforded 5 which upon column chromatography on S102 partially isomerlzed to 

the trans fused epimers 1 and 8 (36 % combined overall yield from 4). Stir- 

ring an ether solution of 5 in the presence of S102 (r.t., 48 h) cleanly led 

to an equilibrium mixture (2 + 8 : 5 = 9:l) from which the eplmers 1 and 8 

were Isolated In 87 % yield upon crystallization from ether. 

Epimers z and 8 will be potential key Intermediates If both carbonyl functions 

can be dlfferentlated. During the study for this differentratlon a remarkable 

observation was made. Starting from the eplmers 1 and 8, a complete stereo- 
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homogeneous TMS ether 2 was formed (98 % yield; TMSCl, Et3N, DMF, r.t., 2 h) 

as was proven by the 1H NMR spectrum (2 : 13-CH3; 6 = 1.10, J = 7 Hz, 1 

doublet; 7+8 : Concommltant -- 2 doublets at 1.13 and 1.20 ppm (J = 7.25 Hz)). 

equlllbratlon to the most thermodynamically stable C-11 Isomer had occurred: 

this was confirmed by treatment of the mixture 2 and 8 with Et3N In DMF (2 h 

at r.t.) which led to pure 1 1m.p. 143'C; v 1735, 1710 cm -l; 6 (CDC13) 3.93 

lH, ddd, 9.50 Hz, 11 Hz and 2.25 Hz), 3.68 (3H, s), 3.35 (OH, lH, d, 2.25 Hz), 

1.13 (3H, d, 7 Hz), 1.03 (3H, s); m/z at 282 (M+, 3) 195 (1OO)l. 

0 
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This result suggests a hydrogen bond between the ester and hydroxyl func- 

tions, thereby flxlng the side chain In a preferred cyclic conformation. As 

can be deduced from Dreldlng models the most stable conflguratlon should carry 

an a orlented 13-CH3 group (vlde lnfra). 

Formation of the TMS ether 2 not only provided a highly stereoselectlve 

route but also allowed complete reglocontrol'. The TMS ether function effi- 

ciently blocked the 4-carbonyl group: NaBH4 reduction of 2 ln MeOH (-30°C, 10 

mln) and subsequent acid hydrolysis afforded stereohomogeneous 10 In 95 % yield - 
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after crystallrzatlon from ether 110 : m.p. 153-154OC; v : 3420, 1730, 1710 - 

cm -I, 6 (CDC13) 3.86 (lH, ddd, 9.5, 9, 2.5 Hz), 3.84 (lH, dd, 11.5, 4.5 Hz), 

3.68 (3H, s), 3.1 (O$ lH, d, 2.5 Hz), 2.97 (lH, qd, 7.25 Hz, 4.75 Hz), 2.22 

(lH, d, 9.5 Hz), 1.12 (3H, d, 7.25 Hz), 0.8 (3H, s); m/z at 284 (M+, l), 41 

(100) I. Ketone 10 1s a drrect precursor for the synthesis of (+) dihydrorey- - 
nosln 1; formation of 1 proved the assumed configuratron at C-11 in 1. Treat- 

ment of 10 with an excess methylene trrphenylphosphorane (THF, HMPA, 1:3) - 
gave albeit in low yreld (21 %) directly (t) dlhydroreynosln 1; the mayor pro- 

duct was keto acid 11: (71 %) occurrlng from B-ellmlnatron. The spectral pro- 

perties of synthetic 1, 1m.p. 108OC; v : 3360, 1747 cm-', 6 (CDC13) 4.97 (lH, 

s) # 4.83 (lH, s), 4.05 (lH, dd, 10.5 and 10.5 Hz), 3.5 (lH, dd, 11 and 4.6 Hz), 

1.23 (3H, d, 6.75 Hz), 0.83 (3H, s); 6 (C6D6) 1.00 (3H, d, 6.75 Hz); m/z at 

250 (M+, 47); 206 (100); 149 (90) 1 were identical to those of natural dlhydro- 

reynosin 6'10 (m.p. 120'). 

Treatment of 1 and 8 with Burgess reagent I.1 (Me00&02&Et3, benzene, 55'C, 

3 h) led to enone 12 1m.p. 73°C; I, : 1730, 1710, 1690, 1615 cm 
-1 

- ; 6 (CDC13) 

6.87 (lH, dd, 1.3 Hz, 2.2 Hz), 3.69 (3H, s), 1.3 (3H, s), 1.24 (3H, d, 6.75 

Hz): m/z at 264 (M+, 84), 176 (100); UV : 243 nml in which both carbonyl groups 

are drfferentiated because of electronic reasons. Reduction of 12 (NaBH4, - 
MeOH, -3O'C, 15 mm) followed by catalytic hydrogenation (Pt/C, 5 %, MeOH) and 

epimerization (DBU, CH2C12, 3 days, r.t.) afforded 13 in 72 % yield after co- - 
lumn chromatography (Si02, benzene-acetone 8:2) 113; 011; v : 3430, 1730, 1710 
-1 

cm , 6 (CDC13) : 3.82 (lH, dd, 4.75 Hz, 11.5 Hz), 3.67 (3H, R), 1 74 (3H, d, 

7 Hz), 0.72 (3H, s); m/z at 268 (M+, 8)l. Wittig reaction of 13 with excess - 
ylld (from Q3PCH3Br and t.AmONa, toluene, r.t. 30 mln) yielded 14 (86 %) af- - 
ter column chromatography (Si02, ether-hexane 1:l). Formation of the cy-phe- 

nylselenide (LDA, @SeSeg, THF, HMPA, -78' to -4O"C, 3 h) followed by oxldatrve 

elimination (H202-HOAc-THF, O'C, 1 h) led to 15 (82 % yield). Collrns oxlda- - 
tion of 15 (Cr03.2 Py, CH2C12, N2, - r.t.) and column chromatography (Si02:iso- 

octane-ethylacetate 8:2) afforded (?) 1-oxocostlc acid methyl ester 2 (R = Me) 

in 83 % yield. The spectral properties of 2 (R = Me) 1m.p. 37°C; v : 1710 

(broad), 1650, 1625 cm -l; 6 (CDC13) : 6.18 (lH, d, 0.5 Hz), 5.58 (lH, t, 1 

Hz), 4.99 (lH, d, 1.5 Hz), 4.73 (lH, d, 1.5 Hz), 3.76 (3H, s), 1.01 (3H, s); 

6 (C6D6) : 6.27 (lH, d, 0.5 Hz), 5.35 (lH, t, 12 Hz), 4.84 (lH, d, 1.5 Hz), 

4.64 (lH, d, 1.5 Hz), 3.49 (3H, s), 0.87 (3H, s); m/z at 262 (M+, 8); UV : 

212 nml were identical to those of 2 (R = Me) derived from the natural l-oxo- 

costic acld7'12. Hydrolysis (K2C03, MeOH, H20, reflux, 12 h) of 2 (P=Me) gave 

(?) 1-oxocostlc acid 2 (R=H)(83 %), 1n.p. 118°C; 6 (CDC13) : 6.34 (lH, br. s), 

5.72 (lH, br. s), 5.00 (lH, d, 1.2 Hz), 4.75 (lH, d, 1.2 Hz), 1.03 (3H, s) 1. 
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