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INTRAMOLECULAR ENE REACTION OF GLYOXYLATE ESTERS 

AN ANISATIN MODEL STUDY1 

David L Llndner*‘, James B 0oherty3, GIN Shoham, and R B Woodward+ 

Department of Chemistry, Harvard Unlverslty, CambrIdge, Massachusetts 02138 

Abstract A highly reglo- and stereoselectlve Lewis acid catalyzed Intramolecular ene reaction of 

the glyoxylate ester 9 has been used to synthesize the trlhydroxylactone 2 - - 

The structure of anlsatln (1) was reported In 1968 by Yamada et a2 4 The highly oxygenated - 

nature and unusual tetracycllc structure of this sesqulterpene toxin make tt an Intriguing syn- 

thetic challenge In particular, we were Interested In the posslbiltty of using an Intramolecular 

ene reactton to construct the a-hydroxy b-lactone ring system found In anlsatln We hereln report 

the successful reallzatlon of this strategy, the utlllty of which IS Illustrated by the synthesis 

of the trlhydroxylactone 2, which possesses the trlcyclic skeleton and five of the eight choral 

centers contalned In anlsatln 

While numerous examples of the preparation of a-hydroxy esters by both thermal and Lewis 

acid catalyzed intermolecular ene reactions of glyoxylate esters have been reported,5 the use of 

the Intramolecular variant of this reaction for the synthesis of a-hydroxy lactones has been 

virtually unexplored 6 Some time ago, we observed that a-hydroxy 6-lactones could be prepared by 

the Lewis acid catalyzed Intramolecular glyoxylate ene reactlon,7 and, In contrast to the Inter- 

molecular version, that this process was highly stereoselective 8 Thus, treatment of glyoxylate 

ester 2 with stannlc chloride In nltromethane produced a 64% yield of blcycl Ic hydroxylactones 4 - 

and 5 both ene-adducts had the desired - Although a 2 1 mixture of reglolsomers was obtalned, 

relative hydroxyl stereochemlstry ’ These encouraging results prompted us to undertake another, 

more closely-related anisatin model study 

t Deceased July 8, 1979 
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The blcyclic alcohol gl” was acylated with excess bromoacetyl bromide In acetone contalnlng 

sodium carbonate/sodium bicarbonate, affording bromoacetate L, bp 110-114 ‘C (0 4 mm), In 87% 

yield Following the procedure of Kornblum and Frazler,l’ reactlon of 7 with stlver natrate in 

dry acetonltrlle gave nltrate ester S (99% crude yield), which on exposure to sodium acetate trl- 

hydrate In DMSO was converted to glyoxylate ester 2, bp (Kugelrohr) 85 ‘C (0 3 mm) [‘H NMR (CDC13, 

80 MHz) 6 9 40 (lH, s), 5 25 (lH, m), IR (neat) 1745 (C=O, ester), 1725 cm-’ (C=O, aldehyde), 

Calcd for CllH1403 194 09429, Found 194 09402, semlcarbazone mp 216-217 “C (dec)], III 74% overall 

yield from 1. 12 

RO m 
5 R=H 

O/LHO 

CD 
0 

L R = COCH2Br 9 10 R= - - 

8 R = COCH20N02 11 R= - 

Treatment of zwlth stannlc chloride (1 06 eq) In freshly dlstllled, dry 

25 “C afforded a single compound,13 mp 112 5-113 5 “C (benzene-hexane), In 85% 

tography on slllca gel l4 The spectral characterlstlcs of this compound were 

H 

COCH2Br 

nltrornethane at 

yield after chroma- 

consistent with 

those expected for trlcycllc hydroxylactone 10 [MS m/e = 194 (M+), IR (KBr) 3410 (OH), 3025 

(C=C-H), 1720 cm-’ (C=O), ‘H NMR (CDC13, 270;“~) 6 5 58 (C 4-H,15 br dd, J,,,= 4 3, 2 3), 4 82 

(C.8-H, In), 4 05 (C II-H, s), 2 31 (c i2-~,q, ddd, ~~~~~ 13 5, J,,,= 4 3, J,= 2 o), 1 78 (C 12- 

H , dd, J 

7zx6 (d), 

= 13 5, J,,,=l 6), 

T;m7 

13C NMR (CDC13) 6 175 2 (s), 139 2 (C=C-H, s), 125 7 (C=C-H, d), 

(d), 50 2 (s), 38 8, 33 7, 31 4, 29 7, and 20 8 (t), Calcd for CllH1403 c 68 02 

H 7 27, Found C 68 18 H 7 291, but did not unequivocally rule out other possible structures ” 

The structure of the ene-adduct was unambiguously establlshed as 10 by x-ray crystallographic - 

analysts of the bromoacetate derlvatlve (2). which was prepared In 99% yield by acylatlon of 10 - 

with bromoacetyl bromtde and pyrldlne In dry methylene chloride (-45 to -20 “C) A single crystal 

of 11, mp 118-119 “C (benzene-hexane), was used for crystallographic data collectlon l7 The 

bromine atom was located from the Patterson function, and the rest of the structure was determlned 

by successive cycles of difference electron density maps and block diagonal least-squares refine- 

ments l8 In the final stages of the refinement, all posItIona parameters were refined using 

anlsotroplc thermal parameters for non-hydrogen atoms and lsotroplc thermal parameters for hydrogen 

atoms The refinement of the structure converged to values of 0 064 and 0 050 for R and R,, 

respectively lg Stereo drawings of the structure (Figure 11)15 and the unit cell packing 
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(Figure III) of 11 are shown below - 

Several points concerning the transformation of glyoxylate ester 2 Into hydroxylactone 10 - 

are worth mentlonlng As before, only the desired hydroxyl stereochemistry was produced In this 

case, however, the bridgehead quaternary carbon center of the trlcycllc ring system of anisatln 

was also generated 2o Furthermore, the reaction was completely regloselectlve, with the carbon- 

carbon double bond being transposed exclusively to the appropriate positIon for lntroductlon of 

the vlclnal dlol 

Flnally, czs-hydroxylatlon of 10 with osmium tetroxlde In ether followed by sodium blsulflte - 

In aqueous pyrldlne afforded trlhydroxylactone 2, mp 145-146 “C (acetone-heptane) [‘H NMR (CDCl3/ 

D20, 270 MHz) 6 4 71 (C 8-H,15 m), 4 57 (C 4-H, dd, J,,,= V 6, 5 61, 3 99 (C 11-H, s), 2 41 (C 12- 

H ax, dd, Jgem= 13 6, J,,,= 2 l), 2 16 (C 7-H,,, dddd, Jgem= 14 4, J,,,= 12 6, 5 0, 2 41, 13C NMR 

(CDC13) 6 175 9 (s), 79 1 (51, 77 0, 76 3, and 75 8 (d), 48 2 (s), 32 8, 32 7, 30 6, 27 9, and 

25 5 (t), IR (KBr) 3380 and 3230 (OH), 1720 cm-l (C=O), Calcd for CllH1605 C 57 88 H 7 07 

(228 OVV76), Found C 57 68 H 7 12 (228 09959)~, In 78% yield after PTLC on slllca gel 

In summary, this work demonstrates that the Lewis acid catalyzed intramolecular ene reactton 

of glyoxylate esters can be both a highly stereo- and regloselectlve route to unsaturated a-hydroxy 

6-lactones Studies on the appllcatlon of this methodology to the total synthesis of anisatin ~111 

be reported In due course 

Figure I Numbering scheme for 11 - Figure II Stereoscop Ic view of 11 - 

Figure III Stereoscopic view of the unit cell packing 
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