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Abstract: The steric and stereoelectronic dependence of the diastereoselectivity in the 

photoche~c~ i2+21 ~ycloaddjt~on of chiral Z(S~-f~r~ones to alkenes is investigate to 

prepare eventuaily cyclobutanic natural products. It is shown that the alkenes approach to 

d~fe~nt chiral S-subst~tu~d ~(5~~fu~nones mainly by the less hinde~d side, 

Conveniently substituted cyclobutane rings are present in some natural products: spatane diterpenes,t 

~urbenez and c~yophyIlene3 sesquite~enes, (~}-grand~sol monote~ene~ etc, To generate such rings in 

the total synthesis of some of these substances, 2(W)-furanones have been succesfully used via a 12+21 

pbot~ycloaddition to alkenes? The photochem~~~ ~havio~r of these ~,~-butenolides has been widely 

studiedP but the stereoselective control (mainly face ~~tereoselectivity~ of ~e~cycloaddition to olefmes 

has not received so much attentions ff a certain control for this cycloaddition could exist and the 2(5N)- 

furanone is homochiral the reactions would lead to good diastereomeric excesses and ultimately to 

enantiomericaily pure natural pr&cts. In fact, this approach has been widely used through thermal 

cycloadditions and Michael addifinns. 78 We can imaging that steric and ste~oelectrooic effects can force 

the olefine to approach the furauone through its less hindered side thus creating a diastereofacial 

diff~ntiation. To clarify the extend of these effects we have piped some optically pure 5-a1~~-2(5~- 
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furanones, l-5. and we have f&owed the diastereoselective course of their photochemical 12+21 

cycloaddition to ~~e~yle~yiene WE) and ethylene. 

RESULTS and ~ISCUSSK~N 

Cycloaddition of 1 to TME affotied two cycloadducts, 6a and bb in a ratio 73:27 according to glc 

analysis (TABLE I). Both diastereoisomers were separated by column chromatography. 

SCHEME I 

CR, %=CH$ FI,=CH, 

7: R, D CH@H R2 = Cti, 

8: R< = C&OCOCH, & = C& 

5: R, 1: CH&COc(CH& Ra = CH, 

10: R, sz CH,OCOCFs R2 I CH, 

Il:R,=CH, R,=H 

12: f-4, = CH,OCOCH, R2 = H 

13: R, = CH,OCOC(CH& Rz = H 

6a 

?a 

8s 

98 

IOa 

ffs 

128 

13a 

6b 

7b 

3b 

9b 

ftfb 

llb 

12b 
13b 

The relative config~tio~ of these isomers was d~te~i~ed by the coupIi~g constant of Fkt (6 = 4.6 ppm 

and 6 = 3.8 ppm in the major and minor cycloadduct respectively) with Hg (6 = 2.34 ppm and 6 = I.70 



ppm in the major and minor cycloaddu~t) m~sur~d in their 400 MHz INMR spectra. The major adduct 

showed f4.5 = 1.5 Hz and was assigned to an e.ro (6a) relationship between Rt and the cyciobu~ne ring 

while the minor one showed J4,5 3: 5.6 Hz and was assigned to the err& isomer (6b). 

furanone olekke 

-l-ME 

TM!2 

TME 

l-ME 

m 
ekylene 

ethylene 

ethylene 

d,e. yield cyclo~uct ratio 

% % a+b a:b 

46 37 73:27 

48 42 74:26 

56 40 78:22 

64 44 82:18 

60 20 go:20 

18 4x 59:41 

48 46 7426 

56 49 78:22 

TABLE I: ~~efld~nc~ of the cycl~addu~t ratio on the substituen~ 

in the ~position of the chiraI furauone and the define. 

quinines 2-5 gave with TME adducts ~a,7b-~~a,l~b, and similarly furanones 1,s and 4 (see 

scheme I) gave with ethylene adducts ~~a,~lb-l3a,l3b. NMR data used to assign the st~re~hemis~ 

of the adducts are given in TABLE If. The major cycloadduct had always the smallest 54,~ and was 

assigned as the cxo diastereoisomer (a). In all cases adducts were separated by coiumn chromatography 

and isolated with the exception of the trifluoroacetate derivatives that showed very sensitive to hydrolysis. 

Table I shows the variation of the a!b cycloadduct ratio in function of Rt found by glc analysis. For 

TME this ratio increases from 73:27 when RI = CHj to 82~18 when Rt is the bulky C~2~~C(C~3}3. 

That fact denotes some kind of interactions between Rt and the olefine. These interactions am still present 

when the alefine is the small e~yIene moI~uie: a/b passes from 59:41 ta ?8:22 for Rr = CW3 and 

CH2~COC(C~~)3 respectively. For this olefine the diaste~o~so~~~ excesses are not so large as for 

TME: only 18% when RI = CH3 and 56% when RI = C~2OCOC(C~3~3 . Steric interactions can be 

in~diately invoked to justify these facial diastereosel~tivities, the p-side of the butenoiide being hinder& 

by Rt. However, attention should be paid that do not exist big differences in the a/b ratios although these 

differences increase gradually with the size of the group linked to the furanone, from the small CH3 to the 

bulky pi~~oate moiety. That suggests that aI~ough the steric effect does really operate in spite of the 

bulky group being arced faraway of the reactive double bond, probably a stereoelectronic effect is ab 

present. 
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cycloadduct 

6 4.6, dq 3.8, dq 

7 4.5, ddd 4.6, m 

8 4.6, ddd 4.6, ddd 

9 4.6, ddd 4.6, ddd 

10 4.8, ddd 4.7, ddd 

11 4.5, dq 4.6, dq 

12 4.55, ddd 4.60, dcid 

13 4.59, ddd 4.62, ddd 

H4 

6, multiplicity 

il b 

H5 
8, multiplicity 

a b 

2.34, dd 1.70, ad 

2.65, dd 2.83, ad 

2.49 dd 2.85, dd 

2.45, dd 2.85, dd 

2.50, dd 2.83, dd 

3.2, m 3.15, m 

2.95. m 3.25, m 

2.96. m 3.2. m 

J4.5 
Hz. 

a b 

1.5 5.6 

1.2 5.0 

1.5 5.7 

1.9 5.8 

1.7 6.0 

1.0 5.7 

1.0 5.6 

1.2 5.2 

TABLE II: Chemical shift, multiplicity and coupling constants for Hd and IIs 

in the cyclaadducts. 

Table I shows, also, that a/b is almost identical when TME reacts with furanone 1 or 2 ( Rt = 

CH$XI) but changes when it reacts with furanone 3 where an ester group is present in RI. This group 

appears in furanones 3,4 and 5 that give cycloadducts 8,9 and 10 with the highest values of a/b. In 

these cases stereoelec~onic effects, similar to the ones invoked in the alkylation of lithium hlltanolide 

enolates,~ that is the n-x interaction between the non-bonding electrons of oxygen with the n-orbit& of 

the butenolide (fig, l), could induce a preferential a-attack (fig.2). 

Figure 1 
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Figure 2 

Therefore, steric and stereoelectronic effects operate in the photocycloaddition of homochiral2(5H)- 

furanones to alkenes creating a diastereofacial diffe~ntiation that allows to obtain moderate 

diastereoisomeric excesses of the exe cycloadduct. 

~XPERIME~AL SECTION 

Melting points were determined on a Kofler hot stage and are uncorrected. Optical rotations were 

obt~ned on a Prop01 pol~imeter, Model Dr. Kerchen. distillation of small mounts were effected on a 

rotational distillator, B&hi Model KRV 65/30 (only external or oven temperature given). 

The 80 MHz pmr and 20 MHz cmr spectra were recorded on a Bruker spectrometer Model 

WP8OSY and the 400 MHz pmr and 100 MHz cmr spectra were recorded on a Bruker AM400~, from 

chloroform-d solutions, unless otherwise indicated; chemical shifts are given in ppm relative to TMS (6 

scale). Uv and ir spectra were recorded on a Hewlett-Packard 8452A and a Nicolet 20X 

spectrophotometers respectively. 

Gas chromatographic analyses were performed on a Hewlett-Packed model 5930 ins~ment with 

a capillary column Hewlett-Packard Ultra 1 (crosslinked methyl silicone gum, 12m x 0.2mm x 0.3 pm). 

The 70 eV electron impact mass spectra were recorded with a Hewlett-Packard apparatus Model 5985 B. 

Gc-ms analyses (70 eV for electron impact) were recorded on a Hewlett-Packed 5989 A gc-ms system 

with the previously described capillary column. Microanalyses were performed at the Institute de 

Quimica Bio-Organica C.S.I.C., Barcelona. 
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General experimen~l procedure for phnt~ycioaddit~ons of 2(5~-furanon~ with TME and 

ethylene. 

Jrradiations were performed in a small conventional photochemical reactor, consisting of a 

two-necked 50 mL reaction vesse1 and a water-jacketed Pyrex immersion well, using a high pressure 125 

W mercury lamp (Philips HPK-125), usually under an argon atmosphere and with magnetic stirring. 

Ethylene saturated solutions at -78 “C were used in the cycloaddition experiments of this olefine. Water 

was used for refrigeration of the immersion well jacket. 

The photoreactor was cooled with a dry ice-acetone, dry-ice-carbon tetrachloride or a running 

water bath (for room tempereture experiments). The progress of the reactions was generally monitored by 

glc 0 tic taking aliquots of cca 50 FL. 

Furanones 1 and 2,3 were prepared ~om~-~~noiactonelD and ~-mannitol’t.‘~ respectively. 

~)-(S”)-S-Pivaloyloxy~thvI-2(5H)-furanone, 4. 

TO an ice-cooled solution of 2 (3.2Og, 28.07 mmol), anh pyridine (4.50 mL, 55.86 mmol) and 

4-dimethylaminopyridine (DMAP) (0.75 g, 6.07 mmol) in 60 mL CH,CI,, pivaloyl chloride (6.80 mL, 

55.43 mmol) was added. The mixture was magnetically stirred at room temperature for 29 h. After 

addition of water (10 mL), the organic layer was washed successively with 5% HCl (3x25 mL), satd aq 

NallCos (3x25 mL) and water satd NaCl (3x25 mL) , and dried over anh Na,SO,. The solvent was 

removed under reduced pressure and the crude was chromatographed through silica gel (1 : 2 ethyl 

acetate-hexane as eluent) to afford 4 (4.96 g, 89% yield) as a colorless needles: m.p. 32-34°C; b.p. 

9O”C/O.l tow (cx]$~ -140 (c 1.3, in chloroform); ir (KBr) 3088. 3056, 2976, 2928, 2864, 1758, 1730, 

1616, 1484, 1330, 1284, 1172, 1157, 805 cm-l; pmr (80 MHz) 1.1 (s, 9H, (CHsfsC), 4.4 (d, J&,s: 4.0 Hz, 

2H H-61, 5.2 (m, 1H. H -51, 6.1 (dd, J3,,: 5.6 Hz, J3.s: 2.2 Hz, lH, H-3), 7.42 (dd, J4,3: 5.6 HZ, Jqs: 1.6 

HZ, lH, H-4): cmr (20 MHz) 26.8, 38.6,61.9, 80.8, 122.8, 152.4, 171.9, 177.6; ms, mfe 199 (M++l, 0.11, 

16s (0.41, 142 (1.0),98 (8.51,97 (12.0), 85 (X6), 84(73). 57 (loo), 55 (1O.Q 41 (31.6). 

(-)-($l-5-Trifluoroacetyloxvmethvl-2(Sm-furanone, 5. 

A mixture of 2 (319 mg, 2.79 mmol) and trifluoroacetic anhydride (4 mL, 28.32 mmol) was 

magnetically stirred for 6 h under argon atmosphere. The crude was distilled with four portions of carbon 

tetrachloride at reduced pressure to remove the excess of the anhydride and trifluoroacetic acid. The 

residue obtained was distilled to afford 5 (534 mg, 91Y0 yield). The ester is extremely sensitive to 

hydrolysis, B.p. 85-90 “C/O.1 ton; (a) -96.8 (c 2.1 in chloroform); ir (film) 3100, 2950, 1789, 1763, 

1625, 1160, 1348, 1225 cm-l; pmr (SO MHz) 4.5 (dd, Jp,,: 12.0 Hz, JGa,s: 5.2 Hz, lH, H-6a), 4.8 (dd, 



J sea,: 12.0 Hz, Js& 2.7 Hz, JH, H-6bk 5.3 (m, IH, H-5),6.3 (dd, J3,& 6.4 Hz, Jj,s: 2.7 HZ IH, H-3), 7.5 

fdd, J43: 6.4 Hz, Jd,s: I.8 Hz, JH, H-4); cmr (20 MHz) 65.1,80.2,114 (q, JC_F: 285 Hz), 123.2, 152.0,157 

(q, k-F: 44 W, 17% f)ls, mie 181 ~~+~~-~, 61, 180 (81, 153 (21, 99 ($96 (321, 84 (51, 83 (lOtI), 69 

(54). 55 (51),54 fi4), 42 (13). 

(-)-(1S,4R,5R~-4-Methyl-6,6,7,7-tetramethyl-3~oxabicycIo[3.2.0lheptan-2-one, 6a and (lR,4R.Z+ 

4-Methyl-6,6,7,7-tetmethyl-3-oxabicyclo~3.2.O~heptan-2-one ( 6b. 

A solution of 1 (NO mg, 3.06 mmol) and tetramethyl ethylene (TME) (3.6 mL, 30.42 mmol) in dry 

ether (45 mL) was irradiated at room temperature for 2 h ~mugh quartz. Elimination of the solvent at 

reduced pressure gave a residue which was chromatographed on silica gel using in~ti~ly hexane afone 

and then a mixture of hexane and ether, gradually increasing the amount of ether, as eiuent (0~30% 

ether in hexane). The first fraction gave (-)-6a (150 mg, 27% yield) as colorless crystalline solid; m.p. 

55-W% la), -81.3 (c 2.1 in chloroform); ir (KBr) 2975,2530, 2871, 1758, 1479, 1457, 1376, 1334, 

1280, 1167, 1108,951 cm-t; pmr (400 MHz) 1.02 (s, 3H), 1.05 (s, 6H), 1.20 (s, 3H), 1.27 {d, J,,_,: 6.5 HZ, 

3H, H-8). 2.34 (dd, Js,l: 8.1 Hz, JsA: 1.5 Hz, lH, H-5), 2.70 (d, J,f: 8.1 Hz, lH, H-l), 4.60 (dq, J4,s: 6.5 

Hz, J4,s: 1.5 Hz, lH, H-4); cmr (20 MHz) 20,4,20.7,22.1,26.f~,26.9,39.9,40.8,46.4,47.9,76.7, 177.9; 

ms, m/e 183 Wtl, 1.91, 182 (1.1X 167 (0.21, 139 (LO), 123 (4.31, 99 (12.8), 84 (35.5), 83 (98.4), 69 

(48.01, 67 (39.5), 55 (loo), 41 (77).Anal. Calc. far CtlH1sOa: C, 72.52; H, 9.90. Found: C, 72.60; H, 

10.06. 

The second fraction gave 6b (37 mg, 10% yield) as a liquid that was unsuitable for optical rotation 

measu~men~; b.p. lOS%Q.O2 torr; ir (film): 2974,2877, 1764, 1480, 1455, 1382, 1279,1189, 1163, 

1130, 1042,986, 951 cm-r; pmr (400 MHz) 1.0 (s, 3H), 1.05 (s, 3H), 1.18 fs, 3H), 1.20 (s, 3H), 1.50 (d, 

Js,4: 7.4 Hz, 3H, H-8). 2.68 (complex abso~tion, 2H, H-l, H-S), 4.58 (m, Js4: 7.4 Hz, lH, H-4); pmr 

(400 MHz) (toluen-ds) 0.50 (s, 3H), 0.65 (s* 3H), 0.80 (s, 6H), 0.90 (d, Jsp: 7.4 Hz, 3H, H-81, 1.70 (dd, 

&t: 8.0 Hz, Jlip: 5.6 Jiz., lH, H-51, 1.96 (d, J,,s: 8.0 Hz, lH, H-l), 3.80 (dq, J4,s: 7.4 Hz, J4>: 5.6 Hz, lH, 

H-4); cmr (20 MHz) 16.1,20.1,22.9, 26.5,26.9.40.8,42.1,46.8,48.5,79.2, 178.2; ms m/e (CtrHts02) 

183 @l++l, 5.81, 139 (1.51, I23 (6.1), 99 ( 6.6), 9s (9.6), 84 (33.91, 83 (91,2), 82 (11.4), 69 {42.6), 67 

(34.3), 55 (65.9),41 (100). 

The third fraction gave (74 mg) of the unreacted lactone 1, 

(-)-(lS,4S,5R)-4-Hvdroxymethyl-6,6,7,7-tetramethyl-3-oxabyciclol3.2.01he~tan-2-one, 7a and 

/18,4S,5S)-4-Hydroxymethyl-6,6,7,7-te~amethyl-3-ox~bycic~o~3~2.O~hept~-2-one, 7b. 

A solution of 2 (315mg, 2.76 mmol) and TME (3.5 mL, 29.47 mmol) in dry ether (45 mL) was 

irradiated at 2PC for 3 h through quartz, The reaction was monitory by tic, The solvent was removed at 
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reduced pressure and the residue was cl~roln~to~rapbed on silica gel. Elutiou with hex~ne-ethos acetate 

(31) afforded (-f7a (142 mg, 31% yield) BS B colorless crystalline solid, 7b (50 mg, 11% yield) as an oil 

that was unsuitable for optical rotrttion measurements, end 47 mg of uureacted lactone 2. (-)-78: m.p 

92-94’X; {a)~ -71.75 (c 1.24 in chloroforln~; ir (KBr) 36~0-34~~-31~~ (broad band), 2976,2865, 1734, 

1482, 1457, 1376, 1346, 1277, 1224. 1189, 1158, 1054, 998 cm-r; pmr (80 MHz} 1.05 (s, 3H), 1.10 (s, 

6H),1.20 (s, 3Hf, 1.95 (broad, s, IH, -OH), 2.65 (dd, J5.1: 8.5 Hz,J5,g1.2 Hz, IH, H-5), 2.80 (d, Jr,s: 8.5 

Hz, lH, H-l), 3.6 (dd, Jgc,,,: 12.2 Hz, Js;,+ 3.6 Hz, lH, H-X@, 3.80 (dd, Jgcm: 12.2 Hz, Jsh,&: 4-9 Hz, IH, 

H-8b), 4.50 (ddd, J4+sb: 4.9 Hz, Jd.sa: 3.6 Hz, J4,s: 1.2 Hz, JH, H-4); cmr (20 MHz) 20.3, 20.6, 25.8,26.7, 

39.7,41.2,43.2,47.0,64.7, 80.X, 178.6; ms m/e 198 (M+, 0.2). 180 ( 0.2). 167 (3.7), 155 (1.2), 121 (1.61, 

84 (9.5), 83 (lOO), 69 (17.3), 55 (30.1). 43 (Z/.3), 42 (41.2). Anal. Calc. for C~~H,~~~: C, 66.64: H, 9.15, 

Found: C, 66.68: II, 9.22. 7b: ir (film) 373~-3~~~ (Brady, 2960 I 2928, 2873, 1765. 1457, 1375, 1279, 

1183, 1158, 1141, 1071, 1005, 984, 900 cm-r; pmr (400 MHz) I.0 (s, 6HI), I.10 (s, 3H), 1.20 fs, 3H), 1.90 

(broad, s, IH, -OH), 2,7S(d, Jr s: X3 Hz, 1H, H-f), 2.83 (dd, Js,r: 83 Hz, JsA: 5.0 Hz, lH, H-5), 3.75 (dd, 

J ert,,: 12.4 Hz, Jxl?: 2.5 Hz, IH, H-83). 4.25 (dd, Jguia: 12.4 Hz, J,t,_4: 8.3 Hz, IH, H-8b), 4.60 (m, iR, 

J-i-4); cmr (20 MHz) 20.2, 23.3 , 26.2, 26.9, 40.8,42,(~, 44,4, 47.5, 62.2, 85.3. 177.7; ms mfe 199 (Mt+l, 

4.11, 181 (1.41, 167 (3.5),115 (2.4), x4 (2361, x3 (NO), 73 (34.2). 69 (21.1). 57 (12.6), 55 (44.5), 45 

(37.6), 41 (45.0). 

A solution of 3 (309 mg, 1.98 mmot) and TME (2.4 tnt, 20.20 mmol) in dry ether (45 mL) wets 

i~d~ated at -20 YI for 2 h thm~I~l1 qu;trtz. The solvent ~3s ~jimi~~ted under reduced pressure to afford a 

crude, which was cbromatographed on silrca gel (()-tlO%~ ethyl acztrrtc in hexane). From the rapidly 

eiured fmctions, f-)-&t (146 mg, 31% yield) was obtained BS ;1 colorless oil; bp. 120-125 “C/O.? toes, 

{a}~ -37.1 (c 0.66 in chloroforIn~: ir (film) 2960, 1765, 1746, 1373, 1232, 1 f 59: pmr (400 MHz) 1.0 (s, 

3R), i .06 (s, 6H) 1.20 (s, 3H), 2.07 (s, 3H), 2.49 (dd, Js.r: 8.2 Hz, Js4: 1.5 Hz, It-I, H-5). 2.73 (d, Jr,s: 8.2 . 

Hz, lH, H-l), 4.04 (dd, Jgem: 11.9 I-Jz, Jx,,j: 4.6 Hz, iW, H-&r), 4.18 (dd, Jgeln: 11.9 Hz, Jsb,J: 346 Hz, IH, 

Wb), 4.65 (kid, JJ,so: 4.6 Hz, JI.%t,: 3.6 Hz, JJ.s: 1.5 Hz, IH, H-St; cmr (30 MI-k) 20.3,20.5,20.6,25.X, 

26.~,4~.~~, 41.3, 43.6, 46.6, 65.9.77.1, 170.3, 177.3: ms, m/e 181 (M+-59, I), 167 (6). 152 (3). 99 (4). 84 

(14), 83 (RIO), 69 (IO), 43 (29). Anal. Ctilo. for CllH21$Jg C. 64.98: H, 8.39. Found: t, 64.X1; H, 8.42. 

From the slowly &ted fractions, 813 (44 mg, 9% yield) was isolated as nn oil thnt was unsuitable 

for optical rotation measurements; ir (film) 2950, 2928, 1768, 1744, 1373, 1234, 1179. 1159 cm-l; pmr 

(400 MHz) 1.0 (s, 6H), 1.02 is, 3H), 1.20 (s. 3H), 2.10 (s, 3H), 2.70 (d, Jr.s: 7.7 Hz, lH, H-l), 2.85 (dd, 

Js,t: 7.7 Hz, Jsg 5.7 Hz, 1H, H-j), 4.31 (dd, Jg,tn: 12.2 Hz, Js..,4: 3.0 Hz, tH, H-&t, 4.49 (dd, Jgem: 12.2 

HZ, Jgt.+: 8.2 Hz, IN, J-I-gb). 4.61 (ddd, J4,s: X.2 H7., JJTg: 5.7 Hz, Jjso: 3.0 Hz, 1H, H-4); cmr (20 MHz) 
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20.k 2O.2,20.4,23.1,26.1,40.8,41.9,44.5,47.1, 63.4,80.8, 170.5, 177.0; ms, m/e 181 (~~-59, I) 167 

(4), 152 (2), 98 (3),84 (23), 83 (IOO), 69 (15). 55 (IO), 43 (23). 

~-)-(1S,4S,SR)-4-pivalovloxymethv1-6,6,7,7-tetrameth~l-3-oxab~ciclo[3.2.0~heptan-2-one, 9a and 

flR,4~5S)-4-pivaloyloxymethyl-6,6,7,7-~~me~v~-3-oxab~ciclo~3.2.O~hep~n-2-one, 9b. 

A solution of 4 (212 mg, 1.07 mmol) and TME (1.5 mL. 12.63 mmol) in dry ether (45 mL) was 

irradiated at 20 OC for 3 h through quartz. The solvent was removed to give a crude that was 

chromatographed through silica gel (mixtures of hexane-ether as eluents). The first fraction gave 9b (25 

mg, 8% yield) that was unsuitable for optical rotation measurements; ir (film) 2960, 2924, 2854,1773, 

1734, 14.52, 1380, 1356, 1260, 1140, 1116, 1020, 900 cm.‘; pmr (400 MHz) 1.02 (s, 3H), 1.04 (s, 3H), 

1.15 (s, 3H), 1.20 (s, 9H, (‘X3)$!), 1.22 (s, 3H), 2.70 (d, Q 7,8 Hz, IH, H-l), 2.88 (dd, J5,1: 7.8 Hz, 

JsA: 5.8 Hz, lH, W-S), 4.35 (dd, Js=,,: 12.1 Hz, Jaa,d 3.3 Hz. IX, H-83), 4.48 (dd, Jsem: 12.1 Hz, J8b,4: 7.9 

Hz, lH, H-8b), 4.60 (ddd, J4,sb: 7.9 Hz, J4,s: 5.8 Hz, JJ,s+ 3.3 Hz, IN, H-4); ms, m/e 283 (M+tl, 15.4), 

182 (1.6), 181 (6.7). 167 (5.9), 152 (5.9), 137 (4.2), 97 (4.6), 85 (10.7). 84 (3O.Q 83 (100). 69 (23.4), 67 

(1X0), 57 (69.4), 55 (23.7), 43 (13.8), 41 j56.2). 

The second fraction gave (-)-9a (108 mg, 36% yield) as a colorless needles; m.p. 89-91°C, (a)D 

-42.75 (c 1.2 in chloroform); ir (KBr): 2951, 2929, 2873, 1765, 1724, 1481, 1458, 1373, 1332, 1283, 

1231, 1173 , 1151, 1057, 1003, 950 cm-l; pmr (80 MHz) 1.0 (s, 3H), 1.05 (s, 6H), 1.2 (s, 9H,(CHs),-C), 

1.21 (s, 3H), 2.4 (dd, J5,,: 8.5 Hz, J5,& 2.0 Hz, lH, H-5), 2.7 (d, J,,s: 8.5 Hz, lH, H-l), 3.9 (dd, Jsem: 12.2 

Hz, Js4*: 3.6 Hz, lH, H-8a), 4.1 (dd, Jge,,,: 12.2 Hz, &,,,: 3.7 Hz, lH, H-8b), 4.6 (ddd, &: 3.7 Hz, J4,8b: 

3.7 Hz, J4,5: 2.0 Hz, lH, H-4); cmr (20 MHz) 20.4, 20.7, 26.0, 26.9, 27.1, 38.8, 40.0, 41.3, 43.7, 46.8, 

66.0,77.2, 177.3, 178.0; ms, m/e 283 (hl++l, 1.2) 182 (OS), 181Q.3). 167 (3.6), 152 (3.5). 137 (1.5), 85 

(9.4), 84 (27.7), 83 (loo), 69 (23.8), 57 (76), 55 (23.6), 43 (12,7), 41 (62.6). Anal. Calc. Ct,H2,04: C, 

68.08; H, 9.21. Found: C, 68.18; H, 9.49. 

~lSS,4ii,5R)-4-trifluoroacetvloxymeth~l-6,6,7,7-te~amethyl-3-oxabvciclo~3.2,Olhep~n-2-one, lOa 

and (1R,4S,S~S4-trifluoroacetyloxymethyl-6,6,7,7-te~amethyl-foxabvciclo~3.2.O~heptan-2-one, lob. 

A solution of freshly distilled 5 (315 mg, 1.5 mmol) and TME (1.9 mL, 16.02 mmol) in dry ether 

(45 mL) was irradiated at -20 OC for 2 h through quartz. After concentration, the crude was 

cromatographed on silica gel (O-+15% ethyl acetate in hexane as eluent). The first fraction gave lob (13 

mg, 3% yield); ir (film) 2983, 2964, 1793, 1771, 1300, 1208, 1139 cm-‘: pmr (400 MHz) 1.02 (s, 3H), 

1.05 (s, 3H), 1.1 (s, 3H), 1.20 (s, 3H), 2.75 (d. J1,s: 7.9 Hz, lH, H-l), 2.89 (dd, Js.t: 7.9 Hz, Js4: 6.0 Hz, 

lH, H-5), 4.50 (dd, Jgem: 12.0 Hz, Jsa,4: 3.1 Hz, lH, H-8a), 4.70 (ddd, J4,sr+ 8.4 Hz, Jbl: 6.0 Hz, J4,sa: 3.1 

Hz, lki, H-4), 4.86 (dd, &.,,: 12.0 Hz, Jsb,& 8.4 Hz, 1H. A-8b); ms, m/e 181 (M+-113,2), 152 (2), 121 
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@kg7 (4),95 (21, 84 (27),83 (loo), 81 (I I), 69 (35). 55 (14). The second fraction gave 10a (75 mg, 17% 

yieldk ir (fiW 2963, 1794, 1770, 1348, 1225, 1166 cm“; pmr (80 MHz) 1.0 (s, 3H). 1.1 (s, 6H), 1.2 (s, 

3H), 2.5 (dd, JS,t: 7.6 Hz, J5A: 1.7 Hz, IH, f-I-5), 2.8 (d, Jl,s: 7.6 Hz, 1H H-1),4.3 (dd, Jgem: 12 Hz, JBa,4: 

4.3 Hz, I& H-k), 4.5 (dd, Jgem: 12.0 Hz, J8,,,d: 3.8 Hz, IH, H-gb), 4.8 (ddd, J4,a; 4.3 Hz, J4,ab: 3.8 Hz, 

J.t.5: I.7 Hz, IH, H-4); ms, m/e 181 (M+-113,2), 152 (2), 125 (l), 100 (2), 97 (4), 84 (19x 83 (loo), 81 

(20), 79 (P), 69 (28), 55 (14). 

These cycloadducts are extremely sensitive to hydrolysis, yielding of 7a and 7b that were isolated 

and detected by spectroscopic data. 

(~R,4RR,5~-4-methvf-3-oxabvciclo~3.2.0lheotan-2-one, lla and ~1~,4R,5R~-4-meth~I~3-oxabyc~~lo 

13.2.Olb~~~n-2-one. Ilb. 

A solution of 1 (195 mg, 1.98 mmol) in dry ether (45 mL) was irradiated through quartz at -78 *C 

for I h with introduction of ethylene. Glc analysis of the crude indicated the presence of many 

by-products. The solvent was removed under reduced pressure to afford a residue, which was 

chromato~raphed on silica gel {ln~xtures of hexane-ether as eluents). The fist fraction gave lla (75 mg, 

30% yield) as a liquid which w;ts contaminated by some by-products; ir (film) 2975, 2930, 1775, 1376, 

1 I.54 cd; pmr (80 MHz) 1.25 (d, Ja4: 6.3 Hz, 3H, H-S), 1.90-2.65 (m, 4H), 2.95-3.5 (m, 2H), 4.50 (dq, 

J4,a: 6.3 Hz, 54,~: 1.0 Hz, lH, H-4). The second fraction gave llb (45 mg, 18% yield) contaminated also 

by some by-products; ir (film) 2974, 2877, 17’7.5, 1170, 1130 cmW1; pmr (80 MHz) 1.32 (d, Ja4: 6.1 Hz, 

3H), 1.70-2.70 (m, 4H), 2.85-3.40 (m, 2H), 4.60 (dq, J4.a: 6.1 Hz, J4,5: 5.7 Hz, lH, H-4). All attempts to 

purify these cycloadducts from the by-products were unsuccesful. 

~-(1R,4~,S~-4-acetyloxymethyl-3-oxabvcicln~3.2.O~he~tan-2-one, 12a and 5 1 .S,4S,SR)-4- 

acetyloxymethyl-3-oxabv~i~~o~3.2.Olhep~an-2-one, 12b. 

A solution of 3 (188 mg, 1.20 mmol) in freshly distilled acetone (45 mL) was irradiated through 

Pyrex at -78 “C for 2 h with introduction of ethylene. The solvent was removed at reduced pressure and 

the crude was chromato~aphed on silica gel (mixtures of ethyl acetate-hexane as eluents). From the 

rapidly eluted fractions, 12a (77 mg, 35% yield) was obtained as a colorless oil; b.p. llS-12S°C/0.2to~; 

(ct)n -43.9 (C 1.3 in chloroform); ir (film} 2951, 1769, 1743, 1384, 1370, 1231, 1073 cm.‘; pmr (400 

MHz) 2.05 (s, 3H), 2.10 (m, 2H), 2.95 (m, IH), 3.1 (m, IH), 4.05 (dd, Jge,,,: 12.1 Hz, Jaa,4:4,3 Hz, lH, 

H-Ra), 4.16 (dd, Jr,,,: 12.1 Hz, Jab/,: 3.2 Hz, IN, H-8b). 4.55 (ddd, J4,Ba: 4.3 Hz, J4,ab: 3.2 Hz, J4,5: 1.0 Hz, 

lH, H-4): cmr (20 MHz) 20.4, 23.5,24.6, 36.5, Z&6,75.4, 82.3, 170.1, 179.5; ms m/e 142 (M*+l-43, 3), 

124 (11X 112 (71, 111 (lOO), 84 (5),83 (IX), 79 (5),.55 (41),43 (67). Anal. Calc. for CaH1204: C, 58.69; 

H, 6.57. Found: C, 58.65: H, 6.60. 

From the slowly eluted factions, 12b (25 mg, 11% yield) was obtained as an oil that was 
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UnSu~~ble for optical mutton ~asurements; ir (elm) 2924, 1770, 1742, 1370, 1233, 1074 cm-‘; pmr 

(400 MHz) 2.07 (s, 3H), 2.08 (m, ZH), 2.15 (m, lH), 2.5 (m, IH), 3.15 (m, IH), 3.25 (m, III), 4.21 (dd, 

Jge& 12.2 Hz, &: 4.3 Hz, lH, H-8a), 4.30 (dd, Jsen: 12.2 Hz, Jsb,4: 7.8 Hz, lN, H-8b), 4.6 (ddd, J4,sb: 

7.8 Hz, JJs: 5.6 Hz, J4sa: 4.3 Hz, lH, I-I-4); cmr (20~~~~ 19.2,23.0,24.6,36.3,39.6,62.9,?8,4,170.2, 

179.4; ms m/e 185 cM++l, 0.2),143 (If, 142 (‘0, 124 (271,112 (7), 111 (lOOt, 96 (14). 84 [ii), 83 f52), 79 

(12), 55 (47), 43 (93)‘ 

~lR,4S,5S)-4~~ivalovloxvmethvl-3-oxabvcicloI3.2.01heptan~2-one, 13a and [lS,4&5R1-4- 

pivalovloxvmetbvl-3-oxab~~clo~~.2.O~he~t~-2-one, I3b. 

A SoI~tion of 4 (220 mg, 1.12 mmol) in freshly distills acetone (45 mL} was inward ~ugb 

Pyrex at -78 ‘C for 1.5 h with in~odu~tion of ethylene . The solvent was eliminated under reduced 

pressure to afford a crude, with was cromato~ph~d on silica gel (mixtures of hexane-ether as eluents) 

to give (124 mg, 49% yield) of a lnixture of the diastereom~s; 100-120 O~.O2 torr, Anal. Calc. for 

C~@tsO~ C, 63.70; H, 8,Oi. Found: C, 63.79; M, 8.00. All attempts to separate these compounds were 

unsucces~ul and enriched fm~tions were an~y~ed. t3a: ir (film) 2975,2874, 1775 , 1732, 1470, 1459, 

1399, 1364 s 1336, 1280, 1148, 1071, 1030, 941, 770 cm-$ pmr (400 MHz) 1.3 (s, 9H, (CHd,C), 2.15 

(in, 2H), 2.42 (m, IN), 2.56 (m, IH), 2.96 fm, ltf), 3.15 (m, IW), 4.05 (dd, Jgem: 12 Hz, Jskd: 3.2 Hz, lH, 

A-8a), 4.2 (dd, Jgem: 12 Hz, Jst2$ 3.2 Hz, IH, H-8b), 4.59 (ddd, J4,s; 3.2 Hz, J4,sb: 3.2 Hz, J4$ 1.2 Hz, 

IA, H-4); crnr (20 MWz) 23.6, 24.8, 27.0, 36.5,38.7, 38.9, 65.3, 82.6, 177.9, 179.5; ms, m/e 227 (Mf+l, 

9.51, 182(0.2), 125 (4.4)” 124 (27.11, 111 (77.S), 96 (13.3), 85 (13.2), 83 (37.3), 79 (13.6), 69 (11.7), 57 

(lOOf, 55 (4&l), 43 (14Sf, 41 (57.7). 13b: ir (film) 2975, 2874,177~,1732, 1470, 1453, 1399, 1364 , 

1336, 1280, 1148,1071, 1030,941,770 cm? pmr (400 MHz) I.35 (s, 9H, (CH,),C}, 2.05-2.3 (m, W), 

2.4-2.52 (m, 2Hf, 3.1-3.25 (m, 2H), 4.22 (dd, J,,,: 11.9 Hz, Js&+ 4.8 Hz, IH, INa), 4.28 (dd,Js,: 119 

Hz, Jsw: 7.3 Hz, lH, H-8b), 4.62 (ddd, J4,sb: 7.3 Hz, & S.2 Hz, J4,sn: 4.8 Hz, lW, H-4); cmr (20 MHz) 

19.2,23.0,27.0,36.4,38.7,39.5, 62.7,78.4,177.8, 179.2; ms, Nile 227 (M++l, 9.51, 182 (O.Z), 125 i&4), 

124 (27.1), 111 (77.S),% (13.3), 85 (13.2),83 (37.93,79 (13.6), 69 (11.7), 57 (RIO), 55 (4&l), 43 (14.51, 

41 (57.7). 
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