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Ababuck Diels-Alder reaction of 1,6_bi~trimethyhilyloxy~Z,~~x~e~ with a-substituted ecry- 
leteoand5to7-pnd9~ll-membercda-(mcthylene)~~bcencrrriedouttouunine~ 
k&ion of dieoophile structure with end&x0 selectivity. Wbile the amfmm&mxlly flexible axylxtes 
pmduced cycloadducts of endo/exo = 59~41 to 74:26, the 5 to 7-manbend lpctwes with rigid s-cis 
conjugated system provided cycloxlducts of eoWexo = 13:87 to 32:68 end the 9 to 1 l-membered 
lxctones which CM txke both s-cis and s-tmns confonnxtion afforded endo/exo rxtios of 37:63 to 
57:43. 

The usefulness of Diels-Alder (D-A) reaction in organic synthesis has been attributed to its high stemo- 
selectivity based on endo cycloaddition. which is explained by the concept of secondary orbital overlap in 
the transition state.1 Exo-mode addition, however, can predominate in some cases,“5 particularly in the 
combination of cyclopentadiene and methacrylic dienophiles,s but the factors that determine the abnormal 

addition mode have not been fully understood. td In the course of our synthetic studies on spirotetronic acid 
containing natural products, we demonstrated that D-A reaction of y-(methylene)tetronate 1 with triene 3 
could be used for the direct construction of the subunit structure of kijanolide, though the reaction produced 
undesired endo adduct in excess (Scheme 1).6 Some two years later, Roush and Brown disclosed that a 

highly exo-selective cycloaddition could be accomplished by the use of a-(methylene)dioxolanone 2 as a 
dienophile.sb This sharp contrast in the diastereoselectivities observed with 1 and 2 led us to investigate the 
D-A reactions of a-substituted acrylates and of a-(methylene)lactones of varying ring size in order to find a 
general correlation between dienophile structure and endo/exo ratio. As the diene in this study, we made a 
choice of the particular acyclic diene, 1,6-bis(trimethylsilyloxy)-2.4-hexadiene (4).7 based on, for one thing, 
the ease in steteochemical assignment of cycloadducts (vide infra). We also considemd an additional advan- 
tage in using the linear diene 4 over cyclopentadiene. although the latter has been extensively employed in 

the stereochemical studies of D-A reaction. Referential exo selectivity in the cycloaddition of cyclopentadi- 
ene with methacrylic dienophiles has been believed partly due to a steric repulsion between the diene CH2 
and the a-CHs of the dienophiles in the endo transition state,‘&**9 the unfavorable steric factor that we 
wanted to eliminate in the present study. 

Scheme 1 

endolexo = 33 
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We first conducted the D-A reactions betwein a-substituted acrylstes !ke and 4 in odichlorobenxene 
(1 M for 5, molar ratio of 4/5 = 3.0) at the temperaune of 170 “C where each maction pmceeded atareason- 

able rate. The ratios of endo products (6a+) and exo products (7~) recokd in Table 1 were estimated by 

capillary GLC analysis after determination of their stereochemistries by conversion to bicyclic ciAactones 

@n-e) and dihydroxy ester (Se), respectively, by brief tmatment with p-TsGH in CH&!l2. All the acrylate 

@a-e) showed en& preference (endo/exo = 59:41 to 7426) in contrast to the exo selectivity reported for the 

reactions of cyclopentadiene with 2-(trimethylsilyloxy)acrylate (Sb) (endo/exo = 2971)s~ and methacrylate 

(5e) (endo/exo = 3268)” 

d OMe 
e Me 

::x HO - 

9 G 
0 

0 oa* 

Table 1. D-A Reactions of Se, lo,14 and 15 witb 4 in o-C&I& at 170 ‘C. 

time 0 Wd (‘kyl end0 : exo 
k (x-OAC) 10 65 14 : 26 
f&t (x=oTMs) 46 37 13 : 21 

!k (X=OTBDMS) 70 49 64 : 36 

5d (X=OMc) 70 31 59 : 41 

SC m=w 70 52 60:40 

10 (n=S) 22 41 29 : 71 

14 (n=6) 22 59 18 : 82 

15 (n=7) 22 57 21 : 79 
OTkyiCldSMCbMCdOntkcOneUIIlCddimophiles. 

Gn the other hand, the reaction of a-methylene-~butyrolactone (10) with 4 at the same temperature te- 

sulted in preferential production of the exo adduct 13a in ca. 2.5fold excess (endo/exo = 29:71) (Table 1). 

but this exo preference is much less significant than that reported in the reaction of 10 with cyclopentadiene 

(endo/exo = 8:92 in refluxing toluened). The cis-lactone 12a isolated in a very small amount should be 

formed from the endo adduct 11 by sn in situ lactonixation-silyl transfer sequence.10 This type of lactonixa- 

tion under the thermal conditions becomes exclusive in the reaction with a-methylene&valemlactone (14), 
in which only ylactone 16 and a-Spiro-S-&one 17, endo and exo adducts respectively, were obtained in a 
ratio of 18:82. This exo selectivity higher than that with 10 was also observed with the 7-membered a- 

(methylene)lactone 15 (endo/exo = 21:79).*1 
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All of the cycloaddition reactions of the diene 4 with a-substituted ac@ates (5a-e) as well as S- to 7- 

membred a-(methylene)lactones (lo,14 and 15) &scribed above were proved to be kinetically controlled 
by the fact that when each endo/exo mixture was heated with a large excess of dime 4 under the same con- 
ditions there was no change in endo/exo ratio. Thus, the high exo selectivity with the 5- to ‘I-membered a- 
(methylene)lactones (71-82% exo), in contrast to the endo preference with conformationally flexible Sac 
(26-41% exo), should be ascribed to their rigid s-cis conformation of the conjugated system. In order to 

know whether these preferential exo mode additions originate from the particular conformation of the 
dienophiles and/or some other intrinsic bias of the cyclic structure, we undertook D-A reactions of 9- to 1 l- 
membered a-(rne~yl~e~~~t~es (UC22) in which both s-&s and s-Bans confo~~i~s are permitted 
(gcheme 4).t2 If s-cis c~o~ati~ does correlate with exo selectivity, there should be an ~~~~nt of 

endo selectivity as the ring size increases, 

Scheme 4 

2O(n-9) 
21(n = 10) 
22(n=11) 

22(n - 9) 24 (n -0) 
Is(n=lO) 
27(n=ll) zg-::; m 

Reactions between 20-22 and 4 were performed at 120 “C and also at 170 OC in u-dichlorobenxene (a = 
99,‘s as well as in nitrobenxene (E = 34,8)'3 to see if solvent polarity can affect endofexo ratios. The 
endo/exo ratios were determined by CiLC analysis of the crude reaction mixture and/or by isolation of the 
cycloadducts after TsOH-catalyxed desilylation procedure. The results summarized in Table 2, in which the 
data obtained with 5- to 7-membered diiophiles (10.14 and 15) under the same conditions are included for 
comparison. The data indicate that in the medium-sixed lactones (20-22) endo-mode cycloaddition becomes 
significant as expected regardless of the reaction temperature and the solvent employed, and the switching 
the solvent form o-dichlorobenxene to much polar nitrobenxene causes some enhancement of endo addition, 
the degrees of which depend on the ring size and are notable for the 7- and lo-membered lactones (15 and 
21). 
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Table 2. The D-A Reaction of a-Metbyknelactonea 10,14,15 and 20-22 with 4.’ 

0dichkmhmm nitnhnxem odicbl- ni- 
tanptimcyield*endo:exo tcmpdmcyield*ado:exo 
(“c) (b) (sb) (T) (b) ( 96) 

tap time yieldc aklo:cxo temptimcyieWmdo:exo 
0 (h) (‘lb) PC) 0 (46) 

10 120 22 38 26: 74 120 22 63 29: 71 20 120 22 27 52:48 120 22 24 56:44 

120 70 24 26: 74 120 70 56 29:71 120 70 22 55:45 120 70 33 57: 43 

170 22 41 29: 71 170 22 73 32~68 170 22 40 55:45 170 22 n 55:45 

14 120 22 40 13: 87 120 22 64 19: 81 21 120 22 57 38:62 120 22 19 46:54 

120 70 33 15: 85 120 70 56 2O:80 120 70 66 37:63 120 70 20 47: 53 

170 22 59 18: 82 170 22 64 27: 73 170 22 77 42: 58 170 22 21 47:53 

15 120 22 c 12022 c 22 120 22 37 49:Sl 120 22 53 50:50 

120 70 14 17: 83 120 70 11 28:72 120 70 45 49: 51 120 70 76 53:47 

170 22 57 21: 79 170 22 51 28:72 170 22 75 48:52 im 22 73 49: 51 
ol%emohrmtioofthedhqhilato4is1:3.0. bll~~yickbucbmdontheanuumtd dkmphib. ~Notmctiomwrae~ 

The overall experimental results in the reactions of the acyclic diene 4 and a-(methylene)lactones (10, 

14.15 and Zo-22) indicate that there exists a correlation between confotmation of reacting dienophile and 
endo/exo selectivity, and it appears that the high exo selectivities with 5- to 7-membered lactones (10.14 and 
15) ice linked to their rigid s-cis conformations in the conjugated system. However, the level of the ob- 
served exo selectivity (71-87% in o-Cl&H~) is lower than the 92% exo in the reaction of cyclopentadiene 

and a-methylene-ybutyrolactone (10) qortcd by Buono and co-workers,4 who summarixed data for the 
highly exo selective D-A reactions of cyclopentadiene and 2 and a-methylenecyclohexanonenones. The remark- 
able exo selectivity in the reaction with cyclopentadiene may be to some extent due to a steric interaction 
between the methylene group of the diene and the B-methylene group of 10 that destabilizes the endo transi- 
tion state. Recently Roush and Brown’ reasoned the very high exo selectivity of 2 (94% exo with cyclopen- 

tadiene) by applying Berson’s dipole moment hypothesis .I4 Thus, the exo transition state is lower in energy 
than the endo transition state which has a greater net permanent dipole moment in such a way as translated to 
Fig 1 for our reaction with 4. The dipolar effect model is consistent with some enhancement of endo/exo ra- 

tios on changing the o-Cl&H4 solvent to much polar nitrobenxene. 
In conclusion, we have demonstrated that in D-A reaction Fig 1 

of a-(methylene)lactones and 4 the secondary orbital interac- --j 
tions are not significantly involved, rather much more important ‘ro+ &’ 
being the preferred conformation of the dienophile en-one sys- 
tem which is associated with a net dipole moment of the trsnsi- 
tion state. Our results are an indication that more attention 

gi 8: 

exo 
should be paid to the correlation of dienophile conformation 

en& 

with stereochemistry of DA reaction. 

EXPERIMENTAL SECTION 

Ganmak IR spectra were recorded on a Perkin-Elmer FM340 spectrometer. 1H NMR spectra were taken 
on a Varian Unityplus- (500 MHZ), Gemini-300 (300 MHZ), or JEGL GX-270 (270 MHZ) in CDCl3 with 
reference to CHCl3 (6 7.26). t3C NMR spectra were measured with Varian Unityplus- (125 MHZ) or 
Gemini-300 (75 MHZ) with reference to the CDQ triplet (6 77.2). Resonance pattems were described as s 
= singlet, d = doublet, t = triplet, m = multiplet. and br = broad. High-resolution mass spectra (HRMS) (EL- 
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MS) were obtained with a JEOL ZMS-D-300 spectrometer combined with a ZBGL JMA-2000 data process- 
ing system. Liquid chromatography under medium pressures (MPLC) was carried out with a Waters Model 
6000A chromatograph by using prepacked columns (22 mm x 300 mm, 10 p silica gel; 22 mm x 150 mm, 5 
p silica gel) (Kusano Kagakukikai Co.). For routine chromatogmphy, the following adsorbents were used: 
Fuji-Davison silica gel BW-200 (150-325 mesh) for column chromatography; Merck pmcoamd silica gel 60 
F-254 plates for analytical thin-layer chromatography. GLC analyses were conducted on Shimazu GC-14AH 
with HiCAP column (0.2 mm x 25 m) combined with Shimaxu C-R6A Chromampac data ptucessing system. 
All moisture sensitive reactions were performed under a positive pressure of nitrogen. Dry solvents and 
reagents were obtained by using standard procedures. Anhydrous MgSO4 was used for drying all organic 
solvent extracts in workup, and removal of the solvents was performed with a rotary evaporator. Melting 
points were determh& by using a Yanagimoto micro-melting point apparatus. All melting points are uncor- 
rected. Elemental combustion analysis was performed at the Microanalysis Laboratory of this Lktiversity. 

The acrylates k,b,d (X = OAc,ts 0SiMes.k OMet6) and a-methylene-&valerolactoner~ were prepared 
according to the literature procedures. Acrylate SC was prepared according to the literature procedure for 5b. 
a-Methylene-~butyrolactone (10) is commercially available. 

Prqwdon of cwuthylenelactone. 
a-msthybnc-ecaprolactone (15). This compound was prepared according to Paterson’s proceduret7 

for a-methylene-6valerolactone 14. To a cooled (-80 “C) and stirred solution of LDA, prepared f?om n- 
BuLi (1.56 M in hexane,‘59.5 mL. 92.8 mmol) and i-R2NH (14.7 mL, 10.58 g, 92.8 mmol) in THF (200 
mL), was added dropwise a solution of E-caprolactone (10.0 g, 33.7 mmol) in THF (10 mL) over 15 min. 
After sthring at -80 “C for 1 h, TMSCl(18.9 mL. 16.2 g, 148.9 mmol) was added over 7 min. The reaction 
mixture was warmed to room temperature by removing the cooling bath. and then stirred for lh. The solu- 
tion was concentrated, and the residue was diluted with pentane (40 mL) before filtration. The filtrate was 
concentrated, and the residue was distilled to give en01 silyl ether (10.4 g, 64%), 61-67 “C/3.54 mmHg. 

To a solution of the en01 silyl ether (10.4 g. 55.9 mmol) in CH&Jlz (56 mL) was successively added u- 
chlorothioanisole ( 10.5 mL, 12.4 g, 78.2 mmol) and powdered ZnBr2 (250 mg, 1.12 mmol) at room tempera- 
ture. The reaction mixture was stirred for 28 h, then concentrated. The residue was subjected to column 
chromatography (silica gel, 500 g; hexane:AcOEt = 21) to give a-(phenylthiomethyl)t-caprohtctone (12.5 
g, 95%) as a pale yellow oil. 

A solution of this material (12.4 g, 52.5 mmol) in MeGH (450 mL) was treated with NaIO4 (11.2 g, 
52.5 mmol) in Hz0 (50 mL) at room temperature in the dark for 15 h. The reaction mixtum was diluted with 
Hz0 (500 mL) before extraction with CH$lz (500 mL x 3). The combined organic phases were concen- 
trated. The residue was dissolved in tohrene (75 mL) and the solution was refluxed for 5 h. The solvent was 
removed under reduced pressure and the residue was purified by column chromatography (silica gel, 400 g; 
hexane:AcOEt = 2: 1) before bulb-to-bulb distillation to give 6 (4.24 g, 64 %), a colorless oil, bp 90-105 OC 
(0.8 mmHg). Rf = 0.34 (hexane:AcOEt = 2:l). IR (film) 1725 cm -1. tH NMR 6 1.65-1.92 (4H, m). 2.36 
(2H, br t, J = 6.1 Hz, H-3). 4.16 (2H. br t, J = 4.9 Hz, H-6), 5.39 and 5.63 (each lH, br s, =cH2). 1sC NMR g 
27.6, 28.5 (C-4 and C-5). 31.8 (C-3). 69.2 (C-6). 122.6 (=CH2). 143.0 (C-2). 173.1 (C-l). HRMS, m/c 
126.0655 (calcd for C7H1& (M+), 126.0681). 

By using the same pro&me, the following a-(methylene)lactones were prepared. 
a-methyZencoctan-8-oZi& (20). A colorless oil, bp 85-90 “C (0.15 mmHg). Rf = 0.46 (hexane:AcOEt 

= 91). JR (film) 1725 cm-t. tH NMR 6 1.49-1.54 (6H, br m) 1.73-1.76 (2H, br m, H-7). 2.47-2.50 (W, br 
m, H-3). 4.37 (2H, t, J = 6.6 Hz, H-8). 5.36 (1H. dd, J = 2.7, 1.6 Hz. =C&). 5.91 (lH, d, J = 1.6 Hz, =C.&). 
*3c NMR 23.9, 28.7, 29.0 (C4-C6), 28.1 (C-7). 33.0 (C-3). 64.5 (C-g), 123.5 (vinylic), 143.5 (C-2). 169.6 
(C-l). HRMS. tie 154.1004 (C&d for CsHt4G2 (M+). 154.0993). 

a-me~yZ&senonar3-dids (2Z).t* A colorless oil, bp 90-100 “C (0.4 mmHg). Rf = 0.45 
(hexane:AcGEt = 7:l). tH NMR 6 1.12-1.30 (W. m) l-35-1.70 (6H. m). 1.70-1.85 (2H, m), 2.47 (W, br t, J 
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= 6.4 Hz, H-3). 4.34 (2H, br t, J = 5.4 Hz, H-9), 5.47 (lH, d, J = 0.7 Hz.‘=CH& 6.14 (1H. d, J = 1.7 Hz, 
=CH2). 

cwnethylenedecan-ZO-elide (22).‘* A colorless oil, bp 95-105 ‘C (0.4 mmHg) (lit?* -135 “c/o.05 
mmHg). Rf= 0.55 (hexane:AcOEt = 9:l). tH NMR 6 1.20-1.60 (lOH, m) 1.70-1.80 (2H, m), 2.36 (2H, br t, 
J=6.4Hz.H-3),4.16(2H,brt.J=5.1Hz.H-10),5.44(1H,s,ICH2),6.17(1H,d,J=1.5Hz.=CH2). 

Gmerul procedura for the D-A reaction of acrylates 50-e. 
A solution of the acrylate (3 mmol), diene 4 (9 mmol) and 4,4’-thiobis(6-rerr-butyl-m-cresol) (5 mg) in 

odichlorobenxene (3 mL) was placed in a pressure bottle and degassed.19 The bottle was placed in a 170 OC 
oil bath and stirred for 70 h (46 h for Sb). The mixture was cooled. and the solvent was removed under re- 
duced pressure (100-150 “C/8 mmHg). The residue was subjected to bulb-to-bulb diitillation to give the 
crude mixture (6a-e and 7a-e) (-200 “C/o.04 mmHg) which was subjected to capillary GC analysis. The 
crude product was dissolved in MeOH (20 mL) and the solution was allowed to stand at room temperature 
overnight. The reaction mixture was concentrated, and a solution of the residue in CHzCl2 (6 mL) was 
stirred for 15 mitt after addition of p-TsOH.H@ (0.25 mmol). The solution was diluted with AcOEt (20 mL), 
then successively washed with saturated aqueous NaHCOs solution (10 mL) and water (10 mL x 3), and 
concentrated. The residue was purified by column chromatography and then MPLC to give &-e and 9a-e. 

Genemlprocedurc for the D-A reaction of a-(methylene)lactones (10 and 14). 
A solution of 10 (200 mg, 2.03 mmol), diene 4 (1.57 g. 6.11 mmol) and 4.4’~thiobis(6-rerr-butyl-m- 

cmsol) (5 mg) in o-dichlorobenzene (2 mL) was placed in a pressure bottle and &gassed. The bottle was 
placed in a 170 “C oil bath and stirred for 22 h. The reaction mixture was cooled and filtered through a shott 
column of silica gel (20 g. AcOEt). The filtrate was concentrated, and the residue was subjected to GC anal- 
ysis before column chromatography (silica gel 100 g, hexane:AcOEt = 5:1) and subsequent MPLC 
(hexane:AcOEt = 9:l) to give 12a (9 mg. 1%). 13a (205 mg, 29 %), and ll(80 mg. 11%). 

Geneml procedure for the D-A reaction of cc(nurkrknc)lactones (15 and 20-22). 
A solution of 15 (200 mg, 1.58 mmol), diene 4 (1.22 g, 4.76 mmol) and 4.4’~thiobis(6rerr-butyl-ar- 

cresol) (5 mg) in o-dichlorobenaene (1.6 mL) was placed in a pressure bottle and degassed. The bottle was 
placed in a 170 “C oil bath and stirred for 22 h. The reaction mixture was cooled and filtered through a short 
column of silica gel (20 g, AcOEt). The filtrate was concentrated and the nsidue was subjected to capillary 
gas chromatography analysis. The crude product was dissolved in MeOH (20 mL) and the solution was al- 
lowed to stand at room temperatum overnight. The reaction mixture was concentrated, and the residue was 
subjected to column chromatography (silica gel, 100 g; hexane-AcOEt = 21 to AcOEt) to give a mixture 
(180 mg) of 18 and 19, and the starting material 15 (44 mg, 22%). The mixture was subjected to MPLC 
(AcOEt) to give 18 (42 mg, 14%) and 19 (128 mg, 43%). 

Tahie 3. GLC Retention Times of Diels-Alder Adducts. 
R*@ wnditiotd canpd R,@ conditions* cm@ R$ cunditiatls* 

Q 5.83 A 7d 8.89 B 18 14.70 B 
6b 5.13 A 7e 7.86 B 19 14.75 B 
c 7.59 A 11 6.69 A 23 15.80 B 

6d 9.27 B 128 6.n A 1X% B 
(c 7.91 B 1% 7.38 A ii+ 16.91 B 
7a 5.94 A 16 8.68 A 26d 16.91 B 
7b 5.33 A 17 9.51 A 27 16.97 A 
7c 7.72 A 28 13.36 A 

altinminutes. bA:UOOC(Smin).thcnprosnmmedto280OC(5~C/mm);B:200T(8min),~prolpunmed to280”c(10wnin). 
e TMS et&. ‘Ibe TM.5 etbcm were obtaii by beatmettt with 3 cquivr of TMS-CI and i-F@J3 in t3l.Q~ in the prerencc of 0.1 cquiv of 
DMAP. s2Sand%we-reisuqmmble. 
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Table 4. Characterization Data for the Cycloadducts from Acrylates? 

compdb TLC. &(solval1) IR (neat). cm-t HRMs,c;rlcd(found) 
ac 0.53 (hexme-AcOEt = 1:2) 3420.1780 C#&Si (M++l): 299.1676 (299.1675) 
86 0.48 (AcoEtx) 3425,178O c10&404: 198.0891(198.0867) 
Be 0.51 (AcoEt) 3420,177o C1oh4Q: 182.0942 (182.0923) 
A 0.37 (hcxurc_AcOEt = 1:2) 3380.1740 C,&,O$i (M++l): 331.1938 (331.1921) 
9d 0.31 (ACOEI) 3385.1735 C,,H,& (M++l): 231.1231(231.1214) 
9e 0.38 (AcOEa) 3355.1730 C,,H,~O4: 214.1204 (214.1201) 

aAUaqmnds~obuineduwlaku~ils. bFa&,bmdh.b ceent3cmd7. 

Table 5. Characterization Data for the Cycloadducts from a-(MethyleneMtones. 

wmpd TLC mp.“c lR HRMS @A+) or cm cbmbuEtion xnalysis 
Rf(solvult~ (solvent)~ cm-’ calcd (found) 

11 0.45 (H-A = 4:l) Oil 177oa CrrH,&4Si2: 356.1837 (356.1823) 

1% 0.5O(H-AM; Oil 

134 0.44(H-A=4:1) 53-W (H-A) 
16 O.SO(H-A=4:1) Oil 

17 0.38 (H-A = 4:l) 28-M (IQ 

18 0.27 (H-P = 99zl) oil 

19 0.26(H-P=99:1) Oil 

23 0.31 (A) Oil 

24 0.38 (A) 124-125 (H-A) 

2s 0.38 (A) oil 
26 0.41 (A) 110-112 (H-A) 
27 0.41 (A) oil 
28 0.43 (A) 117-118 (H-A) 

.H-hcxanc,A=AcOEt,P=2--1. bncrt cKBr. 

rnsb 

177w 
r/79 

173oc 

3385, 175Sb 

3385,172ob 
3385.1755b 
3320,172ff 

3404.1755b 
3375.172W 
3385.176ob 
3335. 172sc 

C,,H&&: 356.1837 (356.1845) 
CI,H,f14Si2: C. 57.26 (57.37); H. 9.04 (9.03) 
C&MO&: 370.1993 (370.2011) 

C,aHM04Si,: C. 58.33 (58.34); H, 9.25 (9.27) 
W-W’4: 240.1360 (240.1337) 
W3&4: 240.1360 (240.1353) 
wh404: 268.1673 (268.1655) 
%&404: C, 67.14 (66.93); H, 9.01 (8.99) 

C dw4: 282.1829 (2821850) 
w-w4: C. 68.06 (67.95); H. 9.28 (9.28) 
C17bO4: 296.1986 (296.1946) 
C,7H&4: C, 68.89 (68.76); H, 9.52 (9.73) 

Table 6. W- and W-NMR Spectral Data for k-e. 

position 8c (X = OTBDMS) M(X=OMc) 8e(X ) =Me 
SC &P 8C tw & 6Ho 

1 123.3 5.66 123.2 5.68 124.8 5.63 
(ddd; 10.0,4.4,2.7) (ddd; 10.4.4.1.2.5) (ddd: 10.0.4.1.2.5) 

131.6 

34.7 

30.8 

gii 10.0) 

~~~-2*63 

;{I,.,. 10.4) 

(dd; 13.2.4.9) 

131.7 

34.6 

27.5 

E 10.4) 
257-2.63 
(brm) 
1.76 
$yi 13.7.9.3) 

(dd; 13.7.5.5) 

130.4 

35.0 

29.2 

j.85 
(lx dm; 10.0) 
2.38-244 
@rm) 

;; 13.2,9.3) 

(dd; 13.2.6.0) 
4a 74.4 
5 178.1 
7 70.3 

7a 

3-CH2 

OH 

X 

44.0 

65.8 

25.8.18.4 

3.75 
4ddd8.8.8.8) 

(dd: 8.8,S.S) 
285-2.94 
(m) 
3.57 
$2; 11 .O, 6.0) 

(dd; 11 .O. 6.0) 

E) 
0.06 (s). 0.19 (8) 

77.4 
176.6 
70.2 

38.3 

65.5 

51.8 

3.83 
(dd; 8.8.8.8) 
4.52 
(dd; 8.8.8.8) 
3.11-3.16 
@rm) 
3.60 
‘s 10.7.5.8) 

(dd; 10.7.6.3) 
1.63 
@rs) 
3.42 (s) 

40.3 
182.2 
70.8 

42.5 

65.9 

21.2 

i<8.8* 8.8) 

(dd; 8.8,S.S) 
2.69-272 
(bm) 

Ti5.6) 

2.23 
(brs) 
1.23 (8) 

-2.9. -3.5 0.83 (8) 
oMukiplicityudJinHzarcrccordedinpucafhcris. 
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Table 7. WC- and W-NMR Spectral Data for !k-e. 
position 9e (X = OTRDMS) 9d(x=OMu) k(X=Me) 

SC 8W EC 8H* & 8H4 
1 79.6 - 82.8 - 44.6 
2 

3 

4 
5 

6 

2-cIi2 

s-CH2 

co 
OMC 
OH 

44.1 

130.4 

126.8 
38.9 

31.9 

63.3 

66.0 

52.2 
173.2 

2.96-3.00 
(m) 
5.6o-5.70 
(m) 
ovurlsppud with H-3 
2.61-2.67 
firm) 
i .a7 
idzl2.6, 10.4) 

&id; 12.6.6.8,1.6) 
3.71-3.78 
(m) 

42.8 

130.0 

126.4 
38.2 

27.0 

3.03-3.06 
@rm) 
MO-5.70 
(brm) 
ovudqqxd with H-3 
2.54-2.59 
(br m) 

42.0 

131.3 

129.3 
36.8 

32.1 

2.78-2.8 i 
(brm) 

1.73 
$ddi 12.9.9.6) 

63.5 
(ddd; 12.9.6.6, 1.6) 
3.54-3.72 
(m) 

62.4 

E 10.4.4.9) 
65.9 65.9 

j.77-5.7, 
Cm) 
ovedrppcd with H-3 
2.43-2.49 
(turn) 
i.70 . 
y&13.5.10.4) 

(&it 13.5.6.3) 

iT6 11.5.4.4) 

(dd; 11.5.4.4) 

3.62 
(dd; 10.4.4.9) 

overtilpped with 
2-CH2 

3.70 (s) 
2.15 (br 5) 

52.4 
172.1 3.74 (s) 

2.75 (br s) 

52.2 
178.1 

3.53 
$72 12.4.4.4) 

(dd; 12.4.4.4) 

3.65 (s) 
2.16(brs) 
1.27 (I) X 25.9, 1 a.4 0.07 (s), 0.13 (8) 52.1 3.29 (s) 

-2.5, -3.7 0.88 (s) 
(I Multiplicity snd J in Hz sm nmdrded in puuntheais. 

Fig 2. 

ms y 
)’ maks 

Table 8. %-NMR Spectral Data for Bicyclic y-Lactones.~ 

24.1 

position 12a 16 18 23 2s 27 
(n = 5) (n = 6) ( 1 (n=9) (n = 10) (n=ll) 

1 3.07-3.08 2.83-2.87 2.:5S2 2.83-2.92 2.84-2.88 2.81-2.89 
(brm) (brm) (brm) (m) @rm) km) 

2 
(ddd; 1&?5.0.2.5) (ddd; k&5.2.5) (ddrk 959?.4,2.2) (ddd; 1(??4.4,2.2) (ddd; li25.4.2.2) (ddd; l&664.4.2.2) 

3 5.81 5.75 
(brs&.9) 

5.85 5.83 5.82 
(brd; 10.0) (br d; 10.0) @Id: 10.4.2.2.2.2) (ddd: 10.2.1.9.1.9) (ddd; 10.3, 1.6. 1.6) 

4 2.39-2.43 2.35-2.39 2.a2.46 2.37-2.50 2.38-2.43 2.36-2.42 
(br m) (brm) (br m) (m) @rm) (br m) 

5 1.41 1.43 1.5Sl.77 1.64-1.75 1.62-1.70 1.18-1.70 
(dd; l$ 11.3) (dd; Mi 11.0) (m) (m) (m) (m) 

(dd; 13.5.5.0) (dd; 13.5.5.0) 
1-CH, 3.77 3.76 3.86 3.85 3.83 3.82 

(dd; 14042 8.7) 

(dd; i.7.8.7) 

(dd; 1403C$ 8.5) 

(dd; i.5.8.5) 

(ddt8.2 8.8) 

(dd; i.a.a.8) 

(dd;i.&8.8) 

(dd; 8.8.8.8) 

(dd$.48t 8.8) 

(ddt 8.8,‘a.a) 

(ddMi 8.8) 

(dd; i.8,a.a) 
4-CH2 3.46.3.49 3.42-3.53 3.52.3.57 ‘?Y” 3.50,3.52 3.48-3.52 

(euch dd; 9.7.6.5) (br m) (each dd; 11 .O, 6.0) (each dd; 13.0.10.5) (2H. m) 
l’-(A) 1.78 1.46-1.56 1.5cbl.77 1.2O-1.65 1.20-1.59 1.18-1.70 

(dt; lpboj 6.3) (m) (m) (m) (m) 

(dt; 14.0,7.0) 
1.5kY6.as 

(m) 
(n-3)’ 3.68-3.76 3.42-3.58 3.63 3.61 3.58 3.56 

(br m) (m) (t: 6.3) (t; 6.0) (t: 6.3) (t: 6.6) 
R o.o7 (s) to&5 (;) 2.08 1.88 2.21 2.49 

0.08 (s) (br 6) (br 8) (br 8) (brs) 
0 The numberings shown in Fig. 2 wure used fur cunvunienuu. 
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Table 9. WC-NMR Spectral Data for Bicyclic yLactone&~ 
positian lla 16 18 23 25 17 

(n=S) (n = 6) (II = 7) (n=9) (n = 10) (n= 11) 
1 38.9 39.0 39.2 39.1 39.1 39.0 
2 

: 

: 
I-CH2 
4-a2 
C=O 
l’-(n-4) 

(n-3) 

124.2 124.0 
130.8 130.9 
35.1 
29.8 $1: 
42.7 43.7 
70.8 70.7 
66.3 66.1 

181.0 180.9 
35.1 27.2.29.4 

58.5 62.6 

125.1 125.0 125.2 
130.5 1305 130.5 
35.2 35.1 35.2 
28.9 29.0 29.0 
44.1 44.0 44.1 
71.0 70.9 70.9 
66.0 65.8 65.9 

181.7 
20.3.32.9.33.8 

62.4 

181.7 181.6 
23.9.25.5.29.7 23.9.25.7.29.2 
32.6.34.0 30.0,32.8,34.2 

62.7 63.0 

125.0 
130.4 
35.1 
29.0 
44.0 
70.9 
65.8 

181.7 
24.0,25.7,29.3,29.4 
29.9.32.7.34.1 

62.9 
k -0.4, -0.5 -0.4. -0.5 

alBen~shominFii.2wueurdfawnvmiakx. 

Table 10. W-NMR Spectral Data for Spirolactones.~ 
jmition 11 l3a 17 19 24 24s 28 

(n=S) (II = 5) (n=6) (n=7) (n=9) (n = 10) (n= 11) 
1 2.24-2.28 2.38-2.48 2.92-2.95 2.83-2.88 2.89-2.94 2.75-2.76 2.71-272 

(m) 

oThcnUm~~lhowninP~.2mewcdfa~vcniare. bnotusignd 

Table 11. W-NMR Spectral Data for Spirolactonav 
position 11 1% 17 19 24 26 2a 

(n=5) (n=S) (n = 6) (n = 7) (n = 9) (a = 10) (n= 11) 

: 126.9 36.2 126.9 36.2 126.8 37.0 128.8 37.0 129.4 36.7 129.4 36.5 1z 
3 129.6 129.2 128.0 131.5 131.9 131.3 131.2 
4 42.7 42.4 42.7 40.9 40.6 40.8 40.6 
5 30.4 30.6 32.7 30.8 30.5 31.7 31.9 
6 43.1 42.9 43.6 50.0 48.8 47.8 49.4 
I-CH2 

4-CH2 E 

63.4 62.7 62.4 62.4 62.7 

1ao:2 66.0 66.1 65.8 C=o 180.8 176.5 178.7 2: 66.0 1E 177.2 176.7 
l’-(n-4) 35.7 32.1 20.1.26.1 23.3.28.7.34.2 19.2.222,27.2 21.2,24.1,25.0 19.8.21.7,i3.3.25.0 

29.8.36.5 25.2.26.0.33.4 266.26.7.33.3 
(n-3) 65.1 zy3.5 69.8 68.7 64.8 66.0 64.9 
R -0.3, -0.4 -0.3. -0.5 

(I The numberings shown in Pig. 2 were used for convmicna. 
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