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Abstract: Oxidative free-radical cyclizations of y,Hbis)allylic acetoacetates demonstrate that I J &substituted double 

bonds are much more reactive than mono- or chloroalkyl-substituted double bonds. The products irolated suggests that 

bicyclo[3.2.l]octanes 25,31,33 and 36 are formed from boat cycloheql radical 42 and tandem cyclization products 

30,37 and 38 are obtained from boat cyclohexyl raaIcal41. 

We have previously described the oxidative cyclizationl of enol ether 1 with 2 equiv of MJI(OAC)~=~H~O 
and 1 equiv of CU(OAC)~*H~O in EtOH to give 52% of bicyclo[3.2.lloctanone 5, containing the fully function- 
alized CD ring system of gibberellic acid. lh Oxidation of 1 by Mn(III) forms the Mn-Ike enol radical 2 with the 
geometry shown.ls.2 The electrophilic enol radical adds to the nucleophilic enol ether to give cyclohexyl radical 
3. A second cyclization gives bicyclic radical 4 as a mixture of stereoisomers, which are both oxidized to 
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5 by Cu(II). The ketone and ester groups in 5 provide functionality which might allow the conversion of 5 to 
Corey’s gibbereilic acid interw&ate 6.3 However, a mom intriguiug approach to 6 involves the oxidative 
cyclization of enol ether 8 that should give the bicyclo[3.2.l]octane 7, mmaining all the carbon atoms needed 
for the constmction of 6. Decarboxylarion of the pketo ester and oxidation of the propenyi side chain to the 
methyl ketone, aldol condensation and reduction should prwi& 6. This route to 6 is short and should provide 
further oppormnity to explore the scope of Mn(IB)-based oxidative cychzations. 

Bis(allylic) acetoacetate 10a can be prepared routinely by two successive dianion alkylations.4 
We developed a mom efficient one-pot procedure consisting of alkylation of the dilithium salt of the dianion of 
methyl acetoacetate with 1 equiv of ally1 bromide in the pmsence of two equiv of DMPU, addition of an 
additional 1 equip of LDA and 2 equiv of DMPU, and finally addition of 1 equiv of aRyl bromide. This 
procedure affords 58% of lOa in a single step. Unfortunately, all attempts to alkylate the dianion of 1Oa for a 
third time to prepare 14 gave only recovered lOa, presumably due to steric hindrance to the removal of the 
hindered methine hydrogen, Treatment of the ~~~ of 1Oa with 1 quiv of the less hindemd base n-BuLi, 
2 equiv of DMPU and ally1 bromide also gives only umeacted 1Oa. 

0 
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lOa,X=H,R,=H,R,=H 12, X = PhCf-Iz, R, = Me, Ra = H (Et ester) 
lOb,X=H,Rr=Me,Ra=H 13a,X=allyi,R,=Me,Ra=H 
lla,X=CLR, =H,RZ=H 13b, X = alIy1, RI = Me, R2 = Cl 
llb,X=U,R,=Me,R2=H 13c,X=allyl,Rt=Cl,Ra=H 

Even though we were unable to prepare 14, we thought that a study of the oxidative cyclizations of 
bis(allylic) acetoacetates lo-13 would provide valuable information on the scopt of Mn(lII)-based oxidative 
cyclizations and that examination of unsymmetrical substrates would permit the determination of the relative 
reactivity of alkenes in a radical cyclization by an intramolecular competition. The required starting materials 
lob (57%), lla (77%), llb (52%), 12 (22%), 13a (20%), 13b (63%), and 13c (33%) were prepared by 
one-pot procedure described above. 

the 

Oxidative cyclization of 1Oa with 2 equiv of Mn(OAc)&HZO and 1 equiv of Cu(OAc)a*HaO in AcOH for 
38 h at rt gives 3% of a 2: 1 mixture of salicylate 23a and diene X7a, 8% of bicyclo[3.2.l]octane 16a, 11% of a 
211 mixture of bicyclic dienes 21a and 22a and 26% of recovered l&t. Oxidative cyclization of 1Oa gives the 
secondary cyclohexyf radical 15a. Cychzation of radical 15a followed by oxidation of the primary radical by 
Cu(II) gives 16a which exists in the enol tautomer. Oxidation of secondary radical 15a by Cu(n) to give f7a 
and l&a occurs at a rate competitive with the second cyclization. Dienes 17a and l& still contain an enolizable 
hydrogen and may be oxidized further by Mn(IXI) to the enol radical 20a.‘d Loss of a hydrogen atom from 2&i 
and enolization gives 23a as we have previously demonstrated in the development of a general approach to 
salicylates by oxidative cyclization. 1~ dEndo cyclization of 20a, followed by oxidation of the secondary radical 
by Cu(II) produces 21a and 22a. 

Oxidative cyclization of kketo ester lob gives 41% of a 6: 1 mixture of bicyclor3.2. lloctane 16b and 
monocyclic diene 19b indicating, as expected, that the l,l-disubstituted double bond is much more reactive than 
the monosubstituted double bond in the cyclization. The yield of 16b is much greater than that of 16a. This is 
consistent with our previous observation that oxidation of tertiary radicals does not usually compete with the 
second cyclization while oxidation of secondary radicals is typically a significant side reaction.lG The most 
Iikely expIanation for this observation is that, because of steric hindrance, cU(B) oxidizes secondary radical 1Sa 
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Oxidativefree-radicalcyclization ofkketoester llbgivcs2%of a32mixtumofsalicylates 28b and 
27b, 33% of monocyclic diene 26b and 35% of bicyclo[3.2.l]actane 25b. Oxidative cyclization of llb gives 
predominantly tertiary radical 24b; a second cyclization will give 2Sb. Oxidation ofmiical24b to give diene 
26b, which is isolated, and the corresponding endocyclic dienes, which lose HCl to form 27b. is a major 
reaction even though the monocyclic radical is tertiary. The only product isolated from an initial cyclization on 
the monosubstituted double bond is salicylate 28b. The selectivity for addition of the enol radical to the 
disubstituted bond rather than the monosubstituted double bond in the initial cyclization is themfa approximate- 
ly 35: 1. Oxidative cyclization with only 0.1 equiv of Cu(II) gives a 3: 1 mixture of 2Sb and 26b suggesting that 
Cu(II) is responsible for the oxidation of 24b, as we have shown for other &cNoro tertiary radicals.*d 

The assignment of stereochemistry to 2Sb and 26b is based on mechanistic considerations and confirmed 
by the effect of the chlorine on the carbonyl stretch of the ketone. The enol radical should cyclize through the 
geometry shown in 2 to give 24b with an axial ester and equatorial ally1 and chlorine substituents. Oxidation of 
24b will give 26b with an equatorial chlorine. Chair inversion prior to the second cyclization will give 25b 
with an axial chlorine. An axial chlorine has no effect on the carbonyl stmtch, while an equatorial chlorine 
increases the frequency by 14 cm-l.5 The ketone C=O stretch of 26b is 1747 cm-t, consistent with an 
equatorial chlorine. The ketone C=O stretch of 2Sb is 1729 cm-l, consistent with an axial chlorine. 

Oxidative free-radical cyclization of 12 affords 39% of a 3.2:2:1 mixture of bicyclo[3.3.l]nonane 30, 
bicyclo[3.2.l]octane 31 and a compound tentatively identied as 33 based on the absence of alkene carbons and 
protons in the NMR spectra. Addition of the enol radical to the disubstituted double bond gives terdary cyclohex- 
yl radical 29 selectively. Cyclization of the tertiary radical to the aromatic ring and oxidation gives 30. 
Cycliration of the tertiary radical to the propenyl substiment gives a mixture of primary radicals 32. Both 
isomers can be oxidized by Cu@> to give 31. The endo isomer can cyclize to the phenyl ring to give 33 after 
oxidation. 
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The cyclization of the endo radical 32 to the aromatic ring to give 33 is formally a dphenylhexyl radical 
cyclization. No examples of 6phenylhexyl radical cyclizations are known, but they should be much slower than 
the cyclization of the 7-octenyl radical which occurs with a rate of 102-103 ~~-1.6 At first glance, it is surprising 
that 32 cyclizes to 33, since the rate of oxidation of primary radicals by 0.1 M Cu(II) is l@ see-*. Examination 
of models suggests that the cyclization of 32 should be relatively rapid since the primary radical and phenyl 
group are held in close proximity. If 32 is formed as a 2: 1 exo-endo mixture, as has been observed in other 
cases,ts the endo radical 32 must undergo cyclization almost exclusively, since a 2: 1 mixture of 31 and 33 is 
formed Therefore the rate of cyclization of 32 is probably > 10” secl. 



Cyclixations of 7,7-bis(~y~) acetoacetates 1421 

The formation of 30 as tbe major product was unanticipated since tutconStrained S-hexenyl radicals cyclixe 
with a rate of l@ se& and ~~ ~p~y~~~~ mdicais cyclize with a rate of 16 sedb*~ We had 
~emf~expectedcyc~to32coIx:muchfasrer~M~c~~to30~,atfiRtgtance,thesteric 
constraints appear to be similar in the two cases. Asymmetry is introduced by the ester group and the difference 
between the bet@ and ally1 groups. We therefom examined the cyclixation of 13s. which should give tertiary 
radical 34a in which the only as- is that due to the ester group. 

Oxidative cyclixation of &keto aster Ua gives 5% of rtmocyclic aiene 3Sa a&52% of a 1:3 mixture of 
37a and 3&t. Cyctization of the en01 mdicaf to the disubstitmed double bond gives mrtiary radical 34a 
selectively. Since cyclization occurs thmugh the en01 geometty shown in 2, the two ally! groups are cis in 34a. 
5-Hexenyl radical cyclixation of the terdary radical of 340 to the aUy1 group a to the ester, followed by 
oxidation, gives a 5: 1 mixture of 37s aud 3&t. No products dezived from cycllzation to the other ally1 group to 

13a, R, =Me,Rz=H 
13b, R, = Me, Rz = Cl 
13~. R, = Cl,Rs=H 

34a, Rt =Me,Ra=H 
34b. Rt = Me, Ra = Cl 
34c, R, =Cl,Ra=H 
34d, R, = H, R2 = Cl 

35s 

c, R1 = Cl , R2 = H 
d, R, = H , R, = Cl 

As we have previously reported for the analogs of 37 and 38 with a methyl substituent,ls isomer 37 with 
an axial substituent is the major kinetic product indicating that the monocyclic radical has the geometry shown in 
34. Partial equilibration of the initial 5: 1 mixture to a I:3 mixture of 37a and 3Sa occurs on chromatography. 
Treatment with IS2COs in MeOH gives exclusively the much more stable equatorial isomer 3&. 

The cyclixation of tertiary radicals 29 and 34a gives consistent results. Radical 34a cyclizes exclusively 
to the ally1 group a to the ester while radical 29b cyclizes equally to the benxyl group cz to the ester and the ally1 
group y to the ester even though cycliiation to the ally1 group shouId be IO-100 times faster. Examination of 
likely transition states provides a possible explanation for this observation. Radicals 29 and 34a are formed as 
chair cyclohexanes 39 with axial ester groups. Chair inversion will give chair cyclohexanes 40 with axial aIly1 
and X subsdtuents. lf X = H, tbis chair is relatively stable so that cyclixation to give t6 can occur. If X * H, 
this conformation is very unstable since there are two axial substituents in a 1,3-relationship. Boat conformers 
41 and 42 could be lower in energy than 40. Cyclization to the a ally1 or benzyl group will take place through 
boat conformer 41 to give 30 from 29 and 37a and 38a from 34a. Cyclization to the y ally1 group will take 
place through boat conformer 42 to give 31 and 33. The ester group occupies a pseudo-equatorial position in 
boat conformer 41 and a “flagpole” position in boat conformer 42. Boat 42 should therefore be much less 
stable than boat 41. 

Molecular mechanics cal&ations for 34a suggest the boat transition state 41 is a~mxi~tely 3 kcal/mol 
lower in energy than boat transition state 42 and 5-6 kcavmol lower in energy than chair transition state 40.8 
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Cyctization of 34a therefore occurs exchtsively through 41 to give 37a and 3%. ckr. the other hand, 
cyclizationofthe29takesplace~~two~~p~~~. cychmdontotheahyIgroupmustoccur 
through the mom hindemd boat conformer 42 to give 31 and 33. Cyclization to the benzyi gtoup” which is 
iuhemntly slower, occurs at about the same rate a8 c~chzation to the ally1 gmup, since boat confbmter41 is the 
Ieast hindered caption of 29 that can cyclize. Transition state 42 is approximately 3 Wmole higher in 
energy than 4X.8 However, 4phenylburyl radical cychzations am 100 times slower than 5-hexenyl radical 
cyclizations to give cYclopentylmethy1 radicais.~ This rate diffbmnce trauslates to a diEemnce in Ac# fa the 
two cyclizations of approximamly 2.7 kcaVtru& which is clo8e to the energY difkence between 41 and 42. 
Therefare the ratio of 30 to 31 and 33 is about 1: 1. Similar interactions between the chlorine and ally1 gmups 
am probably responsible for the absence of bicyclic products from lla and tha low yield of bicychc products 
from llb. 

The oxidative cyclizatio~s of lab, Ilb, 12 and 13a indicate that cyclizadon of the enol radical to l,l- 
~subsdm~d doubie bonds is much faster than addition to monosubstituted double bonds. We have recently 
found that chlotine substituents on the double bond control the regiochemistry of the cyclization8 We therefore 
decided to determine the relative ma&v@ of chloroalkenes using an hmamolecular competition Oxidadve 
cyclization of 13b gives a 41 mixture of 37b and 38b. As de&bed above, partial isomerization occurs on 
flash c~~to~phy giving 55% of 37b and 36% of 38b. Esomcrization of 37b with KzCOs gives 38b 
qu~ti~dvely. The formation of only 37b and 38b indicates that cyclization occurs exciusively to the 1,1- 
dialk~l substituted doubie bond to give 34b. Uxidative cyclization of 13c followed by slow flash chromato- 
graphy, leading to complete equihbratiou, affords 15% of 38c and 15% of 38d. Cyclization to the monosubsti- 
tuted double bend and chloroakY1 substituted double bond consequently occur at about the same rate. -- 

10-13 

En conclusion, oxidative fme-radical cyc~~tio~ of y,y-~~s~Y~c ~em~e~~s ~rn~s~~ that I,f- 
disubstituted double bonds are much mom reactive than mono- or c~~~-su~tim~ double bonds. The 
products isolated suggests that bicYclo[3.2.l]octanes 25,31,33 and 36 am formed from boat cyciohexy1 
radical 42 and tandem cyclization products 30,37 and 38 are obtained from boat cyclohexyl radical 41. 

experimental Section 

Generai. MMR spectra were mu in CDCI, at 300 MHz. Chemical shifts am reported in 8 and ~u~ing~~ 
are qorted in Hz. DR spectra were nm neat and are reported in cm-‘. Mn(OAc),*2H@ was purchased from Aldrich AU 
oxidative cyclizatkms were nm in acetic acid under Nz. 

Preparation of Methyl 3.oxo-4-(2-propenyljhept-6-enoate (loa). To a stirred solution of diisopropyl- 
amine (4.83 mL, 0.034 mol) in ‘I’HJ? (40 mL) at 0 “C was added dropwise n-but@hium (2.5 M in hexanes, 13.78 n& 
0.034 mol). The mixture wss stirmd at 0 “C for 0.25 h at which time methyl acetoacetate (1.86 mL, 0.017 mol) in THF 
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(2.5 n&) was added dtopwise over 5 min. The resulting solution was stirred for 0.5 h at 0 T. DMFTJ (4.16 I& 0.034 
mol) and then ally1 bromide (1.49 g. 0.017 mol) wem added. The mixtme was stirred at 0 ‘C for 5 min. at which time 
lithium diisopropylamide (0.017 mol in 20 mL of THFI was added over 5 min. The rest&inn deco ted sohttion was 
stirredforO.5hatO’C. DMPU(4.16mL.0.O34mol)andthenaRylbromide(1.49g,0.0l~moi)wenadded. The 
resulting orange solution was warmed to rt and stirted for 5 mm. The reaction was quenched by the addition of water (50 
mL),pouredintoaseparatoryfurmelanddiluteda,afinalvolumeof600mLwithwater ThCzmixtureWaStidifidwi~ 
10% HCl and extracted with tbtee ponions of ether. 
solution, dried (‘!&SO.,) and 

The combined organic phases were washed with saturated NaHCC, 
concentrated in vacua to give 3.120 g of crude 1Oa. purification of 3.109 g by flash 

chromatography (9:l hexane-EtOAc. deactivated silica gel) gave 1.972 g (58%) of 1Oa containing &tout 15% of& em1 
tautomerz lHNb4R 5.71 (ddt. 2.1= 10.1. 15.4,5.8), 5.07 (brd.2. J= 15.4),5.05 (brd.2.J = 10.1);3.73 (s, 3). 3.48 
(s. 2). 2.77 (IX. 1. J = 6.6, 7.8). 2.38 (dddt, 2. J = 5.8, 7.8, 15.0.0.9). 2.24 (dddt, 2. J = 5.8. 6.6. 15.0.0.9): (enon 
4.96 (S, 1); 13C NMR 204.7. 167.3, 134.7 (2). 117.5 (2). 52.2, 51.3; 49.0. 34.8 (2); (enol) 135.4’(2), il6.+‘(ij, 89.4, 
51.2.45.2. 36.2 (2). 2 C not observed. Anal. Cakd for C,,H,sO,: C. 67.32: H. 8.22. Found C. 67.28: H 8.09. 

Methyl 6%ethyl-3-oxo-4-(2-propenyl)hept-~~en’o (lob) kas~~pared ar&gm&ly (methaUylchlori&. 
was used for the second alkylation) in 57% yield as an 85:15 ketoenol mixture: *H NMR 5.71 (ddt. 1, / = 10.1. 15.4, 
5.8), 5.07 (br d, 1. J = 15.4), 5.05 (br d. 1, J = 10.1). 4.80 (br s. 1). 4.70 (br s, 1). 3.73 (s. 3). 3.48 (s. 2). 2.77 (tt, I, 
J= 6.6.7.8). 210-2.44 (m. 4). 1.72 (br s. 3); (enol) 4.97 (s, 1): 13C NMR 205.0, 167.3, 142.2. 134.7. 117.4. 112.9. 
52.1, 49.8, 48.0, 38.9, 35.2. 22.2; (enol) 135.5, 116.6, 112.6. 89.3, 51.0, 43.6, 40.3, 36.5, 22.1, 3 C not observed. 
Anal. Calcd forC,,H,&: C, 68.54; H, 8.63. Found C. 68.78; H 8.70. 

Methyl 2-chloro-3-oxo-4-(2-propenyl)hept-6-enoate (lla) was prepared analogously from methyl 2- 
chIomacetoacetate in 77% yield as a 2:1 keto-enol mixture: *H NIvlR 5.82-5.63 (m, 2). 5.19-4.95 (m. 4). 4.90 (s, I), 
3.81 (s. 3). 3.13 (tt. 1, J = 6.5. 7.5). 2.48-2.40 (m, 4); (enol) 3.85 (s, 3), 3.3-3.4 (m, 1); t3C NMR 200.2, 165.1, 
134.25. 134.21, 117.9 (2) 61.2. 53.5.48.2. 35.5. 35.3; IR 3079, 1768, 1730, 1640, (enol) 176.4, 169.9. 135.1 (2). 
116.8 (2), 97.0, 52.7.41.2. 35.9 (2). Anal. Calcd for C,,H,sClO,: C, 57.27; H. 6.55. Found C. 57.20; H 6.50. 

Methyl 2-chloro-6-methyl-3-oxo-4-(2-propenyl)hept~-enoate (llb) was prepared analogously 
(methahyl chkaide was used for the second alkylation) from methyl 2chloroacetoacetate in 52% yield as a 4:3 mixture of 
the two dnWereOmerS of the keto tautomer and the enol tautomer: *H NMR 5.83-5.63 (m, 1). 5.1 l-4.98 (m. 2). 4.90 (s, 
0.54.57*l, CH~J keto), 4.89 (s, 0.54.57*1, CHCI keto), 4.82 (br s, 0.5=1). 4.76 (br s, 0.5*1), 4.70 (br s, 1). 3.84 (s, 
0.4303. enol), 3.80 (s, 0.57*3. keto). 3.36 (dtt. 0.4391, J = 1.6, 5.5, 8.5, enol), 3.30-3.21 (m, 0.5791, keto). 2.50-2.10 
(m. 4). 1.74 @rs, 3); 13C NMR 200.5, 200.4, 176.7, 169.8, 165.1, 142.5, 141.8, 134.4, 134.3. 134.2. 117.9, 117.8, 
117.7, 113.5. 112.3. 97.0. 61.5, 61.4, 53.5, 52.7, 46.7, 46.6, 39.8, 39.7, 36.2, 35.7, 35.6, 22.3. 22.2, 22.1; R 
1762, 1731. Anal. Calcd for C,,H,,C103: C, 58.89; H, 7.00. Found C, 58.55; H 6.83. 

Ethyl 2-benzyl-6-methyl-3-oxo-4-(2-propenyl)hept-~enoate (12) was prepared analogously (metidy 
&hide was used for the second alkyladon) fmm ethyl 2-benzylacetoacetate in 22% yield as a 1.1: I mixtum ofd&emo 
men: ‘H NMR 7.30-7.13 (m, 5)s 5.64 (ddt. 0.5*1. J = 10.0. 16.9, 6.5), 5.50 (ddt, 0.501, J = 10.1, 17.1, 6.5). 5.05- 
4.86 (m. 2). 4.77-4.72 (br s. l), 4.67-4.65 (br s, 0.5*1), 4.604.58 (m, 0.5-I). 4.20-4.05 (m, 2). 3.88 (t, 0.5.1. J = 
7.5). 3.84 (t. 0.5*1, J = 7.5). 3.12 (d, 2, J = 7.7) 2.96-2.84 (m. 1). 2.40-2.30 (m. I), 2.19-2.00 (m, 2 + 0.591). 1.93 
(dd. 0.5*l, J = 14. 7). 1.64 (br s, 0.5*3), 1.62 (br s, 0.503). 1.19 (t, 3, J~7.3); t3C NMR (206.3, 206.1). (168.5, 
168.4)s (142.4. 142.l), 138.4, (135.2, 134.7) (129.0 (2) 128.9 (2)). 128.4 (2). 126.5, (117.4, 117.0). (113.1, 
112.8). (61.4, 61.2). 61.0, 49.3, (39.2. 38.2). (35.2, 34.7). (33.7, 33.7). (22.3, 22.0). 14.0; IR (neat) 1750, 1718, 
1646. 1610. Anal. Calcd for CmHzaC+: C, 76.40; H. 8.34. Found: C, 76.25; H, 8.51. 

Methyl 6-methyl-3-oxo-2,4-bis-(2-propenyi)hept-Cenoate (13a) was prepared analogously (methahyl 
chloride was used for the second alkylation) from methyl 2-allylacetoacetatelc in 20% yield as a 1.1: 1 mixhm: of 
d&emomers: ‘H NMR 5.78-5.58 (m, 2). 5.14-4.94 (m, 4) 4.81479 (br s. 0.5.1). 4.79-4.76 (br s, 0.5.1). 4.71469 
(br s. 0.5.1). 4.68-4.66 @r s, 05.1). 3.706 (s, 0.5*3), 3.704 (s, 0.5.3). 3.65 (dd. 0.5.1, /= 8, 7). 3.62 (dd, 0.5.1, J= 
8, 7) 3.04-2.92 (m, I), 2.60-2.49 (m, 2). 2.44-2.02 (m, 4) 1.75 (br s, 0.5*3), 1.69 (br s, 0.503); 13C NMR (206.2, 
20’5.0). (169.1. 169.0). 142.1. (135.2, 134.8) 134.4, (117.5, 117.4). (117.4, 117.0). (113.3. 112.8). (59.0, 58.7). 
52.2, (49.2, 49.1) (39.6, 38.5) (35.5, 34.9). (31.9, 31.8) (22.2, 22.1); IR 1755, 1720, 1650. Anal. Calcd for 
C,sH,O,: C. 71.97; H, 8.86. Found: C, 71.91; H. 9.11. 

Methyl 4-(2-chloro-2-propenyl)-6-methyl-3-oxo-2-(propenyl)hept-6-enoate (13b) was prepared 
analogously. (2.3-dichlompropene was used for the second alkylation) from methyl 2-allylacetoacetatelc followed by flash 
chromatography on silica gel (20 1 hexane-EtOAc) gave 58% of a I:1 mixture of two diastereomers of 13b, followed by 
5% of the more polar diastereomer of 13b. 

lhedataforthemore polardiastereomec IH NMR 5.73 (dddd, 1, J = 6.9, 17.1, 10.1. 6.9). 5.19 (d, I. J = 1.3). 
5.16 (dd, 1, J= 1.9, t.0). 5.1O(dq t.J= 17.1, 15), 506(dq. 1, J= 10.1, 1.5),4.83 (br s, 1), 4.72 (br s. 1). 3.72 (s, 
3). 3.68 (dd, 1. J= 6.4. 8.1) 3.32 (dddd, 1, J = 5.2, 6.3,7.9, 8.6). 2.63 (dd. 1, J = 6.4, 8.1). 2.53 (m. 2). 2.36 (m, 
2). 2.04 (dd. 1, J = 7.9, 14.2). 1.73 (s. 3). 13C NMR 206.1, 169.0, 141.6, 139.5, 134.25. 117.55, 115.1. 113.6. 
58.9. 52.27,46.9, 40.5, 38.9, 31.9, 21.9; IR 1750. 1720. Anal. Calcd for C,sH,,ClO,: C, 63.26; H, 7.43. Found: 
C. 63.42; H, 7.42. 
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The data for the less polar diastemomcr were de@rmi@ from the mixture: tH NMR 5.73 (m, I), 5.19 (br s, l), 
5.15 (br s. l), 5.10 (br d. 1. 3 = 17.1). 5.05 (br d, 1. J = 10.1). 4.84 (br s, 1). 4.73 (br s. I), 3.73 (s. 3). 3.65 (m, I), 
3.32 (m. 1). 2.73 (dd. 1.3 = 8.3, 14.1), 2.53 (m, Z), 2.36 {m, 2). 2.01 (dd, 1, J t 7.7, 13.8). 1.78 (s. 3). ~~CNMR 

205.4. 168.8, 141.5. 139.6, 134.34, 117.5, 114.8, 113.9. 59.0, 52.4. 46.6, 39.8. 39.7, 31.6, 21.8; IR 1750, 1720. 
Oxidative Cyclization of 1011. To a Shred solution of ~(OAc~3*2H~0 (I.093 g, 4.08 mm~l) and 

cU(OAc~*H@ (407 mg. 2.04 m01) in glacial acetic acid (20 mL) under N, was added lOa (400 mg. 2.04 mmol). The 
n%UiOn mixtm was stirmd at rt for 38 h. Water (100 mL) sod 10% NaHS03 schtion to Rxluu: any &dual MR(~) 
were added. The mixture was extract& with thme 30 mL portions of CH$lz. The combined organic layers wem washed 
with satd NaHCOs solution. dried (Na$O 4) and concentrated in vacno to give 375 mg of crude product dash 
chromatography of 340 mg on silica gel (20: 1 hextme-EtOAc) gave 11 mg of a I:2 mixtme of methyl 3-(2-propetty&2. 
oxocyclohexa-1.4~diene-l-carboxylate (17a) and methyl 3-@-propenyl)-sakylate (23a) (3%), followed by 32.2 mg (8%) 
of methyl 6-me~yl~e-2-oxoti~clo[3~.ll~-3~~~ Q&t) (8%), 102 mg (26%) of IWOV& 10s. foilrsved 
by 42.5 mg (11%) of a 2: 1 mixture of metbyl9~x~i~~o~3.3.1~~-3,6-diene-l~~xy~o (21a) and methyl Q- 
oxobicy~o[3.3.~]~-3,7~~e-~~xyl~e (22a). 

The data for 17a were detmndned fnrm the mix&m: ‘H NMR 12.29 (s. I, OH), 5.85-5.70 (m. 2), 5.78 (dddd, 1, J 
= l-7-2.1, 3.8, 10.0, =CH). 5.06-5.00 (m. 2), 3.77 (s. 3. -0cHs). 3.12-3.02 (m,. I), 2.91-2.84 (m. 2). 2.57-2.33 (m, 
2); “C NMR 171.1 (C& 136.2 (Ct), 134.7 (=cH), 125.6 (C, or Cs), 124.3 (CJ or Cd, 117.2 (=cHz), 95.9 (C!& 51.5 
(OCH,). 38.8 (C,). 37.5 (Q, 25.3 (allylic CH& 

The data of 23a are identical to those of a sample pmpamd from l&t, 
The data for 16~ rH NMR 12.00 (s, 1, OH), 5.04 (br s, l,=CH& 4.91 (br s, 1, =CH,), 3.72 (s. 3, -OCHs), 2.94- 

2.88 (m, 1, II& 2.67-2.58 (m, 3). 2.54 (ddt, 1. f = 8.4, 13.6, 2.7, H4 _), 2.51 (br dd, 1, J = 4.7, 15.4. H, &, 2.13 
(dd, 1,J = 2.1, 15.4, Hs,), 1.82-1.78 (m, 1); WNMR 177.7(C3), 173.1 (OC=O), 154.2 (Cd. 107.0(=CHs), 92.9 
(C& 51.2 (-OCH,), 40.8 (C,), 40.4 (C, or Cs), 39.9 (Cs or C,). 34.4 (C,), 33.3 (Cs). 

The data fOr2la were determined from the mixture: tH NMR 5.91 (ddt, 2. J = 6.1, 9.2, 1.9, H, and H6), 5.81 (dt, 
2. J = 9.2, 3.5. H3 and Hr), 3.81 (s, 3, OCH,), 3.38 (br d, 2, J = 18.2, H, and H,& 3.23 (t. 1.J = 6.1, H& 2.68 (ddd, 
2, .I = 1.9, 3.5, 18.1. H4 and He); t3C NMR 206.6 (C,), 171.1 (OC=O), 129.2 (2, C, and C,), 126.4 (2, Cs and C,), 
56.4 (C,), 52.6 (OCH,), 47.1 (Cs), 41.2 (2. C, and Cd. 

The data for 22a were determined from the mixture: tH NMR 5.90-5.86 (m, 1, =CH), 5825.76 (m. 2, =CH). 
5.70 (dddd, 1, J = 0.5, 2.7, 5.3, 10.1, =CH), 3.80 (s. 3, OCH& 3.28-3.20 (m. l), 3.01 @r t, 1,~ = 5.3, Hs), 2.82- 
2.72 cm, Ih 2.60 (dd, 1, J = 4.6, 18.1, He &). 2.51 (ddd, 1, J = 1.6,4.9, 17.8, He 40. 53C NMR 207.3 (c& 172.3 
g=“, 129.4 (CH=), 129.3 (CH=), 125.8 (CH=h 125.4 <CH=). 59.1 (C,), 52.6 (O$i,>, 46.0 cc;>, 38.6 (C& 35.4 

Oxidative Cyclization of 1Ob. Reaction of 1Ob (400 mg, 1.90 mmol}, M.n(OAc), .2Hao (1.020 g, 3.80 
mmol), and cU(OAc)z*HsO (380 mg. 1.90 mmol) inglacil acetic acid (19 mL) for 10.5 h foRowed by normal w&up 

gave 406 mg of crude product. Flash c~matogmp~y on silica gel of 389 mg (3O:l hexane-EtOAc) gave 158 mg (41%) 
of a 61 mixture of methyl 5-me~yl-6-me~ylen~ic~o[3~~l~-3~~xy~a~ (16b) and methyl 5-me~ylene-2-0x0~ 
3-(2-ptopenyl)-cyclohexane- karboxylate (19b) followed by 48 mg (12%) of recovemd 10b . 

The data for 16b were determined horn the mixture: t H NMR 11.93 (s, 1, OH), 4.91 (‘br d, 1, J = 2.6, =CHa), 
4.90 Or d, 1, J = 1.8, =CH& 3.70 (s, 3, OCH,), 2.68-2.57 (m, 3), 2.30 (d, 1, J = 15.0, H4&, 2.04 (dd. 1, J = 1.5, 
15.0, HQmdJ, 1.76 OX d, 1, J= 11.3, H,, ), 1.65 (ddd. 1, J = 1.5, 3.5, 11.3, H, &, 1.25 (s, 3. CH,); 13cNMR 

177.5 (OC=o), 157.0 (Ce), 105.7 (C,), 10?3 (=CH,), 93.8 (Cs), 51.2 (OCH,), 41.9 (C,), 41.7 (C,), 40.6 (C,), 38.9 
(C,), 24.5 (C&H,); IR 1755, 1720, 1652. 

Partial data for 19b were determined &om the mixture: tH NMR 12.23 (s, 1, OH), 5.78 (ddt, 1, J = 10.2, 17.4, 
6.0, =CH), 5.1 l-5.Ol (m. 4, =CH,), 3.77 {s, 3, OCHa}, 2.97-2.94 (m, 1); 13C NMR 172.9 (OC=O), 154.0 (Cl), 135.9 
(=CH), 117.2 (=cH& 106.2 KHZ), 52.4 (OCH& 48.7 (Cs). 45.1 (CH,). 43.6 (CH,), 36.7 (CH,), two C were not 
observed; ER 175.5. 1720.1652 1630. 

Oxidative Cyclization of lla. Reaction of lla (400 mg, 1.74 mmol), Mn(OAc),*2H,O (930 mg, 3.47 
mmol). and CU(OAC),*H,O (346 mg, 1.74 mmol) in glacial acetic acid (17 mL) for 30 hat tt followed by nom& workup 

gave 363 mg of crude product. Flash chromatography on silica gel of 339 mg (401 hexane-EtOAc) gave 81 mg (24%) of 
23a: *H NM’R 11.03 (s, 1, -OH), 7.72 (dd, 1, J = 2.0, 8.2, H6), 7.32 (ddd, 1, J = 0.9, 2.0, 7.8, H4), 6.82 (dd. 1, f = 
7.8, 8.2, H5), 6.01 (ddt, 1. J = 9.6, 17.0, 6.8, =CH), SOP (br d, 1. J= 17.0, =CH,), 5.07 (br d, I, J = 9.6, =CH,), 
3.97 (s, 3, -OCH,), 3.43 (br d, 2, J = 6.8, ahyfic CH& 13C NMR 170.9 (OC=O), 159.5 (C,), 136.2 (C,). 135.7 (C& 
128.5 (=CH), 127.9 (CJ. 118.6 (=CH& 115.8 (CS), 111.9 (C,), 52.2 (OC=O), 33.6 (allytic CH.J; IR 1745, 1685, 
16.50, 1620. The data am identical to those previously mported.t* 

Oxidative Cyclization of llb. Reaction of lib (200 mg, 0.82 mmol), Mn(OAc),.2H,O (438 mg, 1.63 
mmol). and CU(OAC),*H,O (163 mg, 0.82 mmol) in glacial acetic acid (8 mL) for 14 hat n followed by normal workup 
gave 197 mg of crude product. Flash chromatography of 183 mg on silica gel (20: 1 hexane-EtOAc) gave 4 mg (2%) of a 
1: 1.5 mixture of methyl 5-methyl-3-(2-pmpenyl)-sakylate (27b) and methyl 3-(2-methyi-2-ptopenyI)-sahcylate (28b) 
followed by 60 mg (33%) of methyl l-~c~om-5-me~yl~-2-ox~3~~2-p~~~yi~-cyc~ohex~e-la -carboxylate (26b) 
and 65 mg (35%) of methyl 3-e~c~o~-5-me~yl~me~y~e~-2~xobicycio[3.2.l]~t~e-3-ex~xy~ate (25b). 
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Thedatafor27bweredetetminedficmthemixmm:tHNMR7.52(brd, I,r=:2.0.~6),7.15(brd. 1,~=2,H,), 
6.01 (ddf 1, J = 9.8, 15.8s6.4, =CHa), 5.09 (ddd, I, J = 2.0, 3.6, 15.8, =CH& 5.08 (ddd, 1, J = 2.0, 3.8, 9.8, 
=a& 3.94 (s. 3, -ocH,). 3.40 (d, 2, f = 6.4, allylic C&J. 2.27 (s, 3 Cs-CHs). 

The data for 28b were determined fntm the mixture: ‘H NMR 7.74 (dd, 1, J = 2.0.8.0, He), 7.33 @r dd, 1, f = 
2.0, g.0, H& 6.83 (dd. 1. J = 8.0, 8.0, Hs). 4.82 (br s, 1, =CH& 4.66 (br s, I, =CH$, 3.95 (s, 3, -ocH,), 3.38 (s, 
2, auylic cH2). 1.76 @r s, 3, -CHs). The data am identical to those previousIy repone&tt 

The data for 26b: *H NMR 5.78 (ddt. 1, J = 10.6, 18.6, 6.0. =CH). 5.09 (br d, 1.J 3 18.6, a =t&), 5.07 (br 
d, 1. J = 10.6, CH=CHs). 5.06 (br s. 1, =CH2), 5.03 (br dd, 1, J = 
= 2.4, 13.7, ahylic CH& 2.70 (ddd, 1, J = 

1.4, 3.1, =CHd, 3.70 (s, 3, -0CHs). 3.50 (dd, 1, J 
1.4, 3.1, 13.7. ahylic CHs), 2.70-2.59 (m, 3), 2.21-2.05 (m, 2); 13Cm 

KW (c,h 167.4 (oC=o), 139.1 (Cs). 135.0 (=CHIt 117.3 (=CH,), 115.4 (=CHs)), 73.1 (C,), 53.7 (-~a,), 48.8 
(Cd, 47.4 ICY& 39.7 (C.& 33.9 (ahylic at); IR 309P, 1770, 1747, 1666, 1650,915. Anal. C&d for C,~H,,QO,: C, 
59.39: H, 6.23. Found: C. 59.59; H, 6.44. 

The data for25b: *H NMR 5.08-5.05 (m, 2, =CH& 3.82 (s, 3, -OCH,), 2.99 (br dddd, 1, J = 2.1. 4.0,4.4, 7.6, 
HI), 2.95 (ddd, 1. J = 1.5-4.0. 17.2, H,&& 2.76 (ddt. 1. J = 7.6, 17.8. 3.0, H, ,J, 2.76 (d, 1, J = 14.0, Hquc), 
2.21 (dd. 1, J = 3.4, 14.8, H4&, 2.01 (dd, 1, J = 3.4, 12.2, H, ). 1.87 (ddd, 1, J= 3.4.4.4, 12.2, Hs,,), 1.28 
(s. 3, c5-a3); “c I%@i 202.2 (Cz>, 169.1 (OC=O), 152.9 CC,& r07.1 (=CH& 67.7 (C3), 53.9 (et), 52.5 (-OcIf,), 
47.7 (c,), 42.5 (C,>, 42.3 (C7k 37.7 (C& 23.7 (C,CH& IR 3090,1770,1729,1665. Anal. C&d for C12H,&Q: 
C, 59.39; H, 6.23. Found: C, 59.46; H, 6.12. 

Oxidative Cyclimtion of 12. Reaction of 12 (200 mg, 0.64 mmol), ~~OAc)~~2H20 (341 mg, 1.27mmot) 
and CU(OAC)~*H~O (127 mg, 0.64 mmol) in glacial acetic acid (7 mL) for 14 h at rt followed by normat workup gave ~($4 
mg of crude product. Flash c~ato~phy on silica gel of 200 mg (30: 1 hexane-EtOAc) gave 20 mg of a complex 
mixtum which contained primarily recovered statting material (10%). followed by 77 mg (39%) of a 3.2~ mixture of 
ethyl 6,7-benzo-5-methyl-2-oxo-3-endo-(2-propeo[3.3.1]nonane-l-carboxylate (3(t), ethyl 3+1& -benryt-5- 
methyl-6-methylene-2-oxobicyclo[3.2.1]octane-3-exo-carboxylate (3 1) and 32. 

partial data for 30 were determined from the mixture: tH NMR 7.33-7.10 (m, 4), 5.56 (dddd, 1, J = 6.0, 7.6, 10.0, 
17.8, =CH), 4.95-4.82 (m, 4). 4.20 (q, 2, J = 7.0, -OCH,). 3.39 (dd, 1, J = 2.4, 16.8, benzyhc CH,), 3.20 (d, 1, J = 
16.8, bet’txyhc -2). 2.68 (dd, 1, J = 2.4, 13.2, one carbon bridge), 1.49 (s, 3, bridgehead CHs), 1.28 (t, 3, J = 7.0, 
a2a3; t3c NMR 211.8 (%I. 171.6 (OC=O), 143.9 (i’h C), 135.8 (=CH), 133.2 (l’h C), 131.0 (Fh CH). 127.9 (Ph 
a), 126.4 t?h CHk 126.1 (ph CH), 116.5 (=CH& 61.5 (-OCH& 55.5 (CT,), 48.7 (Cs). 45.3 (C& 44.3 (C3). 41.2 
(a&tic a& 37.0 (Ct-benxytic CHs), 34.2 (C,), 30.3 (C5-CH,), 14.0; IR 1744, 1710. 

Fartiat data for 31 were determined from the mixture: tH NMR 7.42-7.08 (m. 5). 4.94 (br t, I, f = 1.2, =CH& 
4.74 @r s, 1, =CH& 4.27 (9. 2, J= 7.2. -OCH,), 3.17 (d, 1, J = 13.4, benzyhc CH,), 3.00 (d, 1, I = 13.4, bet~yh~ 
=2). 1.23 (t. 3, J= 7.2, -OCH,a,), 1.23 (s, 3, C&H,); 13C NMR 155.7 (C$), 136.6 (Fh c), 129.2 (ph CH), 
127.1 @h a), 126.7 Cph CHk 105.6 (=CH& 61.7 (-OCH,), 48.0 (C,), 44.3 (Cs), 41.3 (C,), 39.6 (C4). 37.2 
(&nxyhc Crr,>, 24.9 (Cs-cH3). 13.9; Ct, C,, Cs. and OC=O could not be assigned: IR 1?44,17lO. 

Part@ data for 33 were determined fmm the mixture: tH NMR 7.42-7.08 (m, 4). 4.17 (do, 1, J = 10.7.7.1, - 
OCH$, 4.12 (dq, 1, J =10.7,7,1, -OCH& 1.33 (t. 3, J =7.1, -OCH,tX$); ‘sd NMR 135.7, -130.9, 128.6, 126.9, 
126.7. 124.8. 61.2. 42.6, 35.6. 34.7. 33.2. 31.6. 27.0, 13.9. 6 C not observed: IR 1744. 1710. 

Oxidahe C&h&ion of I&. Reaction-of lja (300 mg, 1.20 mmol); Mn(OAcj ,*2H,O (643 mg, 2.40 
mmO1). and CU(OAC)~*H~O (239 mg, 1.20 mmol) in glacial acetic acid (12 mL) for 12 hat n followed by normal workup 
gave 310 mg of crude product which contained 37a and 38a in a 51 ratio. Flash chromatography on silica gel of 268 mg 
(2O:l hexane-EtOAc) gave 12 mg (5%) of methyl 5-methylene-2-oxo-l~,3~bis-(2-propenyi)-cyclohexane-la- 
carboxylate (35a), followed by 136 mg (52%) of a 1:3 mixture of methyl 5-me~yl-6-me~yle~e-2~xo-3-e~-(2- 
p~~yi)-bicyclo[3.2.l]~t~e-l-c~xyla~ (37a) and methyl 5-me~y1-6-me~ylene-2-oxo-3-~(2-p~~nyi)- 
bicy~o~3,2.lJ~t~-l~xyla~ (38a). 

Thedatafor35a: tHNMR5.77 (ddt, 1, J= 10.1, 16.6,7.1), 5.59 {ddt, 1,J = 9.5, 17.4, 7.1), 5.12494 (m, 4). 
4.86 (tt, S, J = 1.6, 1.6). 4.72-4.68 (br s, I), 3.71 (s, 3), 2.71-2.65 (m, 51, 2.48-2.56 (m. 21, 2.28-2.38 (m, 2); t3C 
NMR 205.5, 172.5, 140.6, 137.0, 132.4, 119.1, 115.5, 115.3, 62.9, 52.2. 39.4, 38.6, 36.2, 27.7, 23.5. 

The data for 37a were determined from the mixture: 1H NMR 5.72-5.60 (m, I), 5254.92 (m. 4). 3.72 (s. 3). 3.01 , _. 
(dt, 1. J = l7.5t2.9, H, &,J, 2.68 (ddd, 1, J = 2.2,4.2, 17.5, H7 u. 1. 2.63-2.42 cm, 2),2.29 (dd, 1, J= 2.i. li.9, Hs 

,$. 2.15 (br dt, 1, J = 13.8,7.0, ahylic CH,), 2.03 (dd, 1, J = 10.6, 13.2. H, end,J, 1.89 (dd, 1, J = 2.7, 11.9, H, &. 
r.48 (ddd, 1, J = 2.4, 5.3, 13.2, H 4 &. 1.26 (SW 3, C,-CL-Q; r3C NMR 208.1 (Q. 171.8 (OC=O), 154.7 (Cd, 1357 
WH). 117.1 (=t&k 106.1 (=cH,), 61.7 (C,). 52.2 GOCH,), 44.4 (C,), 44.2 (C,). 43.0 (C,). 41.6 (C,), 39.8 (C,), 
36.5 (ahylic CH,). 24.7, (C,-CH,); IR 1746, 1713, 1660. 1642. 

A solution of 10 mg of a I:3 mixture of 37a and 38a in anh MeOH (1.5 mL) containing of suspended R,CQ, (30 
mg) was stirred for 3 hat rt. Normal workup gave 9 mg of pure 38a: IH NMR 5.71 (dddd, 1, J = 6.5.7.4, 10.8, 16.9, 
=CHk 5.06-4.98 (m. 4, =CH2), 3.74 (s, 3). 2.89 (dt, 1, J = 18.2, 2.6, H7cxo >. 2.86 (ddd, 1, J = 2.2, 4.4, 18.2, H7 
rm,& 2.68-2.58 (m. 2). 2.10 (dd, 1, J = 3.6, 12.2, H, &, 2.04-1.97 (m, 2), 1.82 (ddd, 1, / = 3.3, 7.4, 12.3, H, wdJ, 
1.45 (dd, I, I = 12.0, 12.0, H4u0 , ) 1.24 (s, 3, CS-CH,); t3C NMR 208.2 (C2), 171.9 (oc=o), 153.9 (cd. 135.7 
(=CH), 116.8 (=m& 106.1 (=CH& 62.1 (C,), 52.0 (-OCH,). 47.6 (C,), 47.3 (Cs), 44.2 (Cr). 43.8 (C,), 39.8 (C,), 



1426 M. A. DOMBROSKI and B. B. SNIDER 

33.5 (allylic (=& 22.5 (C+&); IR 1746. 1713. 1660. 1642. Ad. C&d for C,&,O$ C. 72.55; H. 8.12. Found: 
C. 72.38; H. 8.34. 

CkidatiVe CYcliition of 13b. Reaction of 13b (285 mg, 1.0 mmol). Mn(OAc)#i20 (540 mg, 1.0 mmo1), 
andCu(OAc)z*HzO(200mg,l.O~ol)inglacialaceticacid(lOmL)for16hatrtfallowedbyrorm~workupgave 
284.0 mg of crude product which amtahmd 2&t and 28b in a 4: 1 ratio. Flash chromatography on silica gel (30: l hexane- 
EtOAc) of 100.0 mg gave 55.0 mg (55.0%) of pure methyl 5-merhyi-6-methylene-2-oxo-3-en&-(2-cblom-2-ptopeny1)- 
~~~~0W1l~~-l-~arboq4ate (28s) followed by 36.0 (36.0%) of pure methyl 5-methyl-6-methy1ene-2-oxo-3-ezu- 
(2-chlom-2-pmpenyl)-bicycl~3.2.ljoctane-l-ca1boxylate (28b). 

The data for 2sP: tH NMR 5.22 (t, 1, J = 0.8). 5.14 (t. 1.J = 1.2). 4.99 (dd. 1. I = 1.8.2.9). 4.94 (br S. 1). 3.73 
(s, 3). 3.04 (dt. 1, J= 17.4, 2.9). 2.96 (m. 1). 2.84 (dddd, 1, J = 0.8, 1.2.4.3, 14.3). 2.65 (ddd. 1. J = 1.8, 3.9, 
17.4). 2.37 (dd, 1. / = 12.0, 2.2). 2.27 (dd. 1, J = 10.5, 14.3). 2.10 (dd, 1. J = 10.6, 13.4). 1.89 (dd, 1.J = 2.2, 
12.0). 1.38 (ddd, 1, J = 2.2, 6.0, 13.4). 1.28 (s. 3). 13C NMR 209.9, 171.3. 155.0. 139.9, 114.8. 106.4, 61.7. 52.3, 
44.1.42.7,41.7,41.3.41.0,40.3.24.8; IR (neat) 3080.2960, 2930,2870, 1745, 1715. 1660, 1635. 1435, 1330, 
1270. 1190, 1145, 1125, 1045,990.960,890. 

The data for 28b: lH NMR 5.19 (t. 1, J = 1.0). 5.17 (t 1. J = l.O), 5.09 (t, 1, J = 2.1). 5.04 (t, 1, J = 2.5). 3.75 
(s. 3). 2.91 (br s, 2), 2.81-2.98 (m, 2). 2.20 (dd. 1, J = 14.6, 9.0). 2.12 (dd. 1, J = 12.4. 3.6), 2.03 (br d, 1, / = 12.4). 
1.86 (ddd, l. J = 12.2. 7.0, 3.6). 1.38 (dd. 1, J= 12.2. 12.2), 1.24 (s. 3); 13C NMR 207.6, 171.7. 153.2, 139.8, 
114.5, 106.5.62.1, 52.1. 47.7.46.8, 44.1, 41.6, 39.7, 39.0, 22.5; JR (neat) 3080. 2960, 2930.2870, 1745, 1715, 
1660, 1635. 1435, 1320, 1270, 1200. ll6O.lO40,lOlO. 960,880. 
Found: C. 63.57; H. 6.88. 

Anal. Calcd. for C1sH,sCt03: C, 63.72; H, 6.77. 
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