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Abstmcl: Starting from rricyclic intermediate 2 represettling the BCD-skeleton of diterpene alkaloids, the 

functionalizuion of ring D and the stereospecific conshction of ring A resulting in the formation of an ABCD rin8 

system (14) of acomonine type diterpene alkaloids is described. 

Recently, we reported the synthesis of fl-ketoester 1 as a general synthetic intermediate for the BCD-ring 
system of relatively simple Clgditerpene alkaloids such as cardiopetaline (Scheme I).’ 
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1 has a full potential of functional groups for further elaboration into (suitably substituted) A-, E-, and F-rings, 
but lacks the possibility of easy introduction of a hydroxy or methoxy group which is present at C-16 in the 
majority of C@iterpene alkaloids.2 However, in intermediate 2. the tricyclic precursor of 1, C-2 
(cormsponding to C-16 in diterpenoid alkaloids) is an allylic carbon and can, therefore, in principle be oxidized 
and subsequently (stereq~&aJly) reduced to a hydtoxyl group in order to pmvide, via epoxidation of the 
double bond, the fully functional&d CD-ring system such as present in isodelphinine or acomonine (Scheme 1). 
Furthermore, transformation of the o&unsaturated ester group of ring B in 2 to a p-ketoester function’ would 
give ample oppor&mity to attach ring A [with au oxygen substituent at either C-l or C-3 (diterpene alkaloid 
numbering)] so that the ester carbonyl group could function as a fuhue junctun of the E- and F-ring. 
In this paper we report the further functionalization of ring D of 2 and the swific construction of ring A 
with an oxygen function at C-3 resulting in the formation of tetmcyclic intexmediate 14 for the total synthesis of 
diterpene alkaloids of the acanoninetype. 

RESULTS AND DISCUSSION 

The allylic oxidation of alkenes to u&unsaturated ketones can, in principle, be effected by a range of 
different reagents such as selenium dioxide&f-butyl hydmpemxide,3 iV-bromosuccinimideIdioxane- 
water/hvp chromium trioxideIpyridine,5 chromium trioxide/dimethylpyrazole6 and. more recently, rerf-butyl 
hydropemxide/chromium hexacarbonyl.7 However, in the case of 2, only oxidation with chromium trioxide 
complexes gave reasonable yields (5040%) of ketone 3 (Scheme 2). 

60 : exe-P-OH 
6b : endc+P-OH 

scheme 2 

Et- 

karakolidine 

Besides, a small amount of a byproduct was found (2% if dimethylpyrazole was used as a ligand, 15% with 
pyridine) which, on the basis of lH- and 13C-spectroscopy, was tentatively identified as compound 4a. This 
structure was confrmed by X-ray crystal structure determination* of the analogue 4b, obtained in a similar 
fashion from the C-l I-methoxy analogue of 2 (PLUTON drawing portrayed in Fig. 1). 
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14 

Figure 1. X-ray structures of 4b and 14 

Although the formation of epoxides during the oxidation of alkenes with Cr(VI) is not uncommon,g the pathway 
of the peculiar reaction leading to g-ketoester epoxide 4 is not obvious. However, if the yield of 4 can be 
increased, this oxidation reaction can in principle be exploited to give synthetic access to diterpene alkaloids with 
an oxygen function at C-10, e.g. karakolidine (Scheme 2). 

Introduction of an epoxy-group at C-3-C-4 of 3 was accomplished by basic epoxidation (hydrogen 
peroxide/potassium carbonate/60 OC). This reaction proceeded, however, with concomitant hydrolysis of the 

acetoxy group at C-l 1 and epimetization of the resulting hydroxyl group [probably by (retro)aldol reaction], to 
give the unwanted exe-isomer 5 (Scheme 2). Molecular models of 5 show that the dihedral angle between H-l 1 
and H-l as well as between H-l 1 and H-10 is cu. 90° so that only very small coupling constants are expected 
for these protons. This is in agreement with the presence of a broadened singlet at 6 = 4.56 ppm which is 
assigned to H- 11 -e&o. In all other compounds described in this paper. H- 11 is exe and, as a consequence of 
dihedral angles of 30-&’ relative to H- 1 and H-10 , appears as a double doublet with proton coupling constants 
of cu. 4 Hz. When the reaction was performed at mom temperature the acetoxy group of 3 was cleanly 
hydrolyzed without isomerization, but then the epoxidation reaction did not occur. 
To circumvent this complication, ketone 3 was reduced with sodium borohydri~methanol at 0 OC (the reduc- 
tion fails in isopropanol) to give a 3: 1 mixture of the desired exe-alcohol 6a and its endo-isomer 6b, separable 
by column chromatography. The endo-isomer was recycled to ketone 3 by oxidation with Py4Ag2Cr207.1° 
The exe-position of the OH-group of the major isomer 6a was indicated by comparison of the lH-NMFt spectra 
of the individual isomers in conjunction with molecular models which predict a larger dihedral angle between 
H-3 and H-2 (exe) in the e&-alcohol 6b than between H-3 and H-2 (endo) in the exe-alcohol 6a. 
The coupling constant 3J(I-I-2,H-3) in the minor isomer is indeed smaller (1.9 Hz) than in the major isomer 
(4.5 Hz). The latter, therefore, has a smaller dihedral angle and thus is the exe-alcohol 6a. This conclusion was 
confirmed by the crystal structure determination of the final product 14 derived from 6a (vi&z i&a). 
Epoxidation of 6a was effected with trifluoroperacetic acid and dipotassium hydrogen phosphate as a solid 
buffer’ ’ (Scheme 3). Diepoxide 7 was obtained quantitatively as a colourless amorphous solid which could not 
he crystallized. On the basis of ’ H-NMR (single peaks of the methyl groups of the methyl ester and of the 
acetoxy group) and of TLC (single spot) it was concluded, initially, that 7 was a single isomer. However, 



2776 J. L. VAN DER BAAN et al. 

methylation of 7 to &t (methyl iodid&ilver oxide&alcium sulfate),12 gave a mixture of two isomeric 
compounds (ratio 2~1) of which the major one was obtained in pure crystalline form and identified as the 
expected diepoxide with unknown but specific geometry (a or 8) of the glycidic ester epoxide group at C-7X-8; 
the minor compound was its epimer at these centers. The reason for tbe non-stereoselective epoxidation of 
C-7-C-8 in 6a is not clear. Possibly, subtle conformational changes in the B-ring (as compared to 2 which does 

give a single diepoxidel) due to through-space interaction of the OH group of 6a with the acetoxy group, play a 
role in determining the trajectory of attack of the epoxidation reagent. However, as the projected transformation 
of the glycidic ester into a gketoester will destroy the stereo-center at C-7, the formation of epimers is not 
detrimental for the final goal of our synthesis, although a complicating factor for purification and identification. 

6a:R-Me 
b:R-THP 

9a:R’-k ti=Me 

b:R’-H #-Lie 

c:R’-AC ti-THP 

d:R’-H ti-THP 

Scheme 3 

Conversion of epoxyester &t to the corresponding 8-hydtoxyester 9 was accomplished with lithium and rerf- 

butanol in liquid ammonia13 at -78 oC giving a mixture of the C-l l-acetoxy (9a) and -hydroxy derivatives (9b) 
in almost equal amounts. As expected, when the diasteteorneric mixture of 8a was used in this reaction, 
mixtures of diastereomers of both 9a and 9b were obtained. Lii3 reduction of the crystalline diasteteomer of 
diepoxide 8a, however, gave a mixture of 9a and 9b (cu. 70 96 yield), in which (according to the lH- and 
13C-NMR spectra of the separated products) both compounds were present as single diasteteomets (with 
unknown but specific stereochemistry of the 8-hydroxyester moiety). Obviously, as we have noted earlier,’ 
LQNH3 ring opening of glycidic esters in these polycyclic systems is a regio- and stereospecific reaction. 
Simplification of the stemochemical situation was effected by oxidation of 9 to the desired g-ketoesters 10. 
Monohydtoxy compound 9a was oxidized in high yield by the Pfitxner-Moffatt method (dimethyl sulfoxide/ 
dicyclohexyl carbodiimide)t4 to yield 1Oa. Regioselective mono-oxidation of dihydroxy compound 9b was best 
realized by using the oxidation procedure of Swem (dimethyl sulfoxide/oxalyl chloride)ls because the reagents 
can be applied in stoichiometric amounts at low temperature to effect discrimination of the (more hindered) OH- 
group in the CD-ring system; this is not possible in the Pfitzner-Moffatt method. 
Application of the same synthetic procedures to 8b, the C-2-tetrahydmpyranyloxy analogue of 8a (to enable 
modifications at C-2 in a later stage), furnished eventually p-ketoester 10~ via mixtures of diastereomers of & 
hydroxyesters 9c and 9d which were even more complex than 9a and 9b due to the additional stereo-center of 
the tetrahydropyranyl group. Irrespective of the diastereomeric composition of the starting material 9, in all cases 
a single product 10 was obtained which, however, during chromatographic purification over silica, was 
converted spontaneously to a cu. 3:2 mixture of epimeric g-ketoesters via the keto-enol equilibrium. 

Having introduced the proper substituents at the CD-skeleton, the stage was set for construction of the 
ABCD-ring system by exploiting the versatile reactivity of the 8-ketoester system in the B-ring (Scheme 4). 
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Michael addition of 1Oa and lob to benzyl acrylate gave the adducts lla and lob. mspcctively, in ca. 75 % 

yield as single pmducts (according to lH- and 13C-NMR, and TLC). Acetylation (acetic anhyW dimethyl- 
aminopyridine/ pyridim)16 quantitatively amverted llb into lla, identical in ail mspccts to the product 
obtained from direct addition of 1011 to benzyl mylate. Models of the fbketoestex anion clearly showed that the 
e&side of the r~~lecule is effectively promoted against attack by electmphiles. Thuufau, it was assumed that 
both lla and llb carry the propionic ester substituent in the uro-position. This was corroborated by the crystal 
structure analysis of the final product 14 (Fig. 1). 
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Scheme 4 

In lla, the methoxycarbonyl group at C-8 (for numbering see Scheme 2) serves as a future junction 
(C-17 of diterpene alkaloids, see Scheme 1) in the construction of the E- and F-ring. The propionic ester side 
chain can easily be extended to furnish the constitutive elements of the A-ring using a general procedure which 
we developed for the synthesis of j&ketoesters. l7 Thus, the protecting benzyl group was quantitatively removed 

by hydrogenolysis (H2, PdK!) to give carboxylic acid 12 which was then activated towards nucleophilic attack 
by mixed anhydride formation (methyl chlomformate/triethyl amine). Reaction with the lithium salt of terr-butyl 
tsimethylsilyl malonate gave a triacyl product which, without isolation, was hydrolyzed with simultaneous 
decarboxylation to yield g-ketoester 13. Finally, cyclimtion to the A-ring with concomitant removal of the 
protecting acetyl group was effected in 72 96 yield by treatment with 25 mol% sodium me&oxide in methanol at 
50 OC. Recrystallization of the obtained tetracyclic compound 14 from methanol furnished crystals suitable for 
X-ray crystal structure determination. 
The PLUTON drawing of 14, portrayed in Figure 1. clearly shows the correct exe-configuration of the 
introduced MeO-group at C-2 (C-16 of diterpene alkaloids) in the D-ring and the desired en&configuration of 
the methoxycarbonyl group at C-12 (C-l 1 of diterpene alkaloids). 
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The carbonyl gmup introduced at C-9 in the A-ring (C-3 of ditapene &aloids) gives synthetic access to the 
substitution pattern of ditcapene alkaloids of the awmonine-type (Scheme 1) whewas the C-7-C-8 double bond 
activates C-6 towa& introduction of the required oxygen containing substituent at this position. 
If, instead of the Michael addition described in this paper, one applies aldol type additions to the &ketoester 
function of 1 or 10, combined with synthetic strategy similar to the procedure described above, one should in 
principle obtain Mracyclic intemwdiates with an oxygen substituent at C-l 1 (C-l of ditqene alkaloids) and 
hence diterpene alksloids of the cardiopetaline and isodelphinine type. 
Application of this mthodology will be the subject of fuhue publications. 
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EXPERIMENTAL 

General information 

‘H-NMR spectra of CDCl3-solutions were mcasmcd with a Bruker WH-90 (90 MHZ) or a Bruker WM-250 (250 MHZ) spectmmeter 

with CHCl3 (8 = 7.27 ppm) as an internal reference. 13CNMR spectra of CDC13-solutions were measured with the same 

spectrometers (22.63 resp. 62.8 MHz) with CDC13 (8 = 77.0 ppm) as internal standard. Chemical shifts are recorded in ppm and 
coupling constants J in Hz. Mass spectra were obtained with a Finnigan 4000 (70 eV) and a Varian Mat CH-5 DF (70 eV) mass 
specttometer. IR spectra of cu. 4% solutions in CHC13 were recorded with a Perkin-Elmer 580B spectrophotometer; relevant 

absorptions are given in cm“. Melting points were determined on a Kofler hot stage apparatus rmder a Reichert microscope and am 
un~~AUreactionswaeperf~withpuifKdreagentsunderaN2armosphere. 

Methyl cndo-ll-acctoxy-5,5-ctbylcacdioxy-2-oxotricyclo[7.2.l.O 4*10]dodecs-3,7-dieae-8-carboxylate (3) 

and methyl crdo-ll-~cetoxy-~xo-8,9-epoxy-5,5-ctbylenedioxy-7-oxotricyclo[7.2.l.O4~1o]dodec~-3-eoe-8- 

carboxylate (4~) 

A solution of 2l(334 mg. I mmole) in dry CH2Cl2 (2.5 ml) was added dropwise to a solution of Cr03-3.5 dimethyl- 

pyrazole complex [prepared in sin from 003 (20 g, 20 mmole) and 3,Sdimethylpyrazole (1.92 g)] in dry CH2C12 (17.5 ml) at 

-20 oc. After stirring for another 4 h at -28 OC, an aqueous solution of NaOH (SN, 8.5 ml) was added at -5 O- -10 OC and stirring 

was continued at this temperatum for 1 h. ‘lben the organic and aqueous phase were qxuated by centrifugation and the organic layer 

was washed with 1N HCl, H20 and brine, respectively. Drying over MgSO4 and evaporation gave a black product which was 

purified by column chromatography over SO2 to give 2 (53 mg. 16%). 3 (167 mg, 48%) and 4a (7.5 mg, 2%): calculated on 

converted 2, the yield of 3 is 57%. Recrystallixation from methanol gave 3 and 4a as colourless crystalline products with mp. 163- 

168OC and 137-l390c. respectively. 

(3) 1H-NMR:6.84(ddd,3J=9.3J=5.4J=2,lH,H-7),6.l7(d.4J=1.5,1H,H-3),5.l7(dd.3J=5,3J=4,lH,H-ll), 

4.22-3.81 (m, 4H. 0CH2CH20), 3.71 (s, 3H, CCH3). 3.62-3.41 (bm, 2H, H-l, H-9), 3.22-2.65 (bm. 3H. H-6-exe, H-10. 

H-IZexo). 2.56 (dd, ‘J= 15.5. 3J= 9,lH. HB-endo). 2.08 (s, 3H, O=CCH3). 1.60-1.20 (m, IH, H-l2-endo). 

‘3C-NMR (proton decoupled): 200.0, 170.1, 167.0, 156.5, 135.9, 133.7, 123.6, 110.3, 78.3.66.0.63.5, 51.7,49.7,41.3. 

40.1. 35.5, 30.8.20.6. Mass-spectnun: Calculated for C18H2007 . . 348.1288; found 348.1224; 348 (11.9%) 261 (180%). 

Calculated for C18H2007 (348.31): C, 62.06; H 5.79; found: C, 61.83; H 5.64 96. 

(4a) ‘H-NMR: 6.03 (bm, lH, H-3). 5.25 (dd, 3J = 4.5, 3J = 4.5. IH. H-11). 4.25-3.82 (m, 4H. CCH2CH20), 3.81 (s. 

3H, CCH3). 3.76-3.44 (m, lH, H-10). 3.20 (AB, 8A = 3.51, 8B = 2.89, JAB = ll.S,2H, H-6). 2.82-2.20 (m. 4H. 

H-l, H-2, H-12-00), 2.02 (s, 3H, O=CCH3), 1.75-1.21 (m, lH, H-12-endo). 

Mass-spectrum: Calculated for C18H2008: 364.1157: found: 364.1166: 364 (100%). 305 (12.4%). 
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Methyl exO-3,~-epoxy-g,g-etbyleaedioxy-exo-ll-bydroxy-2-oxotricyrlo[7.2.1.O4~t0]dode-7-eoe-g. 

carboxylate (5) 

H2% (30.6 Pk m) was added d~Wk in 1 h tD II shed mix- of3 (66.3 mg. 0.19,mmole) and K2C03 (53.2 mg. 0.38 

~o~)~~~~O4:l(~~)st60~.Aftaenothal.Shat60~therclrawnmbrMewascooled,pouredintobri~~d 

extracted whh EtOAc (3x). hying OVCT MgS04 and concentratbm in vucao &avc a yellow llquld m&due which was purffied by 

~atographyo~Si~~~vCSeeacolwrlessoil(l9.2mg.31%). lH-NMRz 6.80(ddd,3J17,3J=6,4J1 1.5, lH, 

H-7). 4.56 (ba. lH, H-11). 3.96 (m, 4H. 0CH2CH20). 3.72 (s, 3H, 0CH3), 3.35 (d. ‘J = 05.1~. 83). 3.19 (hd, 3~~ M. 5. 

1H. H-10). 3.08-2.63 (m, 3H. H-l, H-6-w H-9). 2.47 (dd, 2J = 14 3~ = 7. lH, H-6-&& 2.14 (broad signal, 1~. OH), l.32- 

1.04 (m. 2H. H-12). 13C-NklR: 201.9 (s. C-2). 168.0 (s. W2CH3), 136.4 (s, C-8). 132.3 (d, ‘J P 203, C-7), 108.3 (s, C-5). 

71.6 (4 ‘J= 153. C-11). 66.2 and 65.8 (2xt, ‘J= 151 and 150, 0CH2CH20)), 65.5 (s. CA), 56.2 (d, ‘5 E 187, C-3). 54.2 (d, 

‘J = 1% C-1). 51.9 (4, ‘J= 148, CD2CH3), 43.2 (d ‘J = 143. C-10). 37.9 (d. ‘J= 132, C-9). 35.9 (I_ lJ = 131, C-6), 33.6 

(L ‘J= 133. c-12). IR : 3615.3500 (broad. OH), 1712 (GO. ester and ketone), 1650 (C=c). 

Methyl cndo-ll-acetoxy-5,5-ethylenedioxy-cxo-2-hydroxytricyclo[7.2.l.O4~1o]dode~a-3,7-die~e-8- 

carboxylate (6a) and methyl rndo-ll-acetoxy-5,5-etbylenedioxy-exdo-2-hydroxytr~~y~lo[7.2.l.O4~1o]- 

dodeca-3,7-diene-Scarboxylate (6b) 

NaBH4 (324 mg. 8.53 mmole) war added to a stirred icecold solution of 3 (297 mg. 0.85 mmole) in anhydrous MeOH 

(21 ml). After 0.5 h at 0 ‘C, the excess of NaBH4 was destroyed by careful addition of 4N HOAc. Extraction with Et20 (3x), 

washing with mtmated aqueous NaHCO3 and brine, recpectively. drying over MgS04 and evaporation of the solvent gave a semi- 

solid residue which was subjected to column chromatography. 6a (167 mg, 56%) and 6b (54 mg, 18 %) were obtained as colourless 

crystalline products with m.p. 13M37 oC and 126-128 Oc, respectively. 

#a) ‘H-NMK (250 MHZ): 6.76 (ddd, 3J = 9.0, 4J= 4.7, “J = 1.9, lH, H-7). 6.04 (dd, 3J(H-3, H-2) = 4.5, 5J(H-3,H-6-endo) 

= 1.2. 1H. H-3). 5.10 (dd. 3J=4.8. 3J = 3.8, lH, H-11). 4.13-3.91 (m, 3H, OCH2CHHO). 3.81-3.67 (m. 2H, 

OCH2CWO. H-2). 3.69 (s. 3H. OCH3). 3.25-3.14 (m. 2H. H-9. H-10). 3.00 (ddd, ‘J = 15.6. 3J = 4.7, 5J(H-6-c.w, 

H-9)? = 2.7, lH, H-6-&, 2.64-2.51 (m, 3H, H-l, OH, H-12-e&, 2.46 (dd, 2J = 15.6, 3J = 9.0, lH, H-6+&), 2.07 

(s, 3H, O=CCH3). 0.97-0.86 (m, lH, H-12-endo). IR: 3590 (OH), 1740 (GO, acetoxy), 1708 (GO, 1635 methyl ester), 

(C=C). Mass-spectrum: Calculated for C18H2207: 350.1365; found: 350.1380 (87.55 %), 291(9.7%), 43 (100%). 

(6b) ‘H-NMR(250 MHz): 6.79 (ddd, 3J = 9.0, 3J = 4.9, 4J = 2.1, lH, H-7). 5.74 (dd, 3J(H-3, H-2) = 1.9, 5J(H-3, H&r,,&) 

= 1.9, lH, H-3). 5.12 (dd. 3J = 5.9. 3J = 4.2, lH, H-11). 4.68 (broad signal, lH, H-2). 4.09-3.89 (m, 3H, 0CH2CHHO), 

3.77-3.68 (m. IR OCH2CmO), 3.70 (s, 3H, OCH3). 3.23 (m, lH, H-9). 3.04 3J = 3J = (dd, 4.5, 4.5, lH, H-10). 2.95 

(dad, 2J = 15.6, 3J= 4.9, 5J (H&W, H-9)? = 2.8, lH, H&W). 2.47 (dd, 2J = 15.6, 3J = 9.0. lH, H&v&), 

2.52-2.28 (m, 2H, H-l, H-12-cxo). 2.96 (s, 3H, 0=CCH3). 1.66 (dd, 2J = 14.3, 3J = 7.6, lH, H-12-endo), 1.56 3J = (d, 

6.8, 1H. OH). 

Methyl ende-ll-acetoxy-exo-3,4-epoxy-7,8-epoxy-S,S-ethylenedioxy-ex~-2-hydroxytricycio- 

[7.2.1.04P10]dodecane-8-carboxylate (7) 

A sohttion of CF3C03H @epared from H202 (130 pl90%), (CF3CO)20 (740 ld) in CH2C12 (1 ml) at 0 oc] war added 

dropwise in 15 min to a stirred suspension of 6a (161.5 mg, 0.46 mmole.) and anhydrous K2HF04 (2.6 g) in CH2C12 (3.7 ml) at 

40 ‘C. After 1 h at reflux the mixture was cooled and H20 was added to dissolve all salts present. The aqueous layer w exmti 

with CH2C12 (2x) and the combined organic extracts were. washed, successively, with satumted aqueous NaHC03 and brine, dried 

over MgSO4 and ~~~~~~trated in vucuo to yield 7 (176 mg, 100%) as a colourless foam, pure according to TLC (Si02, E(OAc/p.e. 

3:l).‘H-NMR 4.86 (bdd, 3J = co. 4, 3J = co. 4, 1H. H-11). 4.15-3.67 (m. 5H. 0CH2CH20, H-2). 3.73 (s, 3H, 0CH3), 3.65- 

3.50 (In, 1H. H-7). 3.39-2.70 (m. 4H, H-6+x0, H-3, H-9, H-10). 2.62-2.24 (m, 3H, H-1. H&VU& OH), 2.98 (s, 3H, 0&CH3), 

1.69-1.01 (bm, 2H, H-12). 
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Metbyl rxdo-ll-scctoxy-cxo-3,4-epoxy-7,8-cpoxy-5,5-ethyleaedioxy-sro-2-metboxytricyclo- 

[7.2.1.04’10]dodecooe-g-carboxylate (8s) 

A mixtore of 7 (1146 mg, 3 mmolc), MeI (20.6 g), Ag20 (694 mg), and dry C!aS04 (956 me) was stined and heated u&r 

rcflux during 24 h. Aftez wdiog. the nsultiog mixtore WBS fdtercd sod the solid residue was e.xea*ed thanx@ly with CH2C12 and 

acetooe. successively. CaocenhWion in vacua f$ave. a solii pro&cl (1131 mg. 95 %) which. KCUXI& to TLC sod lH.NMR 

cOnIaiWdtwO( isomaic)~~ina~ofco.2:1.Crysrrill;arimfromscctonc~vcm~~ of&rsacrystalline 

pmduct (275 mg), m.p. 195-200 %, after rcwys@llkaticx~ 197-205 %!. Evxpaxkn of the mothtt liqoors gave a sdid pr&oct 

(856 mg), m.p. 160-180 %. which w to ‘H-NMR was a mixtute of both diaetaeamas. 

8s (m.p. 197-205 oC):lH-NMRz 4.71 (h&i, 3J = ca..4. 3J = ca. 4. lH, H-11), 4.19-3.80 (m, 4H, 0CH2CH20), 3.73 (s, 3H, 

CC2CH3). 3.57-3.44 (m. 1H. H-2), 3.42 (s, 3H, OCH3). 3.44-3.18 (m. W. H-3, H-7), 3.07-2.86 (m. 2H. H-6). 2.80-2.20 (m, 4H, 

H-l, H-9, H-10, H-12-exe). 2.06 (s. 3H, O=CCH3>. 1.36-0.91 (m. lH, H-12-endo). 13C-NMRz 171.3 (s, mH3). 170.3 (s, 

C02CH3). 105.9 (S. C-5). 80.7 (d, ‘J = 135. C-2). 75.6 (d. ‘J = 161. C-11). 66.0 and 65.1 (2xt. ‘./I 150, ‘J = 151, 

fX&~I-l2C), 62.2 (s, C-4). 61.6 (s. C-8). 57.7 (d. ‘J = 174. C-7). 57.1 (q, ‘J = 142. 0Q13). 52.7 (q. ‘J = 148, C02CH3). 

50.0 (d, ‘5 = 180, C-3). 35.7 (2xd. ‘J = 131, C-1. C-9). 35.6 (t, lJ = 128. C-6). 33.5 (d, ‘5 = 128. C-10). 28.8 (5 1~ I 134. 

C-12). 21.2 (q, ‘J= 129. -3). IFt (KM): 1738 and 1722 (estercatbmyl). 1114 (ether). Mass-spectrum: calculated for 

Cl9H2409 : 3%.1420; found: 3%.1505 (3.62 46). 125 (100 W). CalcuIated for C19H2a09 (396.38): C 57.57; H 6.10; found: 

C 57.56; H 6.12 96. 

Methyl cndo-ll-scetoxy-cxo-3,4-epoxy-7,8-epoxp-S.5-etbylenedioxy-exo-2-(2-tetrobydropyranyloxy)- 

tricyclo[7.2.1.04~10]dodecane-8-carboxylate (8b) 

p-Toluenestdfonic acid (2.3 mg) was added with stirring to a solution of 7 (170.7 mg, 0.45 mmole) in dibydropyran (1160 

pl). After 0.5 h at room tempcratme. the mixture was diluted with dry Et20 and washed, successively. with saturated aqueous 

NaHSO3, saturated aqueous NaHC03 and brine. The collected washings were extracted with CHC13 (2x) and the combined organic 

extracts were dried over MgS04 and evapcsakd in vacrw. The residue was chromatographed over Sio, and gave two fractiats of 8b: 

I [I19 mg. 57 96, m.p.(after crystallixation from methanol) 177-187 oc] and II [37 mg, 18 %, m.p.(after crystallixation ftom 

methanol) 146-150 OC]. 

(Sb)(l) ‘H-NMRz 4.93 @m. 0.4H. OCHO), 4.70 (bm, l.6H, OCHO, H-l I), 4.17-3.69 (m, SH, 0CH2CH20. H-2). 3.74 (s,3H, 

OCH3). 3.65-3.39 (bm, 2H, H-6-THP), 3.24 (bm, lH, H-7). 3.04-2.39 (bm, 6H, H-I, H-3, H-6, H-9, H-10). 2.05 (s, 3H, 

O=CCH3). I.56 (bm. 7H, H-lZexo, H-3-THP, H+THP, H-5-THP), 1.13-0.73 (bm. lH, H-12-cndo). IR: 1733 

(carbonyl of methyl ester and acetoxy group). Mass-spectrum: Calculated for C23H30010: 466.1838; found: 466,1805 (3.07 

%), 407 (9.2 96). 381 (39.6 %), 85 (100 %). Calculated for C23H3OClO(466.47): C 59.22; H 6.48; found C 59.27; H6.48. 

(8b)o lHNMR: 4.88 (bm. 25 H. OCHO), 4.67 (bm, 1.75H. OCHO, H-11). 4.13-3.85 (m. SH, 0CH2CH20. H-2). 3.74 (s, 

3H, OCH3). 3.70-3.35 (m. 3H. H-7, H-6-THP), 3.32-3.06 (m. 1H. H-9). 3.02-2.85 (bm, lH, H-3). 2.62-2.21 (m, 4H, 

H-l, H-6, H-10). 2.06 (s. 3H, O=CCH3), 1.79-0.77 (bm, 8H, H-12, H-3-THP, H4-THP, H-5-THP). Mass-spectrum: 

Calculated for C23H30010: 466.1838; found: 466.1812. 

Methyl endo-ll-acetoxy-exo-3,4-epoxy-5,5-ethylenedioxy-7-hydroxy-exo-2-methoxytricyclo- 

[7.2.1.04*10]dodecane-8-carboxylate (9~) and methyl exo-3,4-epoxy-S,S-ethylenedioxy-7-hydroxy-e~do-l1- 

hydroxy-exo-2-metboxytricycloI7.2.l.O4~1o]dode~a~e-g-~arboxylate (9b) 

A solution of 8s (crystalliied diasteteomer)(381.5 mg. O.% mmole) and dry rerr-butanol(2% mg. 4 mmole) in dry THF 

(16 ml) was added witbin a few seconds to a vigorously stirred solution of Li (28 mg. 4 mmoIe) in liquid NH3 (60 ml, distilled 

from Na) at -78 oc. Immediately after dccolouration (cu. 2 set) a large excess of NH,Cl was added. ‘Ihcn NH3 was evaporated and 

THF was removed in wcuo at room temperature. Saturated aqueous NaHC03 was added with ice-cooling, and, after satumtion with 

solid NaCl. the mixture was extmcted with EtOAc (3x). The combined extracts were dried over MgSO4 and evaporated to give a 

mixture of compounds which were separated by column chromatography (SiO2) yielding 80 (108 mg, 28 96). 9a (104 mg. 27 46) 
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and9bC15mg.22%XbasedoacoavattdLtbcyieldof9rend9bis3gMd30%,nspectively).9risanamorphouscanpound; 

9b cooid be crystallized by slow ewmation of a ~~~Ci~.so~m, m.p. 138.143 Oc. 
9a ‘H-NMR: 4.70 (dd. 3J=4.5. 3.f = 4.5. lH, H-11). 4.50-4.29 (m. 1H. H-7), 4.23-3.81 (m, 4H, mH2CH2Q, 3.76 (s, 3H, 

C02CH3). 3.45 (4 3H. ocH3). 3.43 (m. 2H. H-2. H-3), 3.30 (&i, 3J = 5.0. 3J o 5.0, 1H. H-9). 2.97.2.74 (m, iH, OH), 
2-74-1.84 (m. 6H. H-l, H-6 H-8, H-10, H-12_cxo), 2.08 (s, 3H. 0=CCH3), 1.11.0.74 (m, 1~. H.i2_cndo). 

13c.NMFt(off .B): 174.5 (S. m2CH3). 171.3 (9. -3). 105.8 (s. C-5). 81.1 (d, C-2). 74.7 (d, C-11). 66.5 

and 65.6 (tit. t’CH2CH20). 66.1 (d, C-7). 60.6 (s. C4). 56.9 (q, 0CH3), 53.9 (d. c-8), 52.0 (q, CO@I~), 49.9 (d, C-3), 

47.3 (b C-6). 39.3 and 36.5 (hd. C-i. C-9). 35.4 (d. C-10). 32.7 (t, C-12). 21.3 (q, O=CCH~). IR: 35~1 (OH), 1730 

(methYi -and-Y w). ~SpeceUm: calculated for Cl9H2609: 398.1571, found: 398.1692 (1.69 %), 115 

(100 96 ). 

9b ‘H-NMRZ 4.444245 (m, 1H. H-7). 4.38 (d. 3J = 12.0. 1H. OH-ii), 4.24-3.80 (m, SH, O(JH~CH~CI, H-11), 3.72 (s, 3H, 

CO2CH3). 3.67-3.37 (m. 2H. H-2, H-3). 3.49 (s, 3H, 0CH3). 3.08 (dd, 3J = 5.0.3~~ 5.0, iH, H-9 or H-10). 2.92 @,d, 

3/ = 5.5, lH, OH-7), 2.71-2.14 (m. 5H. H-i, H-6. H-8, H-9 or H-10). 2.03.1.68 (m, in, H-12+& 1.10.0.78 (m, lH, 

H-1Zcndo). i3C.~ (off -==‘“a’=): 174.7 (S. c(+CH3). 107.6 (s. C-5). 81.4 (d. C-2). 77.3 (d, C-ii), 76.7 (d, C-7). 

67.4 (% C-4). 66.1 and 66.0 (2xt. (=$CH20), 57.0 (q, 0CH3), 56.2 (d. C-3 or C-8). 53.6 (d, C-3 or C-8). 52.3 (q, 

CD2cH3), 44.1 (t. C-6), 39.3 (d, C-9). 37.0 (d, C-l or C-10). 33.2 (C-l or C-10). 32.6 (5 C-12). 

Methyl e~dO-~~-aCetoxy-eXo-3,4-epoxy-S,S-etbyienedioxy-7-bydroxy-exo.2.(2.tetrahydropyra~yioxy). 

tricycioV.2.1.04~‘01dodecane-8-carboxyiate (9~) and methyl cxo-3,4-epoxy-5,5-ethyienedioxy.7.hydroxy. 
exde-~~-hYdroxy-exo-2-(2-tetrabydropyranyioxy)tricycio[7.2.l.O4~to]dode~aoe.8.~xrboxyiate (9d) 

Repared from 8b anding to Ihe pocedure described for 9a.b. 

After column chromatography, 9c (48 %) and 9d (36 96) were obtained as oily products which - mixtm of-merit 

compounds. 

(9C) ‘H-NMR: 4.90 (hm, 0.4H. OCHO), 4.66 @m, 1.6H, OCHO, H-11). 4.35 (hm. IH, H-7). 4.15.3.78 (m, 5H, OCH2CH20, 

H-2). 3.71 (s, 3H, OCH3). 3.64-3.14 (m. 4H, H-9, H-10, H-6-THP). 2.65-2.14 (m. 5H, H-l, H-3, H-6, ~-8). 2.04 (s, 3H. 

O=CCH3), 1.96.0.78Cbm.8H.H-12. H-3-THP.H-4-THP.H-5-THP).m: 354O(OH),i728(C~,m~y~~& 

@=oxY group). 

(9d) ‘H-m 4.96 (bm. 0.4H. O(JHO), 4.82 (bm, 0.6H, OCHO), 4.57.4.44 and 4.30 (~xs, lH, OH), 4.26.3.77 (m, 7H, 

OCH2CH20, H-2. H-7. H-l 1). 3.74 (s. 3H, OCH3). 3.71-3.40 (m. 3H. H-9, H-6-THP), 3.08 (dd, 3~ = 4.5, IH, H-IO), 

2.88 (bm, lH, OH). 2.60-1.95 (m, 6H, H-l, H-3, H-6, H-8, H-12-t@. 1.91-0.72 (hm, 7H, H-12-~&, H.~.THP, l-14. 

THP,H-5.THP). 

Methyl endo-l~-aCetoxy-exo-3,4-epoxy-5,5-ethyienedioxy-exo-2-methoxy-7-oxotricy~io[7.2.l.O4~lo]. 
dodecane-8.carboxyiate (1Oa) 

To a stirred ~0iutiOn of 9a (159.2 mg. 0.4 mmoie) in dry benzene (1.3 ml) and dry DMSO (1.3 ml) was ad&xl dicy&h~yi. 

carbodiimide (744 mg, 1.2 mmoie) and pyridinium trifluoroacetate (38.4 mg. 0.2 mmoie). After 24 h at - temperature, the 

reaction mixture WCS diiutd with cH$i2, filtered and washed with H20 (2x), dried ova MgSOq, and evapomw tc, dryness m give 

a slightly coioured oil (165 mg, 100 46). which partly crystallized. According to iH.NMR, &. ma&on product m largely me 

isomer (single resonance9 for methyl ester and acetoxy group), but gave a co. 2: 1 mixture of epimers afti heating or purifiation 

over SO2 ( douhie re.wmw~ for mehyi ester and =bxy gnq). Crystals could he separated and purified by SIOW evaporation of 

an Et;?O-solution. Yielding One Of the epime& m.p. 127.130 ‘C. lH.NMRz 4.71 (dd, 3J = 4.5, 3J = 4.5, lH, H-1 1), 4.20.3.88 

(m. 4H. OCH2CH20). 3.78 (&3H, CO2CH3), 3.62 (d, 3J = 8.2, lH, H-8). 3.44 (hs. 5H, 0CH3, H-2, H-3). 3.11 (dd, 3~ = 5, 

3J = 4.5, IH, H-9). 2.99 and 2,93 (2x% 2H, H-6-endo, H-6-c~). 2.80-2.15 (m. 3H. H-l, H-10, H-12.exe), 2.08 (s, 3H, 

O=CCH3), 1.09-0.77 (m. lH, H-12-c&). 13C.NMFt (off.reaman oe): u)o.7 (s, C-7). 171.3 (s, O=QZH3), 168.6 (s, c02CH3), 

105.0 (s. C-5), 80.8 (d. C-2). 75.0 (d. C-11). 66.0 and 65.9 (2xt. 0CH2CH20), 62.5 (s. C-4). 61.8 (d, C-8). 57.2 (q, mH3), 52.5 
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(I, C-6). 52.0 (6 C-3). 51.9 (q. CO$&). 36.6 md 35.6 (2x6, C-l. C-9). 33.8 (cl, C-lo), 30.6 (I, C-12). 21.2 (q, m3). 

Mass-~: Caladated far c1gm&pg : 3%.142&‘famd: 3%.1422 (4.13 %). 113 (loo %). 

Methyl sxo-3,4-epoxy-5,5-cthylenedioxy-uxdo-ll-bydroxy-exo-2-methoxy-7-oxotri~y~lo[7.2.l.O4~*o]- 

dodecsne-8-cnrboxylate (lob) 

Oxalyl chloride (9.5 mg. 75 mole) ia anhydrous CH2Cl2 (170 @) was a&d dropwise to a stiffd solution of dry DMSO 

(11.7 mg, 150 pmole) in dry CH2C12 (35 pl) at -55 oe. Afta 5 min. a aolutim of 9b (St mg, 67.4 pmole) in dry CH2C12 

~~)wwasaddeddmpwisein5min,fdbwed,after~duringl5mina-55~,by~3N(47~,337mmdc).Afteranother5 

min,thetempaatllrew~~~mnpaatureadH20(500~1)wrrsddcd.Thc~lsyamrss~~~~y~ 

wa~c~trrratdwith~C~(3x).~canbinedar(tanicphaseswae~withbrine,driedovaN~O~and~twadin 

vacua 0 give an oily r&Joe (24 mg. 100 %) which was puritled by TLC (SiO2, EtOAc). lob (15.0 mg. 63 %) was cbrakd IM a 

colourle-ss oil coasistiag of a mixtme of two epimen? (ratio ca. 32). lH-NMRz 429-3.83 (m. 5H. H- 11, OCH2CH20). 3.76 

(60 %) aad 3.70 (40 %) (2x& 3H, CX$CH3). 3.67-3.55 (m. lH, H-8), 3.50 (60 %) aad 3.47 (40 %) (2xs, 3H. 0CH3). 3.55-3.34 

(m. lH, H-2). 3.34-3.08 (m. lH, H-9). 3.08-2.14 (bm, 7H, H-l. H-3. H-6, H-10. H-12+x0, OH). 1.14-0.67 (m, 1H. H-ll-endo). 

Methyl rndo-ll-acetoxy-axo-3,4-epoxy-5,5-etbyleaedioxy-7-oxo-2-(2-tetrabydropyraayloxy)tricyclo- 

[7.2.1.04*t0]dodecane-8-carboxylate (10~) 

Repasedfrom9esccordingmthepocadundescribedforlOa.After~(Si~),10ewasoblainedosacoburlessfoam 

(79 k yield) consistiag of a 3:2 mixtme of isanek b-ketoesters. lH-NMRz 4.92 (bm, 0.4H. OCHO), 4.67 (bm, 1.6H. OCHO, 

H-11). 4.19-3.65 (lxn, 6H. 0CH2CH20, H-2, H-8). 3.76 (60%) aad 3.69 (40%) (2~s. 3H. ocH3), 3.65-3.36 (bm. W, H6THP), 

3.26-2.12 (bm, 6H. H-l, H-3, H-6, H-9, H-10). 2.05 (bs. 3H, U=CCH3), 2.03-0.75 (bm, 8H. H-12, H-3-THP. H-4-THP. 

H-5-TM’). IR: 1730 (GO. methyl ester, acetste aad ketone. very stroag). 1650 (GO. methyl eSter enol. very weak). Mass- 

specbum: Calculated forC23H30010: 466.1838; found: 466.1847; 356 (1.7 %). 55 (100 %). 

Methyl rrdo-ll-acetoxy-8-(2-benzyloxycarboayletbyl)-exo-3,4-epoxy-S,S-ethylenedioxy-exo.2.methoxy. 

7-oxotricyclo[7.2.1.0 4~101dodecaae-8-carboxylate (lla) 

To a stirred solution of I-BuOK (7.5 mg) in dry r-BuOH (345 pl), 1Oa (132 mg, 0.33 mmde) in dry dimethoxyedmae (2.3 

ml) wsp added at mom tanpatum, followed by benzyl acrylale (130 pl, 0.85 mmole). Afti 20 h, the reaction mixture was diluted 

with BlOAc and washed with concentrated aqueous NaHCO3. ‘l’he water layer was extracted once wirh EtOAc, Ihe co&iaed organic 

extrem were washed with brine. dried over MgsO4 and ccncealratcd in wzcuo. The oily xesidue was exhztd several times with 

pentane to remove the excess benzyl acrylate giving lla as a partly crystalline compound (139 mg, 75 %). Recrystakatia~. fmt 

from CH2C12&ntane and then from Et20, gave pure lla, m.p. 142-145 ‘C. An identical product was obtained in quamitative yield 

by acetylation16 of lib. lH-NMRz 7.37 (bs, 5H, C6H5). 5.15 (s. 2H, CH2C6H5), 4.65 (bdd, 3J = cu. 4, 3J = cu. 4,lH. 

H-11). 4.13-3.81 (m, 4H, 0CH2CH20), 3.65 (s, 3H, C02CH3), 3.40 (s. 3H, OCH3). 3.38-3.13 (m, 3H. H-2, H-3, H-9). 3.15 

(A%S)‘SkIll. 6~ = 3.37 and 6~ = 2.93, JAB = 15.0.2H. H-6). 3.13-2.78 (m, lH, H-10). 2.76-2.16 (m, 6H. H-l, H-12~0, 

CH2CH2C02CH2C6H5). 2.06 (s. 3H. O=CCH3). 1.76-0.76 (m. lH, H-12-endo). 13C-~ 204.4 (s, C-7), 171.9 (s, 

co2CH2C6H5). 171.3 (S. WXH3). 170.9 (S. CO2CH3). 135.6 (C-1-phcny[), 128.5 (2xC-3-&~1yl). 128.3 (C-rl-phcnyl). 

128.2 (2xC-2-phenyt). 104.6 (s, C-5). 80.5 (d, 3J = 139, C-2). 75.8 (d, 3J = 152. C-11), 66.6 (t, 3J = 148.5. cH2C 

and 65.6 (2xt, 3J = 151. 3J = 151. WH2CH20), 65.2 (s. C-4). MI.8 (s, C-8), 57.1 (q, 3J = 141, 0CH3). 52.3 (dd. 
4 
H5), 65.8 

J = 129, 

3J = 129, C-6), 52.2 (q. 3J = 148. CO2cH3). 50.4 (d. 3J = 181, C-3). 39.1 (d, 3J = 134, C-9). 35.4 (d, 3J = 143, C-l), 34.8 

(d, 3J = 142, C-10). 29.8 (1 3J = 129, CH2cH2C02CH2C6H5), 28.4 (t, 3J = 134, C-12). 26.4 (1. 3J I 134, 

m2CH2Cc)2CH2C6H5). 21.3 (q, 3J = 129,O=CCH3). IR (KBr): 1740 aad 1730 (GO of ester proups), 1702 (GO of ketone) 

Mass-SP@Z@IUII: Cal~kd fmC29H34011: 558.2101; found: 558.2097 (9.84%). 91 (100%). 

Cd~titd for C29H34O11: C 62.35, H 6.14; found: C 62.17, H 6.20 %. 
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Methyl 8-(2-bearyloxycarBonyletbyl)-exo-3,4-epoxy-5,S-ethylexedioxy-endo-ll-bydroxy-rxo-2.metboxy- 

7-oxotricyclo[7.2.1.04*1@ ]dodec8oe-8-carboxylxte (llb) 

Replaedfrom~8)rccadi~totbepoccdundeeen’badlorrhesyntbesiadlla;yield76%,m.p.l60-18~ 

(CrystaBixamJn from Bt2C). lH_ 7.37 (G 5H. C6H5). 5.15 (s, W. C&C6H5), 4.2Q-3.75 (m, 6H. H-11. OH, 0CH2CH20). 

3.65 (s. 3H, CQ2CH3). 3.44 (8.3H CCH3). 3.37 (bs, w. H-2, H-3). 3.12 (AB-system. 8, = 3.40. a, = 2.84, Jo = 15.0, w. 

H-6). 3.06-2.74 (m, 2H. H-9. H-10),274-1.90 (m. 6H. H-1. H-12+x0. CH2CH2CO2CH2C6H5). l.27-0.80 (m. 1H. H-12-endo). 

13C-NMR: 284.4 (C-7). 171.9 02CH2C6H5). 135.6 (C-l-@CnYf). 1286 (2&-3-@aj9. 128.3 (C+ktY/), 128.2 (2xC-2- 

PhaYl). 104.4 (C-5). 80.4 (C-2). 77.2 (C-l l). 66.7 (C6Hp2). 65.8 and 65.7 (-2m20), 65.4 (C-4)). 64.1 (C-8). 57.0 

WH3). 52.43 and 52.39 (C-6 and C-3). 52.2 (CQ&H3). 39.3 (C-9). 37.6 and 36.2 (C-10 and c-l 1), 29.8 (cH2fJ12co). 28.6 

(C-12). 26.4 0f2CH2CC). IR (KBr): 3505 (OH). 1744 and 1737 (GO of eater groups). 1693 (C--o of ketone). ~ass_spectnmt: 

Calculated forC27H32010: 516.1995; found: 516.1971(8.89%), 91(100%). 

Metbyl endo-l1-acetoxy-S-(2-csrboxyethyl)-cxo-3,4-epoxy-5,5-etbylenedioxy-exo-2-methoxy-7. 

oxotrlcyclo[7.2.1.04*to]dodecooe-8.carboxylate (12) 

A suspension of 10% PdC (6.5 mg) in BtOAc (250 Al) was added to a solution of 11~ (55.8 mg, 0.1 mmole) in EtOAc (500 

RI) uttch?r a H2-atmo@cm and stirred vigorously until tbe calctdated amount of Hz (co. 2.5 ml) had been absorb& F&ration and 

evaporation of solvent gave 47 mg of 12 (100 96) as a solid product which was mctystallixed from Et20, m.p. 191-W DC. 

lH-NMR: 4.71 (bdd, 1H. 3J= cu. 4. 3J= co. 4, H-11). 4.24-3.80 (m. 4H. CCH2CH20), 3.69 (s, 3H, CC2CH3), 3.41 (s, 3H, 

CXH3). 3.37-3.10 (m. 3H, H-2, H-3, H-9), 3.12 (AB-system, gA = 3.33, $ = 2.91, JAB = 15,2H, H-6). 3.10-2.77 (m. lH, 

H-10) 2.77-2.15 (m, 6H. H-l, H-12-~, CH2CH2CC2H). 2.07 (s, 3H, 0=CCH3). 1.40-0.91 (m, IH, H-12-en&). 13C-NMRz 

204.3 (C-7). 176.7 CCO2W. 171.5 (WCH3), 170.9 aO2CH3). 104.6 (C-5). 80.5 (C-2). 75.8 (c-l I), 65.9 and 65.7 

WH2CH20). 65.2 (C4). 60.8 (C-8). 57.2 WH3), 52.33 (C-6). 52.28 (CC2CH3), 50.5 (c-3). 39.2 (c-9). 35.4 and 34.9 (c-l 

and C-lo), 29.4 (CH2CH2C02H), 28.3 and 26.5 (C-12 and !ZH2CH2C021Q, 21.3 (O=CcH3). 1R (KBr): 3430 (co2H), 1740, 

1715 and 1703 (carbonyl grcqs). 

Methyl rndo-ll-acetoxy-8-(4-tert-butyloxycarbonyl-3-oxobutyl)-exe-3,4-epoxy-5,S-ethylenedioxy-exo-2- 

methoxy-7-oxotrieyelo[7.2.l.O4~to]dodcesne-8-~arboxylxte (13) 

To a stirred solution of 12 (117 mg, 0.25 mmok) in a mixture of dry THF (1.4 ml) and dry petroleum ether 40-60 (0.9 ml), 

Et3N (38.5 fll. 0.275 mmole) was added at -30 oC in 5 min. followed by freshly distilled methyl chloroformate (19 pl, 0.275 

mmde) in the course of 15 min. After 3 h at ca. -25 OC. the reacticm mixture was warmed to 0% and added in one lot to a sthred 

sohttion of the Li-salt of tefr-hutyl trimethylsilyl malonate [prcpamd by addition of BuLi in hexane (625 pl, 1.6 M) to rert-butyl 

trimethylsilyl malonate (290 mg, 1.25 mmole) in dry Et20 (1.25 ml) at -78 OC, followed by stirring during 10 mm at this 

temperature and then warming to O°C]. After 45 min at O°C, a 5% aqueous sohttion of NaHC03 (1.25 ml) was added and the 

mixture was stirred viguously during 10 min. Then, the water layer was extracted with EtOAc (3x) and the combined organic 

extracts were washed with brine. Drying over N&2S04 and evaporation of the solvents gave 13 as a solid product (106.1 mg) which 

WBS mystalW thm CH2Cl2/petrokum ether 40-60, m.p. 122-126 ‘C. By acidification of the water layer and extraction with 

KtCAc, starting material 12 (19.5 mg) could be recovered. Based on conversion of 12, the yield of 13 is 90 $. 1H.NMR: 4.68 

(bdd, 3J = ca. 4, 3J = ca. 4,1H, H-11). 4.29-3.89 (m. 4H, 0CH2CH20), 3.66 (s, 3H, C02CH3). 3.40 (s, 3H, OtJH3), 3.37 (s, 

2H, COCH2CO2), 3.37-2.82 (m, 4H, H-2, H-3, H-9, H-10). 3.14 (AB-system, 6, = 3.36, dB = 2.92,~~~ E 15,2H, H-6). 2.7% 

2.16 (m. 6H, H-l, H-12-G.W CH2CH2CO). 2.06 (s, 3H. C=CCH3), 1.47 (s, 9H, OC(CH3)3), 1.41-1.03 (m. 1H. H-12-e&o). 

13C-NMR: 204.5 (C-7), ml.0 (CH2CH2!W). 171.3 (OXCH3). 171.1 cO2CH3). 166.1 cO2C(CH3)3), 104.6 (C-5). 82.2 

(CC2C(CH3)3). 75.8 (C-2). 77.5 (C-l 1). 65.8 and 65.7 (CCH2CH20). 65.0 (CA), 60.8 (C-8). 57.2 (OCH3), 52.4 (C-6), 52.2 

(CC2CH3), 50.6 @4XH2C02C), 50.5 (C-3). 39.4 (C-9). 38.1 (CH2CH2CO). 35.5 and 34.8 (C-l and C-IO), 28.0 

(CC2CcH3)3), 27.0 GH2CH2CO). 26.5 (C-12). 21.3 (C=CCH3). IR (KBr): 1735.1720.1693 (GO). 

Methyl 8-~crr-butoxycarbonyl-exo-3,4-epoxy-S,5-ethylenedioxy-exdo-15-hydroxy-cxo-2-methoxy-9- 

oxotetracyelo[ll.2.1.04~14.0’~‘2 lhexndec-7-ene-12.carboxylate (14) 

A solution of 13 (85 mg, 0.15 mmole) in dry MeOH (7.5 ml) was mixed with a solution of McONa in dry MeOH (187.5 fl, 
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0.2N)aRdheatedwithstining~~50OCng9h.Aftacoolingtoroomtunperatme,themix~wasneuoalizedwith4NHOAc 

(1O~)~andevaparatcdinwcvotodryness.~residuewa9purifi~bylipuid cllmmwmy (SiopEQ~ ehr40-60 

4/l) and crystalhzatkm from CH2C12/pstruleum ether 4060.14 (SSm8.72 % yield) was mcrystaIlixed tiurn MeOH te yield crystals, 

m.p. 184-188 OC. suitable for X-ray crystal strUum demrmhmtiun. ‘H-NMR4.23 (d, 31= 11.7,lH. OH),4.11-3.89 (m. 5H. 

H-15, 0CH2CH20), 3.72 (s. 3H, 
r4 

CH3), 3.67 (m. 2H, H-2, H-13). 3.51 (s, 3H, OCH3), 2.87 (AB-system, SA = 3.00.88 = 

2.73, JAB = 14,2H. H-6). 2.78 (hdd, J = 4, lH, H-14). 2.58-1.93 (m, 7H. H-l, H-3, H-10, H-11, H-16+x& 1.53 (s, 9H, 

CO2C(CH3)3), 1.49-1.19 (m. HI, H-16+_). 13C-NMR: 193.6 (s. C-9), 172.2 (s. CO$HJ). 165.3 (s. 1;;02C(CH3)3), 151.2 

(s, C-8). 137.9 (s. C-7). 105.8 (s. C-5). 82.4 (s. C02~(CH33), 80.3 (d. ‘5 = 161, C-2), 77.6 (d, ‘5 = 154. C-15). 66.7 and 65.7 

(2x5 J = 151, J = 151. 0CH2CH20). 65.9 (s, C-4). 57.1 (q. J = 141. 0CH3), 53.8 (d. J = 182, C-3). 52.5 (q, ‘J = 148. 

CO2cH3). 51.8 (s, C-12), 44.1 (d, ‘5 = 128. C-13). 42.1 (dd, ‘5 = 128.8. ‘./ I 128.5, C-6). 37.6 and 37.0 (2xd, IJ E 142, ‘5 = 

141, C-l, C-14). 34.8 (t. ‘5 = 139, C-lo), 34.3 (t, ‘I= 130, C-11). 28.8 (t, ‘5 = 134, C-16), 28.1 (q. ‘J = 127, C02CcH3)3). 

IR: 3500 (OH), 1730 (0 of ester 8roqis). 1680 (C=O of ketcne), 1618 (C=C). Mass-spectrum: Calculated for C26H34010: 

506.2152; found 506.2174 (9.45%). 56 (100%). 

CrystaI data fur (14): Q6H34010, M = 506.55, moacclinic. space 8ruup F2t/c. a = 12.613(4). b = 19.138(2). c = 10.118(2) A. 
8 = 95.41(2)“, v = 2431.5(g) A3, z = 4, dx = 1.384 gem-3. X-ray data were cclIected on an ENRAF-NONIUS CAD4ditfractcmeter 

using zr-f&red MO-Ku-mdiauoa up tc e_ - - 25’. The structure was solved hy direct methcds (SHELXS-86) and reflaed on F 

with SHELX-76. Caivergcnce was reached at R = 0.075 (wR = 0.084, w = 1) for 1874 reflecticms with I > 3o(I). 

All non-hydrogen atans wese refined with anisctmpic thamal parameters. Hydrq~en atoms were accounted for at caIculated positions 

except for the hydroxyl hydrogen which was located from a difference map and its positJon and isotropic thermal psmmeter refmed. 

S_tural data have heen deposited at the Cambridge Crystallo8raphIc Dam Cenae. 

REFERENCES 

1. 
2. 

3. 
4. 
5. 

6. 
7. 
8. 
9. 

10. 

11. 
12. 
13. 
14. 

15. 

16. 
17. 

Van Beck, G.; Van der Baan, J. L.; Klumpp. G. W.; Bickelhaupt, F. Ten&r&on l!XKi,42, 5 111-5122. 
Pelletier, S. W.; Mody, N. V. The Structure and Synthesis of Cl#Iiterpenoid Alkaloids. In The 
Alkaloids, Manske. R. H. F., Rodrigo, R. G. A. Bds.; Academic Press: New York, San Francisco, 

London; XVII, 1979; pp. l-103. 
Umbreit, M. A.; Sharpless, K. B. .I. Am. Chem. Sot. 1977.99, 5526-5528. 
Finucane, B. W.; Thomson, J. B. J. Chem. Sot., Perkin I1972, 18561862. 
Dauben, W. G.; Lorber, M.; Fullerton, D. S. J. Org. Chem. 1%9,34, 3587-3592. 
Fullerton, D. S.; Chen, C.-M. Synfh. Commun. 19766, 271. 
Salmond, W. G.; Barta, M. A.; Havens, J. L. J. Org. Chem. 1978.43, 2057-2059. 
Pearson, A. J.; Chen, Y.-S.; Han, G. R.; Hsu, S.-Y.; Ray, T. J. Chem. Sot., Perkin I 1985, 267-273. 
Spek, A. L.; Van Eijck, B.P. Acta Cryst. 1988, C44, 1139-1141. 
Lange. G. L.; Decicco, C. P.; Willson, J.; Strickland, L. A. J. Org. Chem. 1989,54, 1805-1810. 
Jorgensen, K. A. Chem. Rev. 1989,89, 431-458. 
Firouzabadi, H.; Sardarian, A.; Gharibi, H. Synth. Commun. 1984.14.89. 
Emmons, W. D.; Pagano, A. S. J. Am. Chem. Sot. 1955.77. 89-92. 
James, D. E.; Hines, L. F.; Stille, J. K. J. Am. Chem. Sot. 1976,98, 1806-1809. 
Van der Baan, J. L.; Barnick, J. W. F. K.; Bickelhaupt, F. Synthesis 1990, 897-899. 
Pfitzner, K. E.; Moffatt, J. G. J. Am. Chem. Sot. 1%3,85, 3027-3028. 
Tidwell, T. T. Synthesis 1990, 857-870. 
Omura, K.; Swem, D. Tetrahedron, 1978,34, 1651-1660. 
Ireland, R. E.; Norbeck, D. W. J. Org. Gem. 1985.50, 2198-2200. 
Hofle, G.; Steglich, W.; Vorbriiggen, H. Angew. Chem. 1978,90, 602-615. 
Bamick, J. W. F. K.; Van der Baan, J. L.; Bickelhaupt, F. Synthesis 1979, 787-788. 


