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ABSTRACT - Ssocanmbrin (& and 6-epi-isccordilin izl were synthe- 
sized by twofold application of a reaction sequence starting from an a,$- 
unsaturated carbonyl compound via Wittig-riomer reaction, selectfve hydro- 
genation, epoxidation, and solvolysis to give a hydroxy- y-lactone, Thus, 
aldehyde 1 was converted (+5, * 8, * 2) to the key compounds 10a and E. - 
From 10a f*s, +a, + &, * a, + 1% the (Z)Lester 2Oa was pre- 
pared which afforded the title compound 1 by hydrolysis. x analogous 
sequence leads from iOb to 21. -.- 

Some years ago we described a reaction sequence starting from cycloalkene carb- 

aldehydes (e.g. A) leading to a trans-hydroxy Spiro-y-lactone (g) via Wittig- 

Horner reaction I* El, selective epoxidation and hydrogenation, or vice versa, 

(-c E) and acidic hydroIysis2. Obviously, the hydrolysis occurs in a SW2 type 

because in general we found isomers with trans geometry of the oxygen functions. 

A B C 
UH 

D 
To use this sequence for natural product synthesis we chose as target molecules 

the pseudoguaianolides isocanambrin3 (11, isocordilin4 (21, and isopsilostachyin' 

(2) which are easily formed by catalytic isomerization from canambrin, cordilin, 

and psilostachyin, physiologically and chemotaxonomically Interesting constitu- 

ents of Ambrosia species (structures 1-3 - -* but All,13 instead of A7,fl). Both the 

relative and absolute configurations of l-3 were assigned' -- by correlation with 

bromoambrosin which configuration was established by X-ray analysis6. 

1 Isoconambrin 2 Isocordilin 3 Isopsilostachyin 

IUPAC (t) and sesquiterpene (2) nomenclature, the latter one 

is used throughout the text, the former one in the experimental part. 
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The synthesis of l-3 is particularly challenging since these compounds possess the -- 
structural element of hydroxysubstituted y-lactones twice. According to the retro- 

synthetic scheme the key compound is hydroxylactone 5 which was obtained in low 

yield together with the respective &lactone in an investigation of partial struc- 
" 

tures of terpenic lactones'. 

We focussed our attention on the synthesis of c via the same sequence we had selec- 

ted for D. - Dehydration of G and subsequent oxidation should give F, a convenient 

starting material for epoxidation, Wittig-Horner reaction (+ E), and hydrolysis to 

provide l-3. -- 

J--&*0 * 04!*o => c&k0 * QHO 
CO,R ’ 

E F G 4 

RESULTS AND DISCUSSION 

The formation of the spirolactone ring started with the a,8-unsaturated aldehyde A, 

readily available by Nozaki's method' from 2,7-dimethylcycloheptanone'. Olefina- 

tion of 4 with triethyl phosphonoacetate (NaH/dioxane) gives the diene ester 2. 

Epoxidation of 2 with mCPBA occurs regio but not stereoselectively (+ 6a,b, ml:l). -- 

Therefore, the a,8-double bond of 2 was selectively hydrogenated with the homogene- 

ous catalyst TTRC to give ester g. 

Epoxidation of 2 with mCPBA-+eads in quantitative yield stereoselectively 
10 to 9a _ 

with trans methyl groups which could be assigned unambiguously by NOBD spectra. 

Both methyl groups of i are quasi equatorial in the most favored conformation, and 

the peracid attacks anti to the quasi axial 10-H. 

Hydrolysis of 9a with diluted sulfuric acid in acetone2 yields almost quantitative- - 
ly a mixture of the hydroxylactones 10a and b (1:l) separable by CC on alumina. The - 
y-lactone moiety is established by 6c 178.1 ppm for the carbonyl group and the re- 

lative configuration at C-l, -5, and -10 was again proven by NOBD spectra. This re- 

sult is only in agreement with ring opening reactions of the protonated epoxide 9a - 

to give two different trans dials followed by ring closure to 10a and b in equal - 

amounts. 

4 

5 6a 6b 

1 
H2' 

TTRC 

8 9a 9b 

I 

dil. H2S0 4 
acetone 

E = C02Et 

100 lob 
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Contrary to Dutta's report' we never obtained 6-lactones. This, and other confu- 

sions in ref. 
7 

prompted us to repeat this work in part in order to obtain clear 

assignments by modern spectroscopic methods. 

First, the isomeric mixture of dial lla,b' (the symmetric jl& can be obtained pure 

by CC) gives by Jones oxidation directly the separable mixture of lactones 12a and 

5 (same ratio 2:l as 11). The magnetically equivalent methyl groups of 12b give - 

only one 1H NMR signal (6 0.98; ref.7 1.0, 0.904), and the 13c NMR spectrum of 12b - - 

shows only eight signals, thus confirming the cis configuration of 12b. - - 

lla R’: H, R2 : Me 

llb R’ : Me, R2: H 

120 12b 

Second, osmium tetroxide oxidation of g affords via diol 1 the 9-hydroxy lactone 

10~. The configuration of 1Oc is proven by 'H NOED and 13C DEPT spectra. - - 
Third, treatment of 9a with aqueous sodium hydroxide followed by hydrochloric acid - 
gives a mixture (2:l) of 10a and b with traces (~5%) of 1Oc (arising perhaps from - - 

the small amount of E, seelD). 

Thus,' the geometry of the spirolactones 10 was well established,.and due to the - 

excellent yields we were able to. prepare 10a (+ isocanambrin, 1) and z (+ iso- - 

cordilin, isopsilostachyin, 2, 2) in relatively large amounts. 

Dehydration of seven-membered ring compounds is often complicated because ring 

contraction can readily occur via cationic rearrangement. If this reaction of 10a - 

is carried out with KHSOq, oxalic acid, or p-toluene sulfonic acid, mixtures are 

formed. POC13/pyridine affords mainly the exo-isomer G, but Burgess reagent" - 
gives a 13a/14a mixture (1:2) in 90% yield. From lob the 13b/14b ratio is even -- - -- 
better (1:6). Dehydration of 1 also yields 13b/14b (:l:l) thus giving a further -- 
confirmation of the right configuration assignment in lactones 10. - However, the - 
13/14 isomers are difficult to separate and therefore we used these mixtures for -- 
the next step. 

The ally1 oxidation 14 + 15 was much more difficult than expected, since some re- -- 
commended reagents failed. Se02 in ethanolI gives ally1 ethylethers, but in diox- 

ane13 allylalcohols and the a,S-unsaturated aldehyde. Na2Cr04 in AcOH/Ac2014 oxi- 

dizes the methylene group with addition of AcOH. PDC15 and PCC16 did not react 

at all. However, Collins reagent was successful providing the best yield by pre- 

paration of the reagent in situ highly diluted17. Thus, -- 14a reacted selectively - 
to e, 14b to E, and both unsaturated ketones are readily separable from the - 
unchanged 13a and b. - 
Going on with 15a or b the next two steps for fusion of the second lactone ring - - 

epoxidation and Wittig-Horner reaction - should be exchangeable2. First, we tried 

to epoxidize 15a and b assuming that the a-epoxides will be formed by steric direc- - 
tion of the lo-methyl group, important for the correct configuration at C-5. De- 

spite numerous variations we were not able to epoxidize 15a and 2. - With H202/NaOH 

the lactone ring was cleaved, although a,S-unsaturated ketones have been oxidized 

even in presence of y-lactones 18,19 

. 

Reaction with the highly efficient reagents 

tBuOOH (aqueous2' or dry2' ) or cumylhydroperoxide and Triton B22 failed. Obvious- 

ly, the double bond is extremely hindered. 

With mCPBA we obtained a dilactone by Baeyer-Villiger oxidation, and experiments 

for acetalization of the keto group of 15 remained unsuccessful. - 
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13a 

1Oa 

1 
+ 

lob, 1Oc 

Burgess reagent 
1 

14a 14b 13b 

Collins oxidation 

16a R’ : OH, R2: H 15a 15b 16b R' : OH, R2: H 

17a R': H, R2: OH 17b R': H, R2: OH 

1 mCPBA mCPBA 

18a 

(El-20a 

E = C02Me 

19a 19b 
Y' 

(Me0)2P(0)CIiC02Me 

NaA I 

18b 

(Z)-20a (L)-20b (E)-20b 

I dil. HZS04 

acetone 

0 
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Now, we turned to the Wittig-Horner reaction of 15 facing the next problem of se- - 

lective y,6-epoxidation. Reaction of 15b with trimethyl phosphonopropionate (NaH/ - 

dioxane) gives the @,Z)-mixture (1:4) of diene ester 22. pure (z)-22 could be - 

isolated by fractional crystallization. The structural assignment is based on the 

6H values of the olefinic proton with 6.24 (z) and 5.30 (E) ppm. 

Epoxidation of (g)-22 with mCPBA leads surprisingly only to the a,8-epoxide 23 - 
easily detectable by NMR spectra. Here the more electron deficient double bond is 

favored for steric reasons, though the y,6-double bond of some a,8,y,6-dienones 

was selectively epoxidized even if lower alkyl substituted23824. 

15b 
(Me01 2P(O)~HCO Me 

1:. 2 ' F&&0 a @& 

2 

(2)-22 R': C02Me, R2: Me 

(j)i22 ~1: Me, R2: CO@ 

23 

Now, we turned again to the epoxidation for the first step, but including the var- 

iation that the ketones 15a and b were reduced with NaBH4 to give the ally1 alco- - 
hols 16a and & together with small amounts of the epimers fi (20%) and 9 (10%). - 
The Dreiding model shows that the preferred conformations of 15a and b with two - 
quasi equatorial methyl groups lead to hydride approach c& to the ether oxygen of 

the spiro lactone. - Crude 16a and b were epoxidized with mCPBA stereoselectively 

cis to the hydroxyl group25 - to give 18a and b. - Minor products are the epoxides 

from 17a,b with epimeric C-5, -6, and -7. - -- Sharpless epoxidation26 of 16 with - 
tBUCCH/NO(C0)6 gave a mixture of oxidation products in accordance with earlier re- 

sults with sterically fixed ally1 alcohols27t28. - Jones oxidation of 18a and b - 
affords the epoxyketones 19a and 2 easily purified by recrystallization. - 
The stereoselectivity of both NaBH4 reduction and epoxidation allows the determlna- 

tion of configuration at C-5 relatively to C-l and C-10, even after removal of the 

chiral centre at C-7. In this sense 19a belongs to isocanambrin (l_), 19b to iso- - - 
cordilln (2). 

Reaction of 19a and b with trimethyl phosphonopropionate (NaH/dioxane) leads to - 
the (Z)-esters 20a and 5 as major products (6:l to 8:l). - This unexpectedly high 

Z/E-ratio can be explained by an electronic interaction of the oxirane with the -- 
ester group. CC gives pure (z)-20a and (Z)-20b. - - The assignment can be made by 

the downfield shift of 6-H (E-isomer) and 8-H (E-isomer), located close to the 

ester group. (Z)-20a and - -b were hydrolyzed with diluted sulfuric acid in ace- 

tone to give one hydroxy dilactone each. In accordance with previous results for 

hydrolysis of a,8-unsaturated y,6-epoxy esters of similar type2', backside attack 

of the ester group to the protonated epoxide leads to a hydroxy substituted y-lac- 

tone with trans oxygen functions. Thus, the configuration is retained at the 6-C- 

atom (C-5), inverted at the y-C-atom (C-6). Therefore, the hydrolysis of (z)-20a - 
gives rat. - isocanambrln (I), identical in the 'H NNR data with those published for 

the natural product3. NOED spectra confirm the relative configuration at C-l, -5, 

and -6. Consequently, the same considerations lead to the configuration of the 

hydrolysis product of (Z)-20b. - Here the hydroxyl group at C-5 should be in the 8-, 

the O-function at C-6 in the a-position. Also this assignment could be evidenced 

by NOED spectra. Hence, this hydroxylactone Is neither isocordilin (2) nor lso- 

psilostachyin (2) but the hitherto unknown 6-epi-lsocordilin (21). 
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EXPERIMENTAL 
1 
H NMR: in CDC13, Bruker WN 400 (internal TNS). - 13C NMR: in CDCl 3, Bruker WH 270 with DEPT pro- 
gram, or Varian CFT 20, off resonance. - IR: in CC14, Parkin-Elmer 257. - MS: Varian-NAT 711. 70 
eV. - C,H-Analyses: Hewlett Packard C,H,N-Analyzer. - Melting points: BUchi SNP-20. - KUgelrOhr 
distillation: b.p. means temp. of the air bath. - column chromatography (CC): Alminim oxide, 
neutral, d&activated with 3% water. - Flash chromatography (K!):ICN Biomsdicals silica gel 32-63. 
- Acetone, benzene, methanol, '99.58, were purchased from Merck. - Dioxane and ether were distilled 
from Naii; CH2Cl2 from CaC12; pyridine from KOH. - Petroleum ether (PE) had b-p. 30-60°C. - Eexame- 
thylphosphoric triamide (HMPT) had b.p. 112-114W12 Torr. - All solvents were stored over molecu- 
lar sieves. - NaH: 80% dispersion in mineral oil. - 3-Chloroperoxybenzoic acid (IKPBA) contains 
15% 3-chlorobenzoic acid. - Jones reagent: 26.7 g of CrO3, 23 ml of coned. 82sO4 filled Up to 100 
ml with water. - All reactions were run in flamed vessels under an atmosphere of nitrogen except 
those in which water was present. - Usual work-up: Reaction products were isolated by the addition 
of water and extracted with the specified solvent. The combined extracts were washed to neutrality 
and then with satd. brine and dried over HgSO4. The solvent was removed (after filtration) in vacua 
on a rotary evaporator. - 
the 'E NNR spectrum. 

The ratio of isomers was determined by integration of typical signals in 
- Numbering in the experimental part is according to IOPAC names. 

2,7-Dimethyl-l-cycloheptene-1-carbaldehyde (4) : 
360 ml of a THP/PE/ether mixture (4:l:l) and 25.5 g (0.30 mol) of CH2C12 were 
cooled to -1lO'C and 190 ml (0.30 mol) of BuLi (15%) in hexane were added dropwise. 
After stirringgfor 30 min, 35.0 g (0.25 mol) of freshly distilled 2,7-dimethyl- 
cycloheptanone were added at -1lOOC within 20 min. The solution was stirred for 
1 h at -llO°C and 1.5 h at -80°C, then allowed to come to room temp. and refluxed 
for 2 h. The solvents were removed at room temp., then 375 ml of BNPT, 61 g of 
CaC03, and 56 g of anhydrous LiC104 were added. The mixture was heated to 130°C 
for 18 h, cooled to O'C, poured into 2 1 of ice water, and extracted with PE. 
Work-up gave 25.8 g (68%) of 4, b.p. l10°C/13 Torr. - IR: 1670, 1625 cm-l 
(C=C-CO). - lH NMR: 6 ='1.04 (d, J = 7 HZ, 7-Me), 2.17 (6, 2-Me), 2.13, 2.55 
(AB, J = 15, A-part dd, J = 7, 2, B-part dd, J = 12, 2 AZ, 3-E2), 3.34 (mc, 7-E), 
10.04 (s, CHO). - 13C NMR: d = 17.0, 20.7 (2 q. 2-, 7-Me), 24.8, 25.9, 31.8, 37.4 
(4 t, C-3-6), 29.2 (d, C-7), 142.6 (s, C-l), 160.0 (8, C-2), 191.2 (d, CEO). - 
MS: m/s (*): 152 (M+, 72), 137 (35), 123 (70), 109 (35), 95 (55), 91 (35), 81 (loo), 
79 (45), 67 (82), 55 (72), 53 (35). - 

clOEl6o calcd. C 78.90, H 10.59, found 
C 78.74, H 10.45. 

Ethyl (E)-3-(2,7-dimethyl-l-cyclohepten-l-yl)-2-propenoate (5): 

To a slurry of 4.5 g (0.15 mol) of NaE in 200 ml of dioxane a solution of 33.6 g 
(0.15 mol) of triethyl phosphonoacetate in 100 ml of dioxane was added dropwise. 
After stirring for 45 min a solution of 15.2 g (0.10 mol) of r in 150 ml of diaxane 
was added dropwise. After stirring for 1 d and solvent removal the mixture was 
poured into 800 ml of ice water, and extracted with ether. After work-up the crude 
2 was passed through a short column of silica gel (PE/ether 9:l). Distillation 
afforded 20.7 g (93%) of 5, b.p. 75'C/O.O5 Torr. - IR: 1710 (COOR), 1615 cm-' 
(C=C). - 'ii NMR: 6 = 1.11 (d, J = 7 Es, 7-Ne), 1.29 (t), 4.20 (q, J = 7 Hz, 
(COOEt), 1.95 (s, 2-Me), 2.10, 2.50 (AB, J = 16, A-part dd, J = 6, 3. B-part dd, 
J = 12, 3 AZ, 3-H2), 2.85 (mc, 7-H), 5.83 (d), 7.76 (d, J = 16 Hz, CE=Cii). - 
13c NMR: 6 = 17.5, 23.1 (2 q, 2-, 7-Me), 24.6, 25.8, 32.2, 35.8 (4 t, C-3-6), 33.8 
(d, C-7), 136.3 (s, C-l), 146.1 (s, C-2); CH=CB-COOEt: 144.7 (d), 115.2 (d), 168.1 

(s), 60.0 (t), 14.4 (q). - MS: m/z (0): 222 CM+, 48). 207 (40), 148 (80), 107 
(66), 93 (96), 91 (loo), 79 (75), 55 (90). - calcd. C 75.63, B 9.97, 
found C 75.45, E 9.98. 

'14'22' 

Ethyl (E)-r-3-(c-2,c-7)- (6a) and 

act-1-yl)-2-propenoate (6b)= 

(~)-r-3-(t-2,c-7)-dimethyl-8-oxabicyclo(5.1.01 

- 

A solution of 9.3 g (53 mmol) of mCPBA in 150 ml of CH2Cl2 was added dropwise at 
O°C to a stirred solution of 11.1 g (50 mmol) of 2 in 80 ml of CH2C12. After stir- 
ring for 4 h at O'C work-up yielded 9.9 g (83%) of 6a/b 
Torr. - IR: 1720 (COOR), 1660 cm-' (C=C). 

-- (1.2:1), b.p. 75'C/O.O2 
- 'H NMR: 6 = 0.96 (a)/0.98 (b, d, J 

= 7 Hz, 2-Me), 1.17 (s, 7-Me), 1.28/1.29 (t), 4.19/4.20 (q, J = ~-HZ, COOEt). 5.89/ 
(&)/5.95 (a), 7.02 (b)/7.09 (5, d, J = 15.5 HZ, CH=CH). - 13C NNR: 6 = 17.9, 
19.0, 19.3, 21.7 (4 q, 2-, 7-Me), 23.8, 24.9, 26.2, 29.7, 31.8, 33.5, 35.1, 36.2 
(8 t, C-3-6), 35.6, 38.7 (2 d, C-7), 67.6, 67.8, 69.1, 70.3 (4 s, C-l, -2); 121.1, 
123.1, 143.6, 148.7 (4 d), 166.3, 166.5 (2 s), 60.4 (t), 14.3 (q); CH=CH-COOEt. - 
MS: m/z (%): 238 (M+, S), 223 (3), 165 (45), 139 (70), 43 (100). - 
calcd. C 70.56, H 9.30, found c 70.29, H 9.22. 

'14'22'3 

Ethyl 3-(2,7-dimethyl-l-cyclohepten-1-yl)-propionate (8): 

8.9 g (40 mmol) of 2 were hydrogenated for 3 d with 0.40 g of (PH3P)3RhCl (TTRC) in 
80 ml of benzene. The solvent was removed. Distillation yielded 8.9 g (99%) 

of s, b.p. 70°C/0.03 Torr. - IR: 1740 cm-' (COOR). - 1x NMR: 6 - 1.07 (d, J = 
7 HZ, 7-Me), 1.66 (s, 2-Me), 2.02, 2:19 (AB, J = 14, A-part dd, J = 8, 2.5, B-part 

dd, J = 10, 2.5 Hz, 3-H2),2.40 (mc, 7-H); 2.30 (t, J = 8 Hz), 1.25 (t), 4.11 (q. 
J = 7 HZ.); CH2-COOEt. - 13~ NMR: 6 = 17.9, 22.1 (2 q, 2-, 7-Me), 23.8, 26.2, 31.8, 
35.1 (4 t, C-3-6), 38.1 (d, C-7), 132.2, 136.8 (2 s, C-l, -2); 34.0, 34.6 (2 t), 
173.4 (s), 60.2 (t), 14.3 (q); CH2CH2COOEt. - MS: m/z (8): 224 (N+, 34), 209 (7), 
136 (32), 123 (loo), 109 (55), 95 (73), 81 (97). 67 (61), 55 (68). - 
calcd. C 74.95, H 10.78, found C 74.70, E 10.61. 

'14'24'2 
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Ethyl r-3-(t-2,c-7-dimethyl-8-oxabicyclo(5.1.Oloct-l-yl~-propionate (g, lo’ : 
7.9 9 (35 mmol) of g "ere treated with 7.0 CJ (40 mmol) of &Pm =s described for 2. 

Yield: 8.35 q (99%) of g,10), b.p. OO"C/O.O5 Torr. - IR: 1740 cm-1 (CooR). - 
1~ NMR: 6 = 1.06 (d, J = 7 HZ, 2-He), 1.31 (s, 7-He); 1.86, 1.99 (ABdd, J = 14, 

10, 6 HZ), 2.39, 2.45 (ABdd, J = 16, 10, 6 Hz), 1.25 (t), 4.14 (q, J = 7 Rz), 
CH2CIi2COOBt. - 13C NMR: 6 17.2, 21.2 (2 q, 2-, 7-Ue), 24.4, 25.0, 28.2, 33.1 

(4 t, C-3-6), 39.0 (d, c-7), 65.3, 67.9 (2 s, C-l, -2); 31.0, 36.3, 60.3 (3 t), 
14.3 (q), 173.3 (s); CB2CIi2COOEt. - MS: m/z (6): 240 (N+, 41, 222 (7), 195 (g), 
129 (451, 111 (95), 69 (100). 55 (100). - calcd. C 69.96, H 10.07, 

found C 69.82, B 10.00. 
'14'24'3 

trans- (1 la) and -- cis-2,7-Dimethyl-l-(3-hydroxypropyl)-l-cycloheptanol - (E): 

The lla,b-mixture (2:l) was prepared according to ref.7. - -- FC of the crude pro- 
duct with ether affordedtas 1. fraction)crystals of pure E, m.p. 66'C. - 'Ii NMR 
[Do-DMSO]: 6 = [0.84] 0.96 (d, J = 7 As, 2-, ?-Me), 1.32 (d, br., J = 13 Es, 1 Ii), 
3.62 [4.37] (t, J = 6.5 Es, CE2OH). - 13C NMR: 6 = 18.1 (q, 2-, 7-Me), 25.6, 
30.1 (2 t, C-3-6), 40.3 (d, C-2, -7), 76.5 (s, C-l); 27.3, 35.6, 63.2 (3 t, 
CH2CE2CE20E). - MS: m/s ($1: 200 (M+, l), 141 (22), 129 (34) t 111 (iOO), 97 (621, 
69 (54). - A mixture of lla,b was obtained as 2. fraction. - 'H NMR [D~-DMSO] of 
&: [0.87, 0.89] 0.975, 0.98 (2 d, J = 7 Hz, 2-, 7-Me), 3.63 f4.371 (t, J = 6.5 
Ha‘ CE20H). 

(e) trans- and cis-6,11-Dimethyl-l-oxaspiro[4.6lundecan-2-one - (E) : 

To a solution of 1.5 g (7.5 mmol) of lla,b in 25 ml of acetone at O'C 2.75 ml of -- 
Jones reagent were added within 30 min. Stirring was continued for 15 min, then 
solid NaHS03 was added. After addition of 50 ml of brine the mixture was extracted 
with ether. - Distillation gave 

7 140-142'C/5 Torr). - 
0.68 g (46%) of 12a,b -- (2:1), b.p. lOO'C/O.2 

Toz (ref* 
IR (CHC13): 1750 cm-l (y-lactone) (ref.7 1760 

cm 1. - Repeated FC (PE/20% ether * ether) gave(as 1. fraction)=, oil. - 
*H NMR: 6 = 0.91, 0.98 (2 d, J = 7 HZ, 6-, Ii-Me), 1.91, 2.15 (AB, J = 13.5 HZ, 
A-part dd, J = 11, 7.5, B-part dd, J = 10, 6.5 Hz, 4-E2), 2.54, 2.55 (AB, J = 19, 
A-part dd, J = 11, 6.5, B-part dd, J = 10, 7.5 Hz, 3-E2). (ref.7 in CC14: 0.89, 
1.0). - 13C NMR: 6 = 16.4, 16.9 (2 q, 6-, 11-Me), 26.9, 27.3, 27.7, 29.8, 29.9, 
30.1 (6 t, c-3, -4, -7-lo), 40.8, 44.1 (2 d, C-6, -111, 93.8 (sr C-51, 177.4 (s, 
C-2). - MS: m/z (%): 196 (M+, lo), 153 (14), 139 (101, 125 (1001, 112 (201, 97 

(15), 68 (14), 55 (28). 
12b (with 10% of c), oil, was isolated as 2. fraction (ref.7 m.p. 34-36'C). - 
FNMR: 6 = 0.98 (d, J = 7 Es, 6-r 11-Me), 2.09 (dd, J = 10, 8 Hz, 4-E2), 2.54 
(dd, J = 10, 8 Hz, 3-E2). (ref.? in CC14: 0.904, 1.0). - 13C NHR: 6 = 17.8 (q, 
6-v ll-Me), 25.0, 29.5 (2 t, C-7-101, 44.3 (d, C-6, -ll), 29.2 (t, C-4), 32.3 (t, 
C-3), 92.3 (s, c-51, 177.8 (s, C-2). 

Solvolysis of 9a with H2S04: - 

A solution of 2.4 g (10 mm011 of s 
10 

in 30 ml of acetone and 2 ml of 2 N H2SC4 
was refluxed for 4 h. After cooling some K2CO3 (for neutralization and drying) 
was added. - Repeated PC (benzene/ether 2:l + 1:9) affordedtas 1. fraCtion)0.74 g 

(35%) of (5R*,6R*,11R*)-6-Hydroxy-6,ll-dimethyl-l-oxaspiro[4.6~undecan-2-one (e) 

m.p. 75OC (PE). - IR: 3600, 3460 (OH), 1765 cm-l (y-lactone) (ref.7 1760). - 
1~ NMR: 6 = 1.03 (d, J = 7 HZ, ii-me), 1.31 (s, 6-Me), 1.86, 1.96 (2 mc, 4-H2, 
11-H), 2.58 (mc, 3-H2). - NOSD spectrum:+ 6-Me + NOE 11-Me, + 11-Me * NOE 6-Me. - 
lH NMR (90 MHZ, cc14): 6 = 1.02, 1.29 (ref.'l 0.9, 1.4). - 13C NMR: 6 = 17.6, 
26.2 (2 q, 6-, 11-Me), 20.8, 24.0, 29.1, 29.5, 29.6, 36.0 (6 t, C-3, -4, -?-101, 
40.8 (d, C-11), 77.1 (s, c-61, 94.3 (s, C-51, 178.1 (s, C-2). - MS: m/s (%): no 

M+, 194 (M -H20, 621, 179 (14), 154 (53), 125 (731, 109 (73). 96 (891, 71 (75), 55 
(100). - 

C12A2003 
calcd. C 67.89, H 9.50, found C 67.77, H 9.43. 

1.07 g (51%) of (5S*,6s*,llR*)-6-Hydroxy-6,ll-dimethyl-l-oxaspiro~4.6~undecan-2-one 

(lob), m-p. 89OC (PE),were isolated as 2. fraction. - IR: 3600, 3460 (OR), 1765 
cm-l (y-lactone). - lH NMR: 6 = 0.93 (d, J = 7 Hz, 11-Me), 1.39 (s, 6-Me), 1.96, 
2.38 (AB, J = 13, A-part dd, J = 11, 6, B-part dd, J = 11.5, 5.5 Hz, 4-H2), 2.47, 
2.68 (AB, J = 19 Hz, A-part dd, J = 11, 5.5 Hz, B-part dd. J = 11.5, 6 HZ, 3-821, 
2.03 (mc, 11-E). - NOED spectrum:+ 6-Me -t NOE 6-OH, 11-H, + 11-Me + NOE 4-H. 6-OH. 
- 13~ NMR: 6 = 17.6, 22.9 (2 q, 6-, 11-Me), 20.9, 21.4, 25.1, 30.0, 30.6, 36.9 
(6 t, c-3, -4, -7-101, 37.1 (d, c-11), 77.8 (s, C-6), 96.2 (s, C-51, 178.2 (s, 
c-2). - MS: m/z ($1: 212 (M+, 0.4), 194 (621, 179 (131, 154 (821, 125 (531, 109 
(50). 86 (701, 71 (loo), 55 (64). - 
C 67.72, H 9.55. 

C12H2003 calcd. C 67.89, H 9.50, found 

Solvolysis of 9a with NaOH, then HCl: - 

According to ref.'l 2.4 g (10 mmol) of gal0 were refluxed for 2 h with NaCH (5%), 
then warmed to 50°c for 30 min with H~lylO%) to give 1.74 g (82%) of lOa,b,c --- 
(2:l:O.l). - FC (PE/40% ether + ether) afforded 40 mg of lOa/c (2:l). 1. frac- 
tion, 1.1 g of lOa/b (2:1), 2. fraction, 0.3 g of lOa/b (l:l), 3. fraction. -- -- 

(5S*,6R*,11R*)-6-Hydroxy-6,ll-dimethyl-l-oxaspiro~4.6~undecan-2-one (B): 

A solution of 0.12 g (0.5 mmol) of g in 1 ml of pyridine was treated with 0.12 g 
(0.47 mmol) of 0~04 in 1.5 ml of pyridine. After stirring for 1 h a mixture of 
0.85 g of NatiSO3, 2.5 ml of pyridine and 3.5 ml of water was added and stirred for 
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30 min. 
CEC13. - 

Then the mixture was acidified with icecold H2SO4 (10%) and extracted with 
The crude ethyl (r-l,c-2-dihydroxy-t-2,t-7-dimethylcyclohept-l-yl)pro- 

E;a;: (2) ('H NMR: 6 = 0.97 (d, J = 7 HZ, 7-He),, 1.25 (s, 2-Me); CH2CE2C02Et: 

J = 7 H;, 
J = 8 HZ), 2.48, 2.52 (ABt, J = 17, 8 Hz), 1.24 (t, J = 7 Es), 4.13 (q, 

was chromatographed on alumina (PE/ether 1:l) to furnish 83 m 
Of oily 1oc (ref.7 b.p. 

(83%) 
13O'C/O.l Torr). - IR: 3680, 3580 (OH), 1765 CP- P 

tone) (ref.'l 3620, 1760). - ~FI NMR: 6 = 0.87 (d, J 
(Y-lac- 

= 7 EZ, 11-Me), 1.20 (s, 6-Me), 
1.90, 2.13 (AB, J = 14, A-part dd, J = 10.5, 6.5, B-part dd, J = 10.5, 8.5 EZ, 4-B2), 
2.60 (mc, 3 H) (ref.'l 0.9 (d, 71, 1.3 (5)). - NOED spectrum: + 11-Me +NOE 6-Me, 
4-8, +6-Me +NOE 11-Me, 4-E', 3-E). - 13C NMR: 6 = 17.3, 26.3 (2 q, 6-, 11-Me), 
20.0, 22.5, 24.9, 29.9, 30.1, 36.9 (6 t, c-3, -4, -7-lo), 34.7 (d, C-111, 76.9 (8, 

C-6), 95.8 (s, C-51, 176.7 (s, C-2). - MS: m/z (@): no M+, 194 (18), 166 (15), 154 

(56). 124 (321, 109 (32), 99 (431, 86 (50). 71 (loo), 69 (54), 57 (59), 55 (80). 
Cl282003 calcd. C 67.89, EI 9.50, found C 67.85, Ii 9.42. 

Dehydration of lo, general procedure: 

To a solution of 3.32 g (14 mm011 of Burgess' reagentll in 35 ml of benzene a solu- 
tion of 2.12 g (10 mmol) of 10 in 20 ml of benzene was added dropwise. After stirr- 

ing for 4 h at 60°C the mixture was poured into 30 ml of water. Work-up (ether) and 
distillation (b.p. 100°c/0.02 Torr) yielded mixtures of 13/14. - Pure i3 was fso- -- 
lated in the next step (see below). 

- 

~5R*,11R*)-11-Methyl-6-methylidene-l-oxaspiro[4.6)undecan-2-one (13a) and 14a: - - 

From &, yield 1.78 g (92%) of 13a/14a -- (1:2). - IR: 1780 cm-' (y-lactone). - 'Ii 
NMR (&): b = 0.99 (d, J = 7 HZ, 11-Me), 2.09, 2.14, 2.45, 2.55 (ABcD, JAB = 13, 

Z" 
= 12, JAD = 10, JBC = 9, JBD = 11, JCD = 19 Hz, 3-, 4-CH2), 4.92, 5.00 (2 s, 

., H2C=). - 13c NMR: 6 = 16.1 (q, 11-He), 27.9, 28.5, 31.4, 31.5, 32.0, 32.2 (6 t, 
C-3, -4, -7-101, 42.1 (d, c-11), 91.8 (s, C-5), 111.3 (t,=cE2), 151.2 (s, c-6), 
177.4 .(s, C-2). - C12B1802 calcd. C 74.19, E 9.34, found C 74.04, II 9.27. 

(5R*,11R*)-6,11-Dimethyl-l-oxasplro[4.6lundec-6-en-2-one (&), NMR data from the 

mixture with 13a: 'H NMR: 6 = 1.09 (d, J = 7 Es, 11-Ne), 1.70 (t, - J = 1.5 Hz, 6-Me), 
5.64 (tq, J = 7, 1.5 Hz, 7-H). - 13c NHR: 6 = 13.9, 23.9 (2 q, 6-, 11-He), 20.2, 
27.4, 29.5, 31.9, 33.5 (5 t, c-3, -4, -8-101, 39.8 (d, C-11), 94.3 (s, C-5), 124.6 
(d, c-71, 141.0 (s, c-6), 176.9 (s, c-2). 

(5S*,11R*)-ll-Methyl-6-methylldene-l-oxasplro[4.6lundecan-2-one (m) and 14b: - 
From E, yield 1.76 g (91%) of 13b/14b (1:6). - IR: 1780 cm-l (Y-lactone). - 1~ 
NMR (=I: b = 0.94 (d, J = 7 Hz, 11-Me), 4.98 (dd, J = 3, 1 Es), 5.06 (d, J = 1 

HZ, H~c=). - 13~ NMR: 6 = 16.1 (q, 11-Me), 23.4, 26.8, 28.1, 29.1, 32.1, 32.4 (6 t, 
c-3, -4, -7-lo), 42.2 (d, c-11), 93.1 (s, C-51, 113.1 (t, CE2=), 149.3 (sr c-6), 
176.9 (9, C-2). - Cl281802 calcd. c 74.19, H 9.34, found C 74.22, ii 9.29. 

(5S*,11R*)-6,11-Dimethyl-l-oxaspiro[4.6]undeC-6-en-2-one (E), NMR data from the 

mixture with 13b: 1~ NHR: 6 = 0.93 Cd, J = 7 Bz, 11-Me), 1.75 (dd, J = 2.5, 1.5 Hz, - 
6-Me), 2.14, 2.29, 2.52, 2.55 (ABCD, JAB = 13, JAc = 5, JAD = 10, JBC = 10, JCD = 

18 Bz, 3-, 4-CE2), 5.69 (tq, J = 7, 1.5 Es, 7-H). - 13C NMR: 6 = 16.9 , 22.5 (2 q, 
6-t 11-Me), 26.1, 27.1, 27.7, 29.5, 34.0 (5 t, C-3, -4, -8-101, 38.8 (d, C-11), 
92.4 (s, C-S), 127.7 (d, c-7), 142.5 (s, c-6), 176.7 (s, C-2). 

From 40 mg of 1Oc 30 mg (83%) of 13b/llb (1:l) were obtained. - -- 

Oxidation of 13/14, general procedure: -- 

12.0 g (0.12 mol) of dry Cr03 were added at 10°C successively to a mixture of 2OO 
ml of cn2C12 and 18.9 g (0.24 mol) of pyridine under vigorous stirring. After 20 
min at room temp. a solution of 3.88 g (20 mmol) of the 13/14-mixture in 20 ml of -- 
CH2C12 was added dropwise. After stirring for 1 d the mixture was filtered, and 
the residue was washed with ether. The organic phase was washed successively with 
200 ml of NaOli (5%). 200 ml of HCl (5%). and 200 ml of saturated NaEC03 solution.- 

- FC (ether) afforded unchanged 11, then with ether/methanol (5O:l) Is. 

(5R*,11R*)-6,11-Dimethyl-l-oxaspiro[4.6lundec-6-en-2,8-d~one (15a): - 

From 13a/14a yield --' 2.07 g (50%), m.p. 92'C (ether). - IR: 1785 (Y-lactone), 1675, 
1625 cm-l (C=C-C=O). - 1~ NMR: 6 = 1.16 (d, J = 7 HZ, li-Me), 1.79, 2.09 (AB, J = 

15, A-part ddd, J = 8, 5, 4, B-part ddd, J = 10, 4, 4 HZ, lo-H2), 2.20 (DC, 11-81, 
2.21, 2.41 (AB, J = 13, A-part t, J = 8, B-part dd, J = 9, 8, 4-H2), 2.52, 2.67 

(AB, J = 16, A-part dd, J = 8, 4, B-part dd, J = 10, 5 Es, 9-H2), 2.60 (tdd, J = 8r 
9, 8 HZ, 3-~~), 1.93 (d, J = 1.5 Hz, 6-Me), 5.93 (q, J = 1.5 HZ, 7-H). - 13C NMR: 

6 = 15.5, 23.1 (2 q, 6-, 11-me), 26.4, 28.7, 35.2, 39.4 (4 t, C-3, -4, -9, -10) v 
40.7 (d, c-111, 92.1 (s, c-5), 128.4 (d, C-71, 152.6 (s, c-6), 175.6 (s, C-2). 
202.9 (s, C-8). - MS: m/z (0): 208 (M+, 71, 180 (71, 166 (64). 138 (32), 124 (461, 
111 (100). 110 (46), 96 (401, 95 (50), 82 (40), 69 (38), 56 (80). 55 (10O), 53 (57). 

C12H1603 
calcd. c 69.21, E 7.74, found C 69.33, B 7.81. 

(~S*,~1~*)-6,11-Dimethyl-l-oxasplro[4.6lundec-6-en-2~S-dl0~~ (I!%): - 

From 13b/14b, 2.32 (5601, m.p. 112°C (ether). - IR: 1785 (Y-lactone), 1675, -- yield g 
1630 cm-l (C=C-C=Ol. - lIi NMR: cj = 1.02 (d, J = 7 Rz, ii-Me), 1.66, 1.92 CAB, J = 

15, A-part-ddd, J = 10, 5, 5, B-part ddd, J = 8, 5, 5 Es, 10-H2), 1.97 (d. J = 1.5 
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EZ. 6-ne), 2.21, 2.40 (AB, J = 14, A-part, dd, J = 10, 6, B-part dd, J = 10. 10 Hz, 
4-H2)r 2.35 (mc, 11-H), 2.51, 2.68 (AB, J = 16, A-part dd, J = 8, 5, B-part dd, J 
= 10, 5 Hz, 9-E2), 2.63, 2.64 (AB, J = 17, A-part dd, J = 10, 6, B-part dd, J = 10, 
10 HZ, 3-H2), 5.95 (9, J = 1.5 Hz, 7-B). - 13c NNR: 6 = 16.8, 22.8 (2 q, 6-, ll- 

He), 27.1, 28.3, 29.0, 40.6 (4 t, C-3, -4, -9, -10). 40.8 (d, C-11), 90.9 (s, C-5), 
129.8 (d, C-7), 154.0 (c-6), 175.6 (c-2), 202.0 (C-8). - MS: m/z (t): 208 (H+, 15), 
180 (12), 166 (66), 138 (30), 124 (40), 111 (loo), 110 (40), 95 (42), 55 (58). - 
'12'16'3 calcd. C 69.21, ii 7.74, found C 69.15, H 7.62. 

Reduction of the ketones II, general procedure: 

The solution of 0.52 g (2.5 omol) of 15 in 10 ml of methanol was cooled to O'C and 
treated with 0.1 g (2.5 mmol) of NZIBB; After stirring for 30 min at O°C and 5 h at 
room temp. 0.1 ml of acetic acid was added, the solvent removed, the mixture poured 
into 10 ml of water and extracted with ether. 

(5R*,8R*,llR*)-8-Hydroxy-6,ll-dlmethyl-l-oxaspiro~4.6~undec-6-en-Z-one (E): 

From e, FC afforded 0.50 g (92%) of oily 16a (containing 20% of G). - IR: 3600, 
3450 (OH), 1770 cm-l (y-lactone). - lo NMR: = 1.12 (d, J = 7 Ez, ll-Me), 1.75 
(dd, J = 1.5, 1.5 Bz, 6-Me), 2.33, 2.54 (2 mc, 3-, 4-H2), 4.36 (ddd, br., J = 11, 
5, 2.5 Bz, 8-B), 5.57 (dq, J = 2.5, 1.5 Es, 7-E). - MS: m/z (%): 210 (M+, 5), 182 

(22), 166 (13), 125 (loo), 111 (58). 83 (38), 55 (35). - C12H1803 calcd. C 68.54, 
H 8.63, found C 68.31, E 8.50. 
1~ NIR of the (5~*,8~* ,llR*)-isomer 17a (from the mixture): 6 = 1.08 (d, J = 7 Bz, 
II-Ne), 1.78 (dd, J = 2, 1.5 Ez, 6-He), 4.27 (dad, br., J = 7, 7, 2 Rz, 8-H), 5.73 
(dq, J = 7, 2 EZ, 7-E). 

(5S*,8S*,11R*)-8-Hydroxy-6,1l-dimethyl-l-oxaspiro(4.6~undec-6-en-2-one (E): 

From e, crystallization (ether) gave 0.46 g (840) of x, m.p. 103'C. - IR: 3600, 
3450 (OH), 1770 cm-1 (Y-lactone). - 1~ NMR: 6 = 0.89 (d, J = 7 Hz, 11-He), 1.58, 
1.86 (AB, J = 12, A-part ddd, J = 10, 10, 2 Hz, B-part br., lo-E2), 1.64, 1.80 (AB, 
J = 12, A-part ddd, J = 10, 10, 2 Ez, B-part br., 9-H2), 1.78 (dd, J = 1.5, I.5 Hz, 
6-Me), 2.10 (dqdd, J = 10, 7, 4, 4 HZ, 11-E), 2.31 (ddd, J = 13, 10, 10 Hz, 4-H2), 
2.50, 2.52 CAB, J = 18, A-part ddd, 10, 10, 4, B-part dd, J = 10, 10 Eiz, 3-H2), 
4.31 (dddq, J = 10, 3, 1.5, 1.5 Hz, 8-E), 5.60 (dq, J = 3, 1.5 Hz, 7-E). - 13c 
NMR: 6 = 17.3, 23.1 (2 q, 6-, II-Me), 27.6, 29.3, 30.9, 36.5 (4 t, C-3, -4, -9,-IO), 
38.7 (d, C-11), 69.9 (d, c-8), 92.1 (8, C-S), 132.9 (d, C-7), 141.6 (s, C-6), 176.8 
(s, C-2). - MS: m/z (0): 210 (M+, 4), 182 (20), 125 (100), 109 (20), 97 (24). 69 
(24), 55 (34). - C12H1803 calcd. C 68.54, H 8.63, found C 68.49, E 8.72. 
*E NMR of the (ss*,~R*, 11R*)-isomer 17b (from the mother liquor): 6 = 0.94 (d, J = - 
7 Hz, II-Me), 5.70 (mc, 7-E). 

(5R*,6R*,7R*,8R*,11R*)-6,7-Epoxy-8-hydroxy-6,ll-dimethyl-l-oxaspiro(4.6lundecan-~- 

-one (lea): Prepared according to the procedure described for 5 from 0.40 g 
(1.9 mm= of 16a (with 20% G) and 0.45 g (2.2 mmol) of mCPBA, 2 d at room temp. 
- FC (ether) furnished 0.34 g (79%) of oily 18a (containing 20% of 18a'). - IR: - 
3600, 3450 (OH), 1770 cm-l (y-lactone). - 1~ NMR: 6 = 1.20 (d, J = 7 Hz, 11-Me), 
1.38.(s, 6-Me),.l.83, 2.35 (iB, J = 12, A-part dd, J = 12, 8, B-part dd, J = 9, 2 

HZ, 4-H2), 2.02 (dqd, J = 11, 7, 4 HZ, II-E), 2.45, 2.69 (AB, J = 18, A-part dd, 
J = 8, 2, B-part dd, J = 12, 9 Es, 3-H2), 2.99 (d, J = 6 Es, 7-H), 3.62 (ddd, J = 

13, 6, 2.5 iiz, 8-E). - MS: m/z (%): no M+, 211 (3), 165 (13), 156 (97), 139 
(loo), 111 (80), 75 (70), 55 (60). - cl2El8o4 calcd. C 63.70, B 8.02, found C 
63.47, A 8.15. 
1~ NMR of the (5R*,6S*,7S*,8S*,llR*)-isomer 18a' _ (from the mixture): 6 = 1.14 (d, 
J = 7 Hz, II-Me), 1.37 (s, 6-Me), 3.07 (d, J = 4 HZ, 7-H), 4.32 (ddd, J = 8, 4, 2 

BZ, 8-8). 

(5s*,68*,7S*,8s*,11R*)-6,7-Epoxy-8-hydroxy-6,ll-d~methyl-l-oxaspiro~4.6~undecan-2- 

-one (18b): - From 0.72 g (3.4 mmol) of 16b and 0.81 g (4.0 mmol) of mCPBA, 2 d 
at room temp. - Crystallization (ether) gave 0.55 g (70%) of E, m.p. 122OC. - 
IR: 3600, 3450 (OE), 1770 cm-' (Y-lactone). - Ill NMR: 6 = 0.95 (d, J = 7 HZ, ll- 
Me), 1.34 (s, 6-Ne), 1.89, 2.04 (AB, J = 13, A-part dd, J = II, 9, B-part dd, J = 
10, 2 EZ, 4-~2), 2.13 (dqd, J = 12, 7, 2 HZ, 11-H), 2.41, 2.66 CAB, J = 18, A-part 
dd, J = 9, 2, B-part dd, J = 10, 11 HZ, 3-H2), 2.94 (d, J = 6 Hz, 7-R), 3.65 (ddd, 
J = 12, 6, 2 HZ, 8-H). - 13~ NMR: 6 = 16.4, 19.9 (2 9, 6-, II-Me), 23.6, 29.0. 
30.4, 34.0 (4 t, c-3, -4, -9, -IO), 38.2 (d, C-II), 6216 (sr C-6), 68.4, 70.6 (2 d, 
C-7, -8), 91.1 (s, C-5), 176.6 (s, C-2). - MS: m/z (a): 226 (M+, 0.2 ), 211 (6), 
165 (18), 138 (18), 112 (78), 97 (52), 57 (65), 55 (100). - 

'12'18'4 calcd. 
C 63.70, H 8.02, found C 63.82, H 8.25. 

Jones oxidation of s, general procedure: 

To a solution of 0.34 g (1.5 mmol) of 18 in 5 ml of acetone 0.5 ml of Jones reagent 
was added dropwise (syringe) at O°C. Stirring was continued for 1.5 h, then isopro- 
panol was added to destroy excess reagent. - After work-up 19 crystallized from - 
ether. 
(5R*,6R*,7S*,11R*)-6,7-Epoxy-6,ll-dimethyl-l-oxaspiro[4.6lundecan-2r8-dione (19a): - 

From 18a, yield 0.23 g (68%), m.p. 123'C. - IR: 1785 (Y-lactone), 1715 cm-' (CO). 
- lE NUR: 6 = 1.19 (d, J = 7 EZ, 11-Me), 1.48 (s, 6-Me), 1.65-1.85 (m, IO-HZ), 

1.95, 2.32 (AB, J = 13, A-part dd, J = 9, 9, B-part dd, J = 9, 4 Hz, 4-H2), 2.16 
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load, J = 7. 5. 3.5 Rz. 11-H). 2.45. 2.70 1AB. J = 13, A-part dd, 3 = 7, 5, B-part 
rid, ; = 10; 5 kz, 9-H2i, 2.52; 2.69'fAa, J = 18, A-part da, J = 9, 4, B-part dd, 
J = 9, 9 Hz, 3-B?), 3.45 (5, 7-S). - 13~ NMR: 6 = IS.1, 21.9 (2 q, 6-,' ll-Me), 

26.0, 28.9, 30.3; 36.6 (4 t, C-3, -4, -9, -101, 40.8 fd, C-11), 62.4 (s, c-6). 66.2 

(d, C-71, 90.0 (s, C-51, 176.2 (e., C-Z), 205.3 (a, C-8). - MS: m/z (Pr): 224 (M', 

l), 209 (1.5), 182 (281, 156 (201, 154 (20), 139 (481, 125 (loo), 112 (581, 100 

(52)s 85 (511, 55 (90). - C12E1604 calcd. C 64.27, % 7.19, found C 64.06, A 7.10 

(5S*,6S*,7R*,lfR*)-6,?-Epoxy-6,11-dimethyl-1-oxaspiro~4.6~undecan-2,8-dione (f9b): 

From E, yield 0.33 g (98%), m.p. 1050~. - 1~: 1775 (y-lactone), 1720 cm-l (C0). 
- 1~ NMR: & = 1.01 fd, J = 7 HZ, 11-Me), 1.46 (s, 6-&e>, 1.6-1.75 fm, lo-821, 

2.05, 2.59 (AB, J = 13, A-part dd, 3 = 10, 9, B-part dd, J = 5, 5 %r? g-%2)* 2.09 
(dqd, J = 13, 7, 3 %z, 11-H), 2.19, 2.60 {AB, J = 14, A-part dd, J = 10, 4, B-part 
dd; J = 10, 9 82, 4-H2f, 2.51, 2.70 (AB, J f 18, A-Part dd, J = 10, 4~ B-part ddf 

J = lo, 9 Hz, 3-82). 3.40 (a, 7-8). - 13~ NHR: d = 16.1, 20.2 (2 q, 6-, ll-Me), 
24.5, 26.0, 29.0, 39.4 (4 t, C-3, -4, -9, -lo), 39.2 (d, C-111, 65.7 (s, C-6) 66.2 
(d, C-71, 89.6 (s, C-51, 176.0 (s, C-21, 205.5 (s, C-8). - MS: m/Z (0): 224 ;M+, 
O.l), 209 (If, 182 (161, 154 cl?), 139 131), 125 (loo), 112 (551, 100 (461, 85 (80). 
55 (88). - 

'12Hl6'4 calcd. C 64.27, B 7.19, found C 64.38, % 7.26. 

Wittig-Horner reaction of 2, general procedure: 

As described for 2 0.35 9 (1.8 mmol) of trimethyl phosphonopropionate in 1.5 ml of 
dioxane was added dropwise (syringe) to 54 mg (1.8 mmol) of NaH in 3 ml of dioxane. 
After 30 min at room temp. 0.21 g (0.94 mmoll of 19 in 1.5 ml of dioxane wae added. 
It was stirred for 2 d, then quenched with water and extracted with ether. - FC 
fPE/ether 1:31 of the product gave 20. 

Methyl ~5R*,6R*,7R*,11R*)-2-(6,7-epoxy-6,11-dimethyl-l-oxaspiro~4.6~undecan-2-on-8- 

-ylidene)-propionate (20a): - 
From 19a. - 1. Fraction: 25 mg (9%) of (e)-20a. - '% NMR: 6 = 1.24 (d, J = 7 
HZ, ll_Me), 

- 
1.45 (s, 6-Me), 1.69, 1.86 (AH, J = 14, A-part ddd, 5, 4, 3, %-part ddd, 

14, 4, 3 %a, lo-H21, 1.78, 2.17 (AB, 3 = 13, A-part dd, J = 11, 9, B-part dd, J = 
9, 2 Hz, 4-%2), 2.01 (dd, J = 1, 1.5 Hz, Me-C=>, 2.07 fdqd, J = 14, 7, 4 Er, ll-E), 
2.03, 2.78 CAB, J = 14, A-part dd, J = 4, 3, B-part dd, J = 5, 3 ~a, 9-A2), 2.39, 
2.68 fAB, J = 18, A-part dd, 3 = 9, 2, B-part dd, J = 11, 9 Hz, 3-E2), 3.46 (s, br., 
7-H), 3.75 (a, OMe). 
2. Fraction: 170 mg (62%) of (Zl-c. - IR: 1770 (y-lactone), 1715, 1665 cm-' 
(C=C-COOR). - 'll NMR: 6 = 1.24 (d, J w 7 Hz, ll-Me), 1.42 (e, 6-Me), 1.65, 1.85 
fA3, J = 12, A-part ddd, J = 4. 4, 3, B-part dddd, J = 13, 11, 3, 2 %z, 10-%2), 
1.88 (dd, J = 2, 1 Hz, Me-C=), 1.70, 2.17 (AB, J = 12, A-part dd, J = 9, 9, B-part 
dd, J = 9, 3 HZ, 4-E2), 2.04 (dqd, J = 11, 7, 4 %z, 11-%), 2.15, 2.39 (AB, J = 14, 
A-part dd, J = 13, 3, B-part dd, J = 4, 3 HZ, P-H21, 2.35, 2.62 (AB, J = 17, A-part 
dd, J = 9, 3, B-part dd, J = 11, 9 Hz, 3-H2), 3.62 iq, J = 2 HZ, 7-81, 3.79 (s, OFlet. 
- 13C NHR: t, = 14.4, 21.9 (2 q, 6-, 11-Mel, 24.2, 29.2, 29.4, 31.2 (4 t, C-3, -4, 
-9, -101, 40.8 (d, C-111, 62.1 (s, C-61, 62.8 (d, C-71, 91.3 (s, C-5), 140.1 (e, 
C-81, 176.8 (s, C-21, =C(Me)-COOMe: 128.1 (s), 15.2 (qf, 170.0 (e)r 52.0 (4). - 
MS: miz ($1: 294 (M+, 31, 251 (5), 219 (51, 167 (5). 139 191, 126 flOO), 125 (351, 
55 (18). - 

'16%22'S 
calcd. C 65.29, H 7.53, found C 65.12, H 7.45. 

Methyl ~55*,65*,7S*,11R*)-2-(6,7-epoxy-6,11-dimethy1-1-oxaspiro~4.61undecan-2-0n-8- 

-ylidene)-propionate _ (2Ob): 

From 19b. - 1. Fraction: 31 mg (11%) of (El-20b. - '% NMR: 6 = 0.94 (d, 3 = 7 
He, Ii-He), 1.45 imc, 1 et, 1.46 (s, 6-Me), 1.8 (mc, 4 a), 2.02 fs, br., He-C=), 
2.24 (dqd, J = 12, 7, 4 %a, Ii-H), 2.34, 2.66 (AB, J = 18, A-part dd, J = 8, 3, s- 
part dd, J = 11, 10 Hz, ~-HZ), 2.95 (ddd, J = 13, 5, 3 AZ, 9-H), 3.41 (St br-r T-%1, 
3.74 (s, OMe). 
2. Fraction: 185 mg (67%) of (Z)-2Ob. - IR: 1765 (y-lactone), 1715, 1670 cm 

-1 

(C=C-C0OR). - 1% NMR: 6 = 0.94-(d> = 7 HZ, ll-Me), 1.23, 1.80 (AI+, J = 12, A- 
part ddd, J = 13, 13, 3, B-part ddd, J = 5, 4, 3 HZ, lo-%a), 1.43 (e, 6-Me), 1.711 
1.81 (AB, J = 13, A-part dd, J = 11, 9, B-part dd, J = 9, 2 %z, 4-H2f, 1.86 fdd, 
J = 2‘ 1 Ha, Me-C=), 1.94, 2.55 fA3, 3 = 12, A-part dd, br., J = 13, 3, s-part ddl 
J = 5, 3 Hz, 9-82). 2.22 (dqd, J * 13, 7, 4 Hz, 11-A), 2.31, 2.60 (AB, J = 18, A- 
part dd, J = 9, 2, 
(9, OMe). - 

B-part dd, J = 11, 9 Hz, 3-H2), 3.55 (q, J * 2 %r, 7-H), 3.80 
13C NH%: 6 = 14.3, 19.0 (2 q, 6-, ll-Me), 23.7, 29.0, 29.6, 31.0 

(4 t, c-3, -4, -9, -101, 37.9 cd, C-11), 62.6 fd, C-71, 63.7 (sr C-61, 91.3 (9, 

c-5>, 139.7 (s, C-81, 176.7 (s, C-2), =C(Me)-COOMe: 127.5 (s), 16.1 (q), 169.9 (al, 
52.0 (9). - MS: m/z (%): 294 (M+, 21, 251 (51, 219 (61, 167 (4), 139 (71, 127 

f13), 126 (lOOf, 125 (38). - C16H2205 calcd. C 65.29, % 7.53, found C 65.25, H 7.38 

Hydrolysis of (2)-x, general procedure: 

AS described for 9a 0.16 9 (0.54 mmol) of 20 in 1 ml Of acetone and 0.06 ml of 2 N 
82~04 was stlrred<t room temp. for 1 d. some x2c03 (for neutralization and drying) 
then ether wae added. After filtration and evaporation the reeidue wae recryetal- 
lined from ether/acetone. 
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(6R*,7R*,8R*,8aS*)-3' ,4',5,6,8,8a-Hexahydro-B-hydroxy-3,6,8-trimethylspiro(7H-cyclo- 

hepta[b]furan-7,2'(5'H)-furan]-2,5'(4H)-dione (rat. isocanambrin, 1, : 

From (2)-m, yield 103 mg (6881, m.p. 21OOC (ether/acetone lO:l), [ref.' m.p. 
240-24pC for (-)-1). ; IR (CHC13): 3600 (Oa), 1780-1745 (y-lactone, butenolide), 

3 1670 cm-l (C=C), [ref.3 3600, 1765 cm-11. - 1H NNR: 6 = 1.11 (S, B-Me), 1.1 
(d, J = 7 Hs, 6-~a), 1.84 (ddd, J = 1.5, 1.5, 1.5 As, 3-Me), 2.22 (qdd, J = 7, 
2 Hs, 6-S), 2.60, 2.77 (AB, br., J = 20, B-part d, br., J = 12 Hs, 4-R2), 4.96 

(q, J = 1.5 HZ, 8a-H), [ref.3 1.13 (s), 1.16 (d. J = 7 Ns), 1.86 (d, J = 2 sz 
5.01 (d, br., J = 2 Bsl. - l, NMR (CDC13/C6D6 3:2, with spin decoupling): 6 

0.90 (d, J = 7 HZ, 6-!&s), 0.91 (s, E-Me), 1.43 (mc, 5-H2). 1.52, 2.53 (AB, J = 
A-part dd, J = 11, 8, B-part dd, J = 11, 3.5 As, 4'-H2), 1.65 (de br., J = 1.5 

3-Me 1 , 1.84 (qdd, J = 7, 7, 2 BZ, 6-a), 2.13, 2.35 (AB, br., J = 20, B-Part br 

7, 

, 
= 
11, 
HZ‘ 
, 

d, J = 12 Es, 4-E2), 2.29, 2.69 (AB, J = 17, A-part dd, J = 11, 3.5, B-part dd, 
J = 11, 8 Es, 3'-H2), 4.66 (d, br., J = 1.5 As, 8a-ii). - NOED-spectrum: + 8a-H+ 
NOB E-08, 3'-8, +8-08.' NOE 8a-8, E-Me, 3'-E, + E-Me * NOE B-OH. -- 13C NMR: 
6 = 8.6, 14.1, 18.4 (3 q, 3-, 6-, a-Me), 21.7, 23.7, 29.7, 31.2 (4 t, C-4. -5, 
-31, -4'), 42.6 (d, C-6), 79.3 (s, C-E), 84.0 (d, C-8a), 91.9 (s, C-7), 124.8 (s, 

C-3), 160.0 (s, C-3a), 173.8 (s, C-2), 177.4 (s, C-2'). - MS: m/s (a): 280 (N+, 
33), 262 (13), 247 (8), 237 (14), 220 (48), 219 (37), 202 (28), 177 (4O), 125 (87), 
112 (loo), 110 (42), 69 (85), 55 (57). - 

c15E2Oo5 
calcd. c 64.27, H 7.19, found 

C 64.11, H 7.08. 

(6R*,7S*,8S*,8aR*)-3' ,4',5,6,8,8a-Hexahydro-8-hydroxy-3,6,8-trimethylspiro(7H-cyclo- 

hepta[b]furan-7,2'(5'H)-furanl-2,5'(4HI-dione (rat. 6-epi-isocordllin, 2,: 

From (g)-z, yield 127 mg (El%), m.p. 249'C (ether/acetone 7:l). - IR (CHC13): 
3590 (OH), 1770-1740 (y-lactone, butenolide), 1670 cm-l (C=C). - l, NMR: b = 

1.04 (d, J = 7 HZ, 6-Me), 1.05 (s, E-Me), 1.58, 1.66 (AB, J = 15. A-part ddd, J = 
13, 10, 3, B-part ddd, 4, 4, 1 Es,,S-H2), 1.80 (ddd, J = 1.5, 1.5, l-5 Es, 3-Ne), 
1.97-2.11 (m, 2 a), 2.45-2.60 (m, 3 a), 2.75-2.90 (m, 2 H), 4.94 (5, br., 8a-H). - 
1~ NYR (CDC~~/C~D~ 5:1, with spin decoupling): 6 = 0.83 (d, J = 7 Hs, 6-Me), 0.85 

(s, E-Me), 1.19, 1.31 (AB, J = 15, A-part ddd, J = 13, 10, 3, B-part ddd, J = 4, 
4, 1 AZ, 5-H2), 1.20, 1.73 (AB, J = 15, A-part dd, J = 12, 6. B-part dd, J = 10, 
6 BZ, 4'-H2),1.60 (add, J = 1.5, 1.5, 1.5 Es, 3-Me), 1.74 (dqd, J = 10, 7, 4 Rs, 
6-H), 2.12, 2.37 (AB, J = 20, A-part ddq, J = 13, 4, 1.5, B-part dqd, J = 3, 1.5, 
1 Hz, 4-H2), 2.25, 2.64 (AB, J = 20, A-part dd, J = 10, 6, B-part dd, J = 12, 6 Hz, 

3'-E2), 2.43 (s, br., OH), 4.59 (q, J = 1.5 Es, fia-8). - NOED spectrum: + 8a-R * 
NOE B-OH, 3'-8, 4'-8, + 8-08 * NOE 8a-H, 3'-H, S-Me, + B-Me * NOE 6-8, 8-OH, + 
6-Me + NOB 3'-H, 5-E. - 13C NMR: 6 = 8.4, 16.0, 17.5 (3 q, 3-, 6-, E-He), 21.7, 
26.3, 26.8, 30.2 (4 t, C-4, -5, -3', -4'), 38.3 (d, C-6), 78.6 (s, C-8), 83.6 (do 
C-8a), 93.4 (s, c-7), 124.2 (s, c-3), 160.5 (s, C-3a). 173.9 (se C-2), 177.2 (so 
C-2'). - MS: m/z (a): 280 (M+, 9), 262 (lo), 237 (9), 220 (34)~ 219 (28), 202 (26), 
177 (37). 125 (69), 112 (loo), 110 (38), 55 (60). - 

C15H2005 
calcd. C 64.27, 

A 7.19, found C 64.23, H 7.05. 

Methy1(5S*,11R*)-2(6,ll-dimethyl-l-oxasp~ro(4.6~undec-6-en-2-on-8-ylidene~-proP~o- 

nate: (22): 
As described for 5 0.36 g (12 mmol) of NaE, 2.94 g (14.5 mmol) of trimethyl phos- 
phonopropionate and 1.25 g (6 mmol) of 15b were stirred for 2 d at room temp., - 
yield 1.02 g (61%) of (E,Zl-22 (1:4). - Recrystallization from PE/ether gave pure 
(2)-G, m.p. 124'C. - IR: 1780 (y-lactone), 1715, 1635 cm-l (CCC-COOR). - 1~ NNR 
(270 MHz): 6 = 0.95 (d, J = 7 Hz, 11-Me), 1.88 (d. J = 1.5 HZ, 6-Me), 1.90 (s, br., 

Ne), 2.95 (mc, 1 H), 3.75 (s, OMe), 6.24 (s, br., 7-H). - 13C NHR: 6 = 16.1, 16.4, 
21.6 (3 q, 3 Me), 26.0, 29.5, 31.3, 31.9 (4 t, C-3, -4, -9, -lo), 38.7 (d, C-11), 
91.4 (s, C-5), 128.5 (d, C-7), 144.4, 145.4 (2 s, C-6, -8), =C-COOMe: 124.5 (s), 
169.5 (s), 51.4 (q). - MS: m/z (%): 278 CM+, lo), 247 (lo), 236 (lo), 219 (15), 
207 (loo), 164 (62), 106 (SO), 90 (53), 63 (70). - C16H2204 calcd. C 69.04, Fl 

7.97‘ found C 68.92, H 7.65. 
(E)-22: 1~ NMR (from the mother liquor, 90 Mlis, CCl4): 6 = 0.95 (d, J = 7 HZ, ll- 
Me), 1.87 (s, br, 2 Me), 3.70 (s, OMe), 5.30 (s, br., 7-H). 

Methyl cis-(5S*,13R*)-6,10,l3-tr~methyl-l,9-dloxad~splro~4.3.2.2~tr~dec-6-en-2- 

-one-lo-carboxylate (23): 

AS described for 6 0.28 g (1.0 mmol) of (z)-22 and 0.22 g (1.1 mmol) of mCFBA were 
stirred for 2 d at room temp. - FC (PE/ether 1:3) of the crude product (0.28 g, 

(95%) gave as 1. fraction 90 q g of 9, 1. isomer, oily. - IR: 1785 (y-lactone). 
1735 (c0oR) cm-l. - 1H NMR: 6 = 0.96 (d, J = 7 Hz, 13-Me), 1.52 (s, lo-Me). 1.84 

(d. J = 1.5 HZ, 6-Me), 3.80 (s, OMe), 5.39 (s, br., 7-H). - 13C NMR: 6 = 17.2, 

17.6, 23.2 (3 q, 6-, lo-, 13-Me), 28.2, 29.2, 29.8, 32.5 (4 t, C-3, -4, -11. -12), 
38.8 (d, C-13), 64.7, 65.7 (2 s, C-9,-10), 91.4 (s, C-5). 125.1 (d. C-7), 148.3 

(s, C-6). 176.1 (s, C-2), COOMe: 170.6 (8, 52.3 (q). - 
0.18 g of 23. 2. isomer, oily, was isolated as 2. fraction. - 'H NHR: 6 = 0.98 (d, 
J = 7 AZ, 13-Me), 1.53 (s, IO-Me), 1.84 (d, J = 1.5 Es, 6-Me), 3.79 (s, ONe), 5.43 
(s, br., 7-H). - 13C NMR: 0 = 16.4, 17.1, 21.7 (3 q, 6-, lo-, 13-Me), 26.5, 27.6, 
29.4, 29.9 (4 t, c-3, -4, -11, -12), 38.8 (d. C-13), 64.1, 64.9 (2 s, C-9. -lo), 
90.8 (s, c-5), 128.1 (d, C-7), 145.13 (s, c-6), 176.2 (s, C-2), COOMe: 170.8 (s)r 
52.4 (q). - 

C16H2205 
calcd. C 65.29, H 7.53, found C 65.15, H 7.42. 
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