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Abstract: A convenient preparation of 3,4-bismethylenecyclopentanone ethylene ketal, 

a new valuable diene for Diels-Alder reaction, 
b.51 ring systems, 

designed to produce functionalized 
is described. A formal synthesis of gibberellic acd GA using a8 

starting materials two cycloadducts derived from the title compound demons rates 9 the 
value and the applicability of this methodology for the construction of functionalized 
hydrindane systems. 

The widespread occurrence of 
I 1 6.5 ring systems in natural products represents 

a continuous stimulus for the development of a significant number of methodo- 

logics for l,hc* construction of functionalizod dcrivativcs as a ncccssary pre- 

lude to any synthetic venture in the field. 
132 

In considering a Diels-Alder approach to 13 
6.5 ring systems the vast majority 

of methods focus on reacting substituted 1,4-butadienos with 2-cyclopenten-l- 

-ones as dienophilcs. 3 The alternative strategy, i.e. functionalized bisme- 

thylene cyclopcntancs as dienic components with suitable 

ceived comparatively less attention, the main reasons for 

being the unavailability of practical methods for the 

functionalized diencs. 
4 

dienophiles has re- 

its underutilization 

preparation of such 

Dowd 
5 

had, in fact, reported the preparation of the very unstabJe 3,4-bis- 

-methylcnecycJopcntanol 1, generating the diene moiety by Cope method from the 

corresponding bis-amine oxide (17O"C, 0.001 mm). Attompts to perform the oxi- 

dation to the corresponding ketone z led to the isolation of the rearranged 

ketone 2. - However 2 could be obtained by trapping 1 with sulfur dioxide and 

performing the oxidation on the derived adduct 4 to produce 3 which was even- 

tually pyrolyzrd at. 430°C (0.001 mm) to yield 3,4-bismcthylenocyclopentanone 

2. (Scheme 1) - 
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which is simple and, above all, more amenable to adaptation by 

laboratories presented itself. 
6 

In embarking in our studies we 

influenced by the ready availability 
7 

of cis-j,4_diiodomethyl 

_, which could be envisioned as convenient starting material. 6 

It was found that 6, after conversion to the corresponding ethylene ketal 2 by 

conventional procedure, could be readily converted to the new diene i simply 

by treatment with 1,5_diazabicyclo c-1 5 4 0 undec-5-ene (DBU) in benzene solution 

at room temperature. The corresponding reaction performed on the known 

trans-isomer 9 I.cd to formation of 1:l mixture of 8 and the rearranged diene - 

10. - 

The latter became the sole reaction product performing the dehydrohalogenation 

of 9 at O°C both in DMSO or benzene solution. However 9 could be easily taken 

to 8 by operating in toluene at OOC. - This behaviour may be accounted for on 

the different stereochemistry of the substrates which may cause competition 

betwccxn E 
1 and E 

z 
ciimination proccsscs. (Schcmc 2) 
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With compound 8 available in copious quantities, we soon found that we had at 

our disposal a versatile and valuable diene for Diels-Alder reaction, designed 

to produce functionalized C6.51 
ring systems. (Scheme 3) 

saBME3 

LtaX~Z=H;Y~CO&la 
kX=H;Y=CO$&;z=t& 
-EX=Z=CO+;Y-H 
dX=Y=H;Z=COMa 
Q xY= -CO-O-CO-; Z-H 
~X=OA~;Y=H;ZICO&I~ 

gX=H;Y=CO$ds;Z=oAc 

In this paper we describe the cycloaddition reactions of i with a variety of 

dicnophilcs and its application to a formal synthesis of gibberellic acid GA 
3 

. 

In order to establish the general viability of the Diels-Alder reaction of 8, 

we investigated its cycloaddition with several common dienophiles. We found 

that the best. contl it i ens ncccssary for cycloaddition consisted in refluxing 

the crude benzene or toluene solution of the volatile diene i, resulting from 

the dehydrohalogcnation of z and 2 respectively, in approximately 1:2 ratio 

diene:dienophile until complete disappearance of the diene. It proved reasona- 

bly reactive giving rise to fair to good yields of cycloadducts (see experi- 

mental) with no serious attempts at optimization. 

The symmetrical nature of g did not pose the problem of controlling the regio- 

specificity, a benefit which may well compensate the lack of stereochemistry 

at the ring junction of the derived products. 

To further illustrate the synthetic value of the new functionalized diene 8, 

we envisioned the possibility of using some of the derived cycloadducts in the 

construction of the tricyclic framework x, a key intermediate along the route 

to gibbcrcllic acid GA 3 12. 
8,9,lO 

In the event, a formal synthesis of this 

popular target would be realized. The synthesis of 13 had posed an exciting - 

problem as a consequence of the unexpectedly high degree of steric strain as- 

sociated with the cis BC ring fusion and the unusual bicycle [3.2.1] octane CD 

ring system incorporating the bridgehead-hydroxy and methylene functions. The 

successful approaches to this significant tricyclic intermediate have invol- 

ved strategically the construction of the D ring into a preformed BC nucleus, 
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featuring elegant solutions to control the stereochemistry at the BC ring 

juncture and to manipulate the substitution pattern. 

Two cycloadducts dcrivcd from 8, namely lla and Ilg, appeared to be convenient 

starting materials for an approach to 13 through adaptation of Mander's ori- - 
11 

ginal idea of an intramolecular cyclization onto the double bond at the ring 

junction of a substituted hydrindene derivative 3, in turn calling for a bi- 

cyclic ester 15 with the requisite functions suitably - 

ing cycloaddition between 8 and 

retrosynthetically summarized in 

a simple dienophile. 

the following Scheme 

introduced in the open- 

The synthetic design is 

(Scheme 4). 

SC-4 

The cycloadduct Ilg, originating by cycloaddition of 8 and 2-propenoic-2- 

-acetyloxy acid methyl ester, seemed particularly suitable for our purposes, 

incorporating the important bridghead-hydroxy function together with a useful 

ester function as a precursor for the construction of the necessary carbon 

chain for assembling the D ring. 

Thus Ilg was easily transformed into the corresponding hydroxy ester 16 by - 

treatment with sodium methoxide. It is interesting to note that 16 could also - 

be readily obtained by a -oxygenation of the enolate derived from the 

cycloadduct lla followed by decomposition of the intermediate hydroperoxide by 

acf.i on of t;ri cthy I phosphi te l2 (Scheme 5). 
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The hydroxy group in 16 was subsequently protected as the benzyl ether 17a by - 

treatment with sodium hydride and benzyl bromide. The by-product 17b formed 

concomitantly by 1.rnrls-c~stc,rificntion could bo easily soparatod by chromato- 

graphy and recycled by conventional procedures. Conversion of 17a to corre- 

sponding R-ketosulfoxide 18 was achieved in the presence of dimsyl anion - 

grnrratrd in situ by DMSO and sodium hydride. The Pummerer rearrangement 

promoted by exposure of 18 to trifluoroacetic anhydride foll.owing the method 

developed by Mander 
13 - 

during his extensive work in this area, and the 

subsequent treatment with stannic chloride produced the tricyclic compound lJ, 

with concomitant removal of ketal protecting group. 

The formation of 19 as so.lc product, 

13 - 

as anticipated by previous experiences 

made by Mander on different substrates is noteworthy. 

Desulfurization of 19 by heating in boiling ethanol - in the presence of pre- 

viously dc~nctivatc~d Nickel Rancy procccdod uncvontfully to yiel.d 20, which 

undrrwrnt. st.cr*c~osrIrcLivc palladium catalyzed hydrogenation to produce 21. The - 

a-benzyloxy group serves as a critical function in establishing the stereo- 

chemical course of the hydrogenation which takes place faster than hydrogeno- 

lytic removal of the protective group. (Scheme 6) 
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Protrction of t.hc* hydroxy group of the tricycl.ic ketone 21 using excess me- - 

thoxyethoxymethyl (MEM) chloride and diisopropylethylamine in methylene chlo- 

ride furnished 22. - Its chemoselective ketalization by ketal exchange technique 
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afforded 23 which was submitted to the action - of the complex derived from 

methylene bromide, zinc and titanium tetrachloride 
14 

to produce the known9 3, 

which was cvcntlla1I.y transformed to the key tricyclic compound 13, the 

8 
ture of which was unambiguosly assigned by Stork ten years ago. (Scheme 

l-l 
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Since 23 has been already taken9 to gibberellic acid GA - 
3 

this approach 

constitucs a new formal synthesis of this important target. 

In summary it. is seen that dicne 4 reacts with a broad range of dienophiles to 

provide entries to a variety of 
r_ 1 6.5 ring systems, making this sequence of 

particular use for the synthesis of natural compounds as illustrated in the 

case of 13. - 
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Experimental 

Melting points and boiling points are uncorrected. Reaction courses and product mixtures were 

routinely monitored by thin-layer chromatography (TLC) on silica gel 

plates. Infrared (IR 
2 

spectra were measured on a Perkin Elmer 297 

precoated F25 

spectrometer. R 

Merck 

uclear 

magnetic resonance ( H NMR) spectra were obtained with a Brucker AC 200 spectrometer for 

solution in CDCl and peak positions 

tetramethylsilane 3as 

are given in parts per million downfield from 

an internal standard. All drying operations were carried out with 

anhydrous magnesium sulphate. Light petroleum refers to the fractions boiling range 40-60°C 

and ether to diethyl ether. 

cis-7,8-Diiodomethyl-1,4-dioxaspiro 4.4 nonane 7. 

A mixture of 2 (6.6 g, 18 mmol), 2-methyl-2-ethyl-1,3-dioxolane (MED) (30 ml), ethylene glycol 

(0.6 ml) and p-tolueneeulfonic acid (0.24 g) was stirred at room temperature for 4h. 

Triethylamine was added, followed by benzene (30 ml) and water (12 ml). The organic layer was 

separated, dried and concentrated to give quantitatively z contaminated by small amount of MED 

but suitable for further transformation in the next step. A sample was purified by 

flash-chromatography on silica gel (eluent: ether-light petroleum 1:l): ‘i-3 NMR (CDCl ):6 

1.5-2.4 (m,6H), 3.02-3.52 (m,4H), 3.9 (s,4H). Calc. for CgH140212: C, 26.47; H, 3.43. 9 ound: 

C. 26.59; H, 3.32%. 

7,aBismethylen-i,4-di0xmspir0~4.41n0nane g 

An ice-cooled solution of 1 (13.2 g, 32.3 mmol) and l,&diazabicyclo 5.4.0 undec-7-ene (DBU) II 
(19.3 ml) in benzene (66 ml) was stirred at room temperature for 3h. The crude mixture was 

filtered through Celite, washed with water, dried and used without further purification in the 

next step. 

(neat): 

A sample pyrified by distillation showed the following spectroscopic data: IR 

3080, 1620 cm . H NMR (CDCl ): 6 2.7 (m,4H), 3.9 (s,4H). 4.9 (m,2H), 5.3 (m,2H). 

Calc. for CgH1202: C, 71.02; H, 7.95. 9 ound: C. 70.93; H, 8.01%. 

7-Hethyl-8-methylene-l.4-dioxaspiro~4.4~non-6-ene E 

An ice-cooled solution of _9 (6.6 g, 16.1 mmol) and DBU (9.6 ml) in benzene (70 ml) was stirred 

at 70°C for lh. The mixture was filtered through Celite, washed with water and dried. After 

removal of the solvent at reduced pressure, the residue_yae ,distilled at 30 mm Hg (b.p. 61°C) 

to give g (2.18 g, 90%) as an oil: IR (neat): 1645 cm . H NMR (CDCl ): 6 2.2 (s,3H), 3.0 

(e,2H), 3.99 (m,4H), 5.25 (m,lH), 5.42 (m,lH), 6.15 (s,lH). Calc. for C?gH1202: C, 71.02; H, 

7.95. Found: C, 71.04; H, 8.04%. 

The same result was obtained when reaction was performed at O°C in DMSO) as a solvent. 

Diels-Alder reaction of 8: general procedure 

To the crude benzene solution of diene 2 derived from 1 (6.6 g, 16.1 mmol) the dienophile (32 

mmol) was added and the mixture refluxed for the required time. The cooled reaction mixture 

was washed with water and dried. After elimination of the solvent at reduced pressure the 

cycloadducts were. purified by flash-chromapgraphy on silica gel (eluent: ether-n-hexane 1:l). 

The dienophile, reaction time, yield, IR, H NMR are given below. 

Hexahydro-spiro(l,3-dioxolane-2,2~-~~~-inden)-5'-cgrrbpxylic acid methyl ester lla 

Methyl acrylate; 23h; 88%; oil: IR (neat): 1730 cm- 
I I 

. H NMR (CDCl ): 6 1.9-2.55(m, llH), 3.7 

(s,3H), 3.9 (s.4H). Calc. for C H 0 : C, 65.53; H, 7.61. Found: 8, 
13 19 4 

65.47; H, 7.55%. 

Hexahydro-5'-methyl-spiro(l.3-dloxo ane-2.2'-r2Hl-inden)-5!-cqrboxylic acid methyl ester llb 
I I 

Methyl methacrylate; 48h, 33%; oil: IR (neat): 1730 cm- . H NMR (CDC13): 6 1.17 (s,3H), 

1.57-2.2 (m,6H), 2.5 (m,4H), 3.66 (s,3H), 3.9 (s,4H). Calc. for C H 0 : C, 66.64; H, 7.99. 

Found: C. 66.57: H. 7.89%. 14 20 4 

(5'a,6'6)-Hexahydrc+epiro(1,3-dioxolane-2,2'- 2H -inden)-5'.6'-dicarboxylic acid diethyl ester 

llc - 1 . 
Diethyl fumarate; 12h; 60%; m.p. 74OC (light petroleum); IR (nujol): 1740 cmWL. 'H NMR 

(CDC13): 6 1.2 (t,GH,J=7Hz), 1.75-2.4 (m,4H), 2.5 (m,4H), 2.25-3.1 (m,2H). 3.9 (s,4H). 4.25 

~~:~~~~55:!,".a,;E,~~~o~*5H~~~6 
: C, 60.80; H, 6.80. Found: C, 60.72; H, 6.71%. 

.3 ioxolane-2,2'- 2Hl-inden) p 

Methyl vinyl ketone; 30h; 93%; oil: IR (neat): 1310 cm- 
I 

. H NMR (CDC13):8 1.8-2.3 (m,6H), 2.2 
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(s,3H), 2.4-2.7 (m,5H), 3.9 (s,UH). Calc. for C13H1603: C, 70.24; H, 8.16. Found: C, 70.16; H, 

8.09%. 

(5'~ 6'a)-Hexahydro-s~iro(l,3-dioxolane-2.2'-r~~-in~n)5'.6'-dicarboxylic anhy -- 
Maleic anhydride; 18h; 90%; m.p. 144-145'C (ether): IR (nujol): 1850, 

-yq, NMR 
1780 cm . 

(CDC13)b 2.3-3.0 (m,UH), 3.2-3.5 (m,2H), 3.9 (s,UH). Calc. for C13H1405: C, 62.39; H, 5.64. 

Found: C. 62.27; H, 5.59%. 

(5'U,6'E)-Hexahy~6'~cetyloxy_spiro(l,3_dioxol~~2,2~-~~~-inden)-5'-carbo~lic acid me- 

thyl ester llf - 
Methyl R-acetoxyacrylate; 114h; 15%; oil: IR (neat): 1740. 1720 cm -1. 'H NMR (CDCl ): 6 2.0 

(s,3H), 2.12 (s,~H), 1.8-3.17 (m,9H), 3.9 (s,UH), 4.3 (m,lH). Calc. for C15H2006: Cv360.80; H, 

6.80. Found: C, 60.72; H, 6.82%. 

Hexahydro-5'-acetyloxy-spiro(l,~dioxola,21-r2H~-inden)-51-carbo~lic acid metbyl ester 

G!z 
d 

, 3 
2-Propenoic acid-2-acetyloxy methyl ester; 48h; 45%; oil: IR (neat): 1740 cmWL. IH NMR 

(CDC13):d 2.0-2.7 (m,4H), 2.8 (m,4H), 3.0-3.4 (m,2H), 3.7 (s,6H), 3.9 (s,4H). Calc. for C15H20 

06: C, 60.80; H, 6.80. Found: C, 60.73; H, 6.70%. 

Hexahydro-5~-hydroxy-spiro(l,~ioxol~~2,2~-~~~-inden~-5~-c~bo~lic acid metbyl ester g 

A solution of diisopropylamine (0.65 g, 6.35 mmol) in tetrahydrofuran (10 ml) was cooled to 

O°C under argon. Over a period of 10 min a 1.6 M n-butyllithium solution in hexane (4 ml, 6.4 

mmol) was added through a syringe. The mixture was stirred at O°C for 20 min. then cooled to 

-78OC. A solution of the ester lla (1 g, 4.2 mmol) in THF (40 ml) was added and the mixture - 
was stirred for lh before the introduction of a stream of anhydrous oxygen. After 4h the 

stream of oxygen was removed and triethyl phosphite (1.56 ml) was added. The solution was 

stirred for 20 min, then poured into a mixture of saturated NH4C1 (20 ml) and CHC13 (50 ml). 

The separated organic phase was dried and evaporated at reduced pressure to give a residue 

which was purified by flash-chromatography on silica gel (eluent: _letyr) to give 2 (0.83 g, 

77%) as a colorless solid m.p. 81-82OC. IR (nujol): 3240, 1730 cm . H NMR (CDC13):6 1.7-2.2 

(m, 6H), 2.5 (m,7H), 3.7 (s,3H), 3.9 (s,4H). Calc. for C13H1805: C, 61.40; H, 7.14. Found: C, 

61.33; H. 7.07%. The same product was obtained in quantitative yield by refluxing for 6h a 

mixture of 3 (2.96 g, 10 mmol) in methanol (50 ml) containing sodium methoxide (0.5 g). 

Hexabydro-5'-bensyloxy-spiro(l,3-dioxolane-2,2'- rW1-inden)-5q-carboxylic acid methyl ester 

17a 

ca stirred suspension of sodium hydride (1.8 g, 50% dispersion in mineral oil, 37.5 mmol) 

washed with pentane (2x10 ml) in dry THF (10 ml) a solution of the hydroxy ester g (3.05 g, 

12 mmol) in THF (10 ml) was added dropwise. Stirring was continued at room temperature for 15 

min., then benzyl bromide (5.13 g, 30 mmol) was added and the reaction mixture refluxed for 

12h. The solvent was evaporated at reduced pressure after treatment of the cooled mixture with 

water. The residue was extracted with ether, dried and the solvent was removed at reduced 

pressure. The residue was purified by flash chromatography on silica -1 5el (eluent: ether - 

light petroleum 1:l) to afford 17a (2.7 g, 66.8%): IR (neat): 1730 cm . H NMR (CDC13): d 2.1 

(m,4H), 2.5 (m,6H), 3.7 (s,3H)>.9 (s,4H), 5.0 (m,2H), 7.4 (s,5H). Calc. for C20H2405: C, 

69.75; H, 7.02. Found: 

1720 cm-l. 

C, 69.73; H, 6.94% and 17b (1.4 g, 28.2%) m.p. 60-61OC: IR (nujol): 

' H NMR (CDC13):d 2.1 (m, UH), 2.5 (m,6H), 3.9 (S, 4H, 4.6 (m,2H). 5.1 (s,2H), 7.35 

(s,SH), 7.4 (s,5H). Calc. for C26H2805: C, 74.26; H, 6.71. Found: C, 74.30; H, 6.67%. The 

latter was transformed into 17a by saponification and subsequent esterification with - 
diasomethane. 

l-~Hexahydro-5~-bensyloxy-spiro(l,3-dioxol~e-2,2D-~~~-inden-5~-yl~~-2-~methylsulfi~l~-et~- 

none 18 .I 
-- 
Dry DMSO (4.3 ml) was added under nitrogen to sodium hydride (0.28 g, 50% dispersion in 

mineral oil, 5.8 mmol) washed with pentane (2x5 ml) and the mixture stirred for 45 min at 

70°C. A solution of 17a (1 g, 2.9 mmol) in dry THF (5 ml) was then added and the resulting 

solution stirred for 30 min at room temperature, poured in water, acidified with H PO and 

extracted with CHCl . The combined extracts were washed with brine, dried and concent?atzd in 

vacua. The residue zas purified by flash-chromatography on silica gel (eluent: ethyl acetate - 
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-1 
methanol 9:l) to give g (1.05 g, 93%): IR (neat): 1710 cm . ‘Ii NMR (CDCl ): b 2.1-3.0 

(m,lOH), 2.7 (s,3H), 3.7 (s,UH), 4.0-4.2 (m,2H,J=2Hz), 4.4 (m,2H), 7.4 (s,5H). Ctlc. for C21H26 

0,s: C, 64.60; H, 6.71. Found: C, 64.62; H, 6.80%. 

(6E,8aa)-Tetrahydro-~benzyloxy_8_thiolethyl ulen-(lH,GH)-2.7-dione 19 

Trifluoroacetic anhydride (0.2 ml) was added under nitrogen to a cooled (5°C) Solution of g 

(0.5 g, 1.26 mmol) in CH2C1 (6 ml). After being stirred for 4h, the mixture was neutralized 

with a solution of saturate 2 sodium bicarbonate and extracted with ether. The combined organic 

layers were dried and the solvent removed at reduced pressure. The solution of the crude 

trifluoroacetyl derivative in CH2C12 (4 ml) was treated with SnC14 (0116 ml) and stirred at 

0°C for 20 min. The mixture was then poured into saturated aqueous sodium bicarbonate 

solution, extracted with CH Cl and the extracts dried. After removal of the solvent in vacua. 

the crude residue was flash2ch?omatographed on silica gel (eluent: ether) to give 19 (0.25 g. 

5C$1 af white crystals: m.p. 148-150°C (ether - petroleum light); IR (nujol): 1750, 1710, 1620 

. H NMR (CDCl ): b 2.41 (6. 3H), 3.27 (6, lH), 4.6 (m,2H), 6.0 (m,lH). 7.25 (m,5H). Calc. 

for C13H2003S: C, 2 0.92; H, 7.87. Found: C, 60.t31; H, 8.09%. 

(6E,8aa)-TetrahydroG- bensyloxy-6.8a-methanossulen-(lH~6H)-2,7-dione 20 

A solution of 19 (1.2 g, 4.8 mmol) in ethanol (40 ml) was refluxed for 3h in the presence of 

Ni Raney W2 previously deactivated by refluxing for 2h in acetone. The cooled mixture was 

filtered through a pad of Celite and the solvent removed at reduced pressure. The residue was 

purified by flash chromatography on silica gel (eluent: as a 

white crystals: m.p. 

ether) to afford 20 (0.74 g,_z3% 

95-97OC (ether - pentane 1:2); IR (nujol): 1750. 1710, 1630 cm . 
1 
H NMR 

(CDC13):d 1.1-3.1 (m,8H), 5.1 (m,2H), 5.7 (m.lH), 7.4 (s,5H). Calc. for C C, 76.57; 

H, 6.43. Found: C, 76.49; H, 6.39%. 
18H1803: 

(3aa,66.8aa)-Hexahydro-6-hydroxy-3a.6_m,5-dione 21 

A solution of 20 (0.5 g, 1.77 mmol) in methanol (30 ml) was hydrogenated at room temperature 

in the presence of 10% palladium on carbon under 1 atm of hydrogen gas. After 12h, the mixture 

was filtered through a pad of Celite and the solvent removed at reduced pressure. Flash 

chromatography of the residue on silica gel (el ent: 
-? 

ether) afforded 21 (0.3 g, 90%): m.p. 

113-115°C (pentane); IR (nujol): 3450, 1745 cm . Calc. for CllH1403: C, 68.02; H, 7.27. 

Found: C, 68.07; H, 7.32%. 

(3aa,GB,8aa)-Hexahyd~6r(2 -methoxyethoxy)methoxy 

To a solution of 21 
. 

-3a.6-methsnoasulen-(3H,4H)-2,5-dione 22 

(0.5 g, 2.575 mmol) in CH Cl (30 ml) were added diisopropylethylamine 

(1.3 ml, 7.7 mmol) and MEM-chloride (0.85 ml, 727 zmol). Water (30 ml) and the mixture stirred 

for 24h at room temperature was added, the organic phase separated, dried and concentrated at 

reduced pressure. The residue was flash chromatographes on silica gel (eluent: ethyl_lacepte) 

to afford 22 (0.55 g, 84%) as a white solid: m.p. 104-106°C; IR (nujol): 1745 cm . H NMR 

(CDC13):6 1.6-2.6 (m,13H). 3.3 (s,3H), 3.4-3.8 (m,4H), 4.6-4.9 (AB system, 2H, J=8 Hz). Calc. 

for C15H2205: C. 63.81; H, 7.85. Found: C, 63.88: H, 7.92%. 

(3'a~.6~6.8~aa~-Tetrahydro-6~~(2-methoxyethoxy~methoxy‘l-spir0~l,~di0x0~~e-2~2~(3~H)-~~~-3a. 

-methanoazulen -5'(4'H)-one 23 
L 

A mixture of 22 (0.6 g, 2.4 mmol), 2-methyl-2-ethyl-1,3-dioxolane (MED) (5 ml), ethylene 

glycol (0.12 ml) and few crystals of p-toluene sulfonic acid was stirred at room temperature 

for lh. Triethylamine (0.3 ml) was added, followed by benzene (20 ml) and water (20 ml). The 

organic layer was separated, in vacua to give 23 in essentially 

quantitative yield : II7 (neat): 

dried an21 cofcentrated 

1750 cm . H NMR (CDCl ):d 1.5-2.6 

3.5-3.8 (m, 4H). 3.8-4.1 (m, 4H). 4.6-4.9 (AB system, 2H,3J=8Hs). Calc. 

(m, 13H), 3.4 (s, 3H), 

H. 0.03. Found: C. 62.49; H, 8.11%. 

for C17H2606:C, 62.56; 

(3'aa,G1B,8'aa)-Herahydro-6'- (2-methoxyethoxy)methoxy -b'methylene-Spiro 1,3-dioxolsne-2,2'- 

(3'H)- lH.3a.6 -methanoazule 

To a solution of 19 (0.29 g, mol) in dry CH Cl the previously prepared Hoshima reagent 

(CH2Br2-Zn-Tic14 system) was added until the 1 2' SO ution became dark brown. After being stirred 

at 25°C for 30 min. the mixture was diluted with ethr and the organic layer washed with 

saturated aqueous solution of sodium bicarbonate. The organic extract was dried and 

concentrated in vacua. The residue was flash chromatographed on silica gel (eluent: ether) to 
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give 24 (0.26 g, 90%) as a colorless oil: 'H NMR (CDCl ): n 1.5-2.6 (m, 

3.5-3x (m,4H), 3.8-4.1 (m,4H), 4.6-5.0 (m,4H). Calc. for3 C H 0 

13H), 3.4 (s,3H), 

C, 66.53; H, 8.77%. 
18 28 5 

: C, 66.64; H, 8.70. Found: 

(3a ,6B,8a )-Hexahydro-6-hydr~-xy-5aethylene-lH-3a.Goethanoazulen-2(3H)-one 13 - 
To asolution of 24 (0.29 g, 1 mmol) in dry CH2C12 (10 ml), z' inc bromide was added and the 

mixture stirred for 12h at room temperature. Water (5 ml) was added, the organic layer 

separated, washed with water (2x5 ml), dried and concentrated under reduced pressure; The 

residue was purified by flash crhomatogr p y on silica gel (eluent: ether) 
Q,$,lO 

82%) as a white crystals: m.p. 114-116°C. IR (nujol): 3450, 1745 crn-?*~MRz(dZ5)$ 

1.5-2.6 (m, 14H), 4.9 (t,lH), 5.1 (t.lH). Calc. for C : C, 74.97; H, 8.39. Found? C, 

75.06; H. 0.42%. 
12H16 02 
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