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Abstract - The synthesis of a bicycloL-2.2.1 7heptane derivative 2 and its 
transformation to two different clclopentanoTd derivatives Fand Ts through 
intramolecular functionalisation is described for entry into diterpene and 
sesqufterpene. 

The fragmentation of bicycloL_2.2.1_7heptanes for the regio and stereocontrol?;d2delivery of subs- 

tituted cyclopentanes is an inventive strategy for natural product elaboration ’ , The synthesis 

of prostaglandins 
. . 

PGF2,1d 

and diter~;e~terpenelb and triqulnanes lc through oxidative fission of C-C double bond, 

through Baeyer-Villiger rearrangement, spirocyclic sesquiterpene hinesolI' 

through an anionic rearrangement of 1,3-diol monotosylate, antibiotic ikarugamycin lg through 

L3.3_7 sigmatropic rearrangement and our recent synthetic approach2 to &5-6 and 5-7-6 tricyclic 

systems from app~priately functionalised bic~clo~~.2,l_~eptanes are the representative examples 

of the various applications of this strategy, In this paper, we extend this concept to demors- 

trate how a single bicycloL?.2,lheptane derivative 2, through intramolecular functionalisation, 

may lead to two different cyclopentanoid derivatives 2 and Is, intermediates for our projected 

synthesis of the diterpene ryanodine3 and the sesquiterpenes of the linear triquinane4 family 

respectively, 

The required bicycloL_2.2,l_;rheptane 2_ m.p. 78'C was obtained in 76% yield as the sole 

product by a Diels-Alder cycloaddition between the indenone ketal _t5 and cyclopentadine in aqueous 

acidic tetrahydrofuran (THF) (Scheme-l). ..- 
as endo from 'H NMR analysis. 

The stereochemistry of the adduct zwas readily assigned 

The most characteristic feature of 2 in 'H NMR is the absorption of 

the exo proton HE at 6 3.19 as a doublet of doublet with JDE = 6.6 Hz and JEF = 4 Hz closely - 
comparable with the coupling constant reported for the exo protons in norbornene derivatives 2a,6 . - 
Transformation of the adduct z-to the two different benzhydropentalenes 3 and g now requires 

cleavage of Cl-Cl0 bonds respectively. The CI-Cg bond in gwas cleaved through Baeyer-Villiger 

oxidative ring opening of one of its derivative selectively functionalised at Cg (Scheme-l) while 

C3-Cl0 bond fission was achieved through a double oxidation sequence (Scheme-Z), both the process 

being achieved through regioselective intramolecular transposition of the C3 carbonyl function. 

Reduction of the ketone 2_ in refluxing ether with lithium aluminium hydride (LAH) afforded 

the ~-01 3, m.p. B2'C in 98% yield (Scheme-l), the hydride being delivered from the less hin- -- 
dered B-face of the molecule. The m-orientation of the hydroxyl group in 3was established 

from the coupling constant of the C8-benzylic hydrogen which appeared as a triplet at 6 5.11 

(J=8.8 Hz) closely comparable with the value for an analogous ccmpound2a. The s-01 3when 

subjected to ox~rcurati~ ~~g(OAC)2-H20-THF-NaOH-NaBH~7 underwent smooth cyclisation to afford 

4 _ : The absence of D20 exchangeable hydrogen in 'H NMR of 4 and its resistance to Jones oxidation 

dictated this structural assignment to the oxymercuration product. Hydrogenolysis of 4. follcuedby 
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Jones oxidation afforded the ketone 2, That the C3-carbonyl group in 2 has really been trans- 

posed to C9 to afford 6_ was established by degradation of _6.to the dimethyl ester 7_. Baeyer- 

Yilliger oxidation of the ketone dwith m-chloroperbenzoic acid (mCPBA) afforded a mixture of 

b 

c 

2,R', RC=O 
98X 

3,Rf:OH.R2:H LGX c 5, R1:H,R2:OH 

6 R’R2:0 
+ .’ ’ 

. ” . . 
_’ ,- S,R’=OH,R2:H uyanomnr 

R = Pyrrole-2-catboxy- 88: 
4 10,R’,R2:0 

Reagents: a, Cyclopentadiene-THF-H20-HCI, 

NaOH-NaBH4. d, 10% Pd-C, EtOti, 

doo& 
8 7 

rt. b, LiAlH~-Et20-reflux. c, HgfOAc) -THF-H20 then 

70% HC104. i; e, Jones reagent-acetone, 5 . f, NaH-C6H6- 

HC02Et. g, NaOH-30% H202. h, CH2NZ-Et20. 1, mCPBA-CH2C12-PTS. rt. j, KOH-EtOH+O 

then HCl. 

two regioisomeric lactones from which the major lactone 8 could be isolated in 37% yield through 

fractional crystallfsation. On the other hand, direct saponificati~ of the crude lactone mfx- 

ture followed by esterffication of the resulting hydroxy acids resulted in the cleavage of the 

CI-C9 bond producing the hydroxy ester 9,in 65% yield after crystallisation. Oxidation of 9_ 

to the keto-ester 10 provided structural support to the former. Thus, with the synthesis of the - 
hydroxy ester 2, having four contiguous chiral centres, a stereocontrolled approach towards the 

synthesis of ryanodine is realised as formation of a bond between C9 and CB will provide the 

gross tetracyclic unit present in this dfterpene. 

For achieving the cleavage of C3-CIo bond, Introduction of a carbonyl function at CIo was 

necessary. Treatment of the a-01 Lwith mCPBA in dichlo~~thane afforded the hydroxy ether 

I, m.p. B2'C in 94% yield (Scheme-Z). -I- Oxidation of Il. m.p. 82oC in 94% yield (Scheme-Z). _- 

3 2 ~~o~*~~o~ ~~oM~~o~e 
94x 1S,R1=COM~,~2:~~ b 

t 

ll,R’=Oti,R2:” 14 
18 

12 R’ R2,0 

7iX 

, I 16,R’=COMe,R2-COOhtc 

13,R’zMe,R2:OH ll,R’=OH, R2:COOH 

Reagents: a, mCPBA-CH2C12. b, Jones reagent-acetone. c, MeMgI-Et20. d, H2, 10% Pd-C-EtOH-70% 

HClOg. e, NaI04-CH3CN-H20. f, CH2N2-Et20. g. KOH-H20-EtOH. 

Oxidation of _Il_ provided the desired 10-0x0 derivative 12_ Reaction of 12 with excess of methyl - 

magnesium iodide in ether afforded a mixture of exo and endo addition products from which the -- 
exo addition product IS, m.p. 118’C was isolated in 71% yield. - Hydrogenolysfs of gafforded the 

cis diol g cleavage of which was achieved with excess of sodium metaperiodate in aqueous acetoni- - 
trile to afford 15. m.p. 100°C in 98% yield. The dione 15. having two substituents of dffferent 

oxidation level on the generated cyclopentane ring, was easily transfoned‘to the methyl ester 

16 through Jones oxidation followed by diazomethane treatment. -- Sequential reacttoh of 16 with 
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mCP8A and hydrolysis of the resulting acetoxy ester afforded the hydroxy-acid I7. m.p. 116'C in 

8% overall yield. Finally, Jones oxidation of 17 followed by diazomethane treatment afforded 

the keto-ester Ig in 8UX yield. In the light of the direct transformation of an aromatic ring 

through its Birch reduction product to a cyclopentane ring7, the keto-ester I& can be considered 

as a procursor of linear triquinanes. 

Experimental 

Canpounds described here are recemic mixtures. Melting points were determined for samples 
in open capillary tube8 in a sulfuric acid bath. IR spectra were ecorded on Perkin-Elmer model 
298 in KBr pellet (for solids) and CHC13 solution (for liquids). f H RMR spectra were recorded at 
200 MHz unless otherwise noted on a Varran XL-200 spectrometer with TlfS aa internal standard. 
Microanalyses were performed by Mr. P.P. Bhattacheryya of this laboratory. The procedure for 
'usual work up' involved extraction of organic matter with a water-hiscible solvent (3-4 times), 
washing of the extract with brine, and drying with anhydrous Na2S04. The solvent after work up 
was removed under reduced preasure. Petroleum and light petroleum refer to fractions of petro- 
leum ether boiling in the ranges 60-80° and 40-60°C respectively. Colon chromatography wan 
performed on Si02 (60-120 mesh). 

lB,30,3aB.8aB-TetrehYdro-l.3~etheno-6-methoxybenz/'~e_~ entalen-8 (2H)-one (2). A mixture of the 
6-methoxy indenone ketal 1 _‘ (1.75 g. 9.3 uunolJ. THF 8.7 mL). freshly distilled cvclonentadiene 
(8.8 mL), H20 (0.9 mL) and-cont. Hcl~iO.1 mL) wae stirred magnetically~in a stoppered flask at 
room temperature for 18-20 h until the disappearance of the ketal in TLC. Usual work up of the 
reaction mixture with ether followed by column chromatography (petroleum) afforded a white crys- 
tallineosolid (2-1 (1.48 g, {6X]. Recrystalliaation from ether-petroleum furnished a pure sample, 
m.p. 78 C; IR 1695, 161Ocm- ; H NHR 6 1.70-1.81 (2H), 3.19 (dd, HE, J -6.6 Hz, J =4.0 Hz), 
3.22 (8, H), 3.35 (bra. H), 3.78 (a. 3H). 3.85 (d. H. Ja4.0 Hz). 5.48 @d. H. J-6 sd 3 Hz). 5.89 
(dd 
Found): C, 79.43; H, 6.09. 

316 Hz and 3.2-Hz).and 7.0-7.34 im, 3H). *Anal. calcd. for C15H1402:'C, 79.64; H, 6119. 

18,2,36,3a6,88,8a8-Hexahydro-1,3-etheno-8 -hydroxy-6-methoxybenz/-e Tpentaleae (3). To a magneti- 
cally stirred refluxing suspension of LAH (640 mg. 17 mm011 in azhY&oua ether (i60 mL) was added 
dropwise a solution of the ketone (2) (2 g, 8.69-&~ol) in ether (60 mL). Refluxing was continued 
for another 3.5 h after which it wag cooled to O°C and was decomposed by dropwise addition of 
saturated aqueous eodium sulfate solution. The precipitated white mass was filtered out and the 
filtrate was dried. Removal of oolvent under reduced pressure afforded a white solid (2), (1.98 
g, 98%) m.p. 76-80'~. 
m.p. 82*C; IR 3510, 1610cm- ; 

RecfysEallisation from ether - light petroleum furnished a pure aample, 
H NMR 6 1.56-1.67 (3H), 3.08 (brs, H), 3.14 (bra, H), 3.25 (dd, 

2H, J=9.6 and 4 Hz), 3.73-3.80 (dd. merged under - CMe signal), 3.75 (6, 3H), 5.11 (t, H, J-8.8 
Hz), 5.54 (dd, H, 5~5.6 and 3 Hz), 6.04 (dd, H, J-5.6 and 2.8 Hz), 6.77 (d, 2H, J-8 Hz), 
7.02 (d, H, J=8 Hz). Anal. Calcd. for C15H1602: C, 78.95; H, 7.02. Found: C, 78.85; H, 7.17. 

18,2,38,3a8,86,8a&Hexehydro-l,3-ethano-8.9-epoxy-6-methoxybens/P_7~ent~le~ (4). A solution of 
the hydroxY compound (31 (500 mg. 2.19 mm011 in THF (4 mL) was zdded to .a manneFicallv stirred 
yello; suspension of mercuric acetate (1.32 g, 4.14 mm011 in H20 (6 mL) and &F (6_mLj.- The 
flask w8.s stoppered and stirred at room temperature for 24 h. Aqueous MaOH (6 mL, 3 Ml was then 
added followed by addition of a solution of NaBH4 (125 mg, 3.3Ommol) in 3M aqueoue NaOH (5 mL). 
After stirring for 30 minutes, the reaction mixture was saturated with NaCl and worked up with 
ether to afford a liquid which on sublima 
b.p. 145'C (bath temperature) (0.3 mm). E 

ion afforded (4) (460 mg, 92%) as a colourleaa liquid 
H NMR 6 0.82-1:94 (4H), 2.29 (bra, H), 2.77 (t, H, J= 

5 Hz), 3.24-3.66 (2H), 3.77 (a, 3H), 4.46 (dd. H, J-9.6 and 4 Hz). 5.11 (d. H. J=4.8 Hz). 6.83 
(dd, H, J=9 and 2 Hz), 6.92 (d, H, J=2 Hz), 7;06.(d, H, J-9 Hz). .Anal. &cd; for C15H1602i 
C, 78.95; H, 7.02. Found: C, 78.82; H, 7.29. 

16,2,38,3a6,8,8PB-Hexahydro-l,3-(9-endo-hydroxyethano)-6-meehoxy 
genolysis of the compound (4-1 (480 mg, 2.1 wol) was accwplished in EtOH 
catalyst (100 mg) in presence of 70% HC104 (0.06 mL) for 5-h. 

benzL_e ~~e$a~;~,~$~~ ,,F",;l; 

After neutralization of-the acid 
with powdered NeHCO the reaction mixture was filtered through a short column of SiO to remove 
the catalyst. Remo::l of solvent afforded a white solid (5) (440 mg, 93%); m.p. 102-!06'C. 
Recrysrflljzation from ether - light petroleum furnished tee pure sample, m.p. 108'C; IR 3240, 
16051x0 ; H NMR 6 0.58-1.06 (2H), 1.33-1.88 (3H), 2.36 (bra, H), 2.51 (t, H, 556 Hz), 2.82- 
3.08 (2H), 3.42-3.58 (HI, 3.66-3.90 (HI, 3.78 (I, 3H), 4.24 (m, H), 6.76 (d, 2H, J=lO Hz), 7.03 
(d, H, J-10 He). Anal. calcd. for C15H1802: C, 78.26; H, 7.82. Found: C, 77.95; H, 8.00. 

16,2,38,3a8.8,8~-Hexahydro-l.3-(9-oxo-ethano)-6~ethoxyben~~-e 
lly stirred cold (5-10°C) solution of 5 (440 mg, 1.91 nanolj in 
(1.4 mL) wae added dropwise. After stTrring for additional 30 
poured into water (30 mL). 
76-79OC 

m 
Recrys al 

IR 1730; 1605c& ' 
ization 

Usual work up with ether afforded a solid (6) (375 mg, 86X), 
from ether-light petroleum furnished the pure compound, m.p. 80 C; -8. 

H NMR 6 0.78-1.54 (2H), 1.7-2.08 (2H), 2.52-3.22 (SH), 3.66-4.0 (HI, 3.73 
(8, 3H), 6.66 (brs, H), 6.67 (dd, H, J-8 and 2 Hz) and 7.0 (d, H, J=8 Hz). Anal. calcd. for 
C15H1602: C, 78.95; H, 7.02. Found: C, 78.91; H, 7.35. 

Methyl-ll(.2,38,3aB.8,8aB-hexahydro-6-methoxybenz/-e Tpentalene-lo,Z?o-dicarboxylate (7). A solu- 
tion of the ketone (6) (150 mg, 0.7 maol) in dry-bezzene (2 mL) wae added to a stirrgd ice-cold 

suspension of NaH (985 mg, 20.3 mmol, 50%) (prewashed with petroleum) in benzene followed by a 
drop of HeOH under N2. After stirring for 30 minutes, ethyl formate (0.6 mL, 6 rmnol) was added 
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dropwise. The reaction mixture “as left overnight after stirring et cold for 2 h. UeOH was 

added to cold reaction mixture until effervescence6 stopped. This “as extracted with ether to 
remove any unreected material. The basic aqueous pert after acidification (10% aqueous HCl) “as 
worked up with ether to afford a brown viscous liquid (130 mg). 

The brown mass “as dissolved in 10% aqueous NaOH (9.8 mL) and “as oxidized et room tempere- 
ture by adding H 02 (8.4 mL, 30%) and aqueous NaOH (4.9 mL) in two lots with stirring for 5 h. 
The reaction mix ure after acidification (6N HCL) wes worked up with ether to afford the solid e 
dicerboxylic acid, which on treatmenelwifh ethereal diezomethene afforded the dimethyl ester (1) 
(100 mg, 50x), m.p. 11O’C; IR 1735~~1 . H NMR 6 2.01-2.30 (3H), 2.79-2.83 (HI, 2.93-3.07 (ZH), 
3.38-3.50 (H), 3.53 (s, 3H), 3.74 (a, ;H), 3.75 (s, 3H), 3.97 (t, H, 507.8 Hz), 6.66 (bra, 2H), 
6.92 (d, H, J-8.8 Hz). Anal. celcd. for C1JH2005: C, 67.10; H, 6.56. Found: C, 66.82; H, 6.85. 

lB,2,38,3eB,8,8aB-Hexahydro-6-methoxybent/ Tpentalen-laS3a-methylene cerboxy lectone (8). 
A dolution of the ketone (6) (200 mg, 0.87~01) in CR Cl (16 mL) was stirred vith a&PC (325 
q, 1.87 lam011 and NeHC03 7570 mg, 6.78 mm011 et room empereture for 30 h. The reaction mixture ? 2 
“as successively washed with 5% aqueous Ne2S03 
(3 x 5 OIL), brine (2 x 5 II&) end sried. 

(3 x 5 mL), H20 (2 x 5 mL), 5% aqueous NaHC03 
Remwel of solvent afforded a liquid which on filtra- 

tion through a short column of neutral Al O3 afforded a solid (160 mg, 75%) as a mixture of two 
regio-iscmeric lactones. 
m.p. 84’C; IR 1730, 

Efpefted crystaflrzation afforded the major lectone (8) (80 mg, 37%), 
1600~~1 ; H NMR 6 0.80-1.24 (2H), 1.70-2.58 (3H), 2.80 (Q-H), 2.92-3.36 

(2H), 3.80 (8, 3H), 3.98 (t, H, ~-8 Hz), 4.84 (brs, H), 6.78 (dd, 2H, J-10 end ~--HZ) end 7.05 
(d, H, J-10 HE). Anal. celcd. for C15H1603: C, 73.77; H, 6.55. Found: C, 74.02; H, 6.74. 

18,2,36,3aB,8,8aS-Hexahydro-la-hydroxy-3a-carbomethox~ethyl-6~ethoxybenz/~e Tpentaleae (9). 
The crude lactone mixture (75 m. 0.30 ussol) obteined as above “as hvdrolvyed-bv refluxinn-for 
3.5 h vith 2.5% aqueous ethanol;; KOH (4 mL). The reaction mixture after-dilution with Hi0 was 
extracted with ether to remove unhydrolyzed materiel. The basic aqueous pert on acidification 
(6N HCl) “as saturated with NeCl end worked up with ether to afford the hydroxy acid which was 
directly esterified with ethereal diazomethene. Crystallization of the crude methyl ester, from 

;;;;r-;;;;m-P f 
et olelnn afforded the pure hydroxy ester (9) (55 mg, 65%), m.p. 94’C; IR 3420, 

H NMR 6 1.20-1.26 (ZH), 1.91-2.14 (ZH),-2.36-2.86 (3H), 3.16-3.25 (ZH), 3.68 
(a, jH,, 3.77 ts, H), 3.78 ( s, 3H), 4.16-4.34 (H), 6.68 (dd, H, 518.3 and 2.5 Hz), 6.75 (8, H), 
6.94 (d, H, 3=8.2 Hz). Anal. celcd. for C16H2004: C, 69.36; H, 7.24. Found: C, 69.15; H, 7.42. 

2.3B,3a8,8a&Tetrahydro-3a-carbomethoxymethyl-6~ethoxybe~s/-e Tpentalen-1-(8H)-one (10). 
To a magnetically stirred cold (5-10°C) solution of (9) (25-1~7 0.09 nrmol) rn acetone72 mL), 
Jones reagent (0.15 mL) was added dropwise, After st:rring for additional 1 h 

;;;;P’;R”;;3;;;Kef 1 
‘nto water (6 mL) and worked up with ether to afford a liquid 

the reaction 
(10) (22 mg, 

H Nl4R 6 1.64-1.76 (28),2.40-2.66 (2H), 2.81-3.13 (4H), 3.73 (sT3H), 3.77 
(6, 3H), 4.05 (t, H, J-6.4 Hz), 6.75 (d, ZH, J-8 Hz), 7.19 (d, H, J=8 Hz). Anal. celcd. for 
C16H1804: C, 70.07; H, 6.56. Found: C, 70.12; H, 6.37, 

16,2,36,3a6,86,8eBHexehydro-8a,9a-epoxy-l,3-~lO-exohydroxy ethenoj-6methoxybenz/-e 7ptiag(11! 
A solution of the hvdroxv compound (3) (3~. 13.15 mmol) in CH,Cl, (90 mL) we8 - 
stirred magnetically with m&A (2:55 g, 15_nrnol)-it room temperature forL 18 b. The reaction 
mixture “as successively “eshed with 5% aqueous Na2S03 (3 x 25 mL), H 0 (2 x 25 mL), 5% aqueous 
NeHCO (3 x 25 mL), brine end dried. 
108-1jO’C. 

Removal of solvent afforded a szlid (11) (3 g, 93X), m.p. 
Recrystellizeti~p 1 

m.p. 1lO’C; IR 3400, 1610~1s ; 
f om methylene chloride-light petroleum afforzd the pure sample, 

H NHR 6 1.68-1.98 (2H), 2.24-2.38 (2111, 2.83 (bra, H), 3.19 
(a, H), 3.29-3.53 (ZH), 3.83 (8, 3H), 4.14 (d, H, J=6 Hz), 5.15 (d, H, J-6 Hz), 6.89 (d, H, J= 
8 Hz), 6.92 (s, H), 7.16 (d, A, J=8 Hz). Anal, calcd. for C15H1603: C, 73.77; H, 6.55, Found: 
C, 73.82; H, 6.65. 

16,2,36,3a6,86,8eB-Hexehydro-Ra,9a-e oxy-1,3-(lo-oxoethano)-6-methoxybenz/-e Tpentalene (12). 
To a magnetically stirred cold (5-10’~) solution of (11) (320 OIR. 1.31 mmgl)-in acetone (s mL), 
Jones reagent (l-ml.) “as added dropwise. After stir&g for additional 45 minutes the reaction- 
mixture “as poured into water (40 mL) and worked up with ether to afford a solid (12) (300 mg, 
94%) , m.p. 76-gO°C Recrystellizet’on from CH Cl -light petroleum furnished the analytical 
sample, m.p. 82’C;‘IR 1750, 16lOcm-*; 1 H NMR 621.?9-1.95 (HI, 2.00-2.37 (2H), 3.07 (brs, H), 
3.32 (bra, H), 3.81 (a, 3H), 3.91 (q, H, J=8 Hz), 5.57 (d, H, J=8 Hz), 5.89 (d, H, 558 Hz), 6.92 
(dd, H, J=8 and 2 Hz), 6.96 (d, H, J=ZHz), 7.20 (d, H, J=8 Hz). Anal. celcd. for C15H1403: C, 
74.38; H, 5.78. Found: C, 74.44; H, 5.78. 

16,2,36,3a6,86,8a~Hexehydro-8~,9~epoxy-1,3-(10-exo-methy1-10-endo-hydroxyetheno~-6~ethoxybenz 
/ e jpentelene - - (13). A solution of the ketone (12) (1.58 g, 6.5 nimol) in ether (60 mL) “as added 
dropwise to a magnetically stirred ice-cold solucon of MeHgI /-prepared from Hg (1.7 g 70.8 mg 
atom) and MeI (8 mL, 1.28 rmnol) in ether (40 mL)_7. After complete addition, the reaction mix- 
ture was stirred for additional 2 h et room temperature end left overnight. Then the reaction 
mixture was refluxed for 1 h. The cold reaction mixture “es quenched vith saturated aqueous 
NH4Cl. The ether layer was separated end the aqueous pert “es extracted with ether (3 x 40 mL). 
The combined ether layer was washed with brine (2 x 20 mL), dried. Removal of solvent afforded 
a solid which was found to be a mixture of two components having Rt’s 7.31 end 9.29 min in the 
ratio of 78:20 by GC. Repeated crystallization of the crude product mixture from ethefilipht 
petroleun afforded the desired endo-ol (13) (1.2 g, 71%), m.p. 118’~; IR 3540, 1605 cm ; H 
NMR 6 1.17 (s, 3H), 1.67-1.86 (~‘~287brs, H), 2.90 (bra. H), 3.41-3.79 (3H), 3.79 (8, 3H), 
3.87 (d, H, J=4.3 Hz), 5.22 (d, H, 504.6 Hz), 6.87 (dd, H, 518.2 end 2.5 Hz), 6.93 (d, H, J-Z.4 
Hz), 7.23 (d, H, 5~8.2 Hz). Anal. celcd. for C16H1803: C, 74.71; H, 6.97. Found: C, 74.68; H, 
7.15. 
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18,2,3~3~6,8,8abHexahydro-l,3-(l~exo-methyl-9,l~endo-dihydroxyethano)-6-methoxy~n~~~e_~pent~- 
lene (14). Hydrogcnolyeis of the compound (13) (1.4 g, 5.42 -01) w.ss accomplished in EtOH (25 
mL) usgg 10% Pd/C (500 mg9) in presence of EO,. (70X, 0.2 mL) for 9 h. After neutralization of 
the acid with powdered N&C03, the reaction mix&e was filtered to remove the catalyst. Removal 
of solvent from the filtrate afforded a white solid (14) (1.13 g, 80%). Recryrtolijsation from 
ether-light petroleum furnished the pure sample, m.p.‘-i30°C; IR 3520, 3350, 16OOcm ; _HNMR6 
1.20 (8, 3H), 1.28 (m, H), 1.50 (m, HI, 2.22 (bra, 2H), 2.45-3.10 (4111, 3.64-4.0 (3H), 3.78 
(s, 3H), 6.79 (bra, 2H), 7.27 (d, H, J=9 Hz). Anal. calcd. for C16H2003: C, 73.84; A, 7.69. 
Found: C, 73.92; H, 7.65. 

18,2,38,3a6,8,8a~Hexahydro:3a_acetyl~6_methoxybenz/-e 
compound (14) (1.05 I(. 4.03 ussol) in acetonitrile ('52 
sodium metGeriodste_i2.62 g, 12.3 nrmol) at room temperature for 5 h. The reaction mixture was 
diluted with water and worked up with ether to afford a solid (2) (940 mg, 90x), m.p. 98-1OD'C. 
Recryst ll'sation from ether-light petroleum afforded the pure sample, m.p. 1OO'C; IR 1700, 
1600cm-8; ] H NHR 6 2.05 (8, 3H), 2.23-3.56 (6H), 3.90 (bra, H), 3.98-4.2 (H), 6.61 (bra, 2H), 
6.83 (d, H. J=8 Hz), 9.67 (d, H, J=2 HZ). Anal. calcd; for C16H1803: C, 74.71; H, 6.97. Found: 
C, 74.98; H, 7.21. 

Hethyl-l6,2,38,3a6,8,8a~Hexahydto-3~~cetyl-6~thoxybate (16). 
ToaCatirred solution of 15 (930 mg, 3.6 mmol) in acetone (28 mL), 
Jones reagent (3 mL) was added dropwise. After atirzng for additional 30 minutes, the reaction 
mixture was poured into water (80 mL) and worked up with ethylacetate. The organic layer was 
washed with 2% aqueous NaOH solution. The basic aqueous washing was acidified with 6N HCl end 
worked up with ethylacetate to afford the acid, m.p. 156-16O'C which wes esterified with etherenl 
diazomethane to afford the methyl ester (16) (700 xg, 6721, o.p. 82-85'C. Recryststlifation from 
ether-light petroleum afforded the,pure sample, m.p. 85'~; I.R. 1720, 1695, 16lOcm ; HtWR6 
1.91 (8, 3H), 1.92-2.25 (281, 2.70-2.89 (HI, 2.92-3.15 (3H), 3.34-3.49 (septet, H), 3.70 (a, 3H), 
3.71 (8, 3H1, 4.00 (dd, H, J-8.3 and 9.8 Hz), 6.58 (d, H, 5~2.4 Hz), 6.63 (a, H), 6.84 (d, H, J= 
7.8 Bzl. Anal. calcd. for C17H2004: C, 70.83; H, 6.94. Found: C, 71.11; H, 7.30. 

1~,2,3f3,3aB.8,8aEHexahydro-3a-hydroxy-6-methoxybenz~~e TRentalene-lo-cerboxylic acid (17). A 
sclution of 16 (600 nig. 2.08 1~01) in CH,Cl_ (30 mL$ was-stirred manaeticlllv with mCPBA7480 me. 
2.7 mmol) aoT_PTS (7i.mg, 0.37 mmol) at'rob temperature for 30 h.- The reartion mixture was I' 
successively washed with 5% aqueous Na.S03 
10 mL), brine (2 x 10 mL) and dried. K 

(3 x 10 mL1, H 0 
emoval of solvent f 

(2 x 10 mL), 5% aqueous NaHC03 (3 x 
allowed by column chromatogt-aphy of the 

residual oil afforded a white solid (520 mg, 82X), m.p. 56-58'C. Recrystallizati_op flom ether- 
light petroleum furnished the analytical sample, m.p. 58'C; IR 1725, 1695, 1610~1s ; HNMRd 
1.92-2.14 (2H), 2.27 (8, 3H), 2.62-2.78 (HI, 2.94-3.13 (3H), 3.34-3.48 (Bl, 3.68 (8, 3R), 3.77 
(8, 3H), 3.90 (H, dd, 3~8.8 and 3.1 Hz), 6.66-6.77 (2H), 7.08 (d, H, J-8.2 Hz). Anal. calcd for 
C17H2005: C, 67.10; H, 6.57. Found: C, 67.32; H, 6.73. 

A solution of the above acetate (120 mg, 0.39 wol) in ethanol (6 mL) was stirred with 
aqueous KOH (6 mL, 10%) under N 

P. 
at room temperature for 1 h followed by refluxing for 45 min. 

The reaction mixture after dulu ion with H20 was extracted with ethylacetate to remove unhydro- 
lysed material. The basic aqueous part on acidification with 6N HCl was worked up with ethyl- 
acetate to afford solid hydroxy acid (17) (95 mg, 97x1, m.p. 110;114'C. Recrystallization-from 
fthylacetate-light petroleum afforded the pure sample, m.p. 116 C. IR 3420, 1700, 1605cm ; 
H NMR (of methyl ester) 6 1.62 (bra, H), 2.0-2.16 (2H), 2.72-3.22 (4H), 3.34 (d, H, J-8 Hz), 
3.49 (d, H, J-6.8 Hz), 3.64 (8, 3H), 3.74 (8, 3H), 6.72 (d, 2H, J=8 Hz), 7.06 (d, H, 518 Hz). 
Anal. calcd. for C14H1604: C, 67.73; H, 6.50. Found: C, 68.00; H, 6.80. 

~ethyl-l8,3a6,8,8aBrTetrahydro-3(2H)-oxo-6-methoxybenz/~e Tpentalene-la-carboxylate (18). 
To a magnetically stirred cold (5-10°C solution of (177 CT50 mg, 1.0 cm1011 in acetone77 mL). 
Jones reagent (0.85 mL) was added dropwise. After siyrring fo;.additional 1 h, the reaction. 
mixture was poured into water (20 mL) and extracted with ethylacetate. The organic layer was 
washed with 2% aqueous NaOH solution. The chilled basic aqueous washing was then acidified with 
6N HCl and wprked up with ethylacetate to afford the keto acid (200 mg, 80x1, m.p. 108'C; IR: 
1695-161Ocm , which waslconverted to the corresponding methyl ester (18) by treatment with 
ethereal diasomethane; H NMR 6 1.94-2.16 (2H). 2.60-3.40 (5H). 3.66 T;;. 3Hl. 3.76 (8. 3H). 6.72 
(d, 2H, J-8 Hz), 7.08 (d, H, J=8 Hz). Anal. calcd. for C15H16G4: C, 69121;.R, 6.20. 'Found: 
C, 69.03; H, 6.30. 
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