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The structural complexities and diverse biological activities of several classes of 

natural products such as the sesquiterpene hirsutie acid' A, the diterpenes 

ryanodo12 2, dolatrio13 2, graynotoxins 4 5 and other related terpenoids have not 

only attracted the attention of synthetic chemists, but call for development of new 

synthetic strategies. Structurally, each of these molecules contains a fused 5-n-6 

carbocyclic ring system (except L , S-5-5 system), Our approach toward the synthesis 

of these molecules is based on the construction of 5-n-6 carbocyclic ring system at 

the initial stage in which the six membered ring is aromatic so that in the final 

stage the aromatic ring can be used for building up the rest of the molecule. The 

5-5-5 ring system be, in principle, derivable from S-5-6 ring system after reduction 

of aromatic ring followed by ring contraction', In this paper we wish to report the 

result of our preliminary investigations le&j.ng to a general stereocontrolled route 

for the construction of 5-n-6 tricyelic ring systems e.g. benzohydropentalene6 14 

(S-5-6) and b enzohydroazulene 7 2f (5-7-6) for entry into 

products. 

these classes of natural 
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The key concept in our synthetic strategy was the deployment ofthe benzo- 

cycloenone, e.g. the ketal _5, the latent indenone, as the dienophile in a stereo- 

specific Dlels-Alder cycloaddition with cyclopentadiene to generate the norbornene 

derivative 2 as delineated in Scheme 1 for the synthesis of benzohydropentalene 2. 

Instead of normal cleavage of norbornene double bond leading to a eyclopentane ring* 

it was desired to achieve cleavage of the Cl-C6 bond in 2, so that the ring 

residues would provide the substituents necessary for building up the natural 

products. This was achieved by regioselective oxidation of the double bond in & to 

provide the norbornanone 10 through an intramolecular process. Transformation of 

10 to 14 was then easy. 

RESULTS AND DISCUSSION 

The indenone ketal z9, on treatment with excess cyclopentadiene in aqueous 

tetrahydrofuran in presence of trace HCl at room temperature afforded alo (Scheme 11, 

m.p. 56OC in 70% yield as the only isolable product. The stereochemistry of the 

Diels-Alder adduct & can be readily assigned as endo from the coupling constant lI of 

the exo protons HI,, HE in 'H NMR spectrum. The characteristic feature of 5 in 
1- H NMR was the absorption of the two exo hydrogens HE and HD centered at 6 3.13 and 

3.85 respectively as doublet of doublFwith JDE = 6.6 Hz, JEF= 4.6 Hz and JCD=4.4 Hz, 

The downfield chemical shift of HA (6 5.86) compared to that of s (6 5.43) was 

Scheme 1 

b 6 Rl R2-0 ,' B - 
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1 

1, R =OH, 2 R -H 

it 
e 
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Reaoentst a, THF-H20-HC1, r.t. b, NaBH4-EtOH. c, H~(OAC)~-THF-H~O, NaBH4-NaOH-H20. 

d, Ha, 10% Pd/C-EtoH-HC104. e, Jones reagent- f, NaH-Bz--HC02Et, 30% H202-NaOH-H20, 

g, CHZNZ-EtZO. h, mCPBA-CH2C12-pTS. i, MeOH-H20-KOH. 

expected as HA falls under the deshielding cone of the carbonyl group. Reduction 

of the ketone 5 with sodium borohydride in ethanol afforded exclusively the syn-01 

3, m-p. 104OC in 98% yield, the hydride being delivered from the less hindered exe 

face. The syn orientation of the hydroxyl group in _ 7 was assured from the coupling 

constantll of the C-3 benzylic hydrogen which appeared as a triplet at 6 5.14 

(J=8.9 Hz), Attempted oxymercuration of 2 followed by borohydride reduction of 
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C-Hg bond gave only the cyclic ether s as a colourless liquid in very high yield. 

Hydrogenolysis of 2 afforded the m-01 2 as a white crystalline solid which upon 

Jones oxidation gave the ketone l.0, mp 82OC in 91% yield. The structure of the 

ketone 10 was established by its degradation to the dimethyl ester 

farmylation followed by oxidation and esterification (CH2N2). Thus, the sequence 

fr- G represents a novel 1 * 4 carbonyl group transposition. Finally, Baeyer- 

Villiger oxidation of 10 afforded a mixture of the lactone 112 and its regioisomer 

from which the hydroxy ester was isolated in 65% yield after saponification 

and esterification followed by crystallisatian, Jones oxidation of 13 gave the 

benzohydropentalene incorporating the tricyclic ring system with three conti- 

guous stereocentres as found in ryanodol 2, 

Extension of this concept for the synthesis of benzohydroazulene 21 
-*c\ 

(Scheme 2) was next realised. The easily accessible benzocycloheptenone g1L on 

treatment with excess cyclopentadiene in anhydrous THF in presence of Ale13 as 

catalyst at O-S°C afforded the ketone l-6, mp 66OC in 71% yield as the only isolable 

product. The endo configuration was again based on the coupling constant of the 

HE in 'H NMR spectrum of I6, JDE=10.3 Hz and JEF=3 Hz. Unlike 2, 

sodium borohydride deduction of _l& afforded, a non separable mixture, of the s- 

01 17 and the anti-01 in 3:2 ratio. However, the u-01 l7, mp 72OC was 

obtained excluzly by LiA1H4 reduction of _l&, Although the syn orientation 

of the hydroxyl group in 17 could not be assigned from 
1 
H NMB spectrum as the 

C-3 benzylic hydrogen in both the syn and anti-01 exhibited a doublet with iden- 

tical coupling constant (J=3 Hz), it became evident from subsequent reaction 

for which a syn orientation of the hydroxyl group in 17 was absolutely necessary. 

Scheme 2, 

R1 R2-0 8 

R'=OH, R2=H 

Reagents: a, THE-A1C13, S°C. b, LiA1H4-Et20. c, NBS-DMSO. d, H 
2' 

10% Pd/C- 

EtOH-K104. e, Jones reagent. f, Zn-HOAc, g, mCPBA-CH2C12-pTS. h, MeOH-KOH- 

H20, i, CH2N2-Et20, j, NaOMe-MeOH, A. 

Oxymercuratlon of 17 afforded a mixture of diols. - However, f7 on treatment 

with NBS-DMSO underwent smooth bromocyclization to produce the bromo ether 

18, mp 98OC in 91% yield, Hydrogenolysis of 18 to the corresponding 
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bromohydrin followed by Jones oxidation and subsequent Zn-HOAc debromination 

afforded the solid ketone 19 in 78% overall yield from l8, 19 gave a single 1-x). 

Ttansfornaticn of20 to the ketatezwas achieved in 50% overall yield by saponification, 

esterification and Jones oxidation. Treatment of 21 with a large excess of NaOMe 

in MeOH afforded an equilibrium mixture of 21 and 22 in a ratio of ca 30~70. The 

benzohydroazulenes 21 and 22, thus obtained, incorporates the tricyclic skeleton 

of the antitumor diterpene dolatriol 3 and graynotoxin-I 4. 

To conclude, the reaction sequence described in Scheme 1 and Scheme 2 

amounts to three carbon attachment to a bicyclic enone leading to a simple cyclo- 

pentannulation'approach. Application of the ideas delineated here for the synthesis 

of a tricyclopentanoid and a dolastane diterpene is being actively pursued and 

will be reported in due course. 

EXPERIMENTAL 

Compounds described here are racemic mixtures. Melting points were 
determined for samples in open capillary tubes in a sulphuric acid bath. IR 
spectra were recorded on Perkin-Elmer model 298 in KBr pellet. W spectra were 
recorded on a Beckman DU spectrophotometer for solutions in 95% ethanol. lH NMR 
spectra were recorded at 60 MHz and 200 MHz on Varian Associates models T-60A and 
XL-200 respectively with TMS as internal standard. Microanalyses were performed 
by Mr. P.P. Bhattacharyya of this laboratory. The procedure for "usual work-up" 
involved extraction of organic matter with a water-immisicible solvent (3-4 times), 
washing of the extract with brine, and drying with anhydrous Na2S04. The solvent 
was removed under reduced pressure to afford the material. Petroleum and light 
petroleum refer to fractions boiling in the ranges 60-80° and 40-6OoC, respectively. 
Column chromatography was performed on Si02 (60-120 mesh). 

endo-4,5-Benzo~i~~or5.2.?.Q2~6 7dw-8-en-3-one IS). 
cold solution of t& indenongketal 5' 

To a magnetically stirred ice- 
(1.4$g, 8.56 mmol) in THF (8 mljcontaining 

freshly distilled cyclopentadiene (8_mL), was added Hz0 (6 mL) and cont. HC1. 
(0.07 mLI* The flask was stoppered and the stirring at room temperature was 
continued for 16-18 h until disappearance of the ketal 2 in TLC. The reaction 
mixture was diluted with Et20 (50 I&) and washed with 5% aq. NaHC03 solution, 
brine and dried. Removal of solvents under reduced pressure afforded a yellow 
oil which after chromatography through a column of SiO 2 afforded a white crysta- 
lline solid 5 (1.18 g, '70%). Recrystallisation from ether-petroleum furnished a 
pure sam le, 

P 
m.p. 56oC; W Xmax 247 and 290 nm (log in 4.19 and 3.49); IR 1700 and 

1600 cm- ; 'H NMR (200 MHz) (CDCljf 6 1.68-1.79 (m,2H), 3.13 (dd,HR, JDD"6.6 Hz, 
JEF-~.~ Hz), 3.22 (br s,ft=), 
5.43 (dd,H 
7.21-7.56 'tm,",AHa: So6 '=' JBC 

z.;6Hi;r s,HF), 3.85 (dd,HD, JDR'6.6 H~,~J;;;f.z~;zl, 
, 5.86 (dd, HA, JARm5.6 HZ, JAF= 

endo, yn-4,5-B~z6~~~celrrS5.2.1.02~6 Tdec-d-em-3-ol Itl. A solution of the ketone (&I 
(420 mg, 2.1 mmol) in GOH (25 & was stirred Ggnetieally with NaBH4 (250 mg, 
7 mmol) under N2 atmosphere at room temperature for 19-20 hrs. The residue after 
removal of the alcohol under reduced pressure was treated with 1% aq. NaOH 
solution (20 mL). , Usual work up of the alkaline solution with Et20 afforded a 
white solid (7) (415 mg, 98%), mp 99-102°C. Recrystallisation from ether-light 
petroleum furnished a pure sample, mp 104OC; IR 3500, 1635, 1600 cm-l, lH NMR 
(Z&O~Z;~(CDC~~)~ 1.53-1.64 (m,2H), 1.70 (d,-OH, J=9 Hz), 3.09-3.26 (m,W,3.79 

J&5.; 
= 8.2 Hz, JDC"4.4 Hz), 5.14 [&, C$OH), J=8.9 I-32-7, 5.49 (dd, HB, 

Hz; JBc=3 Hz), 6.01 (dd, HA, (m,4Htf), 
Anal. Calcd for C14H140: C, 84.81: H, 

J B=5.5 Hz, JAF=2.5 Hz), and 7.08-7.27 
4 .l2. Found: C, 84.94; H, 7.19. 

hj~%L%~~JLation 06 ,7. ~ndo-4,5-B~zo-3,9-~p0.~;tn~~~~3.2.1~0~’~ -f&cane 181. A solution of 
1 (850 mg, 4.29 mmol) in THF (9 mL) was added to a mag~eticall~stirred yellow 
suspension of Hg(OAc)2 (2.85 g, 8.93 mmol) in H20 (12 mL) and THF (12 mL). The 
flask was stoppered and stirred at rt for 24 h, 3M aq. NaOH (12 mL) was then 
added followed by addition of a solution of NaBH4 (250 mg, 6*61 mmol) in 3M aq. 
NaOH (10 mL). After stirring for 30 min, the reaction mixture was saturated with 
NaCl and worked up in the usual way with Et20 to afford a liquid which on subli- 
mation afford 93%) as a colourless liquid, bp 114OC (bath temp.1 
(0.5 mm Hg): 

pd g (790 mg, 
H NMR (60 MHz) (CC1 ) 6 0.65-1.98 (m,4H), 2.21 (brs,lH), 2.61 (brt, 

J=5 Hz,lH), 2.95-3.51 (m,2H), 4.2 !! (dd,J=8 and 5 Hz, HH), 4.95 (d,J=6 Hz, HA) and 
6.93-7.18 (m,4H). Anal Calcd. for C 
H, 7.IO. 

14H140: C, 84.81; H, 7.12. Found: C, 85.19; 
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en.&, ayn-4,5-&Lnzo~yceor5.Z.1,01'6 'jdewe-9-al 19). Hydrogenolysis af the compound 
(8) (79Omg, 4 mmol) was-accomplished in EtOM nij mt) using 10% Pd/C 050 mg) fn 
pFesence of 70% ~cloq (,OQ mt) for 7 h. After neutralisation of the acid with 
powdered NaHCU3, the reaction nfxture was filtered throught a short column Uf si02 
to remove the catalyst, Remaval of solvent afforded a white: solid lz!, (740 mg, 
93X), mp 122-126OC. RecrystaLlisatien f rom ether-light petroleum furnished the 
pure earnpound, mp 126OC; IR 3220 cm- ; H NMR (60 MHZ) (CCL ) 6 0.46-1.23 (m,3H), 
f*46-1.53 (m,2Htr 2.33-2.6 (m,2H), 2.73-3.63 tm,4H), 3.99-t.3 (m,-CH-OH) f 7.1 
fs, 4HZ + Anal, Calcd, fur Cl4Hl60 : C, 83.96: H, 8.05. Found : c, lh.08: a, 3.41, 

sndo-4,5-13etrz~~~c~~~~*~*1*02~6 ?~~~~~-~~ fWf* Tcs a magneticafly stirred cold 
(54OW) solutian 07 9 f740 rnG# 3.7 mmol) In acetcrne (20 IX&), Jones reagent (2 filLI 
was added dropwise unFi1 the colour of the reagent persisted* After stirring for 
additional 30 min the reaction mixture was poured into water (60 mL)* Usual work 
up with Et 0 afforded t3 solid _I,& (670 mg. 91X), mp 77-81°C, Recrystallisatfon fram 
petroleum z urn&shed analytical sample, mp 82oCr IR I730 cm-l: 1H NMR (60 iulHz)(CClq) 
6 P,O-2.6 fm,2H), 1.83 Im,2H), 2.46-3.1 Im,Si), 3.70-3.9X (m,IH), and 7.0 (s,4H)* 
Anal. Calcd. for C14H140 : C, 84.81; H, 7.12. Found : C, 84.97; H, 7.35. 

~~~~4,5-~~~~-~~2~3~ 3tx~,6,6~3~~~xahy~~~~~~tt~,~P-~cctrr~a~~ t,Ct) e A solutian of 
the ketone 10 (200 mgr 1 mmol) in dry benzene f2 mL) was added to a stirred Ice 
cold suspensioin of NaH (50% ail dispersion) (1.4 g, 29 mmol) (freed from adhereinq 
oil by washing with petroleum) followed by a drop of MeOH under NZ iitmosphere. 
After stirring fcrr 30 min, HCO2Et (f. mL, 10 mmul) was added dropwIse. The reaction 
mixture was left overnight after stirring at cold for 2 h. MeOH was added to cold 
reacti~k&tureiJnti1'effervescenc&s sWpped"* This was extracted with Et20 to remove any 
unreacted material, The usual work up with Et20 of the basic aqueous part after 
acidification (10% aq. HC1) afforded a brown viscous 1fquid (180 mg'l. 

The brown mass was dissolved in POX aq. Na0H (14 II&) and was oxidised at 
rt by adding H2Q2 (10 mL, 30%;) in two lots with stirring for 5 h. Acidification 
of the reaction mixture followed by usual work up with Et20 afforded the sollld 
dicarbxylic acid, which un treatment with ethereal d azumethane 
dimethyl ester ,11 (I40 mg, SO%), mp QWC; IR 1735 cm- f 

affarded the 
; Ifs NMR (60 MHz) {CC141 

6 1.76-3.18 [m,7H), 3.43 (S,3HaC02c~3)R 3.66 [s,3H,C02Cg3), 3.Fi-i;"p dm,:~Ii06.Q0- 
7.06 (m,4H). Anal. Calcd, far C16H1804 : C, 70.05; H1 6.61. 4 * : 
H, 6.50. 

Baeye~r-UUgerr oti&un 06 t.he k&ncr ?O $2 Ihe &.m!&une TZ, A solution of the ketcrne 10 
(630 mgr 3.18 mmol) in CH Cl 

? f 
(SO=) was stirredwith mCPHA (2.7 g, 15.6 mmulTand 

p-TsUH (480 mg, 2.52 mm01 a rt for 40 h. The reaction mixture was successively 
washed with 5% aq. Na2SU 
and brine (2 x 30 mL$ 2 

j3 x IO mLfr Hz0 (2 x IO mL>, 5% aq. NaHCO3 (3 x IS mL), 
an dried @a2SU4). Removal af solvent afforded a solfd 

(600 mg, 88%)# mp 134-153°C. Repeated crysta 
=.35% Yield!, mp 171°C; IR (CHC131 1735 cm" 3: P 

lis tian afforded the Jactons 12, in 
; H NMR (200 MHz) (CDCl3) 6 1.9‘?- 

3.31 fm,QH), 4.02 fbrt,lH,3=8 Hz), 4.83 (m,lH), 7.15-7.29 (m,4Hj. Anal. Calcd- Ear: 
c14H1402 ; C,78,48; H, 6.59. Found : C, 78,X7; H, 6.75. 

4,5-8enza-3a-(~b~~~~~ ~~e~-t,2,3,3~~,~~6~3a~e~~~~~~-~~~~~ t1;7!* The crude 
la&one mixture Z600 mg+ 2.8 mmulf obtained from IQ was hydrolysed by refluxing 
for 3 h wfth 2.5% aq. ethanufic ICOH (40 mLf under N2 atmosphere. Tha reaction 
mixture after dilution with H20 was extracted with Et20 to remove unhydrolysed 
material* The basic aqueous part on acidification was extracted with Et 0 
usual way to afford solid hydroxy acid which was directly esterified wit 2 

in the 
ethereal 

diazum&zhane, Crystalfisatiun from ether-fight petrsl 
P 
trnt afforded the pure hydroxy 

ester s f450 mg, 65X), mp 1OU*C; IR 3190 and 1730 cm" ; lH NMR (60 MHz) (CDC13) 
(s 1.11-3.33 [m,9H], 3.66 (s,3H,C02CE13f, 3.76 (brs,lHI, 4.1S-4F;.5nmJ H), and 7.X- 
6.96 fm,4H). Anal, Calcd. far C15H18C3: C, 73.14; H# 7.32. z C, 72.99: 
H, 7.66. 

4,~-8~~~#-~-~~~~~~~~ nre~eJ-Z,3aB,6,6a~-;tetn~~~~n-?-one 041. To a magnetically 
stirred cold {5-IU°Cj solutian of (13) (100 mg, 0,406 mmcdl iiiaczetane t3 mL), 
Jones reagent (0.4 mL) was added drzwise untkl the colour of the reagent persisted. 
After stirring for additional I h, the reaction mixture was poured into water 

1 
9 mLt. 

Usual work up with Et20 afforded a liquid 14 (90 mg8 90%). IR (film) 1735 cm- ; 
IH NMR (60 MHz) fCCl4) (5 1.48-3.08 (m,8H), 3.68 (s,3H,C02CH3), 4.0 (t,lH,J=6 Hz), 
and 7.X fbrs,4H), Seticarbazane, mp 163%. Anal, 
H, 6.36. Found: C, 63.97: H, 6.66. 

Cal&i* fez C26H2g03N3: c, 63.77: 

~~do-4,5-1Selzz~~icyced_r7.2,1,02p8 IGSobec-tt-ert-3-0n~ flbf. Anhydrous AX'13 (1 g, 7.5 mm0lf 
was added to a stirred fee c&d suZution of be?;czocycloheptenune'2 Irj 12*7g+17 mmolt) 
in THF (22 mL) and stirring was continued for 15 min when aL3 A1C13 went into solu- 
tion. Cyclopentadiene (ca 15 mL) was directly distilled into this mfxture. The 
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flask was then stoppered and stirring was continued at 0-SoC for 15-16 hrs until 
the disappearance of 15 in TLC. The reaction mixture was poured into water and 
worked up in the usual way with Et20 to afford a light brown liquid. Chromato- 
graphy of this liquid through SiO2 afforded a white solid (2.7 g, 71%;). Recrys- 
tallisation f ram Et20-petroleum afforded a pure sample of l6, 
and 1600 cm- ; uv Xmax 

mp 66OCt IR 1665 
238 and 282 nm (log E; 3.95 and 3.08); 'H NMR (200 MHz) 

(CDC13) 6 1.09-1.27 (m,lH), 1.33 (d,lH,J=8.2 Hz), 1.49 (d,lH,J=8.3 Hz), 1.99 
(brd,lH), 2.55 (complex m,lH), 2.83 (brs,lH), 3.13-3.18 (m,3H), 3.41 (dd,HE,JDE= 
10.3 Hz, JEE"3 Hz), 6.04 (dd, HB, J =5.4 Hz, JBC=2.8 Hz), 6.54 (dd,HA, JAB" 
5.4 Hz, JAF=2.8 Hz), and 7.18-7.52 @,4H). 
H, 7.19. Found : C, 86.00; H, 7.29. 

Anal. Calcd, for C16H160 : C, 85.68; 

endo, ~n-4,5-~n~~~icy.~a_T7.2.f.U2*g Tdodec-II-en-3-o.t (If). A solution of 16 (500 mg, 
2 mm011 in anhydrous Et20 (30 mLrwas added dropwEe to a refluxing suspension of 
LiAlH4 (150 mg, 4 mm011 in dry Et20 (SO ml;). After refluxing for 3.5 h, the 
reaction mixture was decomposed by adding saturated aq. Na2S04 solution at cold. 
The solid mass was separated by filtration. The filtrate after drying (Na2S04) 
was conoentrated to afford a solid 17 (470 mg, 93%). Recrystallisation from 

P 
etroleum gave the analytical sample, mp 72OC; XR 3420, 1650 and 1595 cm-l; 
H NMR (60 MHz) (CCl4) 6 1.28-3.03 (m,llHf, 4.68 (d,lH,J=3 Hz), 5.98 (m,2H), and 

6.96 (brs,bH). Anal. Calcd. for C16H180 : C, 84.81; H, 8.02. Found : 
H, 8.23. 

C, 85.10; 

~o-IO-~omc-4,5-b~nz~~3,tf-epowy~~~~7,P.l.~2’8 7dodecme 118). To a magnetically 
stirred solution of 17 (450 mg, 2 n&01> in de DMSO (6 xl, NBS (360 mg, 2 mm011 
was added portionwise and stirring was continued for additional 2 h. The reaction 
mixture was poured into water and worked up with Et20 in the usual way to afford 
a solid 18 (550 mg 91%). 
sample, mp 98OC; 

Recrystallisation from ether-petroleum afforded a pure 
IH NMR (60 MHZ) (Ccl41 6 1.58-2.85 (m,lOH), 4.05 (d,HB,J=2 Hz), 

4.44 (d,HA, J=5 Hz), 4.68 (d,H,,J=2 Hz), and 6.8-7.13 (m,4H); m/z 305 (M+). 

endo-4,5-Benr~~cycto_r7.2.1,U2?’ 7dod~~a~~n~n~ If9L Hydrogenolysis of 18 (190 mg, 
0.62 mm011 in EtOH (5 mL) wag carried out azording to the proceduredescribed 
for g using 10% PdfC (60 mg) in presence of 70% HC104'(.0S mL) to afford the 
corresponding bromohydrin (175 mg). A solution of this bromohydrin in acetone 
(4 mLf was directly oxidised with Jones reagent (0.4 mL) to afford after ysual 
work up the corresponding bromoketone (150 mg), mp 130-1320~; IR 1750 cm- 
Debromination of the bromoketone was carried out by refluxing in glacial HGAc 
(5 mL) with Zn dust (SO0 mg, 7.5 mm011 for 4 h. The reaction mixture was diluted 
with Et20 and the solid material was filtered off. The ethereal layer was washed 
with H20, saturated aq. Na2C03 and dried (Na2S04). The solvent was removed and 
the residue was filtered through short column of neutral Al203 with Et20-petro- 
leum as eluent to afford the solid ketone 19 (87 mg, 78X1. 
petroleum afforded the pure l9, mp 73oC; IT1740 cm-l; 

Crystallisation from 

6 1.68-2.46 (m,12H), 
H NMR (60 MHz) (CDC13f. 

2.85-3.16 (m,2H), and 6.8-6.96 (m,4H). Anal. Ca'Scd,for 

C16H180 : C, 84.81: H, 8.02. Found : C, 84.91: H, 8.14. 

Ekeyen-VkttXgc otidcttion 04 19 to 20. Baeyer-Villiger oxidation of the ketone 19 
(200 mg, 0.88 mmol) in C&Cl2-711 mL) was carried out according to the pro~~u.re 
described for 10 using mCPBA (760 mg, 4.4 mm011 and p-TsOH (40 mg, 0.21 mm011 for 
48 h to afford the lactone 20 (195 mg, 91%), mp 98-1OOoC. 
Et20-petroleum gave the purrlactone 20, mp 1OOOC: 

Recrystallisptiop from 
IR (CHCl3) 1745 cm- ; HNMR 

(200 MHZ) (CDC13) 6 1.75-3.44 (m,l3H), 4.75 (brs,lH), and 6.98-7.10 (m,4H). Anal. 
Calcd, for C16H802 : C, 79.31; H, 7.49. Found: C, 79.15: H, 7.54. 

6,7-Benzo-3a-(,canbomt?~oxy W&Z& i-2,3,3aB,d,f,SaB-he~~u~~~~~a~n~ (211. The la&one 
20 (185 mg, 0.74 mmol) was hydrolysed by refluxing with 2.5% aqy ethanolic KOH 
(0 mL) for 3 h. work up of the reaction mixture as described previously afforded 
a liquid acid which was esterified with ethereal diazomethane to give hydroxy ester 
as a colourless liquid (110 mg); 1~ NMR (60 MHz) (CC141 6 l-66-3.0 (m,l4H), 3.56 
(s,3H), 4.08 (brs,lH), 6.96 (s,4H). The crude hydroxy ester in acetone (4 mL) 
was oxidised with Jones reagent (0.35 mL) according to the procedure described for 
13 to afford the keto ester 21 (97 mg, 50%) as a thick liquid; IR (film) 1735 cm-l; 
G NMR (200 MHZ) (c~c13) 6 l,65-2.00 (m,3H), 2.31-2.47 (m,3H), 2.6-2.88 (m,6H), 
3.13 (d lH,J=4 Hz), 
C, 74.95; H, 7.40. 

3.72 (s,3H), and 7.02-7.34 (m,4H). Anal. Calcd. for C17H2003 : 
Found: C!, 74.91; H, 7.20. 

Eptieibrtiation 04 Jf_ i&h ~~~-~~. The keto ester 21 (53 mg, 0.194 mm011 was refluxed 
with 2% NaOMe in MeOH (2 mL, 9.74 mmol) under N2ytmosphere for 2 h. The reaction 
mixture on dilution with H20 was extracted with Et20. No material was obtained 
after removal of Et20. The basic aqueous part after acidification (HCl) was 
extracted with Et20. The residue after removal of Et20 was treated with ethereal 
diazomethane to afford 38 mg (72%) of a mixture of 21 and 22 in the ratio Of 30:70: 
lH NMR (200 MHz) (CDC13) of 22 {from the equilibri<mixtuz 6 3.26 (d,lH,J=lB Hz) 
and 3.67 (s,3H), 
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