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dueactd~sis xnd went of bicycb(4.3.0) - T@ - bydroxy - 2a - vinyl - 14 - mrthyl - b - 0x0 - A‘ - 
aonencwrsobsmedtoyieldr~~rrrtioaproducttricyclo-(~3.0.0’~-2-metbyl-8cr-hydroxy-4- 
oxo-Az-undecenc1~.Spectnlevideactwpportstbe~shuctun. 

Bicyclic 6 - hydroxy - a,@ - eo~oe~ have been found to 
undergo facile base catalysed rcammgemeot* 
product of the reanangemeot of 1, being the ring enlar- 
ged dione 5.’ 

Wirh a view to extend the generality of this re- 
vmeot, the vinyl alcohol 6 was chosen and was 
sought to be prepared as detailed in Scheme 1. 

It was felt that masking of one of the carbooyl 
functions in 7 as a ketal would reduce the base seosi- 
tivity so that strong bases could be used for cyclizatioo 
of the hydration produm The vinyl alcohol 6 was 
syotbesized by this mod&d approach as depicted in 
Scheme 2. 

Reaction of propargyl diooe 7 with ncopcntyl glycol 
under mild conditions-Bk etherate at @‘C-overnight 
furnished the mono ketal I2 in 58% yield as white 
crystalline solid, m.p. 150-15X. Spectral data and ele- 
mental analysis knd strong support to the sncture l2. 

Hydration of 12 with mercuric acetate in ethyl acetate 
&o&d the triooe mono ketal 13 in 60% ykld-m.p. 
80-8X. IR (KBr) showed, significantly, the absence of 
the acetyknic -CH. NMR and MS data also support the 
assigaal stlucture. 

Cyclizatioo of 13 to 14 in 75% yield was real&d by 
the agency of KOBu’ or T&on-B in r&x& methanol. 
IR (KBr) of 14 showed a doublet at 1690 and 1670cm-’ 
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scheme 1. 

The triooe 8 was obtainable in @ yields, but 
cyclizatioo to the dioae 9 failed under a variety of 

besides an olefinic absorption at 1615cm-‘. Cyclo- 

conditions. Base treatment of 8 under fairly vigorous 
peotenones possessing an olefiaic hydrogen have been 

conditions furnished an acidic product 11.’ 
reported to exhibit a doublet ia the car&oyl region.’ 

Conventional methods of dekeMzatioo failed to 
remove the ketal function in compound 14. However, 

Me Ma brief treatment with coot. HzSO, (till the dissoh~tioo of 
the material is complete) aod work up furnished a 

HOOC-(CH,), ‘fy ’ 0 compound melting at 6M@C in 84% yield. Based on 
spectnl evidence and elemental analysis this compound 

11 was assigned tbc stlucturc 9. 
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The ethynyl alcohol 10 (m.p. ISO-WC) was obtained 
in 65% yield by treatin the dione 9 with lithium acety- 
lide at -70°C. Partial hydrogenation of 10 over Pd- 
C&O, at 40 psi atforded the desired vinyl alcohol 6 (m.p. 
86-8tPC) in 69% yield. Once again spectral data and 
elemental analysis fumly e.stabMted the structure. 

Rettuxing the vinyl alcohol 6 with 5% methanolic KOH 
for 2 hr followed by work up Rave a 40% yield of a liquid 
product which proved to be a mixture of two products. 
Chromatography over silica gel and ehrtion with 10% 
ethyl acetate-petroleum ether furnished the major 
product--a liquid found to be homogeneous on TLC. IR 
(CHCI,) showed the presence of an OH at 3460 cm-’ and 

a CO at 17OOcm-‘. NMR (CDCl,) clearly indicated the 
absence of the complex pattern due to the vinyl protons 
present in the starting vinyl alcohol but showed a weakly 
coupled vinyl proton at 6 5.8. Resides this a weakly 
coupkd vinyl methyl at 6 1.78 was also observed. The 
faihue to observe signiftcant deuterium exchange cou- 
pled with the ditliculty experienced in derivatising the 
hydroxyl function indicated its tertiary nature. Mass 
spcctnun iudicated the compound to be isomeric with the 
starting material. Two possible products 15 and 16 can be 
envisaged to be formed from this reaction as indicated in 
Scheme 3. 

The spectral data could be interpreted in terms of 

OH 
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structure 16 which could conceivably arise by an initial 
basecatalyzed ring enlargement of the vinyl alcohol 6 
followed by a transanmdar reaction. This was contkrned 
by hym the compound 16 with PM: to yield a 
liquid product which showed the absence of vinyl proton 
and the appearance of a methyl doublet at 8 1.2 (7 Hz). 
fR showed a CO absorption at 173Scm-‘. Confkmatory 
proof for the structure 16 was provided by the “C NMR 
spectrum of the compound. The chemical shifts for the 
various carbons are Riven in Table 1. 

Tabk I. 

c6hon 
position c, cz c3 c4 c3 c, Cl2 

Chemical 66.0 181.6 131.7 210.5 59.5 91.4 17.3 
shifts ioppm (s) (s) (d) (s) (d) (s) (s) 

8 CHcl~S: s-singkt; ddoublet; q--qWtet. 

The resonance for other carbons were found to occur 
as triplets at 41.4, 39.4, 3X5,25.4 and 24.5 ppm. 

Models show that compound 16 most probably exists 
with the stereochemistry indicated, in view of the ex- 
treme stability of cis fused j-membered ring systems. 

0 

Our studies4S seem to indicate that such trans-annular 
reactions are a common feature of these bicyclic ring 
systems which rearrange to intermediates containing an 
&membered ring. 

2 - Methyl - 2 - propargyl - 33 - (2.2 - dimethyl trimrthylene 
diary) - cyclohexanonr 12 

A mixture of 2 - methyl - 2 - propargyl - cyclohexane - lf - 
dionc’ (16.4g, 0.1 mole) and 22dimcthyl propane l$did (11.2g. 
0.11 q ok) in dry ether was cookd to (PC and a drop of 
BF,-ctbcratc was added and tbc reaction mixture was stirred 
overnight. The crysmllinc solid that had separated was lllterul, 
washed with water atxl drkd to furnish 14g (58%) of the mono 
Letal It; m.p. 150-15X. IR (KBr): 32tMlcm- (-tXH) and 

16!Ulcm-’ (>C=O). NMR (CDCIJTMS) 8 values: 1.2 (singlet, 

CH,, 3H); 1.4 (doublet, gem dimethyl, 6H); 3.6 (quartet, O-CHz, 
4H); and 2.0-3.0 (multipkt, 9H). (Cakd for C,rHdr: C, 72.7; H, 
8.81. Found: C, 71.69; H, 9.2%). 

2 - Acetonyl - 2 - methyl - 35 - (22 - dimethyl trinethylenc dloxy) 
cyclohczanone l3 

To a sok of compound I2 Q.5g. 0.01 mok) in moist ethyl 
acetate (125 ml). mercuric acctatc (6.161~ 0.02mok) was added 
with stiniog &I the mixture wa3 stirdOt mom temp overnight. 
Hydrogen sul8dc was passed through tbe soln and the prc- 
cipitated q ercurk suhide was 8ltemd off. The organk layer from 
tlii tiltme was wasbed scquddly with sudi-in bw 
soln, water and drkd (Mg!so’). !blveot was diatind off ulldcr 

reduced pressure and tbe residue cooled to atTonI a solid-l.75 g 

(68%); m.p. .XMX (ethyl acaatbpetrokum ether). IR 

o(Br): 17OOcm-’ ()c=O). NMR (CDCIJI’M) i5 vahks: I.2 

(singkt, CHI, 3H); 1.5 (doublet, gem dimethyl. 6H); l.7-2.2 
(multipkt, 1 IH) and 3.6 (quartet, O-CHr, 4H): m/e - 268. (Cakd 
for CJl~04: C, 67.17; H, 8.95. Fauul: C. 67.2; H, 9.17%). 

Cyclodchydmtion of compound 13 
To a soln of compound 13 (8 g, 0.032 mok) in q ethanul (30 ml) 

Triton-B (5 ml) was added and the solo rtduxcd for I5 hr. Solvent 
was distilled off utxler reduced pressure and the residue poured 
into ice water amI the resulting solid was iiltercd. washed with 
water and drkd to allord 6g (75%) of the cyclized product 14; 
m.p. 130-13X (ethyl acetate-petrokum ether); Aa 235~1 
(c = 26,060): IR (RBr) 1690, 1678 and 1615cm-‘; NMR 
(CDCWMS) 8 values: 1.28 (singlet, CH,, 3H); 1.4 (doubkt, gem 
dimethyl, 6H); 1.7-3.0 (multipkt, methyknc protoos, 8H); 3.6 
(quartet, O-CHz, 4H) and 5.8 (broad singkt, vinyl protoo, IH): 
m/r - 250. (C&d for CI,Hd3: C, 72.0; H, 8.8. Found: C, 71.62; 
H, 8.84%). 

IMetaliration of compound 14 
To coot. H2SOI (75 ml), compound 14 (16.4 g) was added all at 

once till dissolution occurred and poured onto crushed kc. The 
aqueous laya was extracted with methylenc chloride (3 x 50 ml). 
The combined extracts were drkd f&$304) and solveot rcmovai 
to~o~anoilwhichsolidifiedoocoolingtoyicldEg(8496)of 
compuutxl 9 q .p. W (ethyl acctrtbpetrokum ether). IR 
(KBr): 1700, 1680 and 16lJcm-‘; A’“, 239nm (c = 25,130): 
NMR (CDCIJTMS) 8 values: 1.6 (singlet CH,, 3H); 2.0-3.4 
(multipkt, mcthykoe protons, 8H) and 5.8 (broad singkt, vinyl 
proton, IH): m/r - 164. (Cakd for CIsH1fi: C, 73.2; H, 7.3. 
Found: C, 73.6; H, 7.6%). 

Ethynylation of compound 9 
Lii metal (1.4 g, 0.2 g atom) was added to liquid ammonia 

(200 ml) and ecetykne gas was passed through the soln. Mter the 
dissolution of lithium, the mixture was cookd to -7(pc (acetone- 
dry ice bath) and compound 9 (16.4g, 0.1 q ok) in dry ether 
(100 ml) was added during IO min with vigorous stbrlng. After the 
addition the mixture was stirred for 30min more and qucncbcd 
with solid ammonium chloride (89). The ammonia solo was 
evaporated and water (lOOmI) was added to the residue to 
furnish 12.35g (65%) of the ethynyl akobol 10 q .p. 150-15X 
(ethyl acetate). IR (CHCla): 3300 (OH), 3200 (-CXH), 1670 

(>C=O) and 16lOcm-‘. A=;~;H 232 nm (c = 25,940). NMR 

(CDCI~S) & values: 1.3 (singlet, CH,, 3H); 2.0-3.3 (multipkt, 
IOH) and 5.95 (broad singlet, vinyl proton, 1H). (Cakd for 
C,zH,rOz: C, 75.7; H, 7.37. Found: C, 75.6; H, 7.6%). 

Hydm8enation of rthynyl alcohol 10 
A s~ln of the ethynyl alcohol 10 (5 g, 0.026molc) in dry 

pvridint (2Oml) was hydrogenated over Pd-CaCoI (0.5 g) at 
45 psi for 25 min. The catalyst was tiltcred off and the solvent 
removed under rcduccd pressure. The residue was extracted with 
chloroform (2 x 50 ml), the combined extracts washed with water 
and drkd (hfgSC4). Removal of solvent by distillation and cool- 
ing the reisduc in ice gave 3.4 g (69%) of the vinyl alcohol 6 m.p. 

84-86Y (ather-pctrol). IR (ICBr): 3360 (-OH); 1690 (>d) 

and 1615 cm-‘. AE’G 234 MI (c = 25,370). NMR (CDCI~S) & 
values: I.25 (singkf CHr, 3H); 1.3-2.0 (multiplet, 9H) and 5.0-6.2 
(muhipkt, vinyl protons, 3H); m/r - 192. (Cakd for CllH1602: C, 
75.0; H, 8.25. Found: C, 75.0; H, 8.63%). 

Rmmqement of vinyl alcohol 6 
2g of tbc vinyl ak-obol 6 was refhrxcd with 5% (25 ml) 

methawlic KOH for 2hr. The mixture was poured into water 
(75 ml) and the aquacus soln extracted with ether (3 x %I ml). The 
combined ether extract was washcd with water and dried 
(MgSO4). Solvent was removed by distilktkn and the nsidual 
liquid chroma@mpbcd over silka gel. Rlution with 10% ethyl 
a~tate-pctroleum ether atforded 0.8 g (40%) of compound 6 as a 
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homogeocolls liqoid. m K!Hcl3): 3460 (-cm); ml +Q) nod 

1610 (>Cd<). Ai!& 244 nm (c - 6710). NMR (CDCIJI’MS) 8 

vahes: 1.7 (weakly cmlpkd doabkt. vinyl methyl, 3H); m-3.0 
(mdtipkt. IIH) and 5.8 (weakly caqdcd doublet, vinyl pmtoa, 
IH). m/e - 192. 
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