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Abstract: The aim of this study was to examine the possibility that acetylenic bonds might participate in biomimetic polyene 
cyclizations. The model substrate 4a was synthesized from the bromodienyne 5a by the sequence outlined in Scheme I. On 
treatment with trifluoroacetic acid in methylene chloride at -70 "C,  trienynol 4a underwent cyclization to afford the trans- 
fused hydrindan 9a in 68% yield. The structure of 9a was deduced on the basis of its spectral properties and its oxidative degra- 
dation to the hydrindandione 10, an authentic specimen of which was synthesized by the route depicted in Scheme 11. The re- 
sults of the cyclization of 4a prompted an examination of the behavior of the homologue 4b, synthesized in an analogous fash- 
ion from bromodienyne 5b (prepared according to Scheme 111). Treatment of 4b under the aforementioned cyclization condi- 
tions resulted in a 60% yield of hydrindan 9b. Thus the acetylenic bond of the model substrates 4a and 4b participates in bio- 
mimetic cyclization so as to form a five-membered ring, in preference to the alternative six-membered ring, thereby generating 
the trans-fused hydrindan ring system. 

Acetylenic bond participation in the solvolysis of sulfonate 
esters with concomitant ring formation has been well docu- 
m e ~ ~ t e d . ~  For example, formolysis of the acetylenic p-tolu- 
enesulfonate 1 gave products of both five- and six-membered 

I - 

ring closure5 as depicted in the accompanying flow sheet. These 
results prompted us to investigate the possibility that acetylenic 
bonds might also participate in biomimetic polyene cycliza- 
tionsS6 The present paper constitutes a detailed account of our 
preliminary studies probing this question. 

Based on the facile acid-catalyzed cyclization of the 
tetraenol 2,7 which gave good yields of tricyclic material 3 

2 3 

having the rings fused exclusively in the "natural" trans,an- 
ti,trans configuration, we decided to examine the cyclization 
of the trienynol4a which has an acetylenic bond where 2 has 

I 

the disubstituted ethylenic bond. On the basis of the results of 
the cyclization of substance 1, it was not obvious, a priori, 
whether there would be a preference for five- or six-membered 
ring formation via the vinyl cations A or B, respectively. If 
cyclization were to continue further, cation A, having the 
trans-fused hydrindan system, might lead to cation C. Cation 
B, on the other hand, might lead to cation D, having the la- 
nosterol type A / B / C  ring system with an olefinic bond at  the 
8,9 position. 

Synthesis and Cyclization of the Trienynol 4a. The con- 
struction of the cyclization substrate was designed in analogy 
to the route employed in the preparation of tetraenol Z7 (see 
Scheme I). Thus the dianion formed by treatment of lithium 
3-methyl-2-butenoate* with lithium diisopropylamide was 
alkylated with the known bromodienyne 5a,7,9 and the resulting 
crude acid 6a was esterified with ethereal diazomethane to 
afford the P,y-unsaturated ester 7a. Equilibration with po- 
tassium tert-butoxide in tert-butyl alcohol resulted in an 87% 
yield (from bromide 5a) of a 7:93 mixture of the P,y- and the 
desired a,P-unsaturated esters 7a and 8a, respectively. Three 
successive treatments with methyllithium gave a quantitative 
yield of a mixture of the trienynol 4a and 9% of the corre- 
sponding homoallylic alcohol derived from the P,y-unsaturated 
ester 7a. This mixture was employed in the cyclization studies 
without further purification. 

Treatment of a methylene chloride solution of the trienynol 
4a at  -70 OC with trifluoroacetic acid for 5 min, conditions 
which were successfully employed in the cyclization of 
tetraenol 2,7 resulted in the formation of a single major com- 
ponent in 68% yield as estimated by VPC. This material was 
isolated by preparative TLC on silica gel in 90-95% VPC pu- 

Scheme I 
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rity and was tentatively identified as the tricyclic substance 9a 
based on the following evidence. The mass spectrum exhibited 
a parent peak a t  m/e 284 (M+), and the UV spectrum dis- 
played a maximum a t  245 nm (e 10 000) consistent with the 
conjugated dienic chromophore shown in 9a.1° The N M R  
spectrum showed absorptions for the three methyl groups at- 
tached to quaternary carbon atoms as singlets a t  6 0.96, 1.12, 
and 1.37 ppm, and for the isopropylidene methyl groups as 
singlets a t  1.68 and 1.78 ppm. In addition there was a broad 
singlet for the vinyl methyl group on the cyclopentene ring a t  
2.17 ppm (wh/2 = 4 Hz)  and a broad “singlet” for the vinyl 
proton a t  5.58 ppm ( W h p  = 5 Hz). There was a notable ab- 
sence of absorptions for a terminal methylene group in the IR 
spectrum. Conclusive evidence for the trans hydrindan skeleton 
of 9a was obtained by oxidative degradation with excess ru- 
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thenium tetroxidell in carbon tetrachloride, which yielded the 
crystalline hydrindandione 10, mp 57-59 OC, indistinguishable 
from an authentic specimen of 10 (see below) by IR, N M R ,  
VPC, TLC, and mixture melting point (58.0-59.5 “C). It 
should be noted that the geometrical configuration about the 
exocyclic olefinic bond at  C-1 of the hydrindan system has not 
been established; however, evidence from studies of similar 
systems12 suggest that trans addition to the carbon-carbon 
triple bond is favored, and this consequence would lead to the 
configuration shown in formula 9a. 

Synthesis of the Comparison Compound 10. The authentic 
dione 10 was synthesized by the route shown in Scheme 11. 
Thus treatment of 5,5,9~-trimethyl-6~-acetoxy-trans-l-de- 
calone ( l l ) I 3  with furfuraldehyde in aqueous methanolic so- 
dium hydroxidel4 afforded the hydroxy furfurylidene ketone 
12, mp 136-137 OC, which, upon oxidation with Collins re- 
agent,I5 gave the crystalline diketone 13, mp 102.0-103.5 “C. 
A previously reported sequence for ring contraction14 was 
applied to the dione 13. Thus ozonolysis in ethyl acetate at  -70 
O C  followed by treatment with hydrogen peroxide in acetic acid 
gave the diacid 14, mp 134-137 OC. The corresponding keto 
diester 15, prepared by methylation of 14  with excess diazo- 
methane, was then submitted to a Dieckmann cyclization with 
potassium tert-butoxide in benzene. The resulting P-keto ester 
16 was decarbomethoxylated by heating in a mixture of 
aqueous hydrochloric acid and acetic acid to afford, after 
careful purification, the crystalline hydrindandione 10, mp 

Synthesis and Cyclization of the Homologous Trienynol4b. 
The results of the cyclization of the trienynol4a prompted us 
to examine the behavior of the next higher homologue 4b to 

58.0-59.5 “C.  

Scheme 11 
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see if the inclusion of an additional methylene unit would alter 
the preference for five-membered ring formation. The synthesis 
of 4b from the bromodienyne 5b was achieved using the same 
route as for the lower homologue 4a (see Scheme I ) .  The bro- 
mide 5b  was constructed as shown in Scheme 111. Thus eth- 
ynylation of the tosylate 17,16 prepared from 4-methyl-4- 
penten- 1-01,” with lithium acetylide ethylenediamine complex 
in dimethyl sulfoxide afforded 6-methyl-6-hepten- 1 -yne (18) 
in 69% yield after distillation. This substance was converted 
to the corresponding Grignard reagent and treated with par- 
aformaldehyde to give a 67% yield of alcohol 19. Reaction of 
19 with triphenyl phosphite dibromideI8 yielded the bromide 
20, which was alkylated with the sodium enolate of l-meth- 
ylcyclopropyl carbomethoxymethylene ketoneI9 in acetonitrile. 
The resulting keto ester 21 was decarbomethoxylated by 
heating with barium hydroxide in aqueous ethanol giving the 
cyclopropyl ketone 22 in 53% yield from alcohol 19. Reduction 
of 22 with lithium aluminum hydride afforded the cyclopro- 
pylcarbinol23 in 97% yield. Stereoselective rearrangement of 
alcohol 23 to the desired trans bromodienyne 5b was effected 
by the modified Julia olefin synthesis.20 Thus treatment of an 
ethereal solution of 23 with lithium bromide and s-collidine, 
followed by phosphorus tribromide a t  -78 OC, gave a mixture 
of bromides which was directly isomerized with zinc bromide 
in ether a t  0 “C to afford the crude bromodienyne 5b in 93% 
yield. 

Alkylation of lithium 3-methyl-2-butenoate8 with bromide 
5b gave the acid 6b which was directly esterified to the P,y- 
unsaturated ester 7b. The crude ester was equilibrated with 
potassium tert-butoxide to afford the a$-unsaturated ester 
8b  in 30% overall yield from bromide 5b. Three successive 
treatments with methyllithium gave the desired trienynol 4b 
contaminated with 10% of the corresponding P,y-unsaturated 
alcohol and 10% of the tetraenyne resulting from dehydration 
of 4b. This crude material was used directly in the cyclization 
studies described below. 

The crude trienynol 4b was submitted to the cyclization 
conditions described above for the lower homologue 4a to give 
a product consisting of one major component in 60% yield as 
shown by VPC. Chromatography on Florisil afforded a frac- 
tion (80% pure by VPC) which evidently contained the hyd- 
rindan derivative 9b. The spectral properties of this material 
were quite similar to those of the lower homologue 9a. The 
N M R  spectrum exhibited singlets for three methyl groups 
attached to quaternary carbon atoms at  6 1 .OO, 1.12, and 1.40 
ppm, and a broad “singlet” a t  5.65 ppm for the vinyl proton 
of the cyclohexene ring. The mass spectrum displayed a mo- 
lecular ion a t  m/e 298 (M+), and the UV showed an absorption 
maximum at 244 nm ( t  18 000). Oxidative degradation with 
ruthenium tetroxide” gave the hydrindandione 10, mp 
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57.5-59.5 O C ,  indistinguishable from authentic 10 by mixture 
melting point (57.5-60.0 "C), TLC, and VPC. 

Conclusion 
The acetylenic bond participates in the cyclization of the 

model substrates 4a and 4b resulting in preferential*l forma- 
tion of a five-membered ring generating the trans hydrindan 
fused ring system. This discovery has prompted us to examine 
the possibility that an appropriately positioned acetylenic bond 
can be used to direct formation of the five-membered D ring 
of steroids. To this end, the synthesis and cyclization of sub- 
strates with a methylacetylenic terminating group have been 
studied extensively, and the application to the synthesis of 
dl-progesterone is presented in detail in the accompanying 
paper.22 

Experimental Section23 
General Considerations. Microanalyses were performed by E. H.  

Meier and J. Consul, Department of Chemistry, Stanford University. 
Melting points were determined on a Kofler hot-stage microscope and 
are corrected. N M R  spectra were determined under the supervision 
of Dr. L. J. Durham on a Varian Associates T-60 N M R  spectrometer 
using deuteriochloroform as the solvent. Chemical shifts are reported 
as 6 values in parts per million relative to tetramethylsilane = 0. 
Low-resolution mass spectra were determined on an AEI MS-9 
spectrometer with heated inlet a t  70 eV. Infrared (IR) spectra were 
recorded on a Perkin-Elmer Model 137 spectrometer and ultraviolet 
(UV) spectra were recorded on a Cary Model 14 spectrometer using 
I-cm quartz cells. Vapor phase chromatographic (VPC) analyses were 
performed on a Hewlett-Packard H P  402 chromatograph equipped 
with a 6 ft X 6 mm glass column packed with 10% Carbowax M on 
60/80 Chromosorb W and a 4 ft X 6 mm glass column packed with 
3.8% SE-30 on 80/100 Diatoport S using helium as the carrier gas. 
Disk chart integrations are uncorrected for the flame-ionization de- 
tector response. Thin layer chromatography (TLC) was carried out 
using silica gel GF254 (E. Merck A.G.) for both analytical (0.25 mm 
thick) and preparative (1.5 mm thick) plates. "Evaporative distilla- 
tion" refers to bulb-to-bulb short-path distillation in which the bulb 
was heated in a hot-air oven (Buchi Kugelrohrofen). The cited tem- 
peratures for these distillations pertain to the oven temperature and 
are thus not true boiling points. 

Methyl 2-Isopropylidene-5,13-dimethyltetradeca-~rans-5,13- 
dien-9-ynoate (8a). A solution of lithium diisopropylamide was pre- 
pared by adding 8.0 mL (20 mmol) of a 2.50 M solution of n-butyl- 
lithium in hexane to a cold (0 "C) solution of 2.02 g (20 mmol) of 
diisopropylamine (dried over potassium hydroxide pellets) in 5 mL 
of dry T H F  under nitrogen. After stirring for 5 min at 0 "C, the above 
solution was added via syringe over a period of 3 min to a cold (0 "C) 
slurry of 2.12 g (20 mmol) of lithium 3-methyl-2-butenoate* in 15 mL 
of THF.  The mixture was stirred under nitrogen for 15 min a t  0 "C, 
cooled to -70 "C, and a solution of 1.44 g (ca. 5 mmol) of bromide 

(94% pure by VPC) in 10 mL of T H F  was added via syringe over 
a 3-min period. The resulting mixture was allowed to warm slowly to 
room temperature while stirring for 20 h. The mixture was poured into 
100 mL of 5% aqueous sodium hydroxide and extracted with 1:l 
ether-pentane (3 X 50 mL). The combined organic extracts were 
washed with 20 mL of water; then the combined aqueous layers were 
cooled to 0 "C, acidified to pH 1 .O with 10% hydrochloric acid, and 
extracted with benzene. The combined organic extracts23 afforded 
1.67 g of crude acid 6a as a pale yellow oil. Esterification with excess 
ethereal diazomethane gave 1.55 g of yellow oil consisting of 88% of 
the 0,y-unsaturated ester 7a, 0.5% of a,P-unsaturated ester 8a, 1.5% 
of an unidentified impurity, and 10% of methyl 3-methyl-2-butenoate 
as shown by VPC (SE-30). 

To a solution of 3.56 g (1 1.7 mmol) of the crude P,y-unsaturated 
ester 7a (85-88% pure), prepared as described above, in 25 mL of dry 
terr-butyl alcohol under nitrogen, was added via syringe 10 mL of a 
5% solution of potassium tert-butoxide in tert-butyl alcohol. The re- 
sulting dark cherry-red mixture was stirred at  23 "C for 6 h, poured 
into a mixture of brine and dilute hydrochloric acid, and extracted with 
pentane23 to give 3.45 g (95% weight recovery) of orange oil containing 
a 93:7 mixture of a$- and P,y-unsaturated esters 8a and 7a by VPC. 

The crude product was evaporatively distilled at  170 "C (0.02 mm) 
to give 2.70 g (87% yield) of a 93:7 mixture of 8a and 7a as a pale 
yellow oil. 

An analytical sample was obtained by preparative TLC on Florisil: 
I R  A,,, (film) 3.40, 5.80, 6.02, 8.20, 8.47, and 11.21 p; N M R  1.58 
(s, 3 H, C-14 vinyl CH3), 1.62 (s, 3 H,  C-6 vinyl CH3), 1.77 (s, 3 H, 
C-2 vinyl CH3), 1.90 (s, 3 H ,  C-2 vinyl CH3), 1.8-2.45 (m, 12 H, al- 
lylic and propargylic CH>'s), 3.65 (s, 3 H,  C02CH3), 4.70 (br s, 2 H ,  
'2-15 vinyl protons), and 5.15 ppm (unresolved t, J = 6 Hz, 1 H,  C-7 
vinyl proton); UV A,,, (MeOH) 222 nm ( 6  3000); TLC Rf0.32 (9:l 
hexane-ethyl acetate). The mass spectrum exhibited a molecular ion 
at  m/e 302, and major peaks at  m/e 287 ( M  - 15) and 243 (M - 

Anal. Calcd for C20H3002: C, 79.42; H,  10.00. Found: C,  79.1 1; 
H, 9.92. 

3-Isopropylidene-2,6,14-trimethylpentadeca- trans-6,14-dien- 
lO-yn-2-01(4a). To a solution of 302 mg (1 mmol) of the above distilled 
ester 8a and a few crystals of 1,lO-phenanthroline in 10 mL of dry 
ether was added 4.0 mL (5 mmol) of a 1.25 M solution of methylli- 
thium in ether. The dark brown mixture was stirred at  23 "C under 
nitrogen for 5 min, and saturated aqueous ammonium chloride was 
added until a lime green color persisted. The above process, Le., ad- 
dition of methyllithium followed by ammonium chloride, was repeated 
twice more; then the resulting mixture was poured into saturated 
ammonium chloride and extracted with ether23 to afford 319 mg 
(quantitative yield) of crude alcohol 4a as a lemon yellow oil which 
consisted of 91% 4a and 9% of the corresponding homoallylic alcohol 
by VPC (SE-30, 170 "C): IR A,,, (film) 2.78-3.23 (OH), 3.44,8.93, 
and 11.22 p (C=CH2); N M R  1.30 (s, 6 H ,  carbinol CH3's), 1.58 (s, 
3 H,  C-14 vinyl CH3), 1.63 (s, 3 H,  C-6 vinyl CH3), 1.70 (s, 3 H, 
isopropylidene CH3), 1.80 (s, 3 H,  isopropylidene CH3), 1.60-2.50 
(m, 12 H, allylic and propargylic CHl's), 4.80 (br s, 2 H, C-15 vinyl 
protons), and 5.21 ppm (unresolved t, J = 6.0 Hz, 1 H, C-7 vinyl 
proton); TLC Rf 0.33 (4:l hexane-ethyl acetate). 

This product was exceedingly susceptible to dehydration and could 
not be further purified without decomposition. Therefore, an analytical 
sample was not obtained, and the crude product was used directly in 
the cyclization experiment described below. 

Cyclization of Alcohol 4a. 5-Isopropylidene-l-(3-methylcyclo- 
pent-2-enylidine)-4,4,8&trimethyl-9a-hydrindan (9a). A solution of 
302 mg ( 1  mmol) of the crude alcohol 4a in 160 mL of dry methylene 
chloride (distilled from phosphorus pentoxide) was cooled to -70 "C 
under nitrogen, and 3.0 mL (41 mmol) of trifluoroacetic acid was 
added via syringe. The mixture was stirred at  -70 "C for 5 min and 
poured into 300 mL of saturated aqueous sodium bicarbonate with 
rapid stirring. Extraction with etherz3 afforded 320 mg of yellow oil 
which, upon VPC (SE-30, 200 "C) analysis, was comprised of five 
components of retention times 5.2 (9% of the P,y-unsaturated alcohol), 
5.7 (62%), 7.0 (12%), 7.6 (4%), and 8.4 min (13%). 

The major component, hydrindan 9a, was isolated in 90-95% 
(VPC) purity by preparative TLC (Rf 0.73, 4:l pentane-ethyl ace- 
tate) and proved to be quite sensitive to heat and light: IR A,,, 
(CHC13) 3.42,6.10,6.90, and 7.30 p; N M R  0.96 (s, 3 H, C-4 CH3), 
1.12 (s, 3 H, C-4 CH3), 1.37 (s, 3 H, C-8 CH3), 1.68 (s, 3 H,  isopro- 
pylidene CH3), 1.78 (s, 3 H,  isopropylidene CH3), 0.85-1.9 (meth- 
ylene envelope, 9 H), 2.17 (br s, Wh/2 = 4 Hz, 3 H, C-3 vinyl CH3 of 
cyclopentene), 2.0-2.5 (m, 4 H, cyclopentene CH2's), and 5.58 ppm 
(br s, Wh/2 = 5 Hz, 1 H ,  C-2 vinyl  proton of cyclopentene); UV A,,, 
(MeOH) 245 nm (c 10 000). The mass spectrum exhibited a molecular 
ion at  m/e 284. 

A satisfactory combustion analysis could not be obtained for this 
substance owing to its considerable sensitivity to heat and light. 

Oxidative Degradation of Hydrindan 9a. To a solution of 120 mg 
of the aforementioned crude cyclization product in 30 mL of carbon 
tetrachloride (spectroquality) was added 10 mL of a solution of ru- 
thenium tetroxide in carbon tetrachloride (prepared according to a 
published procedure"), resulting in an instantaneous precipitation 
of black ruthenium dioxide. The mixture was stirred for 1 h and the 
excess oxidant was destroyed by titration with isopropyl alcohol; then 
the mixture was diluted with chloroform and washed with 5% aqueous 
sodium hydroxide23 to give 40 mg of colorless oil. This material was 
evaporatively distilled at  80-110 "C (0.1 mm) to afford 30 mg of 
colorless oil. Two recrystallizations from hexane yielded 5 mg of the 
hydrindandione 10 as colorless plates, mp 57-59 "C,  which was in- 
distinguishable from authentic dione 10 (see below) by IR, N M R ,  
VPC, TLC, and mixture melting point (58.0-59.5 "C). 

59). 
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2-Furfurylidene-5,5,9j3-trimethyl-6&hydroxy- trans-1-decalone 
(12). An adaptation of a published procedure14 was employed. To a 
solution of 7.445 g (29.6 mmol of 5,5,9&trimethyl-6j3-acetoxy- 
frans-1-decalone (ll),l3 mp 95.5-97.0 OC, in 60 mL of methanol was 
added 35 mL of furfuraldehyde [distilled twice from sodium car- 
bonate, then fractionally distilled, bp 42 OC (12 mm)] followed by 100 
mL of 36.5% aqueous sodium hydroxide. The resulting mixture was 
stirred in the dark under nitrogen for 4 h, then concentrated to 50% 
of its original volume at reduced pressure. The resulting precipitate 
was filtered and recrystallized from ether to afford 4.179 g (49% yield) 
of the hydroxy furfurylidene ketone 1 2  mp 136-137 OC; IR A,,, 
(KBr) 5.97 and 6.15 w ;  N M R  0.90 (s, 3 H, CH3), 1.06 (s, 3 H, CH3), 
1.10 (s, 3 H, CH3), 1.15-3.70 (m, 11 H),  6.50 (m, 2 H, vinyl protons), 
7.25 (m, 1 H, vinyl proton), and 7.50 ppm (m, 1 H,  vinyl proton). The 
mass spectrum exhibited a molecular ion at m/e 288. 

Anal. Calcd for ClgH2403: C, 74.97; H, 8.29. Found: C,  75.19; H ,  
8.32. 

2-Furfurylidene-5,5,9j3-trimethyI-6-oxo-frans-l-decalone (13). 
Collins reagent15 (100 mmol) was prepared in situ by adding 10.00 
g (100 mmol) of chromium trioxide to a solution of 15.80 g (200 
mmol) of dry pyridine in 100 mL of dry methylene chloride. A solution 
of 2.66 g (9.23 mmol) of the furfurylidene keto alcohol 12, mp 
136-137 "C, in 100 mL of dry methylene chloride was added to the 
solution of Collins reagent, and the resulting mixture was stirred for 
10 min at room temperature under nitrogen. The mixture was filtered 
through 25 g of neutral alumina (Woelm, activity 111) followed by 
further elution with 500 mL of methylene chloride. The solvent was 
removed at  reduced pressure, and the residue was dissolved in 100 mL 
of ether, washed with saturated aqueous copper sulfate, and dried over 
anhydrous sodium sulfate. Removal of the solvent at the rotary 
evaporator followed by recrystallization from ether gave 2.54 g (96% 
yield) of the furfurylidene dione 13 as colorless rhomboids: mp 
102.0-103.5 "C; IR A,,, (CHCI3) 5.85 (C=O) and 5.97 1 (conju- 
gated C=O); N M R  0.91 (s, 3 H, CH3), 1.06 (s, 3 H,  CH3), 1.09 (s, 
3 H, CH3), 1.15-3.70 (m, 9 H), 6.50 (m, 2 H, vinyl protons), 7.25 (m, 
1 H ,  vinyl proton), and 7.50 ppm (m, 1 H, vinyl proton). 

Anal. Calcd for C18H2203: C, 75.49; H, 7.74. Found: C, 75.35; H, 
7.63. 
4,4,8j3-Trimethyl-9a-hydrindan-1,5-dione (10). An adaptation of 

a published procedure was emp10yed.l~ Ozone was bubbled through 
a solution of 1.83 g (6.39 mmol) of thedione 13, mp 102.0-103.5 OC, 
in 40 mL of ethyl acetate at -70 "C. After 15 min a blue-violet color 
persisted and ozone treatment was continued for an additional 5 min. 
The solvent was removed at the rotary evaporator and the residue was 
dissolved in 40 mL of glacial acetic acid; then 2 mL of water, 1 drop 
of concentrated hydrochloric acid, and 0.5 mL of 30% hydrogen 
peroxide were added. The resulting mixture was stirred at  room 
temperature for 17 h; then the solvent was removed at  reduced pres- 
sure and the residue was dissolved in 200 mL of ether. The ethereal 
solution was extracted with 10% aqueous potassium bicarbonate so- 
lution (3 X 60 mL); then the basic extracts were acidified with con- 
centrated hydrochloric acid and extracted with methylene chloride23 
to afford 0.60 g (37% yield) of the diacid 14 as a colorless, crystalline 
solid: mp 134-137 OC; IR A,,, (CH2C12) 5.80-5.90 p (C=O). 

A chloroform solution of 1.008 g (3.93 mmol) of the diacid 14, 
prepared as described above, was treated with excess diazomethane. 
The solvent was removed at the rotary evaporator and the residue was 
evaporatively distilled at 155 OC (0.017 mm) to afford 0.815 g (73% 
yield) of the keto diester 15 which was 80% pure by VPC: IR A,,, 
(CHC13) 5.80-5.85 p (C=O); N M R  1.10 (s, 6 H ,  gem-dimethyl), 
1.32 (s, 3 H ,  CH3), 1.47-2.85 (m, 9 H), and 3.63 ppm (s, 6 H, 
C02CH3). 

A solution of 6.00 g (153.4 mmol) of potassium in 150 mL of dry 
rerr-butyl alcohol (freshly distilled from calcium hydride) was con- 
centrated to dryness at reduced pressure (5 mm). Dry benzene (about 
75 mL, distilled from calcium hydride) was added, then removed by 
distillation at atmospheric pressure, and this process was repeated to 
ensure removal of terr-butyl alcohol. A solution of 0.595 (2.27 mmol) 
of the aforementioned diester 15 in 100 mL of dry benzene was added 
to the potassium rert-butoxide with stirring under nitrogen. The re- 
sulting mixture was heated at  reflux for 4 h, then stirred at  room 
temperature for 8 h. The mixture was poured into water, acidified with 
dilute sulfuric acid, and extracted23 with benzene (2 X 200 mL) and 
methylene chloride (100 mL) to afford a yellow solid which gave a 
positive ferric chloride test. This material was dissolved in 65 mL of 
glacial acetic acid, then 22.5 mL of concentrated hydrochloric acid 

and 5 mL of water were added and the solution was heated at reflux 
for 1 h under nitrogen. The solvent was removed at  room temperature 
(rotary evaporator), and 25 mL of water was added to the residue. 
Extraction with etherz3 gave 1.00 g of thick oil which was evapora- 
tively distilled at  120 OC (0.012 mm) three times, then chromato- 
graphed on 20 g of Florisil (1: 1 benzene-methylene chloride) to afford 
0.176 g (40% yield) of hydrindandione 10 as a semicrystalline 
solid. 

An analytical sample was obtained after three recrystallizations 
from hexane as colorless plates: mp 58.0-59.5 "C; IR A,,, (CHC13) 
5.75 (five-membered ring C=O) and 5.85 p (six-membered ring 
C=O); N M R  1.12 (s, 3 H, C-8 CH3), 1.20 (s, 6 H,  C-4 CH3's), and 
1.67-2.91 ppm (m, 9 H);  TLC Rf 0.51 (1:l  hexane-ethyl acetate). 

Anal. Calcd for CI~H1802:  C, 74.19; H, 9.34. Found: C,  73.96; H, 
9.21. 

6-Methyl-6-hepten-1-yne (18). A solution of 56.0 g (0.61 mol) of 
lithium acetylide ethylenediamine complex in 200 mL of dry dimethyl 
sulfoxide was cooled to 5 "C and 120 g (0.47 mol) of crude 4- 
methyl-4-penten-1-yl p-toluenesulfonate (17)16 (prepared from 4- 
methyl-4-penten-I-01~') in 150 mL of dry dimethyl sulfoxide was 
added over a period of 20 min with external cooling to maintain the 
temperature below 10 "C. The resulting dark brown solution was 
stirred at  23 "C for 1.5 h, then cooled to 0 OC, and 150 mL of 5% 
aqueous hydrochloric acid was added dropwise. The acidic mixture 
was poured into 250 mL of water overlaid with 250 mL of ether. The 
aqueous phase was extracted with ether (4 X 250 mL), and the com- 
bined ether extracts were washed with water (4 X 250 mL) and sat- 
urated brine (200 mL), then dried over anhydrous magnesium sulfate 
and filtered. The ether was removed by distillation at atmospheric 
pressure through a 25-cm Podbelniak column, and the residue was 
distilled to afford 35.2 g (69% yield) of 18 as a clear, colorless liquid, 
bp 121-125 OC, which was 96% pure by VPC (Carbowax): IRA,,, 
(film) 3.00 and 4.71 ( C z C H ) ,  6.05 and 11.20 w (C=CH2); N M R  
1.5-1.9 (m, 2 H, C-4 CH2), 1.70 (s, 3 H, C-6 CH3), 1.93 ( t ,  J = 2 Hz, 
1 H, acetylenic proton), 2.0-2.2 (m, 4 H, C-3 and C-5 CH2's), and 
4.70 ppm (br s, 2 H, C-7 vinyl protons). 

An analytical sample was obtained by evaporative distillation at  
125 OC, n 2 I D  1.4356. The mass spectrum exhibited a molecular ion 
at  m/e 108, a base peak at  m/e 93, and a major peak at m/e 41. 

Anal. Calcd for C8H12: C, 88.82; H, 11.18. Found: C,  88.36; H,  
10.98. 

7-Methyl-7-octen-2-yn-l-ol(19). A solution of 34.6 g (0.32 mol) 
of acetylene 18 (bp 121-125 "C) in 600 mL of dry T H F  was heated 
at  reflux under nitrogen, and an excess of ethylmagnesium bromide 
(prepared from 0.67 mol of ethyl bromide and 0.75 mol of magnesium) 
in 150 mL of T H F  was added over a period of 1 h. The resulting so- 
lution was heated at reflux for an additional 1.5 h; then a slurry of 36 
g (1.2 mol) of paraformaldehyde (dried over phosphorus pentoxide 
at 0.1 mm) in 150 mL of dry T H F  was added over a period of 1 h. 
Heating at reflux was continued for 2 h followed by stirring at 23 OC 
for 17 h. A saturated solution of aqueous ammonium chloride (250 
mL) was added to the reaction mixture followed I O  min later by ca. 
100 g of sodium sulfate. The organic layer was decanted and the solid 
residue was dissolved in a minimal amount of water and extracted with 
pentane23 to afford 44.8 g of orange liquid. Distillation of this material 
gave 31.9 g (67% yield) of alcohol 19, bp 93-94 OC (1.5 mm), which 
was 90% pure by VPC (Carbowax). 

A 0.50-g sample of the distilled alcohol 19 was chromatographed 
on 75 g of silica gel (4:l hexane-ether) to give 0.37 g of 19 which ap- 
peared to be pure by VPC (Carbowax, 200 "C): IR A,,, (film) 3.0 
(OH),  4.38 and 4.49 ( C s C ) ,  6.05 and 11.20 p (C=CH2); N M R  
1.5-1.9 (m, 2 H, C-5 CHz), 1.70 (s, 3 H,  C-7 CH3), 1.9-2.2 (m, 4 H, 
C-4 and C-6 CH2's), 2.6 (br s, 1 H, OH) ,  4.24 ( t , J  = 2 Hz, 2 H, C-1 
CHz), and 4.70 ppm (br s, 2 H ,  C-8 vinyl protons). 

An analytical sample was prepared by evaporative distillation at 
95 OC (1.5 mm) of the chromatographed material, n21D 1.4748. The 
mass spectrum exhibited a molecular ion at m/e 138 and a base peak 
at  m/e 41. 

Anal. Calcd for CgH140: C, 78.21; H, 10.21. Found: C, 77.72; H, 
10.23. 

1-Methylcyclopropyl l-Carbomethoxy-8-methyl-8-nonen-3-ynyl 
Ketone (21). The acetylenic bromide 20 was prepared by employing 
an adaptation of a published procedure.18 A solution of bromine in 
methylene chloride was slowly added to a stirred solution of 46.5 g 
(0.15 mol) of triphenyl phosphite in 180 mL of dry methylene chloride 
and 180 mL of dry ether under nitrogen until a yellow color persisted. 
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The resulting solution of triphenyl phosphite dibromide was cooled 
to -78 "C, 15 mL of dry pyridine was added, and 22.2 g (0.147 mol) 
of the distilled alcohol 19 in 150 mL of dry ether was added over a 
period of 1 h. The mixture was stirred at  -78 "C for 1 h and at  0 "C 
for 2 h, then poured into 250 mL of water overlaid with 250 mL of 
pentane. Extraction with pentane using an acid wash23 yielded 75 g 
of crude bromide 20 as a colorless liquid which was used immediately 
in the alkylation step below. 

A solution of the crude bromide (0.147 mol maximum) in 100 mL 
of dry acetonitrile was added dropwise to a warm (55 "C) solution of 
60 g (0.40 mol) of sodium iodide and 40 g (0.22 mol) of the sodium 
enolate of 1 -methylcyclopropyl carbomethoxymethylene ketoneI9 in 
300 mL of dry acetonitrile under nitrogen. The resulting mixture was 
stirred at 55 "C for 17 h and poured into a mixture of 100 mL of water, 
100 mL of saturated brine, and 100 mL of 10% aqueous hydrochloric 
acid overlaid with 250 mL of ether. Ether extraction using an acid 
wash23 afforded 114 g of crude keto ester 21 as a dark red liquid which 
was decarbomethoxylated without purification. 

Chromatography of a 1 .O-g sample of the crude keto ester, prepared 
by the procedure described above, on 150 g of silica gel (4:l hexane- 
ether) gave 0.75 g of 21 which was pure by TLC (Rf0.61, 1:l hex- 
ane-ether): IRA,,, (film) 5.71 (ester C=O), 5.91 (C=O), 6.05 and 
11.20 p (C=CH2); N M R  0.7-1.0 (m, 2 H ,  cyclopropyl protons), 
1.3-1.6 (m, 2 H, cyclopropyl protons), 1.50 (s, 3 H, cyclopropyl CH3), 
1.75 (s, 3 H,  C-8 vinyl CH3), 1.9-2.3 (m, 4 H ,  C-5 and C-7 CH2's), 
2.6-2.9 (m, 2 H, C-2 CH2), 3.65 (s, 3 H ,  C02CH3), 3.85 (t, J = 7 Hz, 
1 H, C-l  CH) ,  and 4.70 ppm (br s, 2 H ,  C-9 vinyl protons). 

An analytical specimen was prepared by evaporative distillation 
at 120 "C (0.09 mm) of the chromatographed keto ester, 1.4816. 
The mass spectrum exhibited a molecular ion at m/e 276, a base peak 
at m/e 83, and major peaks at  m/e 55 and 41. 

Anal. Calcd for Cl7H2403: C, 73.88; H, 8.75. Found: C, 74.14; H,  
8.80. 
1-Methylcyclopropyl 8-MethyI-8-nonen-3-ynyl Ketone (22). A 

mixture of 76 g (0.24 mol) of barium hydroxide octahydrate, 114 g 
of the aforementioned crude keto ester 21,500 mL of water, and 100 
mL of ethanol was heated at reflux under nitrogen for 17 h. The 
mixture was cooled, poured into 300 mL of benzene, and acidified to 
pH 1 with 10% aqueous hydrochloric acid. Saturated brine (100 mL) 
was added and the aqueous phase was extracted with benzene using 
a wash with 5% aqueous sodium hydroxide23 to yield 28.6 g of crude 
ketone 22 as an orange liquid. This product was distilled to afford 17.5 
g (53% yield from alcohol 19) of 22, bp 100-105 "C (0.06 mm), which 
was 96% pure by VPC (SE-30): IR A,,, (film) 5.91 (C=O), 6.05 and 
11.20 p (C=CH*); N M R  0.6-0.9 (m, 2 H,  cyclopropyl protons), 
1.20-1.40 (m, 2 H,  cyclopropyl protons), 1.40 (s, 3 H, cyclopropyl 
CH3), 1.75 (s with a br base, 5 H ,  C-8 CH3 and C-6 CHz), 1.90-2.35 
(m, 4 H,  C-5 and C-7 CH2's), 2.35-2.70 (m, 4 H, C-1 and C-2 C H i s ) ,  
and 4.70 ppm (br s, 2 H, C-9 vinyl protons). 

An analytical sample was prepared by evaporative distillation at  
105 "C (0.009 mm): TLC Rf0.55 (4:l hexane-ether); n 2 ' D  1.4833. 
The mass spectrum exhibited a molecular ion at m/e 218, a base peak 
at m/e 55, and major peaks at m/e 83 and 41. 

Anal. Calcd for ClsH220: C, 82.52; H, 10.16. Found: C, 82.85; H, 
10.20. 

l-Methylcyclopropyl-8-methyl-8-nonen-3-ynylcarbinol (23). A 
solution of 17.5 g (78 mmol) of ketone 22, bp 100-105 O C  (0.06 mm), 
was added over a period of 45 min to a cold (0 "C), rapidly stirred 
slurry of 3.22 g (85 mmol) of lithium aluminum hydride in 250 mL 
of dry ether under nitrogen. The resulting mixture was stirred at  0 "C 
for I h; then 2 mL of water followed by 7 mL of 15% aqueous sodium 
hydroxide was carefully added. The ether was decanted and the solid 
residue was washed with ether. The combined ethereal solutions were 
dried over anhydrous sodium sulfate and evaporated at  reduced 
pressure to afford 19.88 g of crude carbinol 23 as a light yellow liquid. 
Short-path distillation at  1 I O  "C (0.04 mm) gave 16.65 g (97% yield) 
of 23 which was pure by VPC (SE-30): IRA,,, (film) 2.95 (OH), 6.05 
and 11.20 p (C=CH2); N M R  0.3-0.5 (m, 4 H ,  cyclopropyl CHz's), 
I .05 (s, 3 H,  cyclopropyl CH3), 1.4-1.9 (m, 3 H ,  C-6 CH2and OH),  
1.70 (s, 3 H, C-8 CH,), 1.9-2.4 (m, 8 H, C-I, C-2, C-5, and C-7 
C H i s ) ,  3.0 (t, J = 5 Hz, 1 H, CHOH),  and 4.70 ppm (br s, 2 H,  C-9 
vinyl protons). 

An analytical sample was obtained by evaporative distillation at  
1 I O  "C (0.04 mm), n 2 1 ~  1.4829. The mass spectrum exhibited a 
molecular ion at m/e 220, a base peak at m/e 95, and major peaks at  
m/e 55 and 41. 

Anal. Calcd for C 1 5 H 2 ~ 0 :  C, 81.76; H, 10.98. Found: C, 81.33; H, 
10.84. 
l-Bromo-3,12-dimethyltrideca-trans-3,12-dien-7-yne (5b). An 

adaptation of a reported procedure20 was employed. A solution of 2.85 
g (10.5 mmol) of phosphorus tribromide in 50 mL of dry ether was 
added to a cold (-78 "C),  rapidly stirred mixture of 0.937 g (10.8 
mmol) of lithium bromide, 4.55 g (37.0 mmol) of s-collidine, 2.20 g 
(10.0 mmol) of the aforementioned cyclopropylcarbinol 23, and 50 
mL of dry ether. The resulting mixture was allowed to warm slowly 
to room temperature and was stirred for 20 h; then 3 mL of s-collidine 
was added and the mixture was cooled to 0 "C. Water ( I O  mL) was 
added dropwise and the mixture was poured into 100 mL of 50% brine 
overlaid with 50 mL of hexane. Hexane extraction using a cold (0 "C) 
acid wash and a base wash23 gave 2.26 g (80% weight recovery) of pale 
yellow liquid which was used directly in the rearrangement reaction 
described below. 

A solution of the product described directly above in 50 mL of dry 
ether was added to a cold (0 "C) solution of 11.25 g (50 mmol) of dry 
zinc bromide in 50 mL of dry ether under nitrogen. The mixture was 
stirred at 0 OC for 3.5 h, then poured into 40 mL of 50% brine overlaid 
with 40 mL of pentane. Extraction with pentane23 gave 2.64 g (93% 
yield from cyclopropylcarbinol 23) of bromide 5 b  as a pale yellow 
liquid which was 85% pure by VPC (SE-30). This material was used 
directly in the alkylation described below. 

Partial distillation of a 1.43-g sample of the crude bromide 5b, 
prepared as described above, gave a pot residue which contained the 
desired bromide 5b as the only volatile component. The pot residue 
was evaporatively distilled at 99 "C (0.015 mm) to afford 0.15 g of 
5b as a clear, colorless liquid which was 97% pure by VPC: I R  A,,, 
(film) 6.05 and 11.20 p (C=CH2); N M R  1.4-1.9 (m, 2 H, C-IO 
CH2), 1.65 (s, 3 H ,  C-3 CH3),  1.75 (s, 3 H, C-12 CH3), 2.0-2.3 (m, 
8 H,  C-5, (2-6, C-9, and C - l l  CH2's), 2.55 (t, J = 8 Hz, 2 H, C-2 
CHz), 3.45 (t, J = 8 Hz, 2 H ,  C-l  CH2), 4.70 (br s, 2 H, C-13 vinyl 
protons), and 5.30 ppm (m, 1 H, C-4 vinyl proton). 

An analytical sample was obtained by a second evaporative distil- 
lation at  99 "C (0.01 5 mm), n 2 1 ~  1.5024. The mass spectrum exhib- 
ited a molecular ion at m/e 282, a base peak at m/e 41, and major 
peaks at  m/e 284 (M+ + 2) and 202 (-HBr). 

Anal. Calcd for Cl~H23Br: C,  63.62; H, 8.12. Found: C,  64.35; H, 
8.24. 
Methyl 2-Isopropylidene-5,14-dimethylpentadeca-trans-5,14- 

dien-9-ynoate (8b). A solution of lithium diisopropylamide was pre- 
pared by adding 17.5 mL (40 mmol) of a 2.28 M solution of n-butyl- 
lithium in hexane to a cold (0 "C) solution of 4.55 g (45 mmol) of 
diisopropylamine in 15 mL of dry T H F  with rapid stirring. After 
stirring at  0 "C for 7 min, this solution was added via syringe to a cold 
(0 "C) slurry of 4.80 g (45 mmol) of lithium 3-methyl-2-butenoate8 
in 50 mL of dry T H F  under nitrogen. The mixture was stirred for 30 
min at 0 "C and cooled to -78 "C, and a solution of 2.64 g (8 mmol) 
of the crude bromide 5b in 20 mL of dry T H F  was added via syringe 
over a period of I O  min. The resulting mixture was allowed to warm 
slowly to room temperature and was stirred for 17 h. The mixture was 
poured into 100 mL of 10% aqueous sodium hydroxide solution and 
extracted with 1: l  ether-hexane (3 X 100 mL). The combined organic 
extracts were washed with 100 mL of water. The combined aqueous 
layers were cooled to 0 OC, acidified with 10% aqueous hydrochloric 
acid, and extracted with benzene (3 X 100 mL) and ether (100 mL). 
The combined organic extracts23 gave 3.96 g of crude acid 6 b  as a 
yellow liquid: N M R  4.7 (m, 2 H, terminal C=CH2), 4.95 (m, 2 H, 
C=CH2, P,r to C02H). 5.2 (m, 1 H, R2C=CHR), and 11.8 ppm (br 
s, 1 H, C02H).  This material was esterified with excess ethereal di- 
azomethane to yield 3.60 g of crude ester 7b. Chromatography on 360 
g of silica gel (4:l hexane-ether) afforded 1.03 g (41% yield from 5b) 
of 0,y-unsaturated ester 7b as a pale yellow liquid which was 85% pure 
by VPC (SE-30): IR A,,, (film) 5.75 (C=O), 6.05 and 11.20 p 
(C=CH2); N M R  1.4-2.4 (br m, 23 H), 3.0 (m, 1 H at C-3), 3.65 (s, 
3 H, C02CH3), 4.70 (br s, 2 H, C-16 vinyl protons), 4.85 (br s, 2 H,  
C-l vinyl protons), and 5.10 ppm (br s, 1 H, C-7 vinyl proton). 

A solution of potassium tert-butoxide, prepared by dissolving 65 
mg (1.66 mmol) of potassium in 5 mL of dry tert-butyl alcohol under 
nitrogen, was added to a solution of 1.03 g (2.7 mmol) of the chro- 
matographed 0,y-unsaturated ester 7b in 15 mL of dry tert-butyl 
alcohol, and the resulting yellow-orange mixture was stirred under 
nitrogen for 20 h. The mixture was poured into 20 mL of 10% aqueous 
hydrochloric acid and 20 mL of saturated brine overlaid with 50 mL 
of hexane. Extraction with hexane using a base wash23 afforded 0.80 
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g (30% yield from bromide 5b) of crude a,P-unsaturated ester 8b as 
a pale yellow liquid. The basic washings were acidified to  pH 1 with 
1090 aqueous hydrochloric acid and extracted with hexane23 to yield 
0.20 g of crude P,y-unsaturated acid 7b. 

A 345-mg sample of the crude a,@-unsaturated ester 8b was purified 
by preparative T L C  (4:l hexane-ether) followed by evaporative 
distillation a t  132 "C (0.01 mm) to yield 300 mg of pale yellow liquid 
consisting of 7% of @,y-unsaturated ester 7b, 84% of the desired ester 
8b, and 9% of an unidentified component as shown by VPC (SE-30): 
n21D 1.4919; IR A,,, (film) 5.81 (a,@-unsaturated C02Me), 6.05 and 
11.20 j t  (C=CH*); N M R  1.65 (br s, 3 H,  vinyl CH3). 1.75 (br s, 3 
H,  vinyl CH,), 1.80 (s, 3 H, isopropylidene CH3), 2.00 (s, 3 H, iso- 
propylidene CH3),3.70 (s, 3 H, C02CH3), 4.70 (br s, 2 H, C-16 vinyl 
protons), and 5.10 ppm (m, 1 H, C-7 vinyl proton); UV A,,, (MeOH) 
shoulder 224 nm ( t  -8000). The mass spectrum exhibited a molecular 
ion a t  m/e 316, a base peak at m/e 95, and major peaks a t  m/e 137, 
67, and 41. 

Anal. Calcd for C21H3202: C,  79.70; H ,  10.19. Found: C,  79.27; 
H,  10.14. 

3-Isopropylidene-2,6,15-trimethylhexadeca- trans-6,lS-dien- 
10-yn-2-ol(4b). A solution of 101 rng (0.32 rnmol) of the aforemen- 
tioned purified ester 8b and a few milligrams of 1 , I  0-phenanthroline 
in I O  mL of dry ether was cooled to 0 "C and 1.0 mL (2.5 mmol) of 
a 2.5 M solution of methyllithium in ether was added via syringe. The 
mixture was stirred for 15 min under nitrogen; then the excess 
methyllithium was decomposed by the careful addition of methanol 
until a green color persisted. The above procedure, i.e., addition of 
methyllithiurn followed by decomposition with methanol, was repeated 
twice more using 0.5 mL (1.25 mrnol) of the methyllithium solution 
each time. The resulting mixture was poured into I O  mL of saturated 
aqueous ammonium chloride and extracted with ether23 to afford 163 
mg of crude alcohol 4b as a yellow liquid consisting of 10% of the de- 
hydrated tetraenyne, 10% of the homoallylic alcohol, and 80%of the 
desired alcohol 4b as shown by VPC (SE-30,200 "C): IR X,,, (film) 
3.10 (OH), 6.05 and 11.20 j t  (C=CH2); N M R  1.2-2.6 (complex m, 
33 H), 4.70 (br s, 2 H ,  C-16 vinyl protons), and 5.10 ppm (m, 1 H, C-7 
vinyl proton). 

As in the case of the lower homologue 4a, this substance was ex- 
ceedingly susceptible to dehydration and could not be further purified 
without decomposition. Therefore, an analytical sample was not ob- 
tained, and the crude product was used directly in the cyclization 
experiment described below. 

Cyclization of Alcohol 4b. 5-Isopropylidene-l-(3-methylcyclohex- 
2-enylidene)-4,4,8j3-trimethyl-9a-hydrindan (9b). A solution of 163 
mg (0.32 mmol) of the crude alcohol 4b in 100 mL of dry methylene 
chloride was cooled to -78 "C under nitrogen and 1 .O mL of trifluo- 
roacetic acid was added. The mixture was stirred for 5 min at -78 "C 
and then poured into 100 mL of saturated aqueous sodium bicar- 
bonate. Extraction with ether using a base wash23 yielded 122.3 mg 
of orange liquid which was shown to consist of one major component 
(60%) by VPC (SE-30, 200 "C). Chromatography of the crude cy- 
clization product on 5 g of Florisil (pentane) afforded 44.4 mg of 
hydrindan 9b which was 80% pure by VPC (SE-30,200 "C): N M R  

CH3), 0.80-2.8 (methylene envelope, 23 H),  and 5.65 ppm (br s, 1 
H ,  C-2 vinyl proton of cyclohexene); UV A,,, (MeOH) 244 nm ( t  
18 000); TLC Rf 0.60 (hexane). The mass spectrum exhibited a 
molecular ion at m/e 298, a base peak at m/e 95, and major peaks a t  
m/e 283 (M - 15), 201, and 135. 

As in the case of the lower homologue 9a, this material was ex- 
ceedingly heat- and light-sensitive. Therefore. a satisfactory com- 
bustion analysis could not be obtained. 

Oxidative Degradation of Hydindan 9b. A solution of 118.3 mg of 

1.00 ( s ,  3 H,  C-4 CH3), 1.12 (s, 3 H, C-4 CH3), 1.40 (s, 3 H, C-8 

chromatographed cyclization product 9b, prepared as described above, 
in 30 mL of carbon tetrachloride was cooled to 0 "C and 30 mL of a 
solution of ruthenium tetroxide in carbon tetrachloride (prepared 
according to a published procedurell) was added. The mixture was 
stirred at 0 "C for 1 h, and 5 mL of isopropyl alcohol was added to 
destroy excess oxidant. The resulting mixture was stirred for 15 min 
at 0 "C and poured into 50 mL of water. Ether extraction using a wash 
with 5% aqueous sodium hydroxide23 afforded 37 mg of yellow liquid. 
Chromatography on 15 g of Florisil (2:l ether-hexane) gave 2 mg (3% 
yield) of colorless oil which, after two recrystallizations from hexane, 
yielded colorless crystals, rnp 57.5-59.5 "C. This material was in- 
distinguishable from authentic hydrindandione 10 by mixture melting 
point (57.5-60.0 " C ) ,  TLC R/ 0.18 (1 : l  hexane-ether), and VPC 
(SE-30, 150 "C). 
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