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ARSTRAC'T 
9-A'Iethylhydrindan-I-1-o~ie \\:as obtained as a mixture (SO% tran,s, 20Y0 cis) in four steps from 

10-1nethyl-~~~~octa l -2-one.  In  the presence of allcali it epirnerized to cis-9-methylhydrindan-l- 
one contajning less than 1% of the trms isomer. Oxidation of this cis ketonc with perosytri- 
H~~oroacet~c acid gave cis-1-oxa-10-methyldecal-2-one. 

I louse and Schellenbaum ( I )  reduced 3-(11-~nethyl-21-oxocyclol~exyl)propionic acid (I) 
\\-ith sodium borohydride and obtained, after acidification of the product, a ~leutral 
material. From the nuclear magnetic resonance (n.1n.r.) spectrunl of this ~uaterial they 
concluded that  it \\-as made up of trans- (11) and cis-l-oxa-l0-meth~ildecal-2-one (111) in 
the ratio 33:63. X broad n~ultiplet (one proton) centered a t  about 4.0 T vTas attrihuted to 

thc C-9 hydrogens of I1 and 111. Sharp, unsplit pealts a t  9.05 T and 8.95 T (total area three 
protons; relative areas 35:65) were attributed to the angular methyl groups of the Irans 
(11) and cis (111) isomers, respectively, by analogy with the positions of the peaks of 
angular methyl groups in the spectra of t ~ a n s  and cis decalols (2). 'The isomers could not be 
separated completely by vapor phase chromatography. 

14'c have repeated this \\rorlt and confir~ned   no st of House and Schellenbaum's observa- 
tions. The n.m.r. spectrum of our product had peaks a t  8.94 T and 9.03 T ;  ho\\:ever, the 
peal; a t  lo\\-est field \\-as a triplet a t  5.93 T (4.07 6), and not a t  4.0 7. A peak a t  5-6 r for the 
C-9 hydrogens of I1 and I11 is to be expected froin previous studies of 6-lactones (3). 

I-Iydrogenation of the Iteto acid I over Adams' catalyst in acetic acid gave a lactone 
mixture, indicated by its n.il1.r. spectrum to be made up of I1 and I11 in the proportions 
2: 1. This ratio \\:as not affected by addition of hydrochloric acid to the acetic acid solvent 
(cf. ref. 3). 

For stereochemical studies the pure isomers I1 and I11 \\.ere required, and conseque~ltly 
a stereospecific synthesis of (&)-I11 was carried out by the route outlined in Reaction 
Scheme 1. 'Thc stereochen~istry of the various intermediates (all (f) mixtures) is not 
shon~n in this scheme, but is discussed belo\\-, separately for each co~npound. 

1,9-Di1iydr.osy-lO-nzcthyldccal-2-o~e ( V )  
Osmium tetroxide hydroxylates a double bond cis (A) ,  and consequently oxidation of the 

unsaturated ketone 11; 11-ould be expected to yield a mixture of the diastereoiso~neric diols 
V a  and 1%. 'This expectation was realized. Although the solid product of the reaction had a 
sharp melting point after one recrystallization, i ts n.m.r. spectruln sho\\ed it to be a 
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mixture of V a  and Vb in the proportions 70:30. Two peaks a t  1011-est field, a t  5.55 T and 
5.96 T, had a total area equivalent to one proton, and could be assigned to the protons a t  
the 1 position of V a  and Vb. The two pea1:s a t  highest field, a t  8.92 T and 8.74 T, ~vith a 
total area equivalent to threc protons, could be assigned to the angular methyl groups. 
In both cases the relative areas of the peaks were 70:30. The assignineilt of these pealis to 
the individual isomers V a  and Vb as shown in the formulae conles from a coinparison \\,it11 
thc n.m.r. spectra of the knotvn compounds, 4cr,5cr-dihydroxycholestan-3-one (XI) and 

4j3,Sj3-dihydroxycholestan-3-one ( S I I )  (5, 6). The various peaks of these spectra may be 
assigned on the basis of the kno\vtin n.1n.r. spectra of steroids (7), and the chemical shifts of 
the relevant peaks are shown in the formulae XI  and XII .  I t  is apparent that tlie cis 
decalone is either in the non-steroid collformation of Vb (cf. refs. 2 and S), or in a conforma- 
tion in \\.llich one of the rings has become a t~vist-boat (9). 

These results indicate the trans isoincr Va to  be the chief product from the oxiclation of 
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I\' by osmium tetroxide, probably because the p-methyl group shields the P face of the 
molecule. Similarly, the oxidation of testosterone under the same conditions has been 
found to J-ield '70% of the 4cc,5a-diol (10). I-Io~vever, \\.hen a mixture of osmiuin tetroxide 
and h\.drogen peroxide \\as used to oxidize I\', the proportion of V a  in the product 
decreased to 40%, again paralleling the behavior of steroidal compounds (6). 

I ,.9-Epo?iy-l O-metliyldecal-2-olze ( VI) 
Oxidation of the unsaturated ketone IV \\:it11 allialine hydrogen peroxide according to 

puhlishcd procedures (11, 12) gave a liquid product, indicated by its n.nl.r. spectrum to 
contain t\vo compounds. T\\-o sharp pcalcs a t  highest field (8.89 T and 8.81 T ;  relative 
areas l : ? ) ,  having a total area eq~~iva len t  to three protons, may be assigned \\iith reasonable 
ccrtniiit). (cf. ref. S) to  the angular methyl groups of the trans (\'Ia) and cis (VIb) isomers, 
res~-'ectivel~~. The  pealis a t  lo\\.est fielcl (7.15 T and 7.22 T ; relative areas 1: 2), corresponding 
to one proton, are then assigncd to the protons on the 1 position, as she\\-11 belo\\-. This 

ratio of 2 : l  for the cis and trans isomers in the product agrees with the ratio of 70:30 
obtained by Sha\\, and Stevenson (12) from the oxidation of cholest-4-ene-3-one. 

Treatment of the epoxide ~uixture \\-ith sulfuric acid in acetic acid (cf. ref. 13) or of the 
diolones (1') \\-ith lithium methoxide in methanol (cf. ref. 6) yielded the diosphenol (\TII), 
\\-hi& gave a characteristic blue color ~vi th ferric chloride. 

I-Hydroxy-.9-metlzyZl1ydrindan-l-ca~boxyIic Acid (VIII) 
Iliosphenols undergo a beiizilic acid t j ~ p e  rearrangement in alltali (14, 15), presumably 

because of a s~nal l  a ~ n o u n t  of diltetone in equilibrium with diosphenol. In the present 
instance, the dilietone can have either a trans (XIIIa) or cis (XIIIb) fusion of the rings 
(Reaction Scheme 2). I t  seems to be liltely (cf. ref. 16) that  both diones have about the 
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same stability, and so are present in roughly equal amounts, hut  tha t  the trans compound 
XI I I a  reacts more rapidly ~vitll hydroxide ion, because of the better solvation possible for 
the highly charged intermediate (17) leading from XI I I a  to  VIIIa.  In  fact, i t  proved to be 
iinpossible to determine the proportions of trans (VIIIa) and cis (VIIlb) products froin the 
n.1n.r. spectrum of the liydroxy acid, \vhich showed only a single peal; for the carboxyl 
(2.30 T) and inethyl (8.96 T) protons; however, the products from the next stage of the 
synthesis showed the ratio of trans (VIIIa) to  cis (1'1IIb) to  be about SO:2O. 

9-il~et/1yll1,ydrindan-l-one (X) 
Lead tetraacetate oxidation of the hydroxy acid VIII gave 9-111etl~ylllgrdri11da1l-l-oi1c 

(X). 'The n.m.r. spectrum of this coinpo~~ncl slio\\red two peaks a t  8.81 T and 9.21 T, with a 
total area equivalent to three protons and with relative areas of 20:SO. As shown below, 
these are due to the angular methyl groups of the cis and trans forms of X .  

Because i t  was feared tha t  some epi~nerization could have talten place under the acidic 
conditions of lead tetraacetate oxidation, the preparation of 9-methylliydrindan-1-onc was 
carried out by an  alternative route \\lliicli avoided acidic conditions. The  mixture of 
hydroxy acids (VIII) was reduced ~vi th  lithium aluminium hydride to a mixture of diols 
( IX),  ~vhich ~ v a s  then oxidized v i t h  sodium metaperiodate in neutral solution (14). Agaiii, 
the ratio of tra.ns to cis was shouln by n.1n.r. to be S0:20. 

'Treatment of this c i s  trans inixture \\.it11 sodium Ilydroxide in ~nethanol gave a product 
showing a peak a t  8.81 T (three protons) and no peal; a t  9.21 T. Evidently, under these 
conditioi~s coilversion of the trans into the cis co~npound \\-as almost complete, because the 
n.m.r. spectrum would have revealed the trans coinpound if i t  had been present to the 
extent of morc than about 1%. This isomerization took placc very readily: after 2 days in 
a Pyrex container, the proportion of cis isonler had risen to 7O%, and after 2 months to 
90%. 

These results are in accord \\-it11 expectation. Althougl~ the proportion of c,is- to tra,izs- 
hydrindan-1-one a t  equilibrium is 75:25 (IS), the addition of an  ailgular niethyl group 
would be expected to increase this ratio considerabl)~ (16, 19). 

cis-1-Oxa-10-meth yldecal-2-one ( I I I )  
The Baeyer-Villiger oxidation of cis-9-metl1ylI~ydrii1da1l-l-01~e (X) gave cis-l-oxa-10- 

inethyldecal-2-one (111). This reaction proceeds with retention of configuratioll of the 
migrating groups (20) and allnost all\-a-),s, as in the present case, involves ~nigration of the 
inore all\rylated of thc two carbons flalllti~lg the carbonyl group (21). The  n.m.r. spectrum 
of the lactone I11 showed a sharp methyl peal; (three protons) a t  5.93 T and a triplet 
(J 3.5 c.P.s.) a t  5.93 T (one proton) caused by the protoil a t  the 9 position. This con- 
firms I-louse's assignment of the methyl peak a t  lo\\-cr field to I11 (1). 

ESPERI hlEST,\L 

Hydro,aenation of 3-(1'-il~etlzyl-2'-oxocyclohe.~~~l)propio~tic Acid (I) 
3-(1'-Methyl-2'-osocyclohexyl)propionic acid (I) (3.014 g) in glacial acetic acid (3 ml) was hydrogenated 

over platinum oxide (0.704 g) a t  room telnperatilre and atmospheric pressure. After 1; 11, uptake of hydrogen 
ceased. The solution was diluted with ether, filtered, and washed with 2% sodium hydroside solution and 
with water. Distillation gave 1-osa-l0-111ethyldecal-2-one, b.p. 95-96" a t  0.3 innl, ??.D?' 1.4009 (l i t .  (1) b.p. 
102-104' a t  0.8 mm, nDZG 1.4016). 

. .  . . .. . . . .  . . Anal. Calcd. for C I O H ~ G O ~ :  C, 71.39; H, 9.59. Found: C, 71.26; 1-1, 9.56. 

1,9-Dil~ydro.ty-lO-~netl~yldecal-3-one ( V )  
(a) With Os~niz~nz Tet~oride 
A solution of 10-1nethyI-A~~~-octal-2-one (IV) (1.1 g) in pqridine (150 ml) was stirred a t  room temperature 

for 2; h with oimium tetrox~de (1.70 g). 'l'he black nlixture was then stirred for 10 11li11 with a solutio~i of 
sodium bisulfite (2.8 g) in water (40 ml) and pyridlne (30 ml). 'l'his mixture n a s  extracted with ether, and 
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the ether solution dried (I<.C03). l<emoval of the ether a t  reduced pressure left a blacli oil which was filtered 
through silica gel (20 g). \Vashing the silica gel with chloroforin and concentration of the chloroform gave a 
brown solid (1.05 g), m.p. 85-89", which, after several recrystallizations from hexane, was obtained as  
colorless needles, m.p. '30-93" ; V,C,,F;.~ 3 580, 3 460, and 1 738 crn-l. 

Anal. Calcd. for C I I H ~ ~ O ~ :  C, 66.64; El, 9.15. Forind: C, 66.52; I-I, 3.99. 
(6)  Ll'itlt Os~rziz~nr Tetroxide - ITydrogen Peroxide 
Osmium tetroxide (2 g) was added to a solution of 10-methyl-A1~"octal-2-one (15 g) i i i  ether (200 mi), and 

the mixture allowed to stand in the dark for 5 h. Hydrogen peroxide (SO%, 30 ml) \vas then added slo\vly and 
the mixt~rre \\,as stirred a t  room temperature for 4 days. Portions of hydrogen peroxide (10 ml) were added 
when the solution darl;ened. The excess of hydrogen peroxide was removed, and the ether solirtion \vas 
washed with water and then treated with a slo\ir strearu of hydrogen sulfide for 30 inin. The solution mas 
filtered, ivashed with 2';; sodiuln bicarbonate and xvith water, and dried. 'The oily residi~e obtained on evapora- 
tion was chromatographed on silica gel. Benzene-ether (75:25 v/v) eluted an oily, crystalline material 
(5.2 g) which crystallized froln hesane as  a colorless solid, 111.p. 90-92'. The compound was identical (mixed 
melting point and infrared spectrum) with the material prepared above, but its n.m.r. spectrum showed 
different proportions of the isonlers \?a and Vb. 

1 ,~-Eposy-lO-~~telIz~~ldec1~b-2-otze ( V I )  
10-Rlethyl-A1~9-octal-2-one (29.7 g) in methanol (500 ml) was treated a t  0' \i:ith ice-cold 30% hydrogen 

peroxide (308 1111) and the11 with ice-cold 1070 sodiirm hydroxicle solution (103 mi). The solution \\-as kept 
a t  0" for 48 h, and the11 diluted with water and extracted with ether. 'The ether solution \\.as \vashcd with 
water, dried, and evapor;lted, and the residue distilled to give 1,9-epoxy-l0-meth)1Idecal-2-one as  a n  oil 
(22.5 g), b.p. 96-98" a t  0.75 m m ,  nD2O 1.4992; v,C,%" 1 720, 922, and 858 cm-I. 

.Anal. Calcd. for C l l t l ~ S 9 ~  C, 73.30; El, 8.95. I ;OLIII~: C, 73.27: H,  5.71. 

l-FIydroxy-lO-~i1eth~d-~~~~octal-2-one ( V I I )  
(a) Fro7it l,0-Di11ydrosy-lO-t11~?tl~yId~cal-2-0~~e (11) 
ii solutio~l of 4 11I l i t h i ~ ~ m  nlethoxide in inethanol (85 ml) was added to 1,9-dihydrox)~-lO-metI1yldecal-2-o1ie 

(3.38 g) in methanol (200 ml), and the iaisture was boiled under reflttx for 2 h. 'The cooled solution was 
acidified to  pH 3 with concentrated hydrochloric acid, diluted with a large excess of \vatu,  a ~ i d  extracted 
with ether. 'The ether was evaporated and the residue distilled to give an oil (2.3 g), b.p. 36-00" a t  1.5 111111, 
which sloivly crystallized. After recrystalliz;ltion from Ilexane the diosphenol \\!as obtained a s  a colorless 
solid, m.p. 81-33", A::'$' 276 mp (E,,, 20 000) ; v,$,:J4 3 435, 1 720, 1 635, and 1 GG5 cm-I. 

Anal. Calcd. for C l I I - I l ~ 0 ~ :  C, 73.30; I-I, 8.95. 1;ound: C, 73.38; I-I, 8.07. 
(6) Fronr 1,8-Epoxy-lO-~1~etl1yldecaI-9-olte (1'1) 
'The epoxide (20 g) in glacial acetic acid (375 ml) conta ini~~g concentrated sulfuric acid (37..5 ml) was left 

;it room temperature for 24 11. The blacl; sol~~tioli  was diluted with ice water (3  1) and neutralized with sodi~im 
bicarboilate. :I solid separated anci was distilled to give an  oil, b.p. 90-100" a t  3.8 mm, which slowl~. crystal- 
lized. After recrystallizatiori fro111 hesane the solid melted a t  84-85', and was shown by mixed melting point 
and ultraviolet and infrared spectra to be idelltical with the compound described in the preceding section. 

1-FIydro.~y-0-~1nethyll1ydri~zdan-l-carbox~~lic Acid ( V I I I )  
A solution of 1-hydroxy-10-methyl-A1,"octal-2-one (3.9 g) iir methanol (50 ml) and 5% aqueous sodii~ni 

hydroxide (500 ml) \\;as kept a t  100' for 16 h under nitrogen. The cooled solution was acidified to pH 3 and 
extracted with ether, and the ether ill turn extracted with 5y0 aqueous sodium bicarbonate. The latter 
solution was acidihed and extracted with ether. Evaporation of the ether gave an oil which slowly crystallized. 
Recrystallization from hexnne gave plates of the hydroxy acid (VII I )  (2.11 g), n1.p. 108-111". 'I'wo more 
crystallizations fro111 hexane raised the melting point to 112-113°; v,$;i4 3 575, 1$24, 1 448, atid 1272 cni-'. 

Anal. Calcd. for CI1I-IlsOo: C, 66.69; I-I, 9.15. Fouiicl: C, OG.67; 13, 8.91. 

l-~Iydro.~y111eth~~l-O-111etI1yllzydrl~zdaz-1-01 ( I S )  
Under dry nitrogen, a soilltion of l-hydrosy-9-i~ietli~~l11yd1-i1i-l-coxylic acid (1.2 g) in ether (25 1111) 

was added, with stirring, over 15 min to a suspension of lithium alurninilrm hydridc (1.5 g) in ether (100 rill). 
, . I he mixture was refl~~xed for 2 11, and then water (5 ml) and 1070 aqueous sodiuni hydroxide (4 inl) were 
added dropwise, with conti~iued stirring. The inorganic precipitate was renioved by filtration and washed 
with ether. ?'he filtrate a ~ i d  washings, on co~iceiitratioii, gave the diol as  an oil (1.1 g) which coi~ld not be 
crystallized. 

8-il.letl~ylhydri?zda?z-l-ol2e (T;) 
(a) Fro?lz l-llydroxy-~-1rzethyll7~ydri~rda?~-l-carbosylic -1lcid ( V I I I )  
A solutioil of the hydroxy acid (0.1 g) and lead tetraacetate (40 g) in inethanol (200 mi) was left a t  rooill 

temperature overnight. The solution was concel~trated, diluted with water, alid extracted with ether. The 
ether solution was washed with 57, sodium bicarbonate and water, dried, and concentrated. Distillation of 
the residue (3.G g) gave an oil (2.6 g), b.p. 60-68" a t  1.3 mm, ~ L D ~ ~  1.4804, 1760  cm-l. The i1.m.r. 
spectrum showed this material to be a mixture of the cis and trans isomers. 

z \ ~ ~ a l .  Calcd. for CIOI-I~GO: C, 78.89; I-I, 10.59. Fo~und: C, 78.62; H,  11.06. 
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( b )  From I-lIydrox-ynzetkyl-9-~1zet/~yl/~yd~inda~1-1-01 ( I X )  
The diol (1.0 g) in methanol (50 ml) was treated with sodi~irn metaperiodate (2 g) in water (40 ml), 

iollo~ved by s~~fficient 5% aqueous sodium bicarbonate to adjust the pH of the mixture to  about 6. ?'he 
suspension was stirred overnight a t  room temperature. The methanol was relnoved a t  reduced pressure, and 
the residual mixt~ire extracted with ether. The residue, after removal of the ether, was distilled to  give all 
oil, b.p. 62-68" a t  1.4 mm, ?in" 1.4800, having an il~frared spectrum identical with that  oi  the k e t o ~ ~ e  
ment io~~ed above. 

cis-9-J1etl1 yllcydrinda?~-1-o12e 
The mixture of t~ans -  and cis-9-methylhydrindan-1-one obtained above (3.0 g) was dissolved in 2.7% 

methariolic sodium hydroxide (220 ml) and left overnight. The solution was then acidified, diluted with 
water, concentrated a t  recluced pressure, and extracted with ether. Distillation of the residue from the ether 
gave cis-0-methylhydrindan-1-ol~e as an oil (2.7 g), b.p. 70" a t  1.25 mm, n ~ ~ q . 4 8 1 2 ,  v:2d4 1 760 cm-I. 

Anal. Calcd. for C I O I ~ ~ ~ O :  C, 78.89; H ,  10.59. Found: C, 78.51; I-I, 10.50. 

cis-1-0x0-10-nzethyldecal-2-ojze (111) 
A solution of trifl~~oroperosyacetic acid, prepared from trifi~~oroacetic anhydride (13 ml) and 00% hydrogel1 

peroxide (2.6 ml) in methylene chloride (100 ml) (22), was added over a period of 1 h to a stirred solution of 
cis-0-methylhydri1ida1l-Me (2.6 g) in methylene chloride (160 ml) containing a suspension of disodio- 
hydrogen phosphate (9 g). Stirring was con t in~~ed  for 2 h a t  room temperature. After dilution with ether and 
hltration, the solution was \sashed with 5% aqueous sodium bicarbonate and water, and dried. Slow 
distillation of the residue from evaporation of the ether gave starting matcrinl (0.33 g), b.p. 78-SO0 a t  2.5 
mni, fo l lo~~ed  by the lactone (111) (1.36 g), b.p. 13C-134" a t  2.5 mm, ~ z ~ ~ q . 4 8 9 2 ,  v::d4 1 737 and 1 210 cm-1. 

--lnal. Calcd. for C I O H , ~ ~ ? :  C, 71.39; I-I, 9.59. Found: C,  71.11; I-I, 9.46. 
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