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a -The titk compounds have baar synthesized. The Huang-Minlon reduction of kctmhol 
XVI has been studied. Improved methods for the preparation of 2-methylcyclohcxanal.4-dionc and 
4,4-cthykncdioxy-2-mcthylcyclohcxanone have been developed. 

THE relative stabilities of substituted cis- and fransdecalins depend on the nature of 
substituents and has been extensively investigated.* While equilibration of adecalone 
XI furnishes* a mixture composed predominantly (90%) of the rrmrs-isomer XII, 
equilibration of lO-methyl-ldccalone (XIII) furnishes’ a mixture containing approxi- 
mately equal amounts of the cb XIV and truns XV isomers. The Huang-Minlon 
reduction of lO-methyl-ldecalone (XIII) furnishes3 an approximately 50:50 mixture 
of the cis II and tram I decalins. 

It was considered of interest to extend this work to lO-methyl-ldecaloncs sub 
stitutcd at C,. Huang-Minlon reduction* of the ketoalcohol XVIs*6 obtained by 
ozonolysis of /&eudcsmol XVII has been studied. The GLC behaviour of reduction 
product as well as the NMR spectrum showed that it is a mixture of two components. 
One of the components has been identified as the alcohol III by direct comparison 
with an authentic sample synthesized by the route given below. The structure of the 
other compound has not been rigorously established but it is tentatively assigned 
structure IV by analogy with the Huang-Minlon reduction products of IO-methyl-l- 
decalone (XIII)! 

(2)-c&lO-Methyl-2-rr~decalol (V)’ on treatment with PBr, furnished (A> 
bromocompound VI. The stereochemistry at Cz of the bromocompound VI has 

l Communication No. 936, from the National Chcmkal Laboratory, Poona-8, India. 
+ Junior Research Fellow of the CSIR, India. 

’ E. L. Eliel. N. L. Allinger. S. J. Angyal and ci. A. Morrison, Conformationaf Analysis. pp. 231 
236. Interscience, New York (1965). 

’ H. E. Zimmerman and A. Mais. J. Amer. Gent. Sot., S&3664 (1959). 
’ It has been pointed out* that the relative quantities of &calins I and 11 formed during the reduction 

do not nac*lsarily rclkct the position of equilibrium of the decalones XIV and XV. 
’ F. Sondhcimcr and D. Rosenthal. J. Amer. Ckm. Sk &I, 3995 (1958). 
’ ‘*I L. Ruzkka. A. H. Wind and D. R. Koolhaas, Hch. Chim. Acra II,1132 (1931); I’) A. J. Birch 

and K. M. C. Mostyn, Ausrr. J. Ckm. 7,301 (19W); ((I B. Rcnikcr, J. Kalvoda, D. Arigoni. A. 
Funt, 0. Jegcr, A. M. Gold and R. B. Woodward, 1. Amer. C’hem. &c. 76, 313 (1954); (‘1 H. 
Hikino, Y. Hikino, Y. Takeshita, K. Mcgur and T. Takanato, Ckm. Ph. Bull (Tokyo) 11, 
1207 (1963); I” V. B. Zalkow, A. M. Shaligram and L. H. Zalkow, Ckm. & hf. 195 (1965); 
It1 H. Hikino. Y. Hikino. Y. Takuhita. K. Mcguro and T. Takanato. Ckm. Phurm. Bull(To&yo) 
13, 1408 (1965)); “I R. P. Houghton, D. C. Humber and A. R. Pinda, Terruhedron Lerms 353 
(1966). 

* A qualitative study of the relative xtabilitiea of the cir (XVI& and rrcw (XVI) kctoakohols has 
baen reported.* 

’ R. H. Baker. L. S. Minckkr and A. S. Husscy. J. Amrr. Ch. SC. 81.2379 (19S9). 

1259 



1260 R. K. MAW and A. S. RAO 

been assigned on the basis of analogy% and is further supported by its NMR spectrum 
which exhibits a narrow band (width at half height 8 c/s) at 466d, characteristic for 
axial bromo compounds .O Treatment of the bromo compound VI with alcoholic 
KCN and alkaline hydrolysis of the resulting nitrile VII furnished the (&>acid VIII1o 
as a crystalline solid, m.p. loblOP. Methyl ester X on treatment with McMgI 
fumishcd (%)-alcohol III. 

Many of the transformation products of naturally occurring eudesmanic com- 
pounds contain an equatorial methyl group at C,. la-la With a view to systhesize some 
of these transformation products especially 4-epidihydro-eudes moP and Qepitetra- 
hydro-alantolactone,lS we have prepared (f)-~ranr-5r,9~dimcthyl-2decalone XLIX 
employing the ketoketal XXVII” as the starting material.” The previously reported 
2-methyl cyclohcxane-1,4dione XXVIII ldar) has been prepared in excellent yields by 
hydrogenating o-toluquinone XX at 150” and 150 atm to the diol XXI (possibly a 
mixture of stereoisomers) and subsequent oxidation with Jones reagent.” Reaction 
of diketone XXVIII with 1 mole of ethylene glycol resulted in the selective ketalization 
of C, carbonyl group to furnish ketoketal XXVII. 

In an alternate approach, diol XXI was benzoylated to furnish dibenzoate 
XXII as a crystalline solid. Hydroxybenzoate XXIII prepared by controlled saponi- 
fication of XXII was converted to ketoketal XXVII employing the route XXIII - 
XXIV - xxv --, XXVI + XXVII. 

Condensation of ketoketal XXVII with lchloropentane-3-one in presence of 
sodium hydride= and base treatment of the resulting product furnished 6&ethylene- 
dioxy-I-lO/?dimethyl A **~%ctal-2-one XLII, in satisfactory yields. Reduction of 
octalone XL11 with lithium and ethanol in liquid ammonia followed by CQ- 
pyridine oxidation g furnished rramdecalone XLV. The stereochemistry assigned 
to decalone XLV is based on generally accepted reaction mechanisms of metal 
ammonia reduction of z,@msaturated ketones”*” and also by analogy with reduction 

* G. Roberts, C. W. Shoppee and K. J. Stephenson. J. C/n-m. Sot. 2705 (1954). 
@ N. S. Bhacca and D. H. Williams, Applicnrionr of NMR Sjxcrrotcopy in Organic Chemirfry, p. 74 

Holden-Day (1964). 
i” After we had completed the preparation of (+&id VIII. its synthesis was pub1ished.i’ 
*i J. A. Marshall and M. T. Pike, Terrolvdron Lrrrerr No. 35, 3107 (1%5). 
f’ E. Von HudlotT and H. Lrdtman, Ferraludron 18, 1315 (1962). 
I* K. Tanabe. Chcm. Pharm. Bull. (Tokyo) 6,218 (1958). 
ri S. A. Narang and P. C. Dutta, /. Chem. Sot. 2842 (1960). 
iI Condensation of vinyl ethyl ketone with ketoakohol XXX or methyl ether XXX1 did not appear 

promising; condensation of vinyl methyl ketone with XXX is reported to give bicyclic alcohol 
XXX11 in poor yield” and the reaction of vinyl methyl ketone with ether XXXI fumishos an 
epimeric mixture of octaloncs XXXIII and XXXIV.” Raxntly bicydic ketones XXXV and 
XXXVI have been preparcd and are the key intermediates for the synthesis of alantolactonc 
XXXVIIi@ and isoalantolactonc XXXVIII1* respectively. 

i’ F. Sondhcirrxr and De0 Elad. J. Amer. Chcm. Sot. 79.5542 (1957). 
I’ G. Stork and S. D. Darling, J. Amer. Chem. Sot. 86, 1761 (1964). 
]a J. A. Marshall and Noal Cohen. 1. Amer. Chem. Sot. 87,2773 (lW5). 
I’ H. Minato and I. Horibc, Chrm. Commwt. 531 (1%5). 
** R. M. Lukcs, G. I. Poos and L. H. Sarett, J. Amer. Chem. Sot. 74, 1401 (1952). 
‘I K. Bowden, I. M. Hcilbron, E. R. H. Jones and A. C. L. Waxion. J. Chem. SM. 39 (1946). 
** T. G. HaBall, D. W. Theobald and K. B. Walshaw. 1. Chem. Sot. 1029 (1964). 
U G. I. Poos, G. E. Arth. R. E. Bcylcr and L. Ii. Sarctt. J. Amer. Chcm. Sot. 75,422 (1953). 
*’ M. J. T. Robinson, Terrohedron 21, 2475 (1965). 
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P R’=/3-OH, R*= a - H 

XI R’=a-B,, R= a - H 

?Zll R’=P-CN. R’=a-H 

m R’=fl-COOH RXna-H 

IX R’=a-CN, f-a-H 

X R = B COOMo. R>a-H 

” 

“c1 R' 

= R’=f3-04,. R-=OH 

= R’=fl -CM,. R*=P-OCH, 

XXXE d=a -CH,. R>fl-001, 

of conjugated ketones of similar structure such as 4-methylcholestenone 3-0x0- 
eudesm-4-cn- I 3-oic acid” XXXIII, XXXIV” and particularly the ketoketal XL1 

XYI d=CH,, 
,w 

f=fl-C1;0H. <.=a -H 

CM3 

C% 
XfZIZ R’=CH,, R-=p do”. ff=@-~ 

‘04, 

a d 

R’ 

R’ 

a OR’ 

xX&! R’= CO.+, R-. o 

-xxY R’= co+R;:;] 

XW R’= H&a 

Prf”_ qw 
m R’= H, R-z 0. 

U d= CH,.R-= 0. 

XLYI d=H, #=H~, 

XLlTlI d = CH,.R-= H,, 

XXII R’=H. tf=H2 

.= R’= CH,,R-= HP, 

R-‘= R” 7 
R-z ii7 
R-z :,“J 
t-r=:3 
R-= 0 

fr= 0 

whose preparation and reduction are discussed below. Decalone XLV on Huang- 
Minlon reduction to XLVII and subsequent deketalization furnished (+)-rrans-Sa-9/i- 
dimethyl-2decalone XLIX. 

z&Unsaturated ketone XL1 was prepared by the Robinson annelation on 
ketoketal XXVII and was converted to diketone XLIII. Octalone XL1 furnished 
rranrdecalone XLIV on reduction with lithium and alcohol in liquid ammonia 
followed by GO,-pyridine oxidation. Rigorous proof of the lrnns stereochemistry 
of decalone XLIV was provided by its conversion to rradecalone XLVIIF 
employing the sequence XLIV -.+ XLXI -. XLVIII. frunr-Decalone XLVIII thus 
prepared yielded rrons-1-methylcyclohcxane-1,2diacetic acid (L)” on nitric acid 
oxidation. 

u Y. Mazur and F. Sondheimcr, 1. Amer. Chrm. Sot. 80.5220 (19S8). 
*’ K. S. Kulkami and A. S. Rao, Tefrahedron 21, 1167 (l%S). 
*’ ‘*I W. Nagata and I. Kikkawa, Chem. Phorm. Bull (Tokyo) 11, 289 (1%3); I0 C. Djcrassi and 

J. E. Gunt. J. Amer. Chem. Sot. S&1755 (1964); ((I J. A. Marshall and Ronnie D. Carroll, 1. Org. 
C&m. 30.2748 (1%5). 

” R. 1,. Kroncnthal and E. 1. Backer. 1. Amer. Chcm. Sot. 79, 1095 (1957). 
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EXPERIMENTAL 

All m.ps and bps are uncorroztad. Elemental analyses are due to Mr. Pansare and collaguca of 
our laboratory. IR (Perkin-Elmer spoccrophotomcta). UV (Beckman DK-2 spcctrophotometa). 
NMR (Varian A60 instrument in Ccl, with TM as internal ref.) by I. Mulla. GLC (GriIIin VPC 
apparatus MK IIA). We thank Dr. B. 8. Ghatgc for providing VPC data of our compds. 

tiua@fi&n rcducrion of kc~oalcokol (XVI). CO mmcrcial “cudcsmol”t was chromatographcd 
on a column of alumina (grade II; ratio of alumina:substratc 30: 1). The column was elutcd surzes- 
sivcly with pet.tther. pct.ethcr-bcnaenc mixture and bcnznc. The material clutcd with benzene 
consists of a mixture of a- and /%uidcamol and had [a]n +27’ (c, 3.0; CHCIJ. GLC examination 
showed two peaks in the ratio of 28: 72; retention time 3.0 and 383 min respectively, using a polyester 
column, tcmp 218” and H, as cania gas (flow rate 75 ml/min.). This mixture was used as such. 

The mixture of a- and /l+udcsmol(3.2 gl was dissolved in chf (40 ml). Ozone was passed through 
the cookd soln (W) for 75 min. (rate of ozone t3+8 gfhr). H,O, (30%) (7 ml) and AcGH-wata (1: 1) 
(15 ml) wae added to the soln and the reaction mixture was kept overnight at room temp. The chf 
layer was washed with water and concentrated in wruo. Water (10 ml) was added and the reaction 
mixture was heated on a water bath for 3 hr. The product was taken up in ctha and washed with 
10% Na,CG, aq and wata. The ether layer was dried and the solvent removed to furnish XVI 
(2.7 g) as an oily residue. 

A mixture of XVI (0.32 g), 80 7: hydrazinc hydrate (2 ml) and freshly distilled dicthylcne glycol 
(10 ml) was heated at 120’ (bath) in N, atm. After 3 hr KOH pclkts (1.0 g) wae added to cooled 
r-ion mixture, condcn.ur was removed and tanp of bath was raised slowly to 210” (hach). Con- 
denser was replaad and canp maintained at 210’ for 3 hr. The reaction mixture was diluted with 
water and extracted with ether (25 x 2 ml). The extract WBS washed with water. dried and the 
solvatt removed co furnish a viscous oil (@177 g) b.p. l&130” (bath)fO? mm, [ah, -t 7’ (c, 245 chf) 
(Found: C, 79.f2; H, 12-08. C&H& requires: C, 79.93; H, 1246%) IR (liquid fitm): 3400, 
1480, 1465. 1395, 1160.955 and 918 cm-‘. GLC of this oil exhibited two peaks (retention time 
2% and 27 min rtspcctively; polycsta column. tamp 218*, HI as carrier gas, (Row rate. 7S ml/ 
mitt). NMR O-79 d (s; 1.5 H; angular CH, in III), 0.83 d (s; 1.5 H, angular CH, in IV), 1.12 d 
(s; 6H; CC(CH,),OH). 

(.t~traru-trans-2-&oml~~tkyld*cofin (VI). Freshly distilled PBr, (1 ml) was added to a 
cookd (f)-c&-l&ncthyl-2-rroncdcoalol (V) (I.8 g). The ma&on mixture was kept at room temp 
unda anhyd conditions for 18 hr. warmed on a water bath for 4 hr, poured on to crushed ice (25 gI 
and the product extraned with ether (25 x 2 ml). The cxlfact was w&cd with waca, dried and on 
removal of the solvent VI (1.698 g) was obtained as a colourlcss liquid, b.p. W-115” (‘batlWl.5 mm, 
ng I.5152 [Found: C, 58.91; H, 840. CciIi,,Br requires: C, 57.13; H, 8.26. (The higher carbon 
value may be due to the presence of small quantities of elimination products).] IR @quid film): 
1460, 1390, 1368, 1275. 1265, 1246. 1205. %6, 965, 860 and 7OOcm-‘. NMR: @78d (s; 3H; 

C 
\ 

angular CH& a narrow band at 466 d (height ac half width 8 c/s; 1 H; S-C--Br). 
/ 

(rt:)-t~cis-lO-mcthy~&c~~-2~ar~~yl~c acid (VIII). (A) A mixture of VI (1.548 g), EtOH 
(SO ml) and KCN (1.1 g) was rctluxcd for 24 hr. cooled, diluted with wata and extracted with ether. 
The extract was dried and chc solvent removed to furnish a mixture of (+)-rranr-c&-2-oyan~lCr- 
mechyldecalin(VII) and elimination product, as a colourlcss liquid (099 g). b.p. 75-W (bach)/l.2 mm. 

The mixture (@83 g) was r&Wed with 10% alcoholic KOH (SO ml) for 22 hr, concencratcd. 
diluted with waca. extracted with ctha, and the extract rejected. The aq layer was acidi8cd with 
cold HCl (1: I) and the liberated acid was extracted with ether (25 x 2 ml). The extract was washed 
with water, dried and on removal of the solvent, a solid residue (@ll g) was obtained, Crystahization 
from pet ether (6&80*) afforded pure VIII. m.p. 106107’. 

(B) A mixture of ptolucncaulphonacc of (z) c&-lO-methyl-2-rraxs-daxclol (V)? (@38 g), di- 
~thylfor~ide (22 ml), c-BuOH (12 ml) and KCN (@71 g) was heated at 140” for 15 hr. The 

t Commercial “cudcsmoi” was purchased from plaimar Ltd., Austinha. A systematic investiga- 
tion of this comma& 1 cudumol has been carried out by E. VOR RudIoff [Chum. & Id, 743 (1%2)1. 
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reaction mixture - worked up as described under (A) to furnish a mobile liquid (@23 g) of (Ic,)_ 
rrcmc-rrcnr-2cyano-ItSmcthyldccaIin (IX) mixed with elimination products. 

The above liquid (0.23 g) WBJ rafluxed with S% glycolk KOH (20 ml) for 6 hr. On working UP 
the reaction mixture BJ de&bed under (A) VIII (@071 g) wan obtained, m.p. lo61070 afta sub- 

limation [9>105 (bath)/@8 mm] and crystallization from pet etba’WS8W). 
The m.m.p. of the (%)-acid VIII prepared by methods A and B was 106107”. 
(f)4ocmcr~+i&fr~&~mol(III). The methyl ester 0 (85 mg) [prepared from WI1 (100 mg) 

by diazomcthanc method] in anhyd. ether (10 ml) wu added dropwise to a cookd (0’) Grignard 
reagent prepared from Mg (Q25 g) and Me1 (25 ml). The reaction mixture wsu rcfluxal for 3 hr 
cookd, dccompoacd with sat., NH..CI aq. and the product extracted with ether. The extract was 
washed with water, dried and on removal of solvent furnished III (70 mg) as a viscous liquid, b.p. 
13&35” (bath)/06mm. (Found: C. 80.23; H, 1253. CIIHuO r+ires: C, 79.93: H, 12460/) 
IR (liquid film): 3400, 1480, 1465, 1392, 1160, 1000. 950. 918 and 82Oani. GLC: a single peak 
(retention time 2.7 min, polycater column, temp 218”. H, as carrier p). NMR: 0.788 (s, 3H. 
angular CH3. 1.12 d (s, 6H. CC(CHJ,OH). 

Hydrogenation of o-~oftqui~~nc (XX). Compound XX (21.7g) was hydrogenated in EtOH 
(5Oml)inprcSaKz of Rancy Ni (6+0 g) at 150” and 150 atm. The catalyst was tiltcrcd off, EtOH 
removed and the r&due distilled to furnish 2-methykyclobexanal,4-diol (XXI) (17.8 g) as a viscous 
liquid. IR (liquid film): 3448, 1451, 1418, 1370, 1220, 1098, 1053, 1030. 1010. 978, 952. 927, 885 
and 847 cm-‘. 

2-Methylcyciohexaw-1,baikme (XxX111). Compound XXI (l*Og) in acztonc (40 ml) was 
oxidimd with Jones reagent with cooling. After destroying the excess reagent with h&OH, the 
reaction mixture was conantratcd, diluted with water, and extracted with ether. The ether extract 
was washed with 5 y0 NaHCO, aq and water, and dried. On removal of the solvent 2-mcthykyclo- 
hexanc, l&dionc (XXVIII) wu obtained (0.65 g) which was crystallized from pet. ether (6&W). 
m.p. 4647” (lit.‘**” m.p. 473). (Found: C. 6655; H, 7.79. C,H,,O, requires: C, 6664; H 
799 %.) 

4.4-Ethyle~~xy-2-mcrliylcycIo~x~~ (XXVII). 2-Mcthylcyclohcxa&.edione (XXVIII) 
(0.37 g), ethyknc glycol (@I67 g) (1 mol) and ptolucnaulphonic acid (25 mg) were ntluxed in 
bcnznc (50 ml) for 6 hr and the water produced during the reaction was suitably trapped. The 
-on mixture was washod with NaHCO, aq and water. and batrare removed. The residue on 
distillation fumishcd XXVII (@25 s>, b.p. 1 l&120” (both)/l*5 mm. (Found: C, 63.10; H, 7.85. 
C,H,,O, requires: C, 63.51; H. 8.29%) IR (liquid film): 1718. 14S3, 1366. 1307, 1290, 1242, 
1143. 11&t, 1092, 1057, 1022,990,952.930 and 826cm-‘. 

1,14,4-Dierhylencdioxy-2-nurhylcyclohxanr (XXIX). (A) A mixture of XXVIII (@46g). p 
tolucnuulphonic acid (30 mg) and 2-ctbyl-2-methyl-1.3dioxoknc (10 ml) was refluxcd for 2 hr. 
The reaction mixture wps diluted with benmoe, washed with 5 % NaNCO, aq and water. Benrtnc 
and 2cthyl-2-methyl-l$dioxolanc were removed using a vigrcoux column. The residue on dis- 
tillation furnished XXIX (@55g), b.p. 110-115” (bath)/0.8mm. (Found: C, 61.81; H. 8.61. 
C,,Hi,O, requires: C. 6166; H, 8.47%.) 

(B) 2-Methykydohexar~+l.4dionc XXVIJI (0.45 3. ethylene glycol (1.9g) and ptolucna 
sulphonic acid (46 mg) were retluxed in tolucne (50 ml) for 6 hr. The reaction mixture was washed 
with Na,CO, aq and water. Tolucnt was ranovcd In wcuo and distillation of the residue furnished 
xX1X (052 g), b.p. 12&130”/15 mm. (Found: C, 61.86; H. 8.5. C,,HirO, rcquirts: C. 6166; 
H, 8*47%.) IR (liquid film): 1447, 1379. 1351, 1325, 1275, 1250. 1227, 1208.1156.1124,1096, 1070, 
1045. 1026,985,957,934,908, 814.780 and 684 cm -I. 

1,4-Dlbmroyloxy-2-mrrhyfcycf~~ (XXII). B&l (7 ml) was added to a cclokd soln of XXI 
(3.5 g) in anhyd. pyridinc (10 ml) and kept at room tcmp for 24 hr. The reaction mixture was poured 
on to crushed ice (30 g). extracted with ether. The extract was washed with dil HCI, 5 % Na,CO, aq 
and water, and dried. The solvent was distilkd off and the residue was pas$cd on a column of alu- 
mina (50 g, gr.11). Pet. ether elutcd fraction (4.3 g) was obtained as solid. which after two crystallisa- 
tions from pet ether (608@“), furnished XXII, m.p. 106-107’. (Found: C. 74.78; H, 6.67. C,,H,O, 
requires: C. 74.53; H, 6.53%) IR (in nujol): 1706, 1592, 1575. 1449. 1370, 1312, 1295, 1285. 
1250, 1176. 1111. 1082. 1065. 1025, 990,925 and 708 cm-‘. 

C&nroyloxy-3-mcrhylcyc&~xanonc (XXIV). Compound XXII (1.225 g) WIU refluxed with 4 % 
cthanolic KOH (5 ml) (I mol) for 6 hr. The reaction mixture was diluted with water and extracted 



1264 R. K. MATHUR and A. S. RAO 

with ether. The extract was waabcd with water, dried and on removal of solvent 4-benroyloxy-3. 
methylcyclohcxanol (XXIII) (0.8 g) was obtained as an oil. IR (liquid film): 3497. 1712, 1603, 1583, 
1493, 1366, 1274. 1176, 1111, 1070, 1027.993,925, 757 and 7lOcm-I. 

Compound XXIII (Q7S g) on oxidation with Jones reagent furnished XXlV (@7 g), b.p. 15&W 
(bath)/4 mm. (Found: C. 7242; H. 707. CIIHIIOI requires: C, 72.39; H. 694x.) IR (liquid 
film): 1724, 1610, 1587, 1449. 1418, 1360, 1316, 1280, 1176. 1114. 1070. 1020, 994, 948, 927, 865, 
855.810 and 714 cm -I. 

4,eE;hylerudioxy-2-mcrhyl~yc~~~I (XXVI). Compound XXIV (@7 g) was ketaliz& with 
ethylene glycol (0.9s g) in benzene (SO ml) in the presence of ptoluenrsulphonic acid (22 mg) IO 
furnish I-bcnzoyloxy-2-methyl+4-cthykncdioxy cyclohcxanc (XXV) (@72g). IR (liquid film): 
1724, 1610. 1587, 1450, 1360, 1342, 1316. 1280, 1176, 1160. 1114, 1070, 1020, 994, 927, 880, 803 
and 714 cm’. 

Compound XXV (072 g) on saponification with 4% alcoholic KOH (20 ml) in N, atm for 6 hr 
furnished XXVI (Q32 &. b.p. 1 lo-1 15” (bath)/3 mm. (Found: C. 62.59; H, 9.27. C.,Hr,O, requires: 
C, 62.76; H. 9.36:<.) IR (liquid film): 3448, 1449, 1370, 1292. 1220. 1147, 1111, 1042, 975, 948, 
925, 892.847, 797 and 763 cm .‘. 

4,eEliSyle~~~x~2-mr~hyfcycfo~x~~ (XXVII). Compound XXVI (0.31 g) in anhydrous 
pyridine (5 ml) was added to CrQ-pyridinc complex [prepared from CrG, (500 mg) and pyridinc 
(5 ml)] and kept at room temp overnight. The reaction mixture was diluted with water and extracted 
with ether (25 x 3 ml). The extract was washed with water, dried and the solvent removed. The 
residue on distillation furnished XXVII (0.116 g), b.p. 125 -135’ (bath)/l*S mm. (Found: C, 63.22; 
H. 851. C,H,,OI requires: C, 6351; Ii, 8.29%) IR (Liquid film): 1718, 1453. 1366, 1307. 1290. 
1242, 1143. 1124, 1092, lOS7, 1022,990,9S2,930 and 826 an-t; identical with that of an authentic 
sampk prepared by lit.‘* method. GLC (polyester column, tcmp 220”. H, as carrier gas): a single 
peak (retention time 3.2 min.) identical with the sampk prepared by ht.t* method. 

( f)d,bElhylcncdioxy-l,l~Dinurhyl-~”’I -ocfal-2-one (XLII). NaH (@6g) (washed with dry 
pet. ether) was added to XXVII (2.4 g) dissolved in anhyd. THF (10 ml) and the reaction mixture 
was stirred and rcfluxcd in N, atm for 2 hr. lChloropcntan-3-one (2.0 g) was added dropwisc to 
the cooled (0’) reaction mixture and stirring was continued for 2 hr at room tanp. NaH was dccom- 
posed with water and the product extracted with ether. The extract was washed and dried. The 
residue obtained after removal of solvent was rcfluxcd with 5 % mcthanolic KOH (SO ml) for 6 hr 
in NI atm. It was concentrated to a small volume, diluted with water and extracted with ether. The 
extract was washed and dried. The residue obtained after ether removal (2.9 g) was fractionally 
distilled. (i) Fraction b.p. 11&140’ (bath)/1 mm, Q6g. was identified as XXVII by comparative 
GLC analysis. (ii) Fraction b.p. 14&160” (bath)/1 mm. 0.91 g. solidified, pure XLII. m.p. 60-61”. 
was obtained after crystallization from pet. ether (4WW) (Lit.** m.p. 61”). (Found: C, 71.42; H. 
8.70. Ct,H,,O, require-s: C, 71.16; H, 8.53:/,.) UV (McGH): 244 w (E 14,ooO). 

(t M.dErhy~e~~~xy-crans-I~,10B_dimcrhyI-2-dccaoloru (XLV). Compound XL11 (O-318 g) in 
etbcr (10 ml) was added dropwisc to a soln of Li (@2 g) in liquid NH, (100 ml) and stirred for 1 hr 
and then treated with EtOH (IO ml). The residue left after the evaporation of NH, was diluted with 
water and extracted with ether. The extract was washod and dried. The residue obtained after 
solvent removal was oxidiscd with CrG, .pyridinc to furnish XLV (@2 g), b.p. 16&165” (bath)/4 mm 
(Found: C, 71.1 I ; H, 9.47. Ct,H,,O, requires: C, 7055; H, 9.31 %.) IR (liquid film): 1716. 
1460.1430.1345. 1140. 1100, 1080.1040,1025. 1ooO,985,955.930.865,840 and 785 cm-t. 

(::>2.2-~~~ylrrudioxy-~~~-Sa.9P_dinurhy~-~ecu/in (XLVIJ). Compound XLV (@la g) on 
Huang-Minlon reduction fumishcd XLVII (@115 g), b.p. 12&125^ (bath)/15 mm. (Found: C. 
75.11: H. 10.88. C,,H,,O, requires: C. 74.95; H, 1@78%.) IR (liquid film): 1470. 1400. 1370. 
1280. 1225. 1190, 1165. 1106. 1000. 980.965, 938, 930. 895. 840, 785 and 692cm”t. NMR: 0.82 d 

i 

C 11 , 

d, J ‘. 5c/s; 311. ‘C’ 

I 

0.93 15 (s; 3H, angular CH,), 3.77, 3.81, 3.85 d (4H; -G- CH,- - 
’ ‘\ 

C Cfi, 
cu. 4). 

(‘:.)_uans-Sz.9;~-Dinurhyl-2~c~o~ (XLIX). Compound XLVll (@l g) in acctonc (40 ml) 
containing a few drops of water and ptolucncsulphonic acid (30 mg) was rcfluxcd for 3 hr. con- 
centrated and extracted with ether. The extract was washed with ST< NaHCO, aq and water. and 
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dried. The r&due obtained after evaporation of ether on distihation furnished XLIX, b.p. lW105” 
(bath)/l.S mm. (Found: C, 8046; H, 1146. Ci,H,O raquircs: C, 7PP4; H, 1148x.) IR 
(liquid film): 1715, 1465, 1435. 1390, 1365, 1300, 1245, 1220, 1200, 1175, 1130, 1068, 970.862. 780 

and 720 cm-i. NMR: 0.79d(s; 3H; angular CH,), O.Pd d, J = 4c/s; 3H; ‘C” . 
,/’ \ 

c CH8 
(,~>a,d~f~ylcnedioxy-l(Fmcrhyl-~ i~*1-2-ocrufoae (XLI). Methyl vinyl ketone (1.4 g) was added 

during l/2 hr to a cookd (0’) and stirred soln of XXVII (2.5 g) and 3N EtONa (0.3 ml) in NI atm. 
After addition, the reaction mixture was kept at 0” for additional 6 hr, diluted with brine and cx- 
tracted with ether. The extract was washed and dried. The r&due obtained on removal of solvent 
was rcfluxcd with 10% KOH aq (45 ml) in N, atm for 6 hr. and the product extracted with ether. 
The extract was washed with brine, and dried. The residue on removal of solvent was fractionally 
distilled to furnish (i) b.p. ltX&l40” (bath)/@08 mm (@P s>, idcntihcd as XXVl’l by GLC analysis; 
(ii) 140-180” (bath)/OSe mm (0.72 & m.p. 85-86”. On crystahization from pet. ether, pure XL1 m.p. 
91-92” was obtained. (Found: C. 70%; H, 7.85. C,,Ht,O, requires: C, 7@24; H, 8.18%) UV 
(EtOH): 234 m/l (E 17,400). IR (in nujol): 1660, 1613, 1449. 1429, 1361, 1328, 1287.1233. 1224, 
1193, 1179. 1157. 1136, 1117, 1075. 1028, 1020.993,956.943, 877, 826,790,770,‘726and 707cm-i. 
NMR: l-35 13 (s; 3H, anguhir CH& 3.88, 3.95, 3.98 0 (4H; ~/f,-C&-O). 564 d (d, J I- 2 
c/s; 1 H. vinyl proton). 

(5)ICrhfcrhyl- ““-ocrufin-2,6-&n (XLIII). Compound XL1 (@l g) on dckctahzation in aq 
acetone in the pmacnce ofptoluencsulphonic acid furnished XL111 (0066 g) as sotid which crystaIlizd 
from pet. ether (4060”) as needles mp. 74-75’. (Found: C, 74.25; H. 8.01. Cr,H,,O,requircs: C, 
74.13; H, 7.92%) UV @OH): 234 rng (c 18,880). IR (in nujol): 1709. 1667, 1613, 1449. 1408, 
1379, 1359, 1312.1299. 1250, 1176, 1156, 1026,979,950.938,885,862and 769cm-i. 

(~~,dEf~~fc~~~o~~trans-1~mcfl?yl-2-dcc~o~ (XLIV). Compound X1.1 (@327 g) on rcduo 
tion with 1-i and EtOH in liquid NH* followed by CrG,-pyridine oxidation of the resulting mixture 
fumishcd XLIV (0.305 g), b.p. 14045’ (bath)/O.l mm. (Found: C. 6969; H, Q+P. CIIHPOt 
requires: C, 69.61; H. 8PQ%.) IR (liquid film): 1709, 1447. 1418, 1379, 1361, 1316, 1282, 1253, 
1147, 1089, 1070, 104s. 1036, 1010, PPO, 970,943,925. 862 and 83Oan-‘. 

(ir~2-tihylludiox~traP-~r~y/~c~~~ (XLVI). Compound XLIV (O-29 g) on liuang- 
Minion reduction furnished XLVI (0.19 0, b.p. 107-I 10” (bath)/O.‘l mm. (Found: C, 7459; H, 
1059. C,,H”O, requires: C, 74.25; H, lQSP%.) 1R (liquid film): 1449, 1357, 1316. 1262, 1233, 
1176, 1167. 1149, 1095. 1078, 1047, 1015, 1004.985,950,934,893. 885 and 833 cm-i. 

(,T)-tram+Q-Merhyl-2-&cu~one (XLVIII). Compound XLVI (O-18 g) on dckctahzation in aq ace- 
tone (30 ml) in the prucnce ofptoluencsulphonic acid (32 mg) furnished XLVIII (93 mg). b.p. 85-90” 
(bath)/O*S mm. (Found: C. 79.36; H, 10.96. Ci,H,,O requires: C. 79-46; H, lO.PZ%.) IR (liquid 
film): 1710. 1445. 1397, 1374, 13SO. 1307, 1282, 1227, 1181, 1160, 1149, 1114. 983, 938, 892, 848 
and 763 cm-t. NMR: 077 d (s, 3H; angular CH,). 

HNOI oxkfurion 4XLVlll. Compound XLVIII (0-l 1 g) was stirred with cont. HNOI at room 
tcmp for 2 hr. HNO, was evaporated off and the solid residue (0056 g). after two ctystallizations 
from AcGH furnished ( t)_rranz-l-mcthylcyclohcxane-l.tdiaatic acid (L), m.p. 1%97”. no 
depression in m.p. on admixture with an authentic sample of L prcparcd from (i>rronr-lOmethyl- 
2-dccalonc.” 
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