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Abstract -- ~2~4as,~__)-~-~-l,l,~~imethyl-2-deca was synthesized from (SF(+)- 
3-hydroxy-2,2~imathylcycl chexanone in 31 % overall yield in 8 step. 

In 1978, (2~*,4a~*,8aR_*)-1,1,4a-trimethyl-2-decalol (*)-la was found to be an inhibitor of 

cholesterol biosynthesis by Spencer, Chang and their respective co-workers.'12 The com- 

pound (*)-la specifically inhibits sgualene-2,3-epoxide cyclase in Chinese hamster ovary 

cells. 2 The synthesis of (*)-la was first reported in 1958.3 Then, in the same year, 

(Zl7,4ag,8agl-(+)-la was also prepared.4 Nelson et al. resolved (&)-la and found both of -- 
the enantiomers to be inhibitors of steroid biosynthesis.' We became interested in syn- 

thesizing (2S,4ag,8*_)-(-)-1a, which is a structural unit widely distributed among sesgui-, 

di- and triterpenoids. 

For our purpose @I-(+)-3-hydroxy-2,2-dimethylcyclohexanone 2a seemed to be an ideal 
starting material with its OH group in correct S-configuration. The ketol (g)-2a was 

Q 2, 

13. 6 

Fig.1. Conversion of (S) - 3 - hydoxy - 2,2 - dimethylcyclohexanone 

to various opticaNy active compounds . 
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readily available by the reduction of Z,Z-dimethylcyclohexane-1,3-dione 3 with fermenting 

baker's yeast.5r6 Fig. 1 illustrates the versatility of 2a as a common building block for 
the syntheses of various optically active natural products A-D. 

is a tobacco flavor,5 
(g)-2-Ifydroxy-B-ionone A 

karahana ether B is a constituent of JapMese hop 0i1,~ polygodial C 

is an insect antifeedant,' 

imported fire ant.0 

and dihydroactinidiolide D is a pheromone component of the red 

RO 

?_a R=H 

k R=THP 

P l,a R=H 

Q R=(R)-MTPA 

5 R=C+MTPA 

Fig.2. Synthesis of (2S,4aS,8aR)-(-)-l,l ,4a-trimethyl-2-decalol . 

Our synthesis of (-)-la from 2a is shown in Fig. 2. The depicted strategy was 

adopted after our failure to prepare 7 by the conventional Robinson Annelation methcdolo- 

9Y. (S)-2,2-Dimethyl-3-tetrahydropyranyloxycyclohene 2b of 98.5 % e.e. was prepared 

quantitatively from 2a as reported previously.5r6 Alkylation of 2b with 3-butenyl iodide 

and LiN(i-Prj2 (LDA) in THF-HMPA gave 4 as a stereoisomeric mixture in 92 % yield. The 

reactivity of 3-butenyl bromide was insufficient to be employed in this alkylation reac- 

tion. Methylation of 4 with Me1 and LDA in THF-HMPA furnished 5 as a stereoisomeric 

mixture in 92.5 % yield. In a preliminary small-scale experiment, the two stereoisomers 

were found to be separable by Si02 chromatography. The less polar and the more polar 

isomers were obtained in a ratio of ?1:29. They were separately converted to a bicyclic 

intermediate 8a and its isomer 8b. The major and less polar product led to 8a, while the 

minor and more polar one gave 8b. In a large-scale run, the product 5 was chromatographed 

over Si02. The desired less polar isomer was eluted in earlier fractions to secure 5 

enriched in the desired stereoisomer. This olefinic ketone 5 was submitted to the Pd- 

catalyzed oxidation with PdC12-CuCl in aq DMF in the presence of 02' to give 6 in 77.0 % 

yield. 

The crystalline diketone 6 was heated with pyrrolidine in C6H6 to effect cyclization. 

The product 7, obtained in 89.4 % yield, was treated with e-TsOH in MeOH to give a mixture 

of 8a and 8b. These were separated by SiO2 chromatography to give 8a, m.p. 77.5-7&O", 

[alg2 -108' (CHC13), in 84.3 % yield from 7. As a minor isomer, 8b, m.p. 112-113O, [ali 

+130° (CHC131, was obtained in 4.3 % yield. In the 'H NMH spectrum of the major and less 



polar isomer Ea, a 1H signal at 6 3.32 was obeerved a8 dd (J-6 and 9 Hz), manifesting the 

axial nature of the CEOH proton. It should be noted that the isomer 8a with an eq OH 

group was the less polar one. In the case of Bb, the signal due to the eq CECH proton was 
obsarved at 6 3.51-3.74 with Wh/, =8 HZ. 

Hydrogenation of 8a over W-C in MeOH was completely stereoselective to give 9, m.p. 
91.6-92.0', [ali -5.2' (CHC13), in 95.7 % yield with 100 % chemical purity as checked by 

GIL. Finally the Wolff-Kishner reduction of 9 afforded in 91.4 % yield (2&4a@a@-(-)- 

1,1,9a-trimethyl-2-decal01 la, m.p. 86.5-87.4" (liL4 m.p. 87-89"), torIg -11.3O (MeOH) 

[lit.' [CII 699 -11.7' (MeOH)]. The enantiomeric purity of (-)-la was found to be 100 % 
e.e. by the HpLc analysis of the corresponding a-methoxy-a-trifluoromethylphenylacetates 

(MTPA esters)," lb and lc. The overall yield of (-)-la from (+I-2a was 31 % in 8 steps. 

In conclusion, we developed a new synthesis of f-l-la, which is a useful tool in 

studying regulation of steroid metabolism. The intermediates 8a and 9 will be of use as 
chiral building blocks for syntheses of polycyclic terpenes. 

(S)-l+W,2-Dimeth~l-3-tstr~~~ 2b. Rris was cbtairred i.nquMtitative yield fmm ?a [d3 L475& 

[ala3 +24,2' (~-1.03, CHC13). 98.5 *ea. (determined by the HPLC analysis of the corresponding ITPA estarf,6)ls n63 

-7311 [ix@3 +24a* f-71, ~cl+ Its lR ani tJNR spectra yere identiosl with thDee repxt& xxwicMlY*~,6 

(3S,6R9)-(+)6-(3'-BrreW1)-~2~1-3~1~~ C A aoln of W waa prqnred by tlm dmsniee 
a&litimofplMin_@ezfalm &!!A N, 2S.21 ml, 426 mmol) to a eti.nxd and coold aoln of (i-pr)p (6.07 ml, 43.4 

Jnmol)indLyap~59ml)at-6u-4D'lxx3erAr. ziMPAaz2sml)w&+cddedtotbemixtuKe at-6O'anlthem~wasw~ 
to-W to make it. a ~9ol.n. As~lnoZpl1~79,~~lfindryIW~lSml)wasaddrddmpvisetotheLW 

mln~t-65~ with etzin%~ard the mixhrte was stinxd forlhet-f#&W. 3+xtemylicdide f1478q, 813 rrmrol) was 

addedtothe m.ieWe, Mdthn mixhlra w(yI warmedto-10,. After atirr~ at-100 fez 3h, tbemixhw waspxedintoiar 
waterimdartractedwitbetkx. ltleetberso~waswashedwiul5nNa262qeoln,w&t.3r , s¶tEaaIp aoln ard Ixine, dried 

(W=$)~ Urlcmtxated in - -- l%? residua (17.6 gl wan c+lnxlaw WerSi02Wxq). Sluticnwi~_r+leWW 
ether (lo:l) g.Fm crude 4. Rxeer elutia3 with _e (10:1-&l) gave v of the Btarting matarial (4.06 qt. 
The crude 4 was diotilled to give 5.60 q (92 \, based on the consumed starting material) of pure 4 88 an oil, b.p. 

113-116°/0.Z5 Tom d3 I.4773 M33 +1(26' tc=UQ, CK!l,)t vmax X9D (w), 17l5 (s), 1645 (m), 1130 (8). 1030 (81, lo(M 

(a), 910 (a) cm-'8 6 Wlq) 0.98, 1.07, 1.10, 1.13, 1.17 (total 6H. each B), 1.28-1.75 (6H, m), 1.75-2.20 (6B, ml, 

2.20-2.75 (3H, m), 3.05-4.00 (3H. ml, 4.40-5.15 (3H, m), 5.30-6.15 WI, IQ). (Pound: C, 72.968 H, 10.07. Calc for 

C17H2~D3: C, 72.821 H, 10.06 8). 

(3s.Ws)-(+)*(3'-attenvl)-2Z6-trimethyl-3l~~ 5. T0 a stirred eoln of IAm Iirepsred fmn 

"_r*rLi (29.9 maxal) and (~-R@H M.lS ml, 293 rural)1 In 'Iii? (40 ml) ard HMFA WA9 ml), a mln of 4 (5.37 g, 1Q.Q mmol) 

in Iw (73 ml) waa adjed at -65,. l?mndxturewaestixred for 3OuLinat-66* UdarAr. l&I G!.al ml., 29.9 mmol) was 
ti ta the mixturs, am3 the mixture was wanred to -10,. Ihe sti.rr*was cm- fcol hr at -10,. ltmn tim me 
wasprtrediirtoics-water&e&ract& withether. lbeetherwlnwaswashadwith 5~!%2Sp3eoln,watar,eat~3 

mlnardbrine, driedu4qW~a!xi my)attrated invaalotogiWls.42 9 192.5 e> of 5 as b. diaetareomericmixttrre rrlcz 
siq, nen* ~lrt 5715 8 alusnt. r-: 18 Rf D.50 erd 0.43). ibis w&a cflromaoograpbed - SK%2 (54 q). Elut.i.al 
with ~-hexanmther (1O:l) .pWz meet of the less pllar isaner of 5 (3.93 q), 43 I.47771 Lal~3 +26.6"tFo.Q9, aKl3h MLIU 
3100 (w), 1695 (8). 1645 (ml, 1135 (e), 1120 (81, 1035 (81, 1000 (81, 910 (m) cm-la 6 (0214) 1.02, 1.05, 1.13 (total QH, 

each 8). 1.25-1.73 (12H, n\f. 1.73-2.20 (2H, ml. 3.X+4.04 (3% mf, 4.40-5.10 (3H, 18). 5.306.05 WI. III). (Found: C, 73.508 

H, 1Qla Calc far c1@3(j03: C, 73.43; H, 10.27 if. Anvmr elutial with _e (5:l) gave fractiale rich in the 
moraplarisomarof5 Ri~tothieeocperimwt,~~l~epreliminary~mentwae.carriedaR~~18(15mg 

of 4 to qiW3 192S rag of 5. siq, dllaaatogr~ of 170.9 mg of 5 yielded 116.3 mg (61 r) of the less palie 5 snd 47.9 mq 
(25 W of the mora polar 5 l&XII elution with @Wane&n (1O:l). 

f3S,6RS~-~+f-6-f3'-0x0botyl1-2,2,6-trfmethyl-3-tstrsh~yl~l~ 6. CuCl U.31 g, 13.2 amol) 8x3 F%X12 

t7Oomg,&nrity6Lun8,2.37mmol)wassuepededinsmixture af DNF no ml) UrKl water a2 ml). Rre aI* w&B stirrpd 
fcu22hatmnntem~undarG2. lbmaaolnof 5 (&QOq, 13.3mEW inWF(4ml)anlwatar(asml) wseaddedtothe 

mixture. Mterstirrinjlfosuhatroomtem~~02,the~wasdFlutedwithethsr~filtered~Oalita. 
Ihe filter CeJce was washed with etfwu. Ihemmbirrrd filtrateandwashiags-wasbsdwithhrina. drieaMg#J4) and 
-tiWinvarua -- nareaidua M,O2qf WaadKmla~ cww Sio, (65 gf to give 323 g (778 W of 6 as a ealid. 
An analytical sample w(1B reuyst&lM from _r- to #we needles. rep 50-548. r Lola fcLlG asxj>, vnax 

1720 (81, 1700 (s), 1380 (ml, 1360 (ml, 1130 (s), II20 (a), 1035 (8) cm-lr 6 (CC14) 1.03, 1.0% 1.15 (total 9% each B), 

1.30-1.85 (12H. ml. 2.04 (38, s), 215-2.44 (2H, HI), 3.20-4.00 (3Il. m), 4.40-4.80 (lH, m). (Pound: C, 69.69r H, 9.4S. 
talc for q&$34: C, 69.648 8. 9.74 (i). 
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105 Dyrralfdin (Ll PL 13.3 amal) in 6sy w 00 ml) “o stfrrsd and hmtd under rufha for 22 b vitb UU,QX+C 
reslcrrralofrata+.l&elac*tim,wamomLaltD-tampan? oarantratdL,-mnrmidua~tBQ;I)Ms~ 

QI(p si9 n8 g) to piw u7 g (89.4 l f of 7 ae En oils 4‘ LXEO? ra1fi~wQ csl3)t vllh* 3070 [WI, 1670 (I), 
1600 (mt. 1135 cm), 1120 (I), 1030 (6) cm-l, 4 (CCl4) 1.10, 1.23, 1.31 (tots1 98, ascb 6). 1.4012.30 (1211. II,), 2.28 (28, 

dd, J- 4 ani ?.5SE), 3.00-3.9~ (3H. a), 4.40"4.?5 (lH, m), 574, 5.78 (total 18, each a). (Four&r C, 73.53t B, 9.74. C&c 
for q882803: c, 73.931 R. 9.65 rt. 

mg(8URJafBL lbiewas ~~fmm~ eia to give gatit4m mg n*m*t tci@-xo0~ (~1.03, 
(=13fz v=af 3470 <II). 3080 lv), 1660 (n), 1600 (ml, 1060 tsf CIII-~; 6 @X4) 1.11 (38, a), 1.22 (3& B), l.36 (3!f, a), 

1.46-2.21 (6& a>. 2.37 (ZW, dd, J- 4 and 782>, 3.21 (1~‘ s, O$i), 3.32 (le. dd, J- 6 and 9Sz), 5.93 (la, a>. 'KC tsiqz, 
wen* M 57l5; ailzen++ @iuun- Btwc (Irl)l Rf a32 war&s c 7483, & 9s. c&c far c&&p c, 7-1 a, 9&8 
*X mm law eluM fmct3.an With _@waw&bz (6x1-3:1) gave 34 rq (43 b1 of ti ?hia wiu racqntallitd fxxm r 
m &lJ to give plate@, u+ 112-113. i t++l30' (crQ54r wz13)t - 3050 (a), 3~80 (w), 1660 (s), 1595 (XI), 

3075 (m). 1040 cm), 980 (8) cm-'r 6 (Qx113) 1.19 f3H, aft 1.21 (3?!, sf, 1.33 (38, 81, 1.45-2.30 UI?. m), 2.30-2.60 128, m), 
-3.74 fisis ml, 5.96 tlH# PX Tee rSiO2# N& Mr 57151 eluer& _@nwana-~l:l)l Rf 0.27. (Fix&: c, ?4&& is@ 
9.36. Calc for Cl382002: C, 74.96s H, 9.68 8). 

@&a Sw-t-f-1.1 4wrxi l- 2+dsxw-?Mamg. ~ewpsleimof10rRn:3Om9gfinaacLn Of88~5m~26r) 
mmol) inMeX(25ml) vaa atoned for 3huMern2at~wm txmqi, TImmMaxrewaa filteredisndtba filter& WM washd 

withetber. Theaxnb~ffltrateanl~vant~ in- 'n~re6M.m (6aOmg) rss~owr _- 
9102(6g)toglvsU1mg(95?t)of*aeasolid ~wannxy6t&lis&fniza _pb4umnetvgivernliarlasnmdlao*~ 

9w-92.0. i [a@3-5.200 (rl.l3, ct1313)r vmax 31Eo ox&l), l?l5 ls), loas (m). XXI0 fs). 993 (m), 943 (Ill) cm-$ 8 Pxl4) 

0.78 (38,. s), 0.95 f3R, s)r 1.14 (3R, s), 1.20-1.90 (78, m), 1.91 (18. 8, OEf. 2.10-2.40 (I& ml, 3.00013.35 (lH, ml. GLC 
(Column, W-101. 50 m x 0.28 mm bt 240*? Carrier gas, N2, lkg/cm2t: Rt 25.5 min (100 U). fFound: C, 74.17~ 8, 10.36. 

cd3.c for c13822Op Cv 74.24s Be lasl *). 

f2S,las.8aRH-f-l,~4il~l-~ la. loo * fqe#z&@ trydrate (Ll ml) was addd to II ealn of 9 Ga3 mg, x.35 

mmol) in dietbylwcr glycal (13 ml). iwd the mixture WM st.irnd~haatedat150* forlh m tbia W&U addd !iO t XOH 

so~t3ml)cmdthe~uasheatedat1500for30mirr lwatbnw.btQmpw~~~ly~tQ- m-hp 
distillateamithe!ai&xu"asbmRt%dat2l0* fcswb. Aftarcwling, itwaspoursaintni-ter UOal) a!xl#lxwwt& 

With ethes. ms ether .wln WllB washgt with dilE?zl SclrL aat NsKq SJLa Md ixine. dxiee fng804~ fslx~t6.3~ 

VaNotogive 24l.6 mg (9l.4 w of lass a aowL lus Y(u) 
86.5-87.4. 

YecsysMlizaafman-~topive~arlmwnmdl~ l&p 

I [lit' m.g. 67-89"lt Ial~3-11.3* (c-0.32, HeO8>r Ilit1 [a1589+12.2;, -Il.?* (UaOS)l; t=l&3-7.90* (c-0.30, 

di&)t rut4 tu10+78* &HN, diawne) ntisvalueptasc&t&xKl ~~~~tof(+)-~~m~~~~~ 

due to tba SMS & th@ 8rt in lS!s.l, vww. 33tn ezr.5). 3cOO (t?), 2960 (01, 2870 w, 1463 (6). 1450 (61, 1388 (*I, 1370 

(a), 1355 (m), 1340 (ml, 129s (~1, 1248 (~1, 1230 (v), 1210 (~1, 1193 (ml. 1175 (WI, 1155 (w), 1130 (III), 1100 (#I, 1090 

(81, 1073 (v), 1055 (ml, 1045 (a), 1030 to), 1015 (81, 1000 (a), 988 (wl), 960 cm), 953 (8), 935 (w), 895 (ml, 858 (WI. 850 

fw), 830 tw), 755 fw) cm-ii 6 (THS, CDC13, 100 XHz. Jwl JKN Fx-100) 0.77 (3H, s), 0.90 (33f. s), 0.98 (3B, 81, 1.03-1.80 

(13H. I), 1.85 (lR, s, Oa), 3.23 (lH, dd, J- 7 and 10Hz). 13C-NMR 6 (TM, COCl3, 25 WRz. Jeol JMN FX-LOO) 15.04, 19.18, 

21.61. 21.74, 27.54, 27.61, 27.78. 34.14, 38.79, 40.26. 45.25, 52.76, 79.368 OLC tColums, SE-30, 2 m x 2 mm at 

80*+1o=/minr avrlar gas, N2, l.l kg/cm2): Rt Il.6 mill nc0 M. frrXYldr c 79.44 It 1246. CalC for C&r2& c 79.53; 

fi, 12.32 *I. 
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