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SYNTHESIS OF (2S,4aS.8aR)-(-)-1,1,4a-TRIMETHYL-2-DECALOL,
AN INHIBITOR OF STEROID BIOSYNTHESIS
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Abstract -- (25,4aS,8aR)-(-)-1,1,4a-Trimethyl-2-decalol was synthesized from (S)-(+)-
3-hydroxy-2, 2-dimethylcyclohexanone in 31 & overall yield in 8 steps.

In 1978, (28*,4a5*,8aR*)-1,1,4a-trimethyl-2-decalol (i)-1a was found to be an inhibitor of
cholesterol biosynthesis by Spencer, Chang and their respective co-workers.'’?2 The com-
pound (i)-1a specifically inhibits squalene-2,3-epoxide cyclase in Chinese hamster ovary
cells.2 The synthesis of (t)-1a was first reported in ‘l958.3 Then, in the same year,
(2R,4aR,8a8)-(+)-1a was also prepared.? Nelson et al. resolved (t)-1a and found both of
the enantiomers to be inhibitors of steroid biosynt:heszls.1 We became interested in syn-
thesizing (2§,4as,8aR)-(-)-1a, which is a structural unit widely distributed among sesqui-,
di- and triterpenoids.

For our purpose ($)-~(+)-3-hydroxy-2,2-dimethylcyclohexancne 2a seemed to be an ideal
starting material with its OH group in correct S-configuration. The ketol (S)-2a was
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Fig.1. Conversion of (S)-3-hydoxy-2,2 - dimethylcyclohexanone
to various optically active compounds .
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readily available by the reduction of 2,2-dimethylcyclohexane-1,3-dione 3 with fermenting
baker's yeast:.s'6 Fig. 1 illustrates the versatility of 2a as a common building block for
the syntheses of various optically active natural products A~D. (S)-2-Hydroxy-B8-ionone A
is a tobacco flavor,s karahana ether B is a constituent of Japanese hop o:Ll,6 polygodial C
is an insect antifeedant,7 and dihydroactinidiolide D is a pheromone component of the red
imported fire ant.B
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Fig.2. Synthesis of (25.4aS,8aR)-(-)-1,1,4a - trimethyl - 2 - decalol .

Our synthesis of (-)-1a from 2a is shown in Fig. 2. The depicted strategy was
adopted after our failure to prepare 7 by the conventional Robinson Annelation methodolo-
gy. (S)-2,2-Dimethyl-3-tetrahydropyranyloxycyclohexanone 2b of 98.5 % e.e. was prepared
quantitatively from 2a as reported previously.s'6 Alkylation of 2b with 3-butenyl iodide
and LiN(;—Pr)Z (LDA) in THF-HMPA gave 4 as a stereocisomeric mixture in 92 % yield. The
reactivity of 3-butenyl bromide was insufficient to be employed in this alkylation reac-
tion. Methylation of 4 with MeI 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 Sioz chromatography. The less polar and the more polar
isomers were obtained in a ratio of 71:29, 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 8i0O,. 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 PdClz-Cucl in ag DMF in the presence of 029 togive 6 in 77.8 &
yield.

The crystalline diketone 6 was heated with pyrrolidine in CgHg to effect cyclization.
The product 7, obtained in 89.4 % yield, was treated with p-TsOH in MeOH to give a mixture
of 8a and 8b. These were separated by SiO, chromatography to give 8a, m.p. 77.5~78.0°,
[ct]g2 -108° (CHC13), in 84.3 % yield from 7. As a minor isomer, 8b, m.p. 112~113°, [a]g3
+130° (CHC13), was obtained in 4.3 & yield. In the 'H NMR spectrum of the major and less
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polar isomer 8a, a 1H signal at § 3.32 was observed as dd (J=6 and 9 Hz), manifesting the
axial nature of the CHOH proton. It should be noted that the isomer 8a with an eq OH
group was the less polar one. In the case of 8b, the signal due to the eg CHOH proton was
observed at § 3.54~3.74 with W/, =8 Hz.

Hydrogenation of 8a over Pd-C in MeOH was completely stereoselective to give 9, m.p.
91,6~92.0°, [ot]l";3 -5.,2° (CHCl3), in 95.7 % yield with 100 % chemical purity as checked by
GLC. Finally the Wolff-Kishner reduction of 9 afforded in 91.4 % yield (25,4aS,8aR)-(-)-
1,1,4a-trimethyl-2-decalol 1a, m.p. 86.5~87.4° (lit.4 m.p. 87~89°), (a133 -11.3° (MeOH)
[13:.t:.1 ["‘1589 -11.7° (MeOH)]. The enantiomeric purity of (-)-ta was found to be 100 &
e.e. by the HPLC analysis of the corresponding a-methoxy-w-trifluoromethylphenylacetates
{MTPA esters),w 1b and 1c. The overall yield of (-)-1a from {(+)-2a was 31 & in 8 steps.

In conclusion, we developed a new synthesis of {-)-1a, 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.

EXPERIMENTAL

All hpe and mps were uncorrected. IR spactra were measured as films for oils or as XBr discs for solids on a Jasco
IRA-102 spectrometar, lﬁmmmrmﬂedwimmsummw at 60 MHz on a Hitachi R-24A
spectrametex unless otherwise stated. Optical rotations were measured on a Jasco DIP 140 polarimetexr. Puji-Davison BW-820
MH gel wag used for 8i0, column chromatography.

(8)={+)-2,2~Dimethyl-3-tetrahydropvranyloxycyclchexanane 2b, This was cbtained in quantitative yield from 2a [nf> 1.4754;
i3133 +24,2° (c=1.03, CHCl3), 98.5 % e.e. (determined by the HPLC analysis of the corresponding MTPA ester3:6)y; n&B
1,4731; (3133 +24.8° (c=Q\71, (HCl3). Its IR and NMR spectra were identical with those reported previously, 56

{35,6R8)~(+)~6~(3'-Butenyl)-2,2-dimethyl-3-tetrahydropyranyloxycyclobexanone 4. A soln of LDA was prepared by the dropwise
addition of p-Buli in p-hexane (L54 N, 28.21 ml, 426 mmol) to a stirred and cocoled soln of {i-Pr)i (607 ml, 434
mmol) in dry THF (59 ml) at ~60~-40° wxder Ar. HMPA (22.25 ml) was added to the mixture at -60° and the mixture was warmed
to -20° to make it a homogeneous soln. A soln of 2b (917 g, 406 mmol) in dry THF {15 ml) was added dropwise to the DA
soln at -65° with stirring and the mixture was stirred for 1 h at -65° under Ar. 3~Butenyl iodide (14.78 g, 812 mmol) was
added to the mixture, and the mixture was warmed to -10°, After stirring at -10° for 3 h, the mixture was poured into ice-
water and extracted with ether. The ethar soln was washed with 5 % NayS;07 soln, water, sat Nal(O; soln and brine, dried
(MgS0,4) armd concentrated in vacuo. The residue (176 g) was chromatographed over Si0y (300 g). Elution with n-hexane-
ether (10:1) gave crude 4 Further elution with mhexane—ether (10:1~5:1) gave recovery of the starting material (405 gl
The crude 4 was distilled to give 5.60 g (92 8, based on the consumed starting material) of pure 4 as an oil, bup.
113~116°/0,25 Torry nfd 14775 [alf® +4106° (c=169, CACly); vmax 3090 (w), 1715 (s), 1645 (m), 1130 (s), 1030 (s), 1000
(a), 910 (&) cm“l; § (CCl,) 0.98, 1.07, 1.10, 1.13, 1.17 (total 6H, each s), 1.28~1.75 (6H, m), 1,75~2,20 (6H, m),
2,20~2,75 (34, m), 3.05~4,00 {3H, m), 4.40~5.15 (3H, m), 5.30~6.15 {1H, m), (Found: C, 72.96; H, 10,07, Calc for
C17Hpg03: €, 72.82; H, 10,06 %).

(3S,6RS)~(+)~6~(3"-Butenyl)-2, 2,6-trimethyl-3-tetrahydropyranyloxycyclohexanone 5 To a stirred soln of LDA [prepared from
n-Buli (29,9 mmol) and (i-Pr)¥# (418 ml, 299 mmol)) in THF (40 ml) and HMPA (109 ml), a soln of 4 (537 g, 199 mmol)
in THF (7.1 ml) was added at —65°. The mixture wam stirred for 30 min at -65° under Ar, MeI (200 ml, 299 mmol) was
added to the mixture, and the mixture was warmed to ~10° The stirring was contimued foxr 1 hr at -10° Then the mixture
was poured into ice-water and extracted with ether, The ether soln was washod with 5 % Way5,03 soln, water, sat NaH(Oy
soln and brine, dried (Mg90g and coentrated in vacuo to give 542 g (925 &) of S as a diastereomeric mixture (TIC:
§i05, Merck Art 5715 ; eluent, n-hexane~ether=4:1; Rf 0,50 and 0.43). This was chromatographed over SiO; (54 g). Elution
with n-hexane-ether (10:1) gave most of the less polar isomer of 5 (390 g), n§3 L4777 (a)f3 +266° (c=L99, CHCl3); vmax
3100 (w), 1695 (s8), 1645 (m), 1135 (s}, 1120 (s), 1035 {8), 1000 (8), 910 (m) em™ly 5 {CCly) 1,02, 1.05, 1,13 (total 9H,
each s), 1.25~1.73 (12H, m), 1.73~2.20 (28, m), 3.10~4,04 (3H, m), 4.40~5.10 {3H, m), 5.30~6,05 (1H, m). (Found: C, 73.58;
H, 1018 Calc for CigHyO3: C 7343; B, 1027 8}, Further eluticn with p-hexane-ether (5:1) gave fractions rich in the
more polar isomer of S Prior to this experiment, a small-scale preliminary experiment was carried out employing 1805 my
of 4 to give 1928 mg of 5 510, chromatography of 1709 mg of 5 yielded 116.3 mg (61 %) of the less polar 5 and 47.9 mg
(25 8) of the more polar 5 upon elution with n-hexane—ether (10:1).

{35,6RS)-(+)~6-{3'-Oxobutyl)-2,2,6-trimethyl-3-tetrshpdropyranvioxycyclchexanons 6. Q1 (31 g, 132 mmol) and Pl
{700 mg, purity 6001 %, 2.37 mmol) was suspended in a mixture of DNF (10 ml) and water (1.2 ml), The mixture was stirred
for 22 h at room temp under O, Then a aoln of § ( 390 g, 133 mmol) in DMF (4 ml) and water (0.5 ml) was added to the
mixture, After stirring for 22 h at room temp under Oy, the mixture was diluted with ethar and filtered through Celite.
The filter cake was washed with ether, The combined filtrate and washings were washed with brine, dried (Mg804) and
oncentrated in vacuo, The residue (402 g) was chromatographed over 8i0; (65 g) to give 320 g (778 8} of 6 as a solid
An analytical sample was recrystallized from nhexane to give needles, mp 50~50.8° ; {a]33+66.1' (c=l.14, CRCl3); vmax
1720 (s), 1700 (s), 1380 (m), 1360 (m), 1130 (a), 1120 (s), 1035 (s) cm™1; & (CCly) 1.03, 1.08, 115 (total 9H, each s),
1.30~2.85 (12H, m), 2,04 (3H, 8), 2,15~2.44 (2H, m), 3.20~4.00 (3H, m), 4.40~4.80 (1H, m). (Found: C, 69.69; H, 9.48.
Calc for CygHyOg: C, 69641 H, Q74 W)
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(2R 4aR8)(-)-1 1, da-TPrimethry]-2-tatrahyiropyrenyloxy-A8-7-octalone 7. A soln of 6 (139 g, 448 mmol) end frashly distil-
led pyrrolidine (1,1 ml, 133 mmol) in dry Cglg (70 ml) was stirred and heated under refiux for 22 h with asactropic
removal of water. The mixturs was cooled to room tamp and conoentrated in vacuo. 7The residus (1.80g) was chromatographed
over Bi0; (18 g) to give 117 g (834 %) of 7 as an oil, ng* 15050 [alfd-501° (cwL02, CNC1y)s vmax X070 (w), 1670 (a),
1600 (m), 1135 {m), 1120 (m), 1030 (8) em™1; & (CClg) 1,10, 1.23, 1,31 (total 98, each ), 1.40~2.10 (128, m), 2.28 (28,
dd, J= 4 and 7,58z), 3.00~3.95 (3H, m), 4.40~4.75 (1H, =), 5.74, 5.78 (total 1H, each s). (Found: C, 73,53; B, 9.74, Calc
for CigHaaOy: Cr 7383 B, 9.65 %),

(28p4aR){(-)-1,1, 4n-Trimethyl~2-hydrony-AB-7-octalone Ba and (28,4aS)-~(+)-1,1,da-trimethy)-2-hydroy-A8-7-octalone 8 p-
TeOR (140 mg) was added to a stirred soln of 7 (11 g, 176 mmol) in MeCH (30 ml), The mixture was stirred for 90 min at
room temp Solid HefKD; was added to neutralize p-TeCH in the mixture, The mixture was concentrated in vacuwo, diluted
with water and extracted with sther, The sxtract was washed with brine, dried (MgS0,) and concentrated in vacuo. The reai
due (990 mg) was chromatographed over $i0; {25 g). The earlier eluted fraction with n-hexane~ether (10:1~6:1) gave 6604
ng (843 8} of Ba. This was recrystallized from n~hexane-ether (5:1) to give plates, mp TLSVTRO%) (u)ﬁllm“ {c=1.03,
CHCl3}; vmax 3470 (s), 3080 {w}, 1660 (a), 1600 (m), 1060 {a) cm~1; & (CCly) 131 (3H, 8), 1.22 (3H, »), L.36 (34, =),
1.46~2.21 {6H, m), 2.37 (2H, 4Q, J= 4 and 7Hz), 3.21 (1K, s, OH), 3.32 (1H, 44, J= & and 9Hz), 5.93 (1B, ). TIC (8104,
Merck Art 5715; eluent, n-haxane-PtOAc (1:1)] Rf Q32 (Found: C, 7483 H, 258 Calc for CygHyOx G 7496 H, 968
S The later aluted fraction with n-hexane-ether (6:1~3:1) gave 34 mg (43 §) of 8h This was recrystallized from n
hexane-ether (6:1) to give plates, mp 112~113° ; [a]R3+130° (0=i54, CHCLy); vmax 3450 (a), 3080 (w), 1660 (s), 1598 (m),
1075 (m), 1040 (m), 980 () cm'ly § (CDC1l3) 1.19 (3H, a), 1.21 (3H, 8), 1.33 (3H, 8), 1.45~2,30 (TH, m), 2,30~2.60 (2H, m),
154~3.74 (14, m), 596 {18, =)\ TIC {8i0), Merck Art 5715 eluent, p-hexane-BtOAc=1:1})] Rf G27. (Pound: C, 7485 H,
8.36. Calc for CyaHppOp: €, 74.96; K, 9,68 ),

(25,488, 8aR)~{~)-1,1, da~Trimathyl-2-hydroxy-7-decalons 9. A suspension of 10 % B3-C (30 mg) in a soln of Ba (560 my, 269

mmol) in MeOH (25 ml) was stirred for 3 h under Hy at room temp. The mixture was filtered and the filter cake was washed
with ether, The combined filtrate and waghings were concentrated in vacuo, The residue (620 mg) was chromatographed over
8107 (6 g) to give 541 mg (957 %) of 9 as & solid. This was recrystallirad from p-hexane to give colorless nésdles, mp
9L6~920° ; [a)f3-520° (=113, OX13); vmax 3400 (bras), 1715 (), 1085 (m), 1030 (s), 993 (m), 343 (m) o=y 8 (oCLy
0.78 (3H,- 8), 0.95 (38, 8), 1.14 (34, 8), L20~1.90 {7, m), 191 (1H, s, OH), 2,10~2,40 {4H, =), 3.00~3,35 (1H, m}), GIC
{Column, OV-101, 50 m x 0.28 mm at 240°; Carrier gas, Ny, 1 kg/cm?): Rt 25.5 min (100 8), (Found: C, 74175 H, 10,36,
Cale for CyjHyOp G 74245 H, 1054 %)

{28,423, 8aR)-(~)}-1,1, 4a~Trimethyl-2-decalol la. 100 8 Hydrazine hydrate (L1 ml) was added to a soln of 9 (283 mg, 135
mmol) in diethylene glyool (13 ml), and the mixture was stirred and heated at 150° for 1 h, To this was added 50 & XOH
soln (3 ml) and the mixture was heated at 150° for 30 min. Then the bath temp wss gradually raised to remove a low hp
digtillate and the mixture was heated at 210° for L5 h, After cooling, it was poured into ice~water (70 ml) and extracted
with ethar, The ether soln was washed with dil HCl soln, sat NafCD; soln and brine, dried (MgBOg and concentrated in
vacuo to give 2416 mg (914 §) of la as a solid, This was recxystallized from n-pentane to give colorless needles, mp.
86,5-87.4°5 [1it% mp. 87~89°); [a183-11.3° (c=0.32, MeOH); {1it] [alggg+12.2%, -11.7° (MeOH)1; [alf3-7.90° (c=0.30,
dicoane); [Litd {alp+78° {cw03, dioxene) This value was obtained by the ORD measurement of {+)-1a and might be inaccurats
due to the state of the art in 1958,]; wmax 3300 (brs), 3000 {8), 2960 (g}, 2870 {(s), 1463 (8), 1450 (s}, 1388 {(s), 1370
(8), 1355 (m), 1340 (m), 1295 (w), 1248 (w), 1230 (w), 2210 (w), 1193 (m), 1175 (w), 1155 (w), 1130 (m), 1100 (&), 1090
(8), 1073 (w), 1055 (m), 1045 (a), 1030 (s}, 1015 (s), 1000 (a), 988 (w}, 9460 (m), 953 (8), 935 (w)}, 895 (m), 858 (w), 850
{w), 830 (w), 755 (w) em™1; & (TMS, CDCly, 100 MHz, Jeol JMN PX~100) 0,77 (3H, s), 0.90 (34, s}, 0.98 (3H, a), 1.03~1.80
{134, =), 1.85 (18, s, OH), 3.23 (14, 44, J= 7 and 10Hz). 13c.nMR & (TMS, CDCly, 25 MHz, Jeol JMN FX-100) 15.04, 19,18,
21.61, 21,74, 27.54, 2061, 20,78, 34,24, 38,79, 40,26, 45,25, 52,76, 79.36y GIC (Column, BE-30, 2 m x 2 am at
80°+10°/miny Carrier gas, Ny, LI ky/om?): Rt 1L6 min (100 %) (Found: C, 7941 H, 1246, Calc for CyaHaO: € TAS3:
H, 12,32 s)

Determination of the optical purity of la. According to the reported procedure,C (Rl and (8)-MTPA estars 1b and 1¢ wers
prepared from la. HPLC {Column, 5, 25 cm x 46 mm; Solvent, n-hexane-ClCHACH,CL (20:1), L15 ml/miny Detectsd
at 254 nm) co-injection of (R)- and {S)~MIPA ester 1b and le: Rt 2863 min and 3412 miny (R)~MTPA seter 1b: Rt 2803 min
{single peak), Therefars the opticel purity of la was detarmined to be 100 ¢ ea.
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