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Abstract ---- An efficient total synthesis of (+)-sporogen-A0 1 (13-desoxyphomenone)
1 was achieved 1n 20 steps from ethyl (1R,2S5)-5,5-ethylenedioxy-2-hydroxycyclohexane~
carboxylate 3 1n 8,3% overall yield. The optically active 3 with 98.4% e.e. was
easily abtained in 74% yield by the reduction of the corresponding keto ester 4 with
baker's yeast.

INTRODUCTION
Sporulation of fungi is an essential phenomenon for their own reproduction and deeply

concerned with bio-production of important metabolites. In 1984, Marumo and his co-
workers isolated 3 mg of an oily sporogenic substance from the culture broth of Aspergil-
lus orzzae,‘I which is one of the most important fungi in Japanese fermentation industry to
produce Japanese sake (rice wine), shoyu (soy-sauce), miso (fermented soybeans) and indus-
trial enzymes, such as acylase, amylase and protease. They named it sporogen-AO 1 and
determined its structure as depicted in 1,2 which was identical with 13-desoxyphomenone,
already isolated as a crystalline fungi- and phytotoxic elemophilane sesquiterpene from
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Hansfordia pulvinata by Tirilly et al. in 1983.3 This fungal metabolite showed signifi-
cant philaspore formation-stimulating activity at a dose of 4.4 ug/disc. As detailed in
the previous paper on the first synthesis of 1,4 we were interested in synthesizing sporo-
gen-AO 1 to afford a sufficient amount for the biological study. Here, we wish to de-
scribe the short and efficient total synthesis of the natural enantiomer of sporogen-AO 1
1.
SYNTHETIC PLAN

We selected the octalone A, which was used in the synthesis of (t+)~petasitol 2 by
Yamakawa et Q.,S as the key intermediate. Addition of a three-carbon unit and formation
of epoxide ring should give 1. Problems were how to prepare A stereo- and regioselective-
ly from the ketone B and to obtain B in optically active form. We reported the simple
preparation of ethyl (1R,2S)-5,5-ethylenedioxy-2-hydroxycyclohexanecarboxylate 3 with
98.4% e.e. in 74% yield6 by asymmetric reduction of the corresponding keto ester 47 with
baker's yeast. Using 3 as the starting material, reduction of ester to methyl group,
regioselective introduction of methyl group and inversion of g_hydroxyl group were neces-

sary to give B.
OXIDATION-REDUCTION ROUTE TO THE OCTALONE A

Scheme I shows overall route to the protected octalone 13a (= A). Hanessian's
fission of benzylidene group of 5 with nBs® and the following reduction with LiAlH, gave
the methylcyclohexanol 6 in high yield. Acid hydrolysis of 6 gave the ketol 7a.
Mitsunobu inversion of the intermediate 3, 6 or 7a, however, did not yield the desired

inversion product at all. Several attempts on the inversion of B-OH to a-OH were unfruit-
ful and thus we turned to use the oxidation-reduction process. As the alcohol 7a might
racemize during oxidation-reduction step, inversion was carried out at a later stage.
Formylation of the protected ketone 7b, followed by treatment of its dianion with methyl
iodide gave site-selectively alkylated product, which was converted to the benzylthio-
methylene ketone 810 in 74% yield. Second alkylation with several electrophiles including
methyl vinyl ketone was fruitless, but only that with ethyl 3-bromopropanoate gave the
desired product. Successive manipulation of protective groups gave the substrate 10 for
the following oxido-reductive inversion. Swern oxidation'! of 10 was followed by dis-
solving metal reduction to afford cleanly the g-oriented alcohol 15 as a sole product.
Annulation was executed by woodward's'? and Piers''3 procedure to give the octalone 13a.
This route required 23 steps from 3 with only 4.8% overall yield, because extra protec-
tions were necessary for selective introduction of alkyl groups and the oxido-reduction
process, Thus, we re-examined the synthetic scheme from 3 to the octalone A especially on
site-selective alkylation and the inversion of OH group.

wWe focused on the inversion of OH group first and employed the cyclopropyl carbinol
17 as the candidate for Mitsunobu inversion.? Preferred conformations of C and D for the
inversion are depicted in Fig II., Apparently, quasi-equatorial OH in 17 is more favorable
than axial OH in 7a to form bulky phosphonium transition state and moreover, carbon
bearing OH in 17 is more electronically activated by adjacent cyclopropane ring. Thus,
the cyclopropyl intermediate 17 should be a much better substrate for the inversion both
sterically and electronically. Preparation of 17 and its conversion to the octalone 13b is
shown in Scheme ITII. The hydroxy ester 3 was converted to the protected alcohol 14 in
nearly guantitative yield which on tosylation gave an unstable tosylate., Direct con-
version of the tosylate into the hydroxy ketone 16 with strong acid (35% HC1O4-Et,0) was
accompanied with by-products derived from THP group. Thus, stepwise hydrolysis was re-
quired to give the crystalline 16 in excellent yield. Treatment of 16 with t-BuOK in t-
BuOH smoothly afforded the cyclopropyl ketone 17 in 79% yield. The first key step,
Mitsunobu inversion of 17, and successive methanolysis of the resulting benzoate gave the
desired epimer 18 in 80% yield from 17. The coupling constants of C4-proton in 17 were
10, 6 and 4 Hz, while those in 18 was 5, 3 and 2 Hz in TH NMR spectra. This result
demonstrated that our conformation analysis on 17 and 7a was correct and the reaction
proceeded with complete inversion. Birch reduction of the protected cyclopropyl ketone 19
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and trapping the enolate with methyl iodide'4 gave the site-selectively methylated cyclo-
hexanone 20 in 83% yield.

The second key-step of our synthesis was how to introduce a four-carbon unit for
regio- and stereoselective annulation. In the previous route (vide supra), methylene-
blocking group had to be used for the regioselective methylation. As we have obtained 20
already, direct 1,4-addition reaction without protection of methylene group would be
feasible with a more highly substituted encl or enolate. Michael-type addition under
Lewis acid catalysis developed by Duhamel et 2.15 was the candidate., Thermodynamically
more stable TMS enol ether 21 was prepared by treating 20 with TMSI-(TMS)ZNH in CH2C12 at
ambient temperat:u::‘e.16 Starting material 20 was entirely recovered under House's standard
procedure.17 Treating 21 with methyl vinyl ketone in the presence of BF3+0Et, and 1i-PrOH
in nitromethane gave the diketone 22 as a sole addition product in 56% yield (efficiency,
68% based on the unrecovered 20) along with the recovered 20 (16%). Cyclization of 22
with pyrrolidine gave the octalone 13b in 79% yield. Recrystallization gave enantio-
merically pure 13b. This scheme required only 13 steps from 2 (10 steps shorter) and the
overall yield of 13b was improved to 22.3%, 5 times as high as that in the previous
synthesis (vide supra and the reference‘). Optical purity of 13b was confirmed by HPLC
analysis of the corresponding (R)- and (S)-MTPA esters 13d and 13e respectively derived
via the hydroxyoctalone 13c. It was shown to be 100% e.e. Thus, we entered the final
stage of the synthesis.

CONVERSION OF THE OCTALONE 13b INTO SPOROGEN-AO 1

The procedure reported by Marumo and Goto for the synthesis of simple analogs of
sporogen-AQ 118 yas employed with some modification as to the introduction side chain and
epoxide ring.,
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a) LDA, CH3CHO, THF (92%); b) DMSO, SO3'Py, Et3N; c) DMSO, (COCl)z, Et3N, CH2012
(79%); d) DDQ, ether (83%); e) t-BuOOH, Triton B, THF (70%); f) TMSCHZMgCl,
ether; g) H,804, THF then HF, CH3CN (88%)
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Condensation of 13b with acetaldehyde in the presence of LDA afforded the ketol 23 in
92% yield. One-step oxidation of 23 using DMS0O-503+CgHgN method'? as reported by Marumo18
gave the diene-dione 24 in rather poor yield (< 30%) with concomitant formation of the
diencne 25 as an unseparable mixture., Stepwise procedure using Swern's oxidation'? {79%)
and dehydrogenation with DDQ (83%) gave much better result to yield 24. Treatment of 24
with tert-butylhydroperoxide in the presence of Triton 820 afforded the epoxide 27 in 70%
yield. Although it was already known that carbonyl group in the side chain was converti-
ble to exo-methylene group selectively in moderate yield (ca. 50!),4 we applied Peterson-
Chan reactionm'zz for giving spbrogen-AC 1 1 in better yleld. Addition of Tmscrizugc123
to 27 proceeded smoothly and selectively at 0°C for 5 min to give the adduct 28, which
without purification was treated with dilute sulfuric acid in THF2! and then HF in aceto-
nitrile to give natural (+)-sporogen-A0 1 1 in 88% vield through 3 steps. Recrystalliza-
tion gave both chemically and optically pure (+)-1, melting at 104-105°C, whose spectral
and chiroptical data were completely indistinguishable with those of authentic sample.‘

In conclusion, the efficient total synthesis of (+)-sporogen-AC 1 {13-desoxyphome-
none}) 1 was accomplished in 20 steps from ethyl (1R,28)-5,5-ethylenedioxy-2-hydroxycyclo-
hexanecarboxylate 3 in 8.3% overall yield. This enables us to afford sufficient amount of
sporogen-A0 1 and other related elemophilane sesquiterpenes with remarkable phytotoxic
activitiesg, such as phomenone,“’phaseolinone,25 etc. Synthetic and biological studies on
those analogs are in progress and will be reported soon.

BXPERIMENTAL

All hps and mps were uncorrected. IR spectra were measured as films for oils or as XBr disks for solids on a Jasco
IRA-102 apectrometer, 1y NMr spectra were recorded with T™S as an internal standard at 60 MHz on a Hitachi R-24A spectrome-
ter or at 100 MHz on a JECL JNM PX-100 spactrometer or at 400 MiHz on a JEOL JNM GX-400 spectrometer. 13C NMR spectrum was
meagured with T™S as an internal standard at 25 MHz on a JBOL JNM FX-100 spectrometer, Optical rotations were measured on a
Jagco DIP 140 polarimeter, UV spectrum was measured on a Shimami UV-160 gpectrometer. (D spectrum was meagured on 3 Jasce
J-20C spectrogolarimeter, Mass spectra wers reccrded on a JBOL DX-303 spectrometer at 70 eV, Merck Kieselgel €0 was used
for Si0; column chromatography.

Ethyl (1R,2S)-5,5~ethylenedicxy-2-hydroaycyclohexanecarboxylate 3, A mixture of sucrose (300 g) and dry yeast (200 g,
Oriental Yeast Co,) in water (2 1) was stirred for 15 min at 30°C with aerstion. To this was added a soln of 4 (15 g, 658
mmol) in EtOH (30 ml) and the fermentation was continued overnight at 30°C with stirring and aseration. Then NaHOD; (50 q)
and BtOAc (500 ml) was added and the mixture was filterd through celite, The filtrate was saturated with NaCl and extracted
with PrOAc (x5}, The filter cake was washed thoroughly with EtCAc, The combined EtOAc soln was washed with brine, draed
(Mg&,g) and concentrated, The residue was chromatographed over 5i0; {400 g¢) Blution with hexane-EtOAc (4:1-1:1) gave 1-2 g
of recoversd 4 and 910 g of 3, hp 117-118°C/Q35 Torrs nf> L4695 [a]f3 +5L1° (c=1.02, CHCl3) wmax 3500 (s}, 2940
(8}, 2890 (8), 1725 {8}, 1440 (m), 1366 {m}, 1275 {m), 1186 (8}, 1140 (=), 1080 (s), 1035 {s}, 993 (m), 943 {m}, 300 (m}),
864 (m), B15 (w), 788 {w), 762 (m}, 712 (m) cm™1; & (60 MHz, CDCl3) 1.27 (34, t, J=7 Hz), 1..0-2.3 (8H, =), 2.12 (18, ddd,
J=11, 5 and 2 Hz), 3.03 (18, br.s), 3.6-4.5 (54, m), 4.10 (2, g, J=7 Hz). (Found: ¢, 57.37; H, 7.80. Cale for CyyHyg0s:
C, 57.38; H, 7.88%), -

Determination of the optical purity of 3. Hydroxy ester 3 was converted to the corresponding (Ri- and (S)~MTPA esters. HPLC
analytical conditions are: Column normal phase, Nucleosil® 505, 4.6mm x 25cm; Eluent n-hexane-THF=10:1; Flow rate 1.2
ml/min (50 kg/cm?); Detector UV 254nm; (R)-MTPA ester of 3, Rt 201 min (O9%), Rt 235 min (99.1%); (8)-NTPA ester of 3,
Rt 201 min {99.28), Rt 215 min (O8%), Therefore, the optical purity of 3 was determined to be 96.4% e.e.

Ethyl (1R,2S)-2-acetoxy-5,5 lenedi 1 oxylate. A mixture of 3 {280 g, 122 mmol), Acy0 (23 g, 225 mmol)
and 4-N,N~dimethylaminopyridine (200 mg) in pyridine (36 ml) was stirred owernight at room temp The reaction mixture was

quenched with water and extracted with ether. The extract was washed with ice-2N HC1 (x3), water, sat RaHOO3 soln and
brine, dried (MgS04) and oconcentrated to give 331 g (quantitative) of acetate. An analytical sample was cbtained by
recrystallization from hexane-ether, mp 535-542°C; [al§¥2 +37.7° (c=107, OKly); vmax 3020 (m), 3000 (s), 2980 (m),
2920 (m), 2900 (m}, 1727 (s}, 1480 (m), 1446 (m}, 1440 (m), 1383 {m}, 1370 (m), 1340 (w), 1333 (m), 1290 {8}, 1280 (m),
1252 (s8), 1220 {(m), 1197 {8}, 1143 (m), 1107 (w), 1083 {(8), 1058 (m), 1042 {8), 1021 (m}, 970 (m), 950 (m), 918 {(m), 905
{m}, 868 (m), 829 (w), 768 (w), 702 (m} em™l; & (60 MHz, CDCl3) 1.20 (3H, t, J=7 Hz), 1.2-2.2 (6H, m), 1.96 {3H, s}, 2.70
{1H, m, hhw»18 Hz), 3,6-4.0 (4H, m), 4.02 (2H, q, J=7 Hz), 5,30 {1H, br, hhw~? Hz). (Found: C, 57.49; K, 7.38, Calc for
Cy3Ha00¢: C» 57,363 H, 7.40W),

{18,28)-4,4-Ethylenedioxy-2-hydroymethylcycichexanal, To a stirred suspengion of LAH (532 g, 140 mmol) in THP (100 ml)
was added a soln of the acetate (180 g, 66 mmol) in THF (100 mi} at 0°C. After stirring for 1 h at 0°C, the reaction
mixture was quenched by adding water (53 ml), 15% RalH ag (53 ml) and water (159 ml). The precipitate was filterd
through a celite pad and waghed thoroughly with THF, The combined Filtrate was dried (MgSO) and concentrated, The residue
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was, chromatographed over Si0y (200 g). Elution with CHoClp-MeOH (99:1-95:5) gave 11.8 g (95%) of diol, n§3? 1.4822
(a1§*2 +351° (=167, CHCly); vmax 3430 (s), 2950 (s), 2900 (s), 1440 (m), 1360 (m), 1340 (m), 1310 (m), 1290 (m), 1230
(m), 1210 (m), 1146 (8}, 1100 (s), 1077 (s), 1057 (a), 1030 (s), 993 (m), 963 (s), 920 (m), 880 (m), 856 (m), B3O (m), 80O
(m), 768 (m), 703 (m), 680 (m) cm~!; & (60 MHz, CDCl3) 1,1-2.3 (7H, m), 3.91 (4H, m), 3.4-4.3 (3H, m). ARMS: m/z Found:
1881040 Calc for Cgi gDg: 1881046

(2%,445,8a8)~6, 6-Ethylenedicxy-2-pheqyl -1, 3-diaxa-1,2,3,4,4a,5,6,7,8,8adecahydronaphthalene 5. A mixture of the diol (1L8
g, 627 mmol), FRCH(CEt); (12.4g, 68.9 mmol) and p-TeCH (100 mg) in (i Cl, (150 ml) was stirred for 3 h at room temp The
reaction mixture was diluted with ether (400 ml), washed with sat NaHOO3 soln and brine, dried (MgSO4) and concentrated.
The residue was chromatographed over 8i0, (400 g). Blution with hexane-EXOAc (19:1-7:3) gave 151 g (87%) of 5, mp 63-
64°C; [a)§3 +56.8° (cvL18, CGHCl3); vmax 3060 (w), 3050 (m), 2970 (s), 2340 (s), 2860 (s), 2790 (m), 2700 (w), 1960 (w),
1820 (w), 1497 (m), 1460 (m), 1450 (8), 1440 (m), 1430 (m), 1393 (s), 1378 (m), 1363 (m), 1355 (8), 1340 (m), 1324 (m),
1316 (m), 1305 (m), 1279 (m), 1260 (m), 1235 (m), 1215 (m), 1173 (m), 1145 (8), 1123 (8), 1100 (8), 1085 (8), 1060 (m),
1040 (s), 1027 (s), 1008 (8), 983 (8), 966 (s), 948 (m), 934 (m), 900 (w), 885 (m), 842 (m), 805 (m), 768 (m), 762 (m), 750
(8), 737 (m), 700 {8), 690 (m), 663 (m) Cm-lp 8 (60 MHz, CClg) 1.0-2,5 (7H, m), 3.5-4.1 (7H, m), 5,36 (1H, 8), 7.1-7.6 (5H,
m). (Pound: C, 69.61; H, 7.23, Calc for CygHpgO4: C, 69.54; H, 7.30W).

{1S,2R)-2-Bromomethyl~4,4-ethylenedioxycyclohexyl benzoate, A mixture of 5 (151 g, 547 mmol), NBS (43%, 25 g, 6Q.4mmol)
and AIBN (300 mg) in benzene (300 ml) was stirred for 1 h at 50°C. The reaction mixture was poured into water and extracted
with ether, The extract was washed with water, sat Nay;S;0q soln and brine, dried (MgSO4) and concentrated. The residue was
chromatographed over $i0, (400 g). Elution with hexane-EtOAc (19:1-7:3) gave 162 g (83%) of bromide, nf™¢ L5390; [alf™4
+40.6° (c=1.15, CHCl3); vmax 3090 (m), 3050 (w), 2980 (s), 2950 (s), 2900 (s), 1720 (s), 1603 (m), 1585 (m), 1495 (m), 1453
(m), 1440 (m), 1373 (m), 1350 (m), 1335 (m), 1315 (m), 1295 (m), 1270 (s), 1230 (m), 1205 (m), 1177 (m), 1112 (m), 1100
(m), 1070 (m), 1045 (m), 1027 {(m), 1008 (m), 975 (m), 948 (m), 932 (m), 919 (m), 880 (w), 870 (w), 821 (m), 808 (m), 767
(w), 716 (8), 693 (m) cm~1; & (60 MHz, CCl4) 1.0-2.7 (74, m), 3.28 (2H, m), 3.9 (4H, m), 5.28 (1H, br.s, hhw=9 Hz), 7.3-7.6
(34, m), 7.8-8.2 (2H, m). (Pound: C, 53.70; H, 5.43. Calc for C)gH;g04Br: C, 54.09; H, 5.39%),

(18;2R)-4,4-Ethylenedioxy-2-methylcyclohexanol 6, To a stirred suspension of LAH (190 g, 50,2 mmol) in THP (200 ml) was
added a soln of the bromide (152 mmol, 456 mmol) in THF (100 ml) at 0°C. After stirring overnight at room temp, the
reaction mixture was quenched by adding water (1.9 ml), 158 NaCH aq (L9 ml) and water (57 ml). The precipitate was
filtered through a celite pad and waghed thoroughly with THF. The combined filtrate was dried (MgS0,) and concentrated. The
residue was chromatographed over Si0, (400 g), Elution with hexane-BtOAc (9:1-6:4) gave 61 g (B38) of 6, hp 82-84°C/Ql
Torr; m.p. 30-32°C; [a1496 +33.4° (c=1.0, CHCl4); vmax 3430 (s), 2970 (s), 2945 (s), 2900 (a), 1480 (w3, 1452 (m), 1440
{m), 1365 (m), 1343 (m), 1315 (w), 1296 (m}), 1240 (m), 1216 (m), 1148 (m), 1117 (m), 1074 (8), 1054 (m), 1013 (m), 965 (s),
936 (m), 919 (w), 886 (m), 815 (m), 800 (w), 765 (m), 684 (m) cm™1; & (60 MHz, CDCl3) 0.96 (3H, 4, J=6 Hz), 1.2-2.3 (8H,
m), 3.5-4.0 (5§, m), (Found: C, 62,805 H, 9.31, Calc for CgH;gO3: C, 62.76; H, 9.36%),

(3R, 4S)-4-Hydroxy-3-methylcyclohexanone 7a. A mixture of 6 (&0 g, 348 mmol) and Amberlite IR-120 (1 g) in water (100
ml) was heated under reflux for 3 h. After removing Amberlite IR-120, a small amount of NaH(O; was added and the reaction
mixture was concentrated. The residue was dissolved in PtOAc, washed with water and brine, dried (MgS0,;) and concentrated,
The residue was purified by distillation to give 4.40 g (99%) of 7a, b,p. 85-88°C/3 Torr; nf> 1.4734; [a]}> +26.0°
(c=1085, CHCl3); vmax 3450 (s), 2960 (s), 2940 (s), 2910 (s), 2880 (s), 1710 (s), 1450 (m), 1420 (m), 1370 (m), 1350 (s),
1330 (s8), 1300 (m), 1274 (m), 1233 (m), 1208 (m), 1134 (m), 1110 (m), 1075 (m), 1045 (m), 1017 (m), 968 (8), 960 (m), 950
(8), 875 (m), 838 (m), 808 (m), 755 (m) Cm-lj § (60 MHz, CDCl3) 105 (3H, Q, J=6 Hz), L3-3.0 (8H, m), 3195 (1H, br, hhw=9
Hz), HRMS: m/z Pound: 128.0823, Calc for CqH)0,: 128.0837,

(3R,4S)-3-Methyl -4-tetrahydropyranyloxycyclohexanone 7b. A mixture of 7a (44 g, 343 mmol), 2,3~dihydropyran (88 g, 104
mmol) and p-TsCH (200 mg) in CHCl) was stirred overnight at room temp The reaction mixture was diluted with ether, washed
with sat NaHOOy soln and brine, dried (MgS04) and concentrated, The residue was chromatographed over $i0; (200 g). Elution
with hexane-BtQAc (19:1-4:1) gave an oil. This was further purified by distillation to give 655 g (90%) of 7b, hp 100~
103°C/3 Torrs ngls5 1.4696; [alfl:5 +33.4° (c=1.21, CHCl4); vmax 2960 (a), 2890 (s), 1715 (), 1453 (m), 1442 (m), 1420
(w), 1380 (w), 1346 (m), 1320 (w), 1300 (w), 1275 (m), 1260 (w), 1235 (w), 1203 (m), 1180 (m), 1157 (m)}, 1135 (m), 1120
{m}, 1078 (m), 1035 {8), 1026 (m), 1007 (&), 976 {m), 952 {m), 928 (w), 906 (m), 886 (w), 870 (m), 842 (w), 813 (m), 757
(w) em™1, & (60 MHz, CCly) 0,98 and 1,08 (total 3H, d, J=6 Hz), 1,2-~3.0 (13H, m), 3.0-4.2 (3H, m), 3,5-3.9 (1H, m), HRMS:
m/z Found: 2121432 Calc for CjpHpg0y: 2121412

&3&48)-6-8&1:)/1Uumechylm-Z,J-din\ct_hyl-4~t.et_rahydmr£ryloxycyclohewm 8 To a stirred suspension of NaH (608,
1.35 g, 33,8 mmol) in THP (70 ml) was added a mixture of 7b (6,50 g, 30,7 mmol) and HOO;Et (65 ml). After stirring for 1 h
at room temp, the reaction mixture was evaporated below 30°C and the remaining solvent was completely removed with vacwum
pump The residue was dissolved in THF (15 ml) and HMPA (15 ml) and to this was added at 0°C a LDA solution which was
prepared from diisopropylamine (4.9 ml, 35 mmol) and n-BuLi (1.6 N, 22 ml, 35 mmol) in THF (20 ml), After stirring for 30
min at 0°C, MeI (908, 2.6 ml, 40 mmol) was added and the mixture was stirred for further 1 h at 0°C. The reaction mixture
wag poured into water, acidified to pH 5 with AcCH and extracted with ether. The extract was washed with water and brine,
dried (MgSO4) and ooncentrated. The residue was dissolved in pyridine (40 ml) and to this was added portionwise p-TsCl
(665 g, 35 mmol) at 0°C. After stirring far 3 h at 0°C, BnSH (5 ml, 40 mmol) was added and the stirring was ocontinued
overnight at room temp The reaction mixture was poured into water, extracted with ether, The extract was washed with water
and brine, dried (Mg804) and concentrated, The residue was chromatographed over Si0y (400 g). Elution with hexane-EtCAc
(19:1-4:1) gave 82 g (74%) of 8, ngl> 15628, [a)fl-5 -16.8° (c~LO, QHCly); vmax 3060 (w), 3040 (w), 2960 (s), 2890 (s),
1707 (m), 1663 (a), 1600 (m), 1560 (8), 1545 (8), 1494 (m), 1451 (m), 1440 {m), 1375 (m), 1348 (m), 1304 (m), 1279 (m),
1240 (m), 1196 (m), 1190 (m), 1159 (m), 1130 (m), 1115 (m)} 1095 (m), 1076 (m), 1052 (m), 1020 {(m), 1005 (m), 975 (m), 922
{m), 868 (m), 808 (m), 745 (m), 700 (m) cn'l; 8 (60 MHz, CClg) 1.07 (6H, 4, J=6 Hz), 0.6-2,8 (10H, m), 3.1-4.2 (S5H, m),
4.59 (1H, br.s), 7,21 (5H, m), 7.34 (1H, br,s). (Pound: C, 69.66; H, 7.89. Calc for Cz1Hpg038: C, 69.96; H, 7.83%),

(1'R,2'R,3'S)-3-(1',2‘-Dimothy1-6'-oxo-3'-tetuhxdrogxranzlmlch-m)mic acid 9. To a soln of 8 (50 g, 139
mrol) in t-BuH (50 ml) was added portionwise t-BuK (47 g, 42 mmol) at room temp After stirring for 15 min at room temp,
ethyl 3-bromopropancate (7.5 g, 42 mmol) was added and the mixture was stirred for 2 h at room tenmp, The reaction mixture
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was diluted with ether, washed with water and brine, dried (MgS04) and concentrated, The residue was roughly chromatogra-
phed over SiO; (200 g). Elution with hexane-EtOAc (19:1-4:1) gave a keto ester. A soln of the keto ester in 25% KOH aq (30
ml) and diethyleneglycol (30 ml) was heated under reflux for 24 h, The reaction mixture was diluted with water and ex-
tracted with ether (x2). Then the aqueocus layer was acidified to pH 5 with AcOH and extracted with EtOAc. The EtOAc soln
was washed with water and brine, dried (MgSO4) and concentrated to give 286 g (69%) of 9. This was employed for the next
step without purification, IR and NMR spectrum of the corresponding methyl ester were as follows; vmax 2960 (s}, 2890 (m),
1735 (s), 1707 (s8), 1460 (m), 1440 (m), 1380 (m}, 1360 (m), 1200 (m), 1170 (m), 1130 (m), 1115 (m), 1077 (m), 1025 (m), 978
(m), 955 (m), 912 (m) cm™l; & (60 MHz, CDCl4) 0.8-1.3 (3H, m), 1.09 (3H, 8), 1.3-2,8 (15H, m), 3.0-4.5 (3H, m), 3.65 (3H,
s), 4.70 (1H, m).

Benzyl (1'R,2'R,3'S)-3-(6',6'-ethylenedioxy-3'-hydroxy—1',2*-dimethylcyclohexane)propancate 10, A mixture of 9 (1.04 g, 315
mmol), ethyleneglycol (500 mg, 8 mmol) and p-TeCH (cat. amount) in benzene (20 ml) was heated under reflux for 6 h with
azeotropic removal of water. The reaction mixture was diluted with ether, washed with water, sat NaH(O; soln and brine,
dried (Mg8O4) and concentrated. To the residue was added water (2 ml), MeCH (6 ml) and LiOH HxO (420 mg) and the mixture
was stirred overnight at room temp. The reaction mixture was evaporated, acidified to pH 5 with AcOH and extracted with
EtOAc, The extract was washed with water and brine, dried (MgSO4) and concentrated to give a crude carboxylic acid. A
mixture of the crude carboxylic acid, NaHOOy (600 mg) and BnBr (LO g, 6 mmol) in DMP (5 ml) was stirred overnight at 60°C
The reaction mixture was poured into water and extracted with ether, The extract was washed with water (x2) and brine,
dried (MgBO4) and concentrated. The residue was chromatographed over §i0O, (30 g). Elution with hexane-EtOAc (9:1-1:1) gave
640 mg (538) of unstable 10, This was employed for the next step without further purification.

Benzyl (1°'R,2'R)-3-(6',6'-ethylenedioxy-1',2'-dimethyl-3'-oxocyclohexane)propancate. To a soln of axalyl chloride (Ll g,
86 mmol) in CH,Ql, (5 ml) was added dropwise DMSO (1.12 g, 14.4 mmol) at -70°C, After stirring for 15 min at -70°C, to
this was added a soln of 10 (LO g, 287 mmol) in CHyCly (5 ml) and the mixture was stirred for further 1.5 h. Then Et3N
(29 g, 287 mmol) was added dropwise at -70°C and the temperature was gradually raised to 0°C, The reaction mixture was
poured into water and extracted with ether, The extract was washed with water and brine, dried (MgSO4) and concentrated.
The residue was chromatographed over $i0, (40 g). Elution with hexane-EtOAc (19:1-7:3) gave 870 mg (87%) of ketone, mp.
535-54.5°C; [a)f37 +17.0° (c=L0O, CHCl3); vmax 3080 (w), 3050 (w), 3040 (m), 2970 (s), 2940 (s), 2890 (s), 1728 (a), 1708
(8), 1665 (w), 1585 (w), 1498 (m), 1459 (m), 1424 (m), 1390 (m), 1372 (m), 1365 (m), 1347 (m), 1300 (s8), 1280 (m), 1268
(m), 1238 (m), 1212 (m), 1194 (s), 1165 (8), 1138 (m), 1116 (m), 1082 (m), 1073 (m), 1045 (m), 1030 (m)}, 1018 (m), 1004
(m), 996 (m), 980 (m), 963 (m), 947 (m), 913 (m), 878 (m), 843 (w), 820 (w), 745 (8}, 697 (8), 680 (w) cm_li 3 (60 MHez,
CCly) 0.81 (3H, s), 0.89 (3H, 4, J=7 Hz), 1.0-3.0 (9H, m), 3.8-4.0 (4H, m), 4.98 (2H, 8), 7.0~7.,5 (5H, m), (Found: C,
69.06; H, 7.58. Calc for CygHagOs: C, 69.34; H, 7.57%),

{1'R,2'R,3'R)-3-(6',6'-Ethylenedioxy-3'-hydroxy-1',2'-dimethylcycl ohexane)propanoic acid 11. To a blue soln of lithium
(350 mg, SO mmol) in liq NH3 (ca. 30 ml) was added a soln of the ketone (870 mg, 25 mmol) and EtCH (276 mg, 6 mmol) in
ether (5 ml) at -78°C, After stirring for 1 h at -78°C and for 1 h at -33°C, the reaction mixture was quenched with sat
NH.Cl soln, The aqueous layer was acidified to pH 5 with AcOH and extracted with EtOAc, The extract was washed with water
and brine, dried (MgSO4) and concentrated to give 650 mg of crude 15, vmax 3600-3000 (br.m), 2970 (s), 2900 (m), 1710
(br.s), 1460 (m), 1445 (m), 1410 (m), 1373 (m), 1220 (s), 1185 (8), 1122 (m), 1097 (m), 1050 (br.s), 970 (m), 946 (m), 920
(m), 844 (m), 750 (m). This was employed for the next step without purification.

(4aS, 5R,6R)-4a, 5-Dimethyl-4a, 5,6, 7-tetrahydro—6-tetrahydropyranyloxy-2-chromanone 12, A soln of 11 (650 mg, ca, 25 mmol)
and p~TeCH (cat. amount) in MeOH (50 ml) was heated under reflux for 3 h with removal of water using molecular sieve 3A
The reaction mixture was evaporated and diluted with EtOAc. The EtOAc soln wag washed with water, sat NaHOO; soln and
brine, dried (MgSO4) and concentrated to give 430 mg of keto ester, vmax 3480 (8), 2980 (s8), 2970 (8), 2890 (m), 1735 (s),
1710 (8), 1460 (m), 1440 (m), 1380 (m), 1372 (m), 1320 (m), 1295 (m), 1195 (m), 1175 (m), 1103 (m), 1034 (m), 1000 (m), 955
(m), 893 (m), 845 (m), 760 (w) cm'ly 8 (60 MHz, CDCl3) 1.04 (3H, 8), 1.05 (3H, d, J=6 Hz), 1.2-1.8 (10H, m), 2,60 (3H, 8),
2.85 (1H, dt, J=10 and 5 Hz), This was used for the next step without purification. A mixture of the crude keto ester (430
mg, ca. L9 mmol) and 2,3~dihydropyran (670 mg, 80 mmol) and pyridinium p-toluenesulfonate (cat. amount) in CHCl, (10 ml)
was stirred overnight at room temp The reaction mixture was diluted with ether, washed with water, sat NaHCO; soln and
brine, dried (MgSO4) and concentrated. To the residue, MeCH (6 ml), H,O (2 ml) and LiGH+Hx0 (420mg, 10 mmol) was added and
the mixture was stirred overnight at room temp. The reaction mixture was evaporated, diluted with water and extracted with
ether, Then the aqueous layer was acidified to pH 5 with AcOH and extracted with EtOAc, The EtOAc soln was washed with
water and brine, dried (MgSO4) and concentrated to give 500 mg of keto acid, A mixture of the keto acid (SO0 mg, ca. L67
mmol) and AcONa (300 mg) in Acy0 (30 ml) was heated under reflux for 2 h. Most of the Acy0 was evaporated and the residue
was diluted with ether. The ether layer was waghed with water and brine, dried {Mg90) and concentrated. The residue was
chromatographed over $i0, (15 g). Elution with hexane-BtAc (9:1-7:3) gave 390 mg (568) of 12, n§®3 1,4962 (a)g%3 -66.4°
(c=l.1, CHCl4); vmax 2960 (s), 2890 (m), 1760 (8), 1690 (8), 1457 (m), 1423 (m), 1370 (m), 1354 (m), 1340 (m), 1261 (m),
1239 (m), 120S (m), 1173 (m), 1135 (8), 1120 (m), 1077 (m), 1055 (m}, 1025 (8), 978 (m), 958 (m), 940 (m), 937 (m) 905
(m), 885 (m), 870 (m), 847 (m), 817 (m), 803 (m), 735 (w) cm™}; & (100 MHz, CDCl3) 0,97-1.20 (6H, m), 1.3-3.0 (138, m),
3,3-4,2 (3H, m), 4.63 and 4.77 (total 1lH, each, m), 5.20 (1H, dd, J=7 and 3 Hz). HRMS: m/z Found: 280.1708, Calc for
Cy6Hz404: 280.1675.

(48R, 5R,6R)-4,4a, 5,6, 7,8-Hexahydro~4a,5-dimethyl~6-tet rahydropyranyloxy-2(3Hjnaphthalenone 13a. To a soln of 12 (360 mg,
1.29 mmol) in ether (10 ml) was added dropwise MelLi (1.4 M in aether, L5 ml, 21 mmol) at -25°C, After stirring for 175 h
at -25°C, the reaction mixture was quenched with sat NH4Cl soln and extracted with ether. The extract was washed with water
and brine, dried (MgSO4) and concentrated. To the regidue, MeOH (20 ml) and 108 KOH aq (2 ml) was added and the mixture was
heated under reflux for 2 h. The reaction mixture was evaporated, diluted with water and extracted with ether, The extract
wag washed with water and brine, dried (Mg90,;) and concentrated, The residue was chromatographed over $109 (20 g). Elution
with hexane-EtOAc (9:1-2:1) gave 195 mg (558) of 13a, n§’ L5189 [a)f> +96.0° (c=L1, GKClj); wvmax 2950 (s), 2870 (m),
1675 (8), 1617 (m), 1460 (m), 1438 (m), 1418 (m), 1375 (m), 1348 (m), 1330 (m), 1264 (m), 1234 (m), 1218 (m), 1199 (m),
1180 (m), 1153 (m), 1126 (m), 1115 (m), 1073 (m), 1050 (m), 1025 (8), 972 (m) 945 (m), 910 (m), 900 (m), 880 (m), B6S (m),
839 (w), 810 (m), 770 (w), 725 (w), 679 (m) cm'ly § (100 MHz, CDCl3) 1.01 and 112 (total 3H, each 4, J= 7 Hz), L16 (3H,
8), 12-2,7 (154, m), 3.3-4.1 (3H, m), 464 and 482 (total 1H, br.t), 577 (1H, br.s). HRMS: E/! Found: 2781862, Calc for
C7Hye0y: 278.1882.
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Ethyl (1R,2S)-5,5-ethylenedicxy-2-tetrahydropgranybaxycyclohaxanecarboxylate 14, A mixture of 3 (300 g, 130 mmol), pyridi-
nium p-toluenesulfonate (15 g, 6 mmol) and 2,3-dihydvopyran (180 g, 214 mmol) in CHyClp (300 ml) was stirred overnight at
room temp. The reaction mixture was diluted with ether (1 1), washed with water, sat MaHCO3 soln and brine, dried (MgBO4)
and concentrated. The residue was chromatographed over S5i0; (500 g). Elution with hexane-BtOAc (19:1-7:3) gave 4Q.95 g
(quantitative) of 19, n§> L4704 [alf3 +569° (c=L6, GHCl3); vmax 2950 (s), 2880 (a), 1735 (s), 1460 (m), 1440 (m), 1365
(8), 1350 (m), 1300 (m), 1280 (s), 1255 (s), 1185 (a), 1130 (s), 1115 (&), 1080 (s}, 1035 (a), 1020 (8), 1000 (s), 983 (s),
947 (m), 920 (m), 904 (m), 867 (m), 815 (m), 762 (m), 725 (m) cm 1; & (100 MHz, C13) L28 and L29 (total 3H, each t, J=7
Hz), 1.3-2.35 (12H, m), 2.6-2.9 (1H, m), 3,3-4,5 (9H, m), 4.67 and 4,77 (total 1H, each m), (Pound: C, 60,73; H, 8,26,
Calc for CygHpeQg: G 6113 H, 834%)

{15, 25)-5,5-Ethylenedioxy-2-tetrahydropyranyloxycyclohexanemethanol 15, To a stirred suspension of LAH (5.0 g, 130 mmol)
in ether (500 ml) was added dropwise a soln of 14 (40,95 g, 130 mmol) in ether (200 ml) at O°C, After stirring for 1 h at
0°C, the reaction mixture was quanched by adding water (50 ml), 15% NaCH ag (5.0 ml) and water (150 ml), The precipitate
was filtered through a celite pad and washed thoroughly with THF. The combined filtrate was dried (MgSO4) and conocentrated.
The residue was chromatographed over §i0; (500 g). Elution with hexane—EtOhc (4:1-3:7) gave 3465 g (96%) of 1S, ,.%3.5
1,4833; [a133‘5 +3L7° (c=082, CHCl3)) vmax 3470 (br.s), 2960 (s), 2900 (s), 1440 (s), 1355 (m), 1315 (m), 1280 (m), 1250
(m), 1205 (m), 1185 (m), 1150 (s), 1135 {(8), 1115 (8), 1075 (8), 1030 (s), 990 (8), 962 (m), 913 (m), 866 (m), B4O (w),
813(m), 767 (w), 716 (w) cm™); & (100 MHz, CCly) 1.2-2,3 (13H, m), 252 (1H, brs), 33-4,3 (%, m), 448 and 471 (total
1H, m). (Pound: C, 61.34; H, 8.77. Calc for Cy4H2405: C, 61.74; H, 8.88%).

(15, 25)-2-Hydroxy-5~oxocyclohexyl methyl-p-toluenesul fonate 16, To a soln of 15 (544 g, 20 mmol) and 4-N,N-dimethylamino-
pyridine (244 mg, 2 mmol) in pyridine (7.9 g, 100 mmol) and G Cly (20 ml) was added p~TeCQl (5.7 g, 30 mmol) with ice-
cooling and the mixture was stirred for 2 days at 4°C. The reaction mixture was poured into water and extracted with
ether, The extract was washed with ice-2N HCl (x2), water, sat NaHCO3 soln and brine, dried (MgSO4) and concentrated, The
residue was roughly chromatographed over 8iO; (200 g). Elution with hexane-FtOAc (9:1-1:1) gave 8.09 g (95%) of unstable
tosylate, vmax (film) 3080 (8), 1595 (m), 1440 (m), 1360 (s), 1175 (8), 1072 (8), 1035 (8), 960 (s) un'ly This was employed
for the next step without further purification.

A mixture of the tosylate (7.60 g, 17.8 mmol) and pyridinium p-toluenesulfonate (0.4 g) in MeCOH (100 ml) was stirred for 1
h at 50°C. The reaction mixture was concentrated and the residue was dissolved in ether (300 ml). The ether layer was
waghed with water, sat NaHOO, soln and brine, dried (MgSO,) and concentrated, The residue was roughly chromatographed over
8i0; (100 g). Elution with hexane-BtOAc (8:2-1:1) gave &0 g of alcohol,

To a soln of the alcohol (60 g) in ether (30 ml) was added 358 HClO, aq soln (40 ml) at O°C. After stirring for 1 h at
0°C, the reaction mixture was carefully poured into sat NaHCD; soln and ether. The ether layer was separated and the .cw8
aquecus layer was extracted with ether. The combined extract was washed with water and brine, dried (MgSO4) and concen-
trated, The residue was chromatographed over SiO; (100 g). Elution with hexane~EtOAc (9:1-3:7) gave 4.52 g (858) of 16,
mp 74-75°Cp [er]ﬁ3 +133° (c=1.25, QOHCl3); vmax 3400 (s), 3080 (w), 2960 (m), 2940 (m), 2910 (m), 1695 (8), 1595 (m), 1493
(m), 1460 (m), 1441 (m), 1410 (m), 1347 (8), 1292 (m), 1235 {m), 1210 (m), 1187 (8), 1176 (s8), 1140 (m), 1120 (m), 1110
(m), 1095 (m), 1076 (m), 1052 (m), 1018 (m), 973 (8), 952 (8), 902 (m), B72(m), 853 (m), 825 (m), 806 (m), 790 (m), 706
(m), 697 (m), 662 (s) cm™1; & (100 MHz, C€DCl3) 1.5-3,0 (8H, m), 2.48 (3H, s), 3.7-4.4 (3H, m), 7.37 (2H, 4, J=8 Hz), 7.71
(2H, d, J=8 Hz). (Pound: C, 56,275 H, 6.08. Calc for Cy4Hyg0OgS: C, 56.35; H, 6.08%).

(18,58,6R)~5-Hydroxybicyclol[4,1.01heptan-2-one 17. To a soln of 16 (4.70 g, 15.8 mmol) in t-BuOH (100 ml) was added
portionwise t-BulK (5.6 g, 50 mmol) at room temp After stirring for 1 h at room temp, the reaction mixture was neutralized
with AcOH, The precipitate was filtered through a florisil pad, washed thoroughly with THF and the combined filtrate was
concentrated. The residue was chromatographed over Si0; (50 g). Elution with CHpCly-MeOH (98:2-92:8) gave LS56 g (78%) of
17, nBl 1.5089; [u]ﬁl -8Q.7° (c=1.37, QHCl3); vmax 3400 (s), 3030 (m), 2955 (m), 2890 (m), 1670 (s), 1473 (m), 1405 (m),
1340 (m), 1250 (m), 1200 (m), 1062 (8), 1040 (8), 985 (m), 965 (m), 940 (m), 876 (m), 840 (m), 785 (w) cm~1; & (100 MHz,
CCl3) 1.3-30 (94, m), 443 (1H, ddd, J=10, 6 and 4 Hz). HRMS:m/z Found: 1260658, Calc for CoHyP2: 126.0681.

(LSLSR,GR)-S-Hydroxybicyclo[u.Ol_h_ej&an 18, To a soln of 17 (370 g, 29.3 mmol), PPhy (12 g, 458 mmol) and PhODH
(58 g, 47.5 mmol) in benzene (60 ml) was added dropwise diethylazodicarboxylate (B3 g, 47.7 mmol), After stirring for 2 h
at room temp, the reaction mixture was poured into water and extracted with ether., The extract was washed with water, sat
NeHOD; soln and brine, dried (MgSO4) and concentrated. The residuve was roughly chromatographed over $i0, (100 g). Elution
with hexane-EtOAc (9:1-1:1) gave a benzoate, vmax (KBr) 3030 (m), 2940 (m), 1700 (s), 1670 (8), 1595 (m), 1450 (m), 1265
(s), 1172 (m), 1105 (s), 938 (m), 705 (8) cm™l, This was employed for the next step without further purification.

A mixture of the benzoate (ca, 29,3 mmol) and LiCH:HxO (24 g, 60mmol) in MeCH (100 ml) was starred for 1 h at room temp
The reaction mixture was concentrated and the residue was dissolved in ether (300 ml), The precipitate was filtered through
a florisil pad, washed thoroughly with THF and the combined filtrate was concentrated. The residue was chromatographed over
510; (100 q). Elution with CHyCl,-MeOH (98:2-92:8) gave 2.95 g (808%) of 18, nf3 1.5096; [alf? +5.96° (c=Ll4, OHClyh vmax
3410 (s), 3030 (m), 2960 (m), 2905 (m), 1670 (8), 1465 (m), 1400 (m), 1357 (m), 1252 (m), 1207 (m), 1168 (m), 1113 (m),
1068 (m), 1010 (m), 983 (m), 946 (m), 937 (m), 890 (m), 865 (m), 830 (m), 760 (m) cm_]'; § (100 MHz, CDCl3) LO-1.4 (3H, m),
1.5-28 (64, m), 4.45 (1H, ddd, J=5, 3 and 2 Hz). HRMS m/z Found: 126,0697. Calc for CoHyg02: 126,068L.

(15,5R,6R)-5-tert-Butyldimethylsilyloxybicyclo[4,1.0)heptan-2-ane 19, A mixture of 18 (091 g, 7.2mmol), imidazole (1.36
9, 20 mmol) and t-BuMe SiCQl (L5 g, 10 mmol) in DMP (30 ml) was stirred overnight at room temp The reaction mixture was
poured into water and extracted with ether, The extract was washed with water (x2) and brine, dried (MgS04) and concen-
trated, The residue was chromatographed over Si0; (30 g). Elution with hexane-EtOAc (19:1-4:1) gave L73 g (quantitative)
of 19, m.,p. 50-51°C; 10163 +24,0° (c=1.06, CHCl3); vmax 3060 (m), 2960 (s), 2940 (s), 2905 (a), 2860 (s}, 1680 (s), 1470
(8), 1450 (w), 1400 (m), 1380 (m), 1365 (m), 1353 (m), 1342 (m), 1328 (m), 1313 {m), 1250 (8), 1215 (m), 1190 (m), 1173
(m), 1116 (m), 1104 (m), 1076 (s), 1060 (m), 1046 (m), 1029 (m), 1008 (m), 990 (m), 979 (m), 941 (m), 897 (m), 880 (m), 852
(m), 839 (s), 828 (8), 815 (m), 774 (8), 723 (m), 686 (m) cm_]'; ¢ (100 MHz, CDC13) 0.11 (3H, s), 0,12 (3H, 8), 0,91 (9H,
8), 0,95-1.3 (2H, m), 1.5-2,7 (6H, m), 3.37 (1H, q, J=3 Hz). (Pound: C, 64,71; H, 10,06, Calc for Cy3H240,8i: C, 64.94; H,
10,068),

(ZBB,3’R,4R)-4-mrt-&atyldinet.hylsilylgr&Jﬂimylwcldlm 20. To a blue soln of lithium (160 mg, 23 mmol) in lig
NH3 (ca. 50 ml) was added a soln of 19 (115 g, 48 mmol) and t-BuOH (355 mg, 48 mmol) in DME (10 ml) at -78°C, After
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stirring for 30 min at -78°C, the blue soln was carefully quenched with MeI (35 ml, 40 mmol) and allowed to stand at room
temp in order to dispel most of lig NHy To the residue, DME (10 ml) and HMPA (25 ml) was added and the mixture was
stirred for further 1 h. The reaction mixture was poured into a cold sat NHCl soln and extracted with ether, The extract
was washed with water (x2), sat NeRCD; soln and brine, dried (4gS04) and concentrated. The residue was chromatographed over
§10; (30 g). Elution with hexane-BtOAc (19:1-7:3) gave 102 g (83%) of 20, nf2® 14505; (41§28 -114° (ceLlS, CRCl3)
vmax 2970 (s), 2950 (8), 2900 (s}, 2870 (8), 1715 (s), 1460 (m), 1382 (m), 1365 (m), 1310 (w), 1280 (w), 1255 (m), 1220
(w), 1205 (w), 1165 (m), 1140 (m), 1105 (m), 1067 (m}, 1045 (m), 1030 (m), 1007 (m), 980 (m), 960 (w), 943 (m), 893 (m),
858 (m), 838 (s), 815 (m), 777 (m), 746 (w), 680 (m) cm™l; & (100 Mz, C13) G.11 (64, s), O7-12 (6H, m), 091 and 095
(total 9H, 8), 1.5-2,3 (6H, m), 2.4-3.0 (1H, m), (Found: C, 65.48; H, 10.96. Calc for Cy4Hpg025i: C, 65.62) B, 10.94%).

(2R, 3R, 4R)-4—tert-Butyldimethylsilyloxy-2, 3-dimethyl -2-(3'-oxobutylJoyclohexanone 22. To a saln of 20 (1.55 g, 62 mmol)
and hexamethyldisilazane (2 ml, 9.5 mmol} in CH)Cl; (15 ml) was added TMSI (1.2 ml, B4 mmol) at O°C. After stirring for 10
min at 0°C and for 1 h at room temp, the reaction mixture was diluted with hexane, filtered through a florisil pad and
concentrated to give 21. This was employed for the next step without purification.

To a soln of 21 (ca. 62 mmol) and methyl vinyl ketone (2 ml, 25 mmol) in CHaNO; (30 ml) was added dropwise a soln of BF3
CEt,; (075 ml, 61 mmol) in 2-propancl (1.9 ml, 25 mmol) at -20°C, After stirring for 2 h at -20°C, the reaction mixture
was quenched with sat NaHOD; soln and extracted with ether., The extract was washed with water and brine, dried (Mg904) and
concentrated. The residue was chromatographed over Si0; (25 g). Elution with hexane-BtOAc (49:1-4:1) gave 270 mg (168) of
recovered 20 and L1l g (58%; 688 based on the unrecovered 20) of 22, nfd4 14655, [alfd4 -117° (c=1.04, OK13) vmax
2970 (s}, 2940 (8), 2900 (m), 2870 (m), 1720 (s), 1710 (8), 1460 (m), 1420 (m), 1385 (m), 1360 {m), 1320 (w), 1285 (m),
1253 (m), 1160 (m), 1100 (m), 1070 (8), 1005 (m), 986 (m}, 953 (m), 918 (m), 884 (m), 835 (m), 813 (m), 773 (m), 678 (m)
em™l; & (100 MHz, CDCl3) O.11 (6H, s), 0.92 (9H, @), 0,96 (3H, d, J=5 Hz), 1.04 (3H, 8), 1.1-2.8 (9H, m), 3.14 (3H, 8),
377 (1H, 434, J=13, 9 and 4 Rz). (Found: C, 66.24; H, 10,52, Calc for CygH34035it C, 66.25 H, 1043w),

(4aR,5R,6R)~6-tert -Butyldimethylsilyloxy-4,4a,5,6,7,8-hexahydro-4a,5-dimethyl ~2(JRnaphthalencne 13b. A mixture of 22 (510
g, 156 mmol) and pyrrolidine (3 ml) in benzene (120 ml) was heated under reflux for 2 h with azeotropic removal of water.
The reaction mixture was filtered through a florisil pad and concentrated. The residue was chromatographed over sio, (160
g). Elution with hexane~BtOAc (19:1-4:1) gave 3,78 g (798) of 13b, Recrystallization (pentane-ether) gave 264 g (708) of
pure 13b, m.p. 36-37°C; [a]1@4:5 486.7° (c»1.1, CHCl4); vmax 2970 (s), 2950 (s), 2900 (s), 2875 (a), 1677 (a), 1620 (m),
1463 (m), 1446 (m), 1434 (m), 1388 (m), 1371 (m), 1360 (m), 1350 (m), 1335 (m), 1257 (m), 1237 (m), 1220 (m), 1200 (w),
1186 (m), 1125 (m), 1100 (m), 1074 (s), 1020 (m), 1007 (m), 961 (m), 952 (m), 940 (m), 918 (m), 890 (m), 868 (m), 860 (m),
834 (s), 814 (m), 775 (a), 706 (m), 685 (m), 666 (w) cm™1; & (100 MHz, CDCl4) 0.10 (6H, s), 0.92 (9H, 8), 0.99 (3H, d, J=6
Az), 1.12 (34, 8), 1.15-2.5 (94, m), 3.57 (1H, dt, J=10 and 4 Hz), 5.74 (14, s). (Pound: C, 69.79; H, 10.39, Calc for
CigH3p026i: C, 7013 H, 10.398).

Determination of the optical purity of 13b. 13b was convertsd to the corresponding (R)-MTPA ester 13d and (S)-MTPA ester
13e. HPIC analytical conditions are: Oolumn normal phase, Nucleosil® 50-5, 4.6mm x 25cm; Eluent n-hexane-i-Proi»100:1; Plow
rate 10 ml/min (30 kg/cm?); Detector UV 254nm; 13d, Rt 28,7 min (100%); 13e, Rt 269 min (1008), Therefore, the optical
purity of 13b was determined to be 1008 e.e.

(3RS, 4aR, 5R,6R. 1 'RS) -6-tart-Butvidimethvlaily ~3={1! = = =

—

reaction mixture was quenched with sat NH,Cl soln and extracted with ether, The extract was washed with water and brine,
dried (MgS04) and concentrated. The residue was chromatographed over Si0; (170 g). Elution with hexane-EtOAc (19:1-3:1)
gave 3,91 g (92%) of 23, ng3 1.4924; (a)@3 +105° (c=1.02, CHC13); vmax 3380 (m), 2970 (8), 2950 (a), 2900 (s), 2870 (s),
1665 (s), 1630 (m), 1462 (m), 1450 (m), 1435 (m), 1408 (m), 1385 (m), 1370 (m), 1360 (m), 1325 (w), 1280 (m), 1255 (m),
1218 (m), 1205 (m), 1186 (m), 1133 (m), 1100 (s), 1070 (s), 1017 (m), 1005 (m), 966 (m), 954 (m), 938 (m), 891 (m), 869
(m), 835 (s), 814 (m), 774 (m), 718 (m), 692 (m) cm™}; & (100 MHz, CDC13) 0.09 (6H, a), 0.92 (9H, s), 0.9-2.7 (12H, m),
357 (14, dt, J=10 and 4 Hr), 38-50 (14, m), 572 (1H, brs). HRMS m/z Pound: 3522427, Calc for CoglaOySi: 352.2433.

(3RS, 4aR, 5R,6R) -3~Acetyl-6-tert -butyldimethylsilyloxy-4,4a,5,6, 7,8 -hexahydro—4a,5-dimethyl-2(3H)naphthalencne 26. To a
soln of oxalyl chloride (28 ml, 31 mmol) in CHxCly (60 ml) was added dropwise DMSO (44 g, 56 mmol) at =-70°C, After
stirring for 15 min at -70°C, to this was added a soln of 23 (390 g, 11 mmol)} in 1y (30 ml) and the mixture was
stirred for further 1 h, Then EraN (7.7 ml, 55 omol) was added dropwise at ~70°C and the temperature was gradually raised
to 0°C. The reaction mixture was poured into water and extracted with ether. The extract was washed with water and brine,
dried (MgSO4) and concentrated. The residve was chromatographed over 6i09 (170 g). Elution with hexane-EtOAc (19:1-17:3)
gave 3.04 g {(79%) of 26, n85'5 1.5109; vmax 2970 (s), 2950 (s), 2900 (s), 2870 (s), 1720 (m), 1635 (br), 1460 (m), 1383
(m), 1362 (m), 1280 (m), 1253 (m), 1226 (w), 1191 (m), 1130 (m), 1100 (m), 1074 (s), 1007 (m), 955 (m), 892 (m), 880 (m),
866 (m), 847 (s), 818 (m), 778 (m), 745 (w), 680 (m) cm~l; & (100 MHz, Cl3) 0.09 (6d, a), 0.90 (3H, s), Q90-L1 (6H, m),
1,1-3,0 (11H, m), 3.54 (1H, dt, J=10 and 4 Hz), 5.95 (1H, br.s). This was employed for the next step without further
purification.

{4aR,5R,6R)-3-Acetyl -6-tart-butyldimethylsilyloxy-5,6,7,8-tetrahydro-4a,5-dimethyl-2(4aH)naphthalenone 24. A mixture of
26 (167 g, 4.77 mmol) and DOQ (LI6 g, 6.0 mmol) in ether (30 ml) was stirred for 2 h at room temp. The reaction mixture
was diluted with ether (300 ml), washed with water (x3), sat NaH(D; soln and brine, dried (MgSO,) and concentrated. The
residue was chromatograghed over SiO (30 g). Elution with hexane-EtOAc (19:1-17:3) gave 140 g (838) of 24, n33'5 1.5017
[a143-5 -28.8° (c=1.0, CHCl3); vmax 2970 (s), 2950 (8), 2900 (m), 2870 (m), 1695 (s), 1664 (8), 1633 (m), 1597 (w), 1462
(m), 1440 (m), 1410 (m), 1387 (m), 1360 (m), 1283 (m), 1258 (s8), 1213 (w), 1200 (w), 1140 (m), 1120 (m), 1104 (s), 1078
(a), 1020 (m), 1007 (m), 975 (w), 957 (8), 940 (w), 925 (w), 886 (a), 838 (s), 815 (m), 778 (m), 682 (m) cm~l; & (100 MHz,
CDCl3) 0.10 (6H, s), 0.89 (9H, 8), 1.17 (3H, d, J=6 Hz), 1.22 (3H, s), 1,2-2.,6 (5H, m), 2,57 (3H, @), 3.67 (1H, dt, I»10
and 4 Hz), 6,11 (1H, br,s), 7.64 (1H, 8). (Pound: C, 68.54; H, 9.21, Calc for C1H320384i: C, 68,91 H, 9.208).

(38, 4R, 4aR, SR, 6R ) -3-Acetyl-6-tart-butyldimethylsilyloxy—3, 4-epoxy-4,4a,5,6, 7,8, -hexahydro~4a, S-dimethyl -2( 34) naphthalenone
27. A mixture of 24 (1.20 g, 345 mmol), t-BuOCH (417 M in toluens, 3 ml, 125 mmol) and Triton B (408 in MeCH, 0.3 ml)




A sporogenic sesquiterpene from A. oryzae 4349

in THP (50 ml) was stirred overnight at room temp. The reaction mixture was poured into sat Na;90; soln and extracted with
ether. The extract was washed with water and brine, dried (MgSO() and concentrated, The residue was chromatographed over
§10, (30 g). Elution with hexane-EtOAC (19:1-17:3) gave 860 mg (708) of 27, mgp 61-62°C; f{alf42 +196° (c=ll, OKl3)
vmax 2960 (s), 2945 (8), 2895 (=), 2870 (s), 1725 (s), 1713 (s), 1675 (8), 1630 (m), 1460 (m), 1435 (m), 1408 (m), 1385
(m), 1357 (s), 1337 (m), 1312 (w), 1290 (m), 1280 (m), 1255 (8), 1215 (w), 1196 (m), 1100 (s}, 1078 (8), 1026 (w), 1004
(m), 985 (w), 976 (w), 955 (w), 940 (m), 920 (m), 888 (s), 836 (8), 815 (m), 771 (s), 740 (m), 714 (m), 687 (m) emly 6
(100 MHz, CDCl3) 0.10 (6H, 8), 0.92 (9H, 8), 1.20 (3H, 4, J=7 Hz), 1.24 (38, 8), 1.3-2.7 (5H, m), 2.34 (3H, 8), 3.50 (1H,
8), 3.60 (1H, dt, J=10 and 4 Hz), 5.78 (18, br.s). (Pound: C, 65.93; H, 8.88. Calc for Cy1H330481: C, 65.88; H, 8.85%).

(35, 4R, 4aR, 5R,6R) - 3, 4-Epoxy -4,4a, 5,6, 7, B-hexahydro—6—hydroxy -3-1sopropeny] -4a, 5~dimethyl -2(3H)naghthalenone(sporogen-AC 1)
1. To a soln of 27 (100 mg, 027 mmol) in THP (2 ml) was added dropwise TMSCHMGCl soln in ether (1M, 05 ml, G5 mmol) at
0°C. After stirring for 5 min at 0°C, the reaction mixture was quenched with sat NH4Cl soln and extracted with ether. The
extract was washed with watar and brine, dried (MgSO4) and concentrated to give 28, This crude adduct was employed for the
next step without purification.

A mixture of 28 (ca. 0,27 mmol) and conc Hp804 (2 drope) in THP (10 ml) was stirred for 3 days at room temp, The reaction
mixture was diluted with ether, washed with water, sat NaH(D; soln and brine, dried (MgS04) and concentrated. To the
residue was added CH3CN (2 ml) and 4B% HP soln (008 ml). After stirring for 30 min at room temp, the reaction mixture was
poured into sat NaHOD; soln and extracted with EtOAc. The extract was washed with water and brine, dried (MgSO4) and
concentrated, The residue was purified by preparative TIC (Merck Kieselgel 60 F-254 Art 5717, hexane-EtOAc=l:1} to give 60
mg (88%) of 1, mp, 104-105°C; [alf +262° (c=0.56, MeOH); W (c=9.3x10™¢ in MeCH) 1gE=416 (kmax 243 nm); CD [at 24.5°C,
c=0,023 in MeCH, OE, (Alnm])) -14.07 (219), +1302 (247), +4.50 (334); vmax 3530 (s8), 3090 (m), 3005 (m), 2990 (m), 2970
(m), 2940 (m), 2925 (m), 2900 (m), 2680 (m), 1655 (8), 1630 (m), 1615 {m), 1465 (m), 1455 (m), 1410 (m), 1390 (m), 1377
(m), 1365 (m), 1335 (m), 1260 (w), 1245 (m), 1235 (m), 1210 (m), 1181 (m), 1158 (m), 1120 (m), 1100 (w), 1035 (s), 1015
(m), 990 (w), 960 (m), 932 (m), 918 (m), 888 (m), 860 (w), 850 (m), 826 (w), 753 (m), 735 (m), 718 (w), 700 (m), 659 (m)
cm'l; 14 NMR § (400 MHz, CDClj3) 1.228 (3H, 8), 1.268 (3H, d, J=6.8 Hz), 1.440 (1H, dadd, J=14.5, 12.5, 11,0 and 4.5 Hz),
1.570 (1H, br.s), 1.815 (1H, dq, J=11.0 and 6.8 Hz), 1.873 (3H, t, J=1,2 Hz}, 2.157 (1H, ddt, J=12,5, 5.0 and 2.8 Hz),
2.343 (14, dad, J=14.5, 4.5 and 2.8 Hz), 2.520 (1H, ddt, J=14.5, 5.0 and 2,0 Hz), 3.330 (1H, 8), 3.627 (1H, dt, J=11.0 and
5.0 Hz) 5.106 (1H, q, J=1.2 Hz), S.116 (1H, br), 5.765 (1H, d, J=2.0 Hz); 13c NMR & (25 MHz, CDCl,y) 11,3, 18,8, 19.8, 30.9,
35,2, 41.0, 44.3, 63.5, 68.3, 70.9, 114.4, 121.2, 139.1, 163.1, 192.8. (Pound: C, 72.59; R, 7.87. Calc for CygH003: C,
72,551 H, 8.12%),

ACKNOWLEDGEMENTS -- We thank Mr. H, Tamura for valuable discussion, We are indebted to Arakawa Chemical Co. Ltd. for the
generous gift of ethyl (1R,25)-5,5-ethylenedioxy-2-hydroxycyclobexanecarboxylate. This work was partly supported by a
Grant-in-Aid for Scientific Research from the Japanese Ministry of Bducatiom, Science and Culture and by The Naito Founda-
tion,

REFERENCES

S. Tanaka, K. Wada, M, Katayama and S, Marumo, Mgric. Biol. Chem., 48, 3189 (1984).

S. Tanaka, K. Wada, S. Marumo and H, Hattori, Tetrahedron Lett., 25, 5907 (1984).

T. Tirilly, J. Klooeterman, G, Sipma and J. G. Kettenes-van den Bosch, Phytochem., 22, 2082 (1983).

K. Mori and H., Tamura, Liebigs Amn. Chem,, 97 (1968).

Yamakawa, I. Izuta, H, Cka, H. Sakaguchi, M. Kobayaghi and T. Satoch, Chem. Pharm. Bull., 27 331 (1979)

T. Kitahara, and K. Mori, Tetrahedron Lett., 26, 451 (1965).

R. M. Lukes, G. I, Poos and L. H. Sarett, J. Am, Chem. Soc., 74, 1401 (1952).

5. Hannessian and N. R. Plessas, J. Org. Cham., 34, 517 (1978),

O. Mitsuncbu, Synthesis, 1 (1961),

10 T. Takagi, Y. Nakahara and M. Matsui, Tetrahedron, 34, 517 (1978).

11  A. J. Mancuso, S-L. Huang and D, Swern, J. Org. Chem., 43, 2480 (1978).

12 R. B, Woodward, F. Sondheimer, D, Taub, K, Heusler and W, M. Mclamore, J. Am., Chem. Soc., 74, 4223 (1969),

13 E. Piers, R, W, Britton, W. de Waal, Can. J, Chem., 47, 4307 (1969),

14 S Torii, T. Inckuchi amd K. Kawai, Bull. Chem. Soc. Jpn., 52, 861 (1979) and references cited therein.

15 P. Duhamel, L. Henneguin, N. Poirier and J-M. Poirier, Tetrahedron Lett., 26, 6201 (1385).

16 R. D. Miller and D. R. McKean, Synthesis, 730 (1979).

17 H. O, House, L. G, Czuba, M. Gal and H, O. Olmstead, J. Org. Chem., 34, 2324 (1969).

18 & Tamagami, M. Katayama, S. Marumo, M. Isobe and T. Goto, Abstract of papers, the Annual Meeting of the Agricultural
Chemical Society of Japan. (Sapporo) p 231 (1965).

19 J. R. Parikl and W, von E. Doering, J. Am. Chem. Soc., B9, 5505 (1967).

20 N. C. Yang and R, A. Finnegan, J. Am., Chem. Soc., 80, 5845 (1956).

21 P, F. Hudrick and D, Peterson, J. M. Chem, Soc., 97, 1464 (1975) and references cited therein.

22 T. H. Chan and E. Chang, J. Org, Chem., 39, 3264 (1974) and references cited therein.

23 C. R. Hauser and C, R. Hance, J. Am. Chem. Soc., 74, 5091 (1952).

24 C. Riche, C.Pascard-Billy, M. Devys, A, Gaudemer, M, Barbier and J-F. Bousquet, Tetrahedron Lett., 2765 (1974).

25 T. K. Dhar, K. A. 1. Siddiqui and E, Ali, Tetrahedron Lett., 23, 5459 (1962).

W ~NO!e WwN
=




