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Abstract -- Enan~omer~cally pre (+)-juvemle hormme I Imethyl (2~,6&1OrrllSl- 
10,llspoxy-3,11~mefAyl-7sthyl-2,6-tr~d~-te; cecronia JH = Cl8 JH = JH 11 
and (+)-~wenrle hormone II [methyl ~2~6~1C&11~)-10,ll-ep3xy-3,7,11-trimet.hyl-2,6- 
tr1decadlenoate; Cl7 JH = JH 111 were synthesrzed employing the emntioselect~ve 
redwtron of 2-ethyl-2-methyl-l,3-cycl&exaneditne by a yeast (Pichia terriccla KI 
01171 as the key-step 

Since Rijller's discovery of juvenile hormone I (JH I) in 1967,' four additional juvenile 

hormones were isolated and identified as shown in Fig. 1 (JH II,' JH III,3 JH 0,4 and 4-Me 

JH 1'). Importance of the juvenile hormones in both basic and applied entomological 

research was well appreciated from the beginning, and an enormous amount of works were 

published in the past by chemists and entomologists.6 Due to the limited amount of the 

juvenile hormones available from insects, their absolute configuration was difficult to be 

determined. Indeed still at present the absolute configuration of both JH 0 and 4-Me JH I 

remains obscure. In 1970 Meyer and Hanzmann were able to isolate 1.372 mg of a mixture of 

JH I and JH II (90.2:g.S mol%) and showed it to be dextrorotatory, [al, =+7’ (CHC13).7 

They then proposed lOR,llS configuration to JH I and JH II by the application of Horeau's 

method of determination of absolute configuration. a Subsequently two independent syn- 

+yL&Ofle J&)+O$k &J++COp4e 

0 0 

JH III J*H 0 &Me JH I 
Pig. 1. Structures of juvenile hormones. 

t 
Synthmis of corn- with juvmile hormne activity - 26 Part 25, h p(ori and Ii. bkton, lbtrw ln the 
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theses of the optically active form of JH I were achieved by Loew and Johnson9 and by 

Faulkner and Petersen." By using Johnson's sample of (+)-JH I, Nakanishi et al. proposed 

its lOE,llS configuration basing on physiochemical measurements." The definite proof of 

the proposed lO&,llS configuration was provided by Faulkner's synthesis, because it 

started from (S)-(+)-2,2-dimethoxy-3-methyl-3-pentanol to furnish (lOlt,llS)-(+I-JH I.'~ 

Although these syntheses were decisive in settling the stereochemical argument on (+)-JH 

I, they did not give enantiomerically pure (+)-JH I. In Johnson's case their enantiomers 

of JH I were of 80-90% e.e.,g while in the case of Faulkner the products were neither 

diastereomerically nor enantiomerically pure." In 1985 Prestwich and Wawrze&zyk 

achieved the third synthesis of (+)-JH I by employing the Sharpless asymmetric epoxi- 

dation.12 Their product was of high enantiomeric purity (-95% e.e.), but the Sharpless 

epoxidation, in our experience, never gave a product of 100% e.e. In the case of (+)-JH 

II, there exists only one synthesis of it, utilizing a microbial kinetic resolution 

process.13 The enantiomeric purity of the product, however, was not determined.13 Herein 

we describe the synthesis of both (+)-JH I and (+)-JH II in enantiomerically pure state. 

Preparation of tha chiral bullding block (2%3g)-I_sa 

Fig. 2 shows our synthetic plan, which is an extension of the strategy employed in 

our recent synthesis of @)-(+)-JH III.14 If it is possible to prepare pure hydroxy 

ketone A, then Baeyer-Villiger oxidation of A after protecting the OH group will give 

la&one B. Conversion of B to acetonide ester C will be followed by its modification to 

alkyne D. The alkyne D will give diene esters E (R=Et and R=Me) by the sequence developed 

for the synthesis of (+)-JH ~1.'~ Finally the diene esters 7.4 will give (+)-JE I and (+)- 

JH II, respectively, by the standard procedure.14 

2 R=Me(JHlI> 

Pig. 2. Synthetic plan for 

E (R=Et=g; R=Me=3A) 

~ RO..& d HO..@ 

5 $(=g 

(+)-JR I and (+I-JB II. 

The first problem to bs solved was therefore to find an efficient preparative method 

for enantiomerically pure A. In Fig. 3 is summarized our preparation of the chiral 

building block A [=(28&32)-5al. Bthylation of 2-methylcyclohexane-1,3-dione (3) with Et1 

in the presence of Triton B in MeOH gave a mixture of the desired la and ethyl enol ether 

of 3. After hydrolyzing the enol ether with dil HCl, the product la (15% yield) was 

separated from the recovered 3 (76% recovery). By repeating this process, 4a was prepared 

in 63% yield from 3.cf*'5 Our task was then to find a method to realize an efficient 

conversion of la to 5a .(=A). Reduction of 4b with baker's yeast was known to give (S)-3- 

hydroxy-2,2-dimethylcyclohexanone (98-99% e-e.) in good yield.16 In the case of Ic, how- 

ever, its reduction with baker's yeast gave a diastereomeric mixture of 7A and 7B.17 It 

was therefore difficult to predict the steric course of the biochemical reduction of 4a 

beforehand, and we began the screening experiments to find an appropriate strain of 

microorganism. The final result is summarized in Table 1, which deserves further explana- 
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9 &Et !& R=H QR=H 
g R=Me & R=@MTPA b R=(R)-MTPA 
5 R=CHzCHcH2 g R=DNB 

n n 

Pig. 3. Preparation of the chiral building block (2S,3S)-25. 

Table 1. Reduction of the prochiral ketone 4a with yeast 

to give (2S,3S)-5a. 

Yeast strain 

Ratio of the generated Enanticmeric purity 

hydroxy ketones at C-3 (% e.e.1 

5a:6a 

Saccharanyces cerevisiae 

(baker's yeast) 

1 : 2.7 99 

Saccharanyces bailii KI 0116 1 : 1.5 73 

Pichia terricola KI 0117 >99 : tl 99 

tion as detailed below. 

Our first choice was to employ baker's yeast, Saccharonyces cerevisiae. The reduc- 

tion yielded a mixture of two ketols in a ratio of 1:2.7 as judged by the 'H NMR analysis 

where a pair of He singlets was observed. In analogy with Brooks's result," these two 

ketols were assumed to be 5a and 6a. Because Sa was inseparable from 6a by ccnventional 

TLC, the mixture was ccmverted to the corresponding mixture of ethylene acetals SC and 6c 

by treatment with ethylene glycol and p-TsOH in benzene under reflux. The acetals 5c and 

6c were separable by Si02 chromatography. The two acetals SC and 6c gave back the parent 
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ketones when treated with c-TsOH in acetone. The 'H NMR spectra of the two ketones were 

readily distinguishable. It was difficult, however, to tell which was which (5a or,6a). 

Unambiguous derivation of 5a from a compound of known absolute configuration must tbare- 

fore be the only way to assign absolute configuration to the reduction products generated 

by baker's yeast. The hydrox'y ketone 7A was used for this purpose, because of its known 

absolute configuration.'7 A mixture of 7A and 7B was submitted to a multi-step conversion 

to give a mixture of lactones 8 and 9.18 These two lactones were separated by chromato- 

graphy, and their stereochemistries were unambiguously assigned on the basis of the magni- 

tude of the J-value of the signal due to the angular -CEOCO- proton.lBt Reduction of 8 

with (i-Bu)2AlH gave lactol 10, which was reduced with N2H4 and KOH under the Huang Minion 

condition to give SC. Treatment of SC with p-TsOH in acetone yielded 5a, whose 'H NMR 

spectrum as well as the sign of its specific rotation was identical to that of the ketone 

derived from the less polar ethylene acetal. That ketone Sa turned out to be the minor 

product of the yeast reduction. Thus the less polar ethylene acetal was SC, while the 

more polar one'was 6~. It iras now clear that the reduction with baker's yeast gave the 

desired 5a only as the minor product. 

Although both of the above mentioned samples of 5a were dextrorotatory, the magnitude 

of their [alI, values was different. Namely, the hydrdxy ketone 5a derived from 8 exhi- 

bited [a@ +77.1 (CE!C13), while the [al, value of 5a derived from SC of yeast-reduction 

origin was only +32.7“. The both samples of 5a were converted to the corresponding a- 

methoxy-a-trifluoromethylphenylacetates (MTPA esters)," and analyzed by HPLC. The MTPA 

ester 5b of 5a originating from 8 was shown to be of 98.3% diastereomeric purity. HOW- 

ever, the MTPA ester 5b of 5a derived from 5c (of yeast-reduction/origin) was a mixture of 

two diastereomers (5b and 5b'l in a ratio of 7~3, indicating the enantiomeric purity of 

this sample of 5a to bs 40% e.e. In the course of acetalization of 5a to 5c employing E- 

TsOH and ethylene glycol in refluxing benzene, partial racemization apparently took place 

at C-3 due to a retroaldol-aldol process. After directly acylating the hydroxy ketone 

mixture (5a and 6a) produced by the reduction of la with baker's yeast, the resulting 

mixture of MTPA esters 5b, 5b', 6b and 6b' was analyzed by HPLC. Both 5a and 6a were 

found to be of 99% e.e. in accord with the similar study published by Brooks et all7 The --' 
rather tedious and troublesome work as described above taught us the method how to esti- 

mate the enantio- and diastereoselectivity of the biochemical reduction of 4a. 

As the result with baker's yeast was not so promising, we tried other yeasts. 

Saccharomyces bailii XI 0116 was known to reduce ethyl acetoacetate to ethyl (S)-3- 

hydroxybutanoate of 96% e.e.20 When this yeast was employed for the reduction of la, 

neither the diastereoselectivity nor the enantioselectivity could be improved. Thus the 

ratio 5a to 6a in this reduction was 1:l.S with the enantiomeric purity of 73% e.e. at C- 

3. 

The next choice was Pichia terricola XI 0117.27 Fortunately, this yeast achieved the 

reduction with satisfactory selectivity. Reduction of the diketone la with P_ terricola 

KI 0117 gave in 86% yield only the desired hydroxy ketone 5a of 99.5% e.e. To enhance the 

enantiomeric purity of 5a to 100% e.e., it was converted to the corresponding 3,5-dinitro- 

benzoate5d. Highly crystalline nature of 5d allowed us to purify it by recrystallization 

giving pure 5d. Regeneration of 5a from 5d by hydrolysis was apt to accompany partial 

racemization at C-3 by the retroaldol-aldol mechanism. it was therefore impossible to 

check directly the enantiomeric purity of 5d at this stage. The enantiomeric purity of 

our intermediate was checked in a later stage on 14 in Fig. 4. The most important problem 

of selective reduction of la to 5a was thus solved by the help of the yeast, P_ terricola 

XI 0117. 

t 
In the mse of 8, a lIi ailpal wan ctmeFm3 

Wle at 6- 403 with w",*- 18 Ii2 L¶x Ii). 
at e- 4.35 with wW2- 8 Hz (eq s), while in the - of 9, a ni siqnal V~B 
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The next phase of this work was to convert pure !idto the common intermediate 21, 

which would lead to both JH I and JH II. Haeyer-Villiger oxidationof Sd with MCPHA in 

CH2Cl2 gave crystalline la&one 11 quantitatively. Treatment of 11 with K2CO3 in MeOH to 
effect methanolyysis of 11 to the corresponding dihydroxy ester was followed by acetonide 

formation with Ma2C(OMe)2 and ~TsOH to furnish acetonide ester 12 in 90% yield from 5d. 

To check the diasteseomeric purity of 12, it was analyzed by capillary GLC to show a 

single peak. In its 'H NWI spectrum, the 3H singlet due to C-6 Me appeared at 6 

1.06.cfm22 To be sure about the satisfactory diastereomeric purity of 12, a reference 

sample was prepared as follows, which contained both (t)-12 and its diastereomer (*)-1X 

The crude 5a obtained by the reduction with P_ terricola KI 0117 was treated with aq KOH- 

MeCH to effect retroaldol-aldol reaction. The resulting mixture of (*I-5a and (*I-6a was 

acetylated and the mixture of acetoxy ketones was converted to a mixture of (*j-12 and 

(iI- as described above for the conversion of !id to 12. These two diastereoisomers 

[(*j-12 and (i)-131 were inseparable by capillary GLC Thus the GLC analysis of 12 could 

not be the proof of its homogeneity. However, in the 'H NMR spectrum of the mixture of 

(*)-la and (k)-13, two signals due to C-6 Me were observable, one at 6 1.06 and the other 

at 6 1.18.Cf*22 The optically active 12 was therefore thought to be diastereomerically 

pure within the limit of the experimental error of the 'H NMH measurement. 

The next step was the reduction of 12 with LAH to furnish 14 in 90% yield. The 

enantiomeric purity of 14 was rigorously estimated as follows. Deprotection of the aceto- 

nide group of 14 with hot aq AcOH yielded the parent triol, which was acylated with (E)- 

or (S)-MTPA-Cl. The resulting bis-(R)- and bis-(S)-MTPA esters 15 were clearly distin- 

guishable by HPLC analysis. Each of them showed a single peak upon HPLC, confirming the 

-100% enantiomeric purity of 14. 

?iq. 4. Hynthemis of the - internadirte Zl. 
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The remaining steps from 14 to 21 were almost same as those employed in our synthesis 

of (+)-JH III.14 Treatment of 14 with o-(02N)C6H4SeCN and @Hu)3P in THF23 gave selenide 
16, which was immediately oxidized with H202 to give olefin 17 in 79% yield from 14. 

Brominstion of 17 with Br2 in CC14 furnished dibromide 18, which was dehydrobrominat& 

with NaNH2 in liq NH3 to alkyne 19 in 50% yield from 17. According to Mukaiyama &a&,24 

19 was methoxycarbonylated with @3uLi and C102Me in THF to give 20 in 66% yield. Treat- 

ment of 20 with PhSNa in MeOH afforded, after chromatographic separation, the desired 

common intermediate 21 in 76% yield together with.the unwanted 22 (11% yield). 

Synthesisofjuvenilebormoes x and II. 

The third stage of this work was the preparation of (+)dJH I and (+I-JH XI from the 

common intermediate 21. Substitution of the PhS group of 21 with Ht would lead to JH I 1, 
and that with Me would yield JH 11 2. Accordingly, treatment of 21 with EtMgBr or MeMgBr 
in the presence of CuI in THF at -65°C24 gave 23 (80% yield) or 24 (81% yield). These 

esters 23 and 24 were separately reduced with DI8AH to give alcohols 25 (quantitative) and 

26 (90% yield), respectively. These were converted quantitatively to the corresponding 

bromides 27 and 28 by the method of Stork et a1.25 -- Alkylation of the dianion26 of 

MeCOCH2C02Me with 27 and 28 gave 29 and 30, respectively. Their corresponding enol 

phosphates 31 and 32 were treated with Me2CuLi to give 33 and 34.14t 26 

22 R=Me 

“6 -% a R=Et 
g R=Me 

v t, 
% 3 R=Et 

22 R=Me 

CO2Me 

z R=Me 32 R= Me 

- ;*COpe - 
. 

32 R= Et 
z R=Me 

aR=Et, R’=H 
b R=Et, ~&(R)+ITPA 
$ RnEt,R’=(SFMTPA 

36a R= Me, R’=H- 
TR= Me,Fk(R)_MlPA 

s R= Me,Rk(S)_MlPA 

C02Me 
Q 

MS= -S-Me 
CI 

z R=Et 
32 R= Me 

1 R=Et (JH I) 
2. R=Me(JH Ill 

Fig. 5. Synthesis of JH I and JH II. 

The final task of the epoxy-ring formation was executed as reported by us in the 

synthesis of (+I-JH 11114 so as to avoid partial racemisation at C-10. Hydrolytic removal 

of the acetonide protective group of 33 and 34 by treatment with hot aq AcOH gave 35a (99% 

yield) and 36a (quantitative), respectively. The enantiomeric purity of both 35a and 36a 
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was estimated to be -100% by the HPLC analysis of the corresponding MTPA esters, 35b, 35q 

36b and 36~. Mesylation of 35a and 36a with methanesulfonic anhydride and Et3N14 gave 37 

and 38, respectively. These were treated with NaOMe in MeOH to give (+)-JH I [1, 78% from 

35a; [al:' +14.9' (CHC13); [alg3 +14.5O (MeOH); lit.' [0r1~~ +12.2O (CHC1311 and (+)-JH II 

12, 66% yield from 36a; [arl~4*5 +17.6' (MeOH); lit13 . [aID +11.7' (MeOH)], respectively. 

As we rigorously checked the 100% enantiomeric purity of the dihydroxy esters 35a and 

36a, the enantiomeric purity of our 1 and 2 must be 100%. Any racemization at C-10 would 
generate the diastereomers of JH I and JH II. To prove the high diastereomeric purity of 

our (+)-JH I and (+)-JH II, their 'H NMR (400 MHz) and 13C NMR (25 MHz) spectra were 

carefully examined. Fig. 6 shows the NMR spectra of our JH I and JH II. These are the 

first published 400 MHz 'H NMR and 13C NMR spectra of 1 and 2. The spectra clearly 

supported their 100% diastereomeric purity.27r28 Comparison of the 400 MHz 'H NMR spectra 

of JH I and JH II as shown in Fig. 6 with the published 'H NMR chart of JH 12' and that of 

JH I12a is quite instructive to show the remarkable improvement in NMR techniques in these 

twenty years. 

In summary, the pure naturally occurring enantiomers of JH 

sized in 19 steps from the chiral building block 5a in 2.7% 

respectively. Biochemical reduction of a prochiral diketone 

useful method in preparing a chiral building block. 

.Rl I (0) JH II (a) 

- 

I and JH II were synthe- 

and 1.2% overall yield, 

was again proved to be a 

II I ,. . , , . . . - ,,, . . 

Fig. 6. NMR spectra of (+)-JH I and (+)-Jli II. 

(a) ’ H NMR Spectra (400 MHz, CC14). 

(b) l3 C NMR Spectra (25 MHz, CDC13). 
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2-8t.hYl-2-methylcyclcluuanrl,3~ 4&=5 'Ib a sol" of 3 (378 g, 300 ma011 in Ile(H (390 ml1 was added a -1" of 

Ritm B (126 ml, 4(# sol" in WeoH) fallow&by Et1 (51g. 327 mmoll drop&se att temp Ihe mixture w&a etid ad 

heatedrmlarrefluxfor5h Itwas~coolsdtoroomtempandWeQ1wasalmostremavedbyevaporaticn. P,ngiduewaS 

MintoN Zlmoln and etirred for 10 min at - temp Ihw the mixture was filtered snd ths residual solid Cn ths 
filter wm washed with EtMc and dried under xu%nxd prescwe to give 28.6 g (75R -cry) of 3. Rwr dined filtrate 
ard wa&inga werediluted with EtCAcand washedwith 5*t++O3 sol", 201 KzCq eoln and brine, dried CHgSO4, Md -- 

trated in vaau l% rs3idu.l oil wan ducxmatagra~ over Siq UOO g). Elutim with 1 -hegntBKs\c C2o:ll gave 7.1 g -- 
COO46 mmol, 15* yield, 63a yield based m the m 31 of 4a, vmax 3440 (wl, 173o ard 1700 (61 cm-1, 6 (0x41 a73 UH. 
t, J-7 Hz), 1.10 (3H, 81, 1.40-2.20 (4H. ml, 2.38-2.75 (4Ii. ml. 

Cultivation of Sac&xcmycea bailii KI 0116 or Pi&& terr~mla KI 0117.M -------- 'Rro loops of S. bailii RI 0116 or 3 tarrimla -- 
KI 0117 - Mated into a 100 ml of medium cmtainina malt extract (M al. pe@xne (1 91. gluooSe (20 4) in w&e.? 

(loo0 ml) placeri in * 500 ml-shaking flask. lhie was cultiAted at 37'C far %-ah cm a reci&zal eh&er (103 cpn). Two 
batches of the seed mlture were added u-~tn a 18OO ml of msdium with the same uqredientina ECOO ml-Rlenmeyerculti- 

vuting flask with two intemal pcojectims for aeratim. After mltivhtim at 37oC for 36 h cm a gy-rorotuy ebaker (100 

rpml, the wet cells of yeast (ca. 10 g of s. bailii KI 0116 or ca. 22 g of 5 terricola KI 0117) were harvested by 

centrifugatim (Moo rpml for 5 min. 

Reduction of la with baker% e A" emulsion of ----- 2-ethyl-21rethylcycl &exam-1,3&me &I CO.5 gl m hitm X-100 (a2\, 
10 ml) wa* treated with tha dev cells of baker's ~-ee3t (CximM Yeest Industries, 7 91 in suacee soln (total 25g/loo ml 
water1 a; WC for 24 h A &l workup and plri&aticm gave (126 g (L.7 mmol, 5181 ,f ketolr 6 (100 WHZ, -31 1~2 and 
1.15 (total 3% e&l 8, ca. 27:ll. lhie was shovn to be a ca. 1:27 mixture of two diaetereowvs 

Preparation of authentic samples of 5a and 6a. AmixtureofhandQIobtarnedbyther~ionwith~~syeastas -- 
atuve to.70 g, 4.5 mmolll, ethylene glycol (L5 g, 24 mm011 and @Ml'H20 (8 mgl in be"- (15 ml1 wm stirred and he?lted 
urder reflex foe 15 h After cooling, the mixture WM purred into sat NaHCO) sol" and extracted with ether. 'lhe ether 

soln was washed with brme, dried (MgS341 d -trated in va- to give a93 g (quantitative1 of a diastareomeric -- 
mixture of 5c Md 6c. lhis w** cirom&ographed over SiqZ (70 g). Eluticm with c ~EMRC (2o:li game (230.3 of the 
less polar laomar, TIC [Si%, Werdr Art 5715; developed with c-h exane-etfxc (3:111 Rf a42$ - (film1 3550 (81, (CC14 
sol"1 3580 (ml cm-l: the IR data scqgee& the pTesenoe of the intrem~lemlar hm hmdinq. Rltther SlUtim gave a 
diastereomeric mixture (al5 g). Furthe elutia gave a40 g of the-polar isomer1 TLc (some cnditiml Rf a331 Y- 
(film1 3475 (bun), (a4 sol111 3580 (81 m-1: this IR data showed the lack of intrarolrrmlar hy%rqen banding. I" the 

u~se of 6c. rnteeMlh@xugm bonding muses a" rmfavorable l,2-diaxialorieM..4tim of ethyl and hydroxyl group @Ihere- 
fore the less polar isomer was tentatively assigned to be 5~. while the more polar isomer was to be 6~. 

5c and 6c - separately deprceected to give 5e and 6a. reslEctively. 5s. [cl@5 +327O (CLOO, cxl31; 6 (loo MHZ. 
CM31 0.89 OH, t, J-8 Hz), 1.15 (3H. 81, 3.72 (1H. dd, J-6, 9 Hz). 6a. [oI~~.~ -25.0' (c-1.00, CHC131; 6 (100 MHz. 

CDC131 0.87 (3H, t, J-8 Hz), 1.12 (3H. 81, 3.92 (1H. ml. The product obtained by the reduction with baker% yeast was 

therefore sulzpmed to be a lz2.7 mixtureof sand&% 

DetermlMtial of the optical prity. A mixture of 5a, Sa', 6a and Q' wan prepared as followsr to a sol" of 5a (25 mg, -- 
al6 mm011 lnHecH (5 ml) was &Med 2 W KM (0.l ml) ard the mx&.ure was stirred for 2 h at- tamp 'lben the mixture 

was pxred mtn water and extractxd with ether. Ihe ether ~01" was washed with brine,drled 04gfD4land cnrentrated " 

vaaaz to give 20 mg (8011 of a mixture of 5a. 5a'. Q and Q'. mismixturewasmnrertearotheoorrespcnding(R)-~A 
esters. WIG analysis [eluent: _ n-hexnne-'lliP (3&l), Ll ml/mini showed three peaks8 Rt 24.0 mi" (47.691, 26.8 lain (286tl. 

28.0 min (23.8%). 
~uthentic5aandQwereconvertedtotheoorras~ingKlPAestars. respectively. HpLcmalysisof WlFAesterof 5.x 

Rt 24.0 min (30.011, 26.8 min (70.011. MTPA ester of 6a: Rt 24.0 min (25.6%). 28.0 min (74.4%). Therefore the optical 

pity of authentic 5a ard 6a was determined to be 4O.oI e-e and 4aBr es, reffpcetively. 

Inthesamemanw. *ian pru%ct. with baker's yeast was cmvert&tot.hewITespcndirr3WlTAeatera SPlC 

analysis: Rt 24.0 min (0.5rl. 26.8 mi" (26.6%1, 28.0 ml" (72.9%). The optical plrity was determained to be 99.0 6 r&e. 
mediscre-of theopticalprritles m ahxe ww sub tobedue tothe pertialracemiz.timor epimerizatlmbing 

acetali7.aticn. 

R&x.%icn of la with S. bailii KI 0116 and P. terrioola KI 0117. ------ ------- 
5 bailii KI 0116: Mkatcne b (a5 4) wa8 redrsced with the wet cells of S bailii XI 0116 (10 g) in glumsa soln -- -- 

(total 15 g/100 ml water1 at 37OC for 24 h to give a2 g of katol~ 6 (100 WI&, CM31 LIZ Md L15 (t&al 38, ead~ 8, cd. 

L5:l). lhis wm shorn to be a ck l:LS mixture of 5a d 6a. 

wtc: (eame.conditim)r Rt 24.0 min (13.5r), 26.8 min 05.C+). 28.0 min (5L5Q). 
Pichia terricoh KI 0117: Diketone & (a5 g) was reduced with the wet cells of P. terrio~h KI 0117 (22 91 in glucose -- 

sol"(totalm ml water) at 37'C for 24 h to give 0.3 g of ketolt 6 (100 MHz, CCC131 1.15 (3H. 81. Therefore 

reduction with P. terrimla gavecmlymediastenxmar. -- 
WLC: (me caditimh 8t 240 min (43%). 26.8 mm r39.5\), 280 min (03%). lhereforetbeket015acbtalnedbyp. 

terrimla KI 0117 rehrction was almust both e+%nt.iomarically (99.4* e-e.1 and di astereomerically (99.6% d&l plrs 

Detanairnticn of the absolute carfiguration g _k --- 
1) (2RS,3bS,7bSl-4,4-Ethylenedioxy-2-hydroxy-3b-methylu=" 10. N to Brodre a &,17 (29%1-2- 

allvl-3+vdrmv-2-methvlcycl~ (a mixture of 7A ard .IBl was F‘eparell by b&&s m reducticm of 2-allyl-2-methYl- 

cycl& - - - -1.3-dime 4~ Ram this ketol, lactones (3b.$~_l-4,4sthylenadic=y-~~yl-2~~f'=" S d 

(*~__)-ismer 9 were &tAi."ed v& eaveral step% 8: np 9o-91Q [.I$ -27.90 (01.97, alc1311 vmar 1785 (01 cm-l; 8 

(60 Wik, -31 1.25 (3% EL 4.35 (l.& &formed t. WH/* Hzb)t R1: ISiC-2, M with "Aztec (l:i)i of a3. 9 

bill: Ics,~~ -27.5' (c-2.03, CHC13)s "Iax 1790 (81 cm-', & (60 MHz, CDc131 1.05 OH, 81, 4.03 (IH, dd, WH/2-18 Hz)1 TLC 
(same amditicm) Kf a4 amparisonof WWRspectra revaaledth~t Ehadcis-cmfiguraticman well a 9haat.rms-rmtigure 

Mon. respsctively. To a ml" of 8 (540 mg, 2.55 mwl) indrytnluene (~mllwas added a eolnof DIPAL-H (U ml. 1 mOl/l 
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in t.01~ 3.5 mud) at -WC tm3er AK ard the mixture was stlrrd for 30 mill at -6vc ‘mm the -ial was CpendM w 
adding satptasshm acdhsu ta-tratetetrah*ate soln (5 ml) and the mixture was stirrd for 30 mtn at loolp temp l%61 

themixturewasparradintobrinedextractedvithet.her. aW,atractwas washed withbrim,dried WgS34) and-- 

tcatzd in vaaq to give 589 ag (guantitative) of 10. umax 3450 (s), 1740 (m) cm-l. mis wan employed in the next step 

witbIt further plrificattca 

2) (~.~)-2-R3vl-3~-2-=stbyl~cbe=mme etbylne acatal 5~. '~b a aoln of IO (589 mg) III dietbylaze glyml (50 
ml) wara~N2H4+0 M6omg.9.2 mmol) ard R.xl(462 rag, 858, 7.Ol mmcd), adthe mixture was stirred and heated at 12OY 

for 30 min. nxm the temp van raisd to 2OOOC ad the stirring wan OntirNd for lh Aftar the mixture was mold to 
rca tamp. this ram pared into waterarrlextcactd with ether. Iha ether adn was wad& with mat Ni4Cl soln and brine, 

drld o4gso4) ad ccaatntdinvacuotogive#X)mg(58.Bfnm8)of5c. _- Its NHR and IR spnctra were identical to 
thoeeofthelesspDlari-obtainedbythe-liaaticnof5aand6a. llliswasemployedlnthenextstepwlthcut 

furthex plriflcaticn. 

3) oaprotection ofe+JWl~ metal. v*H20 (5 mg) wa* added to a s0l.n of 5c (45 mg, 0.23 m.md) Ln acetfne (20 ml) at 
m(B.temp~~mixLurswasstirredfor2hatrmmtemp Ihw~swaspcured~sat~mlnandextractedwith 

ether. lhe ether eOln wM -shed with ixine, &led (-4) and concentrated in - to give 32 mg (91W of 5a. [ala3 -- 
+77.1° (~0.626, MCl3)1 urnax, (8). 1695 (8). 1060 (81, 990 (8) cm-', 6 (100 MHz, CLXX3) 0.89 OH. t. J-8 Hz). 1.15 
(3& 81, L35-2.20 UIi, ml, W7 Gli, deformed t, J=7 Hz), 3.72 U.li, da, J-6, 9 Hz.). The opkical pvity was determined as 
98.3% ea in the same maruler as ablxe. Ihe si9n of c#ical rotation and 1H NPIR spaznun of thie 5a was identical with 

that of 5a obtained by the reduction with P. terrioola. lherefore the akaolute anfi9uratimof 6. from P. terrxola was -- 
unambiguously determined to be (22,X_). 

Reducticm with P. terricola KI Oll7 in a pcepar -------- ative scale. b @.2g, 53 mmol) inlY1tmx-loo a.2 a, BomlJ was reduced 

with the wet cells of P. terrioola la 0117 (87 g) in gl- ti (total 175 g/loo0 ml) at 37'C for 36 h to give 71 g (46 -- 
mmol. B) of ketolt !a% lo9-114v/5 nxr; 44 L47431 [.I44 +65.6" (oLo7, aE13); umax 3450 (s), 1695 (e), 1060 (s), 

990 (8) cm-', .S (100 I4Hz. UXl3) 089 (341, t, .I+ I+& L15 (3H, s), 1.35-ZM UH, q ), 2.37 (2~. deformed 4 J=7 Hz), 3.72 
UH, dd, 556, 9 Ek)r NS n& 156 #I+). 

(2S,35)-2-Ethy1-2-metby1-3-(3',5'-dinitro~benzoylaxyqcl~ 5d. 3,5-Dini tmbenzoyl cblonde (65 g, (128 mol) wa8 

added toa stirred& ccoled eoln of 5a (4Og. 0.26 mml) in pyridine (60 ml) Md CX2Cl2 Cl20 ml). After the mixture was 

stirred for 3 h at 0°C. the reaction was quznti by adding ice and the stirring wan contiMed for 10 min. Then the 
mixture w*s pared intodilute Ha and extncted with ai2Clp 
Epoln ard brme, dried (HgS34) and 

llIe extract was waebed Wltb olEn4 soln. water, sat NaHaJ3 

crncwtrats3inva~tngive12Og0faude5d. ?hrswasrecrystalli.zedfrca~n_haxane- -- 
EUXC (1:l) to give 65 g (729) of pxa 5d aa pale yellow needles, m.p 150.5-15L4~c~ [.1a4 +7w" (c=l.Ol, az13)r vmax 

1725 (s), 1710 (61, 1630 (w). 1550 (8). 1345 (6) cm-l8 6 (100 MHz, CDC13) 0.84 (3H. t, J-8.2 Hz), L20 (3H. s), 1.60-2.62 
(8H. ml, 5.26 (1H. dd, 515.0, 7.0 Hz), 9.13 (2H. d, Jc2.1 Hz), 9.25 (IH, dd, ~~2.1, 2.2 HZ). (Found: C, 54.948 H, 5.398 N, 
8.14. Calc for C16Hl,307N2: C, 54.85) H, 5.181 N, 8.009). 

A small pxtlm of it was arefully sapnifid (O'C, 5 min) to give alnxt - 5.s (>99a e.& [ala4 +79.2' (CL@& 

aEl3). llusvalue was mqxdacmrd with that (+77.1°) of 5aobLainad from the lactcne & lharefore 5a freshly obtained 

bythe acticmof P. texricold wbicbsbowed smaller tolo value (lolID+65.6a) musthavebeencontaminatedwlthasmall~t -- 
of implritiea of micmhial origin. 

(5S,6S)d-nethyl-5-(F,5'~ini~)~loxyd~~li& 11. lb a stirred mspensicm of HCPBA (80\, 26 g, 12 mmol) and 

Na!KD3 (LO 9, 12 mm&) in dq Q.'2Cl2 (1M) ml) was added dr0puise a aoln of 5d (3.5 g, 10 mm011 in dq C+i*2 (50 ml) and 
the mixture was stirred for 72hat room temp ?hen the mixture wan filtithrcqhapadof cellteard filter-cake was 

washed with Cl+* 'I% combin@I filtrate and washings were washed withloI NBHs+ soln,satNa1%3+ s01n and brlne,dned 

cngsJ4, and CcMeotruted in "Bcuo to give 4.0 g (quantitative) of ayotalline cndelL Tbhls w*s employed in the next step 

Without furtberplrificatim. Asmallpxtion was recqstallized from n 

pale yellow needles, m.~ X0.0-16LOY; 1.1s4 G.35' (cLO5, 
_-bame-KU&z (2:l) togive an analytical sample as 

CX13)f - 1720 (81, 1635 (w), 1555 (s), 1350 (8) cm-l, b 

(100 MHz, CDC13) 1.01 (3H. t, J-8.0 Hz), 1.56 (3H. s), 1.60-2.33 (6H. ml, 2.70-2.92 (2H. m), 5.42 (lH, t, J-5.0 Hz), 9.12 

(2H. d, J=2.1 Hz), 9.25 (1H. dd, J-2.1, 2.2 Hz). (Found: C, 52.641 H, 4.88; N, 7.74. 
4.95; N, 7.65t). 

Calc for C16H180gN2: C, 52.458 H, 

neulyl (~6S)-5,6-lal~axyd-methylo te 12 K2cq (40 mg, 0.29 mmol) was added to a stirred soln of crude 

11 (4.0 9, 10 mmol) in Heal (10 ml) and Cli2Cl2 W ml) ard the muture wan stirred for 30 q in at roan temp Tb this was 

akbd p until the colo.rof the solnchanged frcun red tBydlow. l%m mart of the solvent was romovedby evaporation. 
the residuewasdiluted withacetmead filtered thrcugh apadof celite. The filter-cake wan washed wltb acetme and the 

axnbined filtrate& washings were ooncentrated invacuountiltbevolume wasck 20mL -- no this was added Z.Z-dimetbcxxy- 

propene (5 ml, 41 mmol) and the mixture was stirred for 3 h at roan tamp lhen a half of the -ivent Wa8 removBd by 

evaporatlal and the residual soln wds palred into sat NaMq soln and extrected WitbettEr. lheethez mln was washed With 
brine, dried U496o,) d oncentrated in va- to give a mixture of 12 and cqstallme methyl -- 3.5-dinit-r obenzcata nle 
followingoparatim wan repeated threetimestoremovecryetallinemethyl3,5dinitr &aucata8 dilution of the mixture with 
r+aane, filtration, ccmcentratim of the filtrate lhe oily residue was distilled to give 2.2 g (90\ from 5dd) of 12, 
alA 83"C/o.55 TM8 44 L43331 I.184 - 13.9O (rLO7, Meca ymax 1740 (81, 1260 (81, 1220 (8). 1180 0Jr.s) cm-18 6 (loo 

MHz. CDc13) 0.95 (3& t. J-7.6 Hz). 1.06 (3H. s), 1.33 (3H. s), 1.43 (3H. s), 1.25-2.05 (6H. ml, 2.38 (2H. deformed t, 
J=7.0), 3.68 (3H.s). %70-3.82 (l.H, m)t Qc G'EZ 0.2 mm x 50 m, L2 kg/cm2, 17O'C) Rt 136 ma (Fan& C, 63.68681 H, 9.78. 
Calc for C13H24O4: C, 63.90; H, -1. 

A mixture of (U-12 ard its diastereuner M-13 was pcepKed from a mixture of 5a, W, 6a ad 60'. 100 MHZ 1~ NMR 
spectra of this mixture abwd sigMls at LO6 arm ad Ll8 ppn due to C-6 Me singlet-22 lhe ester 12 cbtaind stave 
ahwed allyLo6Arm sMgle4 thsrefore12 was revealed tobediastereamerica11y pus 

~~,~~-5.6-I~lideoaiioxyd-methyl-l~l 14, lb a stirrd and add suspwsion of IAH (0.76 g, 20 mm.01) in dry 
ether (10 ml) wan added drqwise a eoln of 12 (3.9 g, 16 mmol) in dry ether (20 ml) at O'C and the mixture wan exred for 
25 h at rcom temp It was again cooled to O'C and the rascticn wa8 quached by the addition of water (0.76 ml), 15% ~aai 

aoln (0.76 ml) and watar (228 ml) dropwi~a Anb@rcus ?&a+4 was addad to the mixture ard it was stirred for 12 h at ra3m 
temp. then filtered tbnxgh a & of oelite & the filter-cake wae washed with nrP. The axabined filtrate and washings 
were concentrated in vacua and the residual oil was distilled to give 3.1 g (90%) of 14. bp. 92-94'c/O.45 ~orrt nd4 -- 
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L4441; tl@ -7550 kaa2, (HC13)r umax 3450 (bra), 1250 (e), 1210 (a), 1190 (a), 1110 (81, 1066 (81, 1020 0x.8) cm-11 
* (60 HHZ, CC14) 0.90 (3% t, 5-7.2 liz), 0.98 (3H. s), 1.22 (3H. e), 1.31 (3A. .I, 1.20-2.30 (9R. a), 3.30-3.72 (3H. m). 
(Rund: G 66551 t4 IW7. talc for C1$2403: c. 66.63; H# 1LlSa 

A amall lxrticm of this was treated with aq Arm (75 v/Vr) at 5O'C for 2 h to ramwe alxtmide~wwgrarpto 
give a trial, whxh was anvertxd to the carres~ bia (RF and (~)-kflFA esters 15. HPLC analysist eluent: +?xana- 
THP (5:l). 1.0 ml/min, Rt 11.3 min [ts)-KlTA ester], 14.2 min f(E)-NTPA esterlr his @)-MTPA eater of 15, Rt 14.2 min 
(1001). lherefore 14 wan revealed tob9cnanticu1aricallypxe. 

US,4S)-3,4-I~lidmadiaxy-3-methyl-7~ 17. ma stirrsdardomledsolnofl4 (25 g, 12 mmol) and*tro- 

FhenYl el mmyaate (I2 g, 14 mmol) in w Iw (30 ml) wan dldsd aropriae @-Eu)gP (3.5 ml, 28 g, 14 mmol) utxler AK at 
0% 'Ihe mixture was stirred for 5 hat- temp and the solvent wan -aI by evapxatim. 'Ihe residue was chkaa- 

tosraFhea ear siq (SO g). Elutim with C&-ether UO:l) gava 5.4 g of aule 16. lhia was dismlved in dry 'ItF (25 ml) 
Md to this was akl& dmprise 3% A& (67 ml) at 0-5oc with stirring. Afteretirrirqfor2Shatrccatanp,thn 
mktu.re wao Qmrad into Batrua+ eoln and extra& with ether. Ihe ether soln WEB wastaed with 5\ 'gap203 coin. 1oI 
NazCq ~~~lnardbrina, dried (NgSO4) ti -tmtedin vaabz. 'Ihe resi~loil wa.9 filtered thrmgh a columl of neutral 

Al203 (sraas rv). l% fraction eluted with n-pmltana was cmcantrat& in - followed w distillatim to give LS g 
(79%) of 17, b.p. 130-150°C(bath)/15 ~orrt ng" 1.42861 [a166 - 

-- 
1.2S" (c-1.02, CHC13)1 vmax 1640 (w), 1250 (a), 1210 (8). 

1190 (s), 920 (s), 870 (~1 cm-l1 d (60 MHz, CC14) 0.90 (3H, t, J-6.3 Hz), 0.96 (3H. a), 1.20 OH, a), 1.30 (3H. 81, 1.15- 

2.40 (6H. ml, 3.55 (lH, dd, J-4.1, 8.7 Hz), 4.70-5.12 (2H. ml, 5.75 (1H. ddt, J-10.3, 18.0, 6.0 Hz). (Pound: C, 72.491 H, 

10.66. talc for C12H22q: C# 72.68l H, 1LlWL 

(3S,4,9)-3,4-1~1idenedioxy-3-methy1-7-octy1?a 19. Lh2 (U g, 8.l mural) was added to a Btirrodmdccolsdeolnofl7 
(1.6 g, fU mmol) in CE14 (20 ml) Md the mixture was atirrsd for 2 h at 0-10% 'Ihen it was parred into 5% M2+03 soln 

andextractedwithethar. Ihe et.h8r mln wa8 washed with 5% Na2S203 aoln, sat- soln and Luine, dried (-2) Md 
concentrated in vacua to give 2.8 g of dibromide 1S. -- This was dissolved in dry THP (20 ml) and this wae added to a 
Buapensim of NaM2 (from 23 g of Na; 11 eq) in liq Ml3 WX ml) drqwies at -WC After stirring for 3 hat-W--70% 

the tamp W(IB gradually raised to ca. -33'C with etirriq, them the reaction was guenduzd by adding aolld Nf4cl (5.0 go 93 
mmol) followeabysatNH4Cl solnd stirredenxnight lhemixturewas axtractedwitbetherardtheethereDlnwaswashed 

with water and brine, dried CHgsO,) ax3 cmcentrated in M- l?m residual oil was distilled to give O.BO g (5OW of 19. 

b.p. 86-91W15 Torr; "8' 1.43961 Iala 4*5 
-- 

-33.5' (c-1.03, cHC13)~ vmax 3320 cm), 2120 (w), 1255 (s), 1215 (a). 1000 (s) 

cm-l, 6 (60 MHz, CC14) 0.92 (3H, t, J-6.4 Hz), 0.98 (3H, 8). 1.22 (3H. s), 1.30 (3H. a), 1.10-2.50 (7H. ml, 3.70 UH. dd. 

J-4.0, 8.7 Hz). (Pound: C, 73.071 H, 10.01. Calc for C12H2003: C, 73.431 H, 10.27%). 

I(athyl (6S,76)d,7-impropylidm&icay-7-m&hyl-2~te 20. lb a stirred and soled soln of 19 (3.S g, 19 mml) in d?? 

lliF (60 ml) was aMed a soln of ~-a&i (l.6 N in ~-tie, 16 ml, 26 mmol) drcpwiae at 5% and the mixture was stirred for 

1 h at oOc under or. men the s01n w.as cooled to -7S'C and a soln of ClCr+ (2.5 g, 26 mmol) in dry 'NF (6 ml) WM added 

drop&se and the mixture was stirred for 1 h at -78% It was tbm etlrred at - temp for sdditiaal 2.5 h Ihe 

reacticm wasquen&ed by &ng s3tra14Cl win, and the mixture was extractad with etbez. lbe ether soIn was washed with 

sat NaEKY+ soln and brine, dried NgS.J4) and cancentrated invacua llle residu¶loilwas chMmatcqra~edovar 9102 (70 9). -- 
Elution with n_hexanesther (2O:l) gave remvered 19 (0.45 g). Further elutim with n_hexane-e the? (20:1-1O:l) gave 3.7 g 

(86% based cm the ansuned 19) of M A small portico of it wa# distilled to give an analytical sample. hZb 115-llS'C/5 
Torr~ nd5 1.4536; [a146 - 38.7O (c-0.995, CHC13); vmax 2250 (ml, 1720 (B), 1255 (6) cm-', 6 (60 UHz. CCl4) 0.92 (3H. t. 

~-6.4 HZ), 0.99 (3~, e), 1.24 (3H. B), 1.30 (38, 81, 1.12-2.70 (6H. ml, 3.65, (3H. SL 3.55-3.85 (lH, ml. (Pound: c. 65.621 

H, 8.42. Calc for Cl4H2204: C, 66.111 H, 8.721). 

w (2Z,6S,7S)-6,7-i~lidwedioxy-7-m&hyl-3-@wmylthio-27xmexL3te 21 and Its (2&6%7S)-r~~ 22 m (0.69 gr -- 
17 mm011 wasaddedtoa stirred soln of CLHCSH cl.9 ~7.17 mmol) in NeUl (30 ml) end the mixture w*s stirred for 30 mzn at 

v-4 _. 

rmm temp ~~this waatidrqwisea solnof P(3.7g.15 mmol) in &IX (10 ml) andthe stirring was cmtinusd for 4h 

at room temp A soln of RCM (1 g, mm011 in water (5 ml) wan added to Wench the reactiOn. l%erextimmixture.was 

diluted with ether ti it was washed with 4% NaC# aoln a?xl brine, dried (Mg934) and czmcatratiin"a~ ?heresimLal -- 
oil (5.0 9) was repeatedly chrcmatogr.¶~ over si+ Elutial with !+e==- ether (4o:l) gave o.59 g UlW of 22. 43 

1.5253; [OILS +1&P k+.lO, NeM); vmax 3100 (w), 1710 (8). 1600 (a), 1370 Cm), 1340 Cm), 1170 OJLsL 750 (ml. 710 (a). 

690 (ml, 680 (ml cm-11 6 (100 MHZ, CDC13)0.9S (JH, t, J-7.8 Hz), 1.12 (3H. 81, 1.34 (3H, s), l.46 (3H. 81, 1.14-2.20 (4H, 

m), 3.63 (3H, s), 3.88 (lH, dd, J-4.5, 8.4 Hz), 5.17 (1H. 81, 7.30-7.53 (SH, ml. (Pound: C. 65.861 H. 7.83. '&lC for 

QoH2@4S: C, 65.90; H, 7.74 t). i%rther elutim gave 4.0 g (76W of 21. r+5 1.5264~ tr11~~ +9.25' (clL'2. MeCH)r m 

3100 (w), 1720 (8). 1590 (s), 1380 (81, 1200 (bra), 760 (ml, 710 cm), 700 (m) cm-', 6 (lo0 MHZ. CDCl) 0.85 (3H. t, J-7.8 

Hz), 0.92 (3H, s), 1.20 (3H. S), 1.33 (3R. 81, 1.00-1.82 (4H, m), 2.00-2.64 (2H. m), 3.30 (1H. dd, J-4.5, 8.4 Hz). 3.65 

(-Ciae singlet of the trace of the descm~ti ester), 3.78 (3H, s), 5.94 UH, s), 7.20,-7.65 (SH, m). (pand: c. 65.701 

li# 7.59. c&c for ~~~8oqs: C, 65.901 H, 7.74W. 

nethyl (2E,6.9,7S)-3-&hy1-6,7-i~lidenedio~y-7-m~th~1-2~ ta 23. lb a stured and cooled sus~iol of ti1 (2.l 

g, 11 mmol) indry 'RiF (3 ml) was added a aoln of -ST (27 mmol in 20 ml ‘ll?F) at -6O-70°C and the etirring WAS ontinued 
for 10 min urder Ar. lb the mixtura Wan added a soln of 21 GO g, 55 mmol) in dry 'IXF (30 al). After stining for 2 h 

at -7WC, the rextim was qamched by adding sat M(4cl soln. Ihe etirring was coltinued for additiaM1 lh at r00m t-p 

men the mixture was extract53 with ether. ?he ether eoln was washed with Eat NH4a soln al-d 5* = solh ma ypecipi- 

tated inorganic material was removed by filtratia. % ether layer was washed withbrine. dried (-4) d calce&rati 

in va- me residual oil was &romat.a3ra#md OVCT SiO2 (40 g). Elutim with " +aana-ether (2o:l) gave 13 g (83%) of -- 
23. A small -01 of it wan distilled to give an analytxal sample, b.p 68-70°C/0.25 Tbrrr 42 L4576f [a1g2 -1L7' 

(c=O.B90, MeOH)# vmax 1720 (a), 1645 (m), 1380 (m), 1210 (a), 1150 (8) cm-li 6 (100 MHz. CDC13) 0.97 (3H. tr J-7.1 Hz), 

1.08 (3~. ~1, 1.11 (3~, t, ~-7.1 HZ). 1.33 (3~. s), 1.43 (3H. a), 1.40-1.90 (4H. ml, 2.00-2.84 (4H. m). 3.60-3.85 (1H. m), 
3.70 (31i, s), 5.66 (lH, bra), (;LC (5% PBG-20~; 5 mm x I.5 m, 1M'Q l.Ckg/cm2): Rt 6.1 min (99.7W. (paml: C 67511 H. 

9.9t Calc for C16H2sOq: C, 67.57~ H, 9.930). 

B (2E,6S,7S)6,7-i~lidenedioxy-3,7~imetbyl-2~ ts24. Inthesamemanner a.~ atevet, 21 WJ g, 5.5 mmol) 

was ccavaT& to 24 (13 g, 81% 89+2'C/l 'Rrrt 44.5 l_4562$ [a]645 -2W" (cQ960, M&W; umaX 1720 (a), 1650 cm). 

1375 (m), 1220 (81, 1155 (6) cm-l, .3 (100 MHz. CDCl3) 0.96 (3S. t. J=7.8 Hz). 1.08 (3H. s), 1.32 (3H. a). 1.43 OH, a). 



Enantiomerically pure ( 1 OR, 11 S)-( +)-juvenile hormones 353 

1.45-1.90 (4~. a), 2.19 (3H. d, J-l.2 Hz), 1.99-2.60 (2R. IO), 3.70 (38, 81, 3.60-3.80 US, ml, 5.73 (1R. P, J-l.2 Se); GIX: 

(~O,PEG-~OII~ 5 mm x 2 I, 15O'C + 3'C/min; N2, l.lk9/cm2): Rt 14.2 min (1G'X). (Pound: C, 66.248 H, 9.59. Calc for 

C&i260q: C, 66.638 R, 9.69aL 

(~66.76)-3-EUly16,7-~li7~~~1-2~ l-01 25. lb a &ix-red arrl cmled eoln of 23 (562 mg, l.% mIro1) 

in dry tolusrr (5 ml) warn &led drcpiae a mln of DIalPH (11 in ~-hexanh 4a ml0 4.2 mm011 at WC wider Ar. Mter 

stirringfor#)minat~C.thsraaceicnwaaquancialbydlding~(2ml). The et.irrinJ vasanti~~&forlOrninat - 

camp nwn the aixtms was filtered thma#t a pad of cdita and the filtex-ake wan waaw with neal. lhecunbinea 

filtrate ad tmhinga warn -tratd in vaaw to givm 523 q hzantitative) of 25, 4' la46101 [.)a4 -330' (Ca950. _- 
CEl3)J - 3400 0x.m). 1660 (v), 1210 w, lax (0) an-l, 8 (loo MEW, an31 0.96 (M, t, J-78 Ha LOO (rn, t. 5-78 
HZ), LOS (3N. B), 1.33 (3R. s), 1.43 (3H. s), 1.45-2.50 (9H. m), 3.72 (1H. dd, J-3.7, 8.3 Hz), 4.19 (2H, br.d. J6.9 Hz). 

5.40 (IA, br.t, Ja.9 Hz). (Pound: C, 69.78) H, 10.89. Calc for Cl5H2SO3: Co 70.27~ HP ll.OleL 

(2E&S,7S)~,7-Ieqccqyli~3,7~~yl-2- -1-01 26. In alwst the -e marmer aa above, 24 Ll5 9. 4.x 

mmol) wan m to 26 (930 mg, Wn), ,$' l&M, [crls* -5.42O (~0.935, alcl3h "max 3400 (br.m). 1660 (6)~ 1250 (Kh 

1210 (01, 1000 (bra) cm-l, 6 (60 "Hz, CC141 0.90 (3H. t, J-6.4 Hz), 0.98 (3H, a), 1.20 (3H. IT), 1.30 (3H. 81, 1.65 (3H. 
a), 1.10-2.40 (7H, m), 3.55 (lH, dd, J-4.8, 6.2 AZ), 4.00 (2H, brd, J-7.1 Hz), 5.35 (1H. br.t, J-7.1 Hz). Wound: C, 

69.281 H, 10.9L C&c for Cl4Hfi: C, 69.38; H, 10.8lW. 

(3~,45,7~F9-~mmo-7-ethyl-3,4-isqxqyl~axy-3-metb~l-7~ 27. +ai (L53 N in "_haxane. 0.61 ml, 0.93 mmol) 

Van addeddmprise tia etirradandoxledsolnof 25 (23Emg.493 rnnol) andph3cH (3 mg) indryetber (1~11) anddry HNPA 
(1 ml) at ooc rndse Ar until the dwactsisticredmlnr~ Aftar stirriq for 5 min at OX a rp0l.n of p-l%l 

(190mJ.U)~)indryethsr(Uml)was~ampw~Mdthemixtursvassttrredfot45minatOoC lheranhydrcus 
Lisr(450mg,Umraol)*a~addsdtothemirmtreanditwasstirredowrnigMatrocsntamp Ihemixturewespcuredinto 

satN&KO3Bolnandaxtr&ad rithn_hexane. Ihen-benane eoln vaa washed with water, eat NaKDj mln ard brine, &led 

(MgSo4) and cacmtrati in vacw to give 315 mg &antitative) of 27. This waa employedintbenext stepwithatt further _- 
puificatim, vmax 1655 (w), 1250 (ml, 1200 &~.a), loo0 (IO) cm-l. 

(3S,4S,7E)-9-~3,4_~~lidenediory3 2a In the same lMnner as above. 26 (485 mg, 200 mmol) 

was nmerted tn 28 (722 mg, qantitative). vma 1660 (v), 1260 (ml, 1210 (8). loo0 (m) cm-l. 

rceulyl (6E,lOS,llS)-7-ethyl-1O,ll-i~lide~Way-ll~yl-3~~ 29. lb B stirred and Cmled -pW- 

aim of NaH (66 mg, 1.7 mmol, 60* diapersion in mineral oil) in dry THP (1 ml) was added dropwise a soln of methyl 

acetcacetate (174 nq, L5 mmol) in dry THP (1 ml) at O'C rnrler Ar. llw mixture was stirred for 15 min at 0-C arrf F-euLi 

(L53 N in n-hexane. 0.98 ml, L5 mmol) in dry TifP (1ml)wae xkladdroprise to it below 5'C me mixture was stirred for 
20 min at & and a soln of 27 (300 mg, 0.94 mmol) in dry TfF (2 ml) was edded dropwise to It at O'C After StirrIng for 2 

h at -5% the reaction was qwndxd by adding sat NH4Cl aoln, Md the mixture was extracted with ehter. lhe ether 80111 
was washed with water &brine, dried WgSO4) and ooncemratiinva- me resia.l¶loilwas dlnxMtogra~ov~si~ -- 
(6 g). Sluticn with n-heaane-ather (l&1-5:1) gave 245 mg (78\ fran 25) of 29, r+j3 L4633r [.)a3 -4X@ (C=la. N&h 

vmax 1755 (8). 1725 (8). 1255 (s), 1215 (8) cn~-~, 6 (100 MHz, COC13) 0.96 (3H, t, J-8.0 Hz), 0.98 (3H. t, J-E.0 Hz), 1.08 
(38, B), 1.33 (3H, s), 1.44 (3H, a), 1.30-2.68 (12H. m), 3.60-3.80 (1H. ml, 3.46 (2H, 81, 3.78 (3H. 8), 5.07 (1H. t, J-7.5 

Hz). (Found: C, 67.85; H, 9.63. Calc for C20H3405: C, 67.761 H, 9.67%). 

Newly (~6~1~,115)-78thy1-10,11-iaoprc+y1~~3,11~y1-2,~tridec~dien~te 33. To a stirred and Cooled 

suepension of W (20 mg, O.YJ mual, 60ldispersimin mlneraloil) indry lWP (lml) was added ampWIse a e0l.n of 29 (140 

mg, Cl395 mmol) in dry VIP 0.5 ml) at O°C ur&r Ar. Rte mixture was stirred at O°C for 15 min ard @?.0)2P(O)c1 (72 Ul. 

86 nq, 0.50 mmol) wan addeddmprise atO°C After stirriq for 2 h at roan temp. the mixture was pxred into eat m4a 

solnti extracted with ether. The ether soln vaa washed with eatNaIU33 aoln ardbrine. dried (-4) and lxlumtratedn 

v- to give 233 mq of crude FIbophoric ester 31 lhis was dismlved urdq etbs U-5 ml) and the ethar a0l.n Wan edded 

drcpwise to a soln of Ne+Li (1.40 mmol) which was pcepxedacoxdrng to the reported we26 at -6OOCurderAe. 'Ibe 
mixture was Stirred for15 h at -7O'C, and-by adding aat t8i4Cl e0l.n. 'Iho stir&q was cmtinued for additioMl5 

min. lben the mixture wan extracted with ether. Wether soln was washed with satNaHCD3 solnardbrine. &led (Mgso,, 
and-tratedinvean. -- Ihe residual oil wan c+ucsnatoqraFhed over SiO2 (3 g). Elutun with 1 -bexme-ether CzO:l) gave 
83.0 mg of crude 33. The purity of it was 78.1% by GLC analysle. (5a PEG-2OM, 5 mm x 1.5 m, 200°C1 N2; Rt 4.9 mln). 
Purthez plrificatrim we8 carried cut by usixq Herck I&nBcolumn, Pure 33 (118 mg, 359) was CbtAined frcml 199 mg of 
uw3a 33. GLC (same cuxliticn): Rt 4.9 min (94.7 *jr HPfC [eluent: +aan&lW (3O:l)l: Nt 12.9 min WB3W. "a3 1.46771 

l.1~3 -4.1S0 (FLU, M&Xi); - 1720 k), 1645 (m), 1370 (m), 1250 (III), 1220 (8). 1140 (8). loo0 (ml cm-ii 6 (100 MHz, 
CDc13) 0.96 (3H. t, Jr7.8 Hz), 0.98 (3H, t, J-8.3 Hz). 1.07 (3H. a), 1.33 OH, a), 1.44 (3H. a), 1.35-1.70 (4H, mj2.18 (3H. 

d, J-l.3 Hz), 1.80-2.32 (8H. ml, 3.65-3.80 (1H. ml, 3.70 (3H, B), 5.00-5.18 (1H. m), 5.68 (1H. bra). Wound: C, 71.84; H, 

lO_l7. Calc for C2lHs04: C, 71551 H, 10.309). 

Methyl (2S,6!Z,1QS,llS)-10,ll-~eqxcpylidecezlicxy-3,7,ll-trimetbyl-2,6-tri&cadimoate 34. In almcet the Bame manner aa 
above. 26 (485 mg, too mmc.1) was onvertsd to 34 (110 mg, x.3*). nz4 L4718; k&?-5 -7.33O (Cl.02, NKsih wnax 1720 

(s), 1645 (m), 1370 cm), 1250 (ia), 1220 (8). 1145 (s) cmmir .3 (100 MHT, cDc13) 0.96(313, t, J-7.8 Hz), LO7 (3H. 81, 1.32 

(3H, 8). 1.44 (3H. a), 1.63 (3H. d, Jpl.2 Hz), 1.26-1.70 (4H. ml, 1.80-2.30 (6H. m), 3.70 (3H. s), 3.62-3.82 (1H. m), 5.05- 

5.25 (lH+ ml, 5.68 (I& bra); Gu: (58 pDD2OM. 5 mm x L5 rnr 17O'Q N2, LO kg/cm28 Rt 12.4 min (L781, 16.5 min WA*). 

(FoMd: C, 70.531 H, 9.96. Calc for Cd3404: C, 70.97; H, lO.l3W. 

B ~2E,6E,l~,llS~-7-et.byl-l0,ll-dih#rcay-3,ll+im&hyl-2,6~~ta 35a. A soln of 33 (112 mg, 0.318 mmol) in 
75~(v/v)aqksXl(I ml) was stirred z& heated for 6 hat 50'12. Aftar the mixture was cooled to Ok this was diluted with 

ELOAC ard a eoln of NaoH G?_OO g, 50.0 mmol) in water (10 ml) wae added drupwisa to thx3. lhie waa paved into brine and 
axtract.& ritbZUXc, Ihe EXXc soln wp washed with sstNaHCO3 eoln Md brine, dried (Na293q) and ooncentrati in ~(1~0 -- 
to give ge.a aa tgesw of let& lbi.9 wan emplcyed in tbe'naxt step withcut further plrificatim. [al65 -170 (c699, 
Neuot - 3450 (brJn), 1720 w, 1645 (In), 1220 k), 1150 (a) cm-l. lhis was revealed to be eMntiomerically pre by the 
HPUI analysis of the cormspading MlF* esters: elumt: fl-hexane+W (5:1), 35b and 35c. Nt 6.84 .z& 7.61 minr 35b. 7.61 
min UOO1). 
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B Q8,68&6,118)-10,11~3,7,11-trimethy1-2,6-tridaw&-a te36&IntbeBama = aa abw* 34 (106 mg, 
4314 mmol) "an oomtarted 

1220 (s), 1150 (.I cm-l. 
to 36b (100 mg, pwtitatiw), [ala4 -20. (d%, HUR); VlDdx 3455 (&p\), 1720 (0). 1650 cm), 
lhiswasrevealedtobeenantiomerioallyplrsbythewIcMalysisofthe~I(TpA 

esters:eluent:l+zaelw (7:l); 36b and 36c, 8t 10.4 anJ 125 mini * 12.5 min (1001). 

weulyl ~~~l~l~~-lO~ll-wxy-7-etbYl-3,ll-dimethyl-2,6-tridocanoata E 2 l. lb a * Md dd - of 3% 

(5J mg. Q16 mwl) indry a2Cl2 U.5 ml) and Et3N (24.D mg. 4238 mmol) vaa dLded solid M+ (36 rq, 0.21 mm& at O’C. 

After sti=iog for 1 hat 0% the mixture was p3ured into sat.9 mln andextract& with 8taz IBM nzez soln W- 
washedwithbrine, dried (Na293,) and eated in vacw to give 55.7 mg of 37. -- This Was&.smlvedin H&a am11 and 
to this wea e&led t&CM8 (28.9 mg, O.l5D mm& 28 * in NeCSI) in Me(ll (1 ml) mine at O°C with atixring. After w 
mixture ww stirred for 10 min atO*C, it wan pxued into sat Nain+ soln, ardextractedwithethw. l?metbermlnnwae 
washed with NaSq aoln and brine, dried wgSD4) and anEentrat& in vaan. lbe re&du¶l oil "aa prrified by 
(Merck Kieselgel 60 P-254) to give 37 mg (799) of pure 1, "a4 1.4732; [alJ3 +14.9’ (pO.935, CHC13)t [ala2* !?": +14.5O 
(c-0.78, NeDIi); urnax 2990 (61, 2950 (ml, 2895 (m), 1720 (8). 1650 (ml, 1470 (mj.1450 (ml. 1435 cm), 1380 (ml, 1360 (ml, 

1325 (u), 1283 (~1, 1250 (WI, 1225 (B), 1150 (6). 1060 (w), 1030 (w), 920 (~1, 88D (la), 860 (ml, B2D (m), 785 (w), 730 (w) 

cm-l‘ b (400 MHz. CClq) 0.98 (3H. t, J-7.8 Hz), 0.98 OH, t, J-7.8 Hz), 1.19 (3H.s). 1.35-1.63 (4H. ml, 2.13 (3H. d, J-l.2 

Hz). l-99-2.23 (8H. m). 2.50 (lH, dd, J-5.1, 7.3 Hz), 3.61 (3H. s), 5.05 (1~. br.t, J-6.4 HZ), 5.57 (lo, br.d, J-l.2 Hz11 
13C NMR 6 9.65, 13.10, 18.84, 21.59, 23.17, 25.57, 25.80, 27.26, 33.29, 41.19, 50.72, 61.78, 64.65, 115.31, 122.91, 141.28, 

159.83, 167.14. WLC: eluant, n-harane-'ne (#):l): it 12.9 min (lax). 
73.43; H, 10.27 Q). 

(M: C, 73.258 8, lO.C8. Calc far C1&&: C, 

nathly ~28&8,l~llS,-lO,ll-qx=y-3,7,ll-trimethyl-2,6-tri&cadi sloate (JH II) 2. Inthe same m as above. 36&l (80 
mg, 427 mmol) YM cawerted to 2 (50 mg, %a), 1+5 l.47741 [al 4.5 +17.6' @0.590, HeXi); - uxx) (8). 2950 (8). 2900 
(m), 2850 (ml, 1725 (s), 1650 (61, 1470 cm), 1450 (m), 1440 (ml, 1420 (~1, 1385 (ml, 1360 (m), 1325 (~1, 1280 (~1, 1225 

(a), 1150 (a), 1110 (~1, 1060 (m), 1030 (ml, 1000 (w), 980 (~1, 920 (v), 880 (m), 865 (m), ED0 (~1, 740 (vi) cm-1) 6 (400 
NHz, CCl4) 0.98 OH, t, J-7.8 Hz), 1.19 (3H. 8) 1.62 (3H, s), 1.34-1.65 (4H. ml, 2.14 (3H. d, J-l.3 Hz), 2.01-2.21 (6H. ml, 

2.49 (1H. dd, J-5.1, 7.4 Ha), 3.61 (3H. a), 5.11 (lH, bc.t, J-5.9 Ha), 5.57 (lH, br.s)r 13C NNR 6 9.65, 16.03, 18.78, 

21.59, 25.80, 25.92, 27.03, 36.51, 40.78, 50.72, 61.72, 64.53, 115.31, 123.44, 135.38, 159.89, 167.20. HPLC: eluent: n- 

V (6D:l). 8t 216 min (1001). (patrd: C, 7293; H, 9.89. Calc for Cl7HZg03: C. 72821 8, 1-l. 

IrelmnrleaSarsnt -- We thank De. T. ERqai of this laboratory foe his kind gxft of the lactme 8. weadmw1edgethe 
generous su&y of Pi&ia terricola KI 0117 and ti thanks ace due B bailix KI 0116 4 Kirin Brawery Co., Ltd. 
to Cr. R Rxihata (Institute of wied Hicrcbioloqy, 'Ilxi Lhiversity of Tdcyo) far 400 NIiz 'H NnR aearauement. Thiswork 
was -by a Grant-m-Aid for Scientific Research from JapanaM Ministry of titicm. ScieaoeardQllture. 
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