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Abstract - Both the emntiomers (-100 0 ea.1 of juveni le ho-e III tInethy (2E, 
6~)-10,ll-epoxy-3,7,ll-trimethyl-2,6+Szcadienoate, JH XIII were synthesized em- 
ploying (s)-3-hydroxy-2.2-dimethylcycloh exanme as a single chiral source. 

Roller's discovery of juvenile hormone I (JR I) in 1967 was an epock-making event not only 

in insect endocrinology but also in natural products chemistry.' Since then four other 

juvenile hormones as shown in Fig.1 (JH II, JH III, JH 0 and 4-Me JH I) were isolated and 

identified by American chemists.2 JH III 1, which was first isolated from organ cultures 

of corpora allata of the tobacco hornworm moth (Manduca sexta Johannson), was later found -- 

in at least one stage of development in nearly all insects surveyed to date.2 JH III must 

therefore be a ubiquitous juvenile hormone in the insect kingdom. Very recently, (*)-JR 

III and methyl famesoate were detected even in a crustacean, adult spider crabs (Libinia 

emarginata Leach).4 

J&J-J+- 
JH 11 

J&AdwC02Me 

JH 0 

Fig.1. Structures of juvenile hormones . 

A number of syntheses of JH III were accomplished including three chiral syn- 

theses.5'8 Indeed (i)-JH III had been synthesized by Bowers et al.' even before the 

discovery of (R)-(+)-JH III as the naturally occurring hormone. Chiral synthesis of JH 

III, however, was a difficult task, and the existing three syntheses afforded the enantio- 
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mers of JH III of obscure optical purity.6MS This was due to the lack of an appropriate 

method for directly analyzing the enantiomeric excess (e.e.) of JH III at the time when 

the published chiral syntheses were achieved. The obscure optical purity of the enantio- 

mers of JH III as prepared by Marumo et a16t7 and by Schooley et alS prevented them from -2 -2 
drawing a clear-cut conclusion concerning the bioactivities of the JH enantiomers. In 

fact, Schooley et al. stated that the activity observed for the unnatural @)-JH III might -- 
be due to its contamination with the natural (R)-enanti0mer.S To draw a definite con- 

clusion on the relationship between absolute configuration of JH III and its bioactivity, 

it is of utmost importance to develop a new chiral synthesis of the pure enantiomers of JH 

III. Their enantiomeric purity may now be estimated with accuracy by employing one of the 

various modern methods for determining the optical purity of chiral organic compounds. 10 

Herein is described our synthesis of 

building block of microbial origin. 

the pure enantiomers of JR III starting from a chiral 

\ 
W-W-I_ 

Ektj) 

ot=g c (= 3, B(= 2, A(= 22) 

Fig.2. Synthetic plan for JH III enantiomers . 

Our synthetic plan is shown in Fig.2. (S)-3-Hydroxy-2,2_dimethylcyclohexanone A is 

employed as the starting material. This ketol A is readily available in high optical 

purity by a microbial process, and has been utilized by us in synthesizing various cyclic 

terpenes." The ketol A is to be converted to c-lactone B by Fiaeyer-Villiger oxidation. 

This pivotal step enables the derivation of acyclic epoxy terpenes including JH III from 

the cyclic ketol A. The key-intermediate D can be prepared from B via C by ring opening - 
of B. Carbon-chain elongation of D affords diene ester E. Finally epoxide formation with 

inversion or retention of configuration at C-10 of E affords both the enantiomers of JH 

III (1 and 1'). 

The first phase of our work was the synthesis of alkyne 9 (=D) as shown in Fig.3. 

Reduction of 2,2_dimethylcyclohexane-1,3-dione with baker's yeast gave Za, whose optical 

purity was estimated to be 98.4 % e.e. by the HPLC analysis of the corresponding @)-a- 

methoxy-a-trifluoromethylphenylacetate'2 (MTPA ester) Zc. After acetylating the OH group, 

the resulting 2b was submitted to Paeyer-Villiger oxidation with MCPBA in the presence of 

NaHC03 to give s-lactone 3 in 92 % yield. The crystalline nature of 3 enabled its optical 

enrichment by recrystallization. The purified lactone 3, m.p. 51-52'C, (ali +24.7O 

(CHC13), was reduced with LAH to give trio1 4a quantitatively. Its optical purity was 
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2_a R=H 

TV R=Ac 

s R = (R)-MTPA 

&a R=H 

e R 3 (RI-MTPA 

5 R = (S)-MTPA 

Br 

7, s 
CF3 

MTPA = -C-&Ph 

8 t)Mc 

Fig .3. Synthesis of alkyne 2 . 

proved to be -100 % e.e. by the HPLC analysis of the corresponding (lJ)- and (S)-bis-MTPA - 
esters 4b and 4c. After protecting the vie-dial portion of la as an acetonide, the - 
resulting 5 was converted quantitatively to 6 by treatment with o-(02N)C6H4SeCN and 

@-Bu)3P in THF.13 The selenide 6 was oxidized with H202 in THP to give olefin 7 in 81 % 

yield. Bromination of 7 with C5H5NHBr3 in THP furnished 8, which was dehydrobrominated 

with excess NaNH2 in liq NH3 to give the desired alkyne 9 (=D) in 63 % yield from 7. 

The second stage of the synthesis as shown in Pig.4 was the carbon-chain elongation 

starting from 9. We first tried haloboration reaction as developed by Suzuki et all4 --. 
However, all our attempts were in vain perhaps because of the Lewis acid nature of B- 

icdo-9-BBN, which interacted with the oxygen function of 9. We therefore abandoned this 

approach, and adopted the method developed by Mukaiyama et all5 Thus 9 was methoxy- --* 
carbonylated by treatment with c-BuLi and ClCC2Me in THP to give 10 in 85.2 % yield. The 

Michael addition of PhSH to 10 was effected with PhSNa in MeOH furnishing 11 and 12 as an 

isomeric mixture in 90.2 % yield. These two isomers were readily separable by Si02 

chromatography and obtained in a ratio of 84:16. The geometries of 11 and 12 were as- 

signed by considering the chemical shift of the olefinic proton a to the -C02Me group. In 

the 'H NMR spectrum of the major isomer 11, the signal due to the olefinic proton was 

observed at 6 5.84. In the case of the minor isomer 12, on the other hand, that signal 

was observed at 6 5.08. The desired @)-isomer 11 was treated with MeMgBr in the presence 

of CuI in THP at -65'C to give 13 stereoselectively in 71.3 % yield. The purity of 13 was 

confirmed to be 100 % as checked by GLC and 13C NMR. Reduction of 13 with LAH furnished 

allylic alcohol 14 in 90 % yield. This was converted to the corresponding bromide 15 by 

the method of Stork et al l6 - & 

The third phase of the synthesis was the conversion of 15 to the diene ester 18 (=E). 

According to the procedure reported by Weiler eta1 --*, 17p18 alkylation of the dianion of 

MeCOCH2C02Me with 15 yielded 8-keto ester 16. This was then converted to the corre- 

sponding enol phosphate 17 by treatment with NaH followed by the addition of (EtO)2POCl. 

Subsequent reaction of 17 with Me2CuLi in ether at -65'C generated the diene ester 

(2E,6E)-18 in 40 % yield with 91 % stereoselectivity at C-2 as checked by GLC. This was 

further purified by Si02 chromatography (Merck Lob&column) to give b97.5 % pure 18, 
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11 - - 

C02Me 

l9a - Ho _- 

__ lga - ‘wCO,M. - 

2_ll X=OH 

b, X=Br 

1_9g R=H 

b R = (RI-MTPA 
5 R= (S)-MTPA 

(W-(+)-I_ 

6,-C-,-J,’ 

i MS = -,,-Me 

0 

Fig.4. Synthesis of both the enantiomers of JH Ill . 

[al;4 -2.5' (MeOH). Cmly the purified 18 was employed for the next step. 

The final task was the epoxy-ring formation leading to JH III. Hydrolysis of 

acetonide was carried out by treatment of 18 with 75 % AcOH at 50°C to give diol 19a, 

[alz4 -18.9' (MeOH) [lit7 for its antipode: [al,, +17.8O (MeOH)], in 98 % yield. Its 

optical purity was formed to be -100 % e.e. by the HPLC analysis of the corresponding @)- 

and (S)-MTPA esters 19b and 19~. Mesylation of 19a with methanesulfonic anhydride (Ms20) 

in the presence of HtjN in CH2C12 gave monomesylate 20. Use of Ms20 instead of the 

conventional MsCl in C5H5N was essential to avoiding the possible racemization in the 

course of conversion of 19a to @j-l. If we employ MsCl in C5H5N for mesylation, the 

generated 20 may suffer the zgN2 attack with Cl- in the reaction mixture. This of course 
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causes the inversion of configuration at C-10. Accordingly, 20 may become contaminated 

with a trace amount of the @)-chloride, resulting in the formation of optically impure 

(&)-1 in the next step. Finally the monomesylate 20 was treated with NaOMe in MeOH to 

effect epoxide formation giving @)-(+I-JH III 1, [ali +6.71’ (MeOH) [lit7 [aID +5.75’ 

(MeOH)], in 79.3 % yield from 19a. The overall yield of (El-(+)-1 from I?a was 3.6 % in 19 

steps. 

The synthesis of unnatural (S)-(-)-JH III 1' was also achieved by the following 

sequence. cf.6 Thus, acetylation of 19a with Ac20 in C5H5N furnished 21a, which was 

brominated with PBr3 in ether to give acetoxybromide 21b in 60 % yield from 19a. This was 

treated with NaOMe in MeOH to give (S)-C-)-l', [ali -6.55' (MeOH) [lit7 [a], -5.44O 

(MeOH)], in 83.1 % yield. The overall yield of @)-(-j-l from 2a was 2.3 % in 20 steps. 

II Determination of the optical purity 

OL- wcozH. + ,. 9”...” 

B; :I /Ji %F 
.’ 3 

(S)- $_&.&cws 
0’ Ii 

+ 

\ y/Ii 

?i 

c*NcF \I 3 

by 400 MHz 'Ii NMR 0X13) 

Fig.5. 

With both the enantiomers of JH III (1 and 1') available, we proceeded to the deter- 

mination of the optical purity of our 1 and 1'. Because two functional groups (epoxide 

and ester) exist separately each other at both the end of the molecule and are not reac- 
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tive ones such as OH group, there was no authentic method for determining the optical 

purity of JH. We therefore examined several methods such as HPLC analysis on chiral 

stationary phases or NNR analysis using chiral shift reagents. The only successful method 

was the use of the chiral solvating reagent developed by Pirkle et al" --* The NMR non- 

equivalence induced by @)-(-)-2,2,2-trifluoro-1-(9-anthryl)ethanol upon its addition to 

(El-1 or (2)-l' was sufficiently large at 400 MHz as shown in Fig.5. The 'H NMR spectrum 

of (*l-l measured at 400 MHz in CDC13 showed the splitting of the triplet due to the 

proton at C-10 of (*l-l into a pair of two triplets (A&=0.035 ppm). With this procedure, 

we estimated the optical putity of our 1 and 1' to be -100 % e-e. as can be seen from 

Fig.5. 

In conclusion, we completed a chiral synthesis of the pure enantiomers of JH III. 

The present work proved the utility of ketol 2a not only in chiral syntheses of cyclic 

terpenes but also in those of acyclic terpenes such as JH III. The biological study on 

our 1 and 1' is now under way in Prof. T. Ohtaki's laboratory in Kanagawa. It should be 

added that a chiral synthesis of the natural enantiomer of JH II was also completed using 

a similar biochemical reaction. 20 

w-(+)-3-~e~~-2,2+imetbyi~y~i~ m tip (20 m1, 211 mm0l) - added to a etirred and om1ed aoln of k (15.0 

g. 105.5 mmol) indrygAsN Wml) andthemixture vma etirredwxnightatrcw tamp Itwastbmpxred into ice-water 

t-500 ml) atd ertractsd withether. meeulareo~W*aswasheawiul3NHC1aq.8atHaA333so~ncudbrine,dried(ngSOq) 

and concentrated in z. The residue !#a~ distilled to give 19.3 g (quantitative) of Ib as a colorlees oil, 
75-77'C/2 Ttxri fll.4517; [.I# +10X (c-l& (Rc13). [lit21 

b.R 

IalP +a620 tP358, aK13)I; umax 1740 (a), 1715 (a), 
1385 cm), 1365 (8). 1235 (a), 1045 (01, 990 (e) cm-% 6 (CC141 1.01 OS, B), 1.10 (3A. a), 1.53-2.17 (4A. m), 1.98 (3A. 

.)r 217~MO Gx# ml, 4.7-93 (iii+ ml. lbese IR axl NUR 8pBctra ware i.delti0alwit.h tluse reported Fr%viaraly.2l 

w-(+)+-A 16-m~Yld-heptanoliQ 3. Aaolll of 2b w.5g# 73.3 mmol) in dry aI2Cl2 (60 ml) *aa sddsd dropwise to a 
mixture of 80 8 MCFM (23.7 g, 110 mm011 ard NwBX)~ (9.46 g) in dry a2Cl2 (120 ml) and the mixture vma etirred overnight 
at - tamp It ivaa thw filtend through a pad of Calite arri the filtaroake *aa washed with et&r. l%euxnbiIM 
filtrate and WMhings were waatredwith 10 *tu!sO3 aoln# EatNaHxQa&lMdlxi.ne# drisd wgsrJ4) and -rated in 
w me residw (17.3 9) llaa chmmamti over siq2 (140 g). F.luticm with C#@tcac (lO:l) gaw 13.4 g (92 w ofl 
aa CrymtAla Tbiawas reaqstallizad firm (i-R)- (36:25:5) to give 7.9 g of pue 3 aa aolorleea neallea, 
m.pa 51-52'C; [a] 

P 
i24.7' (~1.58, CRC13); "max CR& 1740 (a), 1710 (8). 1290 (a), 1250 (8). 1230 (8). 1200 (a), 1115 

(e), 1040 (8) cm- I 6 (CC14 1.37 OH, e), 1.45 (3R. 81, 1.50-2.35 (4H. ml, 2.07 (3A, B), 2.43-2.72 (2R. ml. 4.63 (1H. dd, 
J- 3 and 5 liz)t MS: m/z 201 (M++l, 2.5 a), 188 (5 8). 160 (6.9 t), 145 (24.1 n), 117 (18.7 a), 99 (100 B), 71 (36.5 a), 59 

(78.3 UI HMS: (F-c&~ & Ml.1128 (N++l, Cl0Rl704). Calc for Cl0iil7D4: MLll27). 

(S)~sthylhaptMkl,5,6-txiol4a. A eoln of 3 (123 g, 6l.6 mmol) in dry nip (130 ml) van added amprim to a stirral 
Mdiarcooled suspansicm of IXI (4.67 g, 123 mmol) indryni~ (200 ml). Aftar tha aliticn was CompletE, the mixture !a8 
stirred for 30 mi.n at 0°C. for 1 h at - tamp and for 30 min urder mflux. It wan t&m ooolad to 0-C ard water (4.7 ml), 

10 \ t&Km aq (4.7 ml) and water (14 ml) were M to deaqm.9 the excssa US. Ihe mixture WEB stirred for Zhat- 

temp ard filtered thxagh a pad of celite. me filwr-caka wan washed with ether and lMF. lllo cunbined filtrate and 

waehinga weee dried (NqJ4) an3 -tmbsJ in vaaao to give 10.2 g of la an a colorlean oil, VFAX 3403 (~a), 1165 (m), 

1060 (8) cm-l. 
-- 

?his "asemplqed fortheosrt atapimmedi.!ltelywithattpuificatim, 

Dewminl~oftbaollticalpuitYof~ RcuxdiqtDthe~rtad pocedure12, (R)- ard (S)-bikMlFA esters 4b and 4c 
were m from 4a. HEWanalyais (Column, tWleceil'5&5, 25 cm x 4mm~ Eluwt, E --&x&&-8:1, L4 ml/r&v Cetecte3 
at W 254 nm) Co-injection of 4b and 4~: Rt 34.5 and 39.7 minr @)-his-MTPA ester 4b: Rt 38.3 min (eingle peak). 
lberefore the optioalpurityof 4a rasdeterminedtotm -100 % aa 

(S)-(-)-5,6-I~Ildaaedicay67aethyl-l~1 5. v wan aided to a mln of b W3.2 g, 6L6 mmol) and M+C?4e2 
(128 g, 123 mmol) in am (xx) ml) ard tha mixture was stirred for 30 min at - temp Ihe solvent was removed by 

evapnatialMdthereaidw"as treated with water. l%e mixture va.s stirred for 20 min at- tamp and extracted with 
ether. The ether aoln "an wanhal *ithsatNaq wlnandbrine, dried (I(gs34) and cmc%¶tntiin~_ Ilhereaibu,wa.s -- 
distilled to give 1x3 g (99 a fcom 3) of 5 am a colorlwe oil. bq~ 82+5'C/W Ttxq d4 L4377, [aIs4 645. (-l-l. 
NeOS)t vmax 3440 (61, 1380 (ah), 1370 (81, 1240 (8). 1220 (s), 1200 (81, 1120 (a), 1065 (ml, 1040 (ml, 1015 (8). 915 (ml 

cm-l I 6 (Ccl,) 1.00 (38, a), 1.14 (3R. 81, 1.22 (3R. 81, 1.30 OR, a), 1.35-2.10 (6A. m), 2.29 (1H. bra, OS). 3.22-3.75 

(3% ml. (lound: C, 65.101 A, 10.83. Calc for CllA22O3: C, 65.31, A, 10.96 e). 



Enantiomers of juvenile hormone 111 4103 

(S)-2,3-Imapgyll2~~1-7~~~~ h. lb a StLrerd s0l.n of 5 (lL37 g# 56.2 aaol) andr 

nttrc@wmyl Sal amcya~te w1.3 g, 67.44 mmol) in dry 'Iw vu aldad dxa@m @S+F' (13.65 g. 67.44 mmol) lmdar M at 

ImmlBm~memixturewM &lrralfor3.5hatrmmtnmpardtheeolvaxt~ ‘by.vag8mltiab llmraima(-42g) 

wan duun.¶tcgralilad ow siq o(r) g). Clutimof~~(50:1110:1)gavs2t9g(pwtitativs)ot6asal_lting 

ye.llow solid. nlis "M amplcyed forthersxt stap*ithwt furthar psficatiab 

W-(+)-2,3-?~rlkk~bxy-2~athyl-6+~pbm 7. lba mtA.rndanli-llsdwlnof6 GO.Og, 5LSmmol) i.nTW 

(25Oml) wan addaddropia, 35 rl+Cb2'g(44g, 45Ommol) omr16min. The mixtura wan stirrad forlh at -5*Cand for L5 

hatmomtem~ ItwasthQlpavsdintoS~Ha203)soln(100al)andtheorganiclayar~Maeparated IheeqlayerWas 

extractsd With_~tanI% 'Ihe c!clmbinedorgMic aoln WaB washed rith5*tuxaq. watiardbrlne@ dried@aqMa 
oxalntrntad~atmpassrithaVigrFa~~lumn meresib9vasfiltared~amlrtmnofnaItrnl Al~bPde4. 
150 g). RlutialWith~rllxnB-&w aOz1) gave 7.7 g (El a) of 7 M a volatile OiL A m@all pxtiln of it wan dietillad 
to give an aMlytica1 sample, hp 95"96*c/35 lbrrt 44 L4215, I.1~4 +2.w GAl9a5, g_pantMs); "max 3OSO (w), 1640 

(ml, 1370 (a), 1215 (8). 1200 (a), 1115 (a), 1000 (a), 910 (a), 855 (m) cm-'8 6 (CC14) 1.00 (3R, a), 1.15 (3R, 61, 1.21 

(3H. 81, 1.30 (3~. a), 1.30-1.90 (ZA, m), 1.90-2.48 (ZR, ml, 3.54 WI, dd, J- 4 and 9 AZ), 4.74-5.16 (2R. m). 5.42615 
Ui. mh BU4S Panx% z/z 169.l217 (N+-C+ Cl@ilfi). Calc for Cl&-&x 169.l229). 

(3s,~)6,7-~2.3-~~~~2-~~ 6 C5H5NiRr3 (9.6 9. 30 mwl) van added to a stirr& ti iob. 

cmled rp0l.n of 7 (4.6 g, 25 mmol) in 'ItIP (50 ml). me mixture vae etined for 30 min at O'C ard for 2.5 hat mom teml% 

ItwasUIen~into4~~eoln(60lal)andtheorganic~~waseeparatad Iheagl.ayerwasaxt+acted*it.h~- 
pentan% lha conrbinedorganic mlnwaa washad with MteraIxlhrim, dried (r*alxlNgs34)and -tntedin- 
l?le residue wan dlrcanatu3ram ever siq, (SO g) to give 7.5 g (87 w of a as a o!Aaclses oil@ vmax 1380 Ml), 1370 (a), 
1235 (a), 1220 (81, 1200 (81, 1120 b), 1005 (a), 915 (m), 855 (IO) cm-$ 6 (CC14) 1.06 (3R. 81, L21(3R, a), 1.26 (3R. a), 

L33 (nt a), L40-m (4A. ml, 3.40-4.30 (4% m). mie was employed for the mxt atap ritkmt furthlr plrificatiab 

(S)-(-)-2,3-I~li2~~yld_h 9. lb a atirredandcooled Buspenaion ofNnw2 &cqnred fmm 7.Og 

(304 mmol) ofHamseal1 in l&q, wi3 (2x) ml) was a&lad dropaim a eolnof 8 (7.5 g, 22 awl) indryetber (40 ml) over 40 

min at -5PC ltm mkturm wan etirred for 30 q in et -5OV ard for 3.5 h at -27*C Ihe resction "aa guenched by the 

aklitiar of -lid Ni4Cl (5 g) at -27'C ti RR3 wan evapzsrati atrcan temp Tk reaima wan diluted with SatW4Cl Soln 

and extracted with a Ikature of Em (1:l). lhe extract vaa waehad with ratnr axl brim, dried (Kfi d 

-tmd udar atm prsss with a Vigraaux ~lumn togi- 29g (72 8) of 9as a volatileoil. A muall Poruon 
z? zz3 distilled to give an analytical sample. h&b la-102w57 Rvrl I# L432Q [al32 -3U' (FL49, -ah 
vmax 3300 (8). 2120 (w), 1370 (.I, 1215 (8). 1200 (II), 1115 (a), 1065 (a), 1000 (8) cm-l, 4 (CC14) 1.02 (3R, a), 1.19 (3R. 

a), 1.25 (3R. s), 1.30 OH, a), 1.40-1.90 (3R. ml, 2.10-2.50 (ZH, m), 3.65 (1R. dd, J-4 and 9 AZ); RRNS (Pound: m/z -_ 
18x329 (N+). Calc for Cll&&' 1821307). 

B (S)-(-)d,7-i~l~~7~~~1-2~~ 10. Tb a stirred aoln of 9 (ZS g, 15.4 mnel) in dry 'XF (65 

ml) "aa add& dxwpwisa n-R&i in n-hexam (L50 N, lL2 ml, 17 mmol) at -3-@C rmiat AK. After al&ring for 45 mill at 

-5% the mixtlk wan &led to G_Yc.¶m3 * aolnof Clas$4e (29 g# 31mmc.l) lndryTwF(10ml) "aaaddEldro&n&e. lhe 

mixture was stirrej forlhatdO°Cmda%unightat-tam~ 1twae then palred into aatrei4Cl eoln f-60 ml) ard the 

organiclayervaswpnrat0d, %ecqlaytxM.exk-actadYithBthBr. meoDmbinaa~caol.nnraswithbrine, 

dried(W4)and oDncQleratedillVlUXKb -- The naic%.s¶ (42 g) wan dIrc#Mtzqra~ - sia2 (50 g) to give 3.2 g (85 w of 

10 as * colorless oil. An analytical sample VM dltainsd w d.tstilL¶tial# tap 91-93w26 lbrn I$3 L45051 bl~3 -457O 

(c-1.045, NeOH)r "max 2240 (a), 1720 (a), 1380 (ah), 1370 (81, 1255 (a), 1120 (a), 1075 (a), 1005 (8) cm-', 6 ('X14) LO2 

(3R, a), 1.20 (3H. s), 1.26 (3R, s), 1.30 (3R, 61, 1.35-1.90 (2H. m), 2.28-2.65 (2R, m), 3.66 (3R, a), 3.46-3.75 (1R. m). 

(Pound: C, 64.661 H, 8.24. Calc for Cl3R2004: C, 64.988 A, 8.39 a). 

I(ethyl (2z,ss)-(+)~,7-is~~~7~1-3~1~~~ 11 ard its C2E&SH+Maaar 12 Nma (5aJ -- 
w, 127 miaol) van added to a stirred aoln of &R&l (too g, 127 maol) in NsM (18 ml) ard the ~MBmt.irnxlfo?30 

&at.-tamp Tb this wasaddedaaolnclf-lOa55g. 10.6mmol) inllsoB (10ml)alxltbEmtkringraaontiIwdfol4 

hatrcanteml% kUiaqk!cmiainirq7WagofAdE)vasadddtocfmnd'Ithersscticn menacttalmixhrrerasdiluted 

with brine anl sxtractsd with ether. IheethersolnwaawMhadvith4*Namaqr waterardbrim# driedwgSo4)axl 

conantratalin -FEZ% m me (97 g) wm w-w hi03 - Sio2 (70 9). ehth witi m 

uw:i-401~~ gag 470 mg (126 w 0f awi)-12 M a vi- oil, Tee [SiC$ M M 57158 c3wulcpxd with -Yi 

(2:l)l Rf 446; 44 I.52901 [al64 +29.2* - &+15, rrear)t V- xeo w, Ino b), 1600 w, i3m w, 13mk 1340 (B), 

1320 cm), 1215 (6). 1190 (a), 1170 (a), 1115 (a), 1005 b), 850 (ml, 750 (8) cm-% 6 (CC141 1.07 (3R. 81, 1.21 (3H, B), 

1.26 (3R. a), 1.35 (3R. .I, 1.45-2.00 (2R. m), 1.65-3.30 (28, la), 3.52 (3R. a), 3.69 UH, dd, J-6 and 8 Rz), 5.08 (lR, B), 

7.47 (5R+ 0). @bmd:c. 6&9er R. 7.20. Calc f OT Cl9H2604s: C, 65.l21 R. 7.4R a). Further elution with +?wxeaM 

eJ%l-1O:l) gava 290 g (78 w of cz,g-11 an a k oil, RC rsiq, M wt 5715) aevskpd with te 

(2:1)1 Rf 0.341 "a4 1.53041 101~~ +129* (c-0.865, N&R); "max 3070 (w), 1710 (.), 1585 (s), 1380 (ah), 1370 (a), 1200 

(vB), 1120 (8). 1020 (a), 1005 (a), 755 (ml, 710 cm), 695 (m) cm-l, 6 (CC14) 0.87 (3R. s), 1.00 (3R. B), 1.11 (3H. 81, 1.21 

(3H, a), 1.05-1.60 (2H. ml, 2.01-2.56 (2R. ml, 3.14 (1R. dd, J-5 and R Hz), 3.55 and 3.65 (0.5R+2.5R - 3R, each 81, 5.84 

(lR, a), 7.20-7.70 (SR, m). ~(Pound: C, 64.91) R, 7.44. Calc for C1gH26CqR: C, 65.128 R, 7.48 8). 

B (~~s)~-)a7-f~3,7dimsthy 13. NeNgRr in dry RIP (2.52 g 14.5 al. 36.7 mmol) '*aa 

addaddroprisstoa ainwIandcc0led suaps~iol of QII (279 g, 14.7 mmol, driel in - for 3 hat coom temp) in dry -- 
'Iw (80 ml) at -63'C urder AK. ?ha mixtura sea.9 atinwd for15 min at -65.C and to this wan added dmptiee a aoln Of 11 

(2.57 g, 723 mmol) indryni~ (15 ml) below -60% After Starr- for 3 hat-65.C. the mixture -aa pxrad into eat-Cl 
win (-100 ml) and #tin& for 15 min at lDom tamp ms caganic lApr “aa separeted aId the ag layar WM axtracted with 

ether. lllecorabinaa orgmlic soln vaa washed with sst qcl ml& wa+arz ,48NdxlagardtIcin.,&id(1(9901)Mdon- 

cae.rat.33 in VlKlxb lM reaidua CL9 g) wan c2hroaI~~ - si0.J (40 gJ) to g-l- L34 g w.3 a) of 13 aa an oil. 44 

L4530, [.~-lQZ* (cLo7, NKar vpdx 17x) (*I. 1650 w, 1390 a), 1370 w, 1220 w, 1150 (0). 1115 b), loo5 (II), 

915 (la), 860 Cm) cmslr 6 (100 NRr, CDC13) 1.12 08, 8). 1.27 (3R. a), 1.34 OR, a), 1.43 OR, 01, 1.46-1.77 (2H. la), 2.19 

(3R, d, J-l.3 AZ), 2.23-2.48 (ZR, a), 3.66 (1R. dd, J-4 and 9 Rz), 3.71 (38, .I, 5.72 (1R. tq, J-l.3 and 1.3 R.)# 13C NNR 6 
(25 NRz, cDc13) 18.87, 22.96, 26.00, 26.88, 27.26, 28.55, 38.06, 50.81, 80.06, 8255, 106.71, 115.48, 159.27, 167.0& GLC 

(column: 5 l Ea& L5 I x 4 mm, Carrier gas: N2, 1 kg/ cm21 Blumn tamp lOO*C+5*C/min) Rt 9.4 min WJO *I. Wcwn% C. 
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65.35; B, 9.14. Calc for C&82,04: C, 65.591 8, 9.44 St. 

(ZP468)-(-)6.7-1~~3,?~~1-2~-1~ 1C To b stirred Mdwold zsls&mwim of rAMI wxl uq, 3.95 
mmol) in m sulcu (24 ml) wan addad dqwi8e1 a moln of 13 0.26 gt 4.92 mmol) in dry ether (6 ml) cwer 15 lain at O*C, 
Aflxu &irring for 3 h at 0.12, the reactia WM planched by the additi.m of ratmr (O.l5 ml), 10 * NMXI aq &Xi ml) and 
xatar R&45 ml). IhemixtwTaxas~ fo?z 40 mfn atnaxs teapmi filtered +cimnqb a paa of celite. llm filtarodra 
rasyMw~thatharmrl~ la63 t9mbimd filtrate en3 vaehfnge were dried @RJtq) ami rmcentratadin- llm -- 
=imte n.zg~ iran c.iKm¶~mdsi~ (leg) fc4louedbydistflla~al togive Lolg eo.o a) of 14aa a all.orl~ 
oil, bdb 114-116*C/O.? 'Ibrrr r$j4 l.4555; [eI~4 -%92* fcQ79, wSar)t veax 3-430 W, 1665 W, 1380 (sh). 1370 fsf, 1230 
(8). 1215 (6). 1200 (0). 1115 (e), 1000 (B), 910 (ml, 850 (m) cm-', Ei (CC14) l.02 (3F3, .I, l.lE (38, a), 1.24 (38, 8). 1.32 

(3% sf, 1.4~l.87 12% a), 1.67 (38, a), 1.87-2.48 (2R. a). 2.09 (1% 8, Ofi), 3.54 (Ui, dd, J-5 and 8 AZ), 4.01 (2R. d, 
J-7 I?=), 5.40 (IS, deformed t, J-7 HZ); GLC fColumnr 5 t PEG, l.5 I x 4 rsmt Carrier gee: N2, 1 kg/cm2y Column tamp: 

8O*Q+lO*C/min) Rt 88 rain (100 *I. tPbndr C, -71 8~ 105l. C¶lC fOr Cl3A24O3: C, 68381 8. 10.59 Q. 

(zP;~)~*7-~1~~7~~Yl-~l~ 15. r&u in "-hexane 0.50 N# I.8 ml. 2.7 mawIf vaa sided 
llropaise cmlar & to a @Axed and cwled ao3.n of 14 (620 nq, 2.72 mudI and ph3i~ (3 cql in dry ethar (3 ml) ad dry RMPA 

(3 la11 until Me i3raractarstic red colorpemfeted. After stirring for 5 min atO% a eoln of p&l f620 ntg, 326 mmol) 

in dry csthar (3 ml) *at3 &Ifddqmim afx3 t.hm mixture wao &.irwd for 45 U&I at 0% lhen anh@raMttlh (W8gv 13.6 
mmol)wasaddad~mwiar,totbeaixhoceanditwasatimd~~tstroomtgmp +memixturewaspJutsSintDaat 

N@=&,$ (10 ml) Ma ehracted with ether. lYm &bar ealn warn vashed vith water, eat -3 aaln a& toine, dried 

anwntratxd in-to give 865 mg (gwntitativm) of 15 ae an oil, -- "m&x 1655 (Ill), 1380 fsah), 1370 (s), 
1230 (a), 1215 (a). 1200 (s). 1115 (at, 1005 (sir 915 (III), 855 (ml cm-% 6 (CC14) 1.00 (38, 81, 1.15 04 8). 1.21 t3H, .I, 

1.30 (31I. sl, 1.36-1.96 (28, m), 1.70 (38, e), 1.96-2.37 (28, m), 3.48 (lH, dd, J-4 and 8 8zz). 3.87 and 3.93 (28, each d, 

J-7 Hz). 5.2CM.70 tl.8, ml. Si9~1 at 6 3.93 "a(1 dua to the mrresplllding chloride wlxt xl *>. nlie "*x3 employed for 

thenext stapinraediately vithaltpvificxlticn. 

B ~~108MO,11-ippolNli7,ll~l-3~t~ 16 'Its a stirred anS omldl suapnrricn of t&H 
(140 mg, 3.51 amol, 60 t dispnsien in mineral oil) in dry 'RiP (6 ml) was added dropuim a s&n of methyl aostoaQtate (370 

mg, 359 mmol) in dry TBF (2 ml) at O*C under Ar. l%e arixture was stirred for15 mi.n at-2*Caml~-Ew.i in_- fl.57 

I% 2.02 ml, 3.l7 nwol) was a%eddropwi8ebelowO'C 'Ihb nixture *aa stirred for 20 minat -2'CanS.a eolnoflS (860 mq. 

ends. 2.7 mnnl) in dxy?Rp (4 ml> was &d&dropwies Wlcw 0% kfter stirring far 25 hatO*C, the ratrture wm 
into eat tqcl s0l.n (20 mu. ~organiclayarras asplratSlMdtheaqlayeruascutmct.edwltbetbex. Theambinad 

organicsolnMewashedwithwateraM~ dsiaiWgSJ4)MI -tmted in-togive uq tquexltitativei of16 _- 
aa an ail. vmax 1750 (a), 1720 W, 1655 (m), 1630 fm), 1380 MI), 1370 W, 1235 (6). 1215 (B), 1200 (6). 1115 (a), 1aY) 
(a), 910 (m), 855 (ml cm-l. 16 wan unstable against SiO2 &rcmatngrwphy and therefe emplc@ for the next step without 
puificatiai. 

nethyl ~22.68,10S~-3-~disthy1~~~~-10, 17. ~tr a stirnM 

and omled aqszIsicm of RSH (140 ag, 3.51lpmo~ 60 l diqmn&m in Ak3ral oil) in* Iw (4 ml) *as aMed dsqmiae a 

e0l.n of 16 (960 mg, cnxla, 27 mmol) in dry lWF (5 ml) at 0°C tinder Ar. lhe mixture VW stiswi far 15 mill at O'C and 

@tD~2p(0)C1&30 mg, 3.65 mmol) ra~~adaeddzwwissatO% Aft&w stirring for I.25 hat- tamp, the mixture *aa pursd 
AntO sat !?%4c3 eoln (10 ml) a&m witbather: lbeetimreolnw&Ywaf4vx3ritbsstXaRCqedln&tPirss,dxfed 

(_4)d axcemtratxd fn - to 9iw W5 g (92 %I of 17 aa a viecow oil, -- vmax 1735 w, 1665 (81, 1380 (nb), 1370 

(a), la80 fs), 1210 fsf, 1030 em) cm -r. INS "aa smplqea for the next stepimmediat4ly wltitplrific%3ticzb 

n~cwE# losl-(-)-loll- iaqmgylidewdiow-3,7,ll-trimetfnfl-2,6-dod 18. A wln of XazQlLi wan pcepared by 
the dKO&~iea adrtttfcm of W&i in c&y etbr (QBON, Xl.3 ml, 162 atmolf toa stirred ti aal& susp~naian of CuI US5 gr 

8.l4 mm& driel in ELM for 3 hat rcun tamp) indry ether (16 ml) at-%@CundsrAr. mts was wled to -65%&ux3 a _- 
eDlnof17(l.l5q, am%, 25maal)indcy~~(10ml)waa~droprias~loptdO°C l%mFxhvewaastirradfoflh 

atdS'Candthen~intai-tPIRICI.aOlnf-eomlf. lsttarstirrSn9for3Oainatmaatam~ theoqaniclayerwas 

60pUat#ldandtbE&glil~*asarRratiWith9vler. The cxnlMmd orpanic SoIn va# *a&ad with sat N84c.l solI& sat rwlo33 

fbsnandwne, dried (-4) and -tmwinMon -- ?herecrimw(8rnmg) "aacwca!a~a~ovar 8i 
s 

(20 q) to qim 
350 wq (40 \ from bromida 1% of 18 aa an oil, CTC @X&RIU% OY-17,lm X 4mm? Carrier gas: N2, lkg/cm) Column tamp: 

12o*c+lO*C/min) sit 6.0 min (55 a>, sj min (91 w 8d 6.9 mfn (35 %I. Tbia van fltrther dvomatopralhst ovwr rrsnir L&P 

column Grma8 B). Fsluticn x&b n _-Wcw.eW (2O:lf gave 1675 mg (19 t) of 14 wkrse W pvity wan ,97 l &alyzed 

smder the earn@ anditicm ae described above. Rt W min). tiythia wmplsvaa employ& far thenart seeR d4 l.46St 

lMa4 -2.5" (eO.68, XeoB)~ wnax 1720 (II), 1645 (8). 1380 (wh), 1370 (a), 1220 W, 1145 (8). loo0 (ml, 855 (ml cm-% 6 

(100 MHx, cnC13) 1.11 13R. s), 1.25 (38, 81. 1.33 13R. s), 1.43 (38. e), 1.46-1.70 (2% m), 1.63 (38, d, J-l.3 Rzf, 

1.90-2.40 (6% ml, 2.18 (38, d, J-l.3 AZ), 3.65 Wi, dd, J-4 and 9 AZ), 3.69 OH, a), 5.01-5.25 Wt. !a), 5.67 (1% br.s)f 

13C NI4R 6 (25 MHz, CCCl3) 16.06, 18.81, 22.93, 25.89, 26.06, 26.85, 27.79, 28.58, 36.68, 40.86, 50.75, 80.06, 82.81, 

106.47. 115.31, 123.35, 135.55, 159.86, 167.17. (Pound: C, 69.97r H, 9.95. Calc for C1#,3204: C, 70.331 8, 9.94 t). 

Meulvr ~~~10s~-~-l-10,~~~3,7,~~i~~yl-trfme Ma. A IwIn of 18 tiu rag, a342 nunol) in 75 I 

AdRag (4 ml) wae stirred ti heated for 2 hat 5O.C kfter ccnling in aniee-tmtb, the mixture w(~b dilutad with lEMRe 

(Yd~~~2gofNO(Rin10mlatwatar~~aaaddsddn?pria~ lwutraueeAo(ll~mixture waadiluted witbbrineti 

sxeractedwitbE(IpLG ?heEtiaceoti Yaa waeherl rith satlw?q aolnale brine, dried wa2804) and a.nwmti Ln vaari _- 
to giva 95.4 mg (98 *I of 19 (UI a viemu, oil, C0li4~ -18.9* (Cl.24, N&XI), [lit7 [aID +17# (cl.8, Wear), far ($- 
immarlt vmax 34x) (a), 17x) (a), 1645 (III), 1380 (m), 1225 W, 1145 (8). 1070 WI) cm-l, 8 (la) HRz, CLCl3) Ll7 W, e). 
l.21 (3R. a), 1.29-1.70 f4B, mf, 1.63 (3% e), 1.90-230 (68, m), 2.17 (3% d, J11.3 Hz), 3.22-3.43 Wi, mf, 3.70 (JN, s), 

5.03-5.27 (1% a), 5.68 WI. br.s). RLia wa* smplcyad for the nut step withcut pxificatim. 
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m ~21,6E.108~-11-hydrory-1O-ae~1~-3,7,~~1-%W 20. CN&&O (6~ rp, ~JII paol) WM 

addadtoastirrsd~oooladsJln~1~(9Q1ag.0316~l)ardg3s(70~4692~l)in~QBZCl2(3~)(LtOoC 

After stirrlrq forlh at 0-C. thm mixtum raSpavdi&Oi-~and gprcLdwithEtmGlYHEmxzw~rasrasw 

with brine. dried (Na2834) ard cPnoatratadin_togi~LlSm9(~~~)Oirn~MOilr MI1105j0(m),1720 -- 
(.)r 1645 (11, 1350 (a), 1330 (a), 1215 (.), 1170 (01, 1145 (01, 915 (11 a-l. Thio vaa employed for the next step 
imm&tely withart plrifioatiab 

and the mixtun, was at.irradforlS minat.OoC It WM th&pxr& intotxim (lOmu Al extnct&withether.'Ihsether 
.A.n was washed with sat NaRaYj SoIn ard br.l.n& drisd wgs34) ard -tmt&invaan Rarssiduewes&fiedby -- 
~~ti~~~3w~~sn78 fluent. 2 -120:80) to give 6hS q (7x4 a fmca 1%) of laa a colarleas oil# 
"8'1.47361 [ala4 +6.71' (c-0.57, N&R), [lit7 I.1 D +5.75' (c-0.4, NaOa)lr vmax 3030 (rmh), 2960 (m), 2940 (m), 2860 
(m.sh), 1720 (a), 1650 (mj.1470 (w.sh), 1460 (m.sh), 1435 (a),1385 (m.sh), 1380 Cm), 1370 (~1, 1325 (w), 1275 (II), 1250 

(w.sh), 1225 (a), 1150 (8),1060 (w), 900 (w), 860 (w), 820 (w), 730 (~1, 680 (w) cm-11 6 (100 NRz, CDCl3) 1.27 (3R. .), 
1.32 (38, 61, 1.35-1.74 (2H. m), 1.63 (3R. 81, 1.98-2.27 (6A. m), 2.18 (38, d, J-l.3 AZ), 2.70 (1R. t, J-6 Rz), 3.70 (3R. 

a), 5.03-5.27 (1H. m), 5.68 (1R. br.a)# 13C NNR 4 (25 NRz, cDcl3) 16.03, 18.75, 18.81, 24.86, 25.95, 27.47, 36.33, 40.83, 
50.75, 58.27, 64.09, 115.34, 123.50, 135.32, 159.86, 167.208 WXXKI: C, 71.64) A, 9.88. Calc for C16R2603: C, 72.138 A, 
9.84 a). 

nethyl GP&S,1'W-10-uzetzx~11~3,7.11- 2la. Ac$Y KU ml, 31 mmol) wan added to * 
stirred&i ca-ccoled mlnof 1% (39 mg, 4137 mmol) indrygAsN (0.9 ml) ard the mixture wan stirred cwernight at room 

WmP 1twaathemp3uredintDic%-!8,¶taralxlextractndwithether. nIe&harsolnw&3waahedwitJlaatCuw4aoln.watsr, 
MtNaKqaoln~brina# drl~(Na2w4)ald mncsntratedinMCUDtO~~KL8m9(~tbtiM)Of~a~sM~, vmax -- 
3410 cm), 1740 (ash), 1720 (s), 1645 (ml, 1370 (6). 12#) (a), 1145 W, 1050 cm), 1025 (m) cm-l, 6 UYJ NIB, -3) ls2U 

(6H. a), 1.61 (3R. a), 1.63-1.80 (3R. aa), 2.11 (38, a), 2.18 (3R. d, J-l.3 Hz), 1.88-2.25 (6R, m), 3.70 (3R. .), 4.77 (IA, 

dd# Jb6 and 8 Fe.), 4.97-5.20 (lR, no, 5.6a (lR# bra). 'Ihisxasemployedfarthenextstapvi~pnifioatfcn. 

at O’C and for 1 h at rtzom temp It wan th& pxred into aat. NnKX33 kin (10 ml) and extra&A rithethar. 'IhestharmAl 
wm washed with watar~brine, Mad ~N9s34) arrl mw in-to give 33 mg (60 8 fFoml%) of 23bas an oil. -- 
umax 1740 (a), 17M W, 16% (m), 1380 Mm), 1370 Cm), 1240 (81, 1150 M, 102O (m) cm-L ?hisraaemployedforthensxt 
eeap without prrifioatia 

llethyl (2E,6E,l09)-(-)-10,ll-w~~3,7,ll-tAmeth~l-2,6~emc&.e t(s)-(-M~ 1111 1'. 'IbaetirredardaJolEdwln 
of21b~33mg,MB2mmol~in~~3ml~vasaddeddroprfeeaaolnof~(8Amg,%~mol~in~~1ml~atO~Canfl 

UlemixturevasetillrdforlhatO'Ccudfor%hhtrmmtemp Itrasthrnpxredintobrim(lOml)andextractedrith 

ethar. llle ether aolnnwas waehedrith SatNsKq solnandbrim# dried wga34) ard -tr.¶t&invaan meresidu9w.w -- 
pvified by pceparatim TIC (Ilatck M 5n71 fluent. rrhssnastheFl2O:m) to give la2 rq (S3.l w of l'aa a aAxles- 
Oil, nd3 1.4744; [.I83 - 6.55. (c-0.25, NeOR), [litTt.lD -5.44' (c-0.7, NeOfi)l~ The IR and NNR spectra of 1' were 

id&id Pith those Of I_ (&&: C. n75; R, 988 QlC fOr cl&&: c, 7u31 & w a). 

De~tial of the ycal witiea of w-(+)-l and (SH-1-l'. Ihe optical pxities of (rJ-(+)-l ad (+0)-r ram 

eatimatad by 400 NHz A-NNR in the preeence of @)-(-)-2,2,2-trifluoro-1-(9-anthryl)ethanol a8 a chiral aolrating 

reage19 6 16.3 mg of (lpo)-1 ad 263 mg of the chiml eolvating resgent. in axx3 (0.35 ml)1 2.567 (t. C-10 pmtcn)i 

16.7 rq of @H-)-l d 278 mg of the dd.ral aolv&.rx~ reqent in CIC13 (oJ5 ml)1 MO2 (t, C-10 pot4n). Ihe aig~la 

deriv0dfromthe.wltipz&rarenot&mtved. lherefore the c&car pvitiea of CR)_(+)-1 ard (8)-(-)-P *BTB toth -100 9 
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