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&bstxact--All of the eMntiomere of & title mnpxmbs, the axnFctx%s of the *rme of 
the olive fruit fly Ulacus 01-e Gmelin), were synthesized from (SFmalic acid. -- 

In 1980 Baker et al. isolated 1,7-dioxaspirol5.5lundecane 1 as the major component of the sex -- 

pheromone of the olive fruit fly, Dacus oleae Gmelin.l -- The minor components of the pheromone were 

also isolated later by Baker et al _ _. and identified as 4-hydroxy-1,7-dioxaspiro[5,5lundecane 2a and 

3-hydroxy-1,7-dioxaspirol5.5fundecane 3a.* Although several syntheses of (+,-1,2*3 (~)-2a,2S485 

and (+I-3a2 were recorded, the enantiomers of 1 were synthesued by only three groups '-8 due to 
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OH 
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Fig.1. Synthetic plan. 

~Fheromme Synthesis--79, Part 78, K.&x& 8. Scqs and M. Drunaka. -Arm. Qzm. in the press. This wo* wa8 -- 
presented by R M. as a part of his lecture at the Internaticnal Sympxium on Wcentpdvawxe in the Chemistry of Insect 

QmtmL Cambridge.U.K.CSeptember.1984L The chmicalexpiriment.31 part of this wcxk was taken from the M. SC. thesis 

of H. w. (Mstch, lca51. Thex-raycrysta11ographicwork *adme by IL Y.a?dH.H. 
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the diffxulty encountered in controlling the stereochemistry at the spxrocenter. Dur previous 

synthesis of 1 started from (S)-malic acid 4 and yielded only small amounts of enantiomers of Ia6 

Herein we describe another synthesis of CR)- and CS,-l, one that enabled us to prepare the phero- 

mone enantiomers in amounts sufficient for field tests. We also record here the synthesrs of the 

enantiomers of 2a and 3e. The outline of the present work appeared elsewhere as preliminary 

communications.6a'9 

Our synthetic plan as shown in Fig. 1 was to synthesize all of the pheromone enantiomers 

starting from a single chiral source, (g)-mallc acid 4. We envisaged the use of the OH group of 4 

as the substituent on a tetrahydropyranyl ring of 2a or 3a. The OH group will adopt the'thermo- 

dynamrcally more stable eq position and hence, in combination with the oxygen anomeric effect 10 

due to the two 0 atoms of the spiroacetal, wxll frx the absolute configuration of the Spiro C 

atom. Conversion of (45&62)-2a or (3S,65)-3a to their respective antipodes has been shown to be 

feasible in our previous work. 6h Removal of the OH groupof 2a is also possible to give 1. The 

immediate precursor of f4~&62)-2a must be a keto trrol 8 f which can be constructed by connecting 

5b and 6 with 7, an acyl carbanion equivalent. 11 Similarly for the synthesis of (3S,6$)-3a, the 

key rntermedrate 10 can be prepared by combining 6, 7 and 9d. Both 5b and 9d are derivable from 

(s)-malic acid 4. The realrzatlan of the above plan will be detarled below. 

HoZC =====X 
m-4_ !! 5g X.0& ‘2 

Q X.Br 

Fig.2. Synthesis of the enantiomers of 1 and 3. 

The synthesis of the enantiomers of I and 2a is shown rn Fig. 2. (fjl-MaZ&c acid 4 was 

converted to a trio1 11 by an established procedure. 12 A crystalline tosylate Sa, m.p. G-64.5', 

was prepared from 11 according to Seebach s &.13 This was treated with LlBr in DMF in the 

presence of NaHC03 to give 5b in 97 % yield. Alkylation of ?,8-dimethyl-1,5-dihydro-2,4-benzo- 

dithiepin 7" with 5b employing n-BuLi as a base yielded 12 rn 83 % yield as a crystalline solid, 

m.p. 146-147=‘. Further alkylation of 12 with tetramethylene iodohydrin l-ethoxyethyl 1EE) ether 6 

gave 13 in 83 % yield. Treatment of 13 with CuCl2 +2H20 and CuO in Me2CO-H20 (1O:l) gave a mixture 

of (4S,Ql-2a and (4$,6Rf-2a1 in a ratio of ". 11:l. As expected, (4~,6S)-Za with an eq OH group 

was the predominant isomer. By changing the water content of the solvent for this deprotection- 

acetalxzation reaction from 3 % as III original Mukalyama procedure14 to the present ratio, we were 

able to avoid the partial racemizatlon that results from a retro-Mrchael-Michael process. Presu- 

mably the larger amount of water made the hydrolytic removal of the EE group more facile than the 

removal of the other protective groups. The liberated prim OH group would mask the CO group by 

forming a hemiacetal immediately after the removal of the dithioaeetal group, and this would 

prevent the retro-Hichael-Michael racemization. Complete separation of the spiroacetal mixture 
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was effected by SiO2 chromatography to give (42,6Sj-2a (79.3 % yield), Ial;’ +120° (n-pentanej, 

and (4S,6&j-2a8 (7.1 % yield), (al:' -120" (n-pentanej. The spectral properties of (42,6Sj-2a 

were ln good accord with those reported previously for (+j-2a. 2,4.5 The optical purity of 

(42,6Sj-Za was proved to be 100 0 by the HPLC analysis of the corresponding (g)-a-methoxy-a- 

trlfluoromethylphenylacetate (MTPA ester). 15 

Deoxygenation of (42,65)-2a to (Sj-1 was possible by the reduction of its N,N,N',N'-tetrd- 

methylphosphorodiamldate 2b with Ll/EtNH2 according to the method of Ireland et al-l6 Thus, -- 

phosphorylation of (4S.6Sj-Za with n-BuLiand (Me2Nj2POC1 1t-1 DME-TMEDAgave (4S.6Sj-2b in 88 0 

yield. This product was reduced with L1 I" EtNH2-t-BuOH-THF to give (S)-1 (392 mg, 64 0 yield), 

r,1;1 +1190 (n-pentanej. The spectral properties of (Sj-1 coincided with those reported in the 

llterat"re.2@3~6b*7 The optical purity of our (sj-1 was kindly estimated by Prof. V. Schurig 

employing his complexatlon GLC technique l7 and shown to be 92 9. 

Conversion of (42,65j-2a to rts antipode was executed as follows. Oxidation of (4S.6Sj-Za 

with pyrldinlum chlorochromate (PCC) and NaOAc 1" CH2C121* gave 14, m.p. 69-70°, in 82 % yield. 

This was reduced with L1B(sec-.Bu)3H I" THF to give (4&6gj-2a', - (algo +12i" (~-pentanej, I" 71 a 

yield. The reduction was highly stereoselectlve, furnishing only (4R,6gj-Za' with dn ax OH group, 

since the hydride reagent attacked the CO group only from the less hindered a-side. The presence 

of the ax OH group in (4R,6Sj-2a1 rendered the molecule thermodynamlcally unstable. Indeed, 

equilibration between (4R,6Sj-Za'and the more stable (4R,6Rj-2a wds brought about by treatrng 

(4i&6Sj-2a' with a trace amount of e-TsOH I" MeOH. After the equilibration, the desired (4&6Rj- 

2a. ra1;o -1160 (rJ-pentanej, was obtalned I" 88 % yield in addition to 7.3 % of the recovered 

(4&6Sj-2a'. The spectral properties of (4&6R)-2a were 1" agreement with those of the starting 

(4$6S)-2a. The optical purity of (4!,6iJj-2a was estimated to be 99.6 0 by the HPLC analysis of 

the corresponding (?I-MTPA ester. Quite Independently at the same time Redlich and Francke 

synthesized (4&6R)-2a from D-gl"cose.7 Reductive removal of the OH group of (4&6KJj-Za was agarn 

cart-led out via (4&6R)-2b by Ireland's method16 to give @j-l (401 mg, 61.5 0 yield from (4R,bRj- 

2al. [al;1 -1210 (n-pentane). Its optical purity as determined by Prof. Schurlg was > 99.5 %. 
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Fig.3. Synthesis of the enantlomers of 3. 
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We then turned our attention to the synthesis of both the enantiomers of 3a (Fig. 3). This 

synthesis proved to be more difficult than that of the enantlomers of Za. (S)-Malic acid 4 was 

converted to pure 9a via its crystalline derivative 9b as described by Meyers et al 19 --- The 

corresponding tosylate 9c was treated with LiBr 1" DMF in the presence of NaHC03 to give a bromide 

9d. Alkylation of 7 with 9d employing n-BuLi as a base furnished a crystalllne product 15, m.p. 

1oS.5-109° , in 88 0 yield. Further alkylation of a carbanion derived from 15 with tetramethylene 

iodohydrin EE ether 6 gave 16 in 83 0 yield. 

Treatment of 16 with CuC12*2H20 and CuO in Me2CO-H20 (99:l) under reflux 14 yielded a complex 

mixture of products. Removal of the protective groups of 16 generated a keto trio1 10, which 

cyclized to give all of the four possible isomers. Fortunately, separation of the mixture into 

four pure components was possible by medium pressure LC employing a Merck Lobar column. The 

22 isomers were eluted in the following order: (22,5R)-17a' (9 % yield), [al, -80.B0 (ether); 

(2$5S)-17a (15 %), IalE +91.3' (ether), (3$65)-3a' (18 6), [al~1'5 -129O (ether); and the 

desired product (35,62)-3a as crystals (33 %), m.p. 98.5-99", [al~2'5 +115'(etherJ. The 

structures of these isomers were assigned on the basis of the NMR spectral comparison with the 

published NMR data of (+)-3a and (+I-3a' by Baker et a1.2 -- and those of a mixture of (+)-17a and 

(+)-17a' by Ireland c a. 20 In particular our data from the lanthanide shift experiments on 

(3&62)-3a and (32,6iJ)-3a were in complete accord with Baker's data.2 The two isomers, 17a and 

17a', of 2-hydroxymethyl-1,6-dioxaspiro[4.5ldecane were converted to the corresponding tosylates 

17b and 17b', whose LAH reduction gave (2&,5S)-18 and (2&5R)-lB', respectively. The spiroacetals 

18 and 18' with unknown absolute stereochemistries were reported to be pheromone components of 

Paravespula vulgarls L,21 and their detailed NMR studies were carried out by Francke et al. 21.22 -- 

The IR, 'H-NNR, 13C-NMR and MS data of (2E,5S)-ll3 and those of (2&51~)-18' were in agreement with 

those reported for (+I-18 and (+)-18' by Francke s a. 21,22 The structure assignments of the 

four isomerlc products were thus completed. 

The formatlo" of (3&6R)-3a' with an ax OH group in a considerable proportlon to (3&62)-3a 

with an eq OH group deserves comment. In the case of the cycllzatlon of 8 to a mixture of 2a and 

2a'. the ax OH group of 2a' interacts with an ax H atom and an ax Oatom. Th1sdestablllzes the 

isomer 2a' severely and results in a ratlo for 2a to 2a' of 92:B. However, in the case of the 

formatlo" of 3a', its ax OH group possesses only one 1,3-diaxlal interaction with an axial H atom. 

This must make 3a'only slightly less stable than 3a. as indicated by the ratlo for 3a to 3a' of 

65:35. The optical purity of (3&6g)-3a was 100 0 as checked by the HPLC analysis of its (S)-MTPA 

ester. 

The remaining task was the synthesis of (3&6R)-3a. Since we already possessed (3&6!)-3a', 

a Walden inverslon was executed at the C-3 position employing the Mitsunobu reactlo". 23 (3?,6R)- 

3.x' was thus treated with 3,5_dlnitrobenzoic acid, Ph3P and Et02CN=NC02Et in THF to afford 

(3R,6lJ)-3b, m.p.155-156O, 1" 78 0 yield. This product was hydrolyzed with KOH to give OR,6R)- 

3a, m.p. 98.5-99'. [ali -112' (ether), in 99 S yield. Its spectral properties were identical 

with those of (32,65)-3a. The optical purity of (3R,6R)-3a was proved to be 100 % by the HPLC 

analysis of the corresponding (S)-MTPA ester. 

Flnally transformation of (3&62)-3a to (3&6R)-3a was also investigated. A strategy slmllar 

to that employed for the conversron of (42,6S)-Za to (4R,6R)-2a could not be adopted for the 

present case. First of all, low stereoselectivlty was anticipated ln the course of the hydride 

reduction of (S)-1,7-dloxaspiro[S.Slundecan-)-one. The reduction would yield a mixture of 

(3&65)-3a' and (3S,65)-3a, because the approach of the hydride reagent LLiB(sec-Bu)3Hl to the CO 

group would be possible from both the a- and B-sides. Secondly, even after securing pure 

(3&62)-3a', Its acid-catalyzed equilrbration would give a mixture of four isomers, (3IJ,6R)-3a, 

(3F&62)-3a', (2$5%)-17a and (2F&Sg)-17a'. Therefore the OH group at C-3 must be protected prior 

to the equlllbration to avoid the formatlo" of the undesired17a and 17a'. A reaction that was 

particularly appropriate for our purpose was the Mitsunobu reaction23 by which we could achieve 

both the inversion of configuration at C-3 and the protection of the OH group as an ester. 
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Treatment of (3g6S)-3a with 3,5-dinitrobenzolc acid, Ph3P and EtO2CN=NCO2Et in THF furnished a 

crystalline ester (3R,62)-3b', m.p. 173-173.5'. in 87 % yield. This was dissolved in CH2C12 and 

treated with Zn(OTf12 to effect equilibration , and the resulting mixture was separated by prep TLC 

to give (3&6S)-3b' (70 6 yield) and (3&6&I-3b (29 8). The latter was identical in every respect 

with that prepared previously by the Hitsunobu ~"verslo" of (3&6E)-3a'. To confirm our results 

of the Mltsunobu reaction, the alcohols (3&6S)-3a and (32,6!)-3a' were esterified as usual with 

3,5-dinltrobentoic acid, DCC and DMAP to give the esters (3&62)-3b and (3&6R)-3b', respectively. 

The m.p., IR and NMR spectra of (3S,6S)-(+)-3b were identical with those of (3I7,6R)-(-)-3b. 

Similarly (3S,6R)-(-)-3bD showed the m-p., IR and NMR spectra identical with those of (3$62)-(+)- 

3b'. 

A remarkable feature of the equilib- 

ratlon between (3&,62)-3b' and (3R,6R)-3b 

was the fact that the (3R,6S)-3b1 with a" 

ax substituent was the predominant isomer: 

The ratio of (3R,62)-3b' to (3&6&j-3b was 

7:3. Even I" different solvents (CC14, 

C6"6# ether or MeOH) or with TsOH as a 

catalyst, (3R,62)-3b' was predominant. 

What makes the seemingly unstable ax 

isomer (3&62)-3b' more stable than the eq 

isomer (3&6IJ)-3b? To solve this enigma, 

we carried out a" X-ray crystallographic 

analysis of (3R,6S)-3b'. The structure 

was determined by MULTAN 11/82 with the 

flnal agreement values of &=0.039 and 

Rw=0.060.24 The ORTEP computer drawing of 

(3R,62)-3b' 1s shown in Fig. 4a. Its 

crystal structure is also shown in Fig. 

4b. The axial C(3)-O(12) bond is clearly 

observable. HOWeVer, we were unable to 

obtain any structural lnformatlon which 

might explain the unusual stability of 

(3&62)-3b'. The enigma therefore remains 

unsolved. 

Fig.La.(left) The molecular and b.(right) crystal 

structure of (3R,6S)-s 

In summary, we synthesized the enantiomers of the components of the olive fruit fly pheromone 

(1, 2a, and 3a) in amounts sufficient for biolcqlcal study. Bioassay of our samples is now under 

way by Dr. G. Haniotakls of Greek Atomic Energy Commission. The results so far obtained indicate 

that male olive fruit flies respond only to (El-c-j-1, while females respond only to (S)-(+)-1.25 

EXPFZRIHENTAL 

All b.ps a%l m&e were unoorrecte% IR spectra were measured as film for oils an3 as NjOl mull for e&ids on a Jdsco 

A-102 spectrometer. NMRspectra were recorded at60 MHz wit.hTMS as a" inter~lstandard0n *Hitachi&24Aspectrometer 
unless otherwise stated. optical rotations were measured on a Jam DIP-140 polarimeter. 

(2%4S)-(+)-4-Br0momethy1-2-@eny1-1,3diorane 5b TD a soln of sa 1m.b 64.6450, ra1;1 -L3O (c=l.ob, 
244 mm011 in dry DMF (900 ml) were a&led NaHco3 (205 9, L44 mol) an3. Libra (212 q, 244 mol). 

oTl3h Bu) g. 
?he suspension was stirred 

for 2 h at 90°under or. After cooling, the mixture was filtered and the filter cake was washed three times with ether. 
Ihe combined filtrate ard washings were diluted with water (2500 ml) and extract& with ether. 'Ihe ether soln was washed 

with water, m3 soln and brine, dr$$ (Wg904) ard camntrateJ in MCU* Ihe residue was distilled to give 6a8 g (97 -- 
0) of Sb, b.p. ill-114'/ 0.4 Torrl "D 1.5581; IU1;g+35.30(c-2.55, CliC13); umax 1130 (s), 1020 (61, 750 (8). 700 (8) 
cm-'r 6 (CC14) 1.35-1.90 (2H, ml, US (lH, dd. J=7 and 10 Hz), _UB Ui, @. J=5 and 10 Hz), L454.35 (3H. m), 5.33 UH, 

~1, 6.80-7.75 (5H. m). (Found: C, 51.37; H, 5.01. Calc for CllH1302Br: C, 51.38, H, 5.10 0). 

~+~-3-~~S~-2',4'-~~S~-~zylidenedioxyl~vll-7,B-dimethyl-1,5di2,4-~i~e~ 12 A soln of ~+w.i in n_hexane 
(1.65 M. 155 ml, 2% mmol) was added amPrise to a stirred 4 cooled soln of 7 (53.8 g, 256 mmol) at -13--4' under At-. 

Ihe mixture was stirred for 30 min at -13..-IO0 to complete the carka"icn formation lb the carbanion s&n was added a 
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soln of 5b (598 g, 233 mmol) in dry lliF (50 ml) with stirring and ccoling at -50: Ihe stirring was amtim& for 30 min 
at -SO--30° Md for 8 h at -309 l%e mixture was then pwed into water and extracted with olc13. Ihe or-g scan was 
separate& washed with NaHo)3 soln and brine,dried (MgSD4) and ccncentiated in MCUO to give 120 g of a crude oil. This 

was dissolved in EtOAc (250 ml). The soln wae diluted with fi-hexane (500 ml) and left to stand at 0' for 4 h. The 
separated crystals were collected m a filter to give 74.9 g (83 0) of 12 A small portion of it was recrystallized with 
.Euxc_n=hexane (1:2) to give an analytical sample as c0lorla.9 needles, m.p 146-1470; ~a~~+69.2%=0.64, c3iC13); vmx 

1510 (w), 1120 (s), 995 (a), 895 cm), 750 cm), 700 (s) cm-l8 6 (CDC13) 1.10-2.80 (4H. m), 1.18 (6H. s), 3.40-4.70 (8H. m), 
5.48 (lH, s), 6.90 (ZH, s), 7.10-7.70 (SH, ml. (Found: C, 68.081 H, 6.73. Calc for CZ2H2602S2: C, 68.361 H, 6.78 8). 

4-(1'~Rthoxyetbyl)futyl icdide 6. talc H2S04 (95 b, 380 9, 368 mmol) was &led dropvise to a stirred and ice-cooled 
suspension of NaI (55.l g, 368 mmol) in drylWF (#x) ml) under Ar. After the addition, the mixture was stirred for 1 h at 
0 0. It was then M into ice-water ard extracted with ether. Ihe ether soln was washed with water, 10 N Na2S203 soln 
and water, dried cngso,, ard concentrated in va_ to give 55 g of a mle yellow oil. Ib this were added EtOZ+CW2 (#x) -- 
ml) ati v (05 g) with stirring and xe-ccolirq 'l%e mixture was stirred for 1 h at 0'. poured into sat m3 goln 
and extracted with ether. lhe ether mln wa8 wasted with water arxl at NaHco3 soln, 2Fed U4gSZ4) a-d -centrated @ 

vaan. +IW residue was distill& to give 54.3 g (54 0) of 6, b.p 59.64'/ 0.34 _r nD 1.4787, U max 1125 (8). lUS0 (9). 

1055 (8) cm-', 6(CCl,) 1.12 (3H. t, J-7 Hz), 1.18 (3H. d, J-6 Hz), 1.20-2.30 (4H, m), 3.14 (ZH, t, J=7 Hz), 3.10-3.80 
(4H. m), 4.54 (1H. q, J=6 Hz). (Found: C, 35.401 H, 6.38. Calc for CSH17021: C, 35.311 H, 6.30 a). 

3-[(S)-2',4'-[(S)-Benzyli~iaxy)~tylI-3-l4"-(~'sthoxye~)~tyll-7,Sdimethyl-1,5-dihydro-2,4-benzodithiepin 13. A 

soln of n-LQLi in n-hexane (1.65 M, 3&O ml, 627 ~1) was added dmprise to a stirnxl ard oooled soln of 12 (20.0 g, 5LS 

mmol) in dq lliF (200 ml) at -lS--lO"lrnder Ar. After the addition, the inner temp was lowered to -30' - 5 min. To 

the stirred. and ccc&d soln of the carbanim, a soln of 6 (lS.6 g, 68.4 mmol) in dry lW (20 ml) was added dmpwise at 
-30.-20% 'l%e stirring was antirued for 3 h at -30°. Ihe mixture was then pxred into water and extracted with EXXc. 

'lhe erg soln was washed with water, sat NaHOJ3 soln ard brine, dried 04gSOq) and concentrated in vacua 'Ihe residue was -- 
chromatngra~ed - SiO, (Merck Kieselgel 60) to give 203 g (74 0) of 13. Since 2.1 g 03.5 W of crystalline 12 was 

reoxered. the yield of 13 based cm the consumed 12 was 83 %. Ihe oily 13 was used in the next step without further 

purification and showed the follc&.rq *ysical mlxvties: V max 1505 cm), 1130 (s), 1095 (s), 750 (m), 695 (ml cm-ii 

6 (CC14) 1.12 (3H. t, J=7 Hz), 1.17 (3H, d, J=6 Hz), 1.00-2.70 (SH, m), 2.63 (6H. s), 3.00-4.40 (1% m), 4.52 (1H. 4, J=6 

Hz), 5.40 (lH, s), 6.77 (2H, s), 7.10-7.60 (5H. m). 

(4S,6S)-(+)-4-Hydraxy-1.7dioxaspiro[55)~~~ 2a and Its (4S,6R)-(-)-isomer 2a'. Ib a s0l.n of 13 (20.0 g, 37.7 mm011 -- 
in acetone (40 ml) and water (40 ml) were added CuC12-2H20 (12.9 g, 75.7 mnol) ard CuOU2.1 g, 152 mmol). Ihe suspension 
was stirred ard heated under reflex for 40 min under Ar. It was then filter4 thrcugh Celite while it was still hot l%e 

Celite layer was washed with tnt acetone The combined filtrate and washings were amcentrated in vao.a Ihe residual oil -- 
was dromatqra@ed OMT Si02 (Her& Kieselgel 60, 503 g). Gradient elutim with n-hexane-EtQ%c (10:1+2:1) gave 7.9 g of 

d mixture of 2a and 2.a'. lhis was .&own to be separable upvl rechrcmatcqraphy mver Si02 (Merck Kieselgel 60. 2% 9). 

Gr.=dlent elutim with n-hexme-EtOAc (lO:l+l:l) yielded (+&)-la ard (4&6!)-2a'. lQrther 
2pur 

ification of the prcduct 

by distillation gave 5.15 g (79.3 0) of (4S,621-2a, b.p. S2-S4°/0.35 Torr; nL$'1.48301 IQlD +120°(c=2.61. n-Pentanelt 

Umax 3400 (m), 29% (8). 2&W cm), 1450 (ml, 1370 cm), 1330 (w), 13C0 (w), 1270 (w), 1250 (w), 1235 (m), 1215 cm), 1195 

(m), llS0 cm), 1155 cm), 1125 (ml, 1110 (m), 1090 (ml, 1060 (5). 1045 (s), 930 (s), 950 (w), 930 (ml, 905 cm), 870 (I+, 850 

(w), 795 (ml, 745 (w), 660 (w) cm -1; 6(11X MHz, C6D6) l.IXJ-210 BH, m), 218 (1H. ddd, J=l.7, 4.7 arrl 12.5 Hz). 3.46 (1H. 

br.s), 3.3013.80 (4H, m), 4.20 (lH, tt, J=+5.5 and 11.0 He)i 13C-NHR (25 "Hz, C6D6) 6 18.96, 25.51, 35.65, 35.89. 45.86, 

5895, 60.26, 64.19, 97.45; US: "/z 172 (H , 20 0). 155 (8 8). 127 (19 O), 117 (100 0, base peak), 114 (47 8). 101 (94 %). 

98 (58 9). 83 (14 0). 55 (29 %)I TLC (Merck Kieselcjel 60 F-254; Developed with fi-hexane-StOAc3:2) Rf 0.16; GLc ('=lU~. 

PEG 20 M, 2 m x 4 mm at 160°+S0/mini Carrier gas, N2, 1.1 kg/cm21 Rt 13.0 ml". (Found: C, 62.32; H, 9.37. Calc for 

CgH1603: C, 62761 H. 9.36 0). ?he optical prrity of (4~.%)-2a was shown to be 100 % by the HPLC analysis of its (g-m2A 

ester: HPX (column, Partisil 5, 25 cm x 4.6 mm8 Solvent, n-hexxe-'lWF-MeCH=6XO:103:1, l.0 ml/min; Press, 30 kg/cm i 

Detection at 254 nm) Rt 24.7 min Wngle peak). Dxtillatim Of crude (4&6~)-2a' gave 460 mg (7.1 0) of plre (4~.*)-2.+. 

ap 73y7S"(bath tempVl5 Tbrr1 ql.47291 [~I~-120%=436, n-pentax!); " ma 3530 cm), 2950 (s). 2880 (n). 1460 cm). 

1435 (m), 1415 Cm), 1380 (m), 1370 (m), 1350 (m), 1320 (w), 1280 (w,sh), 1250 cm), 1200 (s), 1175 cm). 1155 (m), 1135 (S), 

1100 (s), 1070 (s), 1055 (81, 1045 (9). 1030 (8). 1000 (61, 975 (8). 935 cm), 915 (in), 895 (m), 860 (m), 830 cm). 790 (8). 

730 (w), 695 (w) cm-'i &Cl00 MHz,C6D6) 0J3Se1.05 (1oH. m), X20+.15 (5H. m), 4.07 (lH, 9, W); 13C-NHR (25 MHz, C6D6) 6 

113.37, 25.20, 32.68, 35.68, 41.16, 55.17, 60.513, 64.28, 97.20; TLC (Merck Kieselgel 60 F-2541 De2veloped with n-hexane- 

StrX~=3:2) Rf 0.33~ GLC (Column, PEE 20 H, 2 m x 4 mm at 160°+50/mirv Carrier gas, N2, 13 kg/cm ) Rt 6.S min. (Fand: C, 

62.301 H, 9.34. Calc for CgH1603: C, 62.761 H, 9.36 0). 

W-(+I-1,7-DioxaspiroI5.51 urdecan-4-me 14. To a stirred and ice-ccolti soln of (4s,6+2a (33 9, 186 mmol) 1" oH2C12 
(64 ml) were added N&W (610 mg, 7.4 mnnl) and IXXZ 0'03*C5H5WHClr S.O g, 37.1 mmol). ?he mititure was stirred fOr x5 h 

at room temp Florisil (30 g) was then .x+&d to the mixture and the stirnng was CCatinWd VigOrmslY for 5 min. Et.ha 

(120 ml) was tied a-d the mixture was vqorously stirred for 15 min. It was filtered thrcugh Florisil (150 9). 'I% 

filter cake was washed with ether. ?he rombined filtrate a-d washings were uncsntrated in vacua (<20') to give a pale -- 
yellow oil. 'Ihis was dissolved in n-pen_ ard left to stand to afford 2.6 g (82 0) Of 14 as CVStdl% Further rWVta_ 
llizatim from rqzentane yielded an analytical sam le as needles, m.p 69-70'1 [01~~+140'(~=1.24~ Heal)r U max 1720 (5). 

-5 1380 (6). 1320 (51, 1060 (s), 1045 (~1, 990 (8) cm I dCCC1,) 1.00-2.00 (6H. m), 2.10-2.50 (4H. m). 3.40-3.70 (2H, m), 

3.86 (2H, dd, J=5 and 8 Hz). (Found: C, 63.611 H, 8.26. Calc for CgH1403: C, 63.51; H. 8.29 0). 

(~6S)-(+)-4-H~1,7~i~~~[55lundecane 2.x'. A soln of LiB(sec-EuJ)3H in 'IWF (Aldrich, 1 M; 17.6 ml, 17.6 mmol) 

was added drqwise to a stirred and cooled eoln of 14 WJ 9, 118 mmO1) in dry lnF (28 ml) at -78O under Ar. The inner 

temp was allowed to rice to -20' ever 5 h. lhen the reaction was quenched at O" by the droprise addition of sat Nm3 

eoln (3 ml). After stirring for 1 h at room temp, the mixture was amcentrated in Vacua 'I% residue Was pit dirtily -- 
onto a ml- of SiO, (Merck Kiesel 

(4&6$-la', 2ip 
1 60) and purified by duomatogra~y ard distillation to 9iVe 1.44 g (71 0) Of 

b-p. 95"97'/8 Ton-8 nD 1.47271 ICIJD 20+1210(~=4.44, n-pentane); GLC (Column, PEG 20 M, 2 m Y 4 mm at 

16@+S4/minr Carrier gas, NT 1.l kg/cm2) Rt 6.S mim (single peak). Its I& 'H- and 13C+n4R spectra were identical with 

these Of ($,6R_)-W. (Fcuxlz C, 62.958 H, 9.26. Calc for CgH1603: C, 6L76r Ha 9.36 0). 
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rnmol) in dry Iw (40 ml) at -25--200 urder Ar. Ihe resulting red soln was gradually oxled over 4 mint0 -300. A soln of 

6 (3.40 q, 12.5 mnnl) in dry W (4 ml) was added drcpwise to the stirra? and ax&d soln at -3O--20". The mixture was 
pxredi.nt0waterandextractedwithQ1U3. The CSE13 soln was washed with sat -3 e0l.n ard brine, dried (MqEa4) and 
ccmcentrated in M- 'Ike residue was chromatcgra~ over Si02 (Men& Kieselqel 60) to qive 4.l2 q (83 %) of 16 as an 

oil, V max 1500 (w), 1130 (a), 1055 (8) cm-l, 6 (@Z14) Lll &I, t, J-7 HZ), W9 (3Ii, d, J=5 Hz), 1.23 (3H, 81, Wo (3H, 
s), 1.20-2.00 (lOH, ml, 2.14 (6H. a), 3.00-4.20 (11H. m), 4.52 (1H. q, J=5 Hz), 6.69 (2H. 8). This was employed in the 
next step witkutfurtberpuificaticn, 

(3S.6Sk(+)-3-Hydroxy-l,'I-dioxaspiro[5.5lundecane 3a, & (3S,6R)-(-)-isom~ h'. (2S,5S)-(+)-2-hydroxymethyl-l,6- 
diOXaSpiro[45ldecane 17a and (2S,5R)-(-)-17a'. 'Ib a soln of 16 (246 q, 503 mmol) in He2~H20 (99:lr 60 ml) were added 
CuC12. 2H20 (1.73 q, 10.1 mzi, and CWJ a.62 q, XI.4 rnmol). ?he mixture was stiti a-d beated under reflow for 30 min, 
and filtered through Cal&e while it was hot lBe Celite layer was washed three times with hot Me201& lb the combined 

filtrate an3 washinqs was added SiO, (u) q), and the mixture was ccmcentratej in vacua llx residue was placed cm the top -- 
of an SiO, 001~~ (Men& Kieselqel 60, 103 q). Slut&n with "-hexaneStG%c (1:l) yielded 1.03 q of an acetal mixture. 

lhis was chrcmatogra@ed repeatedly ksventeentimesl) cm a Her& Lobar@mlumn (r.r&se e). Eluticm with CW13-MeCW (34X1) 
gave the fo~&owiIbg -ct.& Ihe least &c&W cne was @,5l+17a' (81 IlKJ, 
1.47081 [aID -SO.S'(c-1.63, ether); "max 3450 (s), 1075 (s), 

9 %I, && 65-7000&h temp)/U 'ltarr~ $ 
1035 (s), 1010 (8). 990 (8) cm-lr 6(100 MHz, C6D6) 

1.W2.20 (IOH, ml, 3.00 (1H. bra), 3.20-4.00 (4H, m), 4.18 (IH, m)r 13C-NHR (25 MHz, C6D6) 6 20.64, 25.39, 25.54, 34.33, 
38.67, 61.92, 66.16, 81.83, 105.951 MS: m/e 172 (W+, 
Wand: m/z 1721116. talc for c H 0 : i7721699). 

4 %), 141 (100 0, base peak), 117 (28 %I, 99 (31 0). 65 (48 %I. 

-- 
tenp,/O.2S Torr; G2 9 $]322 

SxmdlY, @,5+17a W3 mq, 15 0) was eluted, b+ 65-70°(bath 
1.47101 +91.3'(c-1.67, ether)r Vmax 3450 (s), 1220 (m), 1140 (ml, 1080 (s), 1040 (81, 

1020 (s,sh), 985 cm), 965 (m), 940 (m),kO (ml cm-l, 6(100 MHz, C6D6) 1.10-2.20 (lOH, m), 3.40~4.10 (5H. m), 4.21 (1H. 

m)r l3 C-NW (25 MHz, C6D6) 6 20.62, 25.66, 25.98, 33.82, 37.89, 61.51, 65.04, 79.17, 106.32, MS: E/I 172 (M+, 4 %), 141 

(loo a, base peak), 117 (28 0). 99 (28 %I, 85 (43 a). (Fund: y[2172.l126 Calc for Cg3603: 17Wo99). 'Ik third 

CWIWUIXI was (3~,6$-k' (158 mq, 18 W, ha 72*760/0.05 'Ibrrr "D 1~794~ laif*5 -129°k=o.93, &.her)# v max. 3450 
(a), 1230 cm), 1160 (ml, 1100 (6). 1080 (8). 1060 (s), 1050 (ml, 985 (s), 960 cm), 935 (ml, 870 cm), SO0 (m) cm-', 6 (100 

MHz, EC131 LOO-LX) UC& ml, 320-3&O (5H. m)r 6 I100 MHz, 5 mq of @,g_)-k' in 0.30 ml of C6D6 + 3 mg of Eu(fcrU3- 
d271 1.10-1.90 (4H. m), 2X10-2.50 OH, m), 2.50-3.10 (ZH, m), 3.30 (1H. dt, J-6 and 12 He), 3.80 (lH, dm, J=ll He), 4.00 

(IH, dt, J-3 and 11 Hz), 4.48 (1H. dd, J=2 and 12 H~I~35.20 (lH, dm, J=12 Hz), 5.73 (IH, br.m) [lit.2 6 3.7 cm), 3.9 cm), 

4.2 (dd, J=2 and 12 Hz), 4.6 (dm, J-12 Hz), 5.0 (m)l; 

64.50, 64.89, 95.1Si MS: m/z 172 CM+, 

C-NMR (25 MHz, C6D6) 6 18.91, 25.61, 25.71, 30.24, 35.58, 60.70, 

for C9H1603: 1721099). - - 
12 %), 142 (18 %), 117 (24 0). 98 (100 0, base peak). (Found: m/z 172.1081. Calc -- 

* -t2!z5 
lar OomFavd was @,6+_)-3a (ia9 mg, 33 W. It was r%rystallized frcml n_hexane to 

give prisms, m.~ 985-99.0'1 Kzl, +115°+0.92, ether)t V max 3470 (5). 12M (ml, 1160 (ml, 1080 (s), 1050 (~1, 1015 
(8). 1005 (8). 970 (ml, 880 (s), 865 (ml, 785 (m) cm -lt 6~100 MHz, C6D6) 0.97 (IH, br.8). 1.00-2.10 (lOH, ml, 3.20-3.90 

(5H, m)r 6 1100 MHz, 5 mq of (~&Z&+&B in 430 ml of C6D6 + 4.2 mq of Wfcd)3-d271 L1042.70 (SH, m), 298 (1H, m), 350 
(l&i, ddt, J=4, 10 and 12 Hz), 3.SW4.20 (ZH, m), 4.90-5.40 (ZH, m), 5.66 (1H. br. m) Ilik2 6 3.9 (m), 5.2 (ml, 5.6 
(br.m)lr 13C-NMR (25 MHz, C6D6) 6 19.15, 25.56, 28.61, 35.04, 35.29, 60.38, 64.99, 66.35, 94.381 MS: m/z 172 CM+, 6 %), -- 
142 (17 %), 117 (24 %I, 98 (100 a, base peak). (Found: C, 62.63; H, 9.26. Calc for CgH1603: C, 62.761 H, 9.36 b). The 
optical plrity of (35_,6+3a was shown to be 100 % by the HPLC analysis of its (S)-MTPA ester: HPLC (~lumn, N~leos~l@5O- 

5, 25 cm x 4.6 mmi Solvent, ;-hexa.ne+iF-HeCH UooO0:100:1~, l.l ml/minr Detector, 217 run) Rt 33.3 min (smqle peak). 

(3R,6R)-(-)-1,7-DioxaspiroI55lunder3yl 3,5-dinitr&enza te 3b To a stirred soln of (3s161+3a' (124 mq, a721 mm& UI 

dry THF (3 ml) were e&led Ph3P (378 mg, 1.44 mmol), 3.5-dini sic acid (305 mq, l.44 mnaol) and Et02C?++U12St (251 mg, 

ld4 mmol). me mixture was stirred overnight at - temp Direct separation of the reactim mixture with prep TUZ 

(Merck Kieselqel 60 F-254, Art 5717) was followed 
2 

the recrystallizatim of the paduct from n-hexane-ether (2:l) to qlve 

206 mq (78 S) of (3E,6Fj)-3b, m.p. 155-156'; [QID -69.9?c-1.60, CHC13)a V max 3110 (WI, 1715 (8). 1630 (w), 1545 (s), 

1340 (8). 1280 (Ill), 1170 cm), 1065 (ml, 1010 (ml, 715 cm) cm-'r 6 (100 HHZ, m13) ~20-230 W.X. ml, ~40-3.90 (4~, m), 

5.15 (1H. ml, 8.90*9.30 (3H. m). (Found: C, 52.031 H, 4.83; N, 7.59. Calc for C16HlS0SN2: C, 52.46~ H, 4.951 N, 7.65 %). 

(31L6R)-(-)-3-Hydroxy-1,7dioxaspirol551~ 3a. To a stirred soln of (3R,6R)-3b (205 mg, 0.56 mmol) in 'IXF-MeoH _- 
(4~1, 25 ml) was added droprise 2 N KM soln (05 ml, 1 mmol). lhe mixture was stirred for 30 min at nom temp ?he 
prcduct was isolated from the reaction mixture bj peep TLC (Merck Klds~egel 60 P-254). Recrystallization of the product 

from n-hexane gave 95.7 mq (99 a) of OR,6R)-y m.p. '395199.8'1 Ial, -112'(c-0.92, ether). (Pound: C, 62.86; H, 9.16. 

Calc for C9H1603: C, 6276; H, 9.36 %). ?he IP., H- and c-NMR, and mass spectral data of OR,6Rk3a were identical with 

those of (3~,~)-3a. ?he cptnal purity of (3%6+3a was shown to be 1M) 0 by the HPIC &l&s of its (gl-MTPA ester: 

HPLC (Column, ~leceil@50-5, 25 cm x 4.6 mmr Solvent, @xanelrrp-Heal (1o3w:100:1), 13 ml/mm8 DeteMr, 217 nm) Rt 

34.8 min (single psak). 

(~6s)-~+)-1,7-Dia~spiro[551undec3-y1 3.5-dinitrobenzoate 3b'. To a stirred soln of (3g,6S_kk (100 mq, 0.581 mmol) in 

dry lliP were adde3 Ph3P (305 mq, l.l6 mmol), 3.5-dini tnkenzoic acid (247 mq, Ll7 mm&) and Et02a+K02Kt (202 mg, 1.16 

mmol). ?he mixture was stirred overniqht at rwm temp ?he met was isolated from the reaction mixture by prep ?zc 

(Merck Kieselgel 60 F-2.54). 
as pale yellow needles, m.& 

&crystallization c&the product from n-hexane-etker (4:l) gave 185 mq 037 %) of (3&6S_)-3b' 

173-173.5°, IQID +7L7'(~l.l0, cX13)i U m&x 3110 (w), 1720 (8). 1630 (w), 1540 cm), 
1340 (s), 1290 cm), 1070 (m), 995 cm), 980 cm), 720 (m) cm-l‘ 6~100 MHz, CDc13) 1.20-2.50 (IOH. ml. 3.40-4.00 (4H. m), 

5.17 (1H. m), 9.10-9.30 (3H, ml. (Found: C, 52.88; H, 4.95; N, 7.64. Calc for C16HlS0SN2: C, 52.46; H, 4.95; N, 7.65 %). 

Bquilibraticn of (3R,6~)-3b' to give 0R&R)-3b 2n01Y~~ (50 mq) was added to a soln of (3&g_)-3b' (161 mq, 0d39 mmol) 

in dry CXi2C12 (3 ml). lW soln wea stirred for 30 min at rcantemp ?hedin.i trobanzoates were isolated from the reacticm 

mixture by pp 'IT& (Merck Kieselgel 60 F-254) to give (3P.,6R)-3b (49 mg, 30 %) and UR&.5)-3b' (112 mgn 70 %I. Ihe crude -- _ - 
(3R,6R)-3b was -h9xmesther (2~1) tn give 46 mg (29 %) of plra @,@)-3b as pale yellow tiles. 

) 3' Its IR and NHR data were identical with those of @@-3b prepared fran 

(%6+k' by the Mitsundx reactia 

Preparatim of GS,6S)-3b fran (3s.6s)-3a. Tb a soln of (X-kg)-k (10 mq, O.C6 mmol) in dry Cli2C12 (0.5 ml) were xkW 
3.5-dinimlc acid US;), CO2 (15 mq) and DMAP (trace amrant). 'Ihe mixture was stirred for 8 h at- temp l71e 

prcduct was isolated from the reactian mixture by lpep Rc O&reck Kieselqel 60 F-254). ~llizaticn of the au& 
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g%Kdu& fronn-w 

(c=o.fs, OKq. 1t.s IR ad NMR data were identical with thsse deecri!xd for (3&%1-3Ib (Fouf~% C, 5268t H, 4.981 I 

7.48. Calc for C16H1808N2: C, 52.46~ H, 4.95J N, 7.65 a). 

prsprratica of 13&6R)-u3 from 13s&R)-3a'. In the came manner as deecrilxd ahove, (3&~_)-3a* (8 nq, 0.05 mmolf yield& 

14 ixq 032 0) of (3$@-3tl9 lie @e yellow needles from r he~_+&~ f&i), a4R 173~17331 tali” dBB*k+63, 

CHC131. Its XR and NMR data were identical with those described for (3l+6g)-3b'. fPound: C, 52.38~ H, 4.981 N. 7.59. 

C&c for ~6H180#2: C, 5wJ N, 4.95r N, 7.66 %). 

(~sn)-(-)-2-MeUlyl-l,~~~~[~ld~e 1E'. -1 (90 mg, 0.47 mmol) was ad&d to a stirred aK1 ice-coolgl soln 

of (2~@-1W (52 mg, 0.23 mmol) in dry C5H5N (1 ml). The mixture wee stirred for 2 h et 0.5% It was then paired into 

ice-vater, and extracted with ether. ?he ether eoln was wash& with sat atso, suln, water, set NaHco3 soln and brintl. 

d.ritul (M-4) and cxxacentrated in vacu, to give 100 mg (quantitative) of cnde C2.$$-1W. V max 1595 (ml, 1360 (a). 1175 

(8). 975 (a), 955 (8) cm-l. 
-- 

%-As was dissolved in dry ether (1 ml). To this was ldded rsder icecooling IAN (12 nrg, a32 

lllll01). X??e mixture was stirred for 24 h at rcan tenp It wee then ooole3 tn 0" and the excess LAN wde destroygl by the 

addition of water (12 Ul), 15 \ NaCSf (12 Ul) and water (36 Ul). lhe mixture we8 stirred for 1 h at rcom tern& It wee 
then filtered thtnqh Celite Ihe filter cake we* washed three times with ether. ltm combined filtrate and washings were 

mncantrat& in "BCOD at o-5". 

of (2@,1= J,;21.4451J 

Ihe residue we8 drcinatogra&& over SiO, (Merck Qeselgel60) 

I$ 

to give 19.7 mg (42 %) 

-JX"tc*0.32, n-pentane)J Umax 2950 (8). 2880 fs), 1440 (III), 1360 (6). 1310 (~1, 

1260 Qn). 1220 (elr 1150 (m). 1110 fml, 1060 (6). 1040 fsf.1030 fs,aht. 980 fs), 940 (ml, 920 Im), 870 (sf. 800 (n). 750 

(w) cm-', 6 (100 MHZ, C6D6' 1.30 (3H, d, J-6 Hz), 1.00-2.20 (lOI& ml, 3.59 (IH, dm, J-11 Hz), 4.04 [IH, dt. J-4 and ll 

Hz), 4.10 (IH, m)J 13C-NMR (25 MHz, C6D6l 6 20.79, 23.42, 25.93, 32.21, 34.60, 39.70, 61.21, 76.66, 105.56~ MS: m/z 156 

(I+*, 11 tf, 141 (4 a), 128 (6 $1, 112 (11 %), 111 (7 0). 101 (100 $, base peak), 100 (34 8). 98 (28 9), 85 (4 %), 83 (13 

9). (Pound: "/Z 156.1178 C&c for C9H1602' 15fhl149). 

f2R,SS)-(+f-2-~ethyl-1,6-dioxaspiro~4.5ldecane 18. In the same manner as described above, G&5_)-17a (91 m9) gave 

@,5fil-17b (178 mg, quantitative), Vmax 1595 fmf, 1360 (81, 1175 (6). 980 fe), 950 (s), Bo5 (m) cm-'. This was reduced 

with I&l to give 10.5 mg (13 \) of (%5s_)-18, n$44581 [a~~+82‘l(A31, pF&_W?)J UmaX 29x) (S), 2880 (S), 1440 

tm), 1375 fm), 1360 (HI), 1305 fwf, 1260 (a), 1210 (mf, 1150 (ml. 1070 (61, 1040 (s), 990 fsf, 940 (m), 920 fml, 870 ($1, 

810 fmf, 750 (w) cm -I: 6(100 MHz, C6D6f 1.17 13H.d. J=6 Hz), 1.00-2.20 (IOH, m), 3.60 (IH. dm, J=l1 Hz>, 3.98 (II% dt, 

J-3 ard 11 HZ), 4.24 (I", Q", J='6 !+Z)J 
105.78; MS: m/z 156 (M+, 

13C-NWR (25 "Hz, C6D6' 6 2~3.71, 21.47, 2%81, 31.90.. 3470, 38.38, 61.41, 74.03, 

85 (4 81, 83-G 01. 

8 0). 141 (4 0). 128 (5 W, 112 (10 \), 111 (7 8). 101 (100 8, base peak), 100 (40 $1. 98 (24 0). 

(Faux% $2 156l142. Calc for CqR1702: 156.1149). 

Talel.~ofcrystal&haanfdeta 

x-ray analysis of uR&s~-36'. Ihe crystal was momted in 
a glass capillary, Wit-cell dimensicms and orientation 

matrices wereobtairredbyleast-~emethcdsfromtbe 

setting angles of 25 reflectims Intensities were colle- 

cted on an Fnraf-Ncnius CAD 4 diffractometer at rcom tama 

Data were corrected for Lorentz-polarization effects. 

Absorption corrections werenot applied. lhe crysteldeta 
and data collection parameters are summarized in Table 1. 

The structure was solved by dxect method using 

WLTAN 11/S2.24 Al1H atoms were located on a difference 
Fourier mep. Full-matric least-squares refinement in- 

cluded anieotropic thermal parameters for non-H atoms as 

well aa isotmpic than& pxameters for H atoms. &aver- 

gence was reached at_RQ39 and R+=o.o60. 
All calculations were performed (TI a m)p 11/34 ccmp~- 

ter using n\raf-&x&us SDPPIAJR prcqramk 

fonlula 

lml.wi. 
crysta1systw 

Spaceg~P 
crystal dimensicns, mn3 

0 
a. A 

z 
dfcalcd), 9 CXII-~ 

diffractamter 

vter 

radiation 

-tyFe 

2e_.deg 
no.of uniquedata 

rro+ of data used in reftit 

finalR 

final -& 

p212121 
0.4 x 0.4 x 0.3 

9.778 (1) 

31.075 (3) 

5.768 11) 
1752.6 

4 

1.3Ea 
hraf*ius CAD 4 

gr.@ite 

0A Ka (I.5418 lli, 

w/28 

130 

1765 

1469 
0.039 

0.060 
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