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Abstract -- Both the -tiomers of invictolide 13,5~methyld-(l'laethylbutyl)- 
tetrahydro-2H-pyran-2-l were synthesized in 17 steps from ~hopargyl alcohol. 

Invictolide 1 (=C) is one of the three lactones (A, B and C) isolated from the red 

imported fire ant (Solenopsis invicta Buren) as the queen recognition pheromone."* The 

lactone A is an achiral compound, and was synthesized by Rocca et al' -2 As to dihydroacti- 

nidiolide B, we recently reported a synthesis of the both of its enantiomers. 3 Invicto- 

lide 1 possesses four chiral centers. Its relative stereochemistry was shown to be 

3R*,5R*,6g*,l'R* as depicted in 1 by Rocca's synthesis of (*)-1.' Since then, three 

additional syntheses of (i)-1 were announced as preliminary communications. 4-6 Ziegler's 

success in synthesizing (3&5S,6&,1'S)-(+)-invictolide 1’ made Its bioassay possible.7 
The fact that (+)-1' was biologically inactive while (iI-1 was active suggested the 

absolute configuration of natural invictolide to be 3&5&6S,l'R as depicted in 1. Yerein 

we report in detail our own approach to the synthesis of invictolide enantiomers, which 

culminated in the preparation of both (-)-1 and (+)-1' as crystals. 

Our synthesis of invictolide was linear and straightforward as shown in the Scheme, 

and employed the Sharpless asymmetric epoxidation (4 + Sa),6 cleavage of an epoxide with 

Me3A1 (5a + 6a),‘-” methylation of the dianion derived from a S-hydroxy ester (10 + 

lla)‘*, and the Hvans asymmetric alkylation (13 + 14 + 15),13 respectively, for the intro- 

duction of the four chiral centers in the desired stereochemical sense. 

The first phase of our work was the preparation of a diol 6a. This diol 6a as well 

as an epoxide 8 were previously prepared by us employing enzymatic resolution of an amino 

acid as the key-step.14 An alternative synthesis of (-)-invictolide 1 by this approach 

will be reported separately.15 To improve the poor overall yield of (-)-1 by the enzyma- 

tic route,15 we decided to use another procedure for the preparation of 6a. What we 

employed was the modification of our previous procedure based on the Sharpless asymmetric 

epoxidation.16 Alkylation of 2 with c-PrBr and LiNH2 in NH3 yielded 3 in 84 % yield.16 

This was hydrogenated over Pd-HaSO poisoned with guinoline to give 4 with a99 % chemical 

purity as checked by GLC.16 Asymmetric epoxidation of 4 using (-)-diisopropyl tartrate 

and t-HuGOH furnished 5a in 56 % yield, whose enantiomeric purity was estimated to be 81 % 
e.e. by the HPLC analysis of the corresponding (S)-a-methoxy-a-trifluoromethylphenyl- 

tFlWunX0 synthasie - 97. Part 96, K. &xi and Y.-B. Seu, 'Irstrahodro in pens. 
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acetate (MTPA ester) SC." To enhance the enantiomeric purity of 5c, it was converted to 

the corresponding crystalline 3,5_dinitrobenzoate (DNB ester) 5b. After several re- 

crystallfzations, pure 5b, m.p. 53-54*, was obtained in 37 % recovery. Saponification of 

pure 5b gave back pure (ZlT,3S)-Sa, which was shown to be of 99.4 % e.e as checked by the 

HPLC analysis of its @I-MTPA ester 5c. Treatment of the epoxy alcohol 5a inz-pentane 

with ca. 4 eq of Me3A1 and ca. 0.25 eq of n-BuLi furnished a mixture of the desired 6a and 

undesired 7a. The composition of the mixture was shown to be 6a:7a = 86:14 by analyzing 

(GLC) the mixture after acetylation to the corresponding mixture of 6b and 7b. The 

mixture of 6a and 7a was tosylated, and the product was chromatographed over Si02 giving 

the pure monotosylate 6c in 72 % yield from the mixture of 6a and 7a. Treatment of 6c 
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with NaGMe in MeGH furnished the (2&3E)-epoxide 8 in 77 % yield. The overall yield of 8 

from 2 was 5.8 % in 8 steps. By the previous method, 14ffS the overall yield of 8 was 1.0 

% in 7 steps from 2-methylpentanal, the commercially available starting material. The 

present route to 8 was thus more efficient than the previous one. 

The second stage of our work was the introduction of the third chiral center. Clea- 

vage of the epoxide 8 with excess NaCN in hot 40 % EtOH gave 9, which was hydrolyzed 

concomitantly giving a 8-hydroxy acid.18 The acid was immediately methylated with 

CH2N2, and the product was purified by Si02 chromatography to give 10 in 79 % yield. 

Methylation of the dianion derived from 10 with Me1 according to Fr&er12 furnished lla in 

49 % yield after chromatographic purification. The methylation proceeded with high dia- 

stereoselectivity giving a mixture of lla and its w-isomer in a ratio of 88:12 as ana- 

lyzed by GLC. The chemical and enantiomeric purities of lla were 95 % and 100 %, res- 

pectively, as checked by the GLC analysis of lla and the HPLC analysis of llb. Conversion 

of lla to the alkylating agent 13 was straightforward. After protecting the OH group of 

lla as a THP ether, the resulting llc was reduced with LAH to give 12a. Tosylation of 12a 

to 12b was followed by treatment of 12b with NaI in DMF in the presence of NaHC03 to 

afford 13 in rather low yield of 33 %, 

The final phase of our work was to introduce the remaining fourth chfral center. 

Alkylation of the dianion derived from (S)-prolinol propanamide 1413’1g with 13 was best 

carried out by using an excess of 14 (ca. 10 eq) and by cooling the reaction mixture at 

-lOO" for 4 h and then at -80' for 2 days to give 15 in 82 % yield. Acid hydrolysis of 15 

resulted in concomitant lactonization to give 1 in 80 % yield after column chromatography. 

(3lX,5&6S,l'E)-Invictolide 1 was recrystallized from g-hexane to give pure (-j-l as 

needles, m.p. 28-O-28.S", [u1i5 -101' (CHC13f. 

In the same manner, (3&52,6I&l'$)-(+)-invictolide l', m-p. 28.5-29.0"' [al;' +lOl' 

(CHC13) [lit.7 [allot +77.4' (CDC13)], was synthesized. In this case, the asymmetric 

tipoxidation was carried out with (+)-diisopropyl tartrate as the chiral auxiliary, and for 

the Evans asymmetric alkylation (I+14' was employed. Cur synthetic enantiomers of invic- 

tolide showed the 'H NMR spectrum identical to the authentic spectrum kindly provided by 

Dr.J. H. Tumlinson (measured as a C6H6 soln) and Prof. F. E. Ziegler (measured as a CDC13 

soln). 

In conclusion, both the bioactive (-)-invictolide t and inactive f+)-1' were synthe- 

sized in 17 steps from propargyl alcohol 2 in 0.7 % and 0.2 % overall yield, respectively. 

In the course of our work, a synthesis of (+)-Prelog-Djerassi lactone was reported in 

which Tsai and Midland also employed the Evans asymmetric alkylation as the key-step.2o 

Bioassay of our synthetic enantiomers (1 and 1') against both the red and the black 

species of fire ants is now under way by Drs. B. M. Glancey and J. H. Tumlinson at Insect 

Attractants, Behavior and Basic Biology Research Laboratory, U. S. A., and will be re- 

ported in due course. 

Allb.p~npsWera ~~IRspBctraveta neaurai as fillas for oils m aa nujd mulls for solids unless 
ctharwiee statedma Jam lPA-102 s$z?MsM&er* %fNHRapCtrawereremrdid with TM.5 a* an internal slzrxbd at 60 ME?2 
On a Hitachi R-2&. Bpscorometerorat100MnzmaJBOeJNuGi-4aJspectraneter. @timlrotatimsweremessuredma 
5&300 DIP140 plarimetar. MerdcKieselgl60 @.rticlc size ox)644200 nun) or Nji-Dwiam BW-820 EM ware wed for SiO2 
column chmmatogra~y. Wzc andyew YecB prfcamd m ~clc~~il@*5 (25 cm I 4.6 mm) *a a column by the detection at 
254 Nh 

2-Hexyrrl91 3. ma Swrpensicn of LiMi2 (from 19.8 q, 2.85 nwi of Li) in liq Ni3 (1200 ml) was added 2 (69.5 9, 124 mol) 
at -303 After1 h of atirrinq, 1 soln of @rBr R3.0 g, 0.675 molf in dry 'IXF CS3 ml> ells added to the suspneicm at 
-30’. ‘LM mixt==wa tiirrduderreflux for2h Themi.xturewaslefttostMdoveznightatroom tempardther?13 was 
allowed to evaporate. ?hs reddue was diluted with sw.ta&l 4 mln an¶ extract& with ethw. mS mmbim5 ether dn 
waa va8hti with brim anldrid (HgS3& Piltratimard ancedratim of the filtrate in vana0 wan followed by distilla- -- 
tion t&give 65.5 g (84 $f of 3 a.8 a pale yellow oil, b.p. 76-85*/32 TOLTJ vtnax 3350 (8). 2980 (ef, 2960 (8). 2890 (81, 

2300 fv), 2240 (vlr 1460 (a), 1435 (in), 1385 @I). 1360 (nf.1340 fm), 1330 b), 1280 (w), 1230 fw), 1140 (s>, 1075 fwf, 
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f035 (a), 1010 (s) Cm-l, 6 (CCCl3) 0.98 (3H, t, 597 tlz), 1.52 (2H, tq. J-6, 7 RZ), 2.18 (2R. m), 2.45 <lH, a), 4.25 (2H. 
t, J-2 HZ). 

tZ)-2_tleren-l-01 4. 'Ib a supenSicm of W-esso, (6 g) in _n_rhaxane (700 ml) was added 3 EO.0 g, 0.612 aal) Md c@ilkD;i, 
(12Odrc&. me mix&am vu wbakanrarderN2 (lam) fa 4h Wtlyti catalyst. was filtered aff,.snl the filtxate 
was washed with dil K!l aq soln &w brin8, dried t-4) adl ccmcemtraW under atnm@mric pcasa 
dietuldl to glVe 50.2 g (82 3) Of 4 &I a colorless Oil, 

lhe+duewas 

b-a 79-a"/45 'Ihrr; vm.¶x 3330 (a), 3030 (al), 2975 (a), 2&O (a), 
2@SO (a), 1660 (W). 1460 (a), 1380 (W), 1045 (a), 1010 (6) Cm-l, 6 (ClX!l3) 0.90 (3A. t, J-7 Hz), 1.20-1.60 (ZH, n), 2.05 

(2H. dt. J-6, 6 Hz), 2.40 UH, s), 4.15 (ZH, d, J-5 Hz), 5.40-5.80 (28, q)t CLC (Column, OV-101, 50 m x 0.25 mm at 70'1 
Carrier gas, N2, 0.7 kg/cm2): Nt 24.3 mill (100 w. 

2,3-Ssaw-1-W !im. a) Q&38)-~euner. A mixture of Ti(OPz-l)4 
4, 484 mmol) in dry ai$l, (3200 ml) was stirred at -200 

(125 g, 440 ~1) ti D-(-)-diiqrtrpyl tartanti (103 
for 5 min uxiar Ar. To the mixture van addai 4 (40.0 a 400 

mmol). followed by the edditicm Of "alaH in Csi2Cl2 clrso M, 1% ml. 880 mmo1). Ihe mixture vaslefttOs~ for 38ays 
at -20". rncudarttddecoapoeetheexcesa amamtof~-naat M+3(15Omml, 2.05mol)wasarLledtotbamixtzx~aqd?zhn 
mixture was stirmd at -20' for 3Omin Ihe mm waopay-ql i.nta lxe-aolad (-20') aoetole (4&x ml cortaining 80 ml of 
Water) and .¶tixTed at nom temp wernighti Filtration Md Ocncdntration of the filtrate in Va- gave 165'9 of M oily _- 
~tarial. which Yam Wfiad bu column chrcmat@ra~y tSiO2, c&Cl2) to give 26 g (56 a) of (=3S)-50 aa l ale yellow 
oil. An analytical sample was obtained by distillation, b.p. 105-107°/27 Torrr na2 l.4322; [:ld3-5 +4.91* (~2.02, 
cHcl3); (Lc (ollumn, (u-101. 50 m x 0.25 mm at 100°~ Carrier gaas, N2, 0.S kg/cm2): Rt 9.9 min (100 Wt vmax 3420 W, 2975 

(0). 2950 (8). 2Se2 (.), 1460 (6). 1430 (In). 1380 (m), 1265 (w), 1230 (w), 1145 (v), 1105 (In), IO40 (s), 905 ((9). WI (la). 

630 In), 765 cm) cm_11 6 ICDc12) 0.95 (3H, t, J-6 He), 1.20-1.80 (4H, in), 2.75-3.45 (3H, m), 3.50-4.10 (2H, m). The 

optical purity of (2$3S)-Sa wa8 determined by HPLC analyses of the corresponding (S)-MTPA ester 5~: [Solvent: "- 
hEiansr1.2dicb1o KKS)-5:2, 60 kg/an2. 1.5 ml/mini Rt (2i&3&~)-iscmcr 35.5 min (90.2 a), (zs,3S)-iwaar 3S.l 
min t9.S W, the optical plrity ~(18 cal&tad to ta W.4 * e.0. 

b) (I&p1)-Isomer. In the same merwer as described above, the above mentiuwd mixture of Ti(opri)4 (65.4 s 230 

mmol), L-(t)-DIPT (593 g, 253 mmol), 4 (23.0 g, 233 mwl) amel c-BKQI in M2C12 (4.40 n, 104 ml. 460 mm01) was left Lo 
ati for 7 daya at -20' to give 15 g (57 e) of @,3$-5a: bp 103.5-1045°/19 Ton-r 1#-5 L4322; Ira)p -12.0' +2.7S, 

CHC13)1 GLC (Column, OV-101, 50 m x 0.25 mm at 100°# Carrier gas, N2, 1.2 kg/cm2): Rt by-product 13.6 min (11.2 %), 

(2&+)-5a' 15.9 min (88.a 6). Ihe c@.ical Furity of (%%)-5D wan datamined by HPIC analynea of the 0 (R_)- 
N'lPA entar: ISol~ent: @w3xane:CCS-3:1, 103 kg/cm2, u) ml/minl Rt (%3&R)-isaner 495 min (93.7 8). (2&3&R)-isomer 

-- 
_ -_ 

54.5 mill (63 b). Ihe opeirnl plrity was calculated to be 67.4 9 ea 

1,3'-4%uyhewl 3.5-dln.i~ te 5b. a) t2'&35_)-Isaner. Asymmetric epxidaticn of 4 gars (2R&)-Ss of &X4 * ea. 
Itserwtiauezicer.cesswasentuced by recryaaniring 5b. nJ a soln of (nq$)-5a (420 g, 362 m&i-in dry ether uooo 
ml) were addad pyridine (400 ml) ti 3.5-dinitrdruaoyl chloride (109 g, 472 mmol) at O-5'. ?he stirring vbs antirud for 

20 mill at CM*. Ihe mixture was then pxred into ice-water. lUetharla~rWM~psrat&andthe.¶q~~WUextracted 
withether. lha mmbinedorganiclayerwas washsdwith water, eatCaXX34aqsoln. water and brine, driw? (NgS34) ti an- 
cxmtratad in Vacua lW residue (115 g) was recrystallized from +aau-m:tenzene (6:l) to give 4L0 g (37 e r-ry) of 

(2'&3'+5b, m.p 53.0-54.0~1 [alJ4.5 +2&l (c-0.780, cHC13)1 "max 3120 (w). 2930 (a), 2860 (s), 1725 (a), 1630 (w), 

1600 (w). 1550 (8). 1460 (a), 1400 (w), 1375 cm), 1345 (8). 1295 (m), 1265 (w), 1175 (w), 1030 (w), loe0 (m), 975 (m). 935 
cm), 920 (in), 880 (w), 840 (m), 815 (v), 770 cm), 735 (m), 720 (8) ~rn-~r 6 (CDc13) l.05 (3H. m), 1.30-1.85 (4H. m), 

2.90-3.50 (ZH, m), 4.15-4.95 (2H. m), 9.26 (3H, bra). (Found: C, 50.028 Ii, 4.628 N. 9.03. Calc for Cl3HlqO7N2: C!, 50.328 
H, 4.55, N, 9.03 9). 

b) (zS>3'X&)-I-. rnthe same marmer a* described alnve, (2%3R_)-5a' (21.0 g, 181 mmol) yield& 17.5 g (30 a) of 

crs.3a_,-w, mp 53JY-54.0"; [.lijQ -2Sz" eaS0, afC13)l (Found: C, 50.331 I& 461; N, 883. Calc fCn Cl3Iil4C+N2: 
C, SO.328 N, 4.55; N, 9.03 8). 

2,3-Euxy-l-W1 6. a) @,3+rmmar. N BYf aq soln (131 ml1 YM added drolwise to a stirred and cooled aoln of 

(2@&3'2)-5b (40.7 g, 131 mmol) in lTlF-MecH (l:l, SO0 ml) at O". Ihe mixture van stirred for 15 min at 0' ard then pzured 

into Bbt tWiW3 soln. l?v3 eq layer was extracted with ether. ltleccfnbinedorganiclayerwasdriedwgs34)andcaKwn- 
trated in ~a- lhe resictue was chromatcgraphea - SiO, Elution with n-beane:Emhc (41) gave @+)+a K3.S g, 91 _- 
a). An aralytical aample was obtained by distillaticn, b.& 103-1040/2a lbrr; [a@7 e.690 (,.YlAl, alCl3); (u: K!calumn. 

ov-101, 50 m I: 0.29 mm at 100'; Carrier gae, N2, 0.8 kg/cm2): Rt (2&3g)-Sa 10.1 min (100 e). The optical parity of 
@,3s_)-5a wae determinel by HPW aaalysee of the wrres~ @)-NTPA eeter 5c: I.%lvent: n_hexane:DcFTs:2, 40 kg/cm2, 

1.0 mUmin Nt (233&R)-i- 558 nin (0.3 r), (2&3&R_)-isomer 59.2 min (99.7 W. 

-- 

lie optical laxity wan calculati 

to be 99.4 b ea. 

b) @,3:)-Isomer. In the same manner as describxl above, C2'~3~)-5W (17.4 g, 563 mmol) yielded 6.50 g (99 a) of 

Uj$)-Sa, ap 9S-W/21 RpT8 ralg -5.73O (~150. 0iC13)8 a (Column+ (u-IOL 50 m x 0.25 mm at lW*r Carrie 

gas, N2, 1.2 kg/cm2): Rt impurity 13.1 min (0.9 6). (2&3:)-5~' 14.6 min (99.1 t). Optical purity of (2&3&)-5a' was 

determined to be 97.6 a a.6 in the same m asdeecribsdalwe. 

3-Methyl-1,2-hexaneJio1 6a. a) (z~3R_)-Iminer. A aoln Of na3.u (IO . in "-hexMe, 154 ml, 210 mmol) vam ddad to a 

stirred ax? caled (dry ice-acetcsle) suspcnsian of (P(.3S_)-h (lL5 g, 99.1 mmol) in dry n-pentane (220 ml) at -4O--50' 

l&er AK. A eoln of "-R&i in @ex,ane (1.72 N, 14.0 ml, 24.S mmol) ~a.3 adaed to the mixture at -50'. Ihe mixture was 

allow&towarmta -tempanP stirred for 2 days. Ihe mixture ~a.8 ccoledto -50° and 2NHClaq aoln (240 ml) warn ti 

carefully. 'Rw, wganic layer Yaa separated and the aq layer was e.xtracted with ether. The combined organic layer was 

washed with oat -3 aq ealn ard brine ard than dried (MgSO4). Filtratim an3 oarentraticn of the filtrate in VaM -- 
gave 13.3 g of an oily matarial. which was eubaitted to column chnoatngra&y CSiO2, ; -bwarm:StaW togi- Il.39 (86 W 

of (2&3R)-6a, vmax 3350 (a), 2975 (s), 2950 (s), 2880 (8). 1460 (8). 1380 cm). 1140 cm). 1060 (6). 1030 (6) cm-'8 6 

KECl3) O&O-U0 &I, m), LlO-LSO WI, m). 332 (2H. e), W (Xi, bra). ltm ratio of regioisaners wan d&ermined by 

GLC analysis of diacetyl derivatives (6b + 7b). GLC (Column, OV-101, 50 m x 0.25 mm at 160°; Carrier gas, N2, 1.0 

kg/cm2): Ht sb B.6 mill (86 a), 7b 40.9 mill (14 w. lhi.8 was emplcyed for the next stepwithcut further plrificatim, 

b) (qLq)-Immor. mtbeeame manner (LB described .&we, C2S.%)-t' (5.09 g, 43.9 mntol) yielded U3 g (75 8) of 

m&q6m’. This was employed for the next step witbcut further prrificatin. 

3-Nethyl-l-tosylcxy-2-bax&ul 6c. a) (2&3R)-Xacmer. @Wl (21.0 g, 111 mmol) wan eddad to .a soln of (Zg,3R_))db (11.3 gr 
S5.6 omol) and 4-@.N_aimethylami.no)~idirm (2X0 g. 17J mmol) in w pvridine (100 ml) with stirring and ice-ccoling. 

The stirring va8 untinued for 3 h at 0'. Ihe mixture was then parred extracted with ether. Ihe ether 

eoln was washed with dil Wleq eoln. eatNsHO)j eq s0l.n and brina. dried (NgS34) Md ooncwtratdin vacua. 'RH) residue -- 
was submitted to column chromatcqra~hy E&q, c-h-:ether) to give 17.5 g (72 B fmm the mixture of 68 ad ?a) of 

tZS,g+C. wax 3425 cm), 2930 (8). 2950 (8). 2900 (a), 1600 cm), Iso0 (w), 1460 (m), 1360 (s), 1190 (s). 1182 (8). 1100 
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(s), 970 (8). 820 tm), 660 (8) cm-l. m~rassapLoVaiforthe~~wit.hcutfurtharprrific&im. 
b) @,~~_)-IEwz. I" the = BarylarasdeuxibBlatw% (~3S)da'(420g.)LB~)yieZdd~gfnrf~ -- 

tbe mixtureaf 6m'aod 7d) of c+qW. lhis*asemplcyadfczthe~stapwitlxutfurtbarppifiatian 

1,2--w- a a)(2S#%)_WxRr. AWln of (2s,q-6c (17.5 e 6.2 PaDu i" dru m (a mu w w +z a 

-Qd i-d mln0f t&&:2+2 g0f 28 * llsDA soln.125 mud) indry buIi (43 ml). 2b3 dxtua *M etirred for 

lhat0'. pnaad i"toiorVatar~extracted Withr&="t==. Ihe:-psltz~soln*asrsshsdwithwateranlbrine. dried 

(K2aJ3) and axnxnt.mted uxk atm - with * Vi- mlran. ms resi&m UM distilled to give s;oo g (72 W of 

C~,aU_S. hp iic+115*, # ~40608 r~a4 -W t-15, suaeh [lit Ialij3 -4.2O (-7, et!~=+~li w 3050 (m). 

2960 (a). 2930 (81, 2880 (.), 14a5 (ml, 1470 (a), 1460 (m), 1380 (II), 1260 (m) cm-18 6 (CoC13) 0.60-1.70 (1% ml, 

2.10-2.75 (3H. III). (F,,"d: C, 73.51: Ii, 12.14. Calc for C7H140: C. 73.63; H, 12.36 *I. 

b) (~3S)_Isomer. InthB~e- m &scribed abars. (2&3S)-6& (650 g, 227 maol) yieldd L99 g (77 8) of 

t2WSs)-W. - bs. ll(>-1W: 44 L4122r 

73%; Ii, 12.21. 

I.@ +3.410 (ca750, &h-[lit Ill@2 +4.20 (eLl22, ether~l41, (Fapdr c. 

Calc for C7S140: C, 73.63; H, 1236 %). ?he mRand NP(Rspectra wereidenticalwith those of Cs*W. 

B 3-hydroxy-4-m&hyueptmxxtB 10. a) ~3%5o-Iac=er. A -1" of cgJp3 (4.90 g# 43.0 mmol) in 40 Q BtM =I mol." 
(20 ml) wan added to a soln of Ns(rJ (c3og. lib&J) in 40 8 Et%H ag aoln (5Oml). l%e mixture wasbeatadum%r eefluX 

with stirring for 7 h 'l%~ EecH - rmmwBd invacuo. W residrae W.WI acidified togr 4 withNWl aq soln. It was then -- 
crxtractsdwith~~2ardtheocgsniclayarvasdried(Na~4~~ ancentratsd in-to give M oily material (E6.2 -- 
g). l%is was metbylati withethereal a2N2 togive cnde (E,*-lO. lhis wan submitts to column Wtographu csiq. 

+W"e:etber) to give 5.90 g (79 U) of cg+-la. A" Malytioal Bample "am &tnined lq dintillaticx4 tbp 7l-75'/05 

lhrr# d5 L4323; [.@j5 +40.0° (+U20, CSSX3)r W (mlumn. (u-101. 50 m x 0.25 mm at15OO; Carrier gas t$, 0.S kg/m'): 

Rt. 38.S min UOO \)a vmax 3?4J (ml, 2963 (*I, 2950 W, 2890 (a), 1735 (8). 1440 W, 1170 (s), 1040 (ml, 985 M cm-'* 4 

(CDC13) 0.65-1.05 (6~, ml, 1.05-1.70 (SH, m?. 2.45 (2H. d, J-6 Hz), 2.72 (1H. a), 3.68 (3H. 81, 380 UH. m). (Pound: C, 

61.938 H, 10.43. Calc for CgRlS03: C, 62.048 H, 10.41 a). 
b) UR.4.5)-Isomer. I" the same r&""er as described abovs, (2&3s)* (1.90 e 167 mm011 yielded L25 9 (43 tf of -- -- 

(3_R4+lcr, b.p n-790/15 lWr; 45 L4326r [0142 - 4l5' (c1.70, cxCl3)J GE (column. W-101, 50 m x 0.25 mm at 120°1 

Carrier gas, N2, 1.1 kg/cm2): Rt 23.2 min (100 Wt (Fou”d: C, 61831 Ii, 10.27. Calc for C9H1SO3: C, 62A4) H, 10.41 a). 

7he IX ard PDlR spectra were identirnl with those of (3s.*)-lO. 

plethyl 2,4-dimethyl-3-h&'cayhe~ti ilk a) (2&38_,4R_~-Isn~er. A ed" of w wan ~qxued from i-prfl (C7 ml. 33 

mmol) ard n-W (L56 N in n_herana. 14.2 ml, 221 mmol) in dry TW @xl ml) uN%r Ar at -lD-oD. m thie mixture was 

added drop& a soln of (~&RR)-10 CL28 * 736 mm011 in dry l¶iF (13 ml) with etlri"g ti cmling at -7W-60'. ltm *P 

was eaiead to -15'. ?hen ule &.rtnre was stirred at -15O for 30 min. After the additian of HNPA (593 g, 33.6 mmol). the 

mixture was azoled to -60". Tb this mixture was &led a sol" of Me1 (2.62 g, 184 naD1) in dry +niF (13 ml) at -65-60°. 

Ihe temp w.98 gredually raiwd to -20' OpcT 2 h lhen the mixture wan left to &an3 for 2 deys at -20'. Sat MI4Cl q eOln 
(60 ml) was added to the rcsaction mixture at-2O'and it wasextractedwithether. Iheether soln wae washedwithtiina. 

dried (fQ.SJ4) ti axxentrated in v- to give a" oily material. GK (CMuan. W-1OL 50 m x 0.25 mm at 15o'J Qrrier gas, -- 
N2 1.2 kg/cm2): Rt (3&4l+lO 28.0 min (5.7 %), impurity 32.0 min (2.6 9). (2S,3S,4l+lla 328 min (SO.6 $1, --isomer 

338 mi" (11~ W. ?his was submitted to column chromatogrqhy (23D-400 mesh Siq, c-bexane:ether) to give a67 g (49 9) 

Of (2S,3&4R_)_ll& A" analytical sample wa8 obtained by distillation, b.p. 65=-/0.32 Torrt "d3 1.4326; ra1J4 +15.4' 

(cLl3, UK13)s GLC (column. W-101, 50 m x a25 mm at 12O'r Carrier gas, %,, Ll kg/cm2): Rt inplrity 24.6 min (4-l 0). 

(2~,3~,~)-lla 25.2 min (95.3 8). z-isomer 26.0 min (D.6 %)t wmax 3520 (ml, 2960 (s), 2930 (8). 2880 cm), 1725 (81, 1460 

(s), 1200 (5). 1170 (81, 740 (8) cm-l, 6 (CDC13) 0.65-1.80 (14H, ml. 2.30-2.80 (ZH, ml, 3.35-3.90 (1H. a), 3.68 (3H, 8). 

(Faud: C, 63.541 H, la74 Cdlc for Cp$i&-,: C, 63.79~ H, 10.71 B). W-3 cptical pxity of (2g3s.*)_lla wm determined 
by wu: analyees of the mrrespoding O_KIpA ester. [Solvwt: c-hexane:'RIFt30:1, LO ml/mini Rt 22.1 min (single peak). 

lherefore the optical pvity was detsrminad tobe -100 a e.e. 

b) G!WlU$-Isomer. InthesamelrumeI ks described ab+xe, (3&4S)-1W (OS0 g, 287 mm011 yielded 030 g (56 t) of 

(2E,3g,4$-lid, 
-- 

b.p. 75'/1.5 Toru "a3 1.4340; 10116~ - 15.1' (c-0.470, CHCl3); CLC (Column, OV-101, 50 m x 0.25 mm at 

120'; Carrier gas, N2, Ll kg/cm'): Rt t%4s,,-lW 23.0 mi" (a7 N), implrity 26.4 min (a7 W, (2RJR,4S_)-lla' 27.2 min 

(97.2 W, ~-isomer 28.2 min (I.4 %)I @tical plrity of (~31t4S__)-llac97.2 9 - (determined by Hat analysis of the 

correqading @-IQIFA ester); l%e IR d NMR spectra were identical with thoee of (Zd35,e)-11a. (Fand: C. 6x32; H. 

1a6a C&c for c1OH*: c 63.791 H, Ian u. 
nethyl 2,4-dimethyl-3-tetrahydmpyranylaryheptanrrte llc a) (2_,3&~_FI~. tih@oma" KU16 g, 7.30 -1) and PITS 

(a116 g, a460 mmol) were added to B a&n of (2&3S.4+lla CO.SlO g, 4X mm011 in dq' al2Cl2 (16 ml). ?he mixture wks 
stirred at rcom temp for 16 h l%e mixbxe was diluted with C¶i2C12 and washed with satNaKn3 ag eoln & brine, dried 

(Na2SJ4) ard csmcentrated in M- to give 1.35 g (quantitative) of (2s.%,+_)-llc, "_ 2960 (s), 2890 (Ed, 1745 Cd, -- 
1460 (ml, 1380 (ml, 1260 (ml, 1205 (ml, 1170 (ml, 1130 (m), loe0 cm), 1030 (8). 9% M, 970 (ml cm-l. lhis was amploYea 
for the next step withcut further plrifioatim. 

b) CB.3R,4S)-Isomar. I" the same 
(quantitative) 0: crude (e,3&IS_)-lld. 

miner 8s described aIxxe, @$@)-lla' (0.350 g, 186 mm011 yielti a540 4 
lhis was employed for the next step without further pvificatiar 

2,4-Dimethyl-3-tetrah@o~dropyranylaxy-1-hew1 12a a) (2&3&qR_)-IacmeG A eel" of (~3qrJ-llc (135 % crlde) in dry 
ether (4 ml) was aMed droprise to a stirred anl ice-cooled suspwsicn of uH (a330 Q a60 mmd) in dry ether (8 ml). 
R-e mixture was stirred for 40 min bt TooQ) tamp 'Ihan the exmw IAH wbJ de&rqul by the additia, of water (0.X7 ml), 15 
0 Na0H aq soln (a30 ml) and water (13 ml). Ihe mixture "a.8 filtered and the filter c&e was waahej with ether. lhe 

combinedorganic soln wes concentrated fivbcIxz lhe residue wrm submitted to caluwm chrozmtcgra~y (SiO2,n_hexane:ather) 

to give 1.04 g (99 0) of (i!l&3&4R_)-124 E$? +155' (cL50, CWC13); vmax 3450,(m), 2950 (s), 2880 (8). 1460 (ml, 1380 

(ml, 1135 (s), 1075 (s), 1030 (8). 980 (ml cm-11 6 (CDC13) 0.60-1.10 (9H. ml, 1.10-2.10 (12H. ml, 3.10-4.20 (6H. m), 4.50 

(1H. m). lhis was employed for the next step withcut further prrificatia 

b) (2s,3R&)-Isomer. I" the Mme lMMer as described abxe, G!&3&4s_)-ll& (054 g, cnx3d yielded a45 g (99 0) of 

(2s.3&4+12&- blij3 -13.6~ k=Loo, okzl3). 'Ihe IR d NMR spac&wGre identical with thxe of (2&3s_,4R_)-lb. This 
wa8 employd for the next step withcut further pvificatia 
2.4~timethyl-3-tatr&@ro~a"ylcayheptyl txxylaats 12Ih a) C2+~@-Iaome.r. @E3Cl (L20 G &Z3 ml) was added to a 

sol" of (2&3~,4R)-lla (1.00 g, 4.10 mmol) in dry pyridim (10 ml) with stirring and ice-cooling. The stirring was 
cwltinued overnight at D-5'. ?he mixhxe wm the" w into icrvstar Md &acted with ether. Ra eht.Er soln was 

washed with water, satOZ?34 ag solnti sat- q & dried 04gSl4) ard concantrsted in va- to give 154 g (97 %) -- 
of (2~,3S,4R)-lZb, vmax 2950 (6). 2880 (ml, 1600 (la), 1460 (In), 1360 (a), 1190 (61, 1180 (61, 1125 (ml, 1100 (a), 1080 
(m), 1030 (8). 960 (8). 840 (In), 810 (Ill) cm-l. lhis wm emplm for the next step witJxut further pxificaticn. 

b) GR.3US)-Ieomar. --- I" the s¶me manner m described abr#e, (~,3&%9)-12d (a43 g, 1.76 mwl) yielded a620 g (91 -- 
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2,4-~mea+3_tetrahydropyranylcnyheptyl iodide 1% a) '(zs.~~.~R_)-I~~. A mirturr of au% .(~~~s,(R_)-lZb (L54 g), 
MI (L.M g. 8.00 q mol) and m (1.68 g, 20.0 naval) in dry DNP (15 ml) wea etirral cvarnight at %3-6@. aa mirturr wb8 

paved into water and extracted vith banzane ?ha bbnzene aoln wan WM with water and brine, driad (Na2so4) afxl 
-tratedinvaamtogiveanoilymatexiaL lhiswassut&ttadtocolllmnc~~ -- 
0.472g (33 l ) of (2&39,4!)-13, na3 L4926r [aId 

Eli% n-ti:sthar) to giva 

+47-O' (c-1.58, CHC13)t vmax 2960 (a), 2880 (a), 1460(m), 1380 cm), 
1365 (ml, 1200 cm). 1130 (8). lOE0 (s), 1040 (a), 990 cm), 960 (m), 905 cm), 870 (m), 810 (w), 740 (w) cm-11 d (cDcL~) 
a7O-U5 (9H. m), LE-ZCO (12H. m). 3.20-4aO (yc. ml. 4.3+&70 (lH, ml. lhi.9 Wan &led before use for the next step 
byaze3tropicremovalofwaterwithdrybenzens 

b) (ZR,3I&4~)-Iaomer. In the same manneras described above, (2R,3R,Ig)-lm (0.620 cJ) yielded 0.315 g (51 a) of 
(25,3&46)-13'. na3 1.48068 tolla3 -36.3' (c-1.39, CHC13L The IR and NMR epnctra were identical with thoee of 

(~,3&*_)-l3. 
l-~5'-Tetrahydropyranylcny-2',4',6'-tr~methylnon~~yl~-2-hy~~~yl~li~ 1% a) (B_,~4~5'~61(rIs A 

mln of w wba prepared fran I-pr.$a (2.55 ml, 18.l mmol) ard z-B&i (157 N in I-hargm. 5.8 ml. 9.04 -1) in dry lWP 
(32 ml) under Ar at -10'. l%en a soln Of (g-14 tO.7lO g, 4.52 mwl) in dry ?w (5 ml) warn added Caopiee to the mixture. 

'I%e stirring was antinued for I hat room tamp RWPR (16 ml) wan added to the mixare ti it warn cooled to -1C~3~. m 

this stirred mixhve van added a soln of (23*,*)-U @.l60 g. 0.450 mmol) in dry m (5 ml) at -100-95'. Ihe mixhxe 
wasBti~edatthistempfor5hard~themixhtrewaslefttostandat-800for2&ya ~aterwamaddedtothsmixtura 
at -800. lhemixturewasthenwarmedu*tn-temp lhisewasextract.s3witkether, ltaethereolnwewashsdwith 
water and brine, dried olgs34) and unmntntdl in vaox to giw an oily material. -- lhis was ducml.ltogr‘¶@ed- so+. 
Rluticn with CR92 yielded O_l42 g (82 a) of (2&2?&4?&5gsR_)-l5, anax 34aJ (m), 2960 (8). 2860 (s), 1620 (8). 1460 
(~1, 1430 (a), 1130 cm), 1080 (81, 1030 (8) cm-18 6 (CDC13) 0.60-2.20 OlH, ml, 2.50-2.90 (1H. ml, 3.15-4.60 (9H, ml. 
?his wae emplm for tha next step without further plrificatih 

b) @.2'~,4'~,5~6'~l_Isomer. In the same mMner as deacribad above, (2&+~L4s_)-lr al79 g, 0.5s mmol) and (I& 
14' al99 gs 137 rnmcll) yield-zd 0.029 g (34 a based on the reaxxy) of @.2'&4'~,5l&6'@-15'. llm IR and NMR spectra 

were identical with three of @,2'&4~5'~,6~)-15. llliswaaemployedfcutbenextst.epwit.hat further plrificatim. 
Tetrahw 3,5~meth~ld-(l"methyll)-ZH_pyrM-2~ (Invictolide) 1. a) (3~,5I&6~,1'~)-(-)-I~omer. A mixture of 

@,2‘&4'!&5~6~)-15 (O.l40 g, 0.360 mmol) and N Hcl sq soln (3 ml) wan stirred 8x3 heated urxler reflu for 2 h. After 

omling, the mixhrre wan extracted with -3. Ihe CXl3 noIn wae dried (MgS34) arxl ommntrated in va- ‘Iha r-i&e -- 
w.3s pvified by mlumn chranatcqre@~y @exane:ether) to give 57.3 mg (80 a) of (-)-invictolide. This was mcrymtallised 

from "-hex& to give colorless needles, m.@ 28&28.5*; [.I65 - 1010 (coA50, aiCl3); GIG ozllumn, Ix-101, 50 m x 0.25 mm 

at 190'; Carrier gas, N2, 1.6 kg/cm2): Rt impurity 22.3 and 25.2 min (4.0 a), (-)-invictolide 22.8 min (96.0 Q)i vmax 

(CS2) 2970 (a), 2945 (81, 2880 (ml, 1750 (s), 1382 (ml, 1360 (w), 1232 (w), 1192 (a), 1170 (m), 1150 (w), 1125 (m). 1095 

(m). 1025 (ml. 990 (m) em-% 8 vmax KXl3) 2990 (81, 2960 (~1, 2895 cm), 17X (8). 1460 (ml, 1385 (m), 1360 (IV), 1200 (8). 
1150 (w), 1100 cm), 1025 (w), 9EO (m), 720 (ml cm-l, 6 (C6D6) 0.456 (3H, d, J-6.8 Hz), 0.814 (3H. d, J-6.5 Hz), 0.870 (3H. 

t, J-7.2 Hz), 0.989 (1H. ddd, J-7, 8, 13.5 Hzt, 1.068 (3H, d, J-7 Hz), 1.096-1.300 (3H. m), 1.318-1.443 (3H. m), 1.508 (1H. 

dddq, J-7.5, 7.5, 10, 7 Hz), 2.040 (1H. ddq, J-8, 9, 7 HE), 3.442 (1H. dd, J-0.8, 10 Hz); 6 (CDc13) 0.900 (3H. t, J=6.8 

Hz), 0.912 (3% d, J-7 Hz), 0.972 (3H. d, J-6.8 Hz), 1.221 (3H. d, J-7 Hz), 1.23-1.50 (SH, m), 1.668 (1H. ddd, J-8, 8, 8 
"z), 1.707 (lH, dtq, J-2, 7, 7 Hz), 1.988 (1H. dddq, J-P, El, 10, 6.5 HE), 2.641 (1H. ddq, J-R, 8, 7 AZ), 3.902 (1H. ?d, 

502, 10 Hz). lhase NWR spectral data were in gxd acard with thme sent to u* by Dr. lUmlinson and Prof. Ziegler. &urxl: 

C, 72.40~ H, 10.96. Calc for Cl2H2202: C, 72.688 H, 11.19 9). 

b) (3S,%_,~l'~)-(+)-Iscmer. In the same rannerasdescribedabwe, (2l&2'~,4's,5'&6~s_)-lS' UJ.040 g, tUO4 mmol) 

yielded 13.3 mg (65 8) of (t)-invictnlide, m.p 2fl.s2900; I&z +lOl' C-615, -3); G?z Kblumn, ov-101, 50 m x 

0.25 mm at 150°0s Carrier gas, N2, LO kg/cm2): Rt implrity 3L4 min (3.0 a), (+I-Mctolide 32.3 min (97.0 a); l%e IR 

and WXR spectra were identical with those of (-Mnvictolide. (Pan% C, 72.28; H, 11~5. Calc for Cl2H2&: C, 72681 H, 
11.19 %). 
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