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Abstract - Both the emntiar9ero of dih~ctinidiolids (4,4,7a-trimethyl-2- 
2,4,5,6,7,7a-Mydr&=zo furan) were synthesized in 15 steps from (g)-3-hydroxy- 
2,2-dimethy1qClohexanone. 

The red imported fire ant (Solenopsis invicta Buren) is a widely distributed pest of the 

southern United States. Attempts to control the insect with conventional pesticides have 

not been successful so far. There exists a queen recognition pheromone for S. invicta -- 

which attracts worker-ants and causes them to move inanimated objects treated with gueeen 

extracts into their nests as if they were real queens. The chemicals responsible for the 

behaviors were isolated by Rocca & 6' They were A, B, and C, and each 5-25ug of these 

compounds were isolated from 18,000 fire ant queens. A and (*b-B were synthesized by 

Rocca et al.',' As a part of our project to clarify the stereochemistry-pheromone activi- 

ty relationship, we carriedout the synthesis of the enantiomers of B and C. Herein we 

describe the synthesis of the enantiomers (1 and 1') of dihydroactinidiolide C. 

Dihydroactinidiolide 1 was first isolated by Sakan etal. from leaves of Actinidia -- 
polvgama Mig.3r4 It was later obtained from various plant sources, such as tea5-8 and 

tobacco.gg10 Since the first synthesis of (*)-1 by Sakan et al 3t4 many different - -.I 
syntheses of (*l-l were recorded.'0-22 

As early as in 1969, Ribi and Eugster achieved a synthesis of (3aR,7aS)-(+)-tetra- 

hydroactinidiolide 2 from (El-(+)-a-cyclogeranic acid, establishing the stereochemistry of 

(+)-2.23 Subsequently in 1972, the absolute configuration of (-)-dihydroactinidiolide 1' 

was assigned by Isoe et al. as E by synthesizing it from natural xeaxanthin.24 This was _- 

followed by a synthesis of optically pure @l-(-)-l from (4R,6R)-4-hydroxy-2,2,6-tri- 

methylcyclohexanone by Kienzle et a1.25 -- Conversion of (-l-azafrin Me ester, a carotenoid, 

to both the enantiomers of 1 was also reported.26 (The amount of the enantiomers of 1 

secured by this conversion was so small that only their CD data were reported with no [aID 

values.26) Very recently Fujisawa and his co-workers achieved a synthesis of (-l-l', 
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starting from cyclohexane-1,2-dione and employing (S)-prolinol Me ether as a chiral puxi- 

liary.27 

We chose (S)-3-hydroxy-2,2_dimethylcyclohexanone 4 as our starting material for the 

synthesis of both (R)-1' and (2)-l. The ketol 4 was readily obtainable by the yeast 

reduction of a prochiral diketone 3, and previously had been ccmverted to an alcohol 5 in 

six steps in 49 % overall yield.28 The remaining two-carbon side chain was attached to 

the molecule by employing the Claisen-type rearrangement. Our first attempt was to ther- 

molyze the vinyl ether 11, which was prepared in 72 % yield from 5 and EtOCH=CH2 in the 

presence of Hg(OAc)2.2gP30 The Claisen rearrangement of 11 at 180-190°,30~31 however, 
gave only 22 % yield of the desired 12 together with an unwanted by-product 13. (18 % 

yield). We then turned our attention to the orthoester Claisen rearrangement.32 Thus a 

soln of 5 in freshly distilled MeC(OEt), containing a trace amount of EtC02H was heated at 

140' under conditions for distillative removal of EtOFi to furnish 6a in 96 % yield. The 

stereocontrolling effect of the preexisting chiral center of 5 was so small that the 

rearrangement proceeded non-stereoselectively, and the product 6a was a mixture of dia- 

stereomers due to the stereoisomerism at the newly generated chiral center at C-l of 6a. 

6~ R= THP, R’rEt 

p R = COPh, R’ = Et 

E R=THP, #=H 

?$ R=THP 

p R-H 

A 

6 X81 2 R-H 

2 X=H 1J R = SePh 

7,’ R = THP 

b’ RtH 
Q’ X=I 

S_’ XnH 

2’ R = H 

l,o’ R = kPh 
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TF ratio of the two diastereomers was determined as 64:36 by the HPLC analysis of 6b. At 

this stage no stereochemical assignment was made for the two diastereomers, although the 

assignment was later possible. The lack of stereoselectivity in the course of the ortho- 

ester Claisen rearrangement was welcome, because the synthesis of both 1 and 1' became 

possible starting from the single chiral source 4. 

The diastereomeric mixture of 6a was then hydrolyzed with KOH, and the resulting 

diastereomeric mixture of the corresponding unsaturated acids 6c was submitted to icdo- 

lactonization reaction with 12-KI and NaHC03 in a two-phase mixture of refluxing ether and 

water to give a mixture of 7a and 7a'. Removal of the THP protective group of 7a and 7a' 

with p-TsOH in MeOIi yielded a mixture of 7b and 7b'. Fortunately these two were complete- 

ly separable by SiO2 chromatography. The more polarlactone 7b, m.p. 136-136.5'; [arli2 

+35.5' (CHC13], was obtained in 49 % yield from 6a, and the less polar lactone 7b', m.p. 

134.5-135.00; rag2 -11.1' (C!HC13), was obtained in 30 % yield from 6a. 

The assignment of the structures 7b and 7b' for the lactone isomers was based on the 

careful examination of their 400 MHz 'H NWR spectra as shown in Table 1. The signals due 

to the CEOH proton (He) of the more polar lactone 7b appeared as ddd (5=4,5, 4.7 and 10.5 

Hz]. The CEOH proton (He) must be an ax H considering its J-value as large as 10.5 Hz, 

and therefore the more polar 7b has its OH group in eg orientation. As to the less polar 

lactone 7b', its He signal again appeared as ddd but with a smaller J-value of 3.5 Hz. 

Therefore He must be in eq orientation with an ax OH group attached to C-5 of 7b’. The 

configuration at C-3a of 7b was deduced as follows. A small coupling (&h'2 Hz] between 

EC and Bh of 7b revealed a coplaner zig-zag configurational relationship between EC and 

Eb.33 This so-called "W-configuration" between EC and W indicated the ax nature of the 

-CH2cO- group at C-3. The C-O bond at C-7a must be eq to make the lactone formation 

possible. Therefore the structure 7b was assigned to the more polar lactone. This 

assignment was later verified by converting 7b to (3aR,7ag]-(+]-tetrahydroactinidiolide 

223 and (S)-(+)-dlhydroactfnidiolide 1. In the case of the less polar lactone 7b', a 

long-range coupling due to the "W-configuration" between EC and Iii was clearly observable 

in the signals due to Iii (Jic= 1.2 Hz), although it was impossible to observe the same 

small splitting in the signals due to EC. The structure 7b' assigned to the less polar 

lactone was also confirmed by its conversion to (-)-2' and t-]-l'. The ratio of the 

isolated yield of 7btothatof 7b' was 1.6-1.8:l. 

The remaining task was the conversion of 7b and 7b'to 1 and l', respectively. Our 

first attempt was to prepare 14 from 7b. Hydrcgenolytic removal of I from 14 was expec- 

ted to give 2. However, 14 could not be prepared from 7b presumably due to the steric 

hindrance at C-5 caused by the two Me groups at C-4. Cur next attempt was to dehydrate 7b 

to give 8. In a similar system, CF3S02C1 (TfCl) and 4-(&N-dimethylamino)pyridine (DMAP) 

in CH2C12 was known to cause dehydration.34 The reaction was best carried out by treating 

a soln of 7b and DMAP (5 equiv] in dry CH2C12 with TfCl (2-3 equiv) under ice-cooling to 

give a mixture of products. This was separated by MO2 chromatography. The major product 

obtained in 78 % yield was the desired olefinic lactone 8. Two by-products were obtained 

in small amounts (6.0 % of 15 and 6.4 % of 16), of which structures were deduced from 

their IR and NMR spectra coupled with elemental analyses. Hydrogenation of 8 with either 

Raney Ni W-7 or W-C as a catalyst did not give useful results. We therefore decided to 

carry out the stepwise reduction of 8 to 2 via 9. - Treatment of 8 with (IJ-Bu]~S~H in C6H6 

removed I to furnish 9 almost quantitatively. Hydrogenation of 9 to 2 was accomplished in 

80 % yield under high pressure using Adams's Pt02 in A&Ii. The resulting cis-tetrahydro- - 

actinidiolide 2, m.p. 74-75', was dextrorotatory: [e]g4 +63.5' (CHC13) [lit.23 [u]~~ 

+62.5' (CHC13)]. Its (3alZ,7aS]-stereochemistry as depicted in 2 was thus confirmed on the 

basis of the work of Ribi and Eugster.23 Conversion of 2 to the target molecule 1 was 

executed by employing organoselenium chemistry as had been reported by Hoye and Kurth for 
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Table 1. 400 MHz 'El Nk)R spectral data of the la&one isomers 7b 

and 7b' (Solvent: CDC13) 

Assignment 

CR3A 

CR3S 
Ha 

Eb 

EC 

Ed 

He 

Hf 

Rg 

w 

Hi 

Rj 

Ek 

7b 

Chemical shifts (6) and 

coupling constants (Hz) 

1.06 (3H, 6) 

1.04 (3H, 6) 

2.62 (d, &c=7.5) 

2.61 (d, gbc=12) 

2.69 (ddd, 2~2, 7.5, 12) 

1.43 (d, he=4.7) 

3.68 (ddd, 514.5, 4.7, 10.5) 

1.56 (dddd, J=4, 10.5, 12, 14) 

1.80 (dddd, s=4.5, 4.5, 4.5, 14) 

2.24 (dddd, J-2.4, 4.5, 15) 

1.93 (ddd, &=4.5, 12, 15) 

3.58 (d, 5=11.5) 

3.64 (d, Jmll.5) 

7b' 

Chemical shifts (6) and 

coupling constants (Hz) 

1.02 (3H, 6) 

1.11 (3H, 8) 

3.32 (dd, J=ll, 16.5) 

2.56 (dd, Ja6.5, 16.5) 

2.49 (dd, 5z8.5, 11) 

1.59 (d, Qe=3.5) 

3.58 (ddd, J=3.5, 3.5, 3.5) 

1.78 (ddd, 5=3.5, 4, 71 

1.79 (ddd, 5=3.5, 4, 10.5) 

2.28 (ddd, 5-7, 10.5, 14.5) 

2.00 (dddd, 5-1.2, 4, 4, 14.5) 

3.55 (d, 5=11.5) 

3.68 (d, Jrll.5) 

the synthesis of (*)-1 from (*)-2,21 except that we used PhSeBr instead of Ph2Se2 for the 

selenylation reaction. Treatment of 2 with LiN(&-Pr), (LDA) and PhSeBr in TRF-HMPA gave 

10, which was oxidized with H202 to give in 46 % yield @)-(+)-dihydroactinidiolide 1, 

m.p. 67-68O; [ala3 +120.9' (CHC13). Its IR and NHR data were in complete accord with the 

published data of dihydroactinidiolide.3-10 The overall yield of (+)-1 was 5.7 $ in 15 

steps from 4. 

(R)-(-)-Dihydroactinidiolide 1' was similarly synthesized from 7b'. In this case, 

dehydration of 7b' with TfCl-Dl4AP in CH2C12 was very smooth owing to the ax nature of the 

OH group of 7b'. The desired 8' was the only isolable product obtained in 94 % yield. 

Reduction of 8' to 9' was follwed by hydrogenation to give (3ag,7aR_)-(-)-tetrahydroactini- 

diolide 2', m.p. 80-81'; [ali -66.1' (CHC13), in 79 % yield from 8'. Finally introduc- 

tion of a double bond to 2' y& 10' afforded in 64 % yield @)-(-)-dihydroactinidiolide 

l', m.p. 70-71'; [a]z4 -121.0' (CHC13) [lit.24 [al;' -86.3a (CHC13); Lit.25 m.p. 69-71°; 

[aldo -119.9' (CHC13); lit.27 [aID -85.8' (CHC13)]. The overall yield of t-)-l was 5.8 8 

from 4 in 15 steps. 

The optical purities of our 1 and 1' were checked by the method of Pirkle et al 35 --a 

The NMR nonequivalence induced by a chiral solvating reagent @I-(-)-2,2,2-trifluoro-l-(9- 

anthryl)ethanol 17 upon its addition to 1 or 1' was carefully examined. The NMR none&- 

valence of the olefinic proton of C-3 of (S)-1 andthatof (a)-1' was sufficiently large 

(A6=0.04 p.p.m.) as to enable us to estimate the optical purities of our 1 and 1' to be 



both ~a. 100 % e.e. 

In conclusion, we synthesized the optically pure enantiomers 

in amounts sufficient for biological study. Comparison of both 

of dihydroactinidiolide 

the m.p.'s and the [aID ^^ 
values of our 1 [m.p. 67-68'; [ali +120.9O (CHC13)l and 1' [m.p. 70-71"; [a]$' -121.0' 

(CIiCl3)l with those reported for the naturally occurring ones [m.p. 40-41'; [a];’ +7.1° 

(from Actinidia nolvgama)3p4 or m.p. 43.5-44"; [a]:' -36.5' (EtOH) (from Manila cigar 

leaveslg suggests that the samples of dihydroactinidiolide isolated from plant sources 

must be a mixture of the two enantiomers. It is obscure whether this was caused by 

racemization in the course of its isolation and purification or this reflected racemiza- 

tion in the COLUEXZ of its formation from carotenoid precursors in plants. The pheromone 

activity of 1 and 1' on the red imported fire ant will be reported in due course. 

(4S)-3,3-Dimethyl-4-tetrahyaeopyranylcpl 12. A mqmaim of t~~3,3&met.hyl-4-- 

hFkqynVlay-l-~l-l~c4wena 5 (Qzo g, 483 mud, preparsd fmca t~k2,2dimet.byl-3i@xwcyd~ 
of9Sd%e.a~)aldHg(ORe)2aO449. 414iTurlol) in -2 (10 ml) was fstinmd d heated ID&X mflm for 2 days 

lrrderAK. Aftermding,.e.Nluqwlnwasamdtothemirture. adthe!nixhxaraseptractedwitbether(2Omlx2). 
aeuler laya"aswuhedvithbrine,dried@lgSs4)and -twin- _- ltBereeidlaavas~wgn$hEd - Sick2 

(10 gA Eluticn with _e (lOA) gave Oxa g of 11 (723 a). Tbi.a wan distilled to give 0513 g of plre 11. 

aP l2O-l3OO'/O.25 l+xr; I# L4S22) 1.1~ -3.07'k~O.99, CXlCl3); - 1640 (8). 1615 (81, 1200 W, 1060 (6). 1035 (8) 
cm-l I 6 (CDC13) 0.99, 1.02, 1.11 (total 6H. each E), 1.25-2.31 (lOA, ml, 3.26-380 (3S, m), 4.00 (1H. dd, J-2 Hz, 7 Hz), 

4.06 (ZH, s), 4.24 (1H. dd, J-2 Hz, 14 IV&), 4.72 (1H. m). 5.43 (1Ii. br d, 6.52 (lH, dd, J-7 Hz, 14 HZ). Wound: C, 72.018 

H, 9.85. Calc for C16Ha603: C, 72.148 H, 9.84 t). 

~lRS,3S~-2,2-Dimeth~ldaethyl~3~1~1~~ 12 ad 0S,3PS)-2,2,3-trimethyl-4-wthyl- 

ana-l-+zdnad~~~“ 13. 11 U&O96 g, D.36 mmol) wan heat& for 2hat lSO-190° uder Are 'Ihis wan 

dmzwAtqm#ld CHer SiO2 (2 g). slutial With _@mmnW&W (10tl) gaV0 13 Kwl5 g# 18 l I, vdpar 3x0 w, 1645 (Id. 1025 
W cm-l, 6 (CDCl3) 0.6-1.2 (9H. m), 1.2-2.5 (11H. m), 3.24.1 (3H, m), 4.54.9 (3H. 018 MS E/E 238 (M+). 137 W+-101). 
Slutiol with _@EaM-dw (8:l) 12 Ku311 22 gllvm g. *I, alax 3100 (WI, 2725 (w), 1730 w, 1650 w, 1025 (d, 900 (la) 
cm-l, 4 0.81, OS?, 0.98, 1.08 (total 6H. each (CIX13) a), 1.30-2.70 (138, m), 3.11-4.10 (3H, ml, 4.474.W (3H. m), 9.74 

UH, t. J-3 Rz)t MS m/z 266 CM+,, 164 CM+-102,. 123. @I+-145,. _- 

s ~~~.38~-2,2dipsuIy16~3~~llaastate 68. A eoln acntaining 5 (9.45 9. 39.3 
-1) and StIXMi (US7 g, 2.50 mm011 in freehlydistillled MaCOXt), (5Ul a. 314 -1) wan stkred at MO0 far 6h IX&K 

the anlitions-for di&lativa 
.a _. 

remwalofEKumwnthBm~wascpnantraepdtommwe Woet), Afterccoling# 
the red&a wan dilti with ether, ?hs etbmr aoln "88 washad with sat NnJq a&I d brine+ dried (m4) d - 

antratedinMcuD _- Ihermai&ewasdIxlxMtcqra~ovarSi~ (xx,g). Slutialrith _-St& uOz1) gave 6a at7 g, 
37.7 mm& % w aa a nixhrra of (lwSk6a and olpp6& I$ L47748 ra1g +25Yewl, axzl3); umax 3100 (Id, 1740 

(B), 1650 Cm), 1030 (d, 890 M ~rn~ls-6 (CM131 0.73-1.08 (6R. ml, 1.23 (31f. t, J-7 Rd. 1.36-2.78 (13H. cd, 3.18-4.20 

(38, ml, 4.10 (2H. 9, J-7 liz), 4.484.86 (3R. la). kund: C, 69.31; H, 9.72. Calc for ClSE3004: C, 69.648 A, 9.74 %I. The 
ratio of (~3p6a ad u&3SMa ws deadned 

tivea6b#wI1:Vxd~l@skld!s.25 

tobe61:%~thatheqwJ.lyaisofcprrsspcnding 3-~~deriM- 

anX&6mm~&lv9nt# _@mxamawn@ul ECUA10011),FTes. l5kgkm21 Deter 
tad at 2% nm) Rt 446 rain [(l&~I_64 64 81. 47.6 mill [oJpp6b# 36 r1. 

oaa5Ss7dlS)-4Aamdwl-7a-~l-2-tw-~~ * - la + 7d. QsY~solnU20 
ml) a dkl to * Dalnot 60 (1&6g. 37.7mml) inemr UOmu. me wasatirrdat-tupfa2OsirrTb 
tlmrdlwingnirtrm - graaly dldad a mk! of 1cI (378 g) ard 12 (19.2 9) in gtar (150 ml). ti dxturBuMstirnd 
~urbrdlm.~ooo~~~~~vithm~~eat#aR333~~brins.dridl~llg8o4~ 

anl mnartraM in - to giu d h + k' (l&S g, 355 uol). W 17% (a), 1460 (6). 1160 (a), 1030 (8) cd, 6 _- 
(CDC13) O.S3-l.20 Wi, a), 1.30-245 (llH, m), 2.60 (2E. 81, 3.21-4.11 (58, m), 4.66 US, a). This waa employed for the 
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mxtI3bprithmtfue.her prifimtim. 

Cm), 1140 (s), 1020 Ua), 1000 (a), 960 W, %O (0) cm-l. For 100 Mi?z 111 NNR spwtrum of 2, ame Table 1. (Pound: C, 
40.79, 11, 4.99. blc for CllSl7O3I: C, 40.751 E, 5.28 a). n1ution with @laaIle-St* U:l) gave CrystalliJIe 
(3aR&S,7eS)-lb (6.00 g, lS.5 meal. 49 b from 6m). This warn recryatallimd from ether to give 7b (4.22 g), m..p 
136D-l3&5*# [a@ .35#(c6095, arzlj), MB crer) 34YJ (m. w, 1780 (vs# eh), 1165 (01, lo55 (81, Kno M. 965 (m) 

cm-I.~~~~lS~~oim.a~l~L(Farrd:C.40ABI~t Qlcfo+Cll~~I'c.44751H.~~~. 

(38&7.¶S- 4-M ) 4. Wt.hy ickQWhyl-~2,3,~4,7,7a~ l-7a- wan 8, (3alL4RS. 7aS)-7a-icdomethyl-5-methyl-4- 
BOt.hyleW furanl6ti( kZ5&7aS)_5-cZllorrr4,4-dtmth~l-7a-iadcmeth - 1% 
~~cy)p.~7~~waa~drqrimtothsstirrdsolncd~~Og.l23mmol~~Dlup~75og.6L5rmool~in 

dwai2Cl2 (80 ml) at+-150 llrdar Ar. Ihe m - StFfisd Ior miz1at.5~ and forlh at- temp Watar vaa addad 
tothsnFthPoAitn~fCPX)min.the~r~waahrdvithratuard~dried(~4)an8oorsntratadin 

MQP TW real&a 181 chnx~tzgra~ - Sir+ (150 gA mS fir& fncticm dutd with _-m (4011) pars 16 

tcuul ga 64 rl. I+5 L557S; falF +1&ovYaS2# arl$r - 3100 (8.8). 3o5o (WI, 1780 (s), 1645 (a) cm-l, 6 exl31 
1.25 (3R, d, J-7 Ez), 1.00-3.30 (86, III), 3.35 WI, d, J-12 Hz.), 3.55 UH, d, J=l2 Hz), 5.00 (2H. bra). (Found: C, 43.42; 

H# 4S7. Calc far CllH 1:G 4-t iI+ WrX ay,EacxxKl frwtim elutad with 
78 aI, r@ L5542# 

eEtce (4o:l) gawB 8 (2.94 9, 
[(II P +12&S"kFL56# cwl3); VmBx 3050 Cm), 1780 (9). 16Ea (w) cm=lr 6 (azlj) Los trm l I, Llo (3& 

.9), 2.58 (5A, P), 3.38 (lH, d, J-12 fit), 3.68 UH, d, J-12 AZ), 5.65 US, br,s). Wound: C, 43.02; H;4.94. Calc for 
c11I@21: c. 43bl5, Fl+ 4.94 rX 'Ihe third fraction elIIt.& with _@e.xa-Stcmc (4O:l) gars crystalline 15 (4253 9, 6.0 
8). m.~ 127&127.5.r Iala 4 -19.2°(cL57, aiCl3h vmax a&) 3olO (ml. xxu (a), 2960 (a), 29x) (6). 1780 (vu), 11% (a). 
1000 (a), 965 (8) cm-18 6 MJO UHz, CDC13) l.l6 (38, a), 1.18 (3H. a), 1.93-3.41 (7H. m), 3.49 (1H. d, J-12 Hz), 3.64 (1H. 

4 J-12 w, 3.99 (a az J-4 m 4 %z). (wurrd: c. 3asoi H. 4.74 talc fw cllq602cx~ c, 38568 H. 4n a). 

(~7sS)-ZQlrreC7~~1_23,~~7,7a~ 9. (~-Su)+H (560 g, 19.2 mmol) was adddl drc~~iea to 
aatiualard ~oa~~S~za,g,9A7omol~indry~~75ml~~~ llm mixtuu Yam eti.rm3e at 
exxntsmparr3thslchmratorpbFw wer Si02 u3o gJ). Eluticn with _-Eeaz (1O:l) gave 9 (L7o g# 996 8). An 
analytical ample of 9 was obtained by distillation, bp KG-110' (bath templ/0.2 ToKIt n~3'5 1.48151 [al 

P 
3*5 

+~~M*(c=w, owz.13)t *mea 3060 (ml, 1780 (s), 1660 (w), 1~5 (m), 123O (m). ll@l (m). 1095 (m), 95~1 (la). 725 (ml m- t * 
au3) Lo2 (* B), uo (M. a), t55 (3H. s), zoOaS5 e+i+ m). 5.60 tat a). Gw (column. O+l. 1 m x 2 m at 14C& 

carrier go, N2, w b3/am2) R1 2.33 m.in wxl r)r (FamdE c. 73.06; A, 892 Calc for C11H1602: c. 73.3oI rt a95 8). 

aa7aSw-ae~~'metbyl~um?lz Pb+alOg)"asakwltoamlnof9(tOOg# 555mwuin wx 
(60 lull sad the mixlzam was WFrred uxkr Ii2 (30 atm) for 23 h Llubeequsnt.ly the Qtdyst "an filtexed off al-d tlm 
filtrate Inn ~taiinveap nmreaiAn~dilut.EdWithEmAo nml3tacmlnw~llmnhedwitlleatlsaHgaoln. _- 
-aatxim0drid(~4)andcuxmtIa~~- mereniduouasdvomatcgM~~si~~logA Elutial*ith 
n-hemane-EtCUc (1O:l) gave crystalline (3~,7a~)-~910 g, SO U. mis va8 recrystallized from n-humans to give 

&d&7+)-2 (4669 g), a~ 74-75O1 MS4 +G.5°+3.95, CWlg), vmax @Er) 1170 (al, 1265 (s), 1100 (8). 945 (8) cm-l, 6 
(400 )tHe, cDc13) 0.91 (3H. s), LO5 (3H. a), 1.53 (3A. 81, 1.28-1.65 (5H, m), 1.86 (1H. br d, J-12.5 Iiz), 2.07 (1H. dd, 

518.7 HZ, 12.5 Hz), 2.43 US. dd, J-S.7 Hz, 15.4 Hz), 2.51 (18, dd, J-125 Sz, 15.4 Hz). GLC (column, OV-101, 50 q x 0.25 

Om at 200'; carrier paa, li2, 13 kg/c?n2) Rt 22.l3 pin (98 WI tFamdz C, 724O1 H, 9.77c Calc for C~~H@J: C, 7249; El, 
9.95 8). 

(~7ffi)-tQPr~r-4,~7~~~y~~~ 10. A aoln of LM "aa crepared by the additial of n- 

Suuin+exam (L52R. 2.2 ml) toamtirred and aollod aoln of (~-R@WJ.45 g, 4.4 nmol) in dry Tw (8 ml) at-70+X? 
under Ar. after the addition, the mixture "aa stirred for 10 min at -100. It w*a then cooled to -70'. A Boln of 

(-7a8_)-2 Q4Og. 22ommol) FndryIw (8 ml) wan dlded alowly to the 8tirredsolnalringlh Aftertbeadditicn.~ 

aixturewas&irr& f0r 30 ti at-m\ HNPA (Q7ml) waawldedtothe mixtuu S&aqlmuyasolnof~indKy~ 

(35 n. L6 ml) prsparea!qthe abditimof Sr2 aa mL Be mmol) toa etirral eolnof m (275 g, W mual) in dry 

lxF(5~)atGantempwMaMedra@lytothemixtura Aftart.headdfticn,ttmrmctimtampwaagra&allyni8edti 

ruxntemp TbmN-IEleDln(5ml)wasaddaltotJm laFxture and tkm mixture wan diluted with ether. Ihs ether mln was 

VashedWithvatersldbrine.dried(1(4934)~~~inMaP _- ?hersaiduewasduumatapalhsd - Siq (20 g). 

Slut&n with _m (20~1) 9mm (+7s6_)_10 (am g), umax 3080 (ml, 1765 W, 1580 (m), 1480 (I), 1140 (ml. 1380 
cm), 1100 (e), 960 (m.), 785 (81, 740 (a), 690 (01 cm-18 6 K!DC!l,) 1.00 (3H, a), 1.19 (3W. 81, 1.32 (3H. 8). 0.~2.40 (6H. 

la), 1.92 (lH, d, J-10 Ha), 3.62 (1A. d, J=lO Hz), 7.10-7.52 (3H. ml, 7.52-7.80 (2H. ml. Thin was employed for the next 

step ritkut further plrlficatiab 

W-_(+)-2-k~4.4,7a-tzimat.hyl-2,C5,6,6,7~urm~ 1(+)-l L 35 8 Ii202 f&n ('AS ml, Xl5 
mnnl)WM&5RltoastkrdMXl iokcmlad soln of (3&&7a$-10 a62 gJ) ard m (1 drup) in pe (10 ml). Ibe mixture 

ti etirred far 1 h at 5'. AmallMlamofPtb~waaaddedtothmixture tidnxapwemxcaaaH&. mm- 
wasa&kdt.oths mixhzeandthemixhnwwap stA.nulfor 3Ominatrooln tamp l?m miaturo wan diluted with ether. lb0 

*mlnuaawadwdwimmatmtw3aln# wataran3IxiM#dried0@904)mld crnosltratedin-me- 
duuankgnl@Nl wwz sq Gu glA glutioh with +nxw-EtcAf (ZXl) gava @-W-l @.l2O g, 48 9 fmm 2). w 6-O) 

Cala +120.9'(ol.W, CHC13)1 vmax (KBr) 3040 cm), 3020 (ml, 2980 (a), 2960 (a), 2880 (81, 1750 (VI, br), 1635 (8). 1465 



frr), 1390 &I), 1375 b),1370 (s), 1330 (m) 13M) (v), 1265 be), 1230 (8). 1195 (str 1185 (r), 1155 (sf, 112s (a), 1070 

fv). 1035 (8). 1015 (v), 9% (s), 985 (at, 960 (vsl, 950 @)I 915 (*It 885 (v), 860 (vu). 790 (v). 730 (crf, 685 (vf. 660 

(vf cm-lt 6 (400 Miz, CDC13) l.22 (3s. a). 1.28 (3H, .)I 1.28 (18, ddd, .J-5'Hs, 12.5 Rt. 12.5 Br), 1.46 (IE, ddd, J-5 Bsr 

12.5 82, 12.5 Rz), 1.55 (38. a), 1.62-1.81 (38, la), 2.24 (18, ddd. J-2.5 Ns, J 82. 12.5 Be), 5.65 1L8, l ); GLC ~colus!~ 
Pir+20& SO m x azs Dm at 2OO*t carrier gaq N2.lk.g/ca2). Rtl2.2S Ikin ig8.4 et (Rwdt G 7w a, Ml. Calc for 
C1181602: C, 73.301 8,8.95 8). 

~3a8.7~~-4,4-Oirethyl-7a-iodorathyl-2-oro-2.3~~7.7a~ &8,7&O_- 8% m the MUMI iwrmer asdew 

CriMlforthE~l ct (38b?a8+8. 3.SS 9 of w Yield& 3.54 9 fS4 \) of t3&.7aRHF. nit3 l.553k Mi3 -130.74 
(c-l.58. CHCl3fr fPound: C 43.09; H; 4.34. C& for Cllii15021: - 

-..-I 
C, 43.15) H, 4.94 \). Its IR and NKR spectra "exe 

identical with thorn of t3a!&7a$)-(+W 

f3aS,7aR)-2-Oxo-4,4,7a-trimethyl-2,3,3a,4,7,7a~ t3as. SR 7 H-)-9'. mtheeaammannv andascr~fat 
preparation of (3a~7a$-9. 3.3Og of (3e+7aR_f-8' yield4 l.69 g (87 a) of (3aS,?aR_b(-)-9'. An analytical sample of 

f3aff7aRf+F "a@ obtainad by distillatics& 4p. 105lcw OIsth teepMl.2 lwrz 44 L48l2l wa4 -1Bw"@e.O2# QCl3fr 
GLC bluw, w-l, 1 m x 2 mm atl32'~ oxriargas, t$, L2 ks/cma) Rt 4D3 min (100 l . (PwI& C 7U2r it 8Xh Qlc 

for CllH165$ c 73.3Q lir 895 w. Ita IR & R?IR qwtra yera iaentioal with thDsa of (3&&7q-(+)-9. 

~3a8,7aRb2+m-4,4,7a-bix&h~lwtahy.. * ‘=uran &8,7aR)-(-j-2+. m the same = aa dsscr&& fcxth3plwpaxaticn 

of (~7sS_H+)-2, l.20 g of (3a&7ai$-(-F9 ~i.eldM l.lO g (91 *) of (3~&7aR_)-(-)-2'. 'Ihis vas recqmt&liaed fnmn r 

beraIn? to giw, (3+7al$-w-21 ww g), Ir+ 8wa1°1 Ial64 -6Gl"b0.s7, acl3h c?E blumn. w-ml, 50 m x a25 mm at 

MOoi carrier gas, N2, 13 krl/ca2) St 2Zl5 min (SS.6 8). (Rrmd: c 72.74, H, S.sa c&z for c11Ii1802: G 72431 tt S.S5 
I). Its IR azxi NMR spectxa vexv identical vith MDse of (3a&7a!$-(+H. 

(R)-(-)-2iho6e7a_trimattryl-2.d5,4q7a~ fixran I(-)- Vliael 1'. mthesasa mannetasdee 
cribed for the preparatian of @)-1+)-l, 0.55 g of 13a8_,7+)-1Q yielded 0.23 g 164 q from (3e&7+)-Tl of (I$-c-)-L'. 

lhis vas reaystallized fmm _mtane tp give 0$-(-)-t tO.lS 91, w 76m*1 t=fa4 -121.0°~c+.05~ -3)i GLC feolu11~4 

P%z-2OK. 50 II! Y a25 mm at zal'l carrier ga=, u2 , 1 k9/a2k Rt13;12 mm ML3 s). t&w& C, 73.331 R, 893 Calc for 
CllRl6c+ c 73.301 rt 8% u. Its IR ard NNR qwtra vere weal with thcul of (s)-(+)-l. 

Determhtim of the aw3 CQtical &urities Of c&(+)-l cad @H-w - 

EkaasDe of CNral Solvatbg rebgslt 1735# 6 110 xng of @-M-l a& 46 uq of 17 in 

-13 (0.3 ml)f 5.31 ts. vfnylic 8); 110 ag of ($-+)-l' end 46 "\g of 17 in COCi3 (0.3 miff 5.36 (a, vinylic 81. Tixe 
stical pnities of Q)-f+)-l and a$-f-)-F vece thfxvfixe b&h 100 , e+?A 
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