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~---Sol&the natural and-tural-tiomers of plycplial, an insect anti- 
feedant sesquiteqene of the drimne family, - qmtheaized starthg from (93- 

hy&oxy-2,2-dimthy1cyc1c asasingledliralsourQ 

Polygodial 1 is a hot-tasting sesquiterpene first isolated from Polvqonum hvdropiper, 

water-pepper in English or yanagi-tade in Japanese.'r* It has also been isolated from 

Warburqia stuhlmannii and shown to possess antifeedant activity against African crop pest 

insects such as the army worms Swdoptera littoralis and 2. exempta. Recent work re- 

vealed that nudibranch molluscs contain polygodial 1 as a chemical defense ~ubstance.~~~ 

Revival of interest in the synthesis of drimanic sesquiterpenes is due largely to Kubo and 

Wakanishi's discovery of the antifeedant activity shown by polygodial and warburganaL3 

Racemic polygodial (+)-1 has been synthesized several times to date.6"8 However, no 

synthesis of the enantiomers of 1 has been reported. The only existing synthesis of an 

enantiomer of a drimanic antifeedant is that of (-)-warburganal from (-)-abietic acid.' 

Some timely information kindly given to one of us (K. M.) by Dr. J. A. Pickett of 

Rothamsted Kxperimental Station prompted us to undertake a project to synthesize both the 

natural and unnatural enantiomers of polygodial (1 and 1’). According to Pickett, the 

natural enantiomer 1 is an active insect antifeedant with no phytotoxicity. The synthetic 

racemate (*)-1, on the other hand, shows phytotoxicity together with the expected antifee- 

dant activity. This implies that the phytotoxicity might be due to the unnatural enantio- 

mer 1’ of polygodiall" and it was to prove this hypothesis that both the enantiomers of 

polygodial were synthesized. A second driving force for our chiral synthesis of 1 and 1' 

was Kub’s report that the specific absolute stereochemistry of an antifeedant appears to 

govern the hotness of its taste." Synthesis of the unnatural isomer 1’ would prove or 

disprove his proposal. 

Our synthetic plan is shown in Fig. 1. The strategy is to employ the OH group of A 

as the handle to facilitate the chiral synthesis. Microbial reduction of 2 employing 

Kloeckera maqna ATCC 20109'* is known to give (S)-3a. We have recently found that the 

+-is of !&Xv-inxl swquitarpsnoida - 7. Part6,KNcdmlRNcul, Twbde%mIn~lhisrcnkwas 

~byhKssapart~higlecbwatUlellth~-anI~Jachran*a.~(~l985). 

meelcperiwntalpartofthiswoekrastakenfromtheforthmm inJdDctoral,.¶iseartaticnOfKW. 
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above conversion can bs achieved simply by using baker's yeast.13 Thus, 3a serves as a 

readily available chiral starting material. The (g)-ketol 3a gives A through a multi-step 
sequence. A Diels-Alder reaction between A and B is expected to give either C or a 

mixture of C and D. Cnly C will be produced, if the influence of the OH group of A on the 
steric course of the Diels-Alder reaction is great enough to give a single product with an 

eq OH group. Then C affords (-)-polygodial 1 after several steps including deoxygenation 

at C-3. In the same manner, for the synthesis of (t)-polygodial l', @I-3a can be the 

starting material. However, the key Diels-Alder reaqtion was surprisingly non-diastereo- 

selective, furnishing a mixture of C and D. This seemingly disappointing non-selectivity 

turned out to bs beneficial to us as detailed below. 

Fig. 1. Synthetic plan. 

The first stage of our work was the construction of the drimane skeleton as shown in 

Fig. 2. The Diels-Alder approach to drimanic sesquiterpenes was first adopted by 

Brieger,'l and widely employed by later workers such as Nakanishi,15 Lallemand,' Ley,8 and 

Snowden." The preparation of a diene 7a and 7b required for the Diels-Alder reaction 

started from (S)-3-hydroxy-2,2-dimethylcyclohexanone 3a, whose optical purity was deter- 

mined to be 97 % e.e. by the HPLC analysis of the corresponding (El-MTPA ester 3b. After 

protecting the OH group of 3a as a silyl ether, the resulting 3c was methylated with Me1 

and LiNQ-Pr12 to give 4 in 72 % yield from 3a. The ketone 4 was converted to the desired 

diene 7a by the method of Ley.' Thus, 4 was treated with HECNa in liq NH3 to give 5, 

whose dehydration by heating with CuSO4 in xylene yielded 6. Semi-hydrogenation of 6 over 

Pd-CaC03 in the presence of quinoline gave 7a, [al;’ -31.4' (n-pentane), in 50.5 % 

overall yield from 4. 

The Diels-Alder reaction of 7a with Me02C*CX*C02Me B was effected by heating the 

neat mixture at 110' for 30 h. The reaction was not diastereoselective but yielded a 

mixture of ila and 9a. Although the presence of both aa and 9a was discernible by scruti- 

nizing the 'H-NMR spectrum of the mixture, Ba and 9a were inseparable even by TLC. The 

mixture was therefore treated with HF in aq MeCN to remove the silyl protective group. 

Fortunately, the diastereomeric hydroxy esters 8b and 9b could be separated by medium 

pressure LC to give 8b, m.p. 118s119', [a1i1*5 -30.7O (CHC13), and 9b, m.p. 

104.5-105.6', (LX];' t39.9“ (CHC13), in 26 % yield of each from 7a. The structural assig- 

nments of the two isomers were based on the inspection of their 'H-NMH spectra: the CHOH 

proton of t3b showed the W1i2 value of 18 Hz, while the W1j2 value of the CHOH proton of 9b 

was 5, Hz. The result clearly indicated that the cyclcaddition was entirely non-diastereo- 

selective, giving 8e and 9a in 1:l ratio. We then thought that the diastereoselectivity 

of the reaction might be modified by employing the dienol 7b for the cycloaddition. 

Treatment of 7a with HF in aq MeCN gave 7b, [alA -53.4' (ether), in 74 % yield. The 
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Fig. 2. Construction of the drimane skeleton. 

Diels-Alder reaction of 7b with B was executed similarly as before at llO" for 30 h. The 

product was again a mixture, which could be purified by medium pressure LC to give 8b (32 

% yield) and 9b (35 % yield). In this case, too, the reaction proceeded without any 

substantial diastereoselectivity. This result may be the reflection of the lack of energy 

difference between two possible conformers (ax OR or eq OR) of 7a (or 7b) at the reaction 

temp. The lack of diastereoselectivity, however, was quite fortunate for our purpose, 

because it enabled us to prepare both the enantiomers of polygodial(1 and 1') from a 

single chiral precursor t(s)-3al. The overall yield of 8b from 3a via 7b was 8.6 % and - 

that of 9b was 9.4 %. 

The second stage of the synthesis was the reduction of the Diels-Alder adducts 8b and 

9b to diastereomeric --octalin esters 1 Oa and 12 as shown in Fig. 3. We first attem- 

pted the reduction of 8b according to Ley's procedure which worked satisfactorily in his 

synthesis of (*)-polygodial.5 Hydrogenation of 8b over Pd-C in the presence of HCl in 

J$+LJ$?+Yo~ 

. 

$j?GrX JJ$& _$L 

Y 

Fig. 3. Reduction of 8b and 9b to 10s and 12. 
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HeDH afforded 1Oa in 63 % yield in one occasion. In our hands, however, the reduction of 

the dienol 8b was found to be difficult to reproduce after several trials. In addition, 

conventional deoxygenation of 1Oa via lob was unsuccessful. Indeed, II was the sole 

product when lob was reduced with LAH. Reduction of 9b was attempted in the same manner 

as for 8b according to Ley.a In this particular case, the product was not the expected 

?a, but 13 with no olefinic proton in its 'ii-NME spectrum. Definite configuration could 

not bs assigned to the angular proton at C-5 of 13. 

A successful procedure for obtaining the trisubstituted olefinic asters 1Oa and 12 

was finally devised as follows. Treatment of 8b with DBU in refluxing THF gave an isome- 

ric conjugated diene ester lla, which was hydrogenated over W-C to give 1Oa in 00 % yield 

from 8b. Similarly, 9b was treated with DBU in refluxing THF to give 15a, whose hydrcge- 

nation gave 12 in 89 % yield from 9b. The above-described isomerization-hydrogenation 

strategy was first adopted by Lallemand employing LiNQ-Pr12 as the base for isomeriza- 

tion. Our procedure to use DBD as the base was simpler and reproducible. Inspection of 

the 'H-NMR spectra of 10a and 12 confirmed the assigned stereochemistry at C-9 (see 

ExWrimental).Cf'7 

l& RIW 
p R = (R)-MTPA 

Fig. 4. Synthesis of the enantianers of polygodial. 

The third and the final stage of the synthesis was conversion of the hydroxy esters 

tOa and 15a to the enantiomers of polygodialas shown in Fig. 4. Treatment of 10a with 

CF3S02Cl (=TfCl) and 4-(N,N-dimethylamino~pyridine (DMAP) in CH2C12 (0“ 15 min; room 

temp, 15 min) furnished 16 in 86 % yield y& lob. Hydrogenation of 16 over W-C gave 17, 

m.p. BE.?-89.0°, [aJg2 -31.5" fCHC13), in 89 % yield. Reduction of 17 with LAH afforded 

18a, m.p. 69.5-70.5O, talg* -6.3' (CHC13), in 82 % yield. Its bls-@I-MTPAester 18b was _ 

analyzed by HPLC to reveal the optical purity of 18a as -100 % e.e. Swern oxidation17 of 

18a gave (-)-polygodial 1, m.p, 56.9-57.3', [ol~2‘5 -?33O (EtOHl [lit.* m-p. 57O, 

ralg4 -131' {EtDH) I in 63 % yield. The spectral properties of (-1-l were identical With 

those previously reported for natural polygcdia11~2 or for the racemate.7r8 The overall 

yield of (-)-polygcdial 1 from 3a was 3.0 % in 13 steps. Prior to the successful synthe- 

sis of (-j-l, an attempt was made to obtain Zt directly from lla. When 14a was treated 

with TfCl and DMAP in CH2C12, however, a complex mixture resulted owing to cationic 
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skeletal rearrangements via lib. - The products were shown to be 19, 20, and 21-, the 

desired 21 having been only 14 % of the total products. This was not unexpected, because 

of the eq orientation of the OH group of lla. The successful elimination of the eq OH 

group of 10a to give 16 without rearrangement must be considered exceptional. 

In the case of lSa, smooth elimination of an axOH group at C-3 position took place 

when 15a was treated with TfCl and DMAP in CIi2Cl2 to give 21’, m.p. 64.0-64.5', [u];' 

+244' (CHC13), in 81 % yielda15b. Hydrogenation of 21' over W-C afforded 17', m.p. 

88.2-88.9O, [al%' +33.1° (CHC13), in 70 % yield. Treatment of 17' with LAH gave 18a’, 

m.p. 69.0-70.0°, [ali +6.5' (CHC13), in 80 % yield. The HPLC analysis of the correspon- 

ding e-@)-MTPA ester 18b' confirmed the optical purity of 18a' as -100 % e.e. Finally 

18a' furnished the unnatural (+)-polygodial l', m.p. 57.0~57.5’, [alz2-5 +135' (EtOH), 

in 72 % yield. Its spectral properties were identical with those of 1-j-l. The overall 

yield of (+)-polygodial 1' from 3a was 2.9 % in 12 steps. Prior to the above described 

success, we attempted the direct preparation of 21' by treating 9c with (n-Bu)4NBr and 
DBD cf.18 . Although both the elimination of TfOH and the conjugation of the ring B diene 

system took place, concomittant epimerization at C-9 invalidated our attempt, and the 

product was found to be a mixture of 21' and 22' (1:4). 

After the completion of the synthesis, we examined the human taste of the enantiomers 

of polygodial. Both 1 and 1' were strongly pungent to human taste as tested by the 

tongues of K. M. and his collaborators. The antifeedant as well as phytotoxic activity of 

1 and 1' are now being examined by Dr. J. A. Pickett. 

In conclusion, the first synthesis of both the natural and unnatural enantiomers (1 

and 1') of polygodial was accomplished starting from a single chlral source readily 

obtainable by microbial reduction of a prochiral ketone 2. 

(S)-3_t-~ylaimeulylgily~~2~~1~~ 3c lb a stinxd e0l.n of k (97 a aa. %lo % 49.9 mmol) ‘¶a¶ 
imidazole W.0 g, 147 mm011 in dry Dllp WJ ml) was dlded +MqSiCl (lL0 g, 7u) rural) at - tamp lhe mixture va3 

e far18 h&40', m into ice-water. ardextracb3 with ether. IheetImreolnwaswashedwithwater, eat- 
aolnandbrinadried0lgSo4)ardc!axxnba~invacua -- mer&duewaactuoma~ - sio, (M Kieaelgel 600) 
and the resulting crude 3c wae distilled to give 10.3 g (81 9) of OC, hp. 91-94°/L5 TO~TI # 1.45401 [a~# +22.1' 

(c-1.47, CHC13); umax 1710 (a), 1250 (a), 1075 (8) cm-l, 6 (CC14) 0.03 (6H, a), 0.67 (9H. a) , 1.00 (3H. s), 1.04 (3H. 81, 
1.20-2.00 (4% ml, 2.00-2.50 (2Ii. m), 3.60 (lH, m). Wound: C, 65.49; ii, 11.06. Calc for C14H2S02Si: C, 65.57; Ii, 11.06 

$1. 

KiSs)-3-t-&tyldtwthyl&3ily~2,2,6-trimathyl~ l-4. AaolnofUXwa~FrsparadbythednpriW&diti~cd~- 

~aoln(t60M,in~-hexane,2~~,403rmaol)toastirred~oooledmlnof~-~~(590mL422~l)in~~ 
(23 ml) at -6D-45O rnder Ar. HHPA (14 ml, 805 mmol) YEI.B &led to the mixhve at 6o". l% mixture wan warmed to -20' to 

makeitahcmqa~~mln. lbthe8tirredandanledWeoln. asolnof3~(9&3g. 3&2mmoL) indryTw (20 ml) was 

aaaeadxupim at-6D--500. ti mlxtum Y(IB stirrsd for x) millat-788. Tt.themtirredardaoledwlnvaeaddaddropwise 
Fax (93 a prity, d-228; ZS ml+ 418 nmol) at -7V. Aftartha&lditi~thaImQzt.ialtempvasnisedto-5'.~the 
stirr* was antirnred foe 30 min at-5-e. Ihemixhnrwma~~water~~~withether.Iheethormln 
rasvaahedwithwater, eatNalx+eolnmld.bri.nB# driedwg834)andoDncsltratad invacua -- ?he rasidw "am plrified tq 
siq (Hen& lcieselgel 60) .zkcQat.cgm~ follorad by distill.atial tD give 931 g (89 w of c &a 103-1ll*/5 lbrrl 44 

L.45681 [01~4 +13.7" (cLl2 aa3)r - 1715 (a), 1255 (a), 1080 (8). 1030 (81, 890 (m) 835 (a), 775 (6) a-l, 6 0X4) 
0.02 (3.8% 61, 0.05 (2.2R. e), 0.84 (5.7H. 81, O.SS (3.3H. a), 0.8011.10 (9li. ml, 1.40-2.10 (4H. m), 2.10-2.90 (1H. m), 
3.40 (0.36H. t, J-7 Ha), 3.75 (0.64H. ml. (Pound: C, 66.34; H, 11.10. Calc for Cl5H3oO2Si: C, 66.61; HI 1LlS %I. 
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rsacticn 1M pusKhad by addkg solid e (10 91, Bid aftar 10 min at -330, etkr (2Oml) wam~&u3thsampDnia "an 
ovapeoatdby~WitJlaW- terlntb. merssiauevasfil~atla,urfir~caksrasw~rithetha nm 
orabirrd filtrata md rarhinp - ~~~wxbvaaoresiAmwaawaa~ 

to give 9.98 g (99 8) of 5, wax 3500 (ml, 
cvarmutralAl203(9nda11) 

3310 (m), 2090 (w), 1095 (a), 1025 (B), 830 (9) cm-l) 6 KC13 0.02 ti 0.03 
(total 6S, two B), O.SS (9H. a), (280 1.10 (9H. ml, 1.00-2.20 (6A. m), 2.40 (1H. a), 3.60 (lfl, m). This was employed in 
thenext 8tap ritbcut furthar plrificatim. 

(S)-~-~Y~msthyl~~l-l,3,~1~~ 6. m a aoln of 5 (%m g, 33.7 mm011 in distilled 

~lare(100~)wr~BllYdQlsOl~(tl(J)~th.~~VasZBflUXdUBinP~ trapundetArfcr2u 
h ~cooling.tfrsmixbPewasfilteredsndthefil~~o~e~~invecuo 

W e Alzo, (graaS II) and tlm reaolUn.3 au% 6 "(P distilled to give-UT(51 
Iheresiduewas~ 

d6.5 L4779) co@-5 
W of 6, b.p 91-93"/41 %rr; 

-27.0' (r1.94, n-pentane)r umax 3330 (~1, 2100 (w), 1635 (w), 1430 (la), 1255 (01, 1120 (a), 
1070 (a). 890 (#I. 840 (8). 775 (8). 675 (ml cm-l, 6 DCl3) 0.07 (68, a), 0.90 (9H. a), 1.04 (38, a), 1.13 (3H. s), 

L20-2x) (a m), t88 (M. a). 3.00 (ut a), 3.50 (UI. t. J- THE). (round: m/e 2213362. ca.k f0k- c13~ncai: ut1362). 

(6)-4-t-erryldi~~lY~~Yl-~3,~~ 7a. 5 * Wm W.5 g) ani guinoline (0.3S ml) - 
a&lad tpa mln of 6 U&g, l&S mmol) in e (l%l ml). 
d.iM&T+¶redcmTtc IttwsfiltardaTxl-thefiltm~vaa 

~mixt.wewa.nmtirAwlarH2atrmmtemptil6 
ODncarrratedinvaap -- Iheremiduewa.sduwa~- 

nrrM Al& (gxzla II) to give m g @snU of 74 I# L47051 [a@ -3L4' (cLl7, rpenW)t vmax X90 (~1, 1620 
(v), 1250 (a), 1110 (a), 1085 (a), 1005 (81, 915 835 (a) (ml, cm-l, 6 (Ccl41 0.03 (3H. a), 0.04 (38, a), 0.94 (15H. B), 

1.30-1.90 (2H. la), 1.68 (3H. 81, 1.90-2.40 (ZH, ml, 3.49 (1A. m), 4.92 (lH, dd, J- 3, 1SHz). 5.21 (1H. dd, J- 3, 11Ht). 

6.05 U.S. 'A% J- 11. 18Hz). @and: C, 7U6r H, lL30. Calc for Cl7H32CW C, 72741 H, 1W 8). 

Mels-Al&r reactlcn kixtx A): i WC mirturs of dimethyl @X0+t-lxxtYldtmetbylsilYlcow-3,5,6,7,S,&-bmw 

W5,5.~imeUlyWl#tiWlati aa & 9a A mixtrna of tlm diene 7a (3Jl g, 10.7 mmol) a& frwbly 
distilleddimsthyl~~~~~Oml,163mmol~washaatad~Arinasealedtubeat~O0 far30 h After 

cml~thareaceicn~raa~~a~overnutral~2q~gradeIv)togivewgofthemixtun, ofSa#9aarxi 
asmal1aarnrt ofdim%tbylacetylarsdi~la~ sincs46og of 7awase thayielAoftheaDdemixtureof~ 
atd 9a was 97 k me oily mixture ofSaard9a"asuscdinthanextetepritbout furtberprrificaticnandcdKwdthe 

folkwiq #lyaical yes: vmax 1735 (El, 1680 (w), 1646 w, 1260 (a), 1120 (8). 1095 (a), 1040 (a). 940 (m), 890 
(8). 840 (0) cm-'8 6 (100 MHZ, CDCl,) 0.03 (6H, 8)r 0.85 (4.5H, s), 0.91 (4.5R, a), 1.10 (3H, 81, 1.14 (L5H. a), 1.17 

(1.5H. 81, 1.43 OH, a), LlO-2.30 (4H, m), 2.76 (0.5H. dd, (JD 3, 23Hz), 2.60 (0,5H, dd, J- 3, 23Hz). 3.15 (Iii, dd, J- 5, 

23Hs). 3.27 (0.5H. m), 3.48 (O.SH, m), 3.74 OH, a), 3.78 (1.5H. 81, 3.80 (1.5H. ~1, 5.64 (0.5H. dd, J-3, 5 Hz), 5.77 

(0.5R, dd, J-3, 5 Hz). 

Mnuthyl (~8s9)-3,5.6,7,~85,5,~~~~~~~1~1,~~~~ ~b and (66,8a~)-immar 9h 
Asolnofthecnrde mixtureofSaard9aB4Og, ~mmol~in46b4HP-YeQT~1:60.100ml~was"s;irredforlh(Omin 
atnxsatamp ~yNnHaJ3~(5g)waaaddedtothe stFrradeoln.Themixture wan filtered ti the filtrate 

waemncentratedin - E 'Ihe reaidw was pnified by tium pesarrre UZer@@ngaHerdc&lumn(~a,C). 
Slutial ritb_hpentsnesthat (3:2) gave less pc.lar 8b [672 nq (27 W of @e-ma aftar 

(3:lO)lr w llS#-119.O~I bla= -3a7' (cLl5, auzl ) 

recrystall~tialfmm~~ 

3 I vmax 3590 (ml, 1735 (81, 1715 (01, 1670 (w), 1640 (w), 1270 

(a), 1255 (a), 1205 (ml, 1060 (m), 1070 (ml cmsl# 6 (100 nwa, C1x13) 1.14 OH, a), 1.22 (3H, a), 1.43 (3~. a), 1.20-2.00 
(58. m). 2.85 (lB, dd. J-26, 22.7 AZ), 3.13 (1H. dd, J-5.3, 22.7 He), 3.31 (lH, br), 3.74 OH, s), 3.80 OH, s), 5.80 (lH, 

aa, J-2.6, 5.3 Hz). wauxk c. 66481 It 7.8% Calc for c17H24C5: C# 66211 I& 7.85 b). YllrtkQelutimgaRmcKe~ 
9b [676 mg (27 8) of needlea aftar recrystallizatialfrom~~~ (l:l)l, lap 104.5-105.6~~ [r&l +39.90 (cL90, 

W3); vl~x 3330 (m). 1740 (a), 1720 (8). 1660 (~1, 1630 (w), 1255 (~1, 1200 (ml, 1060 (m) cm-18 6 W30 WIZ. a~131 l.22 

(6H. B)r 1.47 (3H. 81, 1.00-2.20 (5H. ml, 263 (1H. dd, J-2.5, 22.5 He), 3.17 (lH, dd, J-5.3, 22.5 Hz), 3.54 (l&l, br), 3.74 

(3H. 81, 3.80 (JH, a), 5.75 UH, dd, J- 2.5, 5.3 Hz). (Pound: C, 65.891 H, 7.63. Calc for C17H2405: C, 66.218 H, 785 b). 

M&Aldm l-eacan kuIte is& @)-3-Kt.benYl-424-trim3-cYcl~l m A aoIlY of the silyl ether h (153 9, 

4.74 iwrol) in 46\ agSF-n5n(1:60, 7oml) wan stirred atrozntempfcclh skmguelyStJy(4.5ml)waaaddsdtDtbe 

rsactianQixhlra tit.barasultingeolnwaa onD¶ltsa~in- Ihe residw wasdilut&witbetberMdfiltaeedthrcugb 

neutralAl~(gradenOmlumn. memlumnwaswasheawitbeulsr. Ihe cc&ix& filtrate srd washings razB cawxmtratml 

and the residue was distilled to give 584 mg (74 8) of 7b. bp. 115-11S"/13 Ton; nb* L5035r [al$S -53.4' (c-1.34, 

etbarh vnux 3410 (m), 3100 (~8). 2930 (a), 1620 (w), 1050 (a), lM)5 (81, 920 (8) an-lr 6 (0X4) (295 Bi. ~1, LO1 (mt 81, 

1.65 (3H. a), 1.30-1.90 (3H. ml, 1.90-2.40 (ZH, m), 3.40 (1H. IO), 4.95 (1H. dd, J-3, 18 Hz), 5.23 (lH, dd, J-3. 12 Rz). 

6.n (I& aa, Jw2, 18 Fk). wxaxlz e/a 166.l37L C4lc far CllH& 166l35S). 



1& afi a colcrlap OiL - 35% (a), 1710 (#L 1715 (II), 16$O (WI, 1570 (a), 1275 (a) oi"LI d NXl4) L0S (68. a), L20 

(JH, e), 1.3~2.OO (iii, ml, 2.41 (le, br), 3.18 (lR, d. J-3 Hz), 3.30 UH. ml, 3.62 (3& a), 3.65 (38, B), 6.02 UR. d. J-7 

HB),6&7 (lIL .n# J-3,7 HE). 'Ibis - mmplG& ia th lart stsprithatt ~p=ifkatAn 

IDM1tempmtil14adiMl;qaardmmmitoring~ memixture wasfiltxizwthxwgbc&iterm3.tbBfiltxattxas- 

tmtadinva!wxIhere3bkm~~ -- areraiqztwgaxim.l~60~cdtfrr#ul~~lOBvssrsyk 
tallisedfma!~(I:Uto9ive 3-0Sapafloea&3&rism& Bafthmctheriiquorprwideda 

further 9B mg-& 1Q k&al yiald 8O N from Ib), lt~p 7&O-77.0°r [,I#= -2Q6' k-L&& cxl,)# vmax 3550 w, 1740 

(a), 1710 (8)) 1670 (I), 1265 (al, 1055 (.), 840 (w) cm-l, 8 fcwl3rOJ39 i3H, IBIt 0.91 (38, .I, 1.01 (3H, 61, l&O-2.00 

(6X, 01, 2.00-2.50 (a& ml, 3.15 (lo, IX). 3.25 (1R. br), 3.66 (3H. a), 3.68 (3R, .I, 7.05 (1H. ml. Wxand: C, 65.59r H, 
8.33. Calc for f17R2605:C. 65.78; R, 8.44 I). 

Dimetb~l (lR,4a9,8aS)-1,4,4a,5,B,8a-ha*ahydto-5,5 16. lb a stirred and ic%- 

cxnlecl aoln of 10a (2x, mg, a805 mmol) Md WAP (5% rq, 4.83 mmol) indry W$12 (75 ml) wae &kdTfcl (214 U 1, 2.01 

mmcA)ElwlynrdQqwiseurderAr. lbeseixwlgwas~ for15 minat0'aod far15 min atxwxn tip m mixhtre 

VIM &cured into water Md eatracted with M&Jr. lb6athuwlnwwaahedrithua~satI(sHcDjmlnalYi~-ine,dried 

(W4)=3 WtXaWinMcuD -- ?hsraetduMe&ramtcgn~o~1.8i~ (Puji-Wviaa4 SW-82O tlR) togive 202 mg (86 
r)of16asapxl~yall~oil. ~ewas~~fnths~staprithattAVthgC~fi~~~II1YfOhOYBdthafal~~ 

physical &=ope&iee: "sax 1740 fa~.l720 (e), 166O @a). 1430 fsf, 1260 fs), 730 (a) CZI-~~ 6 fCOC131 0.87 (3H, efr 0.97 
138, 8)) LOO (3H. B), 1.67 UH. mf, 1.90-2.60 14H. mf. 3.27 (1H. ml, 3.68 (3R, 81, 3.70 (38. el, 3.20-3.80 f2ii, mf, 7.11 

(lH, nt). 

react.icmwaspenlwx?dbyQ&fortbs~ of16andtbefcJzm&crlofthBdas~~i?. 'Ihe&* 
filt.e?xxI thruqb caliee ani the Ii&rata wat3 anm7traMinvaCUo *residuewosckwnatqra@M over SK+ (puji- 
mvisn,Bw-a2QIMfandthenBsalltingaufsl7wae recryatdllimdfmm_~ togiveSSmgofl7lwsd.s. Qvomsta 

SraiTily of tba motkx liqu% Emvlaea II fur?Alr 80 nq of 17 (k&¶l yield 89 *I, l&p. w.l"eskl', la#2-3,0 (FL25# 

CHC13); vmax 1725 to), 1660 (ml, 1280 (e), 1260 (a), 1205 (8). 1180 (a), 1080 (ml, 830 (m) cm-l, 6 (100 II&, CDC13) 0.88 

(313, a), 0.90 (3H. 81, 0.93 (3H, a), 1.24 MI, dd, Y-5.8, 11.0 Hr.), l.lO-1.70 (SH, a), 1.85 (lH, dm, J- 12.0 Rz), 2.00-2.50 

(2H, m), 3.20 (1H. ml, 3.66 (3H. 81, 3.70 (3H, a), 7.05 (1H. m). (Pound: C, 69.391 H, 8.90. Calc for C, 69.36) C17H26Oqx 

ii, 8.90 %). 

(llL4as,sas)-l,4,45,6,7.48a-0ctahydm5. (~olypodial) t-j-1. A soln of the 
swern rx+Ent van m by the drqwiee Mditicn of a aoln of lMs0 (197 v L, 2.77 mmol) indry c$.c.l2 (0,4 ml) toa 

~ard~l~aolnoff03C1)2(119LILWgmaol)inChyM2Q2(3ml)at-504~~ 'R,therstirr&~acll~ 

eo~afthesrarn~waaaddeddrqufsaaoolnof18af40ng.~%~)indryCBZCl2tQBIdt)at-500. momixwlm 
vasstirradfoclhat-%*.ee3Nf2%UI, L85mm~&)waaaMedtotbeaixtuna anitbeeampwapallow&torimgramiallY 
to~temPduringlhIhereacllcn~vat,pausiintoM~~~~vfth~~~eolnWaswaskr9 

with waWr. sat- wlnand~ Wed(M*4)arricuwxxtntadin~eua -- IhenssidwwaeciIzwa~ - Si% 
@kj.i-0av~ SW-820 MO to give 32 mp of orwb t-)-L mssvasrecryrtall~fnm~~togiw246mg~63\~of 
(-1 -1 aB needle& E@ 56.9-57.3"t [old -133" (e, Etow)s - 2850 twb 2750 W, I725 (8). 1710 (m). 1685 
(sf, 1650 fmf, 980 (~1, 840 (WI cm-'i 6 fl0O XX%, i'X13) 0.93 (3s. 81, 0.95 (38, sl, 0.96 f3R, (I), 1.27 (1H. dd, J-5.7. 

10.9 Hz), 1.00-2.00 (68, m), 235 flR, dad, J-2.8, 3.7, 10.9, 20.2 Be), 2.48 (lH, ddt, s-2.3, 20.2, 5.5 Hz), 2.81 (lH, a), 

7.13 tlH, raf. 9.47 (iii, al, 9.54 (lH, d, J-4.4 Hz)? 13C-NI4R 125 NH=, CDC13) 6 1524, 18.02, 21.91, 25.21, 33.08 (8 and P 

wwAapi.ntheopR~ slzeenm), 3fia6# 39.55. rtn, 48.97. 60.29# 13a24# 154.27. 193.ls. 2OL86r M8: m/e 234 cw+, 

4 *i), 206 Cloa e, haae peak), 191 (48 $1, 123 (90 u, 109 (83 w. waRxb c, 76961 H. R3L talc far cl5lf2~: G 76.96; 

It S& a). The qmctral wea list& above were in cpal acexd with thtxe m for (-)-11t2 or W-L7.0 

m the - UWI- Dimeby (U)rbgCBas)-1.5.6t7,B~~.~~~~L2~~~~ 2% 
nersrdmaEJbwfactbe aaparatffnofl49bf5l4Iq,167pap1)ua8truted witbnutoSi~cnxIel!5&~llra- 
tiaIoft.bscxuLr~fmm _@e=wMb= fkl) aa 487 Lq 1% 6) of &are 151 aa mw, II@ 1525-153.5'1 [=I~ 

+2M" (pL6O. -13f? *aax 3550 (ml, 1735 fe), 1700 W. 1635 fr), 1570 W. 1280 (sf cm-l, 8 (1pc13) 1.l~ (3H, .I, 1.19 

(3H, Es), 1.22 (3R9 et L-2.30 f& =I), 3.40 (l, d, J-3 E&r 3S5 (1H, a), 3.68 (68, o), 6.00 (1% d, J-6 R&. 6.94 
(1% dd, J-3. 6 Es). (pound: C. 66.22; H, 7.79. C&c for c~,x~~o~: c, 66.21# R, 785 r). 
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wmt-twl pas)-b%&s5*5,~-~b~lati zl’. InthaMavl -cUdescribai 

fobtb.~~~ol~~~~4p9,uImnol~rastrratdwith~andc)Hptagl~~z~ lmcrude~y(Io 

ctlnxtaww k3mJ) axl ---I (20?1) eo &a 322 mg f8l w of pnr, 2l' aa KcdB. m.&b 
64&645*, [I# +244' (FLU, cIc1311 vmax 1735 (a), 17lO (8). 1660 (v), 1640 (w), l580 (ml, 1275 W, 7l5 cm) cm% 8 
fCbC131 1.08 t3& sf, l.15 (35 sf. 1.21 (3~. 81, 1.90-2.30 (28, a), 3.50 (1% d, J-3 Hz), 3.68 16~1, s), 3.20-3.80 (2Rr m), 

5.95 (lH, d, J- 6 fli), 6.95 flE, dd, J-3, 6 I&$. Wound: C, 70.461 Kr7.68. Calc for C17R2204z C. 70.321 R, 7.64 I). 

~1S,4aR,8aR~-l.4,4a,5,6,7.8,8a-Octahydro-5,5,8a-t+imathylnaphth(llene-l,2diccurhrldehyde (The enan- of n&ma1 -- 
PalYgodia1) (+1-l!. In the came lnamrras deasibaa for the lxqxuat..i~af (-j-1. 110 mg KL46l~1~* affaxdw3 
78 mg (72 w of (+1-P a.B needles, m.p. 57&-57.5*; cold25 +13S" k-0.92, EtOK). Its IR, lH- and 13C-NRR and maw 

w data - i&mtkal with tkww of (-w.. (pcund: c# 76&l? r& 9.3% talc for Cl5R2& G 76.fBz & 9.46 8). 

(1R,4aR,68,8aS1-l,4,4a,S,6,7,8&3a~l,~ 45. t- al -tAmthylna@thsl By1 11. n,asurredwln 

orloatrs~a017mmol)inQy~(aSml)wMaddsdTsCl(lo~ wE.2mnnl)Mdthenixtlrewsestitrad~ 

atmontemp ltmnlixtwewaa~i.ntovaterandaxtractsd viMCXl3. IheWCl38olnvaa washed with matCuSO4aol.t4 
waterweatc4auxkjl?iolnarribrine.ti@d(ngm4)crrm wti in - to giva cnde lal (9.0 fag), vmax 1740 (a), 1720 

(a), 1660 w, 1600 (w), 1355 (81, 1260 (I?), 1190 (a), 1170 (a) cm=r.-ra st.irr& snd i ca-xlolecmolnafl~tao~, in 

~aUrarfl~fw~~UH(10mg,a26anaol)anl~~*asstirred~~at~temp l?mmixturewaa 

pwedinto5a4iyO4-icBarKiextrected vith ether. Bm @hex a&I was washed with satRauw3 @o&l aIs3 brim% dries 

Q%P4)=3 conccntrstadill- -- Amsin~Vaeiedbtedby~TLC(~lllsaalgel60~2541ardfQntifiedas 

ll byarnparfngits Gi-NMRaata uiththas rxpated far m-llby ray et al-6 &.smg ofaoli4 34t from loo), -3350 

(al, 1675 (~1, 1095 (m), 1060 (a), 1020 (a), 995 (8) cm-l, 6 (100 W&-C&3) 0.79 (3H, 61, 0.86 (3H, e), 0.99 (3% a), 

LOO-l.90 (5% ml, 1.90-2.20 (4H. m), 2.60 (2H, br), 3.30 (1% m), 3.70 (Xi, dd, J-7.5, 10.6 Hz), 3.70-4.10 (ZH, ml, 4.33 

(lH, d, J-12.0 Hz), 5.82 (lH, ml. 

Rix-ect hy' tiin&9b%mpl~~!ippcemue(t5#~131. wthesame 

tierlOaffma8h9b(l6mg,OX62wolfwas 

!Exmerasdeecrif*dforthedirece~- 

h@xqermted ally to give oily 13 (14 mg, 87 Q> aa tha m&in &!dDiwL vm¶x 

3570 (m). 1725 (8). 1640 (la), 1255 (sf, 1030 W, 735 (m) cm-lt 6 (CDc13) Q.86 (3H, 8). 1.01 (3H, s), 1.20 t3H, 8). 

LOO-2.70(lOQ m), 3.21 WI, m), 3.62 (3% a), 3.73 (3R. 6). 

Oiaathyl ~18,4aS,68,8aR~-1.4,4a.S,6,7,8,8a_crc~~~IS~~~~~~~l,~~~ 12. In the 

SlUOf?~ds desaribadforthe~~oflo1frma1~15a~2omg.M65~~was ~tadtogivac?.v%l2 

uhidt "am puifiedby brapl%C (wurdrKiwel98l60 ?-2541 follwadby r&zptall~tialfmm_~f3:lftngive 

19 ag (94 \f of pne I.2 Aa nasilesr mp M&5-14sJYt ‘.mlax 3540 fsf. 1720 fsr sh), 17lo w, 1660 im), 1265 fsf. 1070 (mf. 
830 fm) cm-l, 6 K!DC13) 0.94 t3sf, 01, 1.00 (3H. 8L 1.02 (311, 8). 1.00-200 (6H. m). 2.00-2.50 fZR, P), 3.31 (lH, ml, 3.48 

Wi, br), 3.70 (3H, e), 3.72 (3H, 81, 7.09 Wf, m). 



Syntksis of both the cmantiomasof polypdid 

l ) of zz'a vmax 1740 (a), 1715 (a), 1650 (w), 720 (14 cm-l, 6 ((pcl3) 1.14 (6S, .), 1.22 (3H, a). l.So-2.20 (28. la). 

(1~. a), 3.60 (3n, a), 3.72 (SH, a), 5.2h5.80 (2fb m). 5.98 (ld, dr J-6 Hz). 7.18 (1% d. J-6 Hz). Weak signals at 

w, 3.69 (a), 6s kw scan ths %wenca of 11' in the ratio 2Falcq:L 
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3.43 

1.09 

_. - -s 

atroomtampfczr1h. msmixtlxe was filtwed thnxgh SiO2 (19) maths 8'02 wlumn "aa Wad& With&her. Ihe mmbinej 
filtrate ard washings vent mxxknte3 in vacaxa -- 'Rarssichravasctuow~~~91q~plsrdrlciecelgel6o)togiva 

10 q (33 8) of the mixture of 204 11 (2:l) Ml4 mg (46 w ofl9. They shwed the follcuing spectral Ixopceien, 10+ 
21: vma.x 3100 (w), 2980 (a), 2890 cm), 1740 (a), 1715 (a), 1640 (v), 1615 (w), 1440 (B), 1275 (B), 900 (m) cm-1, 6 (100 

NH& CDCl3) 0.99 (2H. s), 1.06 (2R. d, J-6.6 Hz), 1.11 (1H. s), 1.19 (1H. s), 1.26 (l&I, s), 1.20-2.00 (2.7H. m), 2.00-2.25 

(0.67H. m), 2.65 (0.67H. m), 3.56 (IH, d, J-2.9 HZ), 3.73 (6H, s), 4.88 (0.67H. d, J-2.5 HZ), 5.09 (0,67H, d, J-2.5 Hz), 

5.30-5.80 (0.67H. m), 6.00 (0.33H, d, J-12.2 HZ), 6.08 (0.67H. d, J=12.2 HZ), 6.93 (0.67H, dd, J-2.9, 12.2 HZ), 6.98 

(OXQf, da. J-29, 122 Hz). 19: - 29X, (6). 1740 (a), 1710 (8). 1615 (w), 1265 (8). S40 (m), 765 (m) an-18 6 (100 NH& 

CDCl3) 1.03 (3H. e), 1.15 (1H. m), 1.80 (3H. s), 1.85 (3H. s), 1.60-2.50 (3H. m), 3.48 (1H. d, J-2.8 Hz), 3.73 (6H. s), 
5.88 (1H. d, J-6.4 Hz), 7.05 (l&I, dd, J-2.8, 6.4 Hz). 
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