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Abstract-—-Both the natural and unnatural enantiomers of polygodial, an insect anti-
feadant sesquiterpene of the drimane family, were synthesized starting from (S)-3-
hydroxy-2,2-dimethylcyclohexanone as a single chiral source,

Polygodial t is a hot-tasting sesquiterpene first isolated from Polygonum hydropiper,
water-pepper in English or yanagi-tade in Japanese.1 +2 1t has also been isolated from
Warburgia stuhlmannii and shown to possess antifeedant activity against African crop pest
insects such as the army worms Spodoptera littoralis and S. exemgta.3 Recent work re-~
vealed that nudibranch molluscs contain polygodial 1 as a chemical defense substance.4s3
Revival of interest in the synthesis of drimanic sesquiterpenes is due largely to Kubo and
Nakanishi's discovery of the antifeedant activity shown by polygodial and warburganal.3
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 Experimental 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 polygod:l.al10 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 Kubo'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 magna ATCC 201092 ig known to give (S)-3a. We have recently found that the

fmiso!mmﬂwwmm—l Part 6, K. Mori and H. Mori, Tetrahedron in press. This work was

presented by K, M, as a part of hig lecture at the 1lth Conference an Isoprencids, Jachranka, Poland (September, 1965).
The experimental part of this work was taken from the forthooming doctoral dissextation of H. W.
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above conversion can be achieved simply by using baker's yeast.1 3 Thus, 3a serves as a
readily- available chiral starting material. The (S)-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. Only 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. 1In the same manner, for the synthesis of (+)-polygodial 1', (R)-3a can be the
starting material. However, the key Diels-Alder reaction was surprisingly non-diastereo-
selective, furnishing a mixture of C and D. This seemingly disappointing non-selectivity
turned out to be beneficial to us as detailed below.
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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
l?a:iet_:;er:,14 and widely employed by later workers such as Nakan:l.shi,15 Lallemand,7 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 (R)-MTPA ester 3b. After
protecting the OH group of 3a as a silyl ether, the resulting 3c was methylated with MeI
and LiN(i-Pr}, to give 4 in 72 % yield from 3a. The ketone 4 was converted to the desired
diene 7a by the method of Ley.8 Thus, 4 was treated with HC=CNa in 1lig NH; to give 5,
whose dehydration by heating with CuSO, in xylene yielded 6. Semi-hydrogenation of 6 over
Pd-CaCO3 in the presence of quinoline gave 7a, [ot]é1 -31.4° (n-pentane), in 50.5 %
overall yield from 4.

The Diels-Alder reaction of 7a with Me0,C*C=C+CO,Me B was effected by heating the
neat mixture at 110° for 30 h. The reaction was not diastereoselective but yielded a
mixture of 8a and 9a. Although the presence of both 8a and 9a was discernible by scruti-
nizing the TH-NMR spectrum of the mixture, 8a 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. 118~119°, (a]g@'-3>  -30.7° (cHCl;), and 9b, m.p.
104,5~105.6°, [a]g1 +39.9° (CHCl3), in 26 % yield of each from 7a. The structural assig-
nments of the two isomers were based on the inspection of their TH-NMR spactra: the CHOH
proton of 8b showed the W, /2 value of 18 Hz, while the W, /2 value of the CHOH proton of 9b
was 9 Hz. The result clearly indicated that the cycloaddition was entirely non-diastereo-
selective, giving 8a and 9a in 1:1 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 ag MeCN gave 7b, [ct]l1)a -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 110° 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 [(S)-3a). 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 trans-octalin esters 10a 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.8 Hydrogenation of 8b over Pd-C in the presence of HCl in

Fig. 3. Reduction of 8b and 9b to 10a and 12.
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MeOH afforded 10a 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 10a via 10b was unsuccessful. Indeed, 11 was the sole
product when 10b 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
12, but 13 with no olefinic proton in its Th-NMR spectrum. Definite configuration could
not be assigned to the angular proton at C-5 of 13.

A successful procedure for obtaining the trisubstituted olefinic esters 10a and 12
was finally devised as follows. Treatment of 8b with DBU in refluxing THF gave an isome-
ric conjugated diene ester 14a, which was hydrogenated over Pd-C to give 10a in 80 % yield
from 8b. Similarly, 9b was treated with DBU in refluxing THF to give 15a, whose hydroge-
nation gave 12 in 89 % yield from 9b. The above-described isomerization-hydrogenation
strategy was first adopted by Lallemand employing LiN{i-Pr), as the base for isomeriza-
tion. Our procedure to use DBU as the base was simpler and reproducible. Ingpection of
the 1H-NMR spectra of 10a and 12 confirmed the assigned stereochemistry at C-9 (see
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Fig. 4. Synthesis of the enantiomers of polygodial.

The third and the final stage of the synthesis was conversion of the hydroxy esters
10a and 15a to the enantiomers of polygodial as shown in Fig. 4. Treatment of 10a with
CF380,CL (=T£Cl) and 4-{(N,N-dimethylamino}pyridine (DMAP} in CH,Cl, {0°, 15 min; room
temp, 15 min) furnished 16 in 86 % yield via 10b. Hydrogenation of 16 over P3-C gave 17,
m.p. 88.,1~89.,0°, [a}%z -31.5° {CHCl3), in 89 % yield. Reduction of 17 with LAH afforded
18a, m.p. 69.5~70.5°, [a13? -6.3° (CHC1;), in 82 & yield. Its bis-(R)-MTPA ester 18b was
analyzed by HPLC to reveal the optical purity of 18a as ~100 % e.e. Swern oxidation” of
18a gave (-)-polygodial 1, m.p. 56.9~57.3°, (a1325> -133° (Etomw) (1lit.? m.p. 57°,
{a]%“ -131° (EtOH)] in 63 % yield. The spectral properties of {-)-1 were identical with
those previously reported for natural polygodia11'2 or for the racemat:«a-.-"8 The overall
yield of (~)}-polygodial 1 from 3a was 3.0 % in 13 steps. Prior to the successful synthe-
sis of (-}-1, an attempt was made to obtain 21 directly from 14a. When 14a was treated
with T£Cl and DMAP in Cﬂzclz, however, a complex mixture resulted owing to cationic
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skeletal rearrangements via 14b. The prod}ucts 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 14a. The successful elimination of the eq OH
group of 10a to give 16 without rearrangement must be considered exceptional.

In the case of 15a, smooth elimination of an ax OH group at C-3 position took place
when 15a was treated with TfCl an@ DMAP in CH,Cl, to give 21', m.p. 64.0~64.5°, [a]3]
+244° (CHCl3), in 81 % yield via 15b. Hydrogenation of 21' over Pd-C afforded 17', m.p.
88.2~88.9°, (213" +33.1° (CHC1;), in 70 % yield. Treatment of 17' with LAH gave 18a',
m.p. 69.0~70.0°, [ct]l%2 +6.5° (CHCl4), in 80 % yield. The HPLC analysis of the correspon-
ding bis-(R)-MTPA ester 18b' confirmed the optical purity of 18a' as ~100 % e.e, Finally
18a’' furnished the unnatural (+)-polygodial 1', m.p. 57.0~57.5°, [«132->  +135° (EtOH),
in 72 % yield. 1Its spectral properties were identical with those of (-)-1. 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
peu.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 chiral source readily
obtainable by microbial reduction of a prochiral ketone 2.

EXPERIMENTAL

All hps and mpe were uncarrected. IR spectra were measured as films for oils or as nujol mulls for solids on a
Jasco IRA-102 spectrometar. NMR spectra were recorded with TMS as an intermal standard at 60 MHz on a Hitachi R-24A
spectrometer or at 100 MHz an a JEOL JMN FX~100 spectrometer. Optical rotations were measured on a Jasco DIP 140 polarime—
ter, Mass spsctra were recorded on a JEOL DX-300 spectrometer at 70 eV.

(8)-3-t-Butyldimethylsilyloxy-2,2-dimethylcyclohexanone 3c. To a stirred soln of 3a (97 ¢ ea, 710 g, 499 mmol) and
imidazole (100 g, 147 mmol) in dry DMF (100 ml) was added t-BuMe5SiCl (11.0 g, 73.0 mmol) at rocom temp The mixture was
stirred for 18 h at 40°, poured into ice-water, and extracted with ether. The ether soln was washed with water, sat NaHQD4
soln and brine, dried (MgSO4) and concentrated in vacuo, The residue was chromatographed over SiO, (Merck Kieselgel 60)
and the resulting crude 3c was distilled to give 10.3 g (81 %) of 3c, b.p. 91~94°/1.5 Torr; nfl 1.4540; [«]g) +22.1°
(c=1.47, CHCl3); vmax 1710 (s), 1250 (&), 1075 (s) cm'ly § (CCl,) 0.03 (6H, 8), 0.87 (9H, 8), 1.00 (3H, s), 1.04 (34, s),
1,20~2.00 (4H, m), 2,00~2,50 (2H, m), 3.60 (1H, m). (Pound: C, 65.49; H, 11,06, Calc for CjsHyg0,8i: C, 65.57; H, 11.06
s).

(38)-3-t-Butyldimethylsilyloxy-2,2,6-trimethylcyclchexanone 4. A soln of LDA was prepared by the dropwise addition of n-
BuLi soln (L60 M, in n-hexane, 251 ml, 40.2 mmol) to a stirred and cooled soln of i-PrpNH (590 ml, 422 mmol) in dry THP
(23 ml) at -60~~45° under Ar, HMPA (14 ml, 80,5 mmol) was added to the mixture at -60°, The mixture was warmed to -20° to
make it a homogenecus soln. To the stirred and cooled LDA soln, a soln of 3¢ (980 g, 382 mmol) in dry THF (20 ml) was
added dropwise at -60~—50°, The mixture was stirred for 30 min at -78°, To the stirred and cooled soln was added dropwise
Mel (93 8 purity, d=228; 28 ml, 4L8 mmol) at -78° After the addition, the reaction temp was raised to -5°, and the
stirring was continued for 30 min at -5~0°. The mixtuwre was poured into water and extracted with ether. The ether soln
was washed with water, eat NaHOD3 soln and brine, dried (Mg804) and concentrated in vacuo, The residue was purified by
8i0; (Merck Kieselgel 60) chromatography followed by distillation to give 921 g (89 8) of 4, bhp 103~111°/5 Torr; nB“
1.4568; [tx]B4 +13,7° (c=1.12, CHCl3); vmax 1715 (s), 1255 (a), 1080 (s), 1030 (s), 890 (m) 835 (s), 775 (s) el 5 (1y)
0.02 (3.8H, s), 0.05 (2.2H, a), 0.84 (5.7, s), 0.88 (3.3H, s), 0,80~1,10 (94, m), 1.40~2.10 (4H, m), 2,10~2,90 (14, m),
3.40 (0.36H, t, J=7 Hz), 3.75 (0.64H, m). (Found: C, 66.34; H, 11,10, Calc for C;sH3g0,8i: C, 66.61; H, 11,18 ).

(38)-3~t-Butyldimethylailyloxy-1-ethynyl-2,2,6~trimethylcyclohexanol S. Acetylens was bubbled into a stirred and cooled
suspension of sodamide (from 23 g (Gl g atom) of Na) in lig. NH3 (150 ml) for 30 min. To the suspension was added
dropwise a soln of 4 in dry ether (15 ml) at -78° with stirring, and the stirring was continued for 25 h at -33° The
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reaction was quenched by adding solid MH¢Cl (10 g), and after 20 min at -33°, ether (20 ml) was added and the ammonia was
evaporated by heating with a warm-water bath, The residue was filtered and 'the filter cake was washed with ether. The
combined filtrate and washings were concantrated in yacun, The residue was chromatographed over neutral Al,0y (grade II)
to give 9,98 g (99 ) of S5, vmax 3500 (m), 3310 (m), 2090 (w), 1095 (s), 1025 (s), 830 (8) cm'lj § (CCly) 0.02 and 0.03
(total 6H, two 8), 0.85 (94, s), 0.80 1.10 (9H, m), 1,00~2.20 (6H, m), 2.40 (1H, 8), 3.60 (1H, m). This was employed in
the next step without further purification.

(s)—m-mxmmmmmlq,a,m_mx' lcyclohexene 6, To a soln of 5 (998 g, 33,7 mmol) in Aistilled
qlm(lwm)mmdmam‘m(ug)mdthemmimmzenmudusimmtmpmdatkfctw
h, After cooling, ﬁnmixtmsmfiltaredandtheﬁlmummm_h_:m The residue was

over neutral Aly03 (grade II) and the resulting crude 6 was distilled to give 482 g (51 ) of 6, bp 91~93°/02 Torr;
o35 1.4779; [a1§65  -27.0° (c=1.94, n-pentane); vmax 3330 (s), 2100 (w), 1635 (w), 1430 (m), 1255 (s), 1120 (a),
1070 (s), 890 (s), 840 (8}, 775 (s), 675 (m) cm™l; & (CDCl3) 0.07 (6H, &), 0.90 (9, @), 1,04 (3H, =), 1.13 (3H, s),
120250 (4, m), 188 (3, 8), 300 (1K s), 350 (1H, t, J= 6He). (Found: m/z 2211362, Calc for Cp3H,)0Gi: 2211362

(6)-4~t-Butyldimethylsilyloxy~2-vinyl~1,3,3-trimethylcyclohexene 7a. 5 % Rd-CaD3 (05 g) and quinoline (0.35 ml) were
added to a eoln of 6 (30 g, 108 mmol) in n-pantans (150 ml). The mixture was stirred under Hy; at room temp until 6
disappeared on TIC. It was then filtered and the filtrate was concentrated in vacuo. The residue was chromatographed over
neutral Al03 (grade II) to give 308 g (quant.) of 7a, nf! 14705 (alf! -314° (c=117, n-pentane); vmax 3090 (w), 1620
(w), 1250 (s), 1110 (s), 1085 (s), 1005 (m), 915 (m), B35 (s) em™1; & (CCl4) 0.03 (3H, &), 0.04 (3H, 9), 0.94 (1%H, s),
1.30~1.90 (2H, m), 1.68 (3H, 8), 1.90~2.40 (24, m), 3.49 (1R, m), 4.92 (1H, A4, J= 3, 18Hz), 5.21 (1H, dd, J= 3, 11Hz),
605 (1H, A&d, J= 11, 18Hz). (Pound: C, 72.96; H, 11.30. Calc for CyqHy08i: C, 7279 H, 1L50 %),

Diels-Alder reaction (route A): A diastereomeric mixture of dimethyl (68)-6~t-butyldimethylsilyloxy-3,5,6,7,8,8a-hexa~
5,5,8a~trim 2-di late 8a and 9a. A mixture of the diene 7a (30 ¢, 10.7 mmol) and freshly

distilled dimethyl acetylenedicarboxylate (20 ml, 16.3 mmol) was heated under Ar in a sealed tube at 110° for 30 h, After
woling,ﬂwmcdmmixumvud\mtognﬁndmrrmmlnﬁ(qmdequiw 350 g of the mixture of 8a, 9a and
a small amount of dimethyl acetylenedicarboxylate. 8ince O60 g of 7a was recovered, the yield of the crude mixture of 8a
and 9a was 97 & The oily mixture of 8a and 9a was used in the next step without further purification and showed the
following physical properties: vmax 1735 (s), 1680 (w), 1645 (w), 1260 (s), 1120 (s), 1095 (s), 1040 (s), 940 (m), 890
(s), 840 (8) cm™1; & (100 MHz, CDC13) 0.03 (6H, 8), 0.85 (4.5H, s), 0,91 (4.SH, s8), 1,10 (3H, 8), 1.14 (1.5H, 8), 1.17
(1.5H, 8), 1.43 (3H, 8), 1.10~2.30 (4H, m), 2,76 (0.SH, dd, J= 3, 23Hz), 2.80 (0,5H, dd, J= 3, 23Hz), 3.15 (1H, a4, J= 5,
23Hz), 3.27 (0.5H, m), 3.48 (O.5H, m), 3.74 (3H, s), 3.78 (1.5H, s), 3.80 (1,5H, s), 5.64 (0.5H, A4, J=3, 5 Hz), 5.77
(0.,5H, dd, J=3, 5 Hz).

Dimethyl (6S,8a8)-3,5,6,7,8,8a-hexahyd. ~6-hydroxy-5,5,8a-trimethylnaphthalene-1,2-dicarboxylate 8b and (65,8aR)-isomer 9h.
A soln of the crude mixture of 8a and 9a (3.40 g, 80 mmol) in 46 ¢ ag. HP-MeQN (1:60, 100 ml) was stirred for 1 h 40 min
at room temp. Subsequently NaH(0y powder (5 g) was added to the stirred soln, The mixture was filtered and the filtrate
was concentrated in vacuo. The residue was pxifiadbynndim[xusummmployin;auezd(mbnr’oolumn(&&oec).
Elution with n-pantane—ether (3:2) gave less polar 8b [672 mg (27 %) of prisms after recrystallization from n-pentane—ether
(3:10)), mp 1180~119.0°% [0131'5 -30,7° (c=1.15, CHCl3); vmax 3590 (m), 1735 (s), 1715 (&), 1670 (w), 1640 (w), 1270
(8), 1255 (s), 1205 (m)}, 1080 (m), 1070 (m) cm'ly § (100 MHz, CDCl3) 1.14 (3H, 8), 1.22 (3H, 8), 1.43 (34, s), 1,20~2.00
(54, m), 2.85 (1B, ad, J=2,6, 22.7 Az), 3.13 (1H, 4d, J=5.3, 22.7 Hez), 3.31 (1H, br), 3.74 (34, s8), 3.80 (3H, 8), 5.80 (1H,
dd, J=2.6, 53 Hz). (Pound: C, 6648 H, 7.80. Calc far CypHpeOs: C, 6621; H, 7.85 8), FPurthsr elution gave more polar
9 (676 mg (27 %) of needles after recrystallization from n-pentane-ether (1:1)], m.p 104.5~105.6°; [ulﬁl +39,9° (c=1.90,
CGiCl3); vmax 3330 (m), 1740 (8), 1720 (s), 1660 (w), 1630 (w), 1255 (s8), 1200 (m), 1060 (m) an'lt 8§ (100 MHz, CDCly) L22
(6H, 8), 1.47 (3H, 8), 1.00~2,20 (5H, m), 2.83 (14, dd, J=2.5, 22,5 Hz), 3.17 (1H, a4, J=5.3, 22.5 Hz), 3.54 (1H, br), 3.74
(38, 8), 3.80 (3H, 8), 5.75 (1H, dd, J= 2.5, 5.3 Hz). (Pound: C, 65.89y H, 7.63. Calc for CyjHy40s: C, 66.213 H, 7.85 %)

Diels-Alder reaction (route B): (5)-3-Bthenyl-2,2,4-trimethyl-3-cyclohexanol 7b. A soln of the silyl ether 7a (133 g,
474 mmol) in 46 v aq HP-MeN (1:60, 70 ml) was stirred at room temp for 1 h, Subsequently Et3N (45 ml) was added to the
reaction mixture and the resulting soln was concentrated in vecuo. The residus was diluted with ether and filtared through
neutral Alx0; (grade IV) column. The column was washed with ether. The combined filtrate and washings were concentrated
and the residue wae distilled to give 584 mg (74 %) of 7b, b.p. 115~118°/13 Torr; ng® 1.5035; [al38 -53.4° (c=1.34,
ether); vmax 3410 (m), 3100 (w), 2990 (a), 1620 (w), 1050 (s), 1005 (s), 920 (s) cm™1; & (OCl,) Q95 (3H, =), 1.0l (3H, s),
1.65 (3H, 8), 1.30~1.90 (3H, m), 1.,90~2.40 (2H, m), 3.40 (1H, m), 4.95 (1H, 44, J=3, 18 Hz), 5.23 (1H, dd, J=3, 12 Hz),
611 (14, dd, J=12, 18 Hz). (Pound: m/z 166137l Calc far CjiHgO: 166.1358).

Diels-Alder reaction of 3b with dimethyl acetylenedicarboxylate to provide 8b and 9b. The diene 7b (560 mg, 3.37 mmol) was
heated with LO ml (81 mmol) of dimethyl acetylenedicarboxylate under Ar in a sealed tubs for 30 h at 110°. After
oooling, the mixture was chromatographed over §i0; (Merck Kieselgel 60) to recover the wunreacted 3b (87 mg, 16 8) and to
give the mixture of 8b and 9b. The mixture was further purified by medium pressure IC followed by recrystallization as
mentioned in route A to give 277 mg (32 §) of 8> and 311 mg (30 8) of 9 Their IR and lH-NMR data were identical with
those of 8b and 9b prepared via route A, respectively.

Dimethyl (1R,68,8aR)~1,5,6,7,8,8a-hexahydro-6-hydroxy-5,5,8a-trimethylnaphthalene~1,2-dicarboxylate 14a, A soln of 8b (502
mg, 163 mmol) and DBU (100 U 1) in dry THF (15 ml) was stirred and heated under reflux under Ar for 3 h, After ocooling,
the mixture was concentratsd in vacuo, The residue was diluted with ether and filtered through SiO; (2 g) to remove DEIL
The column was washed with ether. The combined filtrate and waghings were concentrated in vacuo to give 520 mg of crude
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l4a as a oovlorless oll, vasx 3550 (m), 1740 (s), 1715 (s), 1640 (w), 1570 (m), 1275 (8} cm™ly & X1y 109 (68, s) 120
(34, »), 1.30~2.00 (44, m), 2,41 (1H, br), 3.18 (1H, 4, J=3 Hz), 3.30 (1H, m), 3.62 (3H, »), 3.65 (3H, 8), 6,02 (18, 4, J=7
Hz), 687 (1K, &, J=3, 7 He). This was employed in the next step without further purification,

Dimethyl (15 4aR/68,085)-1,4,4a,5,6,7,8,8a-octahydro-6-hydrowy-S,5,Ba-trinethylnaphthalene-1 -Moarborylate 10w 10 & R3-
C (50 mg) was added to a soln of crude l4a (520 mg, L69 mmol) in MeOH (20 ml) and the suspension was stirred under H, at
room temp until l4a disappeared on monitoring TI40  The mdxture was filtared through Cslite and the filtrate was ooncen-
trated in vacuo, The residue was choomatographed over 810, (Merck Kieselgel 60} and the resulting crude 10e was recrys-
tallized from n-pentane-ether (4:1) to give 308 wmg of 10m as prisms, Ch . of the her liquor provided a
further 98 mg of 10a (total yield 80 & from 8b), mp 760~77.0% [u]?'s -206° {cwlB82, CHCl3); vmax 3550 {s), 1740
(8), 1710 (8), 1670 (m), 1265 (8), 1055 (s}, B840 (w) m‘lx & {CDCl3) 0.89 (3H, »), 0,91 (38, s), 1,01 (3H, =), 1,00~2.00
(6H, m), 2.00~2.50 (2H, m), 3.15 {1H, m), 3.25 (1H, br), 3.66 (3H, 8), 3.68 {3H, 8), 7.05 (1#, m), (Found: C, 65.59; H,
8.33. Calc for Cy H,0s5: C, 65.78; B, 8,44 %),

Dimethyl (1R,4ag,8a8)-1,4,4a,5,8,8a-hexahydro-5,5,8a~trimethylnaphthalene-1,2~dicarboxylate 16, To a stirred and ioe~
cooled soln of 10a (250 mg, 0805 mmol) and DMAP (590 mg, 483 mmol) in dry Qi Cly (7.5 ml) was added TEC1 (214 U 1, 201
mmol) slowly and dropwise under Ar. The stirring was contimved for 15 min at 0° and for 15 min at room temp The mixture
was poured into water and extracted with ether. The ether soln was washed with water, sat NaHODy moln and brine, dried
(M5904) and concentrated in vacuo. The residus was chromats 3 over 8i0, (Puji-Davison, BW-820 MA) to give 202 mg (96
8} of 16 as a pale yellow oil. This was employed in the next step without further purification and showed the following
physical properties: vmax 1740 (s), 1720 (8), 1660 (m), 1430 (a), 1260 {(s), 730 (m) cu™Y; & {CDC13) O.87 (3H, 8), 0,97
(34, 8), 1.00 (3#, s), 1.67 (1H, m), 1.90~2.60 (4H, m), 3.27 (1H, m), 3.68 {3H, s8), 3.70 (3H, s}, .20~3.80 (2H, m), 7,11
{1H, m).

Dimethyl (1R,da5,8a5)-1,4,48,5,6,788aoctahydro-5,5 8a—trimethylnaphithalene=1,2dicacbouylate 17. 10 % R&-C (10 mg) was
added to a soln of 16 (200 mg, 0668 mmol) in MeCH (10 ml) and the suspension was stirved under Hy at room tesp The
reaction was menitored by GIC for the disappearance of 16 and the formation of the desived product 17, The mixture was
filtered through Celite and the filtrate was concemtrated in vacuo. The residue was chromatographed over Si0, (Fuji-
Davison, BW-820 MH) and the resulting crude 17 was recrystallized from n-hexane to give 99 mg of 17 as rods. Chromato-
graphy of the mother liquor provided a furthar 80 mg of 17 (total yield 89 8), my 88.1~6%1% mﬁ? =3L5° (c=l25,
CHCl3); vmax 1725 (m), 1660 (m), 1280 (8), 1260 {8), 1205 (s), 1180 (s), 1080 (m), 830 (m) cm~1; & (100 MHe, €DCl3) 0.88
(34, a) 0.90 (3H, ®), 0.93 (34, a), 1.24 (1H, dd, J=5.8, 11.0 He), 1.10~1.70 (54, m), 1.85 (1H, dm, J= 12.0 Az), 2.00~2.50
(2H, m), 3.20 (1H, m), 3.66 (3H, s8), 3,70 (3H, 8}, 7.05 (1H, m). (Pound: C, 69,39; H, B.90. Calc for CyqHygO4: C, 69.36;
H, 8.90 %)

(1R, 4a8,8a5)~1,4,44,5,6,7,8,8a~Octahydro-1, 2~bis(hydroxymethyl)-5,5 8a-trimethylnaphthalens 184, To a stirred and jce-
cooled muspension of LAH (20 mg, Q527 mmol) in dry ethar (4 ml) was added dropwise a soln of 17 (79 mg, O\268 mmol) in dry

ether {1 ml) under Ar. The stirring was continued for 30 min at 0°. The mixture was pawed into 5 & ag HyS04 (5 ml)-ice
and extracted with ether. The ether soln was washed with water, sat NaHOO3 soln and brine, dried (NgSO;) and concentrated
in vacua, The residue was chromatographed over (Fuji-Davison, BW-820 MH) an! recrystallized from n-haxane to give
526 mg (82 V) of 18a as rods, mp 635~705°% [alf® -63° (w096, THCiz); vmax 3310 (8), 1670 {w), 1390 (8), 1370 (s),
1050 (s), 990 (s), 950 (8), 8B40 (m} cw™l; & (100 Mz, ICly, after DoO exchange} 075 (3H, s), Q87 (64, s), Q90~LBO {7H,
m), 1.80~2,30 (3H, m), 3.64 (1H, &4, J=7.9, 10,9 Hz), 3.87 (18, 44, J=2.3, 10.9 Hz), 3,94 (1H, d, J*12,0 Hz}, 4.31 (IH, 4,
J=12.0 Hz}, 5.77 (1H, m). (Pound: C, 75.39%y H, 10.94. Calc for CygHyg0z: Cp 75.58; H, 10.99 ¢). The optical purity of
18s was shown to be ~100 $ by HFIC analyais of its bis—(R)}-MTPA ester 18b prepared as usual: HPIC (Column, N
25 com x 46 mm ¢y Solvent, nrhexane~THIMeOH (10000:100:1), 11 ml/ming Detected at 254 nm) Rt 36,2 min (single peak),

(!&m!w)-l,d,ﬁh,5,6,7,@,&%!?5,5,8&~wimlmm;«w-l,2-dim1&h"de (Polygodial) (~)~1, A soln of the
Swarn reagent was prepered by the dropwise addition of a soln of DMSO (197 U 1, 277 mmol) in dry CH4Cl, (04 ml) to 2
mmmoledmmcfimiz {118 4 1, wguml)indtycizd2(3n1)at-50°uﬁ&k. To the stirred and ooocled
solnoftheSwemmagmtwasﬁeddmpwioeaoa!nefl&(wng,&lﬁemml)indtycszclz {08 ml) at ~50°, The mixture
was stirred for 1 h at -50°, BN (258 U 1, 1.85 mmol) was added to the mixture ard the temp was allowed to rise gradually
to room temp during 1 h, The reaction mixture was poured into water and extracted with sther, The ether soln was washed
with water, sat NaH(O; soln and brine, dried (MgSOg) and concentrated in vacuo. The residue was chromatographed over 510,
(Fuji~Davison, BW-820 MH) to give 32 mg of cxude (~)~1. This was recrystallized from n-hexane to give 246 mg (63 ) of
(=} =1 as needles, m 569~57.3% [alf25  -133° (c=88, EXOH); vmax 2850 (w), 2750 (w), 1725 (s), 1710 (m), 1685
(8}, 1650 (m), 980 (w), 840 (w)} cm™1; 5 (100 MHz, CoClsy) 0.83 (3H, 8), 0.95 (3H, 8), 0.96 {3H, s), 1.27 (IH, &4, J=5.7,
10,9 Hz}, 1.00~2.00 (6H, m), 2.35 (1H, 4444, J=2,8, 3.7, 10.9, 20.2 Hz), 2.48 (1H, adt, J=2.3, 20.2, 5.5 Hx), 2.81 {1H, =)},
713 (14, m), 9.47 (1§, s}, 9.54 (1H, 4, J=4.4 Hz)s 13C-NMR (26 MHz, CDCljy) & 15,24, 16.02, 21.91, 25.21, 33.08 {s and g
overlap in the OFR decoupled epectrum), 3686, 3055, 4L71, 4497, 6029, 13824, 15427, 19318, 20186 MS: m/z 234 (NY,
4 %), 206 (100 ¥, base peak), 191 (48 %), 121 (30 %), 109 (80 ). (Found: C, 76.94; H, 93l Calc for CycHpOp: Co 76:88;
H, 946 8). The spactral properties listed above were in good accord with those reparted for (-)-112 or (£)-1.7.8

15,67, 5,5,88 1,2~ late 1%a, In the same man-
ner as described for the preperation of 14a, 9b (514 mg 1.67 mmol) was treated with DEU to give crude 15a, Recrystalliza-
tion of the cruds product from n—hexane-etber (1:1) gave 487 mg (95 §) of pme 15a as plates, mp 1525+153.5% [1]31
+230° (cw1.60, CHCl3); vmax 3550 (m}, 1735 (&), 1700 (s), 1635 (w), 1570 (s}, 1280 (=) cm~l, § (CDC13) 115 (3K, s), 1.19
(3#, 8), 1.22 (3B, ®), 1.00~2,30 (5H, m), 3.40 (1K, 4, J=3 Hz), 3.55 {1H, =), 3.68 (6H, 8), 6.00 (1¥, 4, J=6 Hz), 6.94
(1#, ad, J=3, 6 He). (Found: C, 66.22; H, 7.7%. Calc for CyqHz405: C, 66,21; H, 7.85 %),
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Dimethyl (18,8a8)-1,5,8,8a-tetrahydro-5,5,8a-trimethylnaghthaleng-1, 2-dicarboxylate 21, In the same manner as described
for the preparation of 16, 158 (42¢ mg, L.37 mmol) was treatsd with TEC1 and DMAP to give crude 21'. The crude product was
chromatographed (8i0s) and recrystalliged from n-hexane~EtOA: (20:1) to give 322 mg (81 8) of pure 21° as rods, mp,
640645 [alfl +244° (c=L14, CHC13); vmax 1735 (a), 1710 (s), 1660 (w), 1640 (w), 1580 (m), 1275 (s), 715 (m) cwl; &
(cpCl3) 1.08 (3H, 8), 115 (3§, s), 1.21 (3, &), L.90~2.30 (2H, m), 3.50 (1K, d, Je3 Hz), 3.68 (68, 8), 3.20~3.80 (2H, m),
5.95 (18, d, J= 6 Bx), 695 (18, dd, J=3, 6 Hz), (Found: C, 70.46; H,7.68 . Calc for C;qH9304 C, 70,32 H, 7.64 V).

Dimethyl (154aR,8aR)-1,4,43,56,78,8a-octahyiro-5,5,8a-trimethyloaghthalene-1,2-dicarbonylate 17, 10 & R-C (15 mg) was
added to a soln of 21' (300 =g, L03 mmol) in MeCH (20 ml) and the suspension was stirred under Hy at room temp until the
starting material 21' and a partly reduced product disappeared on GIC, (The double bond at C-4(4a) was hydrogenated first,)
The mixture was filtered through Celite and the filtrate was comcentrated in vacuo. The residue was chromatogrephed over
8i0p (Fuji-Davieon, BW-820 MH) and the resulting crude 17" was recrystallized from n-hexans to give pure 17 (194 mg) as
rods, Chromatographic parification of the mother ligquor followed by recrystallization provided a further 20 mg of 17
(total yield 70 &), mp 88.2~889% [alfl +331° (cvL24, GXl3). Its IR and lH-NMR spectra were identical with those of
17, (Found: C, 69.25; H, 8.87. Calc for Cy4He04: C, 69.36; H, 8.90 %),

(18,4aR,8aR)~1,4,4a,5,6,7,8,8a-Octahydro~1, 2-bis(hydroxymethyl )-5,5,8a-trimethylnaphthalene 18a'. In the same manner as
dascribed for the preparation of 18a, 17° (170 g, 577 mmol) was reducad to give 110 mg (80 8) of 18a' as rods, mp
62.0~70.0% [alf2 +6.5¢ (cwQ83, CACl3), Its IR and 1H-MMR spectra were identical with thoss of 18 (Pound: C, 75.60
H, 1091, Calc for CysHygOy G 7558 H, 1099 8). The optical purity of 18a’ was shown to be ~100 % by HPLC analysis of
its m-{g)—xm«wwmmmmmm:m(mmmm%&s,25mx¢em¢;5o1mgwm
{10000:100:1), 1.1 ml/min; Detsctad at 254 nm) Rt 330 min {single peak),

(18,4aR,8aR)~1,4,42,5,6,7,8,8a-Octahydro-5,5,8a~trimethylnaphthalene-1,2-dicarbaldehyde (The enantiomer of natural
Polygodial) (+)-1% In the same marnner as described for the preparation of (-)-1, 110 mg (0461 mmol) of (+)-18a' afforded

78 mg (72 %) of (+)~1* as needles, mp. 57.0~57.5% [2]@2*5  4135° (c»0,92, EtOH), Its IR, lH- and 13C-NMR and mass
spactral data were identical with thoes of (~)-1. m: C, 7684 H, 938 Calc far CygHy0y: G 7688 H, 946 %)

Direct preparation of 10m from 8b employing Ley's procedure, 10 % RI-C (S mg) was added to a soln of 8b (47 mg, 015 mmol}
in Q05 ¢ conc HCl~MeOH (7 ml), The suspension was stirred under Hy at room temp until 8b disappaared on monitoring by
ne mﬂmmlnwuuﬁadmmﬂr(&g)mﬂnmbmmfummd'ﬂwoauu,mdthewiahyarvu
washed with ether, The combined filtrate and washings were concentrated in vacu. The residue was chromatographed over
8i0, (Merck Kieselgel 60) to give 30 mg (63 %) of 10a as an oil. mlﬂmmdataotlmwemidmtialwithﬂme
of 108 obtained via two-step procedure described above.

(1R, 48R, 68,8a8)-1, 4, 42, 5,6, 7,8,8a-Octahydro-6-hydroxy-1, 2-hydroxymethyl-5,5,8a-twimethylnaphthalens 11. To a stirred soln
of 10a (5.8 mg, 0.017 mmol) in dry CoHsN (A5 ml) wae added TsCl (10 mg, 0.052 mmol) and the mixture was stirred overnight
at room temp. The mixture was poured into water and extracted with CHClj. The CHCl3 soln was washad with sat CuSO4 soln,
water, sat NaHOO; soln and brine, dried (Mg0,) and concentrated in vacuwo to give crude 10b (9.0 mg), vmax 1740 (s), 1720
(), 1660 {w), 1600 {(w), 1355 {(s), 1260 (s), 1190 (=), 1170 (#) cm-1. To a stirred and ice-cooled soln of 10b (9.0 mg) in
dry ether {1 ml) was added LAH (10 mg, 026 mmol) and the mixture was stirred overnight at room temp. The mixture was
poured into 5 & ag Hpy804~ice and extracted with ethar. The ather soln was washed with sat NafCO3 soln and brine, dried
(Nay804) and concentrated in vacuo. A main product was isolated by prep TIC (Merck Kieselgel 60 F-254) ard identified as
11 by comparing itsW&udmﬂmmfot(t)—llbywy_e_tg.e(l.quofaoud. 34 § from 10a), vmax 3350
(8), 1675 (w), 1095 (m), 1060 (a), 1020 (a), 995 (s) cm‘lr & (100 MHz, CDCl3) 0,77 {3H, 8), 0.86 (3H, 8), 0.99 (3H, 8),
1.00~1,90 (5H, m), 1.90~2,20 (4H, m), 2.B0 (2H, br), 3.30 (14, m), 3.70 (1H, dd, J=7.5, 10,6 Hz), 3.70~4,10 (2H, m), 4.33
(14, d, J=12,0 Hz), 5.82 (1H, m).

Direct hydrogenation of 9b employing Ley's procedure (to give 13), In the same mammer as describad for the direct prepara-
tion of 10a from 8b, 9b (16 mg, 0052 mmol} was hydrogenated only to give oily 13 (14 mg, 87 ) as the main product, vmax
3570 (m), 1725 (s), 1640 (m}, 1255 (g}, 1030 {m), 735 (m) m~l; 5 (CDCly) 0.86 (3H, s), 1.01 (3H, @), 1.20 (34, &),
1.00~2,70(10H, m), 3.21 (1H, m), 3.62 (3H, 8), 3.73 (3R, s).

Dimethyl (18,4aS 68,8aR)-1,4,4a,5,6,7,8,8a-octahydro-6-hydroxy~5, 5,8a-trimethylnaphthalene—1,2-dicarhoxylate 12. In the
same manner as described for the greparation of 10a from l4a, 15a (20 mg, G065 mmol) was hydrogenated to give crude 12,

which was purifisd by prep TIC {Merck Kieselgel 60 F-254) followed by recrystallization from n-hesane-ether (3:1} to give
19 wg (94 %) of pure 12 as needles, mp 144.5~1450°% vmax 3540 (8), 1720 (8, sh), 1710 (s), 1660 (m), 1265 (s}, 1070 (m),
830 (m) cm™1; & (CDCl3) 0,94 (3H, =), 1.00 (34, 8), 1.02 (3H, 8), 1.00~2.00 (6H, m}, 2.00~2.50 (28, m}, 3.31 (1H, m}, 3.48
(18, br), 3.70 (3H, s8), 3.72 (34, 8), 7.09 (1H, m).

Dehydration and isomerization of 9b to give 22 (and 21'), To a stizrred soln of 9% (36 mg, 012 mmol) in dry CgHsN (OS5
ml) was added dropwise TECl {26 U 1, Q24 mmol) and the mixture wag stirred overnight ar room temp, It was poured into
water and extracted with ethar, The ether soln was washad with sat CuSO4 soln, water, sat KaHCO3 scin and brine, dried
(Mg804) and concentratad in vacuo, The residue was purified by prep TIC {Merck Kieselgel 60 P-254) to give 35 mg (82 %) of
9cy vmax 1730 (8), 1670 (w), 1640 (w}, 1200 (s}, 1130 {s), 800 (m} cm™l. A =oln of 9¢ (33 mg, 0075 mmol), (n-BulgNBr (120
mg, 037 mmol) and DEU (67 U 1, OAS mmol) in dry THF (1 ml) was stirred and hested under reflux for 5 h under Ar. The
mixture was filtered through 510, (1 g, Merck Kieselgel 60) and the column was washed with ether. The combined filtrate
and washings were conoentrated in vacuo. The residue was purified by prep TIC (Merck Kieselgael 60 F-254) to give 20 mg (85
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%) of 22" vmax 1740 (s), 1715 (8), 1650 (w), 720 (m) cn'lg 8 (CDC13) 1.14 (6H, 8), 1.22 (3H, 8), 1.80~2.20 (2H, m), 3.43
(1H, 8), 3.60 (3H, 8), 3.72 (3H, g8), 5.20~5.80 (2H, m), 5.98 (1H, 4, J=6 Hz), 7.18 (1H, d, J=6 Hz). Weak signals at 1.09
(8), 369 (8), 696 (dd) indicate the presence of 21' in the ratio 22':21'=4:1.

Treatment of 14a with TfCl and DMAP (to give 19, 20, and 21), To a stirred and ice-cooled soln of 14a (32 mg, Q.10 mmol)
and DMAP (36 mg, G229 mmol) in dry CHCl; (LS ml) was added dropwise TECl (36 L 1, 033 mmol) and the mixture was stirred
at room temp for 1 h. The mixture was filtered through 8i0; (1 g) and the 810, column was washed with ether. The combined
filtrate and washings were concentrated in vacuo, The residue was chromatographed over 810, (Merck Kieselgel 60) to give
10 mg (33 8) of the mixture of 20 and 21 (2:1) and 14 mg (46 8) of 19, They showed the following spectral properties, 20 +
21: vmax 3100 (w), 2980 (e), 2890 (m), 1740 (a), 1715 (8), 1640 (w), 1615 (w), 1440 (8), 1275 (8), 900 (m) em™l, & (100
MHz, CDClj) 0.99 (2H, a), 1.06 (2R, 4, J=6.6 Hz), 1.11 (1H, s), 1.19 (1H, 8), 1.26 (1H, 8), 1.20~2.00 (2.7H, m), 2.00~2.25
(0.674, m), 2.65 (0,67H, m), 3.56 (1H, 4, J=2.9 Hz), 3.73 (6H, 8), 4.88 (0.67H, d, JI=2.5 Hz), 5.09 (0.67H, d, J=2.5 Hz),
5.30~5.80 (0.67H, m), 6,00 (0.,33H, 4, J=12.2 Hz), 6,08 (0.67H, d, J=12.2 Hz), 6,93 (0,67H, a4, J=2,9, 12.2 Hz)}, 6.98
(033, a3, J=29, 12,2 Hz), 19: vmax 2970 (s), 1740 (s), 1710 (s), 1615 (w), 1265 (s), B840 (m), 765 (m) cm™l; & (100 MHz,
CpCly) 1.03 (3H, s), 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, 8),
5.88 (1H, d, J=6.4 Hz), 7.05 (1H, dd, J=2.8, 6.4 Hz).

Acknowled ts—K. M. is grateful to Dr. John A, Pickett of Rothamsted Bxperimental Station, U. K, for arousing his
interest in antifeedant problems, We thank Prof. R. J. Pfeiffer of University of Santa Clara, . S. A, for reading the
text, Mr. T. Sugai's help in the preparation of the Camera-ready mamuscript is acknowledged with thanka, This work was
supparted in part by a Grant-in-Aid for Scientific Research from Japanese Ministry of Biucation, Science and Culture.

REFERENCES

1 a) A. Chsuka, Nippon Kagaku Zasehi (J. Chem. Soc, Jm.) 83, 757 (1962);
b) Idem. Ibid. B4, 748 (1963).
C. S. Barnes and J. W. Loder, Aust. J. Chem. 15, 322 (1962).
R. K. Ghuda, P, J. Scheuer, J. E. Hochlowski, R. P, Walker and D. J. Paulkner, J. Org. Chem. 48, 1866 (1963).
Cimino, S. de Rosa, S. de Stefano, R. Morrone and G. Sodano, Tetrahedron 41, 1093 (1985).
T. Kato, T. Suzuki, M, Tanemura, A. S. Kumanireng, N. Ototani and Y. Kitahara, Tetrahedron Lett. 1961 (1971).
M. Jalali-Naini, D. Guillerm and J.-Y. lallemand, Tetrahedron 39, 749 (1963).
D. M, Hollingshead, S, C. Howell, S. V. Ley, M. Mahon, N. M. Ratcliffe and P, A. Worthington, J. Chem, Soc.
Perkin I 1579 (1963).
9 H, Ckawara, H. Nakai and M. Ohno, Tetrahedron Lett. 23, 1087 (1962).
10 J. A, Pickett, Personal commnication during K. M.'s visit to Rothamgted in March, 19684,
11 I, Kubo and I. Ganjian, Bxperientia 37, 1063 (1961).
12 Y. Lu, G. Barth, K, Kieslich, P, D. Strong, W. L, Duax and C. Djerassi, J. Org, Chem. 48, 4549 (1983).
13 K. Mori and H, Mori, Tetrahedron, in press.
14 G. Brieger, Tetrahedron Lett. 4429 (1965).
15 S. P. Tanis and K. Nakanishi, J, Am., Chem. Soc. 101, 4398 (1979).
16 R. L. Snowden, Tetrahedron Lett. 25, 3835 (1984).
17 a) K. Omra and D. Swern, Tetrahedron 34, 1651 (1978);
b) A, J. Mancuso, §. L. Huang and D. Swern, J. Org, Chem. 43, 2480 (1978).
18 L. Lombardo, L. N, Mander and J. V, Turner, J, Am. Chem, Soc. 102, 6626 (1980).

MRV WN
o
b



