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Abstract - A synthesis of the racemate of 5 was achieved to prove its identity with PA 22-VII, the stable and 

biologically inactive rearrangement product of Persoons’s periplanone-A. 

Introduction 

Chemistry of the sex pheromone of the American cockroach (Periplaneta americana) was pioneered by Ritter 

and Persoons.’ A minor bioactive component of the sex phemmone was isolated, named periplanone-A, and 

given the structure 1 by Persoons et al.- Their periplanone-A was found to be quite unstable, and rearranged to 

give a stable and biologically inactive compound with a code name PA 22-VIL2 Indeed, about 50% conversion 

was observed at 0°C in two weeks, and even at -2O’C the rearrangement took place.3 

Persoons and his co-workers gave the structure 2 for PA 22-VII,2 the stereostructure of which was later 

assigned by them as depicted in 3.3 Macdonald’s synthesis of (f)-4 was followed by comparison of its ‘H NMR 

spectrum with that reported for PA 22-VIL4 This enabled Macdonald et al. to propose 5 as the structure of the 

rearrangement product, PA 22-VII4 The same conclusion was also reported by Shizuri et al.5 In order to confirm 

this proposal, we felt it necessary to synthesize (f)-5. As will be detailed in this paper, (f)-5 was shown to be the 

racemate of PA 22-VII.6 

It must be stated, however, that our recent work clarified the structure of the compound, which had been 

named periplanone-A by Ritter and Persoons, to be not 1 but 6. ’ The compound 6 (new name:isoperiplanone-A*) 

was a biologically inactive thermal decomposition product of the genuine pheromone 7,9 which was first isolated 

by Hauptmann et a1.,9 and should now be called periplanone-A.* 

Our retrosynthetic analysis of (&)-PA 22-W (5) is shown in Fig. 1. Construction of the non-conjugated diene 

system of 5 would be possible starting from A. The ketol system of A, in turn, might be prepared from enone B, 

which has the required tricyclic ring-system with correct stereochemistry. Preparation of the enone B would be 

feasible via C, employing the conjugate addition of the iso-propyl group at a certain stage after building up the 

tricyclic ring-system The diketo ester C is the known Diels-Alder adduct between 1,3-butadiene and D,*O and 

possesses all of the functionalities required for the preparation of B. 

‘Pheromone Synthesis - 120. Part 119, Mot-i, K. and Takikawa, H. Temheabron, in press. 
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Periplanone-A (1) 
as proposed by Persoons 
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Fig.1. The target molecule and its synthetic plan. 

Synthesis ol the Tricyclic Intermediate (f)-20 

The Diels-Alder adduct (f)-8 (cis,nanr-mixture) was prepamd in the presence of SnQ according to Kojima 

and Kato,tO and found to be a mixture of the cis- and fruJt.Gsomers in a ratio of 1: 1.2. although a ratio of 41 had 

previously been recorded. lo An attempt to prepare 15.~8 in the absence of SnCb under a high-pressure condition 

failed to give pure cis-8, and afforded an unidentified anomalous product. Unfortunately, the mixture 8 was not 

readily separable by conventional SiO, chromatography. Because rrons-8 was the desired starting material for our 

purpose, we treated the mixture 8 with a variety of bases such as Al&. KaCOs. NaOMe and EtsN so as to enrich 

nuns-g. All of our attempts were unsuccessful owing to the instability of cis-8 under basic conditions. We 

therefore employed 8 (ci.r,rranr-mixture) as it was generated by the Lewis acid-catalyzed Diels-Alder reaction. 

The first step of the conversion of (f)-8 (cb.rrun.r-mixture) into (f)-20 (=B) was how to secure a tram-fused 

bicyclic intermediite in a pure state. Fortunately, reduction of 8 (cisfranr-mixture) with LiAl(Or-BuhH was 

found to give, in 39% yield, crystalline (k)-9a as the major product, which could be readily separated by 

chromatography and recrystallization from other two reduction products, (*)-lo (7% yield) and (f)-11 (tentative 

structure; 5% yield). The structure of the major product as (*)-9a was based on its ‘H NMR analysis (as the 

corresponding acetate) to observe no coupling between CJJOAc and the angular proton as well as on its MnQ 

oxidation to give back n-an.4 (see Experimental). The assigned structure 9a was later confirmed by its 

conversion to (f)-20. 

The second phase of the work was to reduce the CO group of 9a to give an a-oriented OH group so that it 

could be utilized for the construction of the a-oriented tetrahydrofuran ring of (f)-20. When 9a was reduced with 

NaB& in the presence of CeCls. the undesired B-OH compound (f)-12 was produced exclusively. Treatment of 
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Fig.2. Synthesis of the tricyclic immediate (f>20. 

Rw~ts: &iAloLiAK-Bu)3H. THP. 0-5X b)NaBHd. Csc13. M&H. CWC. c&iB@-Ru)jH, IIH’, -78’c. d)i)DIBAL. Tohmne, -78%. ii)E13SiH, 

RF3*&0. CH2Cl2, -78-C. e)NaBHg MeOH. THF. rcflu. f)MdZl. DhUP. JZt3N. CH2Cl2.0~S-C. g)JUyl vinyl ethw. PPI’S, CH2C12. r.,., qrum. 

h)NaRH,+. CcCl3. THP. 0-W. i)Echyl vinyl cther, PPTS. CHfi. 1.1 ?7%. j)liAlH+ J!@. O’c-r.r. 87%. k)MaCl. Py. CH2Cl2. DMAP. O-5-C. 

1)PI’lX M&H. 4045X?. m)25% N&Me in MeOH. r.t.-WC, 81% in 3 rcsp. nXCXXIh, DUO, CH2Cl2. -7W KIWI k3N. -2o’C. 92%. o)i-RMgI. 

Cum. &o, -7wYC. 75%. 
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9a with LiB(s-B&H, on the other hand, afforded a lacmne (*)-l3. conversion of which to (f>14 was then 

attempted. Thus, 13 was treated with (i-Bu)zAlH followed by Et$iH in the presence of BF,$$O.” 

Unfortunately. the desired 14 was accompanied with a numba of by-products, and the yield of 14 was only -10%. 

We then reduced 13 with NaB& in THF-MeOI-I12 to give a trio1 (&)-1Sa. but its selective mesylation to give 

(*)15b, the precursor of 14, was unsuccessful. A successful step to the solution of this problem of the 

stereoselective reduction was the protection of the OH group of 9a by treatment with ethyl vinyl ether and PFTS. 

The resulting (f)-9b could be reduced with NaB& in the presence of CeQ to give a mixture of (*)-16a (71% 

yield) and (f)-17 (15% yield), which was readily separable by SQ chromatography. Assignment of the structure 

of (f)-16a to the major product was based on (i) its less polar nature than (f)-17 owing to the axial orientation of 

the OH group of 16a, and (ii) the intramolecular hydrogen bonding between the OH group and the C02Me group 

as manifested by a sharp OH absorption and VC,O at 1710 cm-‘. The isomer (*)-17 showed VC~ at 1725 cm-‘. 

Thus, stereoselectivity of the reduction could be reversed merely by protecting the OH group of 9a to give 9b. The 

undesired B-alcohol 17 gave back 9b upon Swem oxidation in 92% yield, and could be recycled. 

The next task was to convert (*)-Ma to (f)-14, the tricyclic intermediate with a tetrahedrofuran ring. After 

protecting the OH group of 16a as EE ether to give 16b (77% yield), it was reduced with LAH to give an alcohol 

18a in 71% yield. Treatment of 18a with MsCl in the presence of DMAP gave the corresponding mesylate 

(k)-18b. Deprotection of the EE protective groups of 18b was achieved with PPTS in MeOH to give (i)-18c. 

Cyclization of 18c to the tricyclic intermediate (f)-14 proceeded smoothly by treatment with NaOMe in MeOH. 

The overall yield of 14 from 18a was 81%. The alcohol 14 was oxidized under the Swem condition 10 give an 

a&unsaturated ketone (f)-19 in 92% yield. 

The key intermediate (f)-20 (=B) was obtained from 19 by the 

conjugate addition of i-PrMgI in the presence of CuCN in Et20. As 

expected. the major product obtained in 75% yield was the desired 

P&duct (f)-20. generated by the axial attack of the reagent. The yield of 

the isomeric a&duct was less than 5%. The structure of the major and 

crystalline product was unambiguously proved to be (f)-20 by an X-ray 

crystallographic analysis. The structure was solved by SHEL XS 86 with 

the final agreement values of R=O.O42 and Rw=O.O65. The ORTEP 

computer drawing of (f)-20 is shown in Fig.3.13 

Fig. 3. ‘fhc m&cdJr lhllflure of (It)% 

Synthesis of the Racemate of PA 22-W 

With the tricyclic key intermediate (f)-20 in hand, the next stage of our work was the modification of the 

cyclohexene ring of 20 to give the racemate of PA 22-VII [(f)-S] via ketol A I=(f)-27al. Methylenation of A 

followerd by dehydration would give the diene system of (f)-5 (Fig.4). 

The first phase of our conversion was therefore preparation of A from 20. For the ease of manipulation in the 

course of this conversion, the CO group of 20 was reduced with Lii3-THF in the presence of r-BuOH to give 

(f)-21a in 91% yield, which was treated with r-butyldimethylsilyl triflate PSOTf) and 2,6-lutidine/CH2C12 to 

give (f)-21b. Reaction of 21b with qHSN&iBr3 quantitatively afforded a dibromide, to which was assigned the 

structure (f)-22. considering the diaxial addition mechanism. Treatment of 22 with DBU gave a diene (f)-23 

contaminated with a small amount of an unknown inpurity. 

Induction of the oxygen functions to the diene 23 was achieved by the slow addition of the singlet oxygen 

lo 23 in the presence of methylene blue as a photo-sensitizer under the irradiation with a tungsten lamp to give an 
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(*>u, L($+ c>;)n$& d>* 
(f>2la R=H (*)-u (U-23 

b R=TBS 

(f)-27s R=H (=A) 
b R=Ac 

(i)-2&t R=Ac 
b R=H 
c R=Tf 

(f)-29a R=TBS 

TBS=-Si(Me)zr-Bu Tf=-SO&F3 

Fig.4. Synthesis of (i)-5 (PA 22-V@. 

R-e- @Lo m3. -l-HP. t-BuDH. -78-O-C. 91%. b)l’BSUTf, 2bLutidirr. CH2Cl2.0~5-C. qumr c)C5H+HBq, THF. IL. qua. d)DBU. An 

HMPA. 40-45-C. e)O2. hv. Mcchylara blue. MdJH. 5-10-C. r)q. ‘ITiF. 0-5-C. 15% in 3 stqm. 8)hfIIt+, CHC13. IX.. 83%. h)H2.10% Pd&T, EtOH. 

LL 99%. i)Ayo. PY. CH2CI2. DMAP. r.t.. 98%. j)Ph3PhfeBr. n_BuLi DMJZ, WC-a.. 56%. k)MeLi, I?@, &5Tc. 94%. l)l’Kl, DMAP. CH2Cl2. 

O-C-M m)DBU. PbH. 70-C. 78% in 2 steps. ~X~-BU)~NF. THF. r.t.. qum. o)pDC. CH2a2. MS 34 a. 81%. 

endo-peroxide (f)-24. The structure of 24 was given to this product on the assumption that oxygen attacked the 

less-hindered p-side of the molecule. Reduction of 24 with LAH furnished a diol (f)-25. The overall yield of 

(i)-25 was only 15% from the dibromide (f>22. The diol (f)-25 was selectively oxidized with MnO2 to give a 

hydroxy ketone (f)-26. Attempts to isomer& the e&-peroxide (f)-24 directly into (f)-26 resulted in failure. 

The structure of (f)-26 was confirmed by the ‘H NMR analysis of the corresponding acetate. Its CI-JOAc proton 
exhibited no coupling with the proton at the angular position (see Experimental). Hydrogenation of (f)-26 over 

Pd-C gave (f)-27a (=A) in 99% yield. 

The next task was the conversion of the Co group of (f)-27s to the methylene group. The Wittig reaction of 

(f>27a with PhjP--CH2 in THF gave the desired product (*)-28b in GO% yield. Neither the use of 

TMSCH$3C1214 nor that of Cp2TiCH2Zn1215 was successful to give the desired olefin 28b. After protection of 

the OH group of (f)-27a as an acetate (f)-27b, however, the Wittig reaction of 27b with Ph3P=CH2 in DME was 

a little bit more efficient to give (*)-2&t in 56% yield. Deprotection of (f)-28a was achieved by trearment with 

MeLi to give (f)-28b in 94% yield. 
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a)lH NMR Spectrum of (i)-5 (300 MHZ. CS?). 
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Fig.5 ‘H NMR Spectrum (a) and MS (b) of W-5 (PA22-VII). 
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Dehydration of (f)-28b was possible by using the Burgess teagent (MeOCON-So2N+Et3),16 but the result 

was not so reproducible, giving lo-7996 yield of (i)-2911. llte following altanative mute was found to be more 

reproducible and efficient. ‘Ihe alcohol (f)-2Sb was first convated to the umqxxukg triflate (f)-28c. which 

was treated with DBU to give (+2!kt in 78% overall yield. Desilylation of (f)-29s with (n-Bu),@F to give 

(f>2% was followed by its PDC oxidation*’ to give (f)-5, m.p. 118.0- 1183T. in 8 1% yield from (f)-2%. Fig.5 

shows the ‘H NMR aud mass spectra of our synthetic (f)-5. They are identical with the published spectra of 

Pexsoons’s PA 22-W. 

In conclusion. our unambiguous synthesis of (z&S established the struchm? ofPA22-VIIasSinaccordwith 

the suggestions made by Macdonald et al? and Shizuri er ai? As far as PA 22-W was concerned, the studies by 

Persoons on the minor component of the American cockmach pheromone was corn%. We also confirmed that 

(f)-5 is biologically inactive. 

(ci~atu-1:1.2, 103.0 g. 0.477 mol) in cky IXF (2.0 1) was akkd pmiionwise IiAl(Ot-Bu)3H (123.0 g, 0.492 mol) u 0-W with vigoras srinhy. 
~sliningfor2huthasrmetanpdilHCIwuddsdtothcmixtrrrslmtiltherohMntdnrutnL~w~MaedthrayhCclircmdIhc~muLc 
wuw~arith~F.Thsf~~mdwvahingrwascombinsdrd~ in wcyo. The midw was dihlted wkh w* old exuaxed with 
WAC. ‘lb extnct was wubed with au NaHCC+ noln, d&d (MgSOq). and Lannam& in wa-uo. The residue was prifk?d by silica gel 

chmmamgnphy (1.1 kg). Elutia with n-he-BtOAc-hisOH (2OW.l) gwe oily 11 (5.8 g, 5%). aysullii 10 (8.3 g, 7%) md oily 9~ (IX. 60 g). 
CrystdIizUi~ from bmzme-ehexane gave aystdlii k (41.7 & 3996). An mdyticd sample vu nuystdlized &mn (i-R)20 to give pna 9a u 
leafI* m.p. 89.09O.W(3; IR MUX (Kb) 352.0 (I). 3460 (I). 3230 (s). 3060 (w). 1720 (I), 1690 (I). 1670 (s). 1660 (m). 1640 (w). 1085 (m), 1050 (m). 
7u) (w). 685 (m) cm-l; 1H NhiR I(100 MHz. C3D3N) 2.18-296 (m, 3H). 3.15-3.95 (m 2H). 3.55 (s, 3H). 4.93 (lx.s, lH), 5.76 (m, W), 6.28 (&l, 1H. 
J=3.0,105 HZ.), 6.91 (dd. 1H. 25.J1105 HZ). (Found: C. 65.03; H. 6.36. Cti fm Cl2Hl4O4: C. 64.85; H. 6.35%) 

Acdmc qfa 

‘H NMR 6 (400 MHz. CDCLj, 2.15 (s, 3HA 2.21 (dm, 1H. J=20.0 Hz). 252 (dm, 1H. J&l.0 Hz), 2.69 (dd, IH, J=S.5. 10.5 Hz), 2.90 (dd, 1H. 
J=55.16.0 HzX 3.66 (s.3H). 5.66 (&II, 1H. J=10.2 Hz). 5.69 (dm 1H. J=lO.2 Hz). US (&I. lH.J=2.0.25 Hr. AdXHH 6.16 (dd, 1H. J-25.10.4 Hr. 
C&CHC=O), 6AS (&l, lH, J=20,10.4 Hz. CH-cl+O). 

To a sob of 9a (41.7 g, 0.188 mol) in dy CH2Cl2 (300 ml) wue added pyridGun pto~ulforup (1 g. 0.004 md) and &hyl vinyl ether (23.2 
&0.~9mol)uroQn~with~.ARa~for6hu-ran~thcCH~rohw~wwuhsdwilbwUaudsuN~~~Qicd 

(MgSQ& and ancmhusd in wcuo. The edue was purified by silica gd chmmuognphy [300 g, n-hexn-FiaoAc (4:1-3:1)] to give 9b (37.0 g. 
qumr) a. c&rleJs oil. nD21.0 1.4959; IR vma.x (film) 3Wl (w). 2990 (w). 1720 (s), 1685 (s). 1650 (w), 1210 (s), 1060 (s). 810 (m), 720 (m). 675 (m). 
cm-l; ‘H NMR g (100 MHz. CDCl3) 1.21 and 1.23 (uch I. ti 3H. J=75 Hz). 1.36 md 137 (uch d. total 3H.J=SJ Hz). 1.98-2.72 (4H. m). 3.13 (d, 
1H. J=lXO Hz). 3.61 (s. 3Hx 3.63 md 3.64 (each 6q. t&d 2lt J=75.105 Hz), 454 od 457 (tx.h aid, totd lH, J=2.5.25 Hz). 4.89 (q. 1H. J=S5 Hz). 
3.68 (s. 2HA 6.09 (da6 1H. J=255.25.105 HzA 6.63 (dd4 1H. 1=20.25.105 Hz). (Pamadz C. 63.22: H. 753. Cllod for c16Hf15: C. 65.29: H. 
753%) 

To . soln of 96 (46.0 g, 0.156 mol) in THF (SO0 ml) wa dded CcC+‘Ix20 (69.6 g, 0.188 md) u mom tanp with a&ring. To this was &ed 
pmtionwise NaBH4 (6.64 & 0.175 md) u 0-W wide mining. Ahm wining for 1 h a ths same w to the soln wu ddod dmpwise AcOH (20 ml, 
OA57 Mel) u OTC wifh bhg. Then. this VU pd into ia-NaHq rob-Et*. and exxmcted with E+. fi uhti wm va&d whh su 
NaHCOj mln and trine. dried (MeSOd md -lmIrdinwuo.Thcraiducwppmifiibysiliugd wy (630 g). Elmion with 
n-ln=-lWAc (41) g-e lb (‘32.9 g. 71%) as. colakn oil snd * dltim with the MO a+vaw (1:l) gave 17 (7.1 g. 13%) u . cok&ss oil. 
lhnDaD5 1.4891: IR - (fik@ 34% (sh.sA 30?4 (mA 3@XJ @A 1710 (I). 1635 (w). 1220 (I), 1135 (sh 1075 (I). 720(m), 670 (m) cm-l; ‘H Nh4R I 
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3~3.71(a~3.61tadf.~(~r~3~4.~~AlO(ucbdd.iIKJ=~,WHt~4.~md433(~~toul1~J~.0~~4~zmi 
4.85 (c&q, lH, 1-5~3 Hz), 5.52-5.85 (m 3H). 6.01 (dm, lH. JdO.0 Hz). 
l?mD= 

(Fomd: C, 64s9; H, 8.18. C&l 6a C #@sz c. 64.85; H, 8.16%). 

1.4899: JR WMX (film) 3+4O (s), 3010 (a& 2990 @nX 1725 (s), 1655 (wX 12O!i (s), 1100 (e), 73O (m) cm- ; H NMR 6 (1fXJ MHz, Cl.XX$ 

1.18 md l.aO (ucb t totnI 3H. J=7S wz), 129 utd 13O (erh d toul3H. J=SJ Hz), 1.n2.13 (a 3H). 251 (m, II+), 3.O7 (dm. 1H. h15.0 w;cx 

338-3.8S (m, 2H). 3.65 (s, 3Hx 4.18 md 4.20 (udh 5 bxal 1H. X&O Hz), 436 (m IH). 4.814 4.82 (arh q. toul 1H. JJJ Hz). (Feud C. 64.92; 
H, 823. C&d fa C&&: C. 64.85; H. 8.16%) 

To~rdrrailolndI6f314~al06mol)inch.yCH~2(240ml)wae~~p-ld UaLendfW (1 g, o.OO4 mol) ald elhyl vinyI 

uho (189 g, OS1 mot) at mom temp. Af@s sdxr@ for 10 h rhc CH2CI2 tohr wm VIEW wivith vata ad sei NmCO3 s&t. dried @&S0&) md 

W in YUXO. Tbc m&be wna purified by siliu geI cbromatogmphy (540 g, n-bexm~-EdlAc (5:1-U)] to give 16b (30.2 g. 77%) II a mlorlar 

OiL “D Z3.o IAm; IR vmax (film) 3050 (m), 3OOO (a), 1730 (s), 1665 (w), 1275 (81, 1130 (r), 1060 (6). 72O (w). 680 (m) a-1; *H NMR X (100 MHz. 

CDCl3) 1.17.1.18.1.2O mxl1.28 (uch t, touI 6H. J=75 Hz). 125.133 nd 134 (erh d toti 6H. J=5.5 Hz). 1.73-2.27 (m. 3HX 2.14 (d, lH, J=16.0 

Hz), 3.36-3.79 (a 4HX 3.58 md 359 (uch e. W 3Hx 3.85 ad 3.92 (each dd. totsI IH, J=35,35 Hz.), 4.00 nnd 4.01 (e&i dd, roul IH. h3.Q 3.0 

Hz). 4.67.4.80 md 4.83 (each q, tofaI 2H. Js5.5 HZ), 5.55-6.12 (m. 4H). (Found: C. 65.14; H, 8.73. C&d for +,H3206: C. 65.19; H, 8.75%) 

To~~rinaisusparrianof~(3.~~79.1mmol)inbry~o(300mt)w~ddrd~~~~ofl8,(~.4g.~.8mmolfin~Et2o 
(170ml)~0-5%.Ktw~rtinedforlhItthcrmu;tsnpmdfesU)min*tmomcanp.ItwlsIhaq~byIhcr~ivcdditionofvwr(3ml~ 

15% NIOH sob (3 ml) and wua (9 ml) witb icccmIii. After the addition, the mixture wm stir& for 3O min u room temp. It vu filurcd thmugb 

CeIir~ md IIIC l&r c&c wu wmhcd wilh THF. The fdhua ud w&in8r wac comb&d, d&d (MgSO4), md conccn~~uod b wzcuo. The midus wu 

p&&d by riIiel l@ &W,&~@,y [560 8. n-hcX*ne-EtoAc (4:t)] tD f$“C i8. (23.6 & 87%) U * od‘,&W Oil. X,D23” 1.4817; IR - (fi) 3570 

(i), 3050 (m). Moo 6). 1660 (al). 113O (6). 1050 (6X 710 (w). 680 (m) cm-l; ’ H NMR 6 (1OO MHG CIXZI3) 1.20 and 1.21 (uEh I. rout 6H. J=75 Hz), 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

lH, J=lO.O Hz), 5.70 (d, lH, J=lO.O Hz), 5.85 (4 ltl. 3=9.Q Hz), 5.90 (d, lH, J&O Hz). (Fmmdz C, 66.66; H. 931. C&d fa ClqH32Oj: C. 67.03: H, 

9.47%) 

Mtiulfar~yl chkddc (39.3 & 343 mmol) and 4-@‘.Wdim&yl&) (4.47 & 3.82 mmol) wav. ulded u O-S’C 10. stirred rob of 1& 

(13.0 g. 38.2 mm&) in dry CH2Cl2 (1W mI) ad dry e (4O ml). Afscr stirring for IO h 10 D-S%, this wns pnnaf in@ ice-watu a& eatneed wbb 

EroAc. The extmct WLP w&cd wti wscr, saX CuS04 sob?. weta, aL1 N&X,$ zwh ud b&e+ dried (MgS04). md concattr&d in WCIW 10 @e cruk 

Mb. T&s w= immcdistely cmpIoyed in the next step witbout hrnha puriliution. 

To a soln of uudc 18b in Me0H (100 ml) WJS dded p+&ium p-tolucrresulfonuc (0.8 & 3.2 mmol) u man temp. Aftez SW for 2 h s 

4O-4SC. ic wu diluted with CHCl.3. The organic S&I w= washed with sag NaHcQ) soIn ad brine, d&d (MgsOg, md mceamued in w)cuo IQ give 

crude I&. Bccluse 18~ VIL hbilc Ihe folbwing rucdon wcs immediuely perfomwd 
To I soln of cm& 18~ in Me0H (80 ml) wu r&xl a 28% roln of N&his in MQH (8 ml 41.5 mmol) et mom temp with slining. The cxotbmmic 

To I stirred S&I of (C0CIh (4.97 ml, 58.0 mmol) in dry CH2CI2 (60 ml) won ddal dmpwii & tohr of DMSO (8.24 ml 116.0 mmol) in dry 

CH2CI2 (3O ml) u -78’C. After sirring for 3O min u the WC. temp. lo thii WLI rddsd dmpwisc a sob of 14 (5.17 g. 29.0 mmol) in dry CH2Cl2 (SO ml) 
at -78’(3 with &ring. The stirring st the wmc tnnp for 1 h wo follow& by the ddition of Et3N (17.8 ml 127.6 mm&) snd @he tap was r&d m 

-20% OYCT 30 min Then, the dn was diluti with water md extracted with EtOAc. The uvlct WJS wukd with writer md lxina, dried @4#04), and 

cimxntmled in WCW. ‘fix residue wu purified by silica gel chronutogmpby 185 8, n-bexmc-WAC (8:1-3:l)l to give aysI8Ilirr 19 (4.68 8.92%). An 

ut&ical sunpIe xvyu naye&izcd bon ~&8xmt-fi-h)20 to give pus= 19 u rodt. mp. 49.049.5% lR vmu (X.&) 3050 (w). 3040 (m), 1685 (6). 

1670 (s), 1655 (m), 1620 (w), 1060 (a), 7X (w), 700 (m). 680 (m) cm“; ’ H NMR 6 (100 MHz, CDCI3) 1.88-263 (m. SH), 3.36 end 3.92 (erh d, uch 

1H. Jm9.5 Hz). 4.37 (d, lH, J=6.0 Hz). 5.66 (n 2H), 6.13 (dd, 1H. J=l.O. IO.0 Hz). 7.28 (&I, 1H. 6.0, J=lO.O Hz). (W C. 75.02; H. 6.84. C&d fa 

ClIH&: C. 74.98; H. 6.86%) 

~JS’2Rb,7Rf.laF’).I~J~~~l-i J--~~S3~,~,7)~-~~~~- u) 
TO&&& suspa&n of CUCN (228 g. 25.5 mmol) in dry Rx20 (80 ml) WP sided dmpwisa a toln of i-RMgI in dry Bt20 157.0 ml. 51.3 mmok 
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Tor~olnof~~~m~0.0932mmDl)in’MP(l5ml)wp~r~bof((I-Bu)4NFinTW(l.0M.15~l5mmo1)rrrmncanp.Afta 
~thrhyfor2h~mnn~~itwr~ltcdvi~~Ac.Tbeorg~cw~vuwrhsd~i~~~~1~~~~~~0~,mdmna lntcdinvaw. 
The nridw VU pmih?d b silica gcd dtmmatogrqhy [5 g, rchum~EdlAc (4:1-fl)] to give mystake 29b (222 ny qumtitive). An malytkd 
rumple was maynab& fmm (i-R 

lY 
to give pma 29b u oesdlt* m.p 127.fLl3O.VC; lR vmax (KBr) 3430 (8). 3050 (m). 1660 (WA 1475 (WA 1080 

(mA 1035 (I). 730 (WA 700 (I) an- ; H NMR 8 088 (4 3H. J=65 HzA 0.99 (4 3H, J=65 HzA lAo210 (na 4HA 2.30 (a. 1H). 276 (&I, 1H. J=35. 
19.0 LA 2.94 (dm, 1H. J=19.0 HzA 3.38 (dd. lH, J-05.8.0 HzA 3.71 (dd, 1H. J&O. 85 HzA 3.99 (d. 1H. J&O Hz). 458 (d, 1H. 1~3.5 Hz). 7.99 (a, 
WA 3.77 (b. 19 J=lO.O kA 5.84 (d, 1H. J=lO.O Hz). (Ibud: C. 76.83; H. 9.32. C&d for +Hfi: C. 7688; H, 952%) 

To. rtkd mixtum of powdered moksul~ sievea 3A (0.9 e) md PDC (98%. 169 mg, 0.440 ~1) in dry CH2C12 (4ml) WN skied. soln of 29b 
(~.9m~O.l06mmol)~room~.Afhr~far3h~Ih~tcmp,thcmixmrsw~fdcad~Ooridl.~fi~w~amenmtsdin 
vacwmdthcr&hlewnpmitiedbylilicagel ~gmphy [2 g. n-hexme-EaOAc (9:l)l u) giw crystallk S (20.0 m& 81%). An aulytkxl rrmple 
wu rra~rtlllind from n-ht_R~OAc lo give pm 5 U piMI. m.p ll8.@1185’C; IR vmax (KBr) 3100 (w). 3OMl (m). 2980 (sA 2940 (IA 2910 (I). 

2890 (m). 2840 (WA 1710 (I). 1635 (m). 1490 (WA 1470 (WA 1450 (WA 1420 (w). 1390 (w). 1370 (WA 1330 (WA 1310 (WA 1270 (w). 1260 (m). 1240 (WA 
1185 (mA 1160 (WA 1130 (WA 1110 (w\ llM (WA 1045 (IA 995 (WA 975 (mA 945 (WA 930 (mA 910 (m). 895 (m). 875 (mA 830 (WA 805 (WA 780 (WA 
750 (xv). 720 (m). 690 (WA 665 (w) cm- ; H NMR li WI MHz. Csz, 0.93 (Q 3H. J=6.6 Hz). 0.95 (4 3H. Jo6.6 Hz). 139 (du. 1H. J=6.6,6.6.93 Hz). 
1.82 (dddd. 1Y h2.9. 3.4. 8.6.93 lizA 2.14 (dd, Ill, J=3.4. 165 Hz). 2.49 (d&l, 1H. 1=0.9.8.6, 165 Hz). 263 (a. IH). 2.73 (M, lH. 14.6, 19.0 Hz). 
289 (4 1H. J=19.0 Hz). 3.43 (d. 1H. J=7.8 Hz). 3.69 (4 1H. J-7.8 HzA 4.60 (d, lH, J=2.9 Hz), 4.99 md 5.01 (srh s. toul WA 5.69 (dm. 1H. I=108 

HLA 5.80 Cd 1H. J=10.8 Hz); 13C NMR 6 OS MHG CDCl3) 20.18. 2139. 302929. 33.82.38.57,45.99,4758, 5906.7457. 77.16, 109.47. 121.60. 
128.79. 1392424.210.83; M8 (70 ev) m/z (%) 232 (hf+, 6). 202 (9). 189 (1lA 172 (25). 159 (74A 145 (17). 141(18). 133 (Xl), 127 (100). 105 (83). 104 
(75). 97 (64), 91(80). 81 (58X 79 (43X 77 (64X 69 (48). 55 (46X 43 (74). 41(74). @xnxiz C. 77.23; H. 8.70. C&d for C15Hfi: C. 7755; H. 8.68%) 
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