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Abstnwt: The naturally occurring (-)-enantlomer of Hauptmann’s perlplanone-A and its stereoisomers were 
synthesized Thermal r~gement of ~up~‘s (-~-~pi~one-A by GLC gave Persoons’s 
pe~pIanone-A, the strucmre of which was ~~~n~ through an X-ray c~st~lo~phic analysis of the 
corresponding alcohol. 

Introduction 
In 1974 Persoons et al. isdated two potent sex pheromone ~rn~uents of the American cockroach 

(~e~ip~~t~ ~ric~~)la and nam& them ~~pl~one-A and ~~~~~~n~~.~~ Spectroscopic analyses of 

these pheromone components them to l2 and 23, respectively. The 

connation of the proposed structure 2 for ~~pl~one-B and the establish~nt of its ster~he~s~ as 3 

4 were achieved by Still’s synthetic studies. Other synthetic works5 on (i)-3 or the natural enantiomer (-1-3 also 

confirmed the structure, including its absolute connation. On the other hand, the structure of periplanone-A 

has remained obscure. In 1987 Shizuri et al. synthesized (~k)-4~ and (k)-S7, two of the four possible 

diaste~o~~ of 1. Sowever, their spectral data were ~ferent from those of ~pl~one-A. They therefore 

reexa~n~ the spectral data reported by Persoons et ai., and proposed 6 as the most plausible structure for this 

pheromone.8 Quite recently they reported a synthesis of (+~)-6.~ Rowever. ‘II NMR spectrum of their synthetic 

sample was not identical with that reported for periplanone-A.Z*9 Another proposal for the structure of 

periplanone-A was made by Madonna et al. lo Through their synthesis of (zk]-7, they assigned 8 to the 
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pheromone isolated by Perscons et al. Moreover, they assumed that the cis-fused hydroazulenone 8 might be 

an artifact derived from 9. Their synthetic (f)-9 was evaluated to be highly bioactive, so the germacrone 9 was 

proposed to be the genuine pheromone. However, this proposal was later rejected by the bioassay using pure 

synthetic (f)-9, which showed only a weak bioactivity. “*12 Meanwhile, Hauptmann et al. isolated 10 from the 

American cockroach and showed synthetic (&)-lo to have a high sex pheromone activity.13 They called their 

pheromone (10) periplanone-A. The spectral data of 10 were, however, completely different from those 

reported for periplanone-A by Persoons et al. Therefore, Hauptmann’s periplanone-A could not be identical 

with Persoons’s periplanone-A. Nishino et al. also isolated Hauptmann’s periplanone-A from the American 

cockroach.14 However, Persoons’s petiplanone-A was not reisolated by both Hauptmann et al. and Nishino et 

al. 

From the discussion described above, two problems to be solved were pointed out: (1) the relationship 

between Hauptmann’s periplanone-A and Persoons’s periplanone-A, and (2) the structure of Persoons’s 

periplanone-A. We thought that the key to solve the former problem should exist in the diffemt isolation 

procedures used by each of the research groups. Persoons et aL2 purified periplanone-A finally by GLC, while 

Hauptmann et al.13 and Nishino et al.14 did not expose their samples to such high temperatures. This made us 

assume Persoons’s periplanone-A to be a thermal decomposition product of Hauptmann’s periplanone-A. The 

same speculation was made also by Nishino et aLI and Hauptmann et al.15 Thus, we planned to decompose 

Hauptmann’s periplanone-A actually by GLC using the same stationary phase as that used by Persoons et al. 

The first thing we should do was therefore to secure a considerable amount of Hauptmann’s periplanone-A. 

Our works along this line finally enabled us to give unambiguous solutions to the problems pointed out above. 

Synthesis of Both the Enantiomers of Hauptmann’s Periplanone-A 

The relative stereochemistry of Hauptmann’s periplanone-A 10 seemed to be sure through the syntheses of 

(*)-1O11*12 and (k)-9’O, although the spectroscopic proofs were not sufftcient.13 Its absolute configuration, 

however, has not been confirmed. We therefore decided to synthesize both the enantiomers of 10 and evaluate 

their bioactivities in order to establish the absolute configuration. Our synthetic plan is shown in Fig.1. As 

described in the preceding paper concerning the synthesis of (-)-periplanone-B, a separable mixture of (Z)-13 

and (Q-13 is obtained in 8 steps from (-)-11 via 12. The anionic oxy-Cope rearrangement of (2)13 has been 
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Fig. 1. Synthetic plan for Hauptmann’s periptanone-A and its enantiomer. 



8085 
Hnuptmann’s periplanone-A and Persoon’s periplanone-A 

shown to give cis-14,5 while (E)-13 should be converted into rrans-14. These two diastereomeric enones, 

cis-14 and rrms-14, seemed to be convertible into the target molecules, 10 and its antipode em-10, 

respectively. 

Our synthetic scheme is shown in Fig.2. The lithium enolate of 12 generated by LDA in THF was 

subjected to the aldol reaction with a-phenylselenoisovaleraldehyde5 to give 15 as a diastereomeric mixture in 

96% yield. Stereospecific elimination of PhSeOH from the aldol 15 by Reich’s method16 gave 16 as a mixture 

of geometrical isomers. GLC analysis of the mixture revealed that the ratio of Q-16 to (Q-16 was 62:38. 

Addition of vinyllitbium to 16 gave (Z)-13 and (Q-13 in 42% and 27% isolated yield from 15, respectively. 

The former was converted into cis-14 by tmatment with KH, while the latter yielded rrans-14. In the case of 

cis-14, the corresponding lithium enolate was unstable. However, its potassium enolate was quite stable and 

could be trapped with TMSCl. Oxidation of the resulting Th4S enol ether with mCPBA followed by treatment 

with (n-Bu)$F yielded 17a as a mixture of a’-epimers. The ratio of the a-alcohol to the @lcohol was 31:69 
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EEo+..*Vz $& $& + c$) .,,,, ( 

mans-14 X-H 22 (+)-10 O-9 
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Reagents: a) LDA, a-phenylselenoisovaleraldehyde, THF, -76’C (96%); b) MsCI, ElsN. CH2Cfa; c) vinyliithium, 
ether (4% and 27% in two steps); d) KH. IS-crown-6, DME (86%): e) I) KN(TMS),, TMSCI. THF; ii) r&PBA, 
l-hexane-CH,CI,: iii) @-Bu),NF, THF; 1) TBSCI. Imldazole, DMF (75% In four steps); g) PPTS, EtOH; h) 
g-(N02)CsH,S&N, @-Bu)sP, THF; i) H,O, aq, THF (68% In three steps); j) ICH,CI. MeLi, ether; k) @-Bu),NF, 
THF; I) CrO,.PPy, CH,CI, (38% and 33% In three steps); m) KH. 18-crown-6, THF (88%): n) LiN(TMS),, MoOPH, 
THF (86%). 

Fig. 2. Synthesis of Hauptmann’s penpianone-A and its stereoisomers. 
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as determined by 3CtOMHz ‘H NMR. Although the alcohols were separable by SiO, column chromatography, 

they proved to be rather unstable toward both SiO, and Al&. Themfore the alcohols 17a were used for the 

next step without separation. Treatment of the corresponding TBS ether 17b with PPTS in EtOH was followed 

by a conventional organoselenium method to give 19 via 18~1 and Mb. During these thme steps, the ratio 

(a:8=31:69) was maintained. In contrast to ci.r-14. fra-14 derived from(E)-13 could be oxidized directly by 

treating the corresponding lithium enolate with MoOsHMPA.Py to give 21 as a single stereoisomer. The 

alcohol 21 was converted into 22 in the same manner as described for 17a. The mixture of alcohols. 19a and 

198, was treated successively with LiCHzC1.17 (n-Bu).+NP, and CrQe2Py to yield (-)-lo (as needles, m.p. 

42-44’C; 38% from 19) and (+)-9 (33% from 19) via 2Oa and 20b.‘s The same treatment of 22. the enantiomer 

of 19B. gave (+)-lo and (-)-9 in 23% and 45% yield, respectively. These stereoselectivities were contrary to 

our expectation. The &r-substituted ten-membered ring enone (*)-19l3 had been shown in Still’s synthesis of 

(+)-periplanone-B4a to have the preferred conformation as depicted in 198*. Therefore, we thought that the 

Fig. 3. X-ray structure of (-)-lo. 

peripheral insertion of methylene group to the carbonyl group should give an epoxide with desired relative 

configuration for 10 as the major epimer. Of course, the enantiomeric enone 22 should have afforded (+)-lo 

predominantly. The results obtained above seem to suggest that the peripheral attack of chloromethyl anion to 

the major conformer 19B* was retarded by the pseudoequatorial TBSO-group, resulting in the preferential 

reaction via the minor but less hindered conformer H@**. In addition, from the comparison of the ratios of 

(-)-lo to (+)-9 and (+)-lo to (-)-9, the stereoselectivity of the conversion of 19a into (-)-lo was estimated to be 

quite high. In order to confirm the stereochemistry of (-)-lo, its X-ray crystallographic analysis was carried 

out.19 As shown by the ORTEP drawing (Pig.3), the relative structure proposed by Hauptmann et ~1.‘~ was 

confirmed to be correct. Bioactivity of our synthetic samples was evaluated by observing the wing-raising 

behavior of the male American cockroaches. 2o The levorotatory enantiomer of Hauptmann’s periplanone-A 

(-)-lo showed the activity at 10m5 ug, while (+)-lo was 1,000 times less active than (-)-lo. Therefore, the 

naturally occurring enantiomer of Hauptmann’s periplanone-A was shown to be (-)-lo. The low bioactivity of 

(+)-lo seems to be ascribable to the contamination of a minute amount of (-)-lo, which was brought about by 

the incomplete separation of Q-13 and (Q-13. Macdonald’s epoxy ketone (+)-9” was active at 10-l pg. We 

have recently reported another synthesis of (-)-lo starting from (+)-11.21 The present synthesis described 

above was somewhat better than the previous synthesis in stereoselectivity. By these syntheses, about 250 mg 

of (-)-lo was secured. 
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Ciiarification of tk Structure of Persoons’s Periplanone-A and Its Rehtionsh@ to Hauptmann’s Periplanone-A 

According to our speculation that Pasoons’s paiplanonc-A was a thermal decomposition product of 

Hauptmann’s periplanone-A, we first tried the W-MS analysis of (-)-lo at 18OT using a short column (lm x 

3mm) packed with 3% OV-17.” The gas chromatogmm showed mainly two peaks (Fig.4a). Although the 

mass spectrum of the major peak A was that of Hauptmann’s periplanone-A itself, the minor peak B gave the 

mass spectrum (Fig.4b) which was very similar to that published for Persoons’s periplanone-A.ti In order to 

isolate the decomposition product, the thermolysis of a total amount of 80 mg of (-)-lo was carried out at a 

conduom. 3% ov-17.180% 
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Fig. 4. (a) GLC analysis of (-)-lo and (b) Mass, (c) ‘H NMR and (d) IR spectra 
of the thermal decomposition product of (-)-lo. 
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higher temperature (22O’C) using a preparative GLC column (3% OV-17, 2m X 6mm). Under these 

conditions, the decomposition was achieved quite efficiently. After TLC purification, the major decomposition 

product was isolated in 71% yield. Its ‘H NMR spectrum (Fig.4c) was identical with that published for 

Persoons’s pexiplanone-A,2 although Persoons’s sample was contaminated with PA 22-W (23), the stable 

rearrangement product of Persoons’s periplanone-A. z23 Furthermore, its IR spectrum (Fig.4d) was exactly the 

same as that published for Persoons’s periplanone-A. a Therefore, the major product obtained by the 

thermolysis of Hauptmann’s periplanone-A (-)-lo must surely be Persoons’s periplanone:A. 

The next task was the structure elucidation of Persoons’s periplanone-A obtained above. In order to 

determine the stxucture unambiguously, we wanted to prepare a crystalline derivative of Persoons’s 

periplanone-A and carry out its X-ray crystallographic analysis. Fortunately, Persoons’s periplanone-A gave a 

crystalline alcohol (m.p. 77-78’C) in 80% yield on reduction with NaBQ in MeOH. Its X-ray structurz is 

shown in Fig.5 Thus, the structure of the alcohol was established as 24.25 The Swem oxidation of the alcohol 

24 regenerated Persoons’s peziplanone-A. Accordingly, Persoons’s periplanoned was detetmined to have the 

structure 6 (Figd), which was also supported by detailed ‘H NMR analyses of 6 and 24.= As mentioned 

before, Shizuri ef al.* proposed 6 for the structure of Persoons’s periplanone-A from the reexamination of the 

spectral data presented by Persoons er al., and recently claimed the synthesis of (f)-6. of which ‘H NMR 

spectrum was, however, different from that reported for Persoons’s periplanone-A. Our unambiguous result 

implies that the compound synthesized by them was not (i)-6, although their structural proposal was correct. 

Fig. 5. X-ray structure of 24. 

Hauptmann’s Persoons’s 
periplanone-A periplanone-A 

Fig. 6. Structure elucidation of Persoons’s periplanone-A 

To complete our study on Persoons’s periplanone-A 6, we examined its pheromone activity.20 Persoons’s 

periplanone-A obtained by TLC purification of the crude thermolysis product was bioactive at 10e3 pg. 

However, pure 6 obtained by the Swem oxidation of pure crystalline 24 was inactive even at 10 pg. The 

bioactivity of 6 observed by Persoons er al. therefore seems to be ascribable to the ~nt~ination of a minute 

amount of the highly active pheromone(s), periplanone-B and/or Hauptmann’s periplanone-A. As to the 

stability of 6, it was quite stable contrary to Persoons’s observstion that 6 was unstable (half-life, 2 weeks at 

0°C) and gradually changed into PA 22-VII (23).2 Some unknown impurities contained in their sample must 

have accelerated this conversion. 
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(MfsO4) tmd DXICC&U~~ in vacw. Ihe ruidue 01” chromatogmpkd over SiO2 (30 g, n-bcxmecd~a) u) give 0.246 g 1(65% from 21) of 22, 
nD 1.4860: [u]D -85.7’ (cll.12. n-hexme). (Found: m/z 334.2327. Cak for C2~3402Si: 334.2328). The IR md H NMR #pear. were 
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identical wilh those of 19fL 

(2R_LZ,7E.B)- Md (ZS327E~~22-E-~~yl~~~~-3,7-~~~~-/-~ (->lO and (+)-9. To a srimd soln of 19 

@$=31:69.0.1018) md lCH2Cl(O.O88 ml) in dry ahcr (2 ml) was &led &qwisc a sob of Meli (l.lON in etha. 1.1 ml) af -78’C. After stiing 
for 5min. the cooliig bath Wu Itmoved md the s&in8 vLI amtbmed for lh. The mixtue wu diluted with n-kxane mi washed with water and 
brine. Tile n-kxane soh wyu dried (NySo4) md omantrUed in Y(ICYO IO give uk lls an oil. which was dissolved in THF (0.4 ml). To lhe soln 

was added (n-Bu)4NF (1M in THF. 0.9 ml). ARE &ring for 15min. Ihe mixture was diluted with edur. The mixture was washed with water and 
tine. dried (NqSO4) and amcenhusd in WCYO lo give u)b as an oil. The Collii reagent w& prepared by lhe ccidilion of CIU~ (0.42 8) IO a soln 
of Py (0.67 g) in dy CH2Cl2 (6.7 ml) folbwed by stking for lh. To tk mixture w= ddcd a S&I of the oil 2Ob in CH2Cl2 (2 ml). Afta stirring 
for 5Omin, Ihe mixNre was dihated wilh ether awl faltered lhrough a Celiw pd. The fdmtc was cm~cenlraed in WC&W to give a mixlure of (-)-IO and 

(+)-9. Th63C +mCrs Were. lepmLcd by prep-tive m (Muck Kieselgel60 Art. 5744, n-kxsneclkr) la give 26.4 m8 (38% f&n 19) of (-)-IO as 
crysti and 22.9 mg (33% fmm 19) of (+>9 as an oiL The major cpimu (-)-lo was rccrysdlized from n-hexme to give pun (-)-IO as needles. m.p. 
42&c; [~I]D~ -574’ (c=O.l03. n-kxms); TE (Merck Kitselgel 60 Art 5715. n-kxme=l:l) Rf 0.45; vmax 3100 (w). 3040 (w). 2980 (I). 

2950 (sh). 2890 (mX 1705 (VI). 1650 (w), 1615 (m). 1470 (mX 1430 (w). 1385 (m). 1370 (m). 1310 (m), 1275 (m). 1165 (w), 1120 (m). 1190 (w). 
1040 (m). 1020 (m). 980 (xX 945 (w), 905 (s), 8% (I). 850 (m), 820 (w), 750 (m), 735 (s). 720 (m) an-l; 8 (5OOMHz CDCl3) 0.90 (3H. d. 
J=6.8Hz). 0.92 (3H. 4 J=6.8Hz). 159-1.69 (1H. m). 2.09 (IH. dd, 1=5.5. 9.6Hz). 211-2.18 (1H. m). 259 (IH. dd, J=7.3. 11.7Hz). 2.68 (1H. dd. 

J=9.6. ll.OHz). 2.85 (1H. d J=53Hz). 2.88 (1H. d. J=53Hz). 3.76 (IH, br.dd, W.8. 11.7Hz). 4.774.79 (1H. m). 4944.96 (1H. m). 5.66 (1H. 
ddd 1=7.3.9.8, 11.3Hz), 5.97 (1H. dd. J=l.O. 11.3Hz), 5.98 (1H. kd. J=l6.OHz), 6.09 (1H. dd, J=lOJ. 16.OHr): MS: m/z 232 (M+). 202, 189. 172. 

159.145.131.127.117. 115.105.104.91 (1009b). 81.77.69.65. 5;. (Found: C, 772% H. 8.78. Calc fa C15H2OO2: C. 77.55; H. 8.68%). The 
minor epima (+>9 showed Ihe following physical pm&es: nD 1.5194: [a]D +182’ (~=O.206. n-kx~ne); TLC (le same mnditiom as 

described for (-)-IO) RI 0.40; Y_ 3090 (w), 3040 (w). 2980 (8). 2950 (sh). 2890 (Q 1705 (a). 1640 (w). 1615 (w). 1465 (m). 1390 (m). 1370 

cm). 1320 (mA 1260 (m). 1160 (w). 1120 (m). 1060 (m). 1040 (m). 1020 (m). 970 (m). 945 (m). 890 (s). 850 (m). 800 (m). 735 (s) cm-l; 6 (300 
MHz. CDC13) 0.91 (3H. d W.7HzA 0.96 (1H. 4 J=6.7Hz), 1.63-1.73 (IH. m). 2.23-231 (1H. m). 2.50 (1H. dd, J=8.3. 10.9Hz). 2.56 (lH, dd, 
J=5.6. 10.9Hz). 2.887 (1H. d. J=6.OHr). 2893 (1H. 4 J=8.1. 12.4Hz). 3.08 (1H.d. J=6.OHz). 3.14(lH. dd. J=8.8. 12.4Hz).4.81 (1H. I, J=--15Hz). 
4.94 (1H. I). 5.62 (1H. dd J=9.1. 16.2Hz). 5.67 (1H. ddd. J=8.1. 8.8, ll.ZHz). 5.86 (1H. 4 J=l62Hz). 6.00 (1H. d, J=11.2Hz). (Fmmd: m/z 
232.1456. CIIIC for C15H2&2: 232.1463). 

(2S3ZB7E.9R)- and (2R3Z,7E,9R)-2.2-Epoxymrrhono-9-isopropyl-6-mcrhyluu_3-I-onc (+)-lo and (-)-9. In the same manner as 

described for (-)-lo end (+)-9, 22 (0.23Og) yielded 36.Omg (23%) of (+)-IO and 721~8 (45%) of (-);‘. (+)-IO: m.p. 4244’C: [aID= +584’ 

(~=O.l25. ~I-~CXSIIC). (F-d: m/22321483. C&z for Cl5H20O2: 232.1463). (-)-9: nD 1.5186; [a]D -168’ (~0.1%. n-kxane). (Found: m/z 

232.1457. C&Z for Cl5H2&: 2321463). The IR and ‘H NMR spcnra of (+)-lo and (-)-9 were each identixl with those of the corresponding 
enantiomers described above. 

(IR.6(i.7S.BS)-8-IsopropylJ-mPhylrnc-12-o~ricyc~[5J.2.d’6)~~2.~~-lO~ 6. Hqunam’s periplanone-A (-)-IO (34.7 mg) wm 

dissolved in ~CCIOIY (300 @). About 30 pl portions of the soln were injtcted into a gas chromatogaph (column, 3% OV-17.2m X 6mm a~ 22O’C. 
inJection. 260°c car&r gas, N2,45ml/min). The effluents were bubbled in0 n-kxuw m&d with Dry Ice-ace&me bath. The n-hexsne soln was 

Concmtrafc in vacua hp~tive Tu: (Merck Kieselgel 60 Art. 5744, n-hexane-etha) of the residue gave 24.7 mg (71%) of 6. [a]~~ -290’ 
(~0.096. n-hexane); vmax (Ker) 3100 (w). 3050 (w). 2980 (s). 2940 (sh). 2880 (m). 1715 (vs). 1650 (w). 1460 (w). 1415 (w). 1385 (w). 1370 (w). 
1290 PA 12/u) (w). 1220 (w). 1165 (w). 1120 cm). 1040 (m). 995 (m). 890 (w). 860 (w). 765 (w), 745 (w). 690 (w) cm-‘; 6 (300MH~ CS2) 0.88 
(3H. 4 J=~.SHZ). 1.13 (3H. d J=6.5Ht). 1.47 (1H. dt, J=7.6. ll.OHz). 1.59-1.79 (1H. m), 2.18 (1H. dd. J=ll.O. 16.OHz). 2.25 (1H. dd. J=7.6. 

16.OHr). 2.78-291 (1H. m. J1=21.6Hz). 2.87 (IH. br). 2.92-3.05 (IH. m. Jl=21.6Hz). 3.38 (1H. 4 J=7.6Hz). 3.77 (IH. d. J=7.6Hz). 4.53 (IH. d. 
J=4.7Hz). 4.91 (1H. lx), 5.00 (1H. br). 5.70 (1H. dr. J=9.7. 3.7Hz). 5.96 (1H. br.d. J=9.7Hz). (Folmd: II& 232.1475. Calc for 
C15H2&:232.1463). 

~IS.ds.7S.8S.lOS)-8-I~~~~pyl-3-~lhylc-12-arclrricyclo/S32.O”6)dodrc-2-ar-l0-d 24. NaBH4 (u 5 mg) was added to a soln of 6 (24 mg) in 

MeOH (1 ml) 11 -lo’?. After stirring for 3min tie mixture was diluted with Watt and exhacted with ether. The exrrrc WLF washed with war and 
brine. dried (Na2SO4) and concenhated in YOEW. Repuative TLC (Merck Kicselgel60 Arf. 5744. n-hexane-ether) of the residue gave 19.3 mg 

(80%) of 24 as crystals. Reaysullization of the product from n-hexme-etkr yielded pure 24 as needles, m.p. 77-78’C; 6 (500MHq C6D6) 0.88 

(3H. d. J=dSHz). 0.98 (3H. d. J=6.5Ht). 1.41 (1H. d J=3.8Hz, OH). 1.50-1.85 (IH. m). 1.83 (1H. dt, Jzl4.3. 5.8Hz). 1.97 (IH. ddd, Jz5.5. 7.5, 
14.3Hz). 2.04-2.12 (1H. m). 2.59 (1H. br.s). 2.66-2.72 (IH. m. Jl=21.8Hz). 2.74-2.80 (IH. m. J1=21,8Hz), 3.38 (IH, d, J=7,5Hz), 3.48 (1H. ddd. 

seeminglydt. J=3.8. 5.5, 5.8Hz). 3.57 (IH. 4 J=7.5Hz). 4.68 (1H. dd. J=2.4. 4.4Hz). 4.75 (IH. br.s).4.92 (1H. br.s), 5,40(lH. dt. J=9.7. 2,lHz). 
5.57 (1H. dt. J=9.7. 3.6Hr): I3 C NMR (125MHz. C6D6): S22.30. 22.50. 29.28. 29.51. 33.85, 48.48, 48.59, 50.38. 73.80. 74.61. 77.41, 108.81, 

8=106.63(l)? V=647.3(2$ ; Z=2; Dcalc=l.197. D,,bs=l.20G8cm : F000=256; ~CuKa)=l.54178& 
127.02. 130.41, 142.23; Cytal deta: Cl5HzO2, formula weiy 234.34; monoclinic. FZl(W4) a=12.174(2). b=6.357(2). c=8.740(2$. 

)1(CuK+5.75 cm-‘; No. of rcflec~ 

measured. toul: 974. unique: 241: R, Rw=O.025. 0.025. The details of Ihe X-ray uytilographic analysis will k published in the near fumre. 

The Swun o~iddion of 24. To a stirred soIn of oxalyl chloride (30 @) in dry CH2Cl2 (1.2 ml) was added DMSO (49 ~1) at -5oC.6O’C. Afar 
stirring for 2min xl -lDc-15’C. a soln of 24 (13.4 mg) in dry CH2Cl2 (0.7 ml) was added IO Ihe mixture and the stirring was continued for 15min. 
The reaction mixmre was ti cooled to -6O’C and Et3N (0.24 ml) wu dded to tk mixture. After stining for 5min, the c&ii8 kh wu remove,j 
and the Stihlg wss contimd fOr 1Omi. The mixtie wu diluted with PIUCZ rmd exerted with CH2CI2, The extract was wash& with water a,xj 
brine, dried (MgS04) and comenlrated in ~ocuo. RepuativC Tl+C (Merck Kiaelgel60 An 5744, n-kxwcahn) yielded 1 I .5 mg (87%) of 6. Its 
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‘H NMR rpamnn was kkntkal with Ihu of the smnple obtakd by the tbemwlysis of (-)-lo. 
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