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In recent years, asymmetric synthesis of 2.5disubstituted pyrrolidines. represented by forms A, B, C, 
and D in Rigme 1, has become an important subject of investigation. Various trans-2,5dialkyl pytrolidines of the 
form A or B in which alkyl groups R and R’ differ from each other, have been isolated from several species of 

fire ants belonging to the So&twpsb and h4orwmolilun families and poison frog Dendrobutes hdrionicusl. 

Due to the scame quantities isolated, the structums of these natural products have only been determmed by 
gas chromatography-mass spectrometry and their absolute configuration has, in most cases, not yet been 
established. Despite a broad range of physiological properties exibited by trans-2,5dialkylpyrrolidines~, there 
exist only a handful of methods for the enantioselective synthesis of this family of pyrrolidine derivativess. 
One example is the enantioselective synthesis of pyrrolidines of the form A and B from specific non- 
proteinogenic aamino acid&. However efficient these methods are, it is yet of great interest to develop a general 

methodology for the synthesis of tranr-2.5dialkylpyrrolidmes of the form A and B with high diastereometic and 
enantiomeric purity. 

Trans-2.5dialkyl and dialkoxymethylpyrrolidines of the form A and B in which alkyl or allcoxymethyl 
groups R and R’ am identical to each other, on the other hand, have proved to be of considerable importance as 
chiral auxilliaries in numerous asymmetric syntheses owing to the presence of a Cz-axis of symmetrys. However, 
a major drawback to utilizing these amines lies in the difficulty of preparation of these compounds in 
diitereomerically pure form. To this end, optical resolution of racemates has been applied as an approach to 
obtain pyrrolidines in diasteteomerically pure forme. Several enantioselective syntheses of these trwzs-2,5- 
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disubstituted pyrrolidines have been reported starting from D- or L-alanine7. (S)-0-benzylglycidol*, D-mannitolo, 
(2S,SS)-hexanediollo, or using chit-al auxilliaricst~~t~. 

Cis-2,Misubstituted pyrrolidines of the form C and D have been prepared from L- and D-pyroglutamic 
acid as key intetmediates in the total synthesis of many natural productst3. In view of the growing interest in the 
synthesis of conformationally constrahred cr-amino acids, preparation of C-5 substituted proline with well defmed 

stereochemistry may serve for the construction of a cis peptide bond isomer at the proline junction when 
incorporated into peptidest4. Although the synthesis of the cis-2.5disubstitued pyrrolidines may seem simpler 
when compared to the trans isomers, development of a general methodology for enantioselective and 
diastereoselective synthesis of these compounds remains as a formidable challenge. 

We describe. here a novel method for chirospecific synthesis of any one of the four possible stereoisomers 
of 2,5disubstituted pyrrolidmes. represented by forms A, B, C. and D in Figure 1. Recently, we have reported a 
facile synthsesis of (R)- and (S)-C-2-monosubstituted pyrrolidine, piperidine. hexahydroazepine, and 
axacyclooctane derivativest5. This has been accomplished in two or three steps using cg~bromochloroalkanes 

and (2R)- or (2S)-2-t-butoxycarbonylamino-3-phenylsul-1-(2-tetrahydropyranyloxy)propane, (R)-1 or 
(S)-1, rcspcctively, which are readily available from L-serinete(Scheme 1). 

Cl-(CHa),-Br + 

BocNIi 
n = 2.3,4 (R)-1 or (S)-1 

Scheme 1 

The above observation has prompted us to investigate the feasibility of expanding the scope of this novel 
strategy to the asymmetric synthesis of multisubstituted pyrtolidine ring systems and choosing adequate chiral 
oxiranes as electrophiles. As illustrated in Scheme 2, we anticipated that the sulfonyl carbanion of 1 would react 

in a tegioselective manner at C-l of glycidyl t&late 2 (via path a) to form the epoxide adduct 3. The 

intermediate 3 would then undergo cyclization to afford the 2.3.5~trisubstituted pyrrolidine 4 provided that the 
carbamate anion of 3 would open the epoxide exclusively via 5-exo pathwayl7J*. By contrast, there may be a 

possibility that the sulfonyl carbanion proceeds with the initial epoxide opening (C-3 attack via path b) followed 

by extrusion of the leaving group to afford the C-5-diastereoisomer of 4 through the same intermediate 3 but with 

opposite stereochemistry at C-5. Be that as it may, we speculated to separate such diastereoisomers at the later 
stage of the synthesis. This seemed to be an attractive approach to ensure the desired stereochemistry of 2,5- 
disubstituted pyrrolidine derivatives at the C-2 and C-5 positions since both enantiomers of 1 and 2 are now 
readily available and in this report we will discuss the results of our findings. 

Scheme 2 
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RBSULTS AND DISCUSSION 

Our initial endeavors commenced with the use of chiral epoxide (S)-219$a. Treatment of (R)-1 with 

2 equiv of n-BuLi at -7lW followed by addition of glycidyl triflate (S)-2 gave the epoxide 3a within 10 min. 
This was easily confirmed by developing an aliquot of the reaction mixture at -6O“C on TLC. If the reaction was 
quenched at -60°C after 30 min. we obtained epoxide 3b in 85 % yield. The epoxide 3b. which eluted slightly 
slower than (R)-1 (BtOAcl heptane. l/ 1). completely disappeared when the reaction mixture was allowed to 
warm gradually to - 10°C and stirred at this temperature for 1 h. A new product 4 was observed after quenching 
the reaction mixture at 0°C and evaporation of the solvent. The residue was purified by flash chromatography to 
afford 4 in 90% yield together with unreacted (R)-1(5%). 

(W-1 3a R=Li 
3b R=H 

J 

Boc Boc 

6 5 

ikx 
i) Jones oxid. 4 

Scheme 3 

Jones oxidation of the crude 4 and in situ treatment with CH2N2 gave methyl ester 5 with a very minute 
quantity of aldehyde 6 from the oxidation reaction, which was later prepared from 4 by Swem oxidation (vide 

infm), and shown not to be a piperidine ketone. This observation clearly demontrates that the carbamate anion 3a 
indeed undergoes tegiospecific epoxide ring opening in a S-exe fashion to generate a pyrrolidine ring system. The 

remaining problem to be solved is the assignment of the cortect stereochemistry at C-5 of the resulting pyrrolidine 
derivative in the above one-pot reaction. 

Thus, the alcohol 4 was treated with pyridinium p-toluenesulfonate in EtOH at 5O’C to give the dio17 

which was subjected to desulfonylation by 6% Na-Hg. This two step reaction provided diol8 in 86% overall 
yield. Jones oxidation of 8 followed by in situ treatment with CH2N2 afforded the diester as a 96 : 4 mixture of 
truns 9a and cis 9b diastereomers in 60% yield. The two isomers 9a and 9b were easily separated by flash 
chromatography on silica gel @OAc/ heptane, l/ 4). 
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~;p~H@J--JSO~ 6%N&H&+ HoJ-&OH 

l&c l&c hoc 
4 7 8 

I 

i) Jones oxid. 
ii) CHzNa 

CO,H 4 
1NHCl 

co?Me Meozc 
H 
10 9a %:4 9b 

Scheme 4 

Acid hydrolysis of 9rr with 1N HCl and purifiin through ion exchange resin eluting with 1M aqueous 
pyridine gave (2&B) pyrrolidine 2,Micarhoxylic acid 10. This diiarboxylic acid is the constituent of the red 

alga Schizymcniu at&+. Chwall yield of diacid 10 from (R)-1 according to our six step reaction sequences 
was 45% *.ttt’=. Diesters 9a and 9b were separately reduced to 80 and 8b. respectively, with LiAU3.j in THF 
in 85% yield. With rruns - and cis -2,5dihy&xymetbyl pyrrolidine derivatives 8a and 8b in hand, a careful 
analysis of 8 by HPU: was performed to determine the ratio of diastenksomers of diol8 obtained from l-(R) 

and z(S). Indeed, a 92 : 8 mixture of 80: 8b (tmns: cis) diasten&somers was found. 

9a 

9b 8b 

Scheme 5 

OH 

8 

Now that preparative HPI..C can be used for the purification of crude @, this is a signifkantiy short and 
efficient method to prepare diol 80 in diastereomerically and enantiomerically pure form. Thus, the direct 
hansformation of 80 to increasingly important chiral auxilliarks 115-12 was performed as shown in Scheme 6. 
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lla R=Mei,R’=Boc 
llb R=Me,R’=H.HCl 

llc R=Bn,R’=Boc 

Scheme 6 

According to the same procedure described for lla, its enantiomer 12 was prepared from (S)-1 and (R)-2 in 
4 steps in 63% overall yield. A HPLC analysis revealed that the ratio of trans - and cis -2.5 

dihydroxymethylpyrrolidine derivatives, the precursor of 12 from epoxide (R)-2 and (S)-1, were almost 
identical with that of 8. 

W-2 (Sbl SC 

Scheme 7 

In order to confirm that all thme stereoisomers of diol8 could be synthesized in an enantioselective 

manner viu this method, we synthesi& 8b in three steps from easily available epoxide (R)-2 and (R)-1. After 

deprotection of the THP protected alcohol 4. reduction of the phenylsulfone functionality and separation by 
preparative HPLC. the cis diastereoisomer 8b was obtained along with the trans isomer in a ratio of 
approximately 92 to 8. respectively. 

S OaPh 

/c BocNH i OTHP 
H 

HOGOH 

Boc 

W-2 W-1 

Scheme 8 

8b 

From these results, it is now concluded that the sulfonyl carbanion of 1 reacts in a mgioselective manner (at least 

92 %) at C-l of the homochiral glycidyl triflate 2 (via path a) to form the epoxide adduct 3 (see Scheme 2), and 
that the remaining carbamate anion then undergoes cyclization in a mgiospecific manner (via S-exe pathway) to 
provide the pyrrolidine derivative 4 at around -10% in “one-pot”. 

It has been mported that glycidyl tosylate undergoes regiospeciflc C-3 epoxide opening when treated with 
organometallic specie@. If the same selectivity is observed via our method, it would be of great synthetic 
interest to exploit it. In this context, (2S)-glyddyl tosylate was treated with (R)-1 under the same reaction 
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conditions described above to afford 4 in 58 % yield together with unreacted (R)-1 (35 %). Sequential removal 

of the THP and phenylsulfonyl groups from 4 provided 8 in 85 % overall yield. A HPLC analysis showed that 
the diol8 obtained was a 31 : 69 mixture of 8a : 8b. Thus, replacement of glycidyl triflate with glycidyl tosylate 
significantly diminishes the tegioselectivity of the sulfonyl carbanion of 1 to the detriment of the diastereomeric 

purity of fina pyrrolidine derivatives. 

Ts S 0,Ph 

+ 
L 

-L 
HO,,,.(-&OH 

BocNH - OTHP --* 
Boc 

+ 

H 
BolZ 

(2S)-glycidyl tosyiate W-1 8a 31:69 8b 

Scheme 9 

Now we turned our interest to the application of this novel methodology to the chirospecific synthesis of 
trans-2,5-dialkylpyrrorolidines found in the nature. As illustrated in Scheme 10. our synthetic strategy is 
straightforward. The transformation of the two alcohol groups (protected and non-protected ones) in the key 
intermediate 4 into two diffetent alkyl functionalities is to be performed at different stage of the synthesis. 

SOIPh SO,Ph 

HOamP oHC&oWp ii_ ,&‘THPP 

I&c l&c l&c 

4 6 13 

BOC 
14 15 17 

L CL . . 
W-b” N 

*. 0 C,H15- CZHJ” N C7H15 

Eioc R 

18 19 R=H 

J . . . 
20 R=SOaPh vm 

Reagents and conditions: i) KUC1)2/ MezSO/ Et3N. -78T to 0°C; ii) CHp+Ph3Br-, - 60°C to rt; iii) 0.1 eq 

PFTWEtOH, 50°C; iv) 6 % Na-Hgl NazHKQ, OOC; v) CH~(CH~)~P+P~~BI-, -60°C to rt; vi) Hz/ Pd/ C/ MeOH, 

vii) TFA/ CH2Clz;. rc viii) PhSO$U 6N NaOH 

Scheme 10 
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The target molecule we have chosen is (2R,5R)-2-heptyl-5-ethylpyrrolidine 19 which is an important component 
of the venom of the fire ant (Solenopsis punctuticeps)t. The fust asymmetric synthesis of this amine was 

accomplished in (2S.SS) formsc, and enantioselective synthesis of the (2R,5R) isomer has also been 
mportedw4a. Well detailed spectral data described in these previous reports on 19 seemed to be beneficial for an 
easy assessment of our synthetic methodology. 

Thus, Swem oxidation of alcohol 4 gave crude aldehyde 6 which was subjected to Wittig reaction 
without purification to afford vinyl pyrrolidine 13 in 82 % overall yield after purification by flash 

chromatography on silica gel (EtOAc/ heptane, I/ 3). Treatment of 13 with pyridinium p-toluenesulfonate in 
EtOH at 50°C gave a crystalline residue in quantitative yield. TLC of this residue (EtOAc/ heptane, 2/ 1) revealed 
the presence of a minute amount of the second product which is slightly less polar than the major product. 

Purification of the major product was easily effected by repeated recrystallization of the crude product mixture 
three times to give 14 in 90 96 yield. The minor product isolated from the mother liquor by chromatography on 
silica gel (EtOAc/ heptane, 3/ 1) corresponded to 3 % of the major product by weight. Although we speculated 
that this minor product might be the C-S diastereoisomer of 14 from its spectral data, further elaboration on this 
product was not pursued. The next step was the desulfonylation of 14 by 6 % Na-Hg in anhydrous MeOH at 0°C 
(90 %) and then repetition of the Swem oxidation-Wittig reaction sequences using n-hexyltriphenylphosphonium 

bromide to obtain diolefine 17 (77 4% yield over two steps) after purification by chromatography on silica gel 
(EtOAc/ heptane, I/ 3). Catalytic hydrogenation afforded 18 in quantitative yield which was treated with 50 % 

trifluoroacetic acid in CH$& at room temperature with subsequent purification by flash chromatography on silica 
gel (CHC13/ MeOH, 91 1) to afford the final compound 19 in 60 96 yield. For further confirmation of the 
structure of 19 and its stereochemistry, N-phenylsulfonyl derivative 29 was prepared according to the reported 
procedure3a. Comparison of the 13C NMR spectrum obtained from 19 and 20 with those reported in the 

literature proved useful for the assignment of the correct stereochemistry at C-S. The chemical shifts of the C-2 
and C-S carbons of truns-2-heptyl-S-ethylpyrrolidine. to be the values of 6 58.0 and 59.0, 58.2 and 59.8, 

respectively, were reported by Husson 3e and Jeghama. These two groups have also prepared cis-2-heptyl-5- 
ethylpyrrolidine and reported the chemical shifts of the C-2 and C-5 carbons as 6 59.7 and 61.1,59.5 and 61.0, 

respectively. We have found only two peaks at 6 58.18 and 59.71 in the 13C NMR spectrum of 19 and no 

equivalent peaks of the cis isomer in the spectrum of 19. Furthermore, the l3C spectrum of 20 was proved to be 
identical with that reported in the literatu&. Although the value of [a]~ of 29 was found slightly different from 

those mported3e*2L! we have thus obtained 19 and 20 as only one diastemoisomer. 
In conclusion, we have developed a general method for chirospecific synthesis of any one of the four 

stereoisomers of symmetrically or unsymmetrically-2,5-disubstituted pyrrohdmes. We am currently investigating 
further application of this novel methodology to the synthesis of other biologically interesting, more complex 

molecules. 
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Ajinomoto Co., Jnc.(Tokyo, Japan) is gratefully acknowledged. 
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-ALSECTION 

Tetrahydroturan (THF) was distilled under an atmosphere of dry argon from sodium / benzophenone ketyl prior 
to use. (R)-(+) and (St(-) glycidol and (2S)-(+)-glycidyl tosylate were putchased from Aldrich Chemical Co and 
used as received. All other chemicals were of the highest commetcial purity and were used without futher 

purification. n-Heptane and ethylacetate. used for chromatography were distilled before use. CHKlg was 
distilled from p205. Flash chromatography was performed on E. Merck Rieselgel60 (23o-400 mesh). Analytical 

thin-layer chromatography (TLC) was carried out on precoated (0.2 mm) Me& silica gel 60 Pm plates. Inframd 

spectra (IR) were obtained in CHzCl2 using a Nicolet 205 (FT) spectrophotometer and are reported in cm-*. 
tH NMR spectra were tecorded in CDC13 solution (unless indicated otherwise) as solvent using a Bruker AC 
UlO(U)OMHz),aBrukerWM250(250MHz)orWM400(400MHz).t3CNMRweredeterminedonaBrulrer 
AC 280 (50.3 MHz) or a Bruker WM 250 (62.9 MHz) in CM313 solution. Chemical shifts am given in ppm 

downfield from TMS. Mass spectra (MS) were mesured on a AEI, MS-50 (EI spectra) or AEI MS-9 and 
KRATOS MS-80 (HRMS). Optical rotations were &termined in CHCl3, MeOH or EtOH (as indicated) using a 
Ferkin Elmer 243 polarimeter. Elemental analyses wete performed by Service de Microanalyse at Institut de 

Chimle des Substances Natutelles, CNRS, Gif sur Yvette. 

(2R)-2-t-Butoxyc~rbonylamino-3-phcnyLulfoayl-5,6-epoxy-1-(2-tctrahydropyr~nyloxy)- 

bexane: 3b 

A ~01orless oil. IR: 3150-3620, 2925, 2825, 1710, 1510, 1370, 1325, 1180, 1160, 1040 cm-t; tH NMR 8 

(CX13): 1.45 (s, 9H), 1.45-1.95 (m. 6H), 2.45 (m. lH), 2.53 (d. J = 4 Hz, H-I), 2.65 (t, J = 5 Hz, lH), 2.75 
(m, lH), 3.0 (m, Hi), 3.5 (m, 2H), 3.8 (m, 2H). 4.27 (dd, J = 6, 15 Hz, lH), 4.48 (dd. J = 6. 15 Hz, lH), 
5.5 (m. 1H). 7.15-7.92 (m, 5H). 

(2R)-l-t-Butoxycubonyl-2-(2-tetrahydropyrany~oxy)methyl-3-phenylsulfonyl-5- 

hydroxymethylpyrrolidine: 4 

To a solution of (R)-1 (2g, 5.01 mmol) in THF (30 mL) was added dropwise n-BuLi (1.6M in hexane) 
(7.8 mL) at -78’C under argon. The mixture was stirred for 30 min and (S)-2 (1.34 g. 6.5 mmol) in THF 

(5 mL) was added. The reaction mixtute was allowed to warm gradually to 0°C. After stirring for 1 h at 0°C. the 
solution was concentrated. The residue was dissolved in water and extracted with EtOAc, dried and evaporated to 

a residue which was flash chromatographed on silica gel eluting with EtOAc/ heptane l/ 4 to give 1.9 g of 4 
(90 % yield) as a colorless oil and 90 mg of (R)-1. IR: 2943, 1700, 1445. 1380, 1360. 1300, 1146. 1125, 
1070, 1034 cm-l; tH NMR 8 (CDC13): 1.45 (s. 9H), 1.40-1.80 (m. 6H). 1.90-2.15 (m. 1H). 2.20 -2.40 (m, 

lH), 3.25-3.55 (m, 3H), 3.60-4.05 (m. JH), 4.35-4.60 (m, 2H). 7.50-7.75 (m, 3H), 7.82-7.95 (m, 2H); 
13C NMR 8 (CDC13): 19.32, 19.50. 25.07, 28.34, 29.60, 30.10. 30.53 (Ct. C (THP)), 28.34 Wj Boc). 

58.85-68.06 (C2. C3. Cg. Gj, C7. C (THP)), 81.3 (Cq Boc). 99.07. 99.37 (Ct @BP)), 128.66, 129.40 (Ph), 
134.09 (Ph), 154.3 CO Boc); Anal. Calcd. for C22H33NO7S: C, 58.01, H, 7.30, N, 3.07, S. 7.03. Found: 

C, 59.74, H. 7.26, N. 2.97, S, 6.89. 
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(2R)-l-t-Butoxycarbonyl-(2,5)-bis(hydroxymethyl)-3-phenylsulfonylpyrrolidine: 7 

To a solution of 4 (1.4 g, 3.08 mmol) in EtOH (30 mL) was added pyridinium p-toluenesulfonate (77 mg, 
0.31 mmol). The solution was stirted for 2 h at 50°C. then concentrated, dissolved in water and extracted with 
EtOAc. The organic phase was dried and evaporated to give a residue which was chromatographed on silica gel 
eluting with EtOAcJ heptane 3/ 7 to afford 1.06 g (93% yield) of 7 as a colorless oil. IR: 3420, 2970.2925, 
1680.1685. 1676,1673,1405,1369, 1300,125O. 1149,1080,1060,1050 cm-l; tW NMR 6 (CDC13): 28.22 

a3 Boc), 29.60 (C& 60.90 (Cg), 62.77 (Ce, C7). 64.60 (C2, C5). 128.48. 129.34. 134.06, 137.55 (Ph), 
154.45 CO Boc). 

(2S,5S)-l-t-Butoxycarbonyl-(2,5)-bis(bydroxymethyl)pyrrolidine: 8a 

and 

(2S,5R)-l-t-Butoxycorbonyl-(2,5)-bis(hydroxymethyl)pyrrolidine: 8b 

To a solution of 7 (360 mg. 0.92 mmol) and NazHPO4 (389 mg. 2.73 mmol) in HPLC grade MeOH (15 mL) 

cooled to O’C, was added 6% Na-Hg (1.03 g, 2.73 mmol). The mixture was vigorously stirred for 1 h at O°C. 
Mercury was removed by decanting the reaction mixture which was evaporated. The residue was dissolved in 
water and extracted with EtOAc. dried and evaporated to a residue which was subjected to HPLC on silica gel 

column eluting with propanol-2/ heptane 5/ 95 to give 192 mg and 16 mg of &I and 8b, respectively (93% yield). 

8a 

A colorless oil. [aID -80” (c 1. MeOH); IR: 33%. 2974, 1669. 1404, 1368, 1248, 1173, 1125. 1050 cm-t; 

13C NMR 6 (Cm13): 26.24 (C3. C& 28.33 cH3 Boc), 59.64, 60.11 (C2. Cs). 62.78, 65.61 (Ce, C7). 80.44 

(Cq Boc), 155.69 CO Boc); Anal. Calcd. for CttH2tN04: C, 57.13, H. 9.15, N, 6.06. Found C, 56.83, 
H, 8.91, N, 5.98. 

8b 

A Colorless oil. l3C NMR 6 (CDCl3): 26.87 (C3. C4). 28.46 W3 Boc), 60.52 (C2. C5), 64.40, 65.74 (C6, 

C7). 80.50 (Cq Boc). 156.26 GO Boc); Anal. Calcd. for CltH21N04: C, 57.13, H, 9.15, N, 6.06. Found: 

C, 57.03, H, 8.90. N, 5.92. 

(2R,5R)-l-t-Butoxycarbonyl-(2,5)-bis(hydroxymethyl)pyrrolidine: SC 

Prepared from (S)-1 and (R)-2 according to the procedure described for 8a and 8b. 
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56.82, 58.86 (C2. C-5, W3). 71.95, 73.06 (Ce, C7). 79.35 (Cq Boc), 153.67 CO Boc); Anal. Calcd. for 

C13H25N04: C, 60.19, H, 9.74, N. 5.40. Found: C, 60.31. H, 9.51. N. 5.47. 

Hydrochloride of (2S,5S)-(2,5)-bis(methoxymethyl)pyrrolidine: llb 

A solution of lla (47 mg, 0203 mmol) in 1N HCl(2 mL) was stirred at lOO“C for 2 h. Then, the solution was 
extracted with EtOAc after cooling to rt. and the aqueous layer was evaporated to afford 32 mg of llb (87% 

yield). mp 98-100°C; [a]D’* -4’ (c 1.07, CHC13), (lit.11 [a]D2* -6.4’ (c 1.1, CHC13)]; 1H NMR 8 (CDQ): 
1.5 (s, 9H), 2.0 (m. 4H), 3.3 (s, 6H), 3.5 (m, 2H), 3.7 (m, 2H), 3.92 (m, 2H); 13C NMR 6 (MeOD, D20): 

27.03 (C3,C4). 59.48, 60.16 (C2. C5). 71.38 (C7, Cg). 

(2S,5S)-l-t-Butoxycarbonyl-(2,5)-bis(benzyloxymethyl)pyrroiidine: llc 

To a solution of NaH (52 mg 60% in oil, 1.3 mmol) in DMF (25 mL) was added dropwise benxyl bromide 
(206 pL, 1.73 mmol) at O’C under argon. After 15 min , Sa (100 mg, 1.43 mmol) was added and the solution 

was stirred for 5 h at O’C. The excess of NaH was destroyed and the solution was neutralized with acetic acid, 

evaporated to dryness and extracted with EtOAc. The organic layer was dried and evaporated. The residue was 
chromatographed on silica gel, eluting with EtOAcl heptane l/ 4 to afford 116 mg of llc (65% yield) 
as a colorless oil. [u]D~ -65’ (c 1.3, CHCls),{litg. [a]$6 -64.24” (c 3.00, CHC13)); 1H NMR 6 (CDC13): 1.45 

(s, 9H), 2.0 (m. 4H), 3.3 (t. J = 8.0 Hz, 1H). 3.45 (t. J = 8.0 Hz, lH), 4.6 (dd, J = 4.0, 10.0 Hz, 1H). 4.7 
(dd, J = 4.0, lO.OHz, lH), 4.92 (m, 2H). 4.45 (m, 4H), 7.3 (m, 10H); 13C NMR 8 (CDC13): 25.97, 26.91 

(C-3, Cd). 28.51 (I(=Hj Boc), 57.22 (C2, C5). 70.09, 70.72 (C& C7). 73.24 CHzPh), 79.41 (Cq Boc), 127.50, 
128.36 (Ph), 138.46 (Cq ph), 153.77 CO Boc). 

(2R,SR)-l-t-Butoxycarbonyl-(2,5)-bis(methoxymethyl)pyrrolidine: 12 

Prepared from 8c according to the procedure described for lla. 

A colorless oil. [a]D2* +89’ (c 2, EtOH); 13C NMR 8 (CDC13): 27.13 (C3. C4). 28.51 u3 Boc), 57.61, 

58.93, 58.98 (C2, C5, KH3), 74.02 (Ce. C7). 79.4 (Cq Boc), 153.60 GO Boc); Anal. Calcd. for C13HzNOq: 
C, 60.19, H, 9.74, N, 5.40. Found: C, 60.12, H, 9.44, N, 5.25. 

(2R)-l-t-Butoxycarbonyl-2-(2-tetrahydropyranyloxy)methyl-3-phenylsulfonyl-5- 

vinylpyrrolidine: 13 

To a solution of oxalyl chloride (0.26 mL, 3.0 mmol) in CH2C12 (4 mL) was addded dropwise a solution of 
MezSO (0.26 mL, 3.7 mmol) in CH2C12 (2.0 mL) at -78°C. After stirring for 10 min at -7O’C. a solution of 4 
(910 mg, 2.0 mmol) in CH2C12 (10 mL) was added to the mixture. The reaction mixture was stirred at -60°C. 
After 30 min, triethylamine (0.8 mL, 6.2 mmol) was added to the mixture which was allowed to warm to room 

temperature and quenched with water. The mixture was diluted with CH2C12 (10 mL). washed with 20% 
KHS04, saturated bicarbonate and brine, then dried, and evaporated to give the crude aldehyde 6. To a solution 
of methyltriphenylphosphonuim bromide (785 mg, 2.2 mmol) in THF (40 mL) was added n-BuLi (1.6M in 
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hexane) (1.37 mL) at -78% The tea&on mixture was allowed to warm gradually to room tempemtum, then was 

cooled to -78°C. A solution of the crude 6 in THF (20 mL) was addded to the mixture which wm &lowed to 

wam~ to room temperature and stirred for 4 h. The reaction mixture was quenched with water at O°C and extracted 
with EtOAc, dried and evaporated to a residue which was chromatographed on silica gel eluting with &OAc/ 

heptane l/3 to afford 758 mg of 13 (84% yield) as a colorless oil. IR: 3150-3650, 3100. 2950, 2900, 1690, 
13% 1310, 1160, 1140, 1085. 1050 cm-*; lH NMR 8 (CDC13): 1.35-1.73 (m, 15H). 2.20 (m, lH), 2.45 (m, 

1H) , 3.47 (m, lH), 3.71 (m. IH), 3.82 (m, lH), 4.30 (m, lH), 4.46 (m, 1H). 4.50 (m, H-I). 5.05 (d, J = 

lO.OHz, HI). 5.11 (d, J= 17.0 Hz, lH), 5.92 (m. HI), 7.62 (dd, J = 8.0, 8.OHz. 2H), 7.70 (dd, J = 8.0, 

8.0 Hz , 1H). 7.78 (d, J = 8.0 Hz, 1H); l3C NMR 8 (CDCl3): 19.72, 25.34, 28.46, 30.34, 30.73, 32.74 (C4, 

C @HP), CHg Boc). 59.26, 61.32, 61.53. 61.89. 62.74, 65.05, 67.00 (Cz. Cj. Cg. C8. C (THP)). 80.36 (Cq 

Bock 99.55 (Ct @HP)), 114.62 (C7 (vinyl)), 128.96, 129.41 (Ph), 133.97 (Ph), 138.25, 140.18 (Ce (vinyl)), 
158.52 (GO Boc); Anal. Calcd. for C23H33N06S: C, 61.17. H, 7.36, N, 3.10. S. 7.10. Found: C, 61.07. 
H, 7.38, N, 3.14, S, 7.20. 

(2R)-l-t-Butoxyc~bonyl-2-(2-tetrPhydropyrxny~oxy)methyl-3-phenylsulfonyl-S- 

formylpyrrolidine: 6 

A colorless oil. l%Z NMR 8 (CDC13): 19.03-19.79, 25.18, 30.24, 30.61 (C4. C (THP)), 27.95, 28.23, 28.32 

m3 Boc), 57.54-68.21 (C2, C3. Cg. C7, C (‘t-B@), 81.63 (Cq Boc), 97.82, 98.32, 99.62 (Ct (THP)). 128.91, 

129.56 (Ph), 134.27, 134.38 (Cq Ph), 151.80, 153.60 CO Boc), 201.93. 202.23 CO aldehyde). 

(2R,5S)-l-t-Butoxycarbonyl-2-hydroxyme~y-3-phenylsulfonyl-5-vinyipyrrolidine: 14 

To a solution of 13 (630 mg. 1.4 mmol) in EtOH (15 mL) was added pyridinium p-toluenesulfonate (35 mg, 

0.14 mmol). The solution was stined for 2 h at 5OT. then concentrated, dissolved in water and extracted with 
CH&. The organic phase was dried and evaporated to give a solid residue which was crystallized from EtOAc/ 
heptsne. Recrystallization was repeated three times to obtain 460 mg (90% yield) of 14. mp 147-148T; IR: 
3475, 2987, 2360, 1680, 1310. 1150, 1060 cm -l; lH NMR 8 (CDC13): 1.43 (s, 9H), 2.22 (m, lH), 2.42 (m, 

HI), 3.53 (m. lH), 3.67 (m, lH), 3.82 (m. lH), 4.28 (m, lH), 4.41 (m. lH), 5.05 (d, J = 17.0 Hz, lH), 
5.09 (d, J = 10.0 Hz, 1H). 5.93 (ddd, J = 17.0, 10.0, 7.0 Hz, 1H). 7.60 (dd, J = 8.0. 8.0 Hz, 2H), 7.93 (d, 

J = 8.0 Hz, 2H); l3C NMR 8 (CDC13): 28.38 cH3 Boc), 32.47 (C4). 60.57, 61.48 (C2, Cs), 63.39 (C8), 

64.45 Kg). 80.87 (Cq Boc), 115.00 (C7 (vinyl)), 128.83, 129.50, 134.15 (Ph). 139.46 (Ce (vinyl)); Anal. 

Calcd. for C18 H25 NO5S: C, 58.53, H, 6.83, N, 3.81, S, 8.72. Found C, 58.86, H, 6.93, N. 3.82, S, 8.43. 
Isolated minor product, a colorless oil. tH NMR 8 (CDCl3): 1.43 (s, 9H). 2.03 (m, lH), 2.60 (m, 1H). 3.50- 

3.70 (m, 3H), 4.36 (m, lH), 4.44 (m, lH), 5.08 (d, J = 10.0 Hz, 1H). 5.12 (d, J = 17.0 HZ, lH), 5.69 (ddd, 
J = 17.0, 10.0, 7.0 Hz, lH), 7.60 (dd, J = 8.0, 8.0 Hz, 2H), 7.70 (dd, J = 8.0, 8.0 Hz, lH), 7.93 (d, 

J = 8.0 Hz, 2H). 

(2S,5S)-l-t-Butoxycarbonyl-2-hydroxymethyl-5-vinylpyrrolidine: 15 

To a solution of 14 (410 mg, 1.12 mmol) and NazHPOq (470 mg, 3.3 mmol) in HPLC grade MeOH (15 mL) 
cooled to O’C, was added 6% Na-Hg (1.25 g, 3.3 mmol). The mixture was vigorously stirred for 1 h at OT. 
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Mercury was removed by decanting the reaction mixture which was evaporated. The residue was dissolved in 
water and extracted with CH$& dried and evaporated to a residue which was flash chromatographcd on silica gel 
eluting with EtOAc/ heptane 2/ 1 to give 225 mg of 15 (89% yield) as a colorless oil. [a]$0 -27O (c 1.05. 
CHC13); IR: 3424, 2977, 1692, 1672, 1398, 1367. 1173. 1124, 1100 cm-t; tH NMR 6 (CDCl3): 1.41 (s, 9H). 

1.63 (m. 2H). 2.06 (m, 2H). 3.59 (dd. J = 12.0, 3.0 Hz, 1H). 3.72 (dd. J = 12.0. 7.0 Hz, H-I), 4.07 (m, lH), 
4.30 (m, lH), 4.99 (d. J = 17.0 Hz, 1H). 5.07 (d, J = 10.0 HZ, lH), 5.73 (ddd, J = 17.0. 10.0. 7.0Hz. IH); 
13C NMR 6 (CDC13): 26.14, 30.01 (C3. C& 28.40 m3 Boc), 59.89, 60.74 (C2, C5). 67.36 (Ca), 80.12 (Cq 

Boc). 113.68 (C7 (vinyl)), 138.41 (Ce (vinyl)), 158.52 CO Boc); HRMS Calcd. for Ct2H21N03 m/z: 
227.1521. Found: 227.1524. 

(~S,~S)-l-t-Butoxycarbonyl-2-(l-heptenyl)-5-vinylpyrro1idiue: 17 

According to the procedure described for 13. 

Treatment of 15 (200 mg, 0.88 mmol) with oxalyl chloride (0.120 mL, 1.32 mmol). Me2SO (0.13 mL, 

1.85 mmol) and triethylamine (0.80 mL, 5.50 mmol) in CH2Cl2 (5 mL) affored the crude aldehyde 16. The 
Wittig reaction of 16 in THF (10 mL) with n-hexyltriphenylphosphonium bromide (750 mg. 1.75 mmol) and n- 
BuLi (1.6M in hexane) (1.1 mL, 1.75 mmol) in THF (10 mL). The crude product was purified by 
chromatography on silica gel eluting with EtOAcf heptane I/ 3 to give 200 mg of 17 (77% yield) as an colorless 
oil. [~]$‘+53~ (c 1.05, CHC13); IR: 3150-3700.3150, 3010,2970.2940, 2880.2850. 1700, 1450, 1382, 
1365, 1320, 1300, 1172, 1150 cm- l; *H NMR 6 (CDC13): 0.88 (t, J = 6.0 Hz, 3H), 1.20-1.33 (m, 5H), 1.42 

(s, 9H). 1.51-1.67 (m, 2H). 1X8-2.20 (m, 5H). 4.38 (m, lH), 4.56 (m. lH), 5.06 (m, 2H). 5.33 (m, 2H), 
5.75 (m. 1H); IX! NMR 6 (CDCl3): 14.05 (CH3) 22.60. 27.58, 28.57, 29.43, 30.68, 31.40, 31.65 (C3. Cq, 

4xm2, cH3 Bee), 54.86, 59.31 (C2, Cs), 79.12 (Cq Boc), 113.59 (C7 (vinyl)), 129.15. 130.40. 131.95. 
132.66 (Cg, C (olefine)). 138.60 (C6 (vinyl)), 154.16 CO Boc); HRMS (MH+) Calcd. for ClgH32N02 
294.2444. Found: 294.2444. 

(2R,5R)-l-t-Butoxycarbonyl-2-heptyl-5-ethylpyrrolidine: 18 

A solution of 17 (180 mg, 0.61 mmol) in MeOH (10 mL) was stirred in the presence of 10% Pd/ C (20 mg) and 
hydrogen at atmospheric pressure for 5 h. After removal of the catalyst by filtration through celite, the filtrate was 
evaporated. The residue was purified by chromatography as described for 17 to yield 170 mg of 18 as an 
colorless oil (94% yield). [c&$0 -36’ (c 1.05, CHCl3). IR : 2963,2925,2875,2860, 1695. 1450, 1390, 1365, 
1180, 1110 cm-t; tH NMR 6 (CDC13): 0.83 (t. J = 6.0 Hz, 3H), 0.90 (t, J = 7.5 Hz, 3H). l-13-1.35 (broads, 
14H), 1.45 (s, 9H), 1.61 (m, 2H), 1.90 (m, 2H), 3.62 (m, 2H); t3C NMR 6 (CDCl3): 10.97 (CH3), 14.17 

(CH3). 22.76, 26.90, 28.56, 29.46, 29.71, 31.93, 32.94, 34.15 (C3. C4, Ce, C7, Cg, Sx(CH2)), 28.71 cH3 

Boc), 57.88, 59.22 (C2, Cs). 78.75 (Cq Boc), 153.59 CO Boc); HRMS for CI8H35N02 m/z: 297.2667. 
Found: 297.2652. 
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(2R,5R)-2-Heptyl-J-ethylpyrrolidine: 19 

TO a solution of 18 (150 mg, 0.5 mmol) in CH2C12 (0.3 mL) was added trifluoroacetic acid (0.3 mL). The 

mixture was stirted at room temperature for 3 h. After evaporation of the acid and the solvent, the residue was 
dissolved in water and extracted with ether. The aqueous phase was made alkaline with 6N NaOH and extracted 
with EtOAc (3 x 10 mL). After washing with brine and drying, the residue upon concentration was flash 
chromatographed on silica gel eluting with 10% MeOH/ CHC13 to give 60 mg of 19 as an oil (60% yield). 
]a]~20 -3’ (c 1.05, CHC13) (lit. for the (2S,JS) enantiomer [u]D~ +4” (c 2.0, CHC13)3c. [a]D25 -4.4’ (c 2.0, 
CHC13) for the (2R,5R) enantiomer3d. [a]D 20-3.60 (c 0.6, CHC13)24]; IR 3330, 2960, 2930, 2850. 1460, 
1400. 1375, 1350, 1300, 1200, 1140 cm-l; IH NMR 8 (CDC13): 0.88 (t, J = 6.0 Hz, 3H), 0.91 (t, J = 7.5 Hz, 
3H), 1.10-1.55 (m, 16H). 1.92 (m. 2H). 2.60 (m, lH), 3.07 (m, 2H); 13C NMR 8 (CDC13): 1.46 CHg), 14.09 

cH3). 22.71, 27.38, 29.35, 29.77, 31.93, 31.98, 32.50. 37.10 (C3, C4, Ce, C7, Cs, Sx(C&). 29.93 cH3 
Boc), 58.98, 59.71 (C2, Cs); HRMS for CJ3H27N m/z: 197.2143. Found: 197.2148. IR and I3C NMR were in 
complete agreement with those reported in the literatu&~. 

(2R,SR)-l-Phenylsulfonyl~2-heptyl-5-ethylpyrrolidine: 20 

Preparated from 19 (3Omg) and phenylsulfonylchloride according to referencesa. A colorless oil. [u]# -59O 

(c 1.10, CHC13) {lit. for the (2S,5S) enantiomer, [ct]~m +62” (c 0.87, CHC13)%, for the (2R,5R) enantiomer 

]a]D25 -61.4’ (c 0.87, CHC13)3d]; IR: 3150-3650, 2957, 2927, 1650, 1464, 1445, 1342, 1225, 1157, 1098, 
1071, 1051 cm-l; lH NMR 6 (CDC13): 0.81 (t. J = 7.5 Hz, 3H), 0.88 (t, J = 6.0 Hz, 3H). 1.05-1.40 (m, 14H), 
1.66 On, 2H). 1.95 (m. 2H), 3.80 (m, 2H). 7.42 (m. 3H), 7.84 (m, 2H); t3C NMR 8 (CDC13): 10.70 CHg). 
14.16 (CH3). 22.74, 26.55, 26.93, 27.66, 28.16, 29.32, 29.55, 31.90, 34.03 (C3, C4. Ce, C7. 5xc&), 

61.28, 62.46 (C2, Cs), 126.95, 128.86, 131.95 (Ph); HRMS for Cl7H26NG2S m/z: 308.1684. Found: 

308.1689, for Ct2H@I02S m/z 238.0901. Found 238.0902. 

REFERENCES AND NOTES 

1 a) Jones, T. H.; Blum, M. S.; Fales, H. M. Terruhedron 1982,38, 1949. b) Daly, J. W.; 
Spande, T. F.; Whittaker, N.; Highet. R. J.; Feigl, D.; Nishimori, N; Tokuyama. T.; Myers, C. W. J. 
Nat. Prod. X986,49, 265. 

2. a) Caro, M. R.; Derbes, V. J.; Jung, R. C. Arch. Dermatol. 1957, 75,475. b) Adrouny, G. A.; 
Derbes, V. J.; Jung, R. C. Science 1959,130, 449. c) Attygalle, A. B.; Morgan, E. D. Chem. Sot. 

Rev. 1984,13, 245. d) ClBment, J.-L.; Lemaire, M.; Lange, C.; Lhommet, G.; C&Crier, J.-P.; 
Basselier, J.-J.; Cassier, P. Chem. Abstr. 1986, 104, 20233Oj. 

3. a) Shiosaki, K.; Rapoport, H. J. Org. Chem. 1985.50, 1229. b) Huang, P. Q.; Arseniyadis, S.; 
Husson, H.-P. Tetrahedron Lett. 1987,28,547. c) Arseniyadis, S.; Huang, P. Q.; Piveteau, D.; 
Husson, H.-P. Tetrahedron, 1988,44, 2457. d) Wistrand, L. G.; Skrinjar, M. Tetrahedron, 1991, 



Synthesis of 2.5disubstituted pyrrolidines 7107 

4. 

5. 

6. 

7. 

8. 
9. 
10. 
11. 

12. 

13. 

14. 
15. 
16. 
17. 

47, 573. d) Machinaga, N.; Kibayashi, C. J. Org. Chem 1991.56, 1386. e) Rosset, S.; C&tier, J. P.; 

Lhommef G. Tetrahedron htr. 1991.32.7521. 

a) Jegham, S.; Das, B. C. Tetrahedron Lett. 19g9.30.2801; b) Takahata. H.; Takehara, H.; 
Ohkubo. N.; Momose, T. Tetrahedron: Asymmetry 1990, I, 561. 
For the trans-2.5~dialkypyrrolidines: a) Porter, N. A.; Scott, D. M.; Lather. B.; Giese. B.; Zeitz, H. G.; 
Lindner, H. J. J. Am. Chem Sot. 1989,111, 8311. b) Porter, N. A.; Swann, E.; Nally, J.; 

McPhail, A T. J. Amer. Chem Sot. 1990,112, 6740. c) Defoin, A.; Brouillard-Poichet, A.; 

Streith, J. Helv. Chim. Acta 1991, 74, 103. d) Genicot, C.; Ghosez. L. Tetrahedron Lett. 1992,48, 

7357. 

For the ?runs-2.5~dialkoxymethylpytrolidines: a) Ito, Y.; Katsuki, T.; Yamaguchi. M. Tetrahedron Leti 

1984,25,6015. b) Enomoto, M.; Ito, Y.; Katsuki, T.; Yamaguchi. M. Tetrahedron Left. 1985,26, 

1343. c) Katsuki, T.; Yamaguchi, M. Tetrahedron Lett. 1985,26.5807. d) Ikegami, S.; Hayama, T.; 
Katsuki, T.; Yamaguchi, M. Tetrahedron L&t. 1986,27,3403. e) Uchikawa, M.; Hanamoto, T.; 

Katsuki, T.; Yamaguchi, M. Tetrahedron Len. 1986,27.4577. f’) Ikegami. S.; Uchiyama, H.; 

Hayama, T.; Katsuki, T.; Yamaguchi. M. Tetrahedron 1988.44, 5333. g) Chen. L.-Y.; Ghosez, L. 
Tetrahedron L&t. 1990,31,4467. h) Fuji, K.; Node, M.; Naniwa, Y.; Kawabata, T. Tetrahedron Len. 

1990,31,3 175. i) Gouvemeur, V.; Ghosez, L. Tetrahedron: Asymmetry 1990,1, 

363-j) Gouvemeur, V.; Ghosez, L. Tetrahedron Lett. W&32,5349. k) Ghosez, L.; Genicot, C.; 

Gouvemeur, V. Pure Appf. Cheat. 1992.64, 1849.1) Kitagawa, 0.; Hanano, T.; Kikuchi, N.; 

Taguchi. T. Tetrahedron Lett. 1993,34.2165. m) Giese. B.; Hoffmann, U.; Roth, M.; Veit, A.; 
Wyss, C.; Zehnder, M.; Zipse, H. Tetrahedron Lett. 1993,34, 2445. 

Kawanami, Y.; Ito, Y.; Kitagawa, T.; Taniguchi, Y.; Katsuki. T.; Yamaguchi. M. Tetrahedron Lett. 

1984,25, 857. 

a) Schlessinger, R. H.; Iwanowicz, E. J. Tetrahedron Lett. 1987,28,2083. b) Yamazaki, T.; Gii, R.; 

Welch, J. T. Synlett 1991,8, 573. 

Takano, S.; Moriya. M.; Iwabuchi, Y.; Ogasawara, K. Tetrahedron L&t. 1989,30,3805. 

Marzi, M.; Misiti, D. Tetrahedron L&t. 1989,30, 6075. 
Short, R. P.; Kennedy, R. M.; Masamune, S. J. Org. Chem. 1989,54, 1755. 
a) Yamamoto, Y.; Ohmori, H.; Sawada, S. Synlett 1991,8,319. b) Yamamoto, Y.; Hoshino, J.; 

Fujimoto, Y.; Ohmoto, J.; Sawada, S. Synthesis 1993,298. c) Koh, K.; Ben, R. N.; Durst, T. 
Tetrahedron Len. 1994.35,375. 

Zwaagstra, M.; Meetsma, A.; Feringa, B. L. Tetrahedron: Asymmetry 1993.4,2163. 

Coppola. G. M.; Schuster, H. F. In Asymmetric Synthesis : Construction of Chiral Molecules Using 

Amino Acids , John Wiley & Sons, New York, 1987, pp 223. 
Magaard, V. W.; Sanchez, R. M.; Bean, J. W.; Moore, M. L. Tetrahedron Lett. 1993.34.381 

Pauly, R.; Sasaki, N. A.; Potier, P. Tetrahedron Lett. 1994,35, 237. 

Sasaki, N. A.; Hashimoto. C.; Potier, P. Tetrahedron L&t. 1987.28.6069. 

For a review of the synthetic uses of nonracemic glycidol derivatives, see Hanson, R. M. Chem. Rev. 

1991, 91. 437. 



7108 N. A. SASAKI and 1. SAGNARD 

18. 

19. 

20. 
21. 

22. 

For the mode of nucleophilic attack on homcchiral glycidol derivatives. see a) McClure, D. E.; 
Arison, B. H.; Baldwin, J. J. J. Am. Chem Sot. 1979,101. 3666. b) Khrnder, J. M.; Gnami. T.; 
Sharpless, K. B. .I. Org. Chem. 198!& 54, 1295 and references cited therein. 

For intra11101e~ular cyclixation of epoxy-am&s, see a) Langlois, N.; Bounel, P.; Andtiamialisoa, R. Z. 
Heterocycles, 1986.24.777. b) Moulines, J.; Bats, J.-P.; Hautefaye, P.; Nuhrich. A, Lam&y. A.-M. 
Tetrahedron Left. 1993.342315 and refemnces cited themin. 

Both enantimers of glycidyl triflate (80-2 and (R)-2 in this report were prepared from (R)- and (S)- 

glycidol, mspectively, according to pmcedums described by Vedejsa. 
Vedejs, E.; Engler, D. A.; Mullins. M. J. J. Org. Chem. l!J77.42,3109. 
Jmpellixxeri, G.; Mangiatico, S.; Griente, G.; PiatteBi, M.; Sciuto. S.; Fattorusso, E.; Magno. S.; 
Santacroce, C.; Sica, D. Phytochemistry 1975.14,1549. 

a) Ohta, T.; Hosoi, A.; Kimura, T.; Nozce. S. Chemistry ktt. 1987.2091. b) Baldwin, J. E.; 
Hulme. C.; SchoEeld. C. J. J. Chem Res. (S.) 1992, 173. c) Thaning, M.; W&and, L. G. Acta 

Chem Scud 1992.46, 194. d) Langlois. N.; Rojas. A. Tetrahedron 1993.49.77. e) Ezquerra, J.; 

Rubio, A.; Pedmgal, C.; Sanx, G.; Rodriguez, J. H.; G&a Ruano. J. L. Tetrahedron Mt. 1993.34. 

4989. 

23. HPLC conditions For the determination of the ratio of the trans 8a and the cis 8b : column, Novapack 

Si 4sl; column sire, 3.9 x 150 mm; eluent, hepta& propanol-2 95/ 5; flow rate, 2 mU mm, detector, 
Refractometer R 410 (Waters); m%em.ion tune, 8b (cis) 5.06 min, &t (trcns) 8.54 min. For Preparative 

HPLC: silica gel column, column size, 25 x 10 cm; flow rate, 10 mU min ; eluent; heptaneI propanol-2, 

92/ 8. 
24. Jegham, S. Doctoral Thesii, Universid Paris Sud, France, 1988. 

(Received in UK 14 March 1994; revised 22 April 1994; accepted 11 May 1994) 


