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AbsPact: Enantiomers of endo-bicyclo[3.3.0]o~.Z~l have been nmlved by an efficient and 
pracbd pmedtm bed on the utilisation of (ZS)_ aad (ul)-l-(4-toluenesulpbonyl)pyrrolidioe-2- 
carboxylic acid chlorides [(ZS)_NTPCI and (2R)_NTFTl], easily available from, reqectively. (2s) 
and (2R)-proline, as resolving agents. 

Fused ring systems that offer different functional&s in each ring suitable for the stereocontrolled 

assembly of more complex structures have been regarded as amazingly versatile intermediates and starting 

materials. e&o-BicycIo[3.3.0]oct-7-en-2-01 (1) belongs to this important family of compounds. It is readily 

available as racemic material from 1,3-cyclooctadiene in two steps’ (eq. 1) and has been used as an inexpensive 

starting material for the total and stereoselective synthesis of a number of cyclopentanoid natural products such 

as sarracenin,2 specionin,3 coriolinP alkunandin, 5~5 phnuericin,~~e ahamcin,5~6 and prostacyclin anaIogues7 

(Scheme 1). 

/ \ 0 
Although all these syntheses started from racer& 1 the avaihtbihty of pure enantiomers of endo- 

bicyclo[3.3.0]oct-7-en-3-01 wouId allow the EFC synthesiss of those synthetic targets and the two enantiomers 

of compound 1 could be considered as important “chirons”.c As a result, several attempts towards achieving 

this goal have been reported in the recent literatum.*~~~ 

# Dedicated with appreciation and best wishes to Prof. Antonino Fava. 
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Because of the severe limitations and drawbacks accompanying each of the previously reported 

resolutions of (i)-1, we were led to develop a practical and efficient procedure suitable for the preparation of 

(+)- and (-)-endo-bi$lo[3.3.O]oct-7-e.n-3-o1 in gram quantities. 
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Scheme 1. endo-Bkycb[3.3.0]oct-7-etk2-olas a Versatik Internxxliate ibr the Syntksk of Natual products. 

Following an approach the main guideTines of which we have described elsewhere,t5 our procedure was 

based on the utilisation of (2S)- and (2R)-proliie as chii substrates to obtain several differently substituted l- 

benxenesulphonylpyrrolidinecarboxylic acid chlorides. The esteritication of racemic 1 with these 

enantiomerically pure l-substituted proline derivatives furnished the corresponding pairs of diastereoisomeric 

esters in high yields. This systematic approach and the crystallisation attempts performed with the thus 

obtained compounds allowed us to identify (2S)- and (2R)-1-(4-toluenesulphonyl)pyrrolidine-2carboxylic acid 

chlorides [(2S)-W-Cl and (2R)-NTP-Cl, W-2 and (2R)-2 respectively] as appropriate resolving agents for 

a practical and ine.xpensive resolution of compound 1. 16 The access to pure enantiomers of 1 was achieved as 

detailed in Scheme 2 and Scheme 3. 
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Scheme 2, Prepmatim ofptre (IS,,~LSS~-).I and ofenti~l~ (IR,m,Slt~+)-i 

Pare and crystalline (--)-3 was obtained in a 70% yield by a simptc ~t~lisatioa (diethy] eflt~t 
~ )  of the diasLFteoisomea~ mixture of (2S)-N'I~ ~ters obtained from the reaction of racemic 1 and 
(2S)-2~ ~ i s  diaste~Oisome, undcr, w~t r~ductivc cleava~ by reaction with liffdum alun~/mium hydr~ ia 
tctrahydrofuran to give cnantiomerically pure (IS#~S,SSF(-)-I (85% yield) and l-(4-toluenesulphonyl)proiinol 
[(-).4. 87% yield]. 

The evaporation of the mother liquors f~om the crysmilisation of 0 - 3  afforded a viscc,as oil containing 
the other diastcreoisomer as main component together with a re~iduld 17% of (-)-3. 
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scheme 3. Preparation of pure (lR,2R,5R,2’R)-(+)-S?nd of (lR,2R,!TR)-(+)-I 

Thii enriched mixture was treated with L,iAUQ in THF and gave (+)-1 (ee=91%) in 90% yield and 

(-)-5. Enantiometically pure (+)-3 w&obtained by reaction of the enriched (+)-1 with an equimolar amount of 

(ZR)-(+)-NTP-Cl [(2R)-21 and pyridine followed by crystallisation of the diastereoisomeric mixture. Again, 

crystalline and pure (+)-3 was collected in 75% yield after crystahiition from ethyl ether/n-hexane and gave 

enantiomerically pure (lR,2R,SR)-(+)-1 and (+)-5 in 85% yield when reacted with L&AR-Q in THF. 

In order to know the physico-chemical and spectroscopic properties of the other couple of enantiomers, 

(+)-4 and (-)-4, having a diasteteoisomeric relationship with (-)-3 and (+)-3. we prepared them by reacting 

(-)-1 with (2R)-(+)-2 (eq. 2), and (+)_l with (259-H-2 (eq. 3). 

The homochirality of (-)-3, (+)-3, (-)-4 and (+)-4 as welt the diastereoisomeric excess of the viscous 

oil were rigorously established by tH NMR (200 MHz) spectra of the diastemoisomers and by comparison of 

these with the spectra registered on samples of the evaporated mother liquors. The (R)- and (S)-prolinols (5) 

could be transformed into the optically active (R)-2 and (S)-2 for reuse by Jones oxidation and successive 

reaction with oxalyl chloride in benzene. 
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The present method has advantages in providing a facile access to optically pure enantiomers of endo- 

bicyclo[3.3.0]oct-7-en-3-01(l); it comprises practical value a.s well as operational simplicity. In conclusion, we 

suggest the sequential utilisation of N-substituted proline derivatives, such as (2S)-2 and (2R)-2, as a valuable 

method to resolve chiral alcohols. 

Melting and boiling points are uncorrected. *H NMR spectra in CDC13 solution were recorded on a Varian 

Gemini spectrometer operating at 200 MHz using tetramethylsilane (TMS) or CHC13 as internal standard. 

t3C NMR were recorded in CDCl3 solution at 50.30 MHz with a Varian Gemini spectrometer by the FI’ 

technique. Microanalyses were determined by using C,H,N Analyzer Model 185 from Hewlett-Packard Co.. 

Optical rotations were measured at 25°C on a Jasco DIP-360 polarimeter equipped with a sodium light source. 

Bulb-to-bulb distillation was performed using Bilchi Kugelrohr apparatus, and the oven temperature is 

recorded as boiling point. 

Preparation of l-(4-Toluenesulphonyl)-2-pyrrolidylcarboxylates (lS,2S,5S,2’S)-(-)-3 and 

(lR,2R,5R,2’R)-(+)-3. 

A solution of (2S)-(-)-l-(4-toluenesulphonyl)prolyl chloride 17118 [(-)-NTP-Cl, (-)-2, 28.81 g, 100 mmol] in 

dichloromethane (150 ml) and dry pyridine (10 ml, 124 mmol) was dropped into an ice-cold, stirted solution of 

(+11(10.34 g, 83 mmol) in dichloromethane (150 ml). The mixture was stirred at room temperature for 10 h, 

washed with 1N hydrochloric acid (3x50 ml) and with a saturated aqueous solution of sodium bicarbonate. 

finally, the dichloromethane solution was dried (MgSO4). The evaporation of the solvent gave a viscous oil 

that was dissolved in dichloromethane, passed through a short column of silica gel and recovered (26.9 g, 86% 

yield). Crystalliition of this oil from n-hexane (200 ml) with few mlllilittes of diethyl ether afforded white 

crystals of (lS,2S,5S,2’S)-(-)-3 (11.00 g, 81% yield): mp 102-104°C; [U]D -176.59 (C 1.45; chloroform); 

IR(KBr) v 1746, 1622, 1350. 1159 cm- *; lH NMR 6 1.30-2.20 (9H, m), 2.40 (3H. s), 2.50-2.80 (2H, m). 
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3.20-3.50 (3W, m), 4.30 (lH, t, J=58Hz), 5.15 (lH, m), 5.41 (lH, m), 5.73 (lH, m), 7.30 (2H. d, J=8.OHz), 

7.78 ppm (2H, d, J=S.OHz); 13C NMR 6 21.68,24.79,31.18,31.47,39.66,41.52,48.50, 54.14,60.82, 78.62, 

128.01,128.56,130.06,133.01,136.28,143.96,172.34ppm. 

Anal. Calcd for C2OH25NO4S: C, 63.98; H, 6.71; N, 3.73. Found: C, 64.05; H, 6.78; N, 3.68. 

The mother liquors of crystallisation were evaporated at reduced pressure and a crude diastereoisomeric 

mixture (16.00 g) was obtained as an oil- the ~~siti~ of which was &~~~ed by 1H NIvIR spectrum in 

deuterochloroform. A well deftned and distinct multiplet at G5.52 ppm for one of two oleftic hydrogens 

reveals that the (lRfR,5R,2’S)-(-)-3 is the main component (83%) while the corresponding signal of 

(lS,ZS,SS,ZS)-(+)-3 at b5.41 ppm indicates a residual presence (17%) of this diastereoisomer in the mixture. 

The viscous oil (9.00 g, 24 mrnol) was dissolved in dry ~~~y~ofu~ (‘II-IF, 50 ml) and slowly added to a 

stirred suspension of LiAlH4 (1.82 g) in THF (200 ml). The reaction mixture was left under stirring at room 

temperature until the ester was completely disappeated (t1.c. control, silica gel and petroleum etherMethyl 

ether 1:l as eluent). Upon c~ple~on of the reaction, the mixture was cooled at 0°C diethyl ether (200 ml) 

was added and a saturated aqueous solution of NH4Cl was dropped to destroy the hydride in excess. The 

organic phase was separated, washed with water (3x 30 ml), dried (Na2SO4) and evaporated at reduced 

pressure. Washings of this t&due by using cold diethyl ether (3x 30 ml) allowed a rough but efficient 

separation of the very soluble enriched (+)-1 from the less soluble (2S)-l-(4-toluen~u~h~yl)py~ly~l-2- 

methyl alcohol [(2S)-(-)-5]. Ibis latter was collected as a white solid and purified by crystallisation: mp 90- 

91°C from Et20, [or], -91.80 (c 1.65; methanol); lit.l~17mp 88-89°C from Et20, [all, -92.0 (c 1.00; 

chlorofo~). Enriched (-)-1 was obtained ~rni~y pure by flash column c~omato~aphy,l9 with petrol 

ether / diethyl ether 13 as eluent. distillation: bp3Ombar150-165°C. The puriSed enriched (-)-1 (2.80 g, 22 

mmol) was treated with (2R)-(+)_NTP-chloride [(2R)-(+)-2,6.32 g, 22 mmol] according to the just described 

procedure used for racemic 1. The work-up of the reaction mixture and lotion gave (lR,2R,5R,2’R)- 

(+)-3 (5.30 g. 77% yield): mp 102-103°C; [a]~ +177.45 (c 1.46; chloroform); spectroscopic data (IR, 1H 

NMR, and 13C NMR) are identical with those of (lS,2S,SS,2’S)-(-)-3. 

Anal. Calcd for c2fJH25No4S: C, 63.98; H, 6.71; N, 3.73. Found: C, 68.85; H, 6.79; N, 3.77. 

Reductive Cleavage of Esters (lS$S,5S,2’S)-(-)-3 and (lR,2R,SR,2’R>(+)-3. Preparation of 
enantiomerically pure (lS,2!&5S)-(-) e~~icgclo13.3.0loct7-en-3-ol [ lS,ZS,SS)-(-)-l] Ed (lR,2R,5R)- 

(+)-en~-~~c~~3.3.01ect-7-~~-3-ol [(lR~~5R~(+~l]. 

Ester (-)-3 (9.00 g, 24 mmol) was treated with LiAlH4 (1.82 g) in dry THF (150 ml) according to the 

procedure described before to obtain the enriched (-)-1. The residue was washed with cold diethyl ether (3x20 

ml) to separate (2s).(-)-4 as a white solid: mp 90-91°C from Et20, [a]~ -90.10 (c 1.68; methanol}. The 

ethereal solution was evaporated and the residue was purified by distillation: bP3Ombar 160-165°C. 

EnantiomericaUy pure (lS,2S,5S)-(-)-1 was obtained as an oil (2.53 g, 85% yield): [a]D -139.14 (c 1.15; 

chloroform) ilit. [o&,-124 (c 6.00; chloroform); tH NMR 6 1.21-2.20(m, 6H), 2.57-2.80 (m, 2H), 3.25 (m. 

lH, Cl-m. 4.22 (m, lH, C2-H), 5.62 (m, lH, CT&, 5.85 ppm (m, lH, C8-II);f3C NMR 6 31.50. 35.25, 

40.01,42.13,56.39,75.32, 128.57. 135.04 ppm. 

Anal. Calcd for C@ll20: C, 77.37; H, 9.74. Found: C, 77.45; H, 9.78. 

The latent of ester (+)-3, performed under the same reaction conditions described for the enantiomer (-)-3 

and the successive work-up, allowed the preparation of the enantiomerically pure (lR,R,JR)-(+)-I in 8.5 8 
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yield: [a]D+138.26”(~ 1.14; chloroform). All tbe spectroscopic data (IR, 1H NMR and 13C NMR) are ia 

perfect agreement wltb those reported for compound (-)-1. 

Anal. Calcd for C8Hl2Oz C. 77.37; H, 9.74. Found: C, 77.48; H, 9.83. 

Preparation of (lS$!!J,5S,2’R)-(-)=cndo-Bicycfo[3.3.O]oct-7-en-3-o1 I-(4-Toluenesu~~nyl)-2- 

~y~~~~~~ [(lS,ZS,5S,Z’R>(-b41 anti of (lR2RS~S)_(+)-en~-B&~~[3.3.0Joct- 

f_fd-Tofuen~u~~nyl~~~~y~o~~tes I(lR~~~S)-(+~I. 

Compound (lS,2S,SS)_(-)_l (0.50 g, 4.03 mmol) and (ZR)-(+I-NW-Cl [W-Z, 1.50 g, 5.22 mm011 were 

treated in dichlorometbane and dry pyridine as described before for the conversion of racemic 1. Work-up of 

the reaction mixture gave (lS,2S,!&Z’R)_(-)-4 (1.36 g, 90% yield) as a low melting solid: mp 36-38°C; [U]D 

-28.43 (c 1.44, chloroform); IR(Kl3r) v 1726, 1598, 1339.1166 cm-l 1~ NMR 6 1.25-2.20 (m, 9H), 2.40 (s, 

3H), 2.50-2.80 (m, 2H), 3.20-3.55 (m. 3H), 4.28 (t, 1H. J&T.8 Hz), 5.10 (m, lH), 5.50 (m, lH), 5.75 (m, lH), 

7.30 (d, 2H, J= 8.0 Hz), 7.78 ppm (d. 2H. J= 8.0 Hz);l3C NMR 6 21.69, 24.76,31.18,31.36, 39.70, 41.56, 

48.58,54.14,60.94,78.63, 127.97,128.76,130.10, 132.94,136.27,143.97, 172.47 ppm. 

Anal. Calcd for C2oH25NO4S: C, 63.98; H, 6.71; N, 3.73. Found: C. 64.06; H, 6.63; N, 3.81. 

The esterifkation of (lR,2R,5R)-(+kl (0.50 g, 4.03 mmol) with (2s)~(-)-NTP-Cl [(-)_2, 1.50 g, 5.22 mmol] 

gave (lR~R~R~S~(~~ (1.40 g, 93% yield): mp 36-38”e; IcilDt28.43 (c 1.44, chlorofo~). Its IR, 1H 

NMR, and 13C NMR spectra were identical with those of (lS,2S,SSf’R)-(-)-4. 

Anal. Calcd for C2oH25NOqS: C, 63.98; H, 6.71; N, 3.73. Found: C. 64.08; H, 6.78; N, 3.79. 

Adcnowkdgements. 

We thank the Consiglio Nazionale delle Ricer&e (CNR)-Italy, and Ministero dell’Universit8 e della 

Riierca Scientifica e Tecnologica (MURSQ-Italy, for tiaancial support, 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

References and Notes 

Crandal, J. K.; Chang, L-H J. Org. Chem. 1%7,32,435-439. 

Whitesell, J. K.; Matthews, R S.; Minton, M. A.; Helbling, A. M. J. Am Chem. Sot. 1981, 103, 3468- 

3472. 

Hussain, N.; Leonard, J. Tetrahedron L.&t. l!M7,28.487 l-4874. 

I&i, K.; Yamazaki, M.; Shibasaki, M.; lkegami, S. Tetruhedron 1%1,37,4411-4418. 

Pa&es, K. E. B.; Pattenden, G. J. Chem Sot. Perkin Tram. I 1988.1119-l 134. 

‘Ikost, B. M.; Bakovec. J. M.; Mao, M. K.-T. .i. Am. Cheln Sot 1986, IO& 4974-4983. 

I&i, K.; Mase, T.; Gkazaki, T.; Sbibasaki, M.; lkegami, S. Chem Pharm Bull. 1983, 31, 4448 and 

literature cited therein. 

Seebach, D.; Hungerbuhler, B.- Syntheses of ~tio~~~y Pure Compounds (EPC Syntheses).- In 

“Modem Synthetic Methods” Scheffold, R Ed; Springer-Verlag; Berlin, 1980,91. 

For an authoritative presentation and iksrration of this strategy: Ham&an, S.-Total Synthesis of Natural 

Products: The Y&iron II Approach- Pergamon Press, &ford. 1983. 

~~~, I. K.; M&on, M. A.; Elman, S. W. 3. Org. Chum. l983,48,2193-2195. 



142 E. hROl’TA et al. 

11 

12 

13 

14 

15 

16 

17 Busson, R.; Vanderhaege, H. J. Org. Chem. 1978,43,4438-4441. 

18 Clark, C. R.; Barksdale, J. M. Ad. Chem 1984.56.958-962. 

19 Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem 1978,43,2923-2925. 

Kuritani. H.; Takaoka, Y.; Shingu, K. J. Org. Chem 1979,44,452-454. 

Trost, B. M.; Belletire, J. L.; Godleski, S.; McDougal, P. G.; Balkovec, J. M. .!.&g. Chcm 1986, 51, 

2370-2374. 

Trost, B. M.; Balkovec, J. M.; Mao, M. K.-T. J. Am. Chem. Sot. 1983,105,6755-6757. 

Klemplier. N.; Faber, K.; Griengl. H. Synthesis, 1989.933-934. 

Rosini, G.; Marotta. E.; Raimondi, A.; Righi, P. Tetrahedron: Asymtry 1991.2, 123-138. 

(R)-NTP-Cl and (S)-NTP-Cl have been chosen because of the superior cry&&ability of the 

corresponding esters with racemic 1, with respect to the esters obtained by using the chlorides of 

benzenesulphonyl-, 2,4,6-trimethylbenzenesulphonyl-, or 4nitrobenzenesulphonyl substituted (R)- and 

(S)- prolines. 


