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Abstract: An alternative method of pmperatfen for a range of proline derived chiral 

lithium amide bases is described. (S)-P-(F’yrrolidinomethyl) pyrrolldine, prepared 
by the new route, has been used to deprotonate ds and &ens 

tbutyldimethylsiloxy-3,4-epoxyqclopentane enantfoselectively. thus generating 

chiral ci.s and transtbutyldimethylsibxy-2-cyclopenten-4-01s. The products had 
higher enantiomerlc purity than those produced when the base was prepared by a 

previously reported mUhod. 

We have been studying a variety of synthetic methods which involve the use of chiral lithium amide 

bases to induce chirality during the transformation’of an achiral molecule into a chiral compound. Among the 

bases we have been using ye a series of compcqn$ with the general structure 1. These are derived from 

proline and have been used previously as mediators In a variety of enantioselective reactions.l* 

A general method for the synthesis of these bases was pubtished some years ago a&we originally 

followed this method to synthesise (S)-2-(pyrrolidihomethyl) pynolidine 10.7Jj However, the route is 

expensive to carry out on a large scale and suffers from the added drawback that the chiral centre is located in 

a potentially racemising environment at several stages in the sequence. Indeed, when we synthesised 10 by 

the literature route and used if in chiral induction methodology, the products of the reactions were less 

enantiomettcally pure than expected (see later for.exampk). 

We therefore decided to develop an alternative, efficient and practically simple route to the base which 

would avoid intermediates which have possible racemisation problems. Ou; strategy was to reduce the 

proline to prolinol, convert the alcohol to a leaving group and displace this by an amine to form the r&w C-N 

bond. Thus structures 2 and 3, in which the chiral centre Is in a potentlalty rademising position adjacent to a 

carbonyl group, are avoided. We thought that the nucleophilic substitution step might be a problem due to 

steric interactions, but after some experfmentation ke found a very simple solution. 
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Analysts of the Enantlomerlc Purity of the Products. 

In the previously reported studies of the ds epoxide opening reaaions optical rotation measurements 

had been used to determine the ee’s of the product. These measurements can be inaccurate, especially on a 

small scale, with compounds of low rotation and we therefore decided to devise an NMR method for the 

determination of ee’s. We prepared both O-acetyl mar&late esters 18a and 1We and Mosheh esters 18b 

and 19bi7 to determine the enantiomerlc purities of the reaction products Tables 1 and 2 give details of the 

main features of the NMR spectra of the esters. The signals highlighted in bold type were well resolved and 

the relative intergmls of the diastereomeric protons were used to estimate the relative proportions Of the 

enantiomers present. To provide a reference reactions were also carded out using lithium diisopropylamide, 

to give racemic products, whose Moshets ester derlvatlves were prepared. The sense Of the absdae 

stereochemistry induced in the allylic alcohols was determined by measuring the direction Of the optical 

rotations of the corresponding enones 20 and 21, which are known compounds12 (Scheme 3). 
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The initial step was bistosytation of prolinol, which served two purposes. The tosyl group on nitrogen 

provided a cheap protecting group, while the Gtosyl group acted as a leaving group. Not surprisingly, 

disptacement of the Dtosyigroup was quite slow, but it could be substituted by a variety of arnlnes, by simply 

refluxing in totuene. Finatiy, the N-tosyl protecting group was removed by treatment with lithium in ammonia 

All the steps in this sequence are high yielding and can be performed on a large scale. A range of secondary 

amines have been used as substituents and this is illustrated In scheme 1. 
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Enantlorokctlve EpoxMe Opening ReactIons 

A recent report described the use of chiral lithium amide bases to deprotonate mesa epoxide 14 with a 

high degree of enantiotopic selectMty, thus generating the chiral allylic alcohol 16 witti a high degree of 

enantiomeric inductlon.9 When this work was published we also were working independently on the same 

transformation and on the deprotonation of the Pans epoxide 15,lolll but h&?l not echieved such a high 

degree of enantiomeric induction as that reported. We therefore decided to Investigate the reaction more 

thoroughly in order to clarify the results. 
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The known secondary amine (S)-2-(pyrrolidinomethyl)pyrrolkfine 10 had previously been employed to 

open cyclohexene oxide with a high degree of enantfomeric indudbn 12.13 and for this reason we chose to 

start our studies using the same base, which was initially prepared by the literature route (Method A). 

The deprotonatbnlepoxide opening reactions of the ds and trans meso compounds 14 and 15 were 

carried out by &hlg the epoxides to an ice cooled solutfon of the lithium amide. The reactions of the ds 

epoxide were canied out at ke bath temperature, but under these cotilons the Pans epoxide opened very 

slowly and its reactions were generally albwed to warm to room temperature. 
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For our lnkial studies (S)-2-(Wrrolidinomethyl)pyrrolidine was prepared by the literature method (Method 

A). The products obtained had modest 88’s and there was clearly a major diierence between the 

enantiometic purity of our ds product and that reported by other workers (see Table 3). We thought it unlikely 

that the difference in methods-of analysis could be solely responsible for this and another possibility was that 

the base we were uslng was of low enantiometic purity, due to partial racemisation during prepawn. When 

the epoxide opening reactions were repeated using the base prepared by the new method illustrated in 

Scheme 1 (Method B), the products had higher ee’s. This indicated that the base prepared by this method had 

higher enantiomeric purity. The enantiomeric purities of our product from opening of the ds epoxide are still 

not as high as those reported by other workers, but we think that this discrepancy may be due to the difference 

in methods of analysis. The effect of solvent on the reaction was very different between the cis and trans 

epoxides. The best solvent for opening the a’s epoxide was benzene, but when the Pans epoxide was 

opened in benzene, the product had very low enantiomeric purity. Opening the Pans epoxide in THF gave 

product with the highest enantiomeric purity (78%), but the’ yield in this solvent was very low. A good yield and 

reasonable enantiomeric induction was achieved when reaction of the Pans epoxide was carried out in 

ether. 

EMxlfiQ ploduct Solvent lmR% ylebl.At aQ@& QafB_& g.g.09 
I4 I6 THF 0 65 40 50 66 

I4 I6 ETHER 0 56 40 60 70 

I4 16 BENZENE 0 73 40 76 90 

I5 I7 ETHEb OtoRT 95 32 64 

*Al yields are for pure matwhl kolaM by flash dwnatography 

w(A)-Baseused~pfepwsdbymethodA 

ee(B) - Base used was prepared by methcd B. 

Acknowledgement: We would like to thank the SERC for financial support (S.K.H) and the SERC NMR 

services at Sheffield and Warwick Universities for nrnning 400 MHz proton NMR spectra 

General 

Experlfneittal 

Melthg polnto were determhed On an &ectnXhermal apparatus and ara unaxrec&d Opical mtatbns (a,$ were measured on an 

O@bal Actidy A410 automstb mer. lnfra red spectra were recorded on a PerWn Ehner 397 spectromer and NMR spedra 

weremsssuredal60MMonaVarbnEM360hstrument,at90MHzonaPerkhUnerR32hstrument,at300MHzonaBrukerAC 

300Instru~orat400MHzonaBnkerWH400Lnstrumenl.TheNMRIheposWonsorcentresolmubipletsan,givenhthe5scale 

with tebamethyl siatw (TMS) as the lntemd’slandid, the muttiptldlles and CwpRng constants (Hz) am l&bated in parenthesis. Mass 

spectra were run on a Kratoe MS Xl Inslnunent. For analytical thin layer chmmWgqhy Merd silica (F254) pates were used andti 

preparathre chromatography Msrdc Kelselpel(40 63p) s&s was used. 

(S)(_)_N,O B/s@-Tolueneoulphony1>2-hydroxymethyl pyrrolldlnr 61s 

A sobtbn of (S)prohol (IO 0, O.lM), triethyhmhe (20~. 21.4 ml, 0.2W and p-tobene sulphonvl CMOW (48 g. 0.2~) h 

dlcMoromethane(200ml)rrss~ed(#24,hrs.Aftercoo#lrpthe~waswashed~~Px25rnl)andtheorganlc~was 

dried over maOneslrm suMhate and evaporated. The cfule prcduct was recfystaked from ethanol to provide 26.4 0 (65% yield) of 

the ditosyl compound: mp. 92-940, white neeclks (M. 9994)5; [a]o 25 -1252’ (CHCCJ); IH Nb4R 60 MHz) (CDCg) 6 I.75 (m, 4H,), 

2.45 (s, 3H), 2.53 (S, 3H), 2.9-4.4 (m, 5H). 7.21 (-1,4H), 7.75 (dd, 4H); v max 1590,1350,1160, cm-l; we (CH4, Cl) 4Io(M+1.96%). 

411(21.5), 236(100). 
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General method for dtsplacement of the O-tosyt group from 5 by eecondary amtnee to gfvo corepoundr 6-S. 

A solutbn of (S&)-N,0 B/s(p-toluenerulphonyl)-2-hydroxymethyl pyrrolldlne 5, (24.54g. 0.06 mcke), 

pyfmMir+a (or other seccndary amhw) (17g, 0.24mcbs) and DSU (0.910) in toberre (4OOnW was heated at Fe(lux ta 24hrs. 0T until 

nostartinOmaterlalmmc*ledas~byTLC.Thesdventwasthenremavedonarotaryevapo~endthepoduQrrss 

grsteALsed.#~~~dpAeult,themaerlalcarldk,palRedby~ctwomatogrpphy. 

(S)-H(pTolueno~ P-@yrroJldlnoWthyl) pyrro#dlne 5 (yleki 70%) 

np. 60-820, pata yellow cry8tak;~a)~ -126.40 (WC+): ‘Ii NMR (6O MM) 6 1.6O (m 6H.). 2.45 (a, 3H), 2.70 (a. 3H). 3.0-3.9 (m 6H), 

7.55 (rki, 4H); v_ 16OO. 134O,l160 cm-l; nVe (CH4, Cl) 309 (M+l, 39%). 91 (56) 64 (100). Found M+l 309.1617, cak. for 

Cl6H25N2?$ = 309.1636 

(S)-N-(pToluenesulphonyl)-2-(plperldlnotnethyl) pyrrolidlne 7 (yield 75%) 

np. 80-810; [aID -126.4O (c-10. CHCCJ); 1~ NMR (90 MM) S 1.2-2.0 (m, IOH), 2.1-2.6 (m, 6H). 264.1 (m, 4H), 7.5 (dd 4H);v_ 

16OO.l45O, 134O,ll6O cm-l; nVe (CH4, Cl) 323 (M+l. 67%), 322 (6.4), 321 (32). Fcund 321.1615. cak. i~r Ct7H25N2D2S - 

321 .I 636. 

(S)-K(pTolurnesulphonyl)-2+norpoholhtornothyl) pyrroltdlne 8 (yield 74%) 

mp. 1 l&112? [a]D25 -123.6c @IO, CHC13); 1~ NMR (9O MHz) 6 1.3 - 2.0 (m, 4H). 2.2 - 2.7 (m, IOH) 32 (m, 2H) 3.7 (t,4H) 75 (dd. 

4H);v_ 1600.1340. IleO, 670 cm-‘; m’e (CH4. Cl) 325 (100%). 324 (6). 323 (25), 100 (93). Found 224.0752, cak. for 

CttHlOND2.S - 224.0745, Fcund 100.0762. cak. brC5H1$(0 - 100.0762. 

(25, 2s’).2-Methoxymethyl-I-[N-ptoluene wlphonyl pyrrolkH~+yt) _hyl] pyrrolldlno 9 (yield 96%) 

[alD25 -1330 (c-5, EtGH); lH NMR (90 MM) 6 1.7 (m, 6H). 2.4 (s. 3H Me), 2.4 - 4.0(m IOH) 3.3 (s,3H), 7.5(dd, 4H);vmax 1600, 

1340, llso~-1;rrrre(CH4,C3353(l~), 199(66), 126(65)64(36), FwndM+352.1820~ce)c.lorC19~N~S-352.1821 

General method lor romwal 01 N-to@ grarp Imm the brau. 

To a soMbn of the N-tcayi base (eg 5 12.4Og,O.O4 n’bks) In lHF/EtGHWH3(llp.) (ZOWlOI2OO ml), under nltmgen at -780, 

excess tlthiim was added and the mixture waa then allowed to refkx br 15 mM+. The ~wasthenmmcWdanbatterute 

amroniahadevaporatedthem~rewsb~~wWwaler(50ml)andexlradodrrllhsOylacets)s(2x200ml).Thecombinedorgsnic 

layers were dried and ccrkentrated, leaving a txown oil, which was purred hy buB to hub dktNatbn. 

(S)-2-(Pyrrolldlnomethyl) pyrrolldlne 10 (yleb 66%) 

[a],25 4.30 (c = 2.4, EtCH): 1~ NMR (9OMix) 8 1.70 (m, 6H), 2.50 (m, 7H), 3.0 (m, 3H); l3C NMR (75 MHz, DEPT)l6 6 23 (2 x CH& 

24 (CH2), 30 (CH2), 45 (CHd), 54 (2 x Cy). 57 (CH), 61 (CH2), (no atherpeaks wem detected); v_ 3300 cm-‘; nV/e (CH4, Cl) 155 

(lOO%), 154 (76) 153 (66) 64 (90) Found M+l 155.1551. Cak. for CgHl9N2 = 155.1547 

(S)-2-(Plperldlnomethyl) pyrrolldlne 11 (yield 75%) 

hp. 1 OO”, (1 mm HO); [a]D25 +1.6 (C = 2.2, bents), [a], 25 +14 (c = IO. EtOH) ; lH NMR (9OMHz) 6 1.1 - 2.0 (m. lOH), 2 - 3.5 (m, 

9H). 2.5 (S, 1 H. NH); 13C NMR (75 MHZ, DEPTI 6 23.9 (CH2). 24.4 (CH2), 25.4 (2 X CH2), 29.4 (CH.$, 45.3 (CH2). 54.5 (2 x CH2) , 
55.0 W), 64.15 (CHp)(no other peaks were detected); v _335O. 1450, 1140cm-1; ml/e (CH4, Cl) 166 (M+. 6%) 167(15),96 

(tOO). 64 (43). 70 (34). Found M+l 169.1704, Cakbr C10H2,N2 - 169.1704 

(+2-(Uorphollnomethyl) pyrrolldlne 12 (yield 75%) 

[alD25 +lO.4’ (c = 10, EtDH ); ‘H NMR (MHz) 6 1 .I - 2.1 (m, 4H), 2.2 - 3.4 (m, IOH), 3.7 (t, 4~); 13~ NMR (75 M+, DEPT) 3 24.7 

(CH2). 29.7 (Cy), 45.6 (CH2), 53.6 (2 x CH2). 54.6 (CH), 64.2 (CH2), 66.7 (2 x CH2) (n, otherpeakswere &tected):v_ 3350, 

1395,tOOO cm-l; ml/e (NH3, Cl) 173 (17%) 171 (100). Found 171.1496, CakforCgH19N2DI 171.1496 

(2S, 2S’)_2-Methoxymethyl-l-[pynolMln-2-yl) methyl] pyrrolldlne 13 (yleb 73%) 

bp.13oo (O.7 mm H’& [o)D25 -5.60 (c - 10, EtDH ); ‘H NMR (MM) 6 1.7 (m 6H). 2.0 - 3.5 (m, IOH’), 2.6 (23, IH, NH), 3.3 (a, 3H, me); 

13C NMR (75 ~2. DEPT) 6 23.2 (CH2). 24.9 (CH2), 26.2 (CH2), 29.9 (CH2), 46.1 (CH2), 55.7 (CH2) 56.1 (cH~), 56.9 (CH), 61 .O 

(CH2),63.6 (CH), 76.3 CH2); v_ 3400,16O2,1115 cm-l; frVe (NH3, Cl) 199 (100%). 65 (27). 70 (40). Fcuncl M+l 199.1606, Cak 

for CtlHaN20 - 199.1609 

Wenlng of cl~butyldlmethylrlloxy3,4+oxycyclopentane 14 to c/~butyttimothylsltoxy-2. 

oyclopenten-4-01 16. 

rW~~ral method exempliRed IV n~~~bn with (S)-2-@y~WIncmethyO pyncWrw as the hose and bemena 88 s&em: 

nGW ltthkm (0.56ml, 1.5M, 0.64mmd) was edded to a soktbn oi (q-2-( wncldhs 10 (146mg, 0.96+NncQ, 
bdrybe~ene(~)atOaC,underNp.Atter30~.epox~14(100mg,O.Slmrol),h~(2an3)~~~~ 

~un,lvrasaHrreduntilroepoxlderemahed,~~~nC.The~wasthendsrledwllhCH2C12,washedwYhwater, 

bied.evaporatedandtheresi&eputifbdhy6ash~. VktdsarepmvkbdbtheWle, hthetext) 

‘H NMR 6 0.0 (80 NW (8, W, 0.6 1.4 1.9 (s, 9H), (m, lH), (8, IH), 2.6 (m IH) 4.5 (m 2H), 5.6 (t, 2H): V_ 3340.1250, 1070,900 

cm-‘; nv’e Cl) 215 (20%) (CH4 214 197 115 (6) (15) (61) 63 (91). 
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Ownlw Of t~8a~utyl~lmothy~~~,~x~clopmtme 15 to Inn~tbutyldlmothylsllox~2. 
cycl0pmtsn-bd 17. 

nBuVl lwlhrm (O.!Xml, 1 .5M, O.Ummol) wa6 adrIed to a 8ok@n of (S)-2-R Wrro- U48mg, 0.~1. h 
dryether(3cnr3)etOoC,under~.Aflsr30~.Me~epoxide(100mg,054mnol),hsWer(2an3)~addedandthe~n, 
wasa!iowedtowarmtomomt ~andsthedwlynoepoxlde~,asindcatedbync~abM8hr.~.Thes0clhbn~ 
then diluted with CH$b, washed with water, d&d, ev~rated and the resldur puryled hy l&h dwomatogrephy. 

‘I+ NMR (60 MHz) 6 0.0 (6, SJ-I), 0.8 (s. 9H), 2.6 (m, 2H), 4.9 (m, ZH), 5.8 (s, 2li);v, 3350,%%0,1060, cm-l. 
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