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Abstract. Enantiomericalty pure fE)-y-alkoxy-n,B-unsaturated esters were reacted with azomethine 

ylides obtained from glycine imines in the presence of Liir and diazabicycloundecene (DBU), to afford 

tetrasubsiituted pyrrolidines with complete regiocontrol and lair to excellent diastereoselectivity [only 

two diastereoisomers formed in up to 96: 4 diastereoisomsric ratio). The results are compared wllh those 

of other 1,3-dipolar cycloadditions, and the origin of stereocontrol is discussed. 

1,3-Dipolar ~ycioa~it~n reactions to alkenes have found wide synthetic application in organic 

chemistry as they open access to ~lyfunctionaiized five-members heter~~ic rings, often in a 

highly regio- and stereose~ctive fashion. t Among the variety of I ,bdipoles avaliabie, the 

chemistry and stereo~hemi~~ of nitrone ‘$2 and nitrile oxide 1,s cy~~ad~tions has been more 

intensively investigated, with particular focus on the variant of these reactions that secures control 

of the absolute stereochemistry of the products. 1&4 In the course of our studies 4 on the influence 

exerted by an allylic stereocenter on a chiral alkene to promote stereocontrolled nitrone and nitrile 

oxide cycloaddition, 5 we were able to lest the validity of the model proposed by Houk 6 to 

rationalize the stereochemical outcome of these reactions. In view of the growing importance of 

azomethine ylide cycloadditions l.7 for the assembly of biologically relevant heterocycles, we 

become interested in determining whether Ihe factors ruling nitrile oxide and nitrone reactions to 

chiral alkenes could also be exploited to promote the stereoselection of an azomethine ylide 

cycioaddition. *8 The possibility of stereocontrolling the simultaneous lormation of four 

stereocenters seemed a re~onable prize for this study. Here we present some ex~rimen~l data 

obtained for the inter~~cular reaction of azomethina ylides with (E)-~aikoxy-~,~-unsaturated 

esters, that nicely implement recent work by Kanemasa, et a/. * 
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Starting from (R)-O,O-cyclohexyi~denegli~eraldehy~ 1, (S)-0-benzyilacta~ehyde 2 and 

(S)-O-t-butyldimethylsiiyllactaldehyde 3, (E)-(S)-esters 4-6 ware prepared: lo #mpound 7 

was obtained from 6 via desilylation (Scheme 1). The esters were then reacted in different 

conditions with glycine-derived azomethine ylides 8 and 9, generated in THF solution from the 

corresponding imines 1 1 with DBU in presence of lithium bromide. 7n In each case a single 

regioisomer 1g7a and only two diastereoisomers were oblained from the reaction mixture. No 

by-pr~u~ts were detected, only unreacted esters being isolated, to~ther with the ~y~~adducts, by 

flash chromatography. Yields and diastereoisomeric ratios, as determined by proton NMR 

spectroscopy on the purified products, are collected in Table 1. 

As can be seen from the experimental data, an increase in the reaction temperature caused a 

marked decrease in the diastereoisomeric ratio. The molar ratio between the reactants played a 

minor role in the out~me of the ~cloaddition. With a 3:l ylide: alkene ratio the chemical yields 

were slightly better than those observed with a I:1 ratio in the case of lactaldehyde derivatives, 

while the diastereoisomeric ratios were almost unchanged. The glyceraldehyde-derived alkene 4 on 

the other hand exhibited a different behavior, the chemical yield decreasing and the 

diastereoisomeric ratio increasing on passing from a I :1 to a 3~1 molar ratio. The ~cloa~ition 

reaction was also performed on ester 7 and was shown to proceed with low-chemical yield but good 

selectivity. Differently substituted aryl groups on the dipole, when not sterically more demanding 

than a phenyl, l2 did not change significantly the yield and the diastereoselectivity of the reaction, 

The cycloadducts 14, that containes a p-methoxy-phenyl substituent, are suitable for subsequent 

useful synthetic transformaiions. 

Table 1. Diastereoseleclive synthesis of pyrrolidines 19-14 from esters 4-7. a 

entry ester imine products dipole/alkene 
ratio 

tb 4 8 lOa,b t:1 

2 4 8 lOa,b 1:l 

3 4 8 lOa,b 3:l 

4 6 8 lla,b 1:l 

5 5 8 Ila,b 3:l 

6 6 8 12a,b 1:i 

7 6 8 12a,b 3:l 

8 7 8 13a,b 1:i 

9 5 9 14a,b I:1 

a) all reactions performed at -76°C in THF as solvent. 

b) reaction performed at room temperature. 

yield% 

39 

56 

40 

40 

58 

65 

77 

24 

52 

diaster~isomedc 
ratio a/b 

75:25 

9O:lO 

95: 5 

78:22 

77:23 

9O:lO 

88:12 

96: 4 

79:21 
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Figure I, An ORTEP plot of 13a. The lhermal ellipsoids are shown at 20% of probability 

level. Bond lengths in A, bond and torsion angles in degrees. 

N(l)-C(5) 1.470(4) N(l)-C(2) 1.460(41 C(Z)-C(4) 1.565(4) 

C(3)-cc41 1.543141 C(2)-C(3) 1 54212) C(S)-C(6) 1.514(41 

C(4)-cc121 1.504(4) C(3)-C(3’ 1 1.523(5) C(Z)-C(19) 1.510(4) 

C(3’ I-0( 17) 1 42214) 

C(Z)-N(ll-Cc51 104.3(21 N(l)-C(5)-C(4) 102.7(2) 

N(l)-C(S)-C(6) 113 5(3) C(4)-C(S)-C(6) 115. 4(21 

C15)-C(4)-C(3) 105.l(Zl C(5)-C(4)-C(12) 112.2(21 

C(3)-C(4l-C112) 113.0(2~ C(2)-C(3)-C(4) 103.4(2) 

C(4)-C(3)-C(3’) 113. I(21 C(2)-C(3)-C(3’) 114 l(2) 

C(3)-C(Z)-N(1) 103.4(2) C(31-C(2I-C(19) 112.5(21 

N(l)-C(2)-C(19) 111.6(2) C(31-C(3’)-O(17) 106 8(3) 

C(2)-N(l)-C(5I-C(41 -42.2(3) C(2)-N(II-C(S)-C(G) -167.4!2; 

N(ll-C(SI-C(4)-C(3) 21.5(3) N(l)-C(5)-C(4l-C(12) -101.7(3) 

C(5)-C(4)-C(3)-C(21 5.5(3) C(5)-C(4)-C(31-C(3’) 129.5(3) 

C(4)-C(3)-C(2)-N(ll -31.0(3) C[4)-CI3)-C(2)-C(19) -151.5(2) 

C(3)-C(2)-Nfl)-C(S) 46.5(3) c(4)-c(3)-c~3’1-0(17) -56.7(3) 
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The structural assignment of dastereoisomers 10 a,b-14 8,b was not a trivial accomplishment 

al all. The W-shaped dipole 7 and the (E)-geomet~ of the alkene, together with the complete 

regioselectiviiy of the cycloa~ition, allow in principle the formation of four diastereoisomers, 

while only two were ex~rim@ntatly detected in all cases. The problem can be divide into two parts: 

the alkene can react in an @.& or in an g&g mode 1 ,7 &g& and g&f. being referred to the 

carbomethoxy group of the ester), while the diastereofaciai selectivity of the chirai atkene can 

double the stereoisomers. 

The absolute ~nfiguration of isomer 13a was established by X-ray analysis. In Figure 1 we show 

the ORTEP plot of the molecule together with selected bond lenghts, bond angles and dihedral angles. 

The absolute ~nfiguration at the stereocenters is [2-(S), 3-(S), 3’-(S), 4-(S), 5-(R)] {for the 

numbering system, cfr. Scheme 1). ~yc~oadd~ts 1 la and 12a were chemi~lly correlated to 13a 

as shown in Scheme 2. A 70:30 mixture of Ila,b was N-benzylated to give a 70:30 mixture of 

15a and 15b, Likewise, a 9O:lO mixture of 12a and 12b afforded the same ratio of 13a,b after 

desilylation and pure sample of 13a was converted to pure 15a. Proton and carbon NMR data 

trends, along with logical #nsiderations, strongly suggest a related relative ~n~~uration for lOa, 

i.e. [2-(R), 3-(R), S-(S), 4-(R), 5-(S)]; relevant NMR data for all the ~ycloadducts are 

collected in Table 2. 

Scheme 2. 

OBn OBn 

a: BnBr, A@, Et@, refhx; b: Bu4F.3H20, TM@, rt. 
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Table 2. Relevant IH and 1% NMR data for pyrrolictiies lOa,b-lfia,b. a 

product Hz H3 H4 

1Oa 3.89 2.82 3.41 

lob 3.97 3.00 3.20 

lla 3.94 2.72 3.49 

11 b 3.97 3.28 3.18 

12a 3.83 2.59 3.45 

12b 3.83 2.82 3.21 

13a 3.90 2.71 3.41 

14a 3.91 2.71 3.43 

14b 3.93 2.97 3.13 

15a 3.48 3.08 3.32 

15b 3.44 3.32 3.08 

product c2 c, c3 

10a 61.6 48.9 51.2 63.8 75.1 

lob 60.3 48.3 55.7 63.85 75.6 

lla 62.7 54.8 51.1 65.7 73.9 

llb 61.8 53.2 54.1 65.7 75.3 

12a 62.7 56.4 50.0 65.9 67.6 

12b 60.6 54.7 54.3 65.5 69.1 

13a 62.7 54.9 50.95 65.6 67.2 

14a 62.5 54.7 51.05 65.2 73.9 

14b 61.8 53.1 54.95 65.2 75.3 

15a 66.7 50.3 49.3 66.9 73.15 

15b 67.6 49.9 51.3 69.15 75.1 

R = CH ; X = Bn, TBDMS, OH; 
R, x = &H~~-C(C,H,,)-; 
R’ = H, Bn; 
AI = Pit, p-MeOPh. 

H5 R '-f3+ J2,3 

4.57 4.10; 3.67 4.36 7.0 

4.64 4.06; 3.87 4.33 6.5 

4.52 

4.59 

4.44 

4.54 

4.52 

4.45 

4.53 

4.06 

4.11 

1.26 3.85 7.9 

1.29 3.76 7.2 

1.16 4.14 8.0 

1.22 4.10 7.0 

1.25 4.11 8.0 

1.24 3.83 8.0 

1.28 3.74 8.0 

1.08 3.58 9.0 

1.1 9.0 

J3,4 J4,5 J3,3* 

3.9 7.5 4.0 

4.7 7.3 5.0 

4.3 7.8 3.2 

4.6 7.5 4.6 

4.2 7.8 2.1 

4.0 7.5 4.0 

4.0 8.0 3.8 

4.5 8.0 3.0 

5.0 8.0 4.5 

8.0 10.0 4.0 

8.0 10.0 3.0 

c=o R 

172.2 

174.2;173.3 18.2 

173.7; 173.3 17.2 

174.2; 173.2 17.9 

173.9; 173.3 22.5 

174.2 18.2 

173.3 17.2 

173.4; 172.5 17.4 

172.7; 172.0 16.9 

a) ‘H: chemical shifts in ppm downfield from TMS: coupling constants in Hertz. C(3)-H and 

C(5)-H resonate at higher Lid in aft a isomers and at lower field in all b isomers. For C(4)-H the 

opposite trend is observed. 

j3C: chemical shifts in Hz. G(4) resonate at higher fields in the a isomers and at lower fields in the 

b isomers. The opposite trend is observed for G(2) and G(3). 
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N.0.e. experiments allowed us to assign also the relatlvs stere~~mist~ to isomers b as depicted 

in Scheme 1. In particular, both cycloadducts 1 la and 11 b showed high n.0.e.s between the 

hydrogens at C-2, C-4 and C-5, thus suggesting a sya arrangement for these three hydrogens in 

both series. The examination of significant trends in the ‘l-i and 1% NMR supported an identical 

relative stereochemistry at C-2, C-4, C-5 for all the cycloa~ucts in the b series. It follows that 

the minor isomers b can only have a reversed ster~~hemical relat~nship at the C-31 C-3’ carbons 

with respect to the corresponding major isomers a. If we consider the cycloadducts as drawn in 

Scheme 1, we can define the relative sfereoc~mist~ at C-31 C-3’ as aati for the a and m for the 

b isomers respectively. Thus the ~cloaddition proceeds with a complete &Q selectivity, 197 while 

the a:b ratio is determined only by the diastereofacial preference of the alkene. s 

Similar results were observed by Kanemasa * in his studies on azomethine ylide cycloaddition to 

o&unsaturated esters bearing either a diheterosubstiluted allylic stereocenter, sa,b or a 

chirotopic but non-stereogen~ y-substiiuent imbedd~ in a chiral imidazoline ring. aC As in our 

case, in these reactions the formation of only two diastereoisome~ products was observed, 

resulting from a totally regioselective ~oycloaddition of a W-shaped dipole. The 

dias~reoselectiv~ties ranged from good to excellent and were found to improve when the reaction 

temperature was lowered. The nature of the substitution pattern at the r-carbon however prevents 

a meaningful comparison with the diastereofacial selectivities observed in our work. We think that 

our results could be conveniently compared with those obtained in nitrile oxide and nitrone 

cycloadditions to related alkenes bearing an oxygen-substituted allylic stereocenter. 4-6,13 There 

are few examples of nitrile oxide cyc~additions to unsaturate esters bea~ng a ~stereocenter, l3 

and in all but one example 13a the d~~larophile was a lactone and therefore less pertinent to this 

work. Jaeger 13a performed a nitrile oxide cycloadditiin to an ester very similar to 4 and obtained 

two regioisomers in a 77~23 ratio. The major one, the isoxazoline bearing the ester group at C-4, 

was a 80:2g mixture of &&i : a products, and thus the sense and the extent of the 

diastereoselection is the same with both dipoles. Only intramolecular examples are available for 

comparison with nitrone cycloadditions: sa substrates related to 4 and 5 gave aati-selective 

reactions, with stereocontrol ranging from poor (for esters similar to 5) to high (for esters 

similar to 4), the major products deriving from the attack on the same diastereoface of the alkene. 

Cycloadditions to electron-rich chiral ally1 ethers have been studied in mor8 detail, 4-a and 

therefore offer another term of comparison. In the present study, we found that an increase in the 

bulkiness of the O-protecting group, as in passing from alkene 5 to 6. secures a better 

stereoselectivity, exactly paralleling the data reported for nitrile oxide and n&one reactions. 4.6 

Moreover, as in the case of these dipoles, the presence of a homoallylic oxygen further improves the 

a[lli-selectivity of the azomethine ylide reaction. Thus for all these dipoles the anti-selectivity 

increases along the series 5 to 6 to 4, 

The nice agreement between the results obtained in this work with those of nitrile oxide and 

nitrone cyoloadditions on similar substrates seems to indicate that Houk’s “inside alkoxy effect” 
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theory 6 is of general applicabifity to 1,3-dipolar cyctoaddition to chirat ally1 ethers. Combining 

this rationale with the transition state proposed by Kanem~~ * we tentatively suggest that models A 

and 8 or C depicted in Figure 2 can account for the formation of the major and minor 

diastereoisomertc pyrfolidines, In model A the ylide attacks the Re!Re face of the ester away from 

the bulky alkyi residue at the stere~entar. This attack leads to a transition state where, in dally 

with the case of nitrile oxide cycloadditions, 6 the OR’ allylic substituent occupies the 

stereoelectronically favoured “inside” position and the small H group the more sterically demanding 

“outside” position, closer to the oncoming dipole. To account for the formation of b isomers, by 

analogy with Kanemasa’s modal 6 transftian structure f3 can be invoke, featu~ng the attack at the 

StrSi face antiperiplan~ to the small H group, with the alkoxy group ‘inside” and an unfavoureble 

steric interaction between the ylide OMe group and the alytic R group in the “outside” region. 

However, as in the case of nitrile oxide cy~oa~i~ions, 6 it seems more likely that the alkene reacts 

in a conformation different from that of the ground state. In model C the attack occurs 

anti~eri~~nar to the R group white the small H group occupies the “inside” position. The steric 

interaction between the ‘outside” OR group and the methoxy residue on the yiide desta~lizes this 

transition structure with respect to A. 

Thus very similar transition states seem capable fati~nali~ing nitrile oxide, nitrone and 

atomethine ylide cycloadditions. The small but significant differences in diastereoselectivity 

observed for the three dipoles can very likely derive from the different dipole geometries. 

Theoretical work is underway to establish the importance of this factor in determining the course of 

the reaction. A stdkingly differenl result is represented by ester 7 which reacts with azomethfne 

ylida to give a good excess of anti product t3a, while it is known that allylic atcohols lead to poor 

$y.~ selective reactions with nitrile oxides and nitrones. 4-6 In the latter case the hydrogen bond 

formation be~een the alfylic OX and the dipole oxygen was considered responsible for the 

stereochemical result. 4-6 In the azomethine ylide case such a directing effect does not seem 

possible and therefore the reaction maintains its ~-selectivity. 

Having established the sense and the extent of the diaster~selection of these ~omethine ylffe 

cycfoadditions, we turned our attention to Ihe possibility of controltfng the stereochemical outcome 

of the reaction by changin# the nature of the metal salt. 7 On passing from LiBr to the more 

strongly chelating MgBr2 we observed a slow reaction between 5 and 8 to afford 36% yield of 

12a,b in a 77:23 ratio. More Lewis acidic and chelating catalysts such as ZnCI2 and Tic14 did not 

promote any cycloaddition between 5 and 8, the ester being recovered almost quantftatively. These 

results have some precedents in other dipolar cycioa~i~ons 4p14 and in ~ometh~ne ylide reactions. 
7-g 

musher attempts to investigate the influence of the aikene garnets on the a~ere~hernj~a~ 

results were thwarted by the almost complete lack of reactivity of {Z)-esters related to 4-6. The 

poor chemical yields and the complex mixtures of cyclic and acyclic products obtained discouraged 

our efforts in this sense. 
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1 H and 1 %2 NMR spectra were recorded with a I&I&W WP80, a Bruker AC3510 or a Varian XL300 

j~~t~~rn~~t on CDC1~ sofutians. Chemkal shifts are in ppm d~~nf~e~d from TMS. Matting p&nts are 

uncorrected. Optical rotations were measured an a Perkin Elmer 241 spectrometer on CHCf3 

sotuticns. EIementai anafyses were performed with a Perkin Elmer 240 instrument. Silica get was 

used for f&h chromatography_ Usual work-up requir& addition of a saturaated aqueous solution of 

NH4CI and extraction with an organic solvent; organic extracts were dried over Na$Q and filtered 

before removal of the sofvent under vacuum. THF and Et20 were distifled from LiAft34; CH$+ was 

distilled from CaH2. All reactions employing dry solvents were run under nitrogen. 

era1 wre for the svmthesrs.. * 4 & ” * 

NaM (5 mm& 240 mg of a 50% s~~~~~s~ofl in mineral oil) was washed with pentane and 

suspended in by THF (IO ml). Dimethyl mettroxycarbonyimelhylphosphonate (5 mmol, 8c18 gi) 

was added dropwise at -3O*C- After 30’ stirring at that temperature, a solutiun of the required 

a4dehgrde (4.8 mmof) in dry JHF (5mt) was slowly added, and the mixture stirred for an additional 

hbor at -3O”G Usual work-up followed by ffash chromatography gave stereo~scmer~c~f~y pure 

products. 

was obtained as an oif in 

84% yield with a 8~2 hexane : diethyl other as efuant (ES! ratio 7:?). Found: C% 63.77: Ii% 7.98. 

Ct2Ht&I4 requires: C% 63.70; H% 8.02+ lH NMR: 6 6.90 (dd, ill, J 16.5, 5.9 f-tz, CH-C&J; 6.05 

(dd, lH, J 16.5, 1.2 Hz, CO-Cd=); 4,50-4.80 (m, 1 H, Cu-0); 4.00-4.20 (m, 1 H, 1 II of 

C&-O>; 3.80 (s, 3H, C&-O); 3.50-3.80 fm, 1 +I, 1 W of C&-0); I .OO-2,OO (m, IOH, CeHlO)_ 

WtP = c35.3 (c 0*&f. 

was am oil obtained in 80% yietd with 

hexane : diethyl ether 9:l as &ant (E/Z: ratb 5:tf. Found: C% 70.93; H% 7.30. Cf$-ffe03 

requires: C% 70.89; H% 7.32. 1 H NMR: 6 7.S7.35 (m, 5H, aromatic ~rotons)~ 6.90 (dd, 1 h, J 

T5.8, 60 Hz, CH-cH=); 6.00 fdd, If-f, J 15.8, 1.2 flz, CO-C&); 3.90-4.70 (m, 3H, C&-Ph and 

e&-O); 3.80 (s, 3H, C&-O); 1.10 (m, 3H, C&j-W). t(x]~2~ = -34.8 (c 1.2). 
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fS~-~etbvl-4-f~7. f-dimefbvtet~/oxvt-Z-~~~-~e~f~afe 4 was obtained as 

an oil in 80% yield with hexane : diethyl ether 955 as eluant {E/Z ratio 2:l). Found: C% 58.94; 

H% 9.92. C,2H2Q0&3 requires: C% 58.97; H% 9.90. f H NMR: 6 6.60 (dd, t H, J 15.3, 4.3 HZ, 

CH-CH=); 5.80 (dd, lH, J 15.3, 1.8 Hz, CO-C&=); 4.30-4.50 (m, 1H; C&O); 3.80 (s, 3H, 

Cb-0); 1.10-1.35 (m, 3H, C&s-W); 0.80 (s, SH, (Cfj_$s-Si); 0.10 (s, 6H, 2 Cf&-Si). 

[r&*2 = +6.18 (c 1.6). 

Synthesis of fSt.Methvl-4-hvdypxv-2-fF~~nte~. 

To a stirred solution of 6 (1 mmol, 244 mg) in 10 ml dry THF, was added Bu4NF.3H20 (2 mmol, 

630 mg) at room temperature. The mixture was stirred for 5 hours. After usual work-up, flash 

chromat~r~hy with a 21 mixture of &ethyl ether : hexane afforded pure 7 as a colourless oil in 

50% yield. Analytical data were in agreement with literature data 16. 

Feneral Drocedure for the svnthesis of cvctQiUtLIucts to-t4a& 

To a suspension of LiBr (0.6 or 1.8 mmol, 48 or 144 mg; see text and Table I) in dry THF (15 

ml), was added crude imine 8 or 9 lo (0.85 or 1.65 mmol). The sotutton was cooled at -78°C and 

DBU (0.55 or 1.65 mmol, 82 or 242 1.11) was added. After 15 minutes stirring at that temperature, 

a solution of the unsaturated ester (0.55 mmol) in dry THF (5 ml) was added dropwise. After an 

additional 2-5 hours stirring at *78”C, usual work-up and flash chromatography afforded pure 

cycloadducts lo-14a,b. Yields and diastereoisomeric ratios are summarized in Table 1. tH and 1sC 

relevant NMR data are collected in Table 2 respectively. 

~-~f.4-Diox~iro~4.51-dec-2-vii-~#-dicarb~~eethoxv-5-ohenvtovrrofidines tQ& were 

obtained as a pale yellow oil (diethyl ether : hexane 7:3). Found: C% 65.53; H% 7.28; N% 3.48. 

C22H29NOc requires: C% 65.49; H% 7.24; N% 3.47. 10a: [a]$2 s -270.1 (c 0.6). 

~4.Dtca~bometboxv 3 (1 - _ -ohenvlmefboxvethviI-5-ohenvtovrrolidines t la& were obtained 

as a pale yellow oil (diethyl ether : hexane 7:3). Found: C% 69.57; H% 6.82; N% 3.54. C23H27NO5 

requires: C% 69.50; H% 6.85; N% 3.52. A 1O:l mixture of lla,b had [a]B22 = -3.87 (c 0.6). 

~.4-~icarbametboxv-3-fl-il. l-dtmefhvletbvt)-dimefhv/si/v/oxverhv/)-5-ohe~~ 

~vr~otidj~es 7&.& were obtained (hexane : d~thyl ether 6:4) as a colurless oil. Found: C% 

62.70: H% 8.38; N% 3.29. C22Hs5NOaSi requires: C% 62.68; H% 8.37; N% 3.32. 

Chromatographic techniques did not allow satisfactory separation of a and b isomers for [a]~ 

measurement. 

2.4Dfcarbomethcxv-3-(l-~~dr~bv/)-5-Dhen~rrones 13a.b were obtained as a . ’ 

white solid (diethyl ether : hexane 982). Found: C% 62.50; H% 6.91; N% 4.53. G, 6H2t NOa 

requires: C% 62.53; H% 6.89; N% 4.56. Recrystatffuation from AcOEt gave a sample of pure 13a, 
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p.f. 130-132%. [a]*** = +44.47 (C 1.7). 

R4-Dicaf~omethoxv-3-~7-ohenvlmethoxvethvl~-5-14-methoxv~henv/~avffo/idines 14a.k 

were obtained as a pale yellow oil (diethyl ether : hexane 7:3). Found: C% 67.40; H% 6.87; N% 

3.30. C24H29N06 requires: C% 67.43; H% 6.84; N% 3.28. A purified mixture of 14a:b 96:4 had 

[*ID22 = +146.4 (c 0.6). 

Conversion of t2a.b to 13a.h. 

To a stirred solution of lZa,b (0.5 mmol, 21 mg) in dry THF (10 ml) was added &JqNF.3H20 

(I,6 mmol, 504 mg) at room temperature, and the mixture was stirred under nitrogen for 5 

hours, Usual work-up and flash chromatography (diethyl ether : methanol 95:5) afforded 13a,b 

in 40% yield. 

Conversion Of 11&b to 15a.b and of 13a to 15a, 

1 la,b (0.2 mmol, 79 mg) and benzyl bromide (0.3 mmol, 36 1.11) were dissolved in dry Et20, 

and freshly prepared Ag20 (0.2 mmol, 46 mg) was added. The reaction mixture was refluxed for 2 

hours, then filtered through a ceiite pad. Flash chromatography purifi~tion (diethyJ ether : hexane 

1:lf afforded 15a,b in 68% yield. Found: C%: 73.93; H% 6.81; N% 2.88. C3oH33NOs requires: 

C% 73.90; H% 6.82; N% 2.87, Relevant NMR data are collected in Table 2. A mixture 1&l of 

15a,b had [a]~22 = +6.57 (c 0.2). 

Similarly, 13a gave the corresponding N~benzyl-py~olidine that was not isotated but treated 

with A&&I and benzyl bromide to afford, after work-up, 15a. 

Sinale c&tat X-rav analvsis of r3a. 

Crystallographic data and refinement parameters are summarized in Table 3. 

Table 3. Crystal data and refinement parameters for impound 13a. 

Molecular formula Cf6H21Nos Molecular weight 307.35 

Crystal system Monoclinic Space group Rl 
a, A 8.497 b, 8, 6.921 
c, A 14.009 
v, A3 

B, deg. 92.15 
823.3 Pcalcz g.cm-3 1.240 

Number of reflections for laltice parameters 25 
10-17 Crystal size, mm 0.24 x 0.16 x 0.16 

Scan type w - 28 % range l-27.5 
No. of reflections 2040 ‘observed’ [I>o(l)] 1417 
Maximum residue hp 0.18 ek3 ( A Kahn,, 0.04 
I? = [ZIAFI/cIF,I] 0.044 R,= [ZW(AF)*/CW~=,~]“~ 0.045 

w = f2F,Lp)2/~,*(1),,+0.0009 I*] 

Oar = standard devtation from punting statistics. 
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The data were collected on a Enraf-Nonius CAD4 diffractometer using graphite-monochromated 
MO-Ka radiation (k = 0.71073). No decay was observed during the data collection. Data were 
corrected for Lorentz and polarization effects but not for absorption [~(Mo-Ka) = 8.6 mm-’ j. The 
structure was solved by direct methods (MULTAN II, RANDOM option 16). Atomic scattering factors 
were taken from international fables for X-ray Crystallography ; l7 refinement was carried out by 
full-matrix least-squares, with anisotropic thermal parameters for all heavy atoms. l8 The 
pyrrolidine ring has an envelop conformation, 19 with q = 0.431(3) A and + = -7.3 (4)“. 
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