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Abstract. N-Alkoxycarbonyl-2-(2'-bromoethyl)oxazolidines derived from norephedrines are transformed into 
lithium derivatives by reaction with I or 2 equiv of tert-butyUithium in Et20. The lithium intermediates 
readily cyclize to bicyclic lactams that react with acetaldehyde and beazaldehyde leading to the addition 
products in excellent chemical yields and moderate diastereoseleetivities. Removal of the chiral appendage 
provides enanliopure 3-substituted pyrrolidines. Copyright © 1996 Elsevier Science Ltd 

1,3-Oxazolidines prepared from norephedrine represent a class of chiral masked aldehydes widely used 

in asymmetric synthesis. 1 These chirons have been exploited in diastereoselective additions to exocyclic 

carbon-carbon 2 or carbon-oxygen 3 double bonds and cycloadditions 4 or in nucleophilic ring opening reactions 

as a source of enantiopure amino 5 and hydroxy derivatives. 6 They have also been used as templates in 

diastereoselective electrophilic additions, 7 and as chiral lithium enolates for diastereoseleetive ot-alkylation of 

esters. 8 

As part of our work directed to the formation and use of chiral propanal homoenolate synthons, 9 we 

report herein on the reactivity of lithium derivatives prepared from oxazolidines 5a-e. 

Oxazolidines 5a-d were prepared in excellent chemical yields and high diastereomeric excess by 

condensation (benzene, BF3.Et20, r. t., 30 rain) of (1R, 2S)-N-ethoxycarbonyl norepbedrine (1) or (1R, 2S)- 

N-benzyloxycarbonyl norephedrine (2) with 3-chluro-l,l-diethoxypropane (3) and 2-(2'-bromoethyl) 

dioxolane (4), respectively (Scheme 1). In the same way the enantiomeric oxazolidine ent-Sb was prepared 

from (IS, 2R)-N- ethoxycarbonyl norephedrine and 4, whereas 2-(2'-iodoethyl)oxazolidine (Se) was obtained 

from 5c by reaction with sodium iodide in dry acetone at room temperature for 24 h. 10 

The formation of lithium derivatives was tested by reaction of oxazolidines with alkyllithiums under 

different reaction conditions (Scheme 2). Thus, treatment of the chloroderivative $a with tert-butyllithium (1 or 

2 equivalents) in Et20 at -78 °C for 30 rain led to the 2-ethyloxazolidine 6 in only 5% yield, after the 

corresponding hydrolysis, whereas the 2-(2'-bromoethyl) bomolog Sb was transformed into 6 (77%) by 
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P h .  O H  + R ' O  X Benzene, BFs.EI20 

M N H  R ' O  r.t., 30 min 

CO2R ME CO2R 

I :R=Et 3: R'= Et, X= CI 5O: R = Et, X=CI 
2: R = Bn 4: R'= -(CH2)-, X = Br 5b: R = Et, X = Br 

e 5(:: R = Bn, X = CI 
Nal 5d: R = Bn, X = Br 

5o: R = Bn, X = I 

S c h e m e  1 

treatment with 1 or 2 equiv of tert-butyllithium for 5 min under the same reaction conditions (entries I and 2 in 

Table 1). 

Ph 
Br 

C02Et 
5 b  

1. t-BuLl, Et20 Ph= 0 
5 mln r -78°C .,~,,,, M ,~IH-'C H3 

2. HaO* "~- M 
e" ? " 

co2 R 
6 

1. t-BuLi, Et20 P h .  0 H 
30 mln,-78°C~ ~ ~'41~CH O==,~, ~ 

2. H30* ~ [ )v~,, 3+ Ph 
Me4r" N , 

C02R M~" 0 
6 7 

1. t-BuLl, E t 2 0  ~ T ~ . , , ~ O  
120 mln,-78°C ~ ph . . . /  ~!'~ ~ 

2. H30 + 

M6" O 
7 

S c h e m e  2 

2-Ethyloxazolidin¢ 6 was also obtained from 5b when the reactions were carried out in THF or hexane, 

but in lower chemical yields. On the contrary, N-benzyloxycarbonyl derivatives 5c and 5d yielded a complex 

reaction mixture when treated with the same organolithium under identical reaction conditions. 

The reaction time is the most important parameter in the transhalometalation reaction. For instance, by 

stirring 5b with one or two equiv of tert-butyUithium in Et20 at -78 °C for 30 min 6 and the bicyclic lactam 7 

were obtained as an equimolar mixture (entry 5 in Table 1). The latter substance was isolated as a single 

product when the reaction time was increased to 120 rain for the reactions of both 2-(2'-bromoethyl) 

oxazolidine 5b with tert-butyllithium or 2-(2'-iedoethyl)oxazolidine 5e with n-butyUithium (entries 6 and 7 in 

Table 1). 

The stereochemislry of the lactam 7 was established by NOE experiments: enhancements of 10% and 

3% respectively were observed for the signals of H-5 and angular H upon irradiation of the H-3 at the 

oxazolidine ring. It is worth noting that the all c/s stereochemistry for the bicyclic lactam 7 conu'asts with those 
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Table 1. Formation of lithiated oxazolidines and hydrolysis to 6-7, following Schen~ 2. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Entry Oxazolidine R-Li Solvent Reaction Time (rain) Product (%) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 5a t-BuLl Et20 35 6 (5) 

2 $ b t-BuLl Et20 5 6 (77) 

3 Sb t-BuLi THF 5 6 (65) 

4 $ b t-BuLl Hexane 5 6 (20) 

5 Sb t-BuLi Et20 30 6 (40) 7 (40) 

6 5b  t-BuLi Et20 120 7 (80) 

7 5e n-BuLl Et20 120 7 (74) 

prepared and used by Meyers in asymmetric synthesis. 11 

On the other hand, when Sb was treated,successively, with 1 equiv of tert-butyllithium at -78 °C in 

Et20 for 10 rain, and then with 3 equiv of acetaldehyde or benzaldehyde, and the mixture allowed to react for 

120 rain at the same temperature, only the bicyclic lactam 7 was obtained in 76% yield. These results show that 

the cyclization of the lithium intermediate is faster than the nuclvophilic addition to the carbonyl compounds. 

C02Et 
5b 7 

O.jl ii 0 .= H 0 'I' + Ph 6' R ~ Ph 
2. H30* 

Me 0 Me 8 0 L i  
9a: R = Me 10a: R = Me 
9b: R = Ph 10b: R = Ph 

S c h e m e  3 

Owing to the easy transformation of oxazolidine Sb into the bicyclic lactam 7, we decided to use 

it as a source of a chiral nonracemic lactam enolate directed to the synthesis of enantiopure 3-substituted 

pyrrolidincs. 

The plan was to start from bromooxazolidine Sb and react it with two equiv of tert-butyllithium 
affording the enolate 8, which was then added to acetaldehyde or benzaldehyde to lead to a mixture of 

diastereoisomers 9 and 10 with two adjacent stereocenters, in good chemical yield and diastereomeric excess 

(Scheme 3). 
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TaMe 2. Reactions of lithium dcrivativc 8 with acetaldehyde and bcnzaldehyde 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Entry Substratc R tl (rain) Temp. (°C) t2 (H) Yield (%) 9:10 ratio 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 5b CH 3 105 -78 to-60 1 86 9a (65) 10a (35) 

2 5b CH3 105 -78 to -00 8 88 9a (65) 10a (35) 

3 5b CH3 105 -78 to 20 8 84 9a (70) 10a (30) 

4 5b CH3 10 -78 to 20 8 71 9a (63) 10a (37) 

5 ent-5b CH 3 105 -78 to 20 8 83 ent-9a(68) ent-lOa(32) 

6 5b C6H5 105 -78 to 20 8 74 9b (55) 10b (45) 

Table 2 summarizes the data obtained by using different reaction conditions. Both chemical yields and 

diastcreosclcctivities were practically unaffected by increasing the reaction time (t2) with the carbonyl derivative 

(compare entry 1 versus 2), while the facial discrimination was slightly increased when the reaction mixture 

was allowed to reach room temperature (entry 3). On the contrary, the chemical yield decreased when the time 

(tl) of the f'wst step of the reaction (cyclization-deprotonation) was too short (entry 4). Bcnzaldchydc reacted 

with 8 leading to 9b in lower chemical yield and diastercomcric excess (entry 6) than acetaldehyde. The 

enantiomer of 9a was prepared under identical reaction conditions starting from the bicyclic lactam ent- 5b 

prepared from (1S, 2R) norephedrine (entry 5). 

The major diastcrcomcrs were obtained as pure enantiomcrs by recrystallization for 9a and ent-ga or by 

flash chromatography for 9b from the reaction mixtures. NOESY experiments showed that the angular 

oxazolidine proton at C-7a was cis to the proton at C-6, indicating an S configuration at the newly created 

stereocentcr. A detailed IH-NMR study of the minor components demonstrated that both 10a and 10b were 

cquimolar mixtures of C-6' epimcrs of the (6R)-diastereoisomcrs. 

H H R OH H R H R ,  

M~'  O 

9e: R = Me 11e: R ffi Me 12a: R = Me 
9b: R =  Ph 11b: R = Ph 12b: R = Ph 

S c h e m e  4 

The transformation of the lactams 9a, ent-ga and 9b into pyrrolidines was accomplished by a two-steps 

procedure. In this way, 9a-b and ent-9a were treated with lithium hydridc-aluminium chloride leading to N- 

substituted pyrrolidincs 11a-b and ent-11a as pure enantiomcrs in 89% chemical yield. 12 These compounds 

were transformed into the final N-methyipyrrolidines 12 (72% chemical yield) by quaternization with methyl 

iodide, and subsequent treatment with sodium hydride in THF 13 (Scheme 4). 
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Fortunately, it was possible to grow a single crystal of the compound ent-l la for an X-ray study 

(Figure I). This determination allowed to confLrm the sterex~hemislry at the pyrrolidine C-3 stereocenter, and 

to assign the configuration at the C- I '  as R (S for pyrrolidine l l a ) .  

C12AO~ P 

Figure 1. X-ray structure for ent-lla 

The formation of the major diastereoisomers in these reactions is explained by the addition of the chiral 

enolate 8 to the Re face of the aldehyde. The stereoehemistry at the stereocenter in the pyrrolidine ring shows 

that the enolate preferentially adds by the endo face, in agreement with the previously observed stereoselection 

for these chiral lactams. 14-16 Nevertheless, the presence of a high proportion of the exo-isomer in the reaction 

with benzaldehyde suggests that the relative bulkiness of the electrophile plays an important role in the face- 

differentiation, directing the incoming reagent to the exa-face of the enolate. 17.18 

E x p e r i m e n t a l  

General.  IH-NMR (300 MHz) and 13C-NMR (75 MHz) spectra were recorded on a Bruker AC 300 

spectrometer with tetramethylsilane as internal standard. IR spectra were recorded on a Philips PU 9706 

Spectrometer, as film or KBr dispersion. Optical rotations were measured on a Perkin-Elmer 241 Polarimeter 

in a 1 dm cell, and concentrations are given in g/lO0 ml. Mass spectra were recorded on a Hewlett-Packard 

5988-A mass spectrometer. Dry tetrahydrofuran (THF) and Et20 were distilled from sodium metal in the 

presence of benzophenone ketyl. All reactions were carried out in anhydrous solvents, under an Argon 

atmosphere and in oven dried glassware. N-Protected norephedrines I and 2 were obtained from norephedrine 

under standard Schotten-Baumann conditions. 3-Chloro-l,l-diethoxypropane and 2-(2'-bromoethyl)-l,3- 

dioxolane are commercially available, and they were distilled inmediately before use. 

X-Ray s t ructure  determinat ion of l l a :  CI5H23NO2, Mr = 249.35, orthorombic, P 21 2 21, a = 12.832 
(5), b = 12 .881(7) ,  c ffi 17 .660(9)  ]k, V = 2919  ]k3, Z ffi 8, Dx = 1.13 Mg m -3, Ix = 0.695 cm -I, F(000) = 

1088, T = 293 K. Final conventional R = 0.066 and wR2 = 0.148 for 858 "observed" reflections (I>2a(I)) 

and 386 variables. There were found two independent molecules in the asymmetric unit. Colorless crystal, size 
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0.33x0.29x0.26 ram. Throughout the experiment Mo K a  radiation was used with a graphite crystal 

monochromator on an Enraf-Nonius CAD-4 single-crystal diffractometer (X = 0.71073 ,~). The unit cell 

dimensions were determined from the angular settings of 25 reflections with O betwen 10 and 15 °. The 

intensity data of 2872 "unique" reflections, in hkl range (-15, -15, -20) to (0, 0, 0) and O limits (0< O< 22) 

were measured, using the ¢0- 20  scan tecnique and a variable scan rate with a maximum scan time of 60 s per 

reflection. The intensity of the primary beam was checked throughout the data collection by monitoring three 

standard reflections every 60 min. The final drift correction factors were between 0.97 and 1.01. On all 

reflections profile analysis was performed. Lorentz and polarization corrections were applied and the data were 

reduced to IFo I values. The structure was solved by direct methods using SHELX86 and expanded by DIRDIF. 

Isotropic least-squares refinement, using SHELX76 converged to R = 0.131. At this stage an empirical 

absorption correction was applied using DIFABS. The maximum and minimum absorption correction factors 

were respectively 1.27 and 0.46. Hydrogen atoms were geometrically placed. During the final stages of the 

refinement on F "2 using SHELXL93 the positional parameters and the anisotropic thermal parameters of the 

non-H atoms were refined. The function minimized was Sw(Fo - Fc), w = 1/[s2(Fo2)+ (0.0944 p)2] with 

s(Fo2) from counting statistics and P = (Max(Fo2, 0) + 2"Fc2)/3. The maximum shift to e. s. d. ratio in the last 

full-matrix least-squares cycle was 0.002. The final difference Fourier map showed no peaks higher than 0.23 

e ~,-3 nor deeper than -0.21 e ~-3. Absolute configuration was checked from previous knowledge of C(6), 

C(7), C(6a) and (CTa) chiral centers. Geometrical calculations were made with PARST. All calculations were 

made on a MicroVAX-3400 at the Scientific Computer Center of the University of Oviedo. 

General  p rocedure  for the synthesis of 2-(2 ' .haloethyl)- l ,3-oxazolidines.  To a solution 

of N-protected norephedrine 1, 2 (20 retool) and 3-chloro-l,l-diethoxypropane or 2-(2'-bromoethyl)-l,3- 

dioxolane (20 retool) in 10 ml of benzene was added BF3.Et20 (0.94 mL, 10 rnmol). The reaction mixture was 

stirred at room temperature until the reaction was finished CILC). The mixture was neuwalized with a saturated 

NaHCO3 solution, extracted with AcOEt, dried over Na2SO4 and filtered. The solvent was removed under 

reduced pressure, and the crude product was purified by flash chromatography. 

( 2 S , 4 S , 5 R ) - 2 - ( 2 ' - C h l o r o e t h y l ) - N - e t h o x y c a r b o n y l - 5 -  p h e n y l - 4 - m e t h y l -  1 ,3 -oxazo l id ine . (Sa ) .  

Colorless oil. B.p. 165-167°C/0.5 Tort. [0~]D23= -96.0 (c = 1, EtOH). IR: 1690 cm -1. MS (m/z, %): 297 

(M +, 0.31), 191 (97), 118 (100). IH-NMR: 0.79 (d, 3H, J = 6.7 Hz), 1.30 (t, 3H, J = 7.3 Hz), 1.86 - 2.61 

(m, 2H), 3.43 - 3.83 (m, 2H), 4.06 - 4.33 (m, 3H), 5.07 (d, 1H, J = 5.6 Hz), 5.31 (rid, 1H, Jl = 6.5 Hz, J2 

=2.7 Hz), 7.26 - 7.33 (in, 5H). Anal. calcd, for CI5H20CINO3: C, 60.50; H, 6.78; N, 4.71. Found: C, 

60.39; H, 6.52; N, 4.84. 

( 2 S , 4 S , S R ) - 2 - ( 2 ' - B r o m o e t h y i ) - N - e t h o x y c a r b o n y l - 5 - p h e n y l - 4 - m e t h y l -  1 ,3 -oxazo l id ine .  (5b). 

Colorless oil. B.p. 195-197°C/2 Tort. [O~]D 23= - 80.2 (c = 1, EtOH). IR: 1690 cm -1. MSCI (m/z, %): 342 

(M++ 1, 25), 344 (M++ 3, 23), 370 (M++ 29, 1), 372 (M++ 31, 25), 206 (100). IH-NMR : 0.78 (d, 3H, J = 

6.7 Hz), 1.30 (t, 3H, J = 7.1 Hz), 2.25 -2.43 (m, 1H), 2.55 - 2.77 (m, 1H), 3.51 - 3.62 (m, 2H), 4.16 - 

4.41 (In, 3H), 5.07 (d, 1H, J = 5.6 Hz), 5.28 (dd, 1H, Jl= 6.7 Hz, J2= 2.5 Hz), 7.27 - 7.39 (m, 5H). 13C- 

NMR: 14.5, 16.1, 27.3, 38.7, 55.7, 61.3, 80.9, 87.5, 125.8, 127.7, 128.2, 135.7, 153.6. Anal. caled, for 

CÂ5H20BrNO3: C, 52.54; H, 5.89; N, 4.10. Found: C, 52.77; H, 5.64; N, 4.22. 

(2R•4R,5S)-2.(2'•Br•moethyl)•N•et•xycarb•ny••5•phenyl•4.methy•••,3••xazolidine.(ent• 

5b). Colorless oil. B.p. 195-197°C/2 Torr. laiD23= - 80.5 (c= 1, EtOH). IR: 1690 cm -1. MSCI (m/z, %): 

342 (M++ 1, 25), 344 (M++ 3, 23), 370 (M++ 29, 1), 372 (M++ 31, 25), 206 (100). IH-NMR : 0.78 (d, 

3H, J -- 6.7 Hz), 1.30 (t, 3H, J = 7.1 Hz), 2.25 2.43 (m, 1H), 2.55-2.77 (m, 1H), 3.51-3.62 (m, 2H), 4.16- 
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4.41 (m, 3H), 5.07 (d, 1H, J -- 5.6 Hz), 5.28 (dd, 1H, J1 = 6.7 Hz, J2 = 2.5 Hz), 7.27-7.39 (m, 5H). 13C- 

NMR: 14.5, 16.1, 27.3, 38.7, 55.7, 61.3, 80.9, 87.5, 125.8, 127.7, 128.2, 135.7, 153.6. Anal. calcd, for 

CISH20BrNO3: C, 52.54; H, 5.89; N, 4.10. Found: C, 52.54; H, 5.79; N, 4.26. 

(2S ,4S ,$R)-N-Benzy loxycarbony l .2 . (2 ' . ch lo roe thy l ) .5 -pheny l .4 -methy l -  1,3-oxazolidine 
($c). Colorless solid. M.p. 39-40°(2 (from hexane/EtOAc). [(X]D 23= - 59.4 (c= 1, EtOH). IR: 1700 cm -1. MS 

(m/z, %): 359 (M +, 0.05), 91 (100). IH-NMR: 0.82 (d, 3H, J = 6.6 Hz), 2.01 - 2.90 (m, 2H), 3.67-3.86 (m, 

2H), 4.11 - 4.49 (In, 1H), 5.09 (d, 1H, J = 5.6 Hz), 5.21 (s, 2H), 5.36 (dd, 1H, J1 = 6.6 Hz, J2 = 2.6 Hz), 

7.23 - 7.48 (m, 10 H). 13C-NMR: 16.2, 37.9, 39.6, 55.8, 66.9, 80.9, 86.5, 125.8, 127.8, 128.1, 128.4, 

135.7, 136.2, 153.3. Anal. calcd, for C20H22CINO3: C, 66.75; H, 6.17; N, 3.89. Found: C, 66.63; H, 6.32; 

N, 4.02. 

(2S,4S,SR)-N-Benzyloxycarbonyl -2- (2 ' -  b romoe thy l ) .5 .pheny l -4 -methy l .  1,3-oxazolidine.  

(Sd). Colorless solid. M.p. 48-49°C (from hexane/EtOAc). [OqD23= - 56.6 (c = 1.5, CHC13). IR: 1695 cm- 

1.1H_NMR: 0.78 (d, 3H, J = 6.6 Hz), 2.30-2.45 (m, 1H), 2.58-2.83 (m, 1H), 3.55-3.60 (m, 2H), 4.18- 

4.42 (m, 1H), 5.06 (d, 1H, J = 5.6 Hz), 5.18 (s, 2H), 5.31 (dd, 1H, H-2, Jl-- 6.6 Hz, J2 = 2.2 Hz), 7.23- 

7.38 (m, 10 H). 13C-NMR: 16.4, 27.5, 37.2, 56.0, 67.2, 81.3, 88.1, 126.1, 128.0, 128.1, 128.3, 128.4, 

128.7, 128.9, 135.8, 153.6. Anal. calcd, for C20H22BrNO3: C, 59.41; H, 5.48; N, 3.47. Found: C, 59.39; 

H, 5.71; N, 3.22. 

Synthesis  of  (2S ,4S ,SR) -N-Benzy loxyca rbony l -2 - (2 ' - iodoe thy l ) -5 -pheny l -4 -methy l - l , 3 -  

oxazolidine. (Se). 10 To a suspension of NaI (40 mmol) in dry acetone (50 ml) was added dropwise the 

oxazolidine 5c. The suspension was stirred for 20 h under Argon atmosphere. The solvent was removed and 

the white precipitate was washed several times with hexane. The solid was filtered, the hexane was evaporated 

under reduced pressure and the residue was purified by column chromatopraphy. Colorless solid. M.p. 52- 
53°C (from hexane/EtOAc). [~]D23= - 78.5 (c = 1, CHC13). IR: 1700 cm -1. IH-NMR : 0.77 (d, 3H, J = 6.5 

Hz), 2.11 - 2.42 (m, 1H), 2.53 - 2.83 (m, 1H), 3.27 - 3.32 (m, 2H), 4.19 - 4.43 (m, 1H), 5.03 (d, 1H, J = 

5.6 Hz), 5.18 (s, 2H), 5.22 (dd, 1H, H-2, J1-- 6.6 Hz, J2 = 2.4 Hz), 7.22 - 7.38 (m, 10 H). 13C-NMR: 16.2, 

38.7, 55.7, 66.9, 80.8, 88.7, 125.8, 127.6, 127.8, 128.0, 128.1, 128.4, 135.6, 136.0, 153.2. Anal. calcd. 

for C20H22INO3: C, 53.22; H, 4.91; N, 3.10. Found: C, 53.14; H, 5.07; N, 3.29. 

General procedure for the formation of lithium derivatives and their hydrolysis. To a 

solution of oxazolidine (Sa-e) (10 mmol) in dry THF (50 ml) under Argon atmosphere at -78°C was added 6 

ml tBuLi (1.6M, 10 mmol). The mixture was stirred at this temperature for the time indicated in Table 1 and 

was then quenched with water. The mixture was extracted with diethyl ether, the organic layer dried over 

anhydrous Na2SO4, the solid was filtered, the solvent removed in vacuo, and the residue was purified by flash 

chromatography. 

(2S,4S,SR)-N-Ethoxycarbonyl-2-ethyl-5-phenyl-4-methyl- l ,3-oxazol idine. (6) .  Colorless oil. 

B.p. 198-200°C]10 Tort. IR: 1690 cm -1. MS (m/z, %): 263 (M +, 0.6), 157 (100). IH-NMR: 0.79 (d, 3H, J 

= 6.6 Hz), 1.05 (t, 3H, J = 7.5 Hz), 1.29 (t, 3H, J = 7.1 Hz), 1.72 - 1.91 (m, 1H), 2.00-2.19 (m, 1H), 4.07 

- 4.34 (m, 3H), 5.06 (d, 1H, J = 5.6 Hz), 5.17-5.29 (m, 1H), 7.26-7.39 (m, 5H). 13C-NMR: 8.1, 14.6, 

16.0,27.1, 55.8, 61.0, 80.6, 89.6, 126.0, 127.6, 128.2, 136.3, 153.8. 

(2R,3S ,7aS) .2 -Phenyl .3 -met  hyl -5-oxo-2 ,3 ,5 ,6 ,7 ,7a-hexahydropyrrolo-[2 ,1-b]-oxazole  (7). 
Colorless oil. B.p. 125-126oC/2 Tort. [O~]D23= - 81.5 (c = 0.8, CHC13). IR: 1685 cm -l. IH-NMR: 1.00 (d, 

3H, J = 6.8 Hz), 1.89-2.18 (m, 1H), 2.44-2.53 (m, 1H), 2.60-2.85 (m, 2H), 3.99-4.08 (m, 1H), 5.35 (d, 

1H, H-2, J = 6.8 Hz), 5.41 (t, 1H, J = 6.0 Hz), 7.26-7.38 (m, 5H). 13C-NMR: 13.4, 27.1, 35.0, 54.2, 
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85.9, 92.3, 125.9, 126.1, 128.0, 128.3, 136.1, 173.1. Anal. calcd, for CI3H15NO2: C, 71.86; H, 6.95; N, 
6.44. Found: C, 71.70; H, 6.79; N, 6.23. 

Synthesis of 6-substituted bicyclic lactams. To a solution of oxazolidine Sb (4 retool) in dry 

THF (30 ml) under Argon atmosphere at -78 oC was added 5 ml tBuLi (1.6M in pentane, 8 mmol). The 

mixture was stirred at this temperature for the time indicated in Table 2 and then, the carbonyl compound (0.44 

mmol) was added and the mixture was stirred at the temperature indicated in Table 2.The resulting mixture was 

quenched with a saturated aqueous solution of NH4CI and extracted with diethyl ether. The organic layer was 

dried over Na2SO4 and the solvent evaporated. Diastereomers 9a and 10a were separated from the reaction 

mixture by recrystallization: after elimination of the solvent of the reaction, compound 9a recrystalizes by 

simple dilution with Et20. From the mother liquor it was possible to isolate the two components of 10a, that 

were epimers at C-6', by fish chromatography (silica gel, CH2C12). Diastereoisomer 9b was separted from the 

equimolar mixture of epimers 10b by flash chromatography (silica gel, CH2C12). 

(1'S•2R•3s•6S•7aS)-2-Pheny•-6-(•'•hydr•xyethy•)-3-methy•-5-•x•-2•3•5•6•7•7a•hexahy 
dropyrrolo-[2,1-b]-oxazole. (9a). Colorless solid. M.p. 145-146°C (from Et20). [¢X]D 23= - 77.0 (c = 

1, CHC13). IR (neat, cm-1): 3410, 1655. MSCI (m/z, %): 262 (M++ 1, 100), 290 (M++ 29, 9), 302 (M++ 

41, 3.6). IH-NMR: 0.98 (d, 3H, J = 6.6 Hz), 1.20 (d, 3H, J = 6.4 Hz), 1.70 - 1.80 (m, 1H), 2.49 - 2.58 (m, 

1H), 2.69 - 2.78 (m, 1H), 3.95 - 3.99 (m, 2H), 5.01 (s, 1H), 5.32 - 5.39 (m, 2H), 7.26 - 7.41 (m, 5H). 

13C-NMR: 13.7, 20.5, 31.5, 51.8, 53.9, 69.6, 86.0, 89.9, 126.1, 128.2, 128.4, 135.5, 174.9. Anal. Calcd. 

for CI5HI9NO3 : C, 68.94; H, 7.32; N, 5.36. Found: C, 68.70; H, 7.41; N, 5.15. 

(2R ,3S ,6R ,7aS) -2 -Pheny l -6 - ( l ' - hyd roxye thy l ) -3 -me thy l -5 -oxo-2 ,3 ,5 ,6 ,7 ,7a -hexahy  

dropyrrolo-[2,1-b]-oxazole. (10a). First eluted epimer: MSCI (m/z, %): 262 (M++I, 100), 290 (M++ 

29, 16), 302 (M++41, 6). IH-NMR: 1.03 (d, 3H, J = 6.8 Hz), 1.31 (d, 3H, J = 6.2 Hz), 2.16-2.23 (m, 1H), 

2.34-2.44 (m, 1H), 2.77-2.81 (m, 1H), 3.47 (s, 1H), 3.98-4.06 (m, 2H), 5.26 (d, 1H, J = 7.4 Hz), 5.32- 

5.35 (m, 1H), 7.21-7.39 (m, 5H). 13C-NMR: 13.2, 21.1, 28.6, 52.2, 55.8, 69.3, 84.8, 91.3, 128.2, 128.4, 

136.4, 136.5, 176.3. Second eluted epimer: 1H-NMR: 1.02 (d, 3H, J = 6.7 Hz), 1.28 (d, 3H, J = 6.5 Hz), 

2.17-2.31 (m, 2H), 2.42-2.50 (m, 1H), 2.85-2.91 (m, 1H), 3.98-4.07 (m, 1H), 4.25-4.35 (m, 1H), 5.28 (d, 

1H, J = 7.2 Hz), 5.36-5.40 (m, 1H), 7.22-7.39 (m, 5H). 13C-NMR: 13.3, 21.1, 26.5, 52.1, 55.2, 67.1, 

85.1, 92.1, 126.3, 128.1, 136.5, 175.2. 

( l ' R , 2 S , 3 R , 6 R , 7 a R ) - 2 - P h e n y l - 6 - ( l ' - h y d  roxyethyl) -3-  met hy l -5-oxo-2 ,3 ,5 ,6 ,7 ,7a-hexahy  
dropyrrolo-[2,1-b]-oxazole. (ent -9a). Colorless solid. M.p. 145-146°C (from Et20). [¢X]D 23= + 77.6 

(c = 1, CHC13). IR: 3410, 1655 cm -1. MSCI (m/z, %): 262 (M++ 1,100), 290 (M++ 29, 9), 302 (M++ 41, 

3.6). 1H-NMR: 0.98 (d, 3H, J = 6.6 Hz), 1.20 (d, 3H, J = 6.4 Hz), 1.70 - 1.80 (m, 1H), 2.49 - 2.58 (m, 

1H), 2.69 - 2.78 (m, 1H), 3.95 - 3.99 (m, 2H), 5.01 (s, 1H), 5.32 - 5.39 (m, 2H), 7.26 - 7.41 (m, 5H). 

13C-NMR: 13.7, 20.5, 31.5, 51.8, 53.9, 69.6, 86.0, 89.9, 126.1, 128.2, 128.4, 135.5, 174.9. Anal. Calcd. 

for C15HI9NO3 : C, 68.94; H, 7.32; N, 5.36. Found: C, 68.76; H, 7.31; N, 5.22. 

( l ' R , 2 R , 3 S , 6 S , 7 a S ) - 2 - P h e n y l - 6 - ( l ' . h y d r o x y .  l ' - p h e n y l m e t h y l ) . 3 . m e t h y l - 5 - o x o - 2 , 3 , 5 , 6 ,  
7,7a-hexahydropyrrolo-[2,1-b]-oxazole.  (9b). Colorless oil. [¢Z]D23= - 138.6 (c = 1, CHC13). IR: 

3390, 1660 cm -1. MSCI (m/z, %): 324 (M++ 1, 11), 352 (M++ 29, 1.5), 160 (100). IH-NMR: 1.02 (d, 3H, 

J = 6.6 Hz), 1.71-1.84 (m, 1H), 2.04-2.12 (m, 1H), 3.03-3.13 (m, lI-I), 3.98-4.07 (m, 1H), 4.84 (d, 1H, J 

= 9.6 Hz), 5.22 - 5.28 (m, 1H), 5.35 (d, 1H, J = 6.7 Hz), 5.48 (s, 1H), 7.26 - 7.43 (m, 10 H). 13C-NMR: 
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13.5, 31.7, 52.1, 54.2, 76.3, 86.0, 90.5, 126.2, 126.9, 128.3, 128.4, 135.3, 140.8, 174.6. Anal. calcd, for 

C20H21NO3: C, 74.28; H, 6.54; N, 4.33. Found: C, 65.73; H, 6.72; N, 4.51. 

(2R,3S ,6R,7aS) -2-Phenyl -6-  ( l ' - h y d r o x y -  r - p h e n y l m e t h y l ) - 3 - m e t h y l - 5 - o x o - 2 , 3 , $ , 6 ,  7,Ta- 
hexahydropyrrolo-[2,l-b]-oxazole. (10b). Equiraolar mixture of epimers: 1.00 (d, 3H, J = 6.8 Hz), 

1.01 (d, 3H, J -- 6.8 Hz), 1.99-2.15 (m, 3H), 2.35-2.43 (ra, 1H), 3.16-3.23 (ra, 2H), 3.52(s, 2H), 3.94- 

4.04 (m, 2H), 4.89 (d, 1H, J -- 8.1 Hz), 5.18 (d, 1H, J = 7.4 Hz), 5.22-5.29 (ra, 41-I), 7.18-7.43 (m, 20 H). 

Synthesis of  pyrrolidines l l .To a suspension of 76 rag LiAII-I4 (2.0 retool) in dry THF was 

added in small portions 160.2 mg AICI3 (1.2 retool). To the mixture, cooled to 0 °, was added dropwise a 

solution of bicyclic lactams (9) (0.4 mmol) in THF. After 15 rain at OoC, the reaction was quenched with 

water, filtered and dried over anhydrous Na2SO4. The solvent was removed under reduced pressure, and the 

crude product was recrystallized in hexane/ethyl acetate to yield pyrrolidines l l a  and ent-lla or purified by 

flash chromatography to yield l ib .  

( l ' S , 2 ' R , 3 R , a S ) - N - ( 2 ' - P h e n y l - 2 ' - h y d r o x y -  l ' - m e t h y l e t h y l ) - 3 - ( a - h y d r o x y e t  hyl)- pyr ro l id ine  

(Ua).  Colorless solid. M.p. 99-100°C (from Et20). [a]D 23= + 16.3 (c = 1, EtOH). IR: 3350, 1620 era -1. 

MSCI (m/z, %): 250 (M++ 1, 37), 278 (M++ 29, 3), 142 (100). IH-NMR: 0.83 (d, 3H, J = 6.6 Hz), 1.22 (d, 

3H, J = 6.3 Hz), 1.51-1.62 (ra, 1H), 1.92-2.04 (ra, 1H), 2.13-2.22 (ra, 1H), 2.46-2.53 (m, IH), 2.60-2.75 

(ra, 2H), 2.85-2.93 (m, 2H), 3.66-3.75 (ra, 1H), 5.03 (d, 1H, J = 3.0 Hz), 7.21-7.35 (m, 5H). 13C-NMR" 

11.6, 22.3, 27.5, 44.6, 51.8, 54.1, 65.2, 71.4, 72.8, 125.8, 126.8, 128.0, 141.6. 

( l 'R ,2 'S ,3S ,c~R)-N-(2 ' -Phenyl -2 ' -hyd  roxy- l ' - m e t h y l e t h y l ) - 3 - ( a - h y d r o x y e t h y l ) - p y r r o l i d i n e  

(ent - l la) .  Colorless solid. M.p. 99-100°C (from Et20). [a]D 23= - 16.3 (c = 1, EtOH). IR: 3350, 1620 cra "1 

MSCI (m/z, %): 250 (M++ 1, 37), 278 (M++ 29, 3), 142 (100). IH-NMR: 0.83 (d, 3H, J = 6.6 Hz), 1.22 (d, 

3H, J = 6.3 Hz), 1.51-1.62 (m, 1H), 1.92-2.04 (m, 1H), 2.13-2.22 (m, 1H), 2.46-2.53 (m, 1H), 2.60-2.75 

(ra, 2H), 2.85-2.93 (m, 2H), 3.66-3.75 (ra, 1H), 5.03 (d, 1H, J = 3.0 Hz), 7.21-7.35 (m, 5H). 13C-NMR: 

11.6, 22.3, 27.5, 44.6, 51.8, 54.1, 65.2, 71.4, 72.8, 125.8, 126.8, 128.0, 141.6. 
( • *S•2•R•3R•aR )-N-( 2'-•heny•-2'-h ydr•xy- • '-methy•ethy•)-3-(a-hydr•xy-a-phen y•methy•- 
pyrrolidine. ( l ib) .  Colorless solid. M.p. 144-145°C (from Et20). [a]D 23= + 40.1 (c = 1, CHC13). IR: 

3400 cra -1. MSCI (m/z, %): 312 (M++ 1, 10), 340 (M++ 29, 1), 107(100). IH-NMR: 0.84 (d, 3H, J = 6.6 

Hz), 1.60-1.71 (m, 1H), 1.77-1.89 (ra, 1H), 2.48-2.61 (m, 3H), 2.74-3.05 (ra, 5H), 4.58 (d, 1H, J -- 6.8 

Hz), 5.01 (d, 1H, J = 3.1 Hz), 7.21-7.41 (in, 10 H).13C-NMR: 11.4, 27.4, 44.1, 51.8, 54.0 (CH2), 65.1, 

72.9, 77.8, 125.8, 126.3 , 126.9, 127.5, 128.1, 128.4, 141.6, 143.9. 

To a solution of pyrrolidines (U) (0.4 retool) in methanol (6 mi) was added methyl iodide (4 retool). The 

mixture was stirred for 48 h at room teraperature. The solvent was removed under reduced pressure to yield 

the corresponding N-methylammonium iodide as a yellow sofid. A suspension of this iodide (0.4 retool) in dry 

THF was treated with Nail (0.48 retool). The mixture was stirred at reflux for 4 h. The mixture was cooled to 

room temperature, quenched with water, and acidified with a diluted HCI solution. The aqueous layer was 

extracted several times with diethyl ether and then was treated with a diluted NaOH solution. The basic 

solution was extracted with CH2C12, the organic layer was dried over anhydrous Na2SO4 and the solvent was 

evaporated in vacuo. 
( l 'S ,3R)-3- ( l ' -Hydroxyethyl ) - l -methylpyrro l id ine .  (12a). Colorless oil. [aiD 23= + 15.7 (c = 

1.5, CH2C12). IR: 3300 cm -1. MS (m/z, %): 129(M +, 29), 57 (100). 1H-NMR: 1.16 (d, 3H, J = 6.2 Hz), 

1.51-1.62 (m, 1H), 1.88-2.00 (m, 1H), 2.07-2.17 (ra, 1H), 2.28-2.32 (m, IH), 2.33 (s, 3H), 2.34-2.49 

(m, 1H), 2.61-2.69 (m, 2H), 3.20-3.35 (broad s, 1H), 3.60-3.81 (ra, 1H). 13C-NMR: 22.3, 28.6, 41.9, 
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45.1, 55.9, 58.2, 71.1. Anal. caled, for CTH15NO: C, 65.07; H, 11.70; N, 10.84. Found: C, 65.22; H, 
11.81; N, 10.63. 
(l 'R,3S)-3-(l '-Hydroxyethyl)-l-methylpyrrolidine. (ent-12a). Colorless oil. [Ct]D23= - 14.9 (c = 

0.45, CH2C12). IR: 3300 cm -1. MS (m/z, %): 129 (M +, 29), 57 (100). 1H-NMR: 1.16 (d, 3H, J = 6.2 Hz), 

1.51-1.62 (m, 1H), 1.88-2.00 (m, 1H), 2.07-2.17 (rn, 1H), 2.28-2.32 (m, 1H), 2.33 (s, 3H), 2.34-2.49 

(m, 1I-I), 2.61-2.69 (m, 2H), 3.20-3.35 (broad s, 1H), 3.60-3.81 (m, 1H). 13C-NMR: 22.3, 28.6, 41.9, 

45.1, 55.9, 58.2, 71.1. Anal. calccl, for C7HIsNO: C, 65.07; H, 11.70; N, 10.84. Found: C, 65.31; H, 

11.89; N, 10.68. 

( l 'R ,3R) .3 . ( l ' -Pheny l . l ' -hydroxymethy l ) - l -methy lpyr ro l id ine . (12b) .Color less  solid. M.p. 
113-114°C. [Or]D23= + 40.3 (c = 0.8, CHCI3). IR: 3380 cm -1. MS (m/z, %): 191 (M +, 79), 83 (100). IH- 

NMR : 1.75-2.00 (2H, m), 2.18-2.27 (m, 2H), 2.31 (s, 3H), 2.45-2.54 (m, 1H), 2.78 (dd, 1H, Jl = 4.8 

Hz, J2 = 2.7 Hz), 2.85-2.92 (m, 1H), 3.70-3.90 (broad s, 1H, OH), 4.6 (d, 1H, J = 5.1 Hz), 7.21-7.42 (m, 

5H). 13C-NMR: 28.6, 41.6, 44.7, 55.8, 57.9, 77.7, 126.1, 127.0, 128.2, 144.5. Anal. caled, for 

C12HI7NO: C, 75.35; H, 8.95; N, 7.32. Found: C, 75.12; H, 9.07; N, 7.51. 
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