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Abstract: Halo- and selenolactonisation methods were used to prepare benzylic lactones from enamide 
carboxylic acids. The lactones were subsequently cleaved with predominantly inversion of 
configuration at the benzylic centre to give protected acromelic analogues with the correct C-4 
stereochemistry. Hydroxyl directed heterogeneous hydrogenation of related enamide carbinols gave 
total stereocontrol at C-4. © 1997 Elsevier Science Ltd. 

In the previous two papers I we described methods for the manipulation of trans-4-hydroxy-L-proline 

into compounds with suitable substitution patterns for conversion into acromelic acid analogues. After 

stereospecific introduction of the C-3 side-chain via an enamine alkylation, ketone functionality at C-4 was 

used to introduce various aryl substituents at this position in two different ways, appropriate methods being 

used in both cases to establish the required stereochemistry at this centre. 

Firstly, lactones 1 / 2, prepared by acid-mediated cyclisation of tertiary carbinols 3 / 4, which were in 

turn, generated by Grignard addition to protected 4-ketoproline derivatives, were hydrogenolysed with 

inversion of configuration at the "benzylic" centre. Subsequent esterification with diphenyldiazomethane gave 

kainoid derivatives as their corresponding benzhydryl esters 5 / 6 (Scheme 1). 

Ar"'h""~ co2gut Ar ~. .."" Ar,~,,.. :,"~ CO2CHPh 2 
I.CF3CO2 H ~ ~ 1.H 2 / Pd-C ~ 

" "N / '~CO2Bu t 2. Ph2CN2 CO2CHPh2 2. Ph2CN2 CO2CHPh2 
I I I 

COPh COPh COPh A._Er 
3,4  1,2 5 , 6  

1 3 5  Ph- 
2 4 6  4-MeOPh- 

Scheme 1 

Secondly, enamides 7 - 10, formed by palladium (0) catalysed cross-coupling of arylboronic acids to a 

vinyl triflate, were reduced to protected kainoid derivatives 11 - 14 and their corresponding C-4 epimers 15 - 

18 (Scheme 2). 
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A r ~  CO2Me Ar,~,,.. .. CO2Me 
; Et3SiH (10eq.), 

\ N / --, CO2M e CF3CO2H , 60°C CO2Me 
I I 

C O P h  C O P h  

7 - 10 11 - 14 

S c h e m e  2 

A r~ . .~  .: CO2Me 

+ \ N / " ,  CO2M e 
I 

COPh 
15 - 18 A xr 

7 11 15 Ph- 
8 12 16 2-MeOPh- 
9 14 17 3-MeOPh- 
10 14 18 4-MeOPh- 

We report here, two further extensions of  this methodology which increase the overall synthetic 

efficiency, particularly improving the efficiency of establishment of the required C-3 / C-4 cis- relative 

stereochemistry. 

1. Halo-  or  S e l e n o l a c t o n i s a t i o n  / H y d r o g e n o l y s i s  

The efficiency of the palladium (0) catalysed cross-coupling reactions used to prepare enamides 7 - 10 

and the apparent stereoselectivity of the lactone hydrogenolysis procedure described in the previous two 

papers I led us to attempt to combine these methodologies. The aim was to firstly lactonise in the presence of a 

suitable electrophile (X+), enamide acids 19 - 22 (prepared from the corresponding ter t -butyl  esters 23 - 26 by 

acidolytic cleavage with trifluoroacetic acid as described previously l) with a view towards reducing the 

lactones produced using appropriate methods, depending on the nature of X (Scheme 3). 

A r ~  cO2gu t A r ~  CO2H 
C F 3 C O 2 H  

\ N/"~CO2Me anisole \N/"~ CO2Me 
( OPh (%Ph 

23 - 26 19 - 22 

S c h e m e  3 

"X +'' / Base_ 
r 

O 

: CO2Me 
I 

COPh 
19 23 Ph- 
20 24 2-MeOPh- 
21 25 3-MeOPh- 
22 26 4-MeOPh- 

Attempts to use standard iodolactonisation 2 conditions gave rise to complex mixtures of apparently 

labile products so attention was turned to the use of bromolactonisation. The use of bromine as electrophile 3 

gave inconsistent results but more success was encountered using N-bromosuccinimide. 4 Although reaction 

with the 4-phenyl enamide acid 19 appeared slow and very low yielding, some success was obtained for Ar -- 

3-MeOPh- 21 and more pleasing results with the Ar = 2-MeOPh- 20 and Ar = 4-MeOPh- 22 analogues. In all 

three cases, a mixture of  two major products was obtained. These appeared relatively labile and were 

tentatively assigned (from crude IH NMR. IR and mass spectrometric data) as bromolactones 27 - 29 and the 

corresponding "hemiaminals" 30 - 32 (Scheme 4). These mixtures of products were reduced without further 

purification / characterisation using an excess of triethylsilane in trifluoroacetic acid to give the corresponding 

bicyclic lactones 33 - 35 (Scheme 5). (Yields are quoted over the two steps ie. lactonisation / reduction). 
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Ar, ..,,,~ CO2H 

N/~CO2Me 
I 

COPh 
20 - 22 

1. N-bromosuccinimide 1.2eq, AcOH 
THF, RT. to 65°C 

2. NaHCO 3, H2 O 

~-x 0 
q~ ... o ~ 

Arp. \N/~" ' + H O ~ " ~  CO2 M e N -  B~r~7"~ CO2Me A ' : 
I I 

COPh COPh 
2 7 -  29 3 0 -  32 A~r 

20 27 30 2-McOPh- 
21 28 31 3-MeOPh- 
22 29 32 4-MeOPh- 

Scheme  4 

O O O 
4.. 04.. oil  

A ' ~ N  ' + O ~ ~ N  Et3SiH (excess) . A ~ - ~ N  

13 CO2Me H CO2M e CF3CO2H, RT. CO2M e 
I I I 

COPh COPh COPh 
27 - 29 30 - 32 33 - 35 A~r Yield 

27 30 33 2-MeOPh- 77~ 
28 31 34 3-MeOPh- 33c~ 
29 32 35 4-MeOPh 80e~ 

Scheme 5 

The significantly lower yield obtained for the 3-MeOPh- analogue 34 and a failure to obtain significant 

conversion of the 4-Ph- enamide acid 19 when compared with the 2- and 4-MeOPh- derivatives (20 and 22 

respectively) can be explained by activation of the enamide double bond towards electrophilic attack in the 

latter two cases compared with the first two. 

The use of a selenolactonisation 5 / reduction procedure however, gave much improved yields of the 

required lactones 34 and 36 as illustrated in Schemes 6 and 7. The products of the selenolactonisation step 

appeared to be the required selenolactones 37 and 38 and the corresponding "hemiaminals"  39 and 40  

(Scheme 6). These were partially purified and then combined for reduction with triethylsilane in the presence 

of trifluoroacetic acid (Scheme 7). 

A r ~ C O 2 H  

\N / "~CO2Me 
I 

C O P h  

19, 21 

I. N-(phenylseleno)phthalimide 
camphorsulfonic acid (cat.), RT. 

2. NaHCO 3, H20 
_ A,,.. \ N / ' '  ' + H O ~ - ~  CO2 M e N  PhSe~ , , . _  CO2Me A ' " 

I ! 
COPh COPh 

37, 38 39, 40 A r 

19 37 39 Ph- 
21 38 40 3-MeOPh- 

Scheme 6 
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o,\ o,\ 
P h s A ~ - ~ C O 2 M e  = N + A : " H O ~ C O 2 M e  

I I 

COPh COPh 
37, 38 39, 40 

Et3SiH (excess) 

CF3CO2H, RT. 

Scheme 7 

o,\ 
A ~ C O 2 M  e 

! 

COPh 
36, 34 At Yield 

37 39 36 Ph- 49% 
3840 34 3-MeOPh- 62% 

With  the desired lac tones  33 - 36 in hand,  we a t tempted  hydrogenolys i s  as repor ted earl ier  I under  a 

variety of  condi t ions.  Af ter  hydrogenolys is ,  the free acids were ester i f ied us ing t r imethy ls i ly ld iazomethane  6 

and the ratio of  C-4 ep imers  was de te rmined  by 1H NMR.  Yields  in all cases were  essent ia l ly  quant i ta t ive  

(Scheme 8). The  results are summar i sed  in Table  1. 

O 

Q~..-- A~. ....~CO2M e A CO2M e 

CO2M e 2. TMSCHN2, CH3OH, C6H 6 CO2M e \ N /  "-,CO2M e 
I I I 

COPh COPh COPh 
33 - 36 4S 4R 

Scheme 8 

Substrate A__£r Catalyst Pressure / atm. 4S : 4R 

36 Ph- 20% Pd on C 1 10 : 1 
Pd black  1 5 : 1 

33 2 - M e O P h -  20% Pd on C 1 3 : 2 
Pd b lack  1 3 : 2 
Pd(OH)2 2.25 1 : 1 
20% Pd on C 3.5 1 : 1 
20% Pd on C, HC104 (cat.) 1 2 : 3 

34 3 -MeOPh-  20% Pd on C 1 5 : 1 
Pd b lack  1 13 : 1 

35 4 - M e O P h -  20% Pd on C 1 4 : 1 
Pd b lack  1 12 : 1 
Pd(OH)2 3.5 4 : 1 
Raney Ni 1 a 
20% Pd on C, HC104 (cat.) 1 3 : 1 

a lactone hydrolysis occurred 

Table 1 

Firs t ly  it was  no ted  that  the o p t i m u m  rat io of  4S : 4R ep imers  was genera l ly  ob ta ined  at lower  

pressures of  hydrogen.  The  cho ice  of  appropriate  catalyst  was found to depend  on the nature of  the aromatic  
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substituent at C-4 and in all cases studied for Ar = 2-MeOPh- 33, the yield of the desired 4S epimer was 

disappointing. The reasons for these variations are as yet, unclear. The addition of catalytic quantities of 

perchloric acid caused a worsening of the 4S : 4R ratio and experiments carried out using Raney nickel (which 

would be expected to give predominantly, the 4R product 7) resulted only in lactone hydrolysis despite 

exhaustive washing of the catalyst. 

2. Hydroxy l  Directed Enamide  Hydrogenat ion  

The benzylic lactone hydrogenolysis, although reasonably efficient for establishment of the required S 

stereochemistry at C-4 for some aryl substituents, did not satisfy the criterion of being applicable to a wide 

variety of systems. It was also felt that limiting the synthetic scheme to C-4 aryl substituents would also be too 

restrictive. We therefore turned our attention back to the reduction of enamides 23 - 26. 

Hydroxyl directed homogeneous hydrogenation is well known but the heterogeneous equivalent has 

also been reported. 8 To attempt such a process, the methyl esters of enamides 23 - 26 were firstly reduced 

chemoselectively using an excess of sodium borohydride in methanol (Scheme 9). The yields and selectivity 

obtained were good, the only disappointment being the large excess of sodium borohydride required to effect 

complete reduction. This is believed to be due to the reduction being relatively slow and hence competitive 

with destruction of the borohydride by methanol. 

A , ~  CO2Bu  t r  _ ~  4 x lOeq. NaBH 4 

\N/~ 'CO2Me 
l CH3OH, RT., 24h 

COPh 
23 - 26 

A rk);~( ''~CO2But A-- Yield 

/~ . . ~ . /OH  2341 Ph- 91c~ 
N 2442 2-MeOPh- 80% 
I 25 43 3-MeOPh- 80a~ a 

COPh 2644 4-MeOPh- 71% 
41 - 44 

a 94% based on recovered 25 

Scheme 9 

Attempts to slow down the destruction of the borohydride using ethanol or iso-propanol as solvent 

unfortunately led to complex mixtures of products. 

Heterogeneous catalytic hydrogenation of 41 - 44 using palladium black as catalyst gave excellent 

yields of carbinols 45 - 48 with only the required C-3 /C-4  cis- relative stereochemistry (Scheme 10). 

A rk)7~.(..,,~ CO2But Ar.. ...,,~ CO2 Bu t 

~ N , / ~ , , j O H  H2 (latm.), Pd black • ~ / O H  

I EtOAc, RT., 24-48h I 
COPh COPh 

4 1  - 44 45 - 4 8  

Scheme I0 

Ar- Yield 

41 45 Ph- 91% 
4246 2-MeOPh- 89% 
43 47 3-MeOPh- 89% 
4448 4-MeOPh- 85% 

This result is complementary to the reduction of enamide esters such as 23 which were found to be 

reduced almost exclusively from the face of the ring opposite the C-2 ester. 

Primary carbinols 45 - 48 were subsequently re-oxidised using the ruthenium tetraoxide conditions 

reported by Sharpless. 9 The resulting carboxylic acids were esterified using either diazomethane or 
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trimethylsilyldiazomethane to give esters 49 - 52 which were unfortunately contaminated with small quantities 

of their corresponding 2R epimers (Scheme 11). Presumably, these epimers are the result of the C-2 proton 

being labile in the aldehyde intermediate formed during the oxidation. (Note: The aldehyde could be seen by 

thin layer chromatography during monitoring of the oxidation process). 

At,. :,.,~CO2Bu t At. ,..~CO2Bu t Ar- yield (2S) 2S : 2R 

~ /O 1. RuC13.3H20 (5m°l. %), NalO4 (4"leq'), ~ 
H CH3CN, CCI 4, H20 45 49 Ph- 47% 14 : 1 

D. CO2Me 4650 2-MeOPh- 53% 7:1 
I 2. CH2N2, Et20, CH2C12 or I 47 51 3-MeOPh- 62% 8 : 1 

COPh TMSCHN2, 20% CH3OH in C6H6 COPh 48 52 4-MeOPh- 71% 8 : 1 
45 - 48 49 - 52 

Scheme 11 

Different oxidising methods were attempted, however it was found that the ruthenium tetraoxide 

method gave the most consistent results and most importantly, required the least chromatographic purification 

of the products. These results are summarised in Table 2. (Note: Yields are given for the mixture of 2S and 2R 

products after esterification of the acids with trimethylsilyldiazomethane as described earlier). Fortunately, the 

C-2 epimers obtained were easily separable by silica gel chromatography. 

Oxidation method Substrate A r Yield 4S:4R 

RuC13.3H20 (40mo1.%) / NalO4 46 

PDC (5eq.) / DMF (45°C) 45 

PDC (5eq.) / DMF (45°C) 46 

Jones 10 (CrO3, c.H2SO4, H20, acetone) 45 

Jones 10 (CrO3, c.H2SO4, H20, acetone) 46 

02 (latm.) / PtO211 46 

02 (2atm.) / PtO2 II 46 

2-MeOPh- 57% 9 : 1 

Ph- 41% 1 : 0 

2-MeOPh- 24% 1 : 0 

Ph- 76% 8 : 1 

2-MeOPh- 83% 15 : 1 

2-MeOPh- 0% 

2-MeOPh- 32% a 6 : 1 

a 67% based on recovered starting material 

Table 2 

Deprotection to the corresponding amino acids was efficiently accomplished using 6M hydrochloric 

acid under reflux as reported previously with separation from the benzoic acid by-product being achieved by 

ion-exchange chromatography on Dowex resin (50X8). 

To conclude, we have developed a short and potentially, highly versatile synthesis of acromelic acid 

analogues starting from relatively cheap and readily available trans-4-hydroxy-L-proline. The procedures are 

applicable to relatively large-scale work and should be suitable for the preparation of other kainoid 

derivatives. 
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Experimental 

Melting points were obtained using a Biichi 510 capillary apparatus and are uncorrected. 

Specific optical rotations were determined with a Perkin-Elmer 241 automatic polarimeter with a cell 

of path length ldm. Concentrations are given in g/100ml. 

Infrared spectra were recorded using a Perkin-Elmer 1750 Fourier transform spectrometer with major 

absorbances only being quoted. The following abbreviations are used: w, weak; m, medium; s, strong; br, 

broad. 

IH NMR spectra were recorded at 200, 300 and 500MHz using Varian Gemini 200, Briiker AC200, 

Brtiker WH300, Brtiker AM500 and Brtiker AMX500 instruments. For IH spectra recorded in CDC13 or D20, 

chemical shifs are quoted in parts per million and are referenced to the residual solvent peak. The following 

abbreviations are used: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad. Coupling constants 

are quoted to the nearest 0.SHz. 

13C NMR spectra were recorded at 50.3 and 125.8MHz using Varian Gemini 200 and Brtiker AMS00 

or AMX500 instruments using DEPT 12 editing to assist assignment. Chemical shifts are quoted in parts per 

million and are referenced to CDCl3. 

Low resolution mass spectra were recorded on V.G. Micromass ZAB 1F (FAB / CI / DCI), V.G. 

Masslab 20-250 (CI / DCI) and V.G. Bio-Q (Electrospray) instruments as appropriate with only molecular 

ions, fragments from molecular ions and other major peaks being reported. 

Flash chromatography was carried out using Sorbsil TM C60 (40-63mm, 230-40 mesh) silica gel as 

stationary phase. Thin layer chromatography was carried out on aluminium and glass backed plates pre-coated 

with Merck silica gel 60 F254 which were visualised by quenching of u.v. fluorescence or by staining with 

iodine vapour or 10% w/v ammonium molybdate in 2M sulfuric acid (followed by heat) as appropriate. 

All solvents and reagents were purified by standard techniques reported in Perrin, D. D.; Armarego, 

W. L. F., Purification of  Laboratory Chemicals, 3 rd edition, Pergamon Press, Oxford, 1988 or used as 

supplied from commercial sources as appropriate. 40-60 Petroleum ether (40-60 PE) refers to the fraction of 

light petroleum ether boiling between 40-60°C. Solvents were removed under reduced pressure using a Btichi 

R110 or R114 Rotavapor fitted with a water or dry ice condenser as necessary. 

6•Benz•v••5(S)•meth•xvcarb•nv••2-•x•-8•S)•(2•meth•xv•henv•)•6•aza••-•xa•4•R)•bicvc•• [3.3.01 octane 

(33) 

To a s t i r red  so lu t ion  of  (2S,3S)-N-benzoyl-2-methoxycarbonyl-3-methylenecarboxy-4-(2- 

methoxyphenyl)-[4,5]-dehydropyrrolidine (20) (100mg, 0.25mmol) in tetrahydrofuran (3.5ml) at room 

temperature was added N-bromosuccinimide (65mg, 0.30mmol) and acetic acid (2 drops). After stirring at this 

temperature for 3.5h and at 50°C for lh, the reaction mixture was evaporated to dryness in vacuo and the 

residue was taken up in ethyl acetate (10ml). The resulting solution was washed with saturated sodium 

bicarbonate solution (lOml), water (10ml) and brine (10ml) and was dried (MgSO4), filtered and evaporated 

in vacuo. The crude product was dissolved in a mixture of trifluoroacetic acid (2ml) and triethylsilane (100gl, 

0.63mmol) and after stirring at room temperature for 35min, the mixture was concentrated in vacuo and the 
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excess trifluoroacetic acid was removed by azeotropic distillation with toluene. The residue was purified by 

flash chromatography on silica gel (eluting with 9: lv/v dichloromethane : ethyl acetate) to give 6-benzoyl- 

5(S)-methoxycarbonyl-2-oxo-8(S)-(2-methoxyphenyl)-6-aza-l-oxa-4(R)-bicyclo [3.3.0] octane (33) as a pale 

yellow syrup (77mg, 77%); Rf 0.20 (9:lv/v CH2C12 : EtOAc); [t~]~ j -53.7 (c 0.68, CHCI3); ~max/Cm -1 

(CHC13) 1787s, 1755s, 1641s, 1604m, 1418s; t~ H (300MHz; CDC13) 2.72-2.92 (2H, complex, CHCH2CO2), 

3.71-3.75 (1H, m, CHCH2CO2), 3.85, 3.89 (2 x 3H, 2 x s, CH3OAr, CHCO2CH3), 3.90 (1H, d, J 12Hz, 

NCH2), 4.32 (1H, d, J 12Hz, NCH2), 5.04 (1H, d, J 4Hz, CH_CO2CH3), 6.91-7.57 (9H, complex, Ar-H); 5C 

(50.3MHz; CDC13) 35.36 (CHCH2CO2), 46.36 (CHCH2CO2), 52.67 (CO2.~CH3), 55.12 (CH3OAr), 57.91 

(NCH2), 65.36 (CHCO2CH3), 93.73 (NCH2C), 111.47, 121.28, 124.44, 126.60, 127.61, 128.59, 130.72, 

135.33 (Ar-C), 155.35 (Ar-COCH3), 170.27, 170.81,174.96 (3 x C=O); m/z (Probe CI, NH3) 397 (20%), 396 

(MH +, 100), 336 (10), 105 (45); (Found MH ÷ 396.1447, C22H22NO6 requires 396.1447). 

6~Benz~y~5(S~meth~xycarb~ny~-2-~x~-8(S)-(3-meth~xvpheny~)-6-aza-~-~xa-4~R~-bicy¢~ [3.3.01 octane 

(34) Method 1 - Bromolactonisation 

Procedure as for 6-benzoyl-5(S)-methoxycarbonyl-2-oxo-8(S)-(2-methoxyphenyl)-6-aza-l-oxa-4(R)- 

bicyclo [3.3.0] octane (33) above using (2S,3S)-N-benzoyl-2-methoxycarbonyl-3-methylenecarboxy-4-(3- 

methoxyphenyl)-[4,5]-dehydropyrrolidine (21) (100mg, 0.29mmol), N-bromosuccinimide (65rag, 0.30retool) 

and acetic acid (2 drops) in tetrahydrofuran (3.5ml). Work-up was followed by reduction using triethylsilane 

(300~tl, 1.86mmol) in trifluoroacetic acid (2ml) for 3h to give the crude product which was purified by flash 

chromatography on silica gel (eluting with 14: lv/v dichloromethane: ethyl acetate) to give 6-benzoyl-5(S)- 

methoxycarbonyl-2-oxo-8(S)-(3-methoxyphenyl)-6-aza-1-oxa-4(R)-bicyclo [3.3.0] octane (34) as a colourless 

oil (33mg, 33%); Rf 0.25 (9:lv/v CH2C12 : EtOAc); [t~]~ ~ -53.3 (c 1.16, CHC13); 1)max/Cm -1 (CHC13) 1790s, 

1750s, 1647s, 1421s, 930s; ~n (300MHz; CDC13) 2.72-2.92 (2H, complex, CHCH2CO2), 3.31-3.37 (1H, m, 

CHCH2CO2), 3.82, 3.90 (2 x 3H, 2 x s, CH3OAr, CHCO2CH3), 4.08, 4.19 (2H, ABq, J 12Hz, NC_H_2), 4.93 

(1H, d, J 2Hz, CHCO2CH3), 6.73-7.80 (9H, complex, Ar-H); 8c (125.8MHz; CDC13) 35.01 (CHCH2CO2), 

49.65 (CHCH2CO2), 52.92 (CO2C__H3), 55.34 (C__H3OAr), 61.28 (NC_.H2), 65.11 (C__HCO2CH3), 94.02 

(NCH2C), lll .01, 112.91, 113.97, 114.38, 116.81, 127.40, 127.86, 128.46, 129.61, 130.18, 130.73, 138.29 

(Ar-C), 160.03 (Ar-COCH3), 169.89, 171.23, 173.79 (3 x C=O); m/z (Probe CI, NH3) 396 (MH +, 30%), 122 

(28), 105 (100); (Found MH + 396.1447, C22H22NO6 requires 396.1447). 

6•Benz•v••5(S)•meth•xvcarb•ny•-2-•x••8(S)44•meth•xypheny•)•6•aza••••xa-4fR)•bicvc•• [3.3.0] ~ , n e  

~35) 

Procedure as for 6-benzoyl-5(S)-methoxycarbonyl-2-oxo-8(S)-(2-methoxyphenyl)-6-aza-l-oxa-4(R)- 

bicyclo [3.3.0] octane (33) above using (2S,3S)-N-benzoyl-2-methoxycarbonyl-3-methylenecarboxy-4-(4- 

methoxyphenyl)-[4,5]-dehydropyrrolidine (22) (115rag, 0.29mmol), N-bromosuccinimide (62mg, 0.35mmol) 

and acetic acid (2 drops) in tetrahydrofuran (3.5ml). Work-up was followed by reduction using triethylsilane 

(115~tl, 0.72mmol) in trifluoroacetic acid (2.5ml) for 3h to give the crude product which was purified by flash 
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chromatography on silica gel (eluting with 1: lv/v 40-60 petroleum ether : ethyl acetate) to give 6-benzoyl- 

5(S)-methoxycarbonyl-2-oxo-8(S)-(4-methoxyphenyl)-6-aza-l-oxa-4(R)-bicyclo [3.3.0] octane (35) as a 

colourless foam (92mg, 80%); Rf 0.20 (9:lv/v CH2C12 : EtOAc); [tx]~ I -48.3 (c 1.625, CHC13); ~max/Cm 1 

(CHC13) 1789s, 1750s, 1645s, 1418s; ~H (300MHz; CDC13) 2.72-2.92 (2H, complex, CHC_H_2CO2), 3.26-3.33 

(1H, m, CHCH2CO2), 3.79, 3.87 (2 x 3H, 2 x s, CH3OAr, CHCO2CH3), 4.05, 4.16 (2H, ABq, J 13Hz, 

NCH2), 4.90 (1H, d, J 5Hz, CHCO2CH3), 6.90, 7.29 (4H, ABq, J 9Hz, Ar-H), 7.30-7.55 (5H, complex, Ar- 

H); ~C (50.3MHz; CDCI3) 35.03 (CHCH2CO2), 49.36 (CHCH2CO2), 52.96 (CO2CH3), 55.37 (CH3OAr), 

61.16 (NCH2), 65.05 (CHCO2CH3), 94.27 (NCH2_C), 114.51, 126.31, 127.65, 128.52, 128.70, 130.98, 134.92 

(Ar-C), 160.27 (Ar-COCH3), 170.19, 171.67, 174.42 (3 x C=O); m/z (Probe CI, NH3) 397 (20%), 396 (MH ÷, 

100), 105 (53); (Found MH + 396.1447, C22H22NO6 requires 396.1447). 

6-Benzovl-5(S)-methoxvcarbonvi-2-oxo-8(S)-Dhenvl-6-aza-l-oxa-4fR)-bicvclo I3.3.01 octane (36) 

To a stirred solution of ( 2 S , 3 S ) - N - b e n z o y l - 2 - m e t h o x y c a r b o n y l - 3 - m e t h y l e n e c a r b o x y - 4 - p h e n y l - [ 4 , 5 ] -  

dehydropyrrolidine (19) (41mg, 0.1 l mmol) in dichloromethane (2ml) at room temperature was added N- 

(pbenylseleno)phthalimide (4 l mg, 0.13mmol) and camphorsulfonic acid (2.5rag, 1 l~nol) .  After stirring at 

this temperature for 48h, a further portion of N-(phenylseleno)phthalimide (28mg, 88~tmol) was added and 

stirring was continued at room temperature for a further 24h. The solvent was removed in v a c u o  and the 

residue was taken up in ethyl acetate (10ml), the resulting solution being washed with saturated aqueous 

sodium bicarbonate solution (10ml), water (10ml) and brine (10ml) and dried (MgSO4), filtered and 

evaporated to dryness in v a c u o .  The residue was partially purified by flash chromatography on silica gel 

(eluting with 9:lv/v dichloromethane : ethyl acetate) to give two fractions (Rf 0.40 and Rf 0.35 (9: lv/v 

CH2C12 : EtOAc)) which were combined. This mixture of products was dissolved in a mixture of 

trifluoroacetic acid (2ml) and triethylsilane (42~, 0.26retool) and after stirring at room temperature for lh, the 

mixture was concentrated in v a c u o  and the excess trifluoroacetic acid was removed by azeotropic distillation 

with toluene. The residue was purified by flash chromatography on silica gel (eluting with 9:lv/v 

dichloromethane : ethyl acetate) to give 6-benzoyl-5(S)-methoxycarbonyl-2-oxo-8(S)-pbenyl-6-aza-l-oxa- 

4(R)-bicyclo [3.3.0] octane (36) as a white, crystalline solid (20rag, 49%); m.p. 124-125°C; Rf 0.25 (9: lv/v 

CH2C12 : EtOAc); [~]~t -68.4 (c 0.43, CHCl3); ~ma×/cm -! (CHCI3) 1789s, 1747s, 1646s, 1603s, 1412s; ~)H 

(300MHz; CDC13) 2.74-2.95 (2H, complex, CHCH2CO2), 3.31-3.39 (1H, m, CHCH2CO2), 3.90 (3H, s, 

CO2CH3), 4.10 (1H, c a  d, J 13Hz, NC.H_2), 4.21 (1H, ca  d, J 13Hz, NCI-I~), 4.95 (1H, d, J 4Hz, CHCO2CH3), 

7.36-7.57 (10H, complex, At-H); 8c (125.SMHz; CDCI3) 35.03 (CHCH2CO2), 49.74 (CHCH2CO2), 52.99 

(CO3CH3), 61.32 (NCH2), 65.13 (C__HCO2CH3), 94.19 (NCH2C__), 124.75, 127.44, 128.48, 129.03, 130.78, 

134.63, 136.57 (At-C), 169.92, 171.36, 173.91 (3 x C=O); m/z (Probe CI, NH3) 367 (23%), 366 (MH +, 100), 

306 (12), 105 (64); (Found MH + 366.1341, C21H20NO5 requires 366.1341). 
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6~Benz~y~5(S)-m`~th~xycarb~nv~2-~x~8(S)~(3~meth~xwhenv~)~6~aza~-~xa~4(R)~bicvc~ 13.3.01 octane 

(34) Method 2 - Selenolactonisation 

Procedure as for 6-benzoyl-5(S)-methoxycarbonyl-2-oxo-8(S)-phenyl-6-aza-l-oxa-4(R)-bicyclo [3.3.0] 

octane (36) above using (2S,3S)-N-benzoyl-2-methoxycarbonyl-3-methylenecarboxy-4-(3-methoxyphenyl)- 

[4,5]-dehydropyrrolidine (21) (71 mg, 0.18mmol), a single portion of N-(phenylseleno)phthalimide (109mg, 

0.36mmol) and camphorsulfonic acid (4.5mg, 18~mol) in dichloromethane (3ml). Work-up gave the crude 

product which was partially purified by flash chromatography on silica gel (eluting with 9:lv/v 

dichloromethane : ethyl acetate) to give two fractions (Rf 0.55 and 0.40 (9: lv/v CH2C12 : EtOAc)) which were 

combined. This mixture of products was dissolved in a mixture of trifluoroacetic acid (lml) and triethylsilane 

(200~tl, 1.25mmol) and after stiring at room temperature for lh, the mixture was concentrated in vacuo and the 

excess trifluoroacetic acid was removed by azeotropic distillation with toluene. The residue was purified by 

flash chromatography on silica gel (eluting with 12: lv/v dichloromethane : ethyl acetate) to give 6-benzoyl- 

5(S)-methoxycarbonyl-2-oxo-8(S)-(3-methoxyphenyl) -6-aza- l -oxa-4(R)-bicyclo  [3.3.0] octane (34) as a 

colourless oil (44mg, 62%). Physical data as reported in Method 1 above. 

General vrocedure for benzvlic iactone hvdrogenolvsis 

A solution of the appropriate lactone (60Jxrnol) in methanol (2ml) containing the required catalyst (ca. 

50mo1%) was vigorously stirred under an atmosphere of hydrogen from a balloon (or in a Fisher-Porter 

apparatus for higher pressures) until all of the starting material had been consumed (as assayed by thin layer 

chromatography). Reaction times were generally ca. 12-36h. The catalyst was removed on a Celite ® pad and 

the methanol was removed in vacuo. The crude product was taken up into a mixture of methanol and benzene 

(20%v/v methanol, 2.5ml) and the resulting stirred solution was treated with a solution of 

trimethylsilyldiazomethane in hexanes (2.0M, 451.tl, 90~tmol). After stirring at room temperature for lh, the 

reaction was quenched by the addition of glacial acetic acid (3 drops) and the mixture was concentrated in 

vacuo. Yields were essentially quantitative, the ratios of C-4 epimers being estimated by comparing integrals 

for the C-2 protons in the 1H NMR spectrum of the crude product. Separation of the epimers could be 

achieved by flash chromatography on silica gel, physical data for the products being identical to that reported 

in the previous paper in this issue 1. 

(2S•3S)-N•Benz•v••2•hvdr•xvmethv••3•tert•but•xvcarb•nv•methv••4•nhenv•••4•5•-dehvdr••vrr••idine 
(41) 

To a stirred solution of (2S,3S)-N-benzoyl-2-methoxycarbonyl-3-tert-butoxycarbonylmethyl-4-phenyl-  

[4,5]-dehydropyrrolidine (23) (100mg, 0.24mmol) in methanol (2.5ml) at room temperature was added 

sodium borohydride (360mg, 9.6mmol) in 4 equal portions over 24h. (Note: A further portion of methanol 

(2ml) was added after 12h). The reaction mixture was poured into saturated aqueous ammonium chloride 

solution (55ml) and the resulting mixture was extracted with ethyl acetate (5 x 40ml), the combined extracts 

being washed with 0.1M aqueous hydrochloric acid (55ml), saturated aqueous sodium bicarbonate solution 
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(55ml) and brine (55ml). The separated organic phase was dried (MgSO4), filtered and evaporated in vacuo 

and the residue was purified by flash chromatography on silica gel (eluting with 3:2v/v dichloromethane : 

ethyl acetate) to give (2S,3S)-N-benzoyl-2-hydroxymethyl-3-tert-butoxycarbonylmethyl-4-phenyl-[4,5]-  

dehydropyrrolidine (41) as a white, crystalline solid (85mg, 91%); m.p. 156°C; Rf 0.50 (2:3v/v CH2C12 : 

EtOAc); [c~]~ 3 -117.5 (c 1.15, CHC13); ~max/Cm -1 (CHC13) 3376 brw, 1720s, 1612s, 1600s, 1449m, 1423s, 

1152s; ~H (300MHz; CDCI3) 1.49 (9H, s, CO2C(CH3)3), 2.39 (1H, ca dd, J 16, 11Hz, CH2CO2But), 2.68 

(1H, ca dd, J 16, 3Hz, CH2CO2But), 3.43-3.47 (1H, m, CHCH2CO2But), 4.88-4.03 (2H, 8 line m, CH2OH), 

4.30 (1H, brs, OH), 4.68-4.72 (1H, m, CL-ICH2OH), 6.81 (1H, s, CH=C), 7.23-7.63 (10H, complex, Ar-H); 8c 

(50.3MHz; CDC13) 28.03 (CO2C(_QH3)3), 38.47 (CH2CO2But), 41.65 (CHCH2CO2But), 65.80 (CH2OH), 

67.38 (CHCH2OH), 81.65 (CO2_C_C(CH3)3), 125.32, 125.44, 127.72, 128.34, 128.86, 129.08, 131.34 (CH=C, 

CH=C, At-C), 169.22, 171.36 (2 x C=O); m/z (Probe CI, NH3) 395 (20%), 394 (MH +, 100), 338 (27), 105 

(47); (Found MH + 394.2018, C24H28NO4 requires 394.2018). 

( 2S•3S).N•Benz••••2•hydr•xymethy••3•tert•but•x•carb•n••methy••4-( 2•meth•xvphenv•)-• 4.5]- 

dehydropyrrolidine (42) 
To a stirred solution of (2S,3S)-N-benzoyl-2-methoxycarbonyl-3-tert-butoxycarbonylmethyl-4-(2-  

methoxyphenyl)-[4,5]-dehydropyrrolidine (24) (600mg, 1.33mmol) in methanol (15ml) at room temperature 

was added sodium borohydride (2.012g, 53.2mmol) in 4 equal portions over 24h. (Note: A further portion of 

methanol (15ml) was added after 12h). The reaction mixture was poured into saturated aqueous ammonium 

chloride solution (180ml) and the resulting mixture was extracted with ethyl acetate (4 x 100ml), the 

combined extracts being washed with 0.1M aqueous hydrochloric acid (180ml), saturated aqueous sodium 

bicarbonate solution (180ml) and brine (180ml). The separated organic phase was dried (MgSO4), filtered and 

evaporated in vacuo and the residue was purified by flash chromatography on silica gel (eluting with 4:1 v/v 

dichloromethane : ethyl acetate) to give (2S,3S)-N-benzoyl-2-hydroxymethyl-3-tert-butoxycarbonylmethyl-4- 

(2-methoxyphenyl)-[4,5]-dehydropyrrolidine (42) as a colourless oil (449mg, 80%); Rf 0.51 (1: lv/v CH2C12 : 

EtOAc); [a]~ t -73.7 (c 2.115, CHCI3); ~max/Cm 1 (CHC13) 3619w, 3362brw, 1720s, 1602s, 1575s, 1436s, 

1423s, 1152s, 1029m; ~H(300MHz; CDCI3) 1.49 (9H, s, CO2C(CH3)3), 2.36 (1H, ca dd, J 17, 11Hz, 

CHCH2CO2But), 2.66 (1H, ca dd, J 17, 3Hz, CHCH2CO2But), 3.47-3.50 (1H, m, CHCH2CO2But), 3.76 (3H, 

s, CH3OAr), 3.88-4.08 (3H, complex, CH2OH, CH2OH), 4.59-4.65 (IH, m, CLI_CH2OH), 6.86-7.69 (10H, 

complex, CH=C, Ar-H); ~i C (50.3MHz; CDCI3) 27.99 (CO2C(_C_H3)3), 38.55 (CH2CO2But), 42.54 

(CHCH2CO2But), 55.15 (CH3OAr), 66.15 (CHCH2OH), 66.38 (CH2OH), 81.42 (CO2_C_C(CH3)3), 110.98, 

120.95, 121.21, 122.56, 127.64, 128.04, 128.20, 128.44, 128.59, 129.05, 131.25, 135.00 (CH=C, CH=C, Ar- 

C) 157.42 (Ar-COCH3), 169.22, 171.45 (2 x C=O); m/z (APCI+) 424 (MH +, 3%), 406 (4), 369 (20), 368 

(100), 350 (28), 202 (10), 105 (7); (Found MH ÷ 424.2124, C25H30NO5 requires 424.2124). 



5284 J.E. BALDWIN et al. 

( 2S~3S)-N~Benz~v~2~hvdr~xvmethv~3~tert~but~xvcarb~nv~methv~4~( 3~meth~xvuhenv~M 4~5~- 

dehvdroBvrrolidine (43) 

To a stirred solution of (2S,3S)-N-benzoyl-2-methoxycarbonyl-3-tert-butoxycarbonylmethyl-4-(3- 

methoxyphenyl)-[4,5]-dehydropyrrolidine (25) (164rag, 0.36mmol) in methanol (4ml) at room temperature 

was added sodium borohydride (552mg, 14.6mmol) in 4 equal portions over 24h. (Note: A further portion of 

methanol (2ml) was added after 12h). The reaction mixture was poured into saturated aqueous ammonium 

chloride solution (60ml) and the resulting mixture was extracted with ethyl acetate (4 x 40ml), the combined 

extracts being washed with 0.1M aqueous hydrochloric acid (100ml), saturated aqueous sodium bicarbonate 

solution (100ml) and brine (100ml). The separated organic phase was dried (MgSO4), filtered and evaporated 

in vacuo and the residue was purified by flash chromatography on silica gel (eluting with 8:5v/v 

dichloromethane : ethyl acetate) to give (2S,3S)-N-benzoyl-2-hydroxymethyl-3-tert-butoxycarbonylmethyl-4- 

(3-methoxyphenyl)-[4,5]-dehydropyrrolidine (43) as a colourless oil (123mg, 80%) (Note: (2S,3S)-N-benzoyl- 

2-meth•xycarb•ny•-3-tert-but•xycarb•ny•methy•-4-(3-meth•xyphenyl)-[4•5]-dehydr•pyrr••idine (25) (16rag, 

35gmol, 10%) was also recovered); Rf 0.50 (l:lv/v CH2C12 : EtOAc); [ff]~ -96.7 (c 1.09, CHCI3); ~)max/Cm -! 

(CHCI3) 3363brw, 1723s, 1600s, 1577s, 1452m, 1423s, 1154s; 6H (300MHz; CDCI3) 1.48 (9H, s, 

CO2C(CH3)3), 2.39 (1H, ca dd, J 16, llHz, CHCH2CO2But), 2.71 (1H, ca dd, J 16, 3Hz, CHC_H_.2CO2But), 

3.40-3.44 (1H, m, CHCH2CO2But), 3.79 (3H, s, CH3OAr), 3.83-4.01 (2H, m, C H2OH), 4.26-4.30 (1H, m, 

CH2OH), 4.65-4.70 (IH, m, CHCH2OH), 6.76-7.61 (10H, complex, CH=C, Ar-I-I); ~)c (50.3MHz; CDC13) 

28.04 (CO2C(CH3)3) , 38.52 (CH2CO2But), 41.73 (CHCH2CO2But), 55.29 (CH3OAr), 65.82 (CH2OH), 67.42 

(CHCH2OH), 81.65 (CO2_Q(CH3)3), 111.68, 112.40, 118.01, 125.69, 128.34, 128.87, 130.13, 131.36, 133.91, 

135.01 (CH=C, CH=C, Ar-C), 160.19 (Ar-COCH3), 169.26, 171.35 (2 x C=O); m/z (APCI+) 406 (MH+-H2 O, 

5%), 369 (22), 368 (1OO), 350 (23), 246 (7), 186 (8), 105 (7); (Found MH+-H20 406.2020, C25H28NO4 

requires 406.2020). 

•2S•3S)-N•Benz•y••2•hydr•xvmethy••3•tert•but•xycarb•ny•methy•-4-(4•meth•xyphenv•)-[4•5]- 
dehydropvrrolidine (44) 

To a stirred solution of (2S,3S)-N-benzoyl-2-methoxycarhonyl-3-tert-hutoxycarbonylmethyl-4-(4- 

methoxyphenyl)-[4,5]-dehydropyrrolidine (26) (309rag, 0.685mmoi) in methanol (8ml) at room temperature 

was added sodium borohydride (777mg, 20.6retool) in 4 equal portions over 24h. (Note: A further portion of 

methanol (4ml) was added after 12h). The reaction mixture was poured into saturated aqueous ammonium 

chloride solution (100n-d) and the resulting mixture was extracted with ethyl acetate (4 x 60ml), the combined 

extracts being washed with 0. IM aqueous hydrochloric acid (100ml), saturated aqueous sodium bicarbonate 

solution (100ml) and brine (IOOml). The separated organic phase was dried (MgSO4), filtered and evaporated 

in vacuo and the residue was purified by flash chromatography on silica gel (eluting with 3:2v/v 

dichloromethane : ethyl acetate) to give (2S,3S)-N-henzoyl-2-hydroxymethyl-3-tert-butoxycarhonylmethyl-4- 

(4-methoxyphenyl)-[4,5]-dehydropyrrolidine (44) as a pale yellow foam (205rag, 71%); Rf 0.45 (l:Iv/v 

CH2C12 : EtOAc); [~]~ -83.5 (c 1.57, CHCI3); t)max/Cm -! 3691w, 3360brw, 1723s, 1607s, 1424s, I152s; 8H 

(300MHz, CDCI3) 1.48 (9H, s, CO2C(C__H3)3), 2.37 (IH, ca dd, J 17, 11Hz, CHCH2CO2But), 2.67 (IH, ca dd, 
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J 17, 3Hz, CHCHgCO2But), 3.38-3.41 (1H, m, CHCH2CO2But), 3.78 (3H, s, CH3OAr), 3.86-4.00 (3H, 

complex, CH2OH, CH2OH__), 4.62-4.68 (1H, m, CHCH2OH), 6.67-7.61 (10H, complex, CH=C, Ar-H); ~: 

(50.3MHz; CDC13) 28.03 (CO2C(CH3)3), 38.50 (CHCH2CO2But), 41.86 (CHCH2CO2But), 55.28 (CH3OAr), 

65.77 (CH2OH), 67.25 (CHCH2OH), 81.57 (CO2.Q(CH3)3), 114.47 (CH=C), 123.64, 124.91,126.75, 128.31, 

128.81, 131.21, 135.19 (Ar-C), 159.36 (Ar-COCH3); 168.97, 174.10 (2 x C=O); m/z  (APCI+) 424 (MH ÷, 

9%), 406 (22), 369 (19), 368 (100), 350 (22), 105 (7); (Found, MH ÷ 424.2124 C25H30NO5 requires 

424.2124). 

(2$~3S~4S~-N-Benznv~-2-hydr~xymethv~-3-meth~xycarb~nv~methy~-4-phenv~pvrr~idine ¢45) 
A solution of (2S,3S)-N-benzoyl-2-hydroxymethyl-3-tert-butoxycarbonylmethyl-4-phenyl-[4,5]- 

dehydropyrrolidine (41) (85mg, 0.22mmol) in ethyl acetate (4ml) containing palladium black (31mg, 

0.29mmol) was stirred under an atmosphere of hydrogen from a balloon for 20h. The reaction mixture was 

filtered through a Celite ® plug and evaporated to dryness in vacuo, the residue being purified by flash 

chromatography on silica gel (eluting with 3:2v/v dichloromethane : ethyl acetate) to give (2S,3S,4S)-N- 

benzoyl-2-hydroxymethyl-3-methoxycarbonylmethyl-4-phenylpyrrolidine (45) as a colourless oil (78mg, 

91%); Rf 0.35 (2:3v/v CH2C12 : EtOAc); [a]~ a -77.1 (c 1.59, CHCI3); 9max/Cm 1 (CHCI3) 3360brw, 1721s, 

1612s, 1602s, 1424s, 1370m, 1154s; 8H (300MHz; CDC13) 1.41 (9H, s, CO2C(CH3)3), 1.85 (1H, ca dd, J 18, 

10Hz, CHCH2CO2But), 2.30 (1H, ca dd, J 18, 5Hz, CHC_H_2CO2But), 2.68-2.80 (1H, m, CHCH2CO2But), 

3.53-3.59 (1H, m, CHPh), 3.70 (1H, ca dd, J 12, 2Hz, C_H_2OH), 3.86 (1H, ca dd, J 12, 6Hz, NCH2), 3.95 (1H, 

ca dd, J 12, 2Hz, C_H_2OH), 4.01 (1H, ca dd, J 12, 6Hz, NC_H_2), 4.09-4.15 (1H, m, CHCH2OH), 4.18 (1H, brs, 

OH), 6.94-7.58 (10H, complex, Ar-H); ~c (50.3MHz; CDC13) 27.93 (CO2C(~_H3)3), 34.59 (CHCHCO2But), 

41.39 (CHCH2CO2But), 45.25 (CHPh), 56.43 (NCH2), 64.58 (CHCH2OH), 65.40 (CH2OH), 80.92 

(CO2_C_C(CH3)3), 127.32, 127.46, 127.81, 128.53, 128.71, 129.07, 130.69, 136.38, 139.96 (Ar-C), 171.73, 

172.47 (2 x C=O); m/z  (Probe CI, NH3) 397 (16%), 396 (MH +, 72), 322 (17), 105 (100); (Found MH ÷ 

396.2175, C24H30NO4 requires 396.2175). 

(2S•3$•4$)-N•Benz•y••2•hvdr•xvmethv••3•meth•xycarb•nv•methy••4••2•meth•xvnheny•)pyrr••idine (46) 
A solution of (2S,  3 S ) -N-benzoyl-2-hydroxymethyl-3-tert-butoxycarbonylmethyl-4-(2-  

methoxyphenyl)-[4,5]-dehydropyrrolidine (42) (482mg, 1.14mmol) in ethyl acetate (15ml) containing 

palladium black (177mg, 1.66mmol) was stirred under an atmosphere of hydrogen from a balloon for 48h. 

The reaction mixture was filtered through a Celite ® plug and evaporated to dryness in vacuo, the residue 

being purified by flash chromatography on silica gel (eluting with 1:1 v/v dichloromethane : ethyl acetate) to 

give (2S•3S•4S)-N-benz•y•-2-hydr•xymethy•-3-meth•xycarb•ny•methy•-4-(2-meth•xypheny•)pyrr••idine (46) 

as a colourless oil (432mg, 89%); Rf 0.20 (2:3v/v CH2C12 : EtOAc); [t~] 2~ -97.5 (c 1.00, CHCI3); 9max/Cm -1 

(CHCI3) 3345brw, 1723s, 161 Is, 1601s, 1424s, 930s; 8H (300MHz; CDCI3) 1.40 (9H, s, CO2C(CH3)3), 1.98- 

2.19 (2H, 8 line m, CHC_H_2CO2But), 2.82-2.91 (1H, m, CHCH2CO2But), 3.62-3.71 (1H, m, CHAr), 3.77 (3H, 

s, CH3OAr), 3.88-3.98 (4H, complex, CH___2OH, NCH_2), 4.14-4.22 (1H, m, CHCH2OH), 4.75 (1H, brs, OH), 
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6.82-7.56 (9H, complex, Ar-H); 6C (50.3MHz; CDC13) 27.93 (CO2C(CH3)3), 34.84 (CHCH2CO2But), 39.02 

(CHCH2CO2But), 40.28 (CHAr), 55.37 (C__HaOAr, NC_H2), 65.87 (C_.H2OH, _C_HCH2OH), 80.79 

(CO2_C(CH3)3), 110.59, 120.95, 127.22, 127.46, 127.69, 128.11, 128.48, 128.63, 130.43, 136.74 (Ar-C), 

157.46 (Ar-COCH3), 171.86, 172.54 (2 x C=O); m/z (APCI+) 427 (9%), 426 (MH +, 32), 408 (7), 371 (20), 

370 (100), 353 (22), 352 (98), 248 (19); (Found MH + 426.2280, C25H32NO5 requires 426.2280). 

(2S~3S~4S~N~Benz~v~2~hvdr~xvmethv~3~meth~xvcarb~nv~methv~4~(3~meth~xv~henv~)~vrr~i~Hne (47) 

A solut ion of  ( 2 S ,  3 S ) -N-benzoy l -2 -hydroxymethy l -3 - ter t -bu toxycarbony lmethy l -4 - (3 -  

methoxyphenyl)-[4,5]-dehydropyrrolidine (43) (115mg, 0.27retool) in ethyl acetate (4ml) containing 

palladium black (43rag, 0.40mmol) was stirred under an atmosphere of hydrogen from a balloon for 48h 

(Note: More palladium black (20rag, 0.19mmol) was added after 24h). The reaction mixture was filtered 

through a Celitc ® plug and evaporated to dryness in vacuo ,  the residue being purified by flash 

chromatography on silica gel (eluting with 4:3v/v dichloromethane : ethyl acetate) to give (2S,3S,4S)-N- 

benzoyl-2-hydroxymethyl-3-methoxycarbonylmethyl-4-(3-methoxyphenyl)pyrrolidine (47) as a white, 

crystalline solid (103rag, 89%); m.p. 113°C; Rf 0.35 (l:lv/v CH2CI2 : EtOAc); [~]~ -86.0 (c 1.375, CHC13); 

t)max/Cm -1 (CHCI3) 3693w, 3631w, 3379brw, 1721s, 1602s, 1425s, 1154s; ~>~ (300MHz; CDC13) 1.43 (9H, s, 

CO2C(CH3)3), 1.90 (1H, ca dd, J 17, 10Hz, CHCH2CO2But), 2.30 (1H, ca dd, J 17, 5Hz, CHCH2CO2But), 

2.65-2.78 (1H, m, C__HCH2CO2But), 3.33-3.54 (2H, complex, CHAr, CH2OH), 3.70-4.03 (4H, complex, 

NCH2, CH2OH), 4.07-4.15 (1H, m, C__HCH2OH), 6.50-7.58 (gH, complex, Ar-H); 8c (50.3MHz, CDC13) 

27.92 (CO2C(CH3)3), 34.54 (CHCH2CO2But), 41.32 (CHCH2CO2But), 45.25 (CHAr), 55.08 (CH3OAr), 

56.36 (NCH2), 64.60 (CHCH2OH), 65.41 (CH2OH), 80.96 (CO2C(CH3)3), 112.67, 113.53, 120.00, 127.36, 

128.71,130.06, 130.74, 136.30, 141.48 (Ar-C), 160.15 (Ar-C_OCH3), 171.77, 172.46 (2 x C=O); m/z (APCI+) 

426 (MH +, 15%), 371 (19) 370 (100), 353 (10), 352 (46), 248 (13); (Found MH + 426.2280, C25H32NO5 

requires 426.2280). 

(2S~3S~4S)~N-Benz~y~2~hydr~xvmethv~3~meth~xycarb~nv~methv~4~(4~meth~xy~henvDpvrr~i~me (48) 
A s o I u t i o n o f (2 S ,  3 S ) -N-benzoyl-2-hydroxymethyl-3- ter t -butoxycarbonylmethyl -4- (4-  

methoxyphenyl)-[4,5]-dehydropyrrolidine (44) (202mg, 0.48mmol) in ethyl acetate (7ml) containing 

palladium black (74rag, 0.70mmol) was stirred under an atmosphere of hydrogen from a balloon for 48h 

(Note: More palladium black (20mg, 0.19mmol) was added after 24h). The reaction mixture was filtered 

through a Celite ® plug and evaporated to dryness in vacuo ,  the residue being purified by flash 

chromatography on silica gel (eluting with 1: lv/v dichloromethane : ethyl acetate) to give (2S,3S,4S)-N- 

benzoyl-2-hydroxymethyl-3-methoxycarbonylmethyl-4-(4-methoxyphenyl)pyrrolidine (48)  as a white, 

crystalline solid (172mg, 85%); m.p. 142°C Rf 0.35 (l:lv/v CH2C12 : EtOAc); [a]~ ~ -111.3 (c 1.045, CHCI3); 

~max/Cm -1 3695w, 3363brw, 1721s, 1612s, 1427s, 1154s, 929s; ~H (300MHz; CDC13) 1.41 (9H, s, 

CO2C(CH3)3), 1.86 (1H, ca dd, J 17, 10Hz, CHCU~2CO2But), 2.29 (1H, ca dd, J 17, 5Hz, CHCH2CO2But), 

2.64-2.76 (1H, m, CHCH2CO2But), 3.48-3.52 (1H, m, CHAr), 3.63-4.10 (6H, complex, CI:[2OH, CH2OH, 
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NC_H_2, CHCH2OH), 3.76 (3H, s, CH3OAr), 6.77-7.57 (9H, complex, Ar-H); 8C (50.3MHz; CDC13) 27.87 

(CO2C(CH3)3), 34.56 (CHCH2CO2But), 41.28 (CHCH2CO2But), 44.48 (CHAr), 55.11 (CH3OAr), 56.60 

(NCH2), 64.27 (CHCH2OH), 64.80 (CH2OH), 80.75 (CO2_Q(CH3)3), 114.23, 127.28, 128.59, 128.73, 130.56, 

131.87, 136.35 (Ar-C), 158.79 (Ar-COCH3), 171.72, t72.19 (2 x C=O); m/z  (APCI+) 426 (MH +, 4%), 408 

(4), 371 (17), 370 (83), 353 (21), 352 (100), 248 (18), 105 (5); (Found MH + 426.2280, C25H32NO5 requires 

426.2280). 

(2S•3••4S)-N•Benz•y•-2•meth•x•carb•ny••3•tert-but•xvcarb•ny•methv••4-Dheny•pyrr••idine (49) 

To a solut ion of  (2S,  3 S , 4 S )  -N-benzoyl-2-hydroxymethyl-3-methoxycarbonylmethyl-4- 

phenylpyrrolidine (45) (54mg, 0.14mmol) in a mixture of acetonitrile (300~tl), carbon tetrachloride (300111) 

and water (450111) was added sodium metaperiodate (120mg, 0.56mmol) and ruthenium trichloride hydrate 

(2mg, 7.6~tmol). The biphasic mixture was stirred vigorously for 18h after which time, the separated aqueous 

phase was extracted with dichloromethane (4 x 5ml) and the combined organic phases were dried (MgSO4), 

filtered and evaporated to dryness in vacuo. Trimethylsilyldiazomethane (2M solution in hexanes, 105~tl, 

0.21 mmol) was added to a solution of the crude product in a mixture of benzene / methanol (4:l v/v, 2.5ml) 

and after stirring the mixture at room temperature for 40min, the reaction was quenched by the addition of 

glacial acetic acid (3 drops). The crude product was found to contain a mixture of (2S,3S,4S)-N-benzoyl-2- 

methoxycarbonyl-  3 - t e r t - b u t o x y c a r b o n y l m e t h y l - 4 - p h e n y l p y r r o l i d i n e  (49) and ( 2R,3S,4S)-N-benzoyl-2-  

methoxycarbonyl-3- ter t -butoxycarbonylmethyl-4-phenylpyrrol id ine  in a ratio of 14:1 (as determined by 

300MHz 1H NMR). Purification by flash chromatography on silica gel (eluting with 13: lv/v dichloromethane 

: e thyl  ace ta te )  gave (2S,3S,4S)-N-benzoyl-2-methoxycarbonyl-3-tert-butoxycarbonylmethyl-4- 

phenylpyrrolidine (49) as a white, crystalline solid (27mg, 47%); m.p. 108°C; Rf 0.35 (9:lv/v CH2C12 : 

EtOAc); [a]~ ~ -42.4 (c 1.40, CHCI3); ~max/Cm 1 (CHCI3) 1741s, 1723s, 1632s, 1422s, 1370s, 1153s; ~H 

(300MHz; CDC13) 1.43 (9H, s, CO2C(C_H_3)3), 1.92 (1H, ca dd, J 17, 9Hz, CHC_H_2CO2But), 2.42 (1H, ca dd, 

J 17, 6Hz, CHCH2CO2But), 3.00-3.08 (1H, m, CHCH2CO2But), 3.70-3.83 (2H, complex, CHPh, NCH2), 

3.82 (3H, s, CO2CH3), 4.18 (1H, ca dd, J 11, 6Hz, NCH2), 4.40 (1H, d, J 9Hz, CHCO2CH3), 6.96-7.67 (10H, 

complex, Ar-H); ~C (125.8MHz; CDCI3), 27.95 (CO2C(_C_H3)3), 34.34 (CHCH2CO2But), 42.91 

(CHCH2CO2But), 46.01 (CHPh), 52.46 (CO2_C_CH3), 54.93 (NCH2), 62.94 (_~_HCO2CH3), 80.87 (CO2_C_C(CH3)3, 

127.35, 127.56, 128.32, 128.83, 130.49, 135.43, 138.75 (Ar-C), 169.60, 170.80, 171.91 (3 x C=O); m/z (Probe 

CI, NH3) 424 (MH +, 27%), 368 (26), 105 (100); (Found MH + 424.2124, C25H30NO5 requires 424.2124). 

(2S,3S,4$)-N-Benzoyl-2-methoxycarbonyl-3-tert-butoxycarbonylmethvl-4-(2- 
methoxvDhenyl)pyrrolidine (50) 

T o a s o 1 u t i on  o f (2S,3S,4S)-N-benzoyl-2-hydroxymethyl-3-methoxycarbonylmethyl-4-(2-  

methoxyphenyl)pyrrolidine (46) (300mg, 0.71 mmol) in a mixture of acetonitrile (1.4ml), carbon tetrachloride 

(1.4ml) and water (2.3ml) was added sodium metaperiodate (598mg, 2.79mmol) and ruthenium trichloride 

hydrate (9mg, 34.4~unol). The biphasic mixture was stirred vigorously for 24h after which time, the separated 
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aqueous phase was extracted with dichloromethane (4 x 20ml) and the combined organic phases were dried 

(MgSO4), filtered and evaporated to dryness in vacuo. A solution of diazomethane in diethyl ether (20ml, 

excess, from Diazald ®) was added to a solution of the crude product in dichloromethane (10ml) and after 

stirring the mixture at room temperature for 30min, the reaction was quenched by the addition of glacial acetic 

acid (10 drops). The crude product was found to contain a mixture of (2S,3S,4S)-N-benzoyl-2- 

methoxycarbonyl-3-tert-butoxycarbonylmethyl-4-(2-methoxyphenyl)pyrrolidine (50) and (2R,3S,4S)-N- 

benz•y•-2-meth•xycarb•ny•-3-tert-but•xycarb•ny•methy•-4-(2-meth•xypheny•)pyrr••idine in a ratio of 7:1 

(as determined by 300MHz 1H NMR). Purification by flash chromatography on silica gel (eluting with 9:1 v/v 

d i ch lo romethane  : e thyl  aceta te)  gave ( 2 S , 3 S , 4 S )  -N-benzoyl-2-methoxycarbonyl-3-tert- 

butoxycarbonylmethyl-4-(2-methoxyphenyl)pyrrolidine (50) as a white, crystalline solid (169mg, 53%); Rf 

0.20 (9: lv/v CH2C12 : EtOAc); [a]~ j -69.5 (c 0.975, CHCI3); ahnax/Cm 1 (CHC13) 1742s, 1724s, 1631s, 1422s, 

1152s, 929m; 8H (300MHz; CDCI3) mixture of rotamers - major resonances only quoted, 1.39 (9H, s, 

CO2C(CH3)3), 2.07 (1H, ca dd, J 17, 7Hz, CHC_H_2CO2But), 2.23 (1H, ca dd, J 17, 8Hz, CHCH_2CO2But), 

3.13-3.24 (1H, m, CHCO2But), 3.72-4.13 (3H, complex, NCH2, CHAr), 3.76, 3.81 (2 x 3H, 2 x s, CO2CH3, 

CH3OAr), 4.45 (1H, d, J 7Hz, CHCO2CH3), 6.82-7.65 (9H, complex, Ar-H); ~C (50.3MHz; CDC13) 27.93 

(CO2C(CH3)3), 34.56 (CHCH2CO2But), 39.97 (CHCH2CO2But), 41.77 (CHAr), 52.39 (CO2CH3), 53.79 

(NCH2), 55.38 (_C_H3OAr), 64.01 (CHCO2CH3), 80.81 (CO2C(CH3)3), 110.65, 120.93, 126.70, 127.53, 

127.71, 128.05, 128.53, 128.64, 130.56, 136.06 (Ar-C), 157.53 (Ar-COCH3), 170.13, 171.19, 172.53 (3 x 

C=O); m/z (APCI+) 455 (13%), 454 (MH ÷, 44), 399 (25), 398 (98), 339 (22), 338 (100), 104 (14); (Found 

MH ÷ 454.2230, C26H32NO6 requires 454.2230). 

(2S.3S.4S)-N-Benzoyl-2.methoxycarbonyl-3.tert.butoxycarbonylmethyl.4.(3. 
methoxyphenvl)pyrrolidine (51) 

To a so lu t ion  of  (2S,3S,4S)-N-benzoyl-2-hydroxymethyl-3-methoxycarbonylmethyl-4-(3- 

methoxyphenyl)pyrrolidine (47) (146rag, 0.34mmol) in a mixture of acetonitrile (700p.1), carbon tetrachloride 

(700p.l) and water (lml) was added sodium metaperiodate (294mg, 1.37mmol) and ruthenium trichloride 

hydrate (3.5mg, 13.4p.mol). The biphasic mixture was stirred vigorously for 20h after which time, the 

separated aqueous phase was extracted with dichloromethane (4 x 10ml) and the combined organic phases 

were dried (MgSO4), filtered and evaporated to dryness in vacuo. A solution of diazomethane in diethyl ether 

(8ml, excess, from Diazald ®) was added to a solution of the crude product in dichloromethane (8ml) and after 

stirring the mixture at room temperature for lh, the reaction was quenched by the addition of glacial acetic 

acid (5 drops). The crude product was found to contain a mixture of (2S,3S,4S)-Nobenzoyl-2- 

methoxycarbonyl- 3-tert-buto x ycarbon ylmethyl-4-( 3-metho x yphen yl )pyrrolidine (51) and ( 2R,3S,4S)-N- 

benz•y•-2-meth•xycarb•ny•-3-tert-but•xycarb•ny•methy••4-(3-meth•xypheny•)pyrr••idine in a ratio of 8:1 

(as determined by 300MHz IH NMR). Purification by flash chromatography on silica gel (eluting with 

13:lv/v dichloromethane : ethyl acetate) gave (2S,3S,4S)-N-benzoyl-2-methoxycarbonyl-3-tert- 

butoxycarbonylmethyl-4-(3-methoxyphenyl)pyrrolidine (51) as a white, crystalline solid (97rag, 62%); m.p. 

125°C; Rf 0.25 (9:lv/v CH2C12 : EtOAc); [a]~ ~ -40.3 (c 1.525, CHCI3); X)max/Crff I (CHC13) 1738s, 1723s, 
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1632s, 1418s, 1155s, 930m; ~H (300MHz; CDC13) mixture of rotamers - major resonances only quoted, 1.43 

(9H, s, CO2C(CH3)3), 1.96 (1H, ca dd, J 18, 9Hz, CHCH2CO2But), 2.42 (1H, ca dd, J 18, 6Hz, 

CHCH2CO2But), 2.95-3.09 (1H, m, CHCH2CO2But), 3.65-4.19 (3H, complex, CHAr, NC_H_2), 3.75, 3.82 (2 x 

3H, 2 x s, C_H_3OAr, CO2CH3), 4.39 (1H, d, J 9Hz, CHCO2CH3), 6.51-7.66 (9H, complex, Ar-H); ~)c 

(50.3MHz; CDC13) 27.87 (CO2_QC(CH3)3, 34.25 (CHCH2CO2But), 42.81 (CHCH2CO2But), 45.94 (CHAr), 

52.45 (CO2CH3), 54.86 (NCH2), 55.03 (CH3OAr), 62.94 (CHCO2CH3), 80.97 (CO2C(CH3)3), 112.67, 

113.53, 119.91,126.74, 127.55, 128.53, 130.03, 130.17, 130.74, 135.58, 140.49 (Ar-C), 160.12 (Ar-COCH3). 

169.89, 171.15, 172.25 (3 x C=O); m/z (APCI+) 455 (10%), 454 (MH ÷, 34), 399 (20), 398 (100), 339 (14), 

338 (72), 105 (19); (Found MH ÷ 454.2230, C26H32NO6 requires 454.2230). 

(2S,3S,4S)-N-Benzoyl-2-methoxycarbonyl-3-tert-butoxycarbonylmethyl-4-(4- 
methoxvDhenvl)Dvrrolidine (52) 

To a so lu t ion  of  (2S,3S,4S)-N-benzoyl-2-hydroxymethyl-3-methoxycarbonylmethyl-4-(4- 

methoxyphenyl)pyrrolidine (48) (168mg, 0.40mmol) in a mixture of acetonitrile (800gl), carbon tetrachloride 

(800gl) and water (1.3ml) was added sodium metaperiodate (339mg, 1.58mmol) and ruthenium trichloride 

hydrate (5rag, 19. l gmol). The biphasic mixture was stirred vigorously for 20h after which time, the separated 

aqueous phase was extracted with dichloromethane (4 x 10ml) and the combined organic phases were dried 

(MgSO4), filtered and evaporated to dryness in vacuo. A solution of diazomethane in diethyl ether (8ml, 

excess, from Diazald ®) was added to a solution of the crude product in dichloromethane (8ml) and after 

stirring the mixture at room temperature for lh, the reaction was quenched by the addition of glacial acetic 

acid (5 drops). The crude product was found to contain a mixture of (2S,3S,4S)-N-benzoyl-2- 

methoxycarbonyl -3- ter t -butoxycarbonylmethy l -4- (4-methoxyphenyl )pyrro l id ine  (52) and (2R,3S,4S)-N- 

benz•y•-2-meth•xycarb•ny•-3-tert-but•xycarb•ny•methy•-4-(4-meth•xypheny•)pyrr••idine in a ratio of 8:1 

(as determined by 300MHz 1H NMR). Purification by flash chromatography on silica gel (eluting with 

13:lv/v dichloromethane : ethyl acetate) gave (2S,3S,4S)-N-benzoyl-2-methoxycarbonyl-3-tert- 

butoxycarbonylmethyl-4-(3-methoxyphenyl)pyrrolidine (52) as a colourless oil (128mg, 71%); Rf 0.25 

(9:lv/v CH2C!2 : EtOAc); [otiS) t -46.0 (c 1.465, CHCI3); ~)max/Cm -1 (CHC13) 1742s, 1724s, 1631s, 1422s, 

1369m, 1153s; ~SH (300MHz; CDCI3) mixture of rotamers - major resonances only quoted, 1.43 (9H, s, 

CO2C(CH3)3), 1.93 (1H, ca dd, J 17, 9Hz, CHC_H_2CO2But), 2.41 (1H, ca dd, J 17, 6Hz, CHCH2CO2But), 

2.92-3.04 (1H, m, CHCH2CO2But), 3.63-4.18 (3H, complex, NCH2, CHAr), 3.77, 3.81 (2 x 3H, 2 x s, 

CH3OAr, CO2CH3), 4.37 (1H, d, J 9Hz, CHCO2CH3), 6.79-7.66 (9H, complex, Ar-H); 8C (50.3MHz; 

CDC13) 27.92 (CO2C(CH3)3), 34.30 (CHCH2CO2But), 42.99 (CHCH2CO2But), 45.28 (CHAr), 52.48 

(CO2_C_CH3), 55.19 (CH2N, CH3OAr), 62.94 (CHCO2CH3), 80.95 (C(CH3)3), 114.36, 126.79, 127.61,128.57, 

128.82, 129.02, 130.75, 130.93, 135.70 (Ar-C), 159.02 (Ar-COCH3), 169.97, 171.25, 172.34 (3 x C=O); m/z 

(APCI+) 455 (18%), 454 (MH ÷, 62), 399 (22), 398 (100), 339 (10), 338 (53), 105 (14); (Found MH ÷ 

454.2230, C26H32NO6 requires 454.2230). 
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