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Abstract 

Concise total asymmetric syntheses of three diastereoisomeric 1-hydroxymethyl-7-hydroxy substituted 

pyrrolizidines, (–)-hastanecine, (–)-turneforcidine and (–)-platynecine, are reported. The doubly 

diastereoselective conjugate additions of lithium (R)- or (S)-N-benzyl-N-(α-methylbenzyl)amide to tert-butyl 

(R,E)-4-(triethylsilyloxy)hepta-2,6-dienoate [which was prepared (in 96:4 e.r.) via Lewis acid mediated 

catalytic asymmetric allylation of tert-butyl (E)-4-oxobut-2-enoate] proceeded in both cases under the 

dominant control of the lithium amide reagent. Subsequent diastereoselective enolate allylations installed the 

required stereogenic centres, and the pyrrolizidine ring system was rapidly accessed by a two-step protocol 

(viz. ozonolysis and one-pot hydrogenolysis/double reductive cyclisation), to complete the asymmetric 

syntheses of (–)-hastanecine, (–)-turneforcidine and (–)-platynecine in 17, 8 and 24% overall yield, 

respectively, in 11 steps from commercially available 2,2-dimethoxyacetaldehyde in each case.  
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Introduction 

Pyrrolizidines 1 are commonly occurring structural units within natural products that display an extensive 

range of biological activities.1 Among them, 1-hydoxymethyl-7-hydroxy substituted pyrrolizidines 2 are a 

sub-class of the pyrrolizidine alkaloids. To date, several naturally occurring 1-hydroxymethyl-7-hydroxy 

substituted pyrrolizidines have been isolated,2 such as (–)-hastanecine 32i (–)-turneforcidine 4,2l and (–)-

platynecine 5.2k  1-Hydoxymethyl-2,7-dihydroxy substituted pyrrolizidines such as (–)-rosmarinecine 62j and 

(+)-croalbinecine (helifolinecine) 7,2m and more recently (–)-hadinecine 82p have also been isolated. 

Retrohoustine 9 was isolated along with other two related 1-hydroxymethyl-7-hydroxyl pyrrolizidine 

alkaloids, heliohoustine 10 and isoretrohoustine 11, from leaves of Ageratum houstonianum, which have 

been used in traditional medicine in Mexico for their antifungal and antimicrobial properties (Figure 1).3  



 - 3 - 

 

Fig. 1. 1-Hydroxymethyl-7-hydroxy substituted pyrrolizidines 3–5 and their more highly substituted analogues 6–11. 

Asymmetric and enantiospecific syntheses of 1-hydroxymethyl substituted pyrrolizidines have been actively 

pursued employing strategies such as chiral auxiliary approaches,4 enantioselective catalysis,5 

diastereoselective reactions of enantiopure precursors derived from L-proline (e.g., hydrogenation of 

unsaturated azabicycles,6 and radical7 or transition metal8 mediated cyclisations).9 As part of our on-going 

research programme concerning the synthesis of azacyclic natural products,10
  we became interested in 

developing methodology for the synthesis of 1-hydroxymethyl pyrrolizidines. We have recently reported the 

asymmetric synthesis of (–)-isoretronecanol and (–)-trachelantamidine by employing the diastereoselective 

conjugate addition11 of enantiopure lithium (S)-N-benzyl-N-(α-methylbenzyl)amide to an α,β-unsaturated 

ester followed by enolate allylation as the key stereodefining steps. Olefinic oxidation12,13 and reduction with 

LiAlH4 allowed construction of the pyrrolizidine motif via a two-step protocol involving oxidative cleavage 

of the resultant 1,2-diol followed by one-pot hydrogenolysis and double reductive cyclisation of the 

corresponding aldehyde to give (–)-isoretronecanol and (–)-trachelantamidine as single diastereoisomers.14,15  

Following a related approach, we envisaged that 1-hydroxymethyl-7-hydroxy substituted pyrrolizidines 17 

could be efficiently accessed via the double reductive cyclisation of bisaldehyde 16 (X = CO2
tBu or 

CH2OH), which could be directly derived from olefinic oxidation (such as ozonoylsis) of 

diastereoisomerically pure dienyl β-amino ester 14 or the corresponding alcohol 15. These substrates would 

be prepared via our diastereoselective conjugate addition methodology11 upon reaction of the enantiopure 
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lithium amide reagents (R)-13 or (S)-13 with enantiopure α,β-unsaturated ester 12, followed by enolate 

allylation (Figure 2). Herein, we report the application of this strategy in concise asymmetric syntheses of 

three diastereoisomeric 1-hydroxymethyl-7-hydroxy substituted pyrrolizidine alkaloids: (–)-hastanecine 3, (–

)-turneforcidine 4 and (–)-platynecine 5. 

 

Fig. 2. Synthetic strategy towards 1-hydroxymethyl-7-hydroxy substituted pyrrolizidines 17. 

 

2. Results and Discussion 

The enantiopure γ-hydroxy-α,β-unsaturated ester (R)-22 was prepared via an analogous route to the 

corresponding known ethyl ester.16,17 Aldehyde 21 was prepared by olefination of 2,2-

dimethoxyacetaldehyde 19 with tert-butyl phosphonoacetate 18 followed by acetal hydrolysis in the 

presence of TsOH, which gave 21 in 83% yield (over 2 steps) and >99:1 d.r. Treatment of aldehyde 21 with 

allyltributyltin and a catalytic amount of Ti(OiPr)4, CF3CO2H and (+)-(R)-BINOL gave α,β-unsaturated ester 

(R)-22 in 98% yield and 96:4 e.r.18 The absolute configuration of 22 was first assigned by analogy to that of 

the corresponding ethyl ester,16 and was later unambiguously established by single crystal X-ray diffraction 

analyses of several derivatives (vide infra). The O-silyl protected derivative (R)-23, the common precursor 

for (–)-hastanecine 3, (–)-turnefocidine 4 and (–)-platynecine 5, was prepared in quantitative yield upon 

treatment of (R)-22 with TESCl and imidazole in the presence of a catalytic amount of DMAP (Scheme 1). 
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Scheme 1.  Reagents and Conditions: (i) K2CO3, 19, cyclohexane, 60 °C, 16 h; (ii) TsOH, acetone/H2O (1:1), 70 °C, 1.5 h; (iii) 

Ti(OiPr)4, CF3CO2H, (+)-(R)-BINOL, 4 Å MS then allyltributyltin, CH2Cl2, –78 °C, 10 min then –20 °C, 72 h; (iv) TESCl, 

imidazole, DMAP, CH2Cl2, rt, 16 h. [a >99:1 d.r., (E):(Z)]. 

The inherent level of substrate control offered by the enantiopure α,β-unsaturated ester (R)-2319 upon 

conjugate addition was evaluated upon reaction with achiral lithium N-benzyl-N-isopropylamide 24: the 

conjugate addition of 24 to ,-unsaturated ester (R)-2320 gave an 89:11 mixture of 3,4-anti-25 and 3,4-syn-

26, respectively. Upon purification, the major product 25 was isolated in 24% yield as a single 

diastereoisomer (>99:1 d.r.), along with an 85:15 mixture of 25 and 26, respectively, in 67% combined yield 

(Scheme 2). The configurations of 25 and 26 were determined by chemical correlation (vide infra). It was 

predicted that the reaction between lithium amide (R)-13 and α,β-unsaturated ester (R)-23 would be the 

doubly diastereoselective21 “matched” pairing of chiral reagent and chiral substrate, and the reaction 

between (S)-13 and (R)-23 would be the doubly diastereoselective21 “mismatched” pairing. 

 

Scheme 2.  Reagents and Conditions: (i) 24, THF, –78 °C, 2 h. [a an 85:15 mixture of 25 and 26 was also isolated in 67% 

combined yield]. 

Conjugate addition of (R)-13 to α,β-unsaturated ester (R)-23 (96:4 e.r.) gave a 96:4 mixture of β-amino 

esters 27 and ent-28, and 27 was isolated in 64% yield and >99:1 d.r. after purification, while conjugate 

addition of (S)-13 to (R)-23 (96:4 e.r.) gave a 96:4 mixture of β-amino esters 28 and ent-27, and 28 was 

isolated in 71% yield and >99:1 d.r. after purification (Scheme 3). The relative configurations within 27 and 

28 were unambiguously established by single crystal X-ray diffraction analyses of their derivatives (vide 

infra). In each case the minor diastereoisomeric product must be derived from the minor enantiomeric 

component of the starting material (S)-23 as the 96:4 d.r. observed upon conjugate addition indicates that 
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both reactions are completely diastereoselective under the (totally) dominant control of the lithium amide 

reagent, despite the reasonable levels of substrate control (89:11 d.r.) observed upon conjugate addition of 

achiral lithium N-benzyl-N-isopropylamide 24 to α,β-unsaturated ester (R)-23. 

 

Scheme 3.  Reagents and Conditions: (i) (R)-13, THF, –78 °C, 2 h; (ii) (S)-13, THF, –78 °C, 2 h. 

 

Treatment of β-amino esters 27 and 28 with TBAF promoted O-desilylation and in situ lactonisation to give 

exclusively 29 and 30 in 70 and 81% yield, respectively, and >99:1 d.r. in each case (Scheme 4). The 

relative configurations within 29 and 31 were unambiguously established by single crystal X-ray diffraction 

analyses and the absolute (4S,5R,αR)-configuration of 29 and absolute (4R,5R,αS)-configuration of 30 were 

assigned by reference to the known (R)- and (S)-configurations of the α-methylbenzyl fragments, 

respectively (Fig. 3).22 These analyses therefore also confirmed the assigned configurations of β-amino 

esters 27 and 28, and α,β-unsaturated esters 22 and 23. Hydrogenolysis of 27 and 28 mediated by Pearlman’s 

catalyst, in a 10:1 mixture of MeOH/acetone promoted concomitant N-debenzylation and reductive 

alkylation to give 31 and 32 in 61 and 82% yield, respectively, and >99:1 d.r. in both cases. Similarly, 

hydrogenolysis of an 85:15 mixture of 25 and 26 [derived from the conjugate addition of achiral lithium 

amide 24 to α,β-unsaturated ester 23], gave an 85:15 mixture of -amino esters 31 and 32, respectively, in 

quantitative yield (Scheme 4). The 1H and 13C NMR spectroscopic data of the major diastereisomer 31 

obtained from the N-debenzylation of the 85:15 mixture of 25 and 26, respectively were identical to those 

obtained from the authentic sample of 31 obtained by hydrogenolytic N-debenzylation and in situ reductive 

alkylation of 27. Thus, the relative configurations within 25 and 26 and the sense of the substrate control 

offered by enantiopure α,β-unsaturated ester 23 upon conjugate addition, were unambiguously established by 

these correlation experiments. 
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Scheme 4.  Reagents and Conditions: (i) TBAF (1.0 M in THF), THF, rt, 16 h; (ii) TBAF (1.0 M in THF), THF, rt, 48 h; (iii) H2 

(1 atm), Pd(OH)2/C, MeOH/acetone (10:1), rt, 24 h; (iv) H2 (1 atm), Pd(OH)2/C, MeOH, rt, 24 h. 

 

 

Fig. 3. X-ray crystal structures of (4S,5R,αR)-29 [left] and (4R,5R,αS)-30 [right] (selected H atoms are omitted for clarity). 

Efforts to install the second olefinic unit required for the oxidation then double reductive cyclisation protocol 

were next evaluated via either (i) treatment of the intermediate lithium (Z)-β-amino enolate23 arising from 

conjugate addition of the enantiopure lithium amide reagent (S)-13 or (R)-13 to α,β-unsaturated ester 23 with 
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allyl bromide (i.e., a “tandem” approach), or (ii) deprotonation of the corresponding β-amino esters 27 or 28 

followed by treatment of the corresponding lithium (E)-β-amino enolate23 with allyl bromide (i.e., a 

“stepwise” approach).  Attempts to obtain α-allyl-β-amino esters via a “tandem” approach were not 

successful, giving only β-amino esters 27 and 28, respectively. Under the optimised “stepwise” conditions, 

allylation of the lithium (E)-amino enolate derived from deprotonation of β-amino ester 28 with LDA gave 

33 in 93% yield and 96:4 d.r. The relative configuration of 33 was unambiguously established by single 

crystal X-ray diffraction analysis of a derivative (vide infra). In contrast to the successful “stepwise” enolate 

allylation of β-amino ester 28, attempted allylation of 27 under identical conditions gave mainly starting 

material 27 (>50%). The somewhat substrate dependent nature of both “tandem” and “stepwise” enolate 

allylations of β-amino esters has been reported in similar systems.15,23a,24 Instead, sequential treatment of 

lactone 29 with LDA and allyl bromide gave 34 in 62% yield and 76:24 d.r., as an inseparable mixture of 

C(3)-epimers. The diastereoisomeric purity of 34 (76:24 d.r.) was enriched upon treatment with KOtBu, 

which gave 34 in 93% yield and >99:1 d.r. Similarly, allylation of lactone 30 upon sequential treatment with 

LDA and allyl bromide gave 35 in 85:15 d.r. Subsequent treatment of 35 (85:15 d.r.) with KOtBu afforded 

35 as a single diastereoisomer (>99:1 d.r.) in 52% isolated yield after chromatographic purification (Scheme 

5). The relative 3,4-anti configurations within 34 and 35 were tentatively assigned by analogy to literature 

examples, where allylation of β-subsituted γ-butyrolactones is known to give the corresponding 3,4-anti 

diastereoisomers as the major products;25 these assignments were supported by 1H NMR nOe analyses of 34 

and 35, and subsequently confirmed by chemical correlation to known pyrrolizidine alkaloids (vide infra). 

 
Scheme 5.  Reagents and Conditions: (i) LDA, THF, 0 °C, 1 h then allyl bromide, 0 °C to rt, 2 h; (ii) KOtBu, THF, rt, 18 h. 
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Reduction of 34 with LiAlH4 gave diol 36 in 64% yield and >99:1 d.r. However, superior overall yield of 36 

was obtained directly from 29 without purification of the intermediates. To prevent N-oxidation in the 

subsequent ozonolysis step, 36 was converted into the corresponding hydrochloride salt 36·HCl. Treatment 

of 36·HCl with O3 followed by addition of polymer-bound PPh3 gave the corresponding dialdehyde 37, and 

subsequent hydrogenolytic removal of the N-protecting groups facilitated in situ reductive cyclisation onto 

both pendant aldehyde functionalities to give pyrrolizidine 3. Purification of the crude reaction mixture on 

DOWEX ion exchange resin gave (–)-hastanecine 3 in 82% yield (from 36) and >99:1 d.r. (Scheme 6). The 

spectroscopic data, melting point and specific rotation for this sample of  

(–)-hastanecine 3 were in good agreement with literature data26 {mp 109–110 °C; lit.26g mp 112.5–113.5 °C; 

lit.26e mp 113–114 °C; lit.26d mp 111–112 °C; []D
20 –8.3 (c 0.9 in EtOH); lit.26g []D

25 –10.0 (c 0.7 in 

EtOH); lit.26d []D
23 –10.4 (c 0.4 in EtOH)} and distinct from those for the known C(1)-epimer.26e,27 Thus, 

this also confirmed the configurations of 34, 36 and 37. The total asymmetric synthesis of (–)-hastanecine 3 

was therefore achieved in 11 steps and 17% overall yield from commercially available aldehyde 19. 

 

Scheme 6.  Reagents and Conditions: (i) LiAlH4, THF, 0 °C, 2 h; (ii) HCl (2.0 M in Et2O) then O3, CH2Cl2/MeOH (1:1), –78 °C 

then polymer-bound PPh3, rt, 2 h; (iii) H2 (5 atm), Pd(OH)2/C, MeOH/AcOH (10:1), rt, 48 h. [a 36 was also isolated in 57% yield 

and >99:1 d.r. (from 29) over 3 steps without purification of the intermediates]. 

Reduction of 35 with LiAlH4 gave diol 38 in 80% yield and >99:1 d.r. Ozonolysis of the corresponding 

hydrochloride salt 38·HCl, followed by hydrogenolysis/double reductive cyclisation gave (–)-turneforcidine 

4 in 42% yield and >99:1 d.r. after purification (Scheme 7). The spectroscopic data, melting point and 

specific rotation for this sample of (–)-turneforcidine 4 were in good agreement with literature data26a,26b,26i,28 

{mp 109–110 °C; lit.26i mp 118–120 °C; []D
20 –10.0 (c 0.8 in MeOH); lit.26i []D

24 –11.4 (c 1.2 in MeOH); 

lit.28a,28d []D
26 –13.9 (c 0.4 in MeOH); lit.26j []D

23 –12.5 (c 1.3 in MeOH)}. The total asymmetric synthesis 

of (–)-turneforcidine 4 was therefore achieved in 11 steps and 8% overall yield from commercially available 

aldehyde 19. 
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Scheme 7.  Reagents and Conditions: (i) LiAlH4, THF, 0 °C, 2 h; (ii) HCl (2.0 M in Et2O) then O3, CH2Cl2/MeOH (1:1), –78 °C 

then polymer-bound PPh3, rt, 2 h; (iii) H2 (5 atm), Pd(OH)2/C, MeOH/AcOH (10:1), rt, 48 h then 50 °C, 72 h. 

Treatment of 33 (96:4 d.r.) with TBAF for 24 h gave only partial deprotection of the O-TES group, however, 

complete removal of the O-TES group was achieved by using HF·pyridine within 18 h, which gave 40 in 

92% yield and 96:4 d.r. Reduction of 40 with LiAlH4 gave diol 41 in 91% yield and 96:4 d.r. The attempted 

formation of the corresponding pyrrolizidine was performed under identical conditions to those employed in 

the syntheses of (–)-hastanecine 3 and (–)-turneforcidine 4 (i.e., ozonolysis of the corresponding 

hydrochloride salt 41·HCl followed by hydrogenolysis/double reductive cyclisation), but unfortunately this 

gave a complex mixture of products, containing some N-methylated species (which are presumably derived 

from the competitive reductive N-methylation upon reaction with the formaldehyde formed in the ozonolysis 

step). Alternatively, 33 was treated with Grubbs I catalyst to give 42 in 93% yield and >99:1 d.r. Subsequent 

O-TES deprotection with HF·pyridine afforded 43 in quantitative yield and >99:1 d.r. (Scheme 8). The 

relative configuration within 43 was unambiguously established by single crystal X-ray diffraction analysis 

and the absolute (1S,6R,7R,αS)-configuration of 43 was assigned by reference to the known (S)-

configuration of the α-methylbenzyl fragment (Figure 4).22 This analysis therefore also confirmed the 

assigned configurations within β-amino esters 33, 40 and 42, and diol 41. Reduction of 43 with LiAlH4 gave 

diol 44 in 95% yield and >99:1 d.r. Ozonolysis of the corresponding hydrochloride salt 44·HCl followed by 

hydrogenolysis/double reductive cyclisation gave (–)-platynecine 5 in 51% yield and >99:1 d.r. (Scheme 8). 

The spectroscopic data, melting point and specific rotation for this sample of (–)-platynecine 5 were in good 

agreement with literature data26a,26b,26i,26j,27a,28a–e,29 {mp 140–142 °C; lit.30 mp 145–146 °C; lit.29g mp 149–151 

°C; lit.29e mp 147–148 °C; lit.26i mp 151–152 °C; lit.29f mp 147.5–149 °C; []D
20 –58.8 (c 0.9 in EtOH); lit.26a 

[]D
20 –51 (c 0.9 in EtOH); lit.29g []D

20 –58 (c 1 in EtOH)}. The total asymmetric synthesis of (–)-

platynecine 5 was therefore achieved in 11 steps and 24% overall yield from commercially available 

aldehyde 19. 
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Scheme 8.  Reagents and Conditions: (i) HF·pyridine, THF, rt, 18 h; (ii) LiAlH4, THF, –78 °C to rt, 18 h; (iii) Grubbs I, CH2Cl2, 

35 °C, 18 h; (iv) HCl (2.0 M in Et2O), rt then O3, CH2Cl2/MeOH, –78 °C then polymer-bound PPh3, rt, 2 h; (v) H2 (5 atm), 

Pd(OH)2/C, MeOH/AcOH (10:1), rt, 48 h. 

 

Fig. 4. X-ray crystal structure of (1S,6R,7R,αS)-43 (selected H atoms are omitted for clarity). 

3. Conclusion 

Asymmetric syntheses of pyrrolizidine alkaloids (–)-hastanecine, (–)-turneforcidine and (–)-

platynecine were achieved via conjugate addition of the requisite antipode of lithium N-benzyl-N-(α-

methylbenzyl)amide to tert-butyl (R,E)-4-(triethylsilyloxy)hepta-2,6-dienoate followed by diastereoselective 

allylations of either the resultant β-amino esters or the corresponding γ-butyrolactones as the key steps. 

Subsequent ester/lactone reduction followed by ozonolysis of the corresponding hydrochloride salts and one-



 - 12 - 

pot hydrogenolysis/double reductive cyclisation provided rapid access to the corresponding pyrrolizidine 

alkaloids (–)-hastanecine, (–)-turneforcidine and (–)-platynecine, which were isolated as single 

diastereoisomers (>99:1 d.r.) in 17, 8 and 24% overall yield, respectively, in 11 steps from commercially 

available 2,2-dimethoxyacetaldehyde. Further applications of this methodology in the asymmetric synthesis 

of more densely substituted azabicyclic alkaloids are under investigation within our laboratory. 

 

4. Experimental Section 

4.1. General Experimental All reactions involving organometallic or other moisture-sensitive reagents 

were carried out under a nitrogen or argon atmosphere using standard vacuum line techniques and glassware 

that was flame dried and cooled under nitrogen before use. n-BuLi was purchased (as a solution in hexanes) 

and titrated against diphenylacetic acid before use. Solvents were dried according to the procedure outlined 

by Grubbs and co-workers.31 Water was purified by an Elix® UV-10 system. Organic solvents were used as 

supplied (analytical or HPLC grade) without prior purification. Organic layers were dried over MgSO4. Thin 

layer chromatography was performed on aluminium plates coated with 60 F254 silica. Plates were visualised 

using UV light (254 nm) or 1% aq KMnO4. Flash column chromatography was performed on Kieselgel 60 

silica. 

Melting points are uncorrected. IR spectra were recorded using an ATR module. Selected 

characteristic peaks are reported in cm–1. NMR spectra were recorded in the deuterated solvent stated. The 

field was locked by external referencing to the relevant deuteron resonance. 1H–1H COSY and 1H–13C 

HMQC analyses were used to establish atom connectivity. Accurate mass measurements were run on a 

MicroTOF instrument internally calibrated with polyalanine. 

4.2. tert-Butyl (E)-3-formyl-2-propenoate 21 

Step 1: K2CO3 (7.90 g, 57.1 mmol) was added to a stirred solution of 18 (8.00 g, 31.7 mmol) in cyclohexane 

(50 mL) and the resultant suspension was stirred at 60 °C for 2 h. 2,2-Dimethoxyacetaldehyde 19 (60% in 

H2O, 12 mL, 69.3 mmol) was added, and the resultant mixture was stirred at 60 °C for 16 h, then allowed to 

cool to rt before satd aq NH4Cl (50 mL) was added. The aqueous layer was extracted with Et2O (3 × 50 mL) 

and the combined organic extracts were washed sequentially with satd aq NaHCO3 (50 mL), H2O (50 mL) 

and brine (50 mL), then dried and concentrated in vacuo to give 20 in >99:1 d.r. [(E):(Z)]. Purification via 

flash column chromatography (eluent 30–40 °C petrol/Et2O, 20:1) gave 20 as a colourless oil (7.00 g, 96%, 

>99:1 d.r. [(E):(Z)]);32 H (400 MHz, CDCl3) 1.49 (9H, s, CMe3), 3.34 (6H, s, CH(OMe)2), 4.92 (1H, dd, J 

4.3, 1.3, C(4)H), 6.06 (1H, dd, J 15.9, 1.3, C(2)H), 6.67 (1H, dd, J 15.9, 4.3, C(3)H). 
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Step 2: p-Toluensulfonic acid monohydrate (1.98 g, 10.4 mmol) was added to a stirred solution of 20 (18.1 g, 

89.6 mmol, >99:1 d.r. [(E):(Z)]) in a 1:1 mixture of H2O and acetone (400 mL). The resultant mixture was 

heated at reflux for 1.5 h, then satd aq NaHCO3 (100 mL) was added. The aqueous layer was extracted with 

Et2O (3 × 150 mL) and the combined organic extracts were washed with brine (100 mL), then dried and 

concentrated in vacuo to give 21 in >99:1 d.r. [(E):(Z)]. Purification via flash column chromatography 

(eluent 30–40 °C petrol/Et2O, 20:1) gave 21 as a colourless oil (14.0 g, 86%, >99:1 d.r. [(E):(Z)]);32  H (400 

MHz, CDCl3) 1.51 (9H, s, CMe3), 6.65 (1H, d, J 15.9, C(2)H), 6.88 (1H, dd, J 15.9, 7.8, C(3)H), 9.73 (1H, d, 

J 7.8, C(4)H). 

4.3. tert-Butyl (R,E)-hepta-4-hydroxy-2,6-dienoate 22  

(R)-(+)-BINOL (733 mg, 2.56 mmol), Ti(OiPr)4 (1.0 M in CH2Cl2, 1.28 mL, 1.28 mmol) and CF3CO2H (0.5 

M in CH2Cl2, 0.18 mL, 0.098 mmol) were added to a stirred mixture of 4 Å molecular sieves (2.00 g) in 

CH2Cl2 (40 mL). The resultant mixture was heated at reflux for 1 h, then allowed to cool to rt. 21 (2.00 g, 

12.8 mmol) was added and the resultant mixture was stirred at rt for 30 min, then cooled to –78 °C and 

allyltributyltin (6.00 mL, 1.93 mmol) was added. The reaction mixture was stirred for 10 min at –78 °C, then 

transferred to a –20 °C freezer. After 72 h, satd aq NaHCO3 (5 mL) was added and the resultant mixture was 

purified via flash column chromatography (10%  KF in SiO2,
16b eluent 30–40 °C petrol/acetone, 95:5 

increased to 90:10) to give 22 as a colourless oil (2.50 g, 98%, >99:1 d.r. [(E):(Z)], 96:4 e.r.);16b,18 20

D][  +1.4 

(c 1.6 in CHCl3); max (ATR) 3433 (OH), 2983 (CH), 1718 (C=O) 1658 (C=C); H (400 MHz, CDCl3) 

1.48 (9H, s, CMe3), 2.23–2.36 (1H, m, C(5)HA), 2.37–2.48 (1H, m, C(5)HB), 4.31–4.38 (1H, m, C(4)H), 

5.14–5.24 (2H, m, C(7)H2), 5.74–5.87 (1H, m, C(6)H), 5.98 (1H, dd, J 15.7, 1.5, C(2)H), 6.84 (1H, dd, J 

15.7, 4.7, C(3)H); C (100 MHz, CDCl3) 27.9 (CMe3), 41.1 (C(5)), 69.9 (C(4)), 80.6 (CMe3), 119.4 (C(7)), 

122.5 (C(2)), 133.2 (C(6)), 147.8 (C(3)), 165.8 (C(1)); m/z (CI+) 199 ([M+H]+, 100%); HRMS (CI+) 

C11H19O3
+ ([M+H]+) requires 199.1329; found 199.1333. 

4.4. tert-Butyl (R,E)-4-(triethylsilyloxy)hepta-2,6-dienoate 23 

TESCl (4.4 mL, 26.1 mmol), imidazole (3.0 g, 43.4 mmol) and DMAP (530 mg, 4.34 mmol) were added to 

a stirred solution of 22 (4.20 g, 21.7 mmol, >99:1 d.r. [(E):(Z)], 96:4 e.r.18) in CH2Cl2 (70 mL). The reaction 

mixture was stirred at rt for 16 h, then washed with 1.0 M aq HCl (3 × 20 mL). The organic layer was dried 

and concentrated in vacuo. Purification via flash column chromatography (eluent 30–40 °C petrol/Et2O, 

40:1) gave 23 as a colourless oil (6.75 g, quant, >99:1 d.r. [(E):(Z)], 96:4 e.r.); 20

D][  −3.8 (c 1.5 in CHCl3); 

max (ATR) 2878, 2957 (CH), 1715 (C=O), 1658 (C=C); H (400 MHz, CDCl3) 0.53 (6H, q, J 8.0, 

Si(CH2CH3)3), 0.88 (9H, t, J 8.0, Si(CH2CH3)3), 1.41 (9H, s, CMe3), 2.20–2.28 (2H, m, C(5)H2), 4.24 (1H, 
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tdd, J 6.3, 4.9, 1.6, C(4)H), 4.99–5.04 (2H, m, C(7)H2), 5.65–5.77 (1H, m, C(6)H), 5.82 (1H, dd, J 15.5, 1.6, 

C(2)H), 6.74 (1H, dd, J 15.5, 4.9, C(3)H); C (100 MHz, CDCl3) 4.8 (Si(CH2CH3)3), 6.8 (Si(CH2CH3)3), 

28.1 (CMe3), 42.1 (C(5)), 71.4 (C(4)), 80.2 (CMe3), 117.7 (C(7)), 121.9 (C(2)), 133.8 (C(6)), 148.9 (C(3)), 

166.0 (C(1)); m/z (CI+) 313 ([M+H]+, 100%); HRMS (CI+) C17H32O3Si+ ([M+H]+) requires 313.2193; found 

313.2196.  

4.5. tert-Butyl (3S,4R)-3-(N-benzyl-N-isopropylamino)-4-(triethylsilyloxy)hept-6-enoate 25 and tert-

butyl (R,R)-3-(N-benzyl-N-isopropylamino)-4-(triethylsilyloxy)hept-6-enoate 26 

n-BuLi (2.2 M in hexanes, 0.43 mL, 0.99 mmol) was added dropwise to a stirred solution of N-benzyl-N-

isopropylamine (0.17 mL, 1.02 mmol) in THF (1.5 mL) at 78 C. The resultant mixture was stirred at 78 

C for 30 min, then a solution of 23 (200 mg, 0.64 mmol, >99:1 d.r. [(E):(Z)], 96:4 e.r.) in THF (1.5 mL) at 

78 C was added dropwise via cannula. The resultant mixture was stirred at 78 C for 2 h, then satd aq 

NH4Cl (15 mL) was added. The resultant mixture was allowed to warm to rt, then concentrated in vacuo. 

The residue was then partitioned between CH2Cl2 (5 mL) and 10% aq citric acid (5 mL). The aqueous layer 

was extracted with CH2Cl2 (3 × 5 mL) and the combined organic extracts were washed sequentially with satd 

aq NaHCO3 (5 mL), H2O (5 mL) and brine (5 mL), then dried and concentrated in vacuo to give an 89:11 

mixture of 25 and 26, respectively. Purification via flash column chromatography (eluent 30−40 °C 

petrol/Et2O, 40:1) gave an 85:15 mixture of 25 and 26, respectively, as a colourless oil (200 mg, 67%). Data 

for mixture: max (ATR) 2960, 2877 (CH), 1730 (C=O) 1640 (C=C); m/z (ESI+) 462 ([M+H]+, 100%); 

HRMS (ESI+) C27H48NO3Si+ ([M+H]+) requires 462.3398; found 462.3393. Data for 26: H (400 MHz, 

CDCl3) [selected peaks] 1.39 (9H, s, CMe3), 2.98 (1H, app septet, J 6.7, NCHMe2), 3.04 (1H, ddd, J 8.9, 4.0, 

2.4, C(3)H), 4.00 (1H, d, J 14.8, NCHAHBPh), 4.854.93 (1H, m, C(7)HA), 5.53 (1H, ddt, J 17.2, 10.2, 6.9, 

C(6)H); C (100 MHz, CDCl3) 5.1 (Si(CH2CH3)3), 6.9 (Si(CH2CH3)3), 17.2 (NCHMeAMeB), 22.6 

(NCHMeAMeB), 28.1 (CMe3), 34.7, 38.5 (C(2), C(5)), 49.5 (CHMe2), 51.7 (NCH2Ph), 80.2 (CMe3), 116.4 

(C(7)), 136.0 (C(6)). Further elution gave 25 as a colourless oil (70 mg, 24%, >99:1 d.r.). 20

D][  −4.0 (c 0.8 in 

CHCl3); max (ATR) 2960, 2878 (CH), 1728 (C=O); H (400 MHz, CDCl3) 0.52 (6H, q, J 8.0, 

Si(CH2CH3)3), 0.91 (9H, t, J 8.0, Si(CH2CH3)3), 0.97 (6H, t, J 6.7, NCHMe2), 1.45 (9H, s, CMe3), 2.202.33 

(1H, m, C(5)HA), 2.40–2.42 (2H, m, C(2)H2), 2.33−2.47 (1H, m, C(5)HB), 2.83 (1H, septet, J 6.7, NCHMe2), 

3.43 (1H, q, J 5.9, C(3)H), 3.61 (1H, d, J 14.8, NCHAHBPh), 3.78 (1H, d, J 14.8, NCHAHBPh), 3.72 

(1H, m, C(4)H), 5.00–5.05 (2H, m, C(7)H2), 5.79 (1H, app ddt, J 17.2, 9.5, 7.0, C(6)H), 7.14−7.33 (5H, m, 

Ph); C (100 MHz, CDCl3) 5.2 (Si(CH2CH3)3), 7.0 (Si(CH2CH3)3), 19.2 (NCHMeAMeB), 20.9 

(NCHMeAMeB), 28.1 (CMe3), 35.2 (C(2)), 39.8 (C(5)), 49.6 (NCHMe2), 50.3 (NCH2Ph), 56.0 (C(3)), 74.2 
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(C(4)), 79.8 (CMe3), 117.4 (C(7)), 126.4, 128.0, 128.2 (o,m,p-Ph), 134.6 (C(6)), 141.9 (i-Ph), 172.6 (C(1)); 

m/z (ESI+) 462 ([M+H]+, 100%); HRMS (ESI+) C27H48NO3Si+ ([M+H]+) requires 462.3398; found 

462.3395.  

4.6. tert-Butyl (3S,4R,αR)-3-[N-benzyl-N-(α-methylbenzyl)amino]-4-(triethylsilyloxy)hept-6-enoate 27 

n-BuLi (2.2 M in hexanes, 2.95 mL, 6.48 mmol) was added dropwise to a stirred solution of (R)-N-benzyl-

N-(α-methylbenzyl)amine (1.4 mL, 6.69 mmol, >99:1 e.r.33) in THF (15 mL) at 78 C. The resultant 

mixture was stirred at 78 C for 30 min, then a solution of 23 (1.30 g, 4.18 mmol, >99:1 d.r. [(E):(Z)], 96:4 

e.r.18) in THF (15 mL) at 78 C was added dropwise via cannula. The resultant reaction mixture was stirred 

at 78 C for 2 h, then satd aq NH4Cl (5 mL) was added. The resultant mixture was allowed to warm to rt 

then concentrated in vacuo. The residue was then partitioned between CH2Cl2 (15 mL) and 10% aq citric 

acid (15 mL). The aqueous layer was extracted with CH2Cl2 (3 × 15 mL) and the combined organic extracts 

were washed sequentially with satd aq NaHCO3 (10 mL), H2O (10 mL) and brine (10 mL), then dried and 

concentrated in vacuo to give 27 in 96:4 d.r. Purification via flash column chromatography (eluent 30−40 °C 

petrol/Et2O, 40:1) gave 27 as a colourless oil (1.40 g, 64%, >99:1 d.r.); 20

D][  −27.4 (c 0.5 in CHCl3); max 

(ATR) 2956, 2877 (CH), 1727 (C=O), 1636 (C=C); H (400 MHz, CDCl3) 0.48 (6H, q, J 8.0, 

Si(CH2CH3)3), 0.83 (9H, t, J 8.0, Si(CH2CH3)3), 1.29 (3H, d, J 7.0, C(α)Me), 1.36 (9H, s, CMe3), 1.65 (1H, 

dd, J 15.9, 2.3, C(2)HA), 1.99−2.05 (1H, dd, J 15.9, 8.7, C(2)HB), 2.30−2.40 (1H, m, C(5)HA), 2.58 (1H, app 

dd, J 14.4, 7.7, C(5)HB), 3.51 (1H, d, J 15.0, NCHAHBPh), 3.59−3.65 (3H, m, C(3)H, C(4)H, NCHAHBPh), 

3.69 (1H, q, J 7.0, C(α)H), 4.99−5.08 (2H, m, C(7)H2), 5.78−5.91 (1H, m, C(6)H), 7.15−7.35 (10H, m, Ph); 

C (100 MHz, CDCl3) 5.0 (Si(CH2CH3)3), 7.0 (Si(CH2CH3)3), 19.6 (C(α)Me), 29.2 (CMe3), 34.7 (C(2)), 38.8 

(C(5)), 51.0 (NCH2Ph), 55.6 (C(3)), 58.2 (C(α)), 73.5 (C(4)), 79.6 (CMe3), 117.3 (C(7)), 126.7, 127.0, 128.0, 

128.1, 128.3, 128.4 (o,m,p-Ph), 134.7 (C(6)), 141.5, 141.7 (i-Ph), 171.7 (C(1)); m/z (ESI+) 524 ([M+H]+, 

100%); HRMS (ESI+) C32H50NO3Si+ ([M+H]+) requires 524.3554; found 524.3541. 

4.7. tert-Butyl (3R,4R,αS)-3-[N-benzyl-N-(α-methylbenzyl)amino]-4-(triethylsilyloxy)hept-6-enoate 28 

n-BuLi (2.2 M in hexanes, 19.9 mL, 43.7 mmol) was added dropwise to a stirred solution of (S)-N-benzyl-N-

(α-methylbenzyl)amine (9.4 mL, 44.8 mmol, >99:1 e.r.34) in THF (35 mL) at 78 C. The resultant mixture 

was stirred at 78 C for 30 min, then a solution of 23 (7.00 g, 22.4 mmol, >99:1 d.r., 96:4 e.r.18) in THF (35 

mL) at 78 C was added dropwise via cannula. The resultant mixture was stirred at 78 C for 2 h, then 

satd aq NH4Cl (50 mL) was added. The resultant mixture was allowed to warm to rt, then concentrated in 

vacuo. The residue was then partitioned between CH2Cl2 (50 mL) and 10% aq citric acid (50 mL). The 

aqueous layer was extracted with CH2Cl2 (3 × 100 mL) and the combined organic extracts were washed 
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sequentially with satd aq NaHCO3 (100 mL), H2O (100 mL) and brine (100 mL), then dried and 

concentrated in vacuo to give 28 in 96:4 d.r. Purification via flash column chromatography (eluent 30−40 °C 

petrol/Et2O, 40:1) gave 28 as a colourless oil (8.30 g, 71%, >99:1 d.r.); 25

D][  −7.2 (c 2.0 in CHCl3); max 

(ATR) 2956, 2877 (CH), 1725 (C=O), 1640 (C=C); H (400 MHz, CDCl3) 0.45 (6H, q, J 7.8, 

Si(CH2CH3)3), 0.79 (9H, t, J 7.8, Si(CH2CH3)3), 1.25 (3H, d, J 7.1, C(α)Me), 1.33 (9H, s, CMe3), 1.451.55 

(1H, m, C(2)HA) 2.33 (1H, dd, J 15.2, 10.2, C(5)HA), 2.25−2.35 (1H, m, C(2)HB), 2.80 (1H, app dt, J 15.2, 

7.0, C(5)HB), 3.28–3.30 (1H, m, C(3)H), 3.35 (1H, d, J 14.3, NCHAHBPh), 3.69 (1H, q, J 7.1, C(α)H), 

3.60−3.69 (1H, m, C(4)H), 4.23 (1H, d, J 14.3, NCHAHBPh), 4.99 (1H, d, J 10.2, C(7)HA), 5.04 (1H, d, J 

17.2, C(7)HB), 5.67 (1H, app ddt, J 17.2, 10.2, 7.0, C(6)H), 7.10−7.27 (8H, m, Ph), 7.43 (2H, d, J 7.5, Ph); 

C (100 MHz, CDCl3) 5.1 (Si(CH2CH3)3), 6.9 (Si(CH2CH3)3), 20.3 (C(α)Me), 28.1 (CMe3), 33.4 (C(2)), 39.1 

(C(5)), 52.9 (NCH2Ph), 53.7 (C(3)), 58.0 (C(α)), 76.1 (C(4)), 79.9 (CMe3), 116.6 (C(7)), 126.3, 127.0, 128.0, 

128.1, 128.2, 128.6 (o,m,p-Ph), 136.0 (C(6)), 141.7, 142.3 (i-Ph), 172.1 (C(1)); m/z (ESI+) 524 ([M+H]+, 

100%); HRMS (ESI+) C32H49NNaO3Si+ ([M+Na]+) requires 546.3374; found 546.3377. 

4.8. (4S,5R,αR)-4-[N-Benzyl-N-(α-methylbenzyl)amino]-5-allyl-dihydrofuran-2-one 29 

TBAF (1.0 M in THF, 2.68 mL, 2.68 mmol) was added to a stirred solution of 27 (1.40 g, 2.68 mmol, >99:1 

d.r.) at rt. The reaction mixture was stirred at rt for 16 h, satd aq NaHCO3 (10 mL) was added and the 

reaction mixture was stirred at rt for 10 min. The reaction mixture was extracted with EtOAc (3 × 20 mL) 

and the combined organic extracts were washed with brine (10 mL), then dried and concentrated in vacuo. 

Purification via flash column chromatography (eluent 3040 °C petrol/EtOAc, 5:1) gave 29 as a white solid 

(380 mg, 70%, >99:1 d.r.); mp 128−130 °C; 20

D][  +160.5 (c 1.2 in CHCl3); max (ATR) 2960, 2912 (CH), 

1777 (C=O) 1645 (C=C); δH (400 MHz, CDCl3) 1.29 (3H, d, J 7.0, C(α)Me), 1.37 (1H, dd, J 18.3, 8.7, 

C(3)HA), 2.08 (1H, dd, J 18.3, 7.7, C(3)HB), 2.29−2.39 (1H, m, C(1')HA), 2.51−2.60 (1H, m, C(1')HB), 

3.53−3.69 (3H, m, C(4)H, NCH2Ph), 3.73 (1H, q, J 7.0, C(α)H), 4.26 (1H, app q, J 6.4, C(5)H), 5.06−5.15 

(2H, m, C(3')H2), 5.68−5.80 (1H, m, C(2')H), 7.14−7.38 (10H, m, Ph); C (100 MHz, CDCl3) 19.0 (C(α)Me), 

29.5 (C(3)), 37.6 (C(1')), 50.6 (NCH2Ph), 57.4 (C(4)), 58.0 (C(α)), 82.6 (C(5)), 119.1 (C(3')), 127.3, 127.6, 

127.7, 128.0, 128.7, 128.7 (o,m,p-Ph), 132.4 (C(2')), 139.6, 141.3 (i-Ph), 175.8 (C(2)). m/z (ESI+) 336 

([M+H]+, 100%); HRMS (ESI+) C22H26NO2
+ ([M+H]+) requires 336.1958; found 336.1952. 

4.9. (4R,5R,αS)-4-[N-Benzyl-N-(α-methylbenzyl)amino]-5-allyl-dihydrofuran-2-one 30 

TBAF (1.0 M in THF, 4.88 mL, 4.88 mmol) was added to a stirred solution of 28 (1.70 g, 3.25 mmol, >99:1 

d.r.) at rt. The reaction mixture was stirred at rt for 48 h, then satd aq NaHCO3 (10 mL) was added and the 

reaction mixture was stirred at rt for 10 min. The reaction mixture was extracted with EtOAc (3 × 20 mL) 
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and the combined organic extracts were washed with brine (10 mL), then dried and concentrated in vacuo. 

Purification via flash column chromatography (eluent 3040 °C petrol/EtOAc, 5:1) gave 30 as a white solid 

(880 mg, 81%, >99:1 d.r.); mp 153−155 °C; 25

D][  +219 (c 0.8 in CHCl3); max (ATR) 3020, 2966 (CH), 

1781 (C=O), 1645 (C=C); δH (400 MHz, CDCl3) 1.35 (3H, d, J 7.1, C(α)Me), 1.66 (1H, dd, J 18.2, 3.8, 

C(3)HA), 2.05 (1H, dd, J 18.2, 8.0, C(3)HB), 2.47−2.55 (1H, m, C(1')HA), 2.64−2.71 (1H, m, C(1')HB), 3.59 

(1H, d, J 17.4, NCHAHBPh), 3.63 (1H, d, J 17.4, NCHAHBPh), 3.79 (1H, q, J 7.1, C(α)H), 3.90 (1H, ddd, J 

8.0, 6.4, 3.8, C(4)H), 4.50 (1H, app dt, J 9.0, 5.6, C(5)H), 5.10 (1H, dd, J 10.2, 1.5, C(3')HA), 5.16 (1H, dd, J 

17.2, 1.5, C(3')HB), 5.90 (1H, ddt, J 17.2, 10.2, 6.8, C(2')H), 7.13−7.39 (10H, m, Ph); C (100 MHz, CDCl3) 

17.1 (C(α)Me), 32.1 (C(3)), 33.9 (C(1')), 51.9 (NCH2Ph), 55.0 (C(4)), 56.3 (C(α)), 84.4 (C(5)), 118.1 (C(3')), 

127.3, 127.7, 127.7, 127.9, 128.5, 128.8 (o,m,p-Ph), 133.8 (C(2')), 138.9, 140.4 (i-Ph), 176.4 (C(2)); m/z 

(ESI+) 336 ([M+H]+, 100%); HRMS (ESI+) C22H25NNaO2
+ ([M+Na]+) requires 358.1778; found 358.1780. 

4.10. tert-Butyl (3S,4R)-3-(N-isopropylamino)-4-(triethylsilyloxy)heptanoate 31 

Method A: Pd(OH)2/C (50 mg, 50% w/w) was added to a stirred solution of 27 (100 mg, 0.19 mmol, >99:1 

d.r.) in degassed MeOH (2 mL) and acetone (0.2 mL) at rt under nitrogen. The resultant solution was stirred 

under an atmosphere of H2 (1 atm). After 24 h, the reaction mixture was filtered through Celite® (eluent 

EtOAc), dried and concentrated in vacuo to give 31 as a pale yellow oil (43 mg, 61%, >99:1 d.r.); 20

D][  −3.0 

(c 1.0 in CHCl3); max (ATR) 2876, 2935, 2958 (CH), 1727 (C=O); δH (400 MHz, CDCl3) 0.60 (6H, q, J 

8.0, Si(CH2CH3)3), 0.90 (3H, t, J 6.9, C(7)H3), 0.95 (9H, t, J 8.0, Si(CH2CH3)3), 1.0 (3H, d, J 6.2, 

NCHMeAMeB), 1.01 (3H, d, J 6.2, NCHMeAMeB), 1.21−1.50 (4H, m, C(5)H2, C(6)H2), 1.44 (9H, s, CMe3), 

2.19 (1H, dd, J 15.0, 7.8, C(2)HA), 2.33 (1H, dd, J 15.0, 5.2, C(2)HB), 2.85 (1H, septet, J 6.2, NCHMe2), 

3.05 (1H, ddd, J 7.8, 5.2, 2.7, C(3)H), 3.75 (1H, td, J 6.0, 2.7, C(4)H); δC (100 MHz, CDCl3) 5.2 

(Si(CH2CH3)3), 7.0 (Si(CH2CH3)3), 14.2 (C(7)), 19.1 (C(6)), 23.2, 23.4 (NCHMe2), 28.1 (CMe3), 36.0 

(C(5)), 37.1 (C(2)), 45.4 (NCHMe2), 55.8 (C(3)), 73.5 (C(4)), 80.0 (CMe3), 172.5 (C(1)); m/z (ESI+) 374 

([M+H]+, 100%); HRMS (ESI+) C20H44NO3Si+ ([M+H]+) requires 374.3085; found 374.3085.  

Method B: Pd(OH)2/C (40 mg, 40% w/w) was added to a stirred solution of an 85:15 mixture of 25 and 26 

(100 mg, 0.21 mmol) in degassed MeOH (1.5 mL) at rt under nitrogen. The resultant solution was stirred 

under an atmosphere of H2 (1 atm). After 24 h, the reaction mixture was filtered through Celite® (eluent 

EtOAc), dried and concentrated in vacuo to give an 85:15 mixture of 31 and 32 as a pale yellow oil (80 mg, 

quant). 
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4.11. tert-Butyl (R,R)-3-(N-isopropylamino)-4-(triethylsilyloxy)heptanoate 32 

Pd(OH)2/C (33 mg, 50% w/w) was added to a stirred solution of 28 (66 mg, 0.13 mmol, >99:1 d.r.) in 

degassed MeOH (1.5 mL) and acetone (0.15 mL) at rt under nitrogen. The resultant solution was stirred 

under an atmosphere of H2 (1 atm). After 24 h, the reaction mixture was filtered through Celite® (eluent 

EtOAc), dried and concentrated in vacuo to give 32 as a pale yellow oil (40 mg, 82%, >99:1 d.r.); 20

D][  +6.1 

(c 0.9 in CHCl3); max (ATR) 2876, 2957 (CH), 1726 (C=O); δH (400 MHz, CDCl3) 0.61 (6H, q, J 8.0, 

Si(CH2CH3)3), 0.90 (3H, t, J 7.1, C(7)H3), 0.96 (9H, t, J 8.0, Si(CH2CH3)3), 1.00 (3H, d, J 6.2, 

NCHMeAMeB), 1.03 (3H, d, J 6.2, NCHMeAMeB), 1.17−1.36 (2H, m, C(5)HA, C(6)HA), 1.45 (9H, s, CMe3), 

1.35−1.46 (1H, m, C(6)HB), 1.53−1.64 (1H, m, C(5)HB), 2.15 (1H, dd, J 14.8, 7.9, C(2)HA), 2.50 (1H, dd, J 

14.8, 5.0, C(2)HB), 2.84 (1H, septet, J 6.2, NCHMe2), 3.05 (1H, ddd, J 7.9, 5.0, 3.4, C(3)H), 3.65−3.70 (1H, 

m, C(4)H); δC (100 MHz, CDCl3) 5.1 (Si(CH2CH3)3), 6.9 (Si(CH2CH3)3), 14.2 (C(7)), 19.4 (C(6)), 23.4, 23.5 

(NCHMe2), 28.0 (CMe3), 34.3 (C(5)), 37.5 (C(2)), 46.0 (NCHMe2), 55.9 (C(3)), 73.6 (C(4)), 80.1 (CMe3), 

172.7 (C(1)); m/z (ESI+) 374 ([M+H]+, 100%); HRMS (ESI+) C20H44NO3Si+ ([M+H]+) requires 374.3085; 

found 374.3079. 

4.12. tert-Butyl (2S,3R,4R,αS)-2-allyl-3-[N-benzyl-N-(α-methylbenzyl)amino]4-(triethylsilyloxy)hept-6-

enoate 33 

n-BuLi (2.2 M in hexanes, 2.60 mL, 5.74 mmol) was added dropwise to a stirred solution of iPr2NH (0.94 

mL, 6.70 mmol) in THF (15 mL) at 0 C, and the resultant mixture was stirred at 0 C for 30 min. A solution 

of 28 (1.00 g, 1.91 mmol, >99:1 d.r.) in THF (15 mL) at 0 C was then added. The resultant mixture was 

stirred at 0 C for 1 h, then allyl bromide (0.50 mL, 5.74 mmol) was added and the resultant mixture was 

allowed to warm to rt over 2 h. Satd aq NH4Cl (15 mL) was then added and the reaction mixture was 

concentrated in vacuo. The aqueous layer was extracted with EtOAc (3 × 20 mL) and the combined organic 

extracts were washed sequentially with satd aq NaHCO3 (15 mL) and brine (10 mL), then dried and 

concentrated in vacuo to give 33 in 96:4 d.r. Purification via flash column chromatography (eluent 30−40 °C 

petrol/Et2O, 40:1) gave 33 as a colourless oil (1.00 g, 93%, 96:4 d.r.); 25

D][  −31.3 (c 2.2 in CHCl3); max 

(ATR) 2977, 2955, 2912, 2876 (C−H), 1723 (C=O), 1641 (C=C); H (400 MHz, CDCl3) 0.40 (6H, q, J 8.0, 

Si(CH2CH3)3), 0.78 (9H, t, J 8.0, Si(CH2CH3)3), 1.07 (3H, d, J 7.0, C(α)Me), 1.42 (9H, s, CMe3), 2.06 (1H, 

ddd, J 12.7, 7.5, 5.0, C(5)HA), 2.15−2.33 (2H, m, C(1')H2), 2.49 (1H, app dt, J 7.5, 6.3, C(5)HB), 2.75−2.85 

(1H, m, C(2)H), 2.88 (1H, dd, J 7.9, 2.1, C(3)H), 3.76 (1H, ddd, J 7.5, 5.0, 2.1, C(4)H), 3.86 (1H, d, J 15.4, 

NCHAHBPh), 4.12 (1H, q, J 6.9, C(α)H), 4.45 (1H, d, J 15.4, NCHAHBPh), 4.65−4.74 (2H, m, C(3')H2), 

4.84−4.99 (3H, m, C(6)H, C(7)H2), 5.63 (1H, ddt, J 17.2, 7.9, 6.3, C(2')H), 7.07−7.53 (10H, m, Ph); C (100 
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MHz, CDCl3) 5.3 (Si(CH2CH3)3), 7.0 (Si(CH2CH3)3), 22.1 (C(α)Me), 28.2 (CMe3), 35.6 (C(1')), 39.2 (C(5)), 

46.6 (C(2)), 52.8 (NCH2Ph), 61.3 (C(α)), 61.9 (C(3)), 75.0 (C(4)), 80.7 (CMe3), 116.5, 116.5 (C(7), C(3')), 

125.8, 126.7, 127.7, 128.0, 128.1, 128.5 (o,m,p-Ph), 135.4, 135.6 (C(6), C(2')), 144.4, 146.2 (i-Ph), 174.8 

(C(1)); m/z (ESI)+ 564 ([M+H]+,100%); HRMS (ESI+) C35H54NO3Si+ ([M+H]+) requires 564.3867; found 

564.3858. 

4.13. (3S,4S,5R,αR)-3,5-Diallyl-4-[N-benzyl-N-(α-methylbenzyl)amino]dihydrofuran-2-one 34 

Step 1: n-BuLi (2.2 M in hexanes, 0.39 mL, 0.87 mmol) was added dropwise to a stirred solution of iPr2NH 

(0.125 mL, 0.90 mmol) in THF (3 mL) at 0 C, and the resultant mixture was stirred at 0 C for 30 min. A 

solution of 29 (100 mg, 0.30 mmol, >99:1 d.r.) in THF (2 mL) was then added at 0 C. The resultant mixture 

was stirred at 0 C for 1 h, then allyl bromide (51 μL, 0.60 mmol) was added and the resultant mixture was 

then allowed to warm to rt over 2 h. Satd aq NH4Cl (3 mL) was then added and the reaction mixture was 

concentrated in vacuo. The aqueous layer was extracted with EtOAc (3 × 10 mL) and the combined organic 

extracts were washed sequentially with satd aq NaHCO3 (10 mL) and brine (10 mL), then dried and 

concentrated in vacuo to give 34 in 76:24 d.r. Purification via flash column chromatography (eluent 30−40 

°C petrol/EtOAc, 20:1) gave 34 as a colourless oil (70 mg, 62%, 76:24 d.r.). 

Step 2: KOtBu (18 mg, 0.16 mmol) was added to a stirred solution of 34 (54 mg, 0.16 mmol, 74:26 d.r.) in 

THF (3 mL). The resultant solution was stirred at rt for 16 h then satd aq NH4Cl (3 mL) was added. The 

reaction mixture was concentrated in vacuo. The aqueous layer was extracted with EtOAc (3 × 5 mL) and 

the combined organic extracts were washed sequentially with satd aq NaHCO3 (5 mL) and brine (5 mL), 

then dried and concentrated in vacuo to give 34 in >95:5 d.r. Purification via flash column chromatography 

(eluent 3040 °C petrol/EtOAc 10:1) gave 34 as a colourless oil (50 mg, 93%, >99:1 d.r.); 20

D][  +24.4 (c 1.6 

in CHCl3); max (ATR) 3063, 3029, 2977, 2933 (C−H), 1770 (C=O), 1642 (C=C); δH (400 MHz, CDCl3) 

1.24 (3H, d, J 6.9, C(α)Me), 2.06−2.30 (3H, m, C(1')H2, C(1'')HA), 2.38−2.46 (1H, m, C(1'')HB), 2.67 (1H, 

app q, J 6.0, C(3)H), 3.21 (1H, app t, J 6.3, C(4)H), 3.71−3.82 (2H, m, NCH2Ph), 3.91 (1H, q, J 6.9, C(α)H), 

4.27 (1H, ddd, J 7.4, 6.0, 4.6, C(5)H), 4.76 (1H, dd, J 17.0, 1.2, C(3')HA), 4.88 (1H, dd, J 10.5, 1.2, C(3')HB), 

4.98 (1H, dd, J 17.1, 1.5, C(3'')HA), 5.08 (1H, app d, J 10.3 C(3'')HB), 5.45 (1H, ddt, J 17.0, 10.5, 0.9, 

C(2')H), 5.66 (1H, ddt, J 17.1, 10.3, 6.9, C(2'')H), 7.16−7.29 (10H, m, Ph); C (100 MHz, CDCl3) 19.8 

(C(α)Me), 33.8 (C(1')), 38.4 (C(1'')), 42.9 (C(3)), 51.1 (NCH2Ph), 59.3 (C(α)), 62.8 (C(4)), 81.0 (C(5)), 

118.5 (C(3')), 118.8 (C(3'')), 127.2, 127.4, 127.7, 127.9, 128.5, 128.5 (o,m,p-Ph), 132.7 (C(2'')), 133.9 

(C(2')), 140.7, 144.0 (i-Ph), 177.4 (C(2)); m/z (ESI+) 376 ([M+H]+, 100%); HRMS (ESI+) C25H30NO2
+ 

([M+H]+) requires 376.2271; found 376.2264. 
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4.14. (3R,4R,5R,αS)-3,5-Diallyl-4-[N-benzyl-N-(α-methylbenzyl)amino]dihydrofuran-2-one 35 

Step 1: n-BuLi (2.2 M in hexanes, 1.75 mL, 3.84 mmol) was added dropwise to a stirred solution of iPr2NH 

(0.63 mL, 4.48 mmol) in THF (4.5 mL) at 0 C, and the resultant mixture was stirred at 0 C for 30 min. A 

solution of 30 (430 mg, 1.28 mmol, >99:1 d.r.) in THF (9 mL) was then added at 0 C. The resultant mixture 

was stirred at 0 C for 1 h, then allyl bromide (0.22 mL, 2.56 mmol) and the resultant mixture was allowed 

to warm to rt over 2 h. Satd aq NH4Cl (5 mL) was then added and the reaction mixture was concentrated in 

vacuo. The aqueous layer was extracted with EtOAc (3 × 10 mL), and the combined organic extracts were 

washed sequentially with satd aq NaHCO3 (10 mL) and brine (10 mL), then dried and concentrated in vacuo 

to give 35 (400 mg, 85:15 d.r.).  

Step 2: KHMDS (0.7 M in PhMe, 0.76 mL, 0.53 mmol) was added to tBuOH (0.20 mL, 2.14 mmol) in THF 

(10 mL) and the resultant mixture was stirred at rt for 15 min, then added to a stirred solution of 35 (400 mg, 

1.28 mmol, 85:15 d.r.) in THF (10 mL). The resultant mixture was stirred at rt for 24 h then satd aq NH4Cl 

(5 mL) was added and the reation mixture was concentrated in vacuo. The aqueous layer was extracted with 

EtOAc (3 × 10 mL) and the combined organic extracts were washed sequentially with satd aq NaHCO3 (10 

mL) and brine (10 mL), then dried and concentrated in vacuo to give 35 in >95:5 d.r. Purification via flash 

column chromatography (eluent 3040 °C petrol/EtOAc 20:1) gave 35 as a colourless oil (250 mg, 52% 

from 30, >99:1 d.r.); 25

D][  +42.6 (c 1.1 in CHCl3); max (ATR) 3062, 2979 (C−H), 1764 (C=O), 1642 (C=C); 

δH (400 MHz, CDCl3) 1.30 (3H, d, J 7.1, C(α)Me), 1.92−2.00 (1H, m, C(1')HA), 2.04−2.12 (1H, m, C(3)H, 

C(1')HB), 2.48−2.65 (2H, m, C(1'')H2), 3.50 (1H, dd, J 6.0, 1.5, C(4)H), 3.78 (2H, s, NCH2Ph), 3.81 (1H, q, J 

7.1, C(α)H), 4.45 (1H, td, J 8.8, 6.0, C(5)H), 4.90 (1H, d, J 17.1, C(3')HA), 4.94 (1H, d, J 10.2, C(3')HB), 

5.09 (1H, d, J 10.2, C(3'')HA), 5.14 (1H, d, J 17.1, C(3'')HB), 5.47 (1H, app ddt, J 17.1, 10.2, 7.0, C(2')H), 

5.88 (1H, app ddt, J 17.1, 10.2, 6.8, C(2'')H), 7.15−7.41 (10H, m, Ph); C (100 MHz, CDCl3) 19.3 (C(α)Me), 

34.2 (C(1')), 34.4 (C(1'')), 42.6 (C(3)), 52.2 (NCH2Ph), 56.9 (C(α)), 59.9 (C(4)), 83.4 (C(5)), 117.9 (C(3'')), 

118.4 (C(3')), 127.3, 127.7, 127.8, 127.8, 127.6, 128.8 (o,m,p-Ph), 133.6 (C(2')), 134.1 (C(2'')), 139.2, 141.4 

(i-Ph), 178.1 (C(2)); m/z (ESI+) 376 ([M+H]+, 100%); HRMS (ESI+) C25H30NO2
+ ([M+H]+) requires 

376.2271; found 376.2271. 

4.15. (2S,3S,4R,αR)-2-Allyl-3-[N-benzyl-N-(α-methylbenzyl)amino]hept-6-ene-1,4-diol 36 

LiAlH4 (1.0 M in THF, 1.5 mL, 1.5 mmol) was added to a stirred solution of 34 (140 mg, 0.37 mmol, >99:1 

d.r.) in THF (3 mL) at 0 °C. The resultant solution was allowed to warm to rt for 2 h, 2.0 M aq NaOH (0.75 

mL, 1.5 mmol) was then added and the resultant mixture was stirred at rt for 1 h. The resultant mixture was 
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filtered through Celite® (eluent THF), then dried and concentrated in vacuo. Purification via flash column 

chromatography (eluent 3040 °C petrol/Et2O, 4:1) gave 36 as a colourless oil (90 mg, 64%, >99:1 d.r.); 

20

D][  +34.3 (c 1.0 in CHCl3); max (ATR) 3268 (O–H) 2973 (C−H), 1639 (C=C); H (400 MHz, CDCl3) 1.28 

(1H, d, J 6.9, C(α)Me), 1.561.68 (1H, m, C(2)H), 1.761.88 (1H, m, C(1')HA), 2.132.28 (2H, m, C(1')HB, 

C(5)HA), 2.532.63 (1H, m, C(5)HB), 2.61 (1H, app t, J 5.0, C(3)H), 2.79 (1H, br s, OH), 3.34 (1H, dd, J 

11.4, 6.5, C(1)HA), 3.62 (1H, app d, J 11.4, C(1)HB), 3.82 (1H, d, J 14.4, NCHAHBPh), 3.884.01 (2H, m, 

C(4)H, C(α)H), 3.95 (1H, d, J 14.4, NCHAHBPh), 4.82 (2H, d, J 14.0, C(3')H2), 5.02–5.05 (1H, m, C(7)HA), 

5.06–5.10 (1H, m, C(7)HB), 5.36 (1H, dddd, J 17.7, 14.2, 8.5, 5.6, C(2')H), 5.715.87 (1H, m, C(6)H), 

7.127.33 (10H, m, Ph); C (100 MHz, CDCl3) 17.4 (C(α)Me), 35.5 (C(1')), 40.6 (C(2)), 41.2 (C(5)), 51.7 

(NCH2Ph), 58.0 (C(α)), 62.3 (C(1)), 63.0 (C(3)), 71.5 (C(4)), 115.9, 118.0 (C(7), C(3')), 126.8, 127.0, 128.1, 

128.2 128.4, 128.6 (o,m,p-Ph), 136.0, 137.8 (C(6), C(2')), 141.4, 143.9 (i-Ph); m/z (ESI+) 380 ([M+H]+, 

100%); HRMS (ESI+) C25H34NO2
+ ([M+H]+) requires 380.2584; found 380.2574. 

4.16. (1S,7R,7aS)-1-Hydroxymethyl-7-hydroxyhexahydro-1H-pyrrolizine 3 [()-hastanecine] 

Amino diol 36 (380 mg, 1.00 mmol, >99:1 d.r.) was coevaporated with HCl (3  3 mL, 2.0 M in Et2O), then 

dissolved in CH2Cl2 (10 mL) and MeOH (10 mL). The resultant solution was cooled to 78 C and degassed 

with N2 and O2 before O3 was purged through the solution until it turned blue. The reaction mixture was then 

purged with O2, until it turned colourless, then polymer supported Ph3P (3 mmol/g, 1.00 g, 3.00 mmol) was 

added and the reaction mixture was allowed to warm to rt and stirred at rt for 3 h. The reaction mixture was 

then filtered through a short plug of Celite® (eluent MeOH) and concentrated in vacuo to a volume of 3 mL, 

then AcOH (0.3 mL) and Pd(OH)2/C (100 mg, 25% w/w) were added. The resultant solution was degassed 

and stirred under an atmosphere of H2 (5 atm) at rt for 48 h. The reaction mixture was then filtered through a 

short plug of Celite® (eluent MeOH) and concentrated in vacuo and coevaporated with HCl (2.0 M in Et2O, 

3 mL). Purification via ion exchange chromatography on Dowex-50WX8 resin (hydrogen form, 100–200 

mesh, eluent 18 M aq NH4OH) gave 3 as a white solid (129 mg, 82% from 36, >99:1 d.r.); {mp 108–109 °C; 

lit.2i 113–114 °C; lit.35 113–114 °C; lit.26j 113–114 °C; lit.26g mp 112.5–113.5 °C; lit.26e mp 113–114 °C; 

lit.26d mp 111–112 °C; lit.26i mp 113114 °C; lit.26c mp 110 °C; []D
20 −8.3 (c 0.9 in EtOH); lit.2i []D

20 –9.1 

(in EtOH); lit.35 []D
25 –10.0 (c 0.4 in EtOH); lit.26g []D

25 –10.0 (c 0.7 in EtOH); lit.26e []D
20 –9.7 (c 0.9 in 

EtOH); lit.26d []D
23 –10.4 (c 0.4 in EtOH); lit.26c for ent-3: []D

25 +8.5 (c 0.6 in EtOH); lit.26e for ent-3: 

[]D
20 +9.0 (c 0.5 in EtOH); lit.26i for ent-3: []D

20 +8.2 (c 1.43 in EtOH); lit.26j for ent-3: []D
18 +8.5 (c 2.2 

in EtOH)}; max (ATR) 3290 (O−H); δH (400 MHz, MeOH-d4) 1.40−1.55 (1H, m, C(2)HA), 1.58−1.68 (1H, 

m, C(6)HA), 1.75−2.00 (3H, m, C(1)H, C(2)HB, C(6)HB), 2.46 (1H, dt, J 10.1, 5.6, C(3)HA), 2.63 (1H, ddd, J 
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11.2, 6.9, 4.1, C(5)HA), 2.90 (1H, dd, J 7.5, 2.0, C(7a)H), 2.98−3.10 (2H, m, C(3)HB, C(5)HB), 3.45−3.55 

(2H, m, C(1')H2), 3.96−4.01(1H, m, C(7)H); δC (100 MHz, CDCl3) 30.8 (C(2)), 33.5 (C(6)), 47.6 (C(1)), 

53.3 (C(5)), 55.6 (C(3)), 65.0 (C(1')), 77.3 (C(7a)), 77.5 (C(7)); m/z (ESI+) 158 ([M+H]+, 100%); HRMS 

(ESI+) C8H16NO2
+ ([M+H]+) requires 158.1176; found 158.1176. 

4.17. (2R,3R,4R,αS)-2-Allyl-3-[N-benzyl-N-(α-methylbenzyl)amino]hept-6-ene-1,4-diol 38 

LiAlH4 (2.4 M in THF, 3.2 mL, 7.68 mmol) was added to a stirred solution of 35 (700 mg, 1.92 mmol, >99:1 

d.r.) in THF (10 mL) at 0 °C. The resultant solution was allowed to warm to rt for 2 h, 2.0 M aq NaOH (3.8 

mL, 7.6 mmol) was then added at 0 °C and the resultant mixture was stirred at rt for 1 h. The resultant 

mixture was filtered through Celite® (eluent THF), then dried and concentrated in vacuo. Purification via 

flash column chromatography (eluent 3040 °C petrol/Et2O, 4:1) gave 38 as a colourless oil (570 mg, 80%, 

>99:1 d.r.); 20

D][  −31.2 (c 0.8 in CHCl3); max (ATR) 3327 (O−H), 3063, 2974, 2930 (C−H), 1639 (C=C); H 

(400 MHz, CDCl3) 1.31 (3H, d, J 7.0, C(α)Me), 1.47 (1H, app tt, J 9.1, 4.4, C(2)H), 1.87−2.00 (2H, m, 

C(5)H2), 2.26−2.36 (2H, m, C(1')H2), 2.73 (1H, m, C(3)H), 3.35 (1H, br s OH), 3.35 (1H, dd, J 11.7, 4.4, 

C(1)HA), 3.59 (1H, dd, J 11.7, 4.4, C(1)HB), 3.78 (1H, app q, J 5.8, C(4)H), 3.86 (1H, d, J 14.3, 

NCHAHBPh), 4.02 (1H, q, J 7.0, C(α)H), 4.20 (1H, d, J 14.3, NCHAHBPh), 4.84–4.88 (2H, m, C(7)H2), 5.07 

(1H, m, C(3')HA), 5.08−5.13 (1H, m, C(3')HB), 5.30−5.43 (1H, m, C(6)H), 5.08−5.13 (1H, m, C(2')H), 

7.15−7.35 (10H, m, Ph); C (100 MHz, CDCl3) 20.1 (C(α)Me), 36.3 (C(5)), 39.8 (C(1')), 40.8 (C(2)), 52.6 

(NCH2Ph), 58.4 (C(α)), 62.7 (C(1)), 62.8 (C(3)), 69.7 (C(4)), 116.3 (C(7)), 117.7 C(3')), 126.9, 127.2, 128.0, 

128.2, 128.4, 128.5, 128.6 (o,m,p-Ph), 135.7 (C(2')), 137.6 (C(6)), 141.1, 143.6 (i-Ph); m/z (ESI+) 380 

([M+H]+, 100%); HRMS (ESI+) C25H34NO2
+ ([M+H]+) requires 380.2584; found 380.2581. 

4.18. (1R,7R,7aR)-1-Hydroxymethyl-7-hydroxyhexahydro-1H-pyrrolizine 4 [()-turneforcidine] 

Amino diol 38 (230 mg, 0.60 mmol, >99:1 d.r.) was coevaporated with HCl (3  3 mL, 2.0 M in Et2O), then 

dissolved in CH2Cl2 (10 mL) and MeOH (10 mL). The resultant solution was cooled to 78 C and degassed 

with N2 and O2 before O3 was purged through the solution until it turned blue. The reaction mixture was then 

purged with O2, until it turned colourless, then polymer supported Ph3P (3 mmol/g, 600 mg, 1.80 mmol) was 

added and the reaction mixture was allowed to warm to rt and stirred at rt for 3 h. The reaction mixture was 

then filtered through a short plug of Celite® (eluent MeOH) and concentrated in vacuo to a volume of 3 mL, 

then AcOH (0.15 mL) and Pd(OH)2/C (92 mg, 40% w/w) were added. The resultant solution was degassed 

and stirred under an atmosphere of H2 (5 atm) at rt for 48 h, and then heated at 50 C for 72 h. The reaction 

mixture was then filtered through a short plug of Celite® (eluent MeOH) and concentrated in vacuo. 

Purification via flash column chromatography (eluent CHCl3/MeOH/18 M aq NH4OH, 6:4:1) gave 4 as a 
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white solid (40 mg, 42% from 38, >99:1 d.r.); {mp 109–110 °C; lit.26i mp 118–120 °C; lit.36 mp 119–120 °C; 

[]D
20 –10.0 (c 0.8 in MeOH); lit.26i []D

24 –11.4 (c 1.2 in MeOH); lit.28b []D
24 –13.9 (c 0.4 in MeOH); lit.26j 

[]D
24 –12.5 (c 1.3 in MeOH); lit.36 []D

24 –12.0 (c 0.8 in MeOH)}; max (ATR) 3391 (O−H), 2967, 2934 

(C−H); δH (400 MHz, MeOH-d4) 1.66 (1H, dtd, J 12.4, 9.3, 6.8, C(2)HA), 1.93−1.99 (2H, m, C(6)H2), 2.07 

(1H, dtd, J 12.4, 6.8, 3.0, C(2)HB), 2.46−2.60 (2H, m, C(1)H, C(3)HA), 2.68 (1H, q, J 8.9, C(5)HA), 

2.97−3.08 (2H, m, C(3)HB, C(5)HB), 3.14 (1H, dd, J 6.9, 4.6, C(7a)H), 3.49 (1H, dd, J 10.6, 7.1, C(1')HA), 

3.54 (1H, dd, J 10.6, 6.6, C(1')HB), 4.14 (1H, app q, J 3.7, C(7)H); δC (100 MHz, MeOH-d4) 32.6 (C(2)), 

37.6 (C(6)), 40.9 (C(1)), 52.9 (C(3)), 56.4 (C(5)), 65.8 (C(1')), 72.1 (C(7)), 73.8 (C(7a)); m/z (ESI+) 158 

([M+H]+, 100%); HRMS (ESI+) C8H16NO2
+ ([M+H]+) requires 158.1176; found 158.1176. 

4.19. tert-Butyl (2R,3R,4R,αS)-2-allyl-3-[N-benzyl-N-(α-methylbenzyl)amino]-4-hydroxyhept-6-enoate 

40 

HF (70% in pyridine, 1.45 mL, 53.3 mmol) was added to a stirred solution of 33 (1.00 g, 1.78 mmol, 96:4 

d.r.) in THF (10 mL) at 0 °C and the resultant solution was allowed to warm to rt for 18 h. Satd aq NaHCO3 

was added until pH >7 and the resultant mixture was stirred at rt for 30 min, then extracted with EtOAc (3 × 

10 mL). The combined organic extracts were dried and concentrated in vacuo. Purification via flash column 

chromatography (eluent 30–40 °C petrol/EtOAc, 4:1) gave 40 as a colourless oil (760 mg, 92%, 96:4 d.r.); 

25

D][  −13.3 (c 1.3 in CHCl3); max (ATR) 3375 (O−H), 2977 (C−H), 1722 (C=O), 1641 (C=C); H (500 

MHz, CDCl3) 1.41 (3H, d, J 6.9, C(α)Me), 1.50 (9H, s, CMe3), 2.00−2.11 (1H, m, C(5)HA), 2.22−2.33 (2H, 

m, C(5)HB, C(1')HA), 2.39 (1H, ddd, J 14.3, 10.9, 6.9, C(1')HB), 2.52 (1H, dt, J 10.9, 2.6, C(2)H), 3.36 (1H, 

dd, J 8.0, 2.6, C(3)H), 3.67 (1H, app t, J 7.8, C(4)H), 3.74 (1H, d, J 14.3, NCHAHBPh), 3.94 (1H, br s, OH), 

4.10 (1H, d, J 14.3, NCHAHBPh), 4.13 (1H, q, J 6.9, C(α)H), 4.95 (1H, app d, J 7.1, C(3')HA), 4.98 (1H, app 

s, C(3')HB), 5.05 (1H, d, J 10.2, C(7)HA), 5.09 (1H, dd, J 17.0, 1.6, C(7)HB), 5.67 (1H, ddt, J 16.8, 10.5, 6.5, 

C(2')H), 5.83 (1H, app ddt, J 17.0, 10.2, 7.0, C(6)H), 7.24−7.42 (10H, m, Ph); C (125 MHz, CDCl3) 19.7 

(C(α)Me), 27.1 (CMe3), 31.5 (C(1')), 38.1 (C(5)), 44.2 (C(2)), 50.2 (NCH2Ph), 58.7 (C(α)), 61.6 (C(3)), 67.0 

(C(4)), 80.1 (CMe3), 115.0 (C(3')), 115.8 (C(7)), 125.9, 126.3, 127.1, 127.3, 127.5, 127.8 (o,m,p-Ph), 134.5 

(C(6)), 135.2 (C(2')), 139.5, 141.9 (i-Ph), 172.7 (C(1)); m/z (ESI)+ 450 ([M+H]+, 100%); HRMS (ESI+) 

C29H40NO3
+ ([M+H]+) requires 450.3003; found 450.2999. 

 4.20. (2S,3R,4R,αS)-2-Allyl-3-[N-benzyl-N-(α-methylbenzyl)amino]hept-6-ene-1,4-diol 41 

LiAlH4 (2.4 M in THF, 2.6 mL, 6.24 mmol) was added to a stirred solution of 40 (700 mg, 1.56 mmol, 96:4 

d.r.) in THF (7 mL) at –78 °C. The resultant solution was allowed to warm to rt and stirred at rt for 16 h, 2.0 

M aq NaOH (3.15 mL, 6.3 mmol) was then added at 0 °C and the resultant mixture was stirred at rt for 1 h. 
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The resultant mixture was filtered through Celite® (eluent THF), then dried and concentrated in vacuo. 

Purification via flash column chromatography (eluent 3040 °C petrol/Et2O, 4:1) gave 41 as a colourless oil 

(530 mg, 91%, 96:4 d.r.); 25

D][  −49.2 (c 1.3 in CHCl3); max (ATR) 3405 (OH), 3062, 2975, 2934 (C−H) 

1640 (C=C); H (400 MHz, CDCl3) 1.31 (3H, d, J 7.0, C(α)Me), 1.55−1.66 (1H, m, C(2)H), 1.75−1.86 (1H, 

m, C(1')HA), 1.97−2.09 (1H, m, C(5)HA), 2.21−2.36 (2H, m, C(5)HB, C(1')HB), 2.81 (1H, dd, J 7.5, 3.4, 

C(3)H), 3.12−3.23 (1H, m, C(1)HA), 3.23 (1H, dd, J 10.5, 5.0, C(1)HB), 3.69 (1H, app td, J 8.0, 2.5, C(4)H), 

3.75 (1H, d, J 13.9, NCHAHBPh), 3.80 (1H, br s, OH), 3.98 (1H, d, J 13.9, NCHAHBPh), 4.01 (1H, q, J 7.0, 

C(α)H), 4.86−4.95 (2H, m, C(3')H2), 5.00−5.09 (2H, m, C(7)H2), 5.55−5.66 (1H, m, C(2')H), 5.76−5.88 (1H, 

m, C(6)H), 7.17−7.34 (10H, m, Ph); C (100 MHz, CDCl3) 19.9 (C(α)Me), 33.3 (C(1')), 39.2 (C(5)), 40.0 

(C(2)), 51.4 (NCH2Ph), 58.0 (C(α)), 61.5 (C(3)), 65.8 (C(1)), 67.8 (C(4)), 115.9 (C(3')), 117.2 (C(7)), 127.1, 

127.3, 128.0, 128.4, 128.6, 128.7 (o,m,p-Ph), 135.6 (C(2')), 137.4 (C(6)), 140.1, 143.2 (i-Ph); m/z (ESI+) 380 

([M+H]+, 100%); HRMS (ESI+) C25H34NO2
+ ([M+H]+) requires 380.2584; found 380.2580. 

4.21. tert-Butyl (1S,6R,7R,αS)-6-(triethylsilyloxy)-7-[N-benzyl-N-(α-methylbenzyl)amino]cyclohept-3-

ene-1-carboxylate 42 

Grubbs I catalyst (102 mg, 0.12 mmol) was added to a stirred solution of 33 (350 mg, 0.62 mmol, 96:4 d.r.) 

in degassed CH2Cl2 (35 mL) at 35 °C. The resultant mixture was stirred at 35 °C for 18 h then allowed to 

cool to rt and concentrated in vacuo. Purification via column chromatography (eluent 3040 °C petrol/Et2O, 

40:1) gave 42 as a colourless oil (310 mg, 93%, >99:1 d.r.); 25

D][  8.7 (c 1.0 in CHCl3); max (ATR) 2955, 

2876 (CH), 1726 (C=O), 1656 (C=C); H (400 MHz, CDCl3) 0.72 (6H, q, J 8.0, Si(CH2CH3)3), 1.05 (9H, t, 

J 8.0, Si(CH2CH3)3), 1.48 (9H, s, CMe3), 1.46 (3H, m, C(α)Me), 2.09 (1H, dd, J 15.0, 6.6, C(2)HA), 

2.372.55 (4H, m, C(1)H, C(2)HB, C(5)H2), 3.72 (1H, d, J 14.5, NCHAHBPh), 3.80 (1H, dd, J 8.2, 6.6, 

C(7)H), 3.88 (1H, d, J 14.5, NCHAHBPh), 4.05 (1H, q, J 6.9, C(α)H), 4.174.25 (1H, m, C(6)H), 5.505.58 

(1H, m, C(4)H), 5.635.71 (1H, m, C(3)H), 7.077.29 (10H, m, Ph); C (100 MHz, CDCl3) 5.6 

(Si(CH2CH3)3), 7.1 (Si(CH2CH3)3), 20.1 (C(α)Me), 28.1 (CMe3), 28.9 (C(2)), 35.3 (C(5)), 48.9 (C(1)), 52.3 

(NCH2Ph), 61.5 (C(α)), 64.8 (C(7)), 71.9 (C(6)), 79.7 (CMe3), 126.8 (C(4)), 126.2, 126.2, 127.5, 127.6, 

128.0, 128.9 (o,m,p-Ph), 129.6 (C(3)), 141.5, 145.9 (i-Ph), 174.1 (CO2
tBu); m/z (ESI+) 536 ([M+H]+, 100%); 

HRMS (ESI+) C33H50NO3Si+ ([M+H]+) requires 536.3554; found 536.3551. 

4.22. tert-Butyl (1S,6R,7R,αS)-6-hydroxy-7-[N-benzyl-N-(α-methylbenzyl)amino]-6-hydroxylcyclohept-

3-en-1-carboxylate 43 

HF (70% in pyridine, 0.33 mL, 11.4 mmol) was added to a stirred solution of 42 (200 mg, 0.38 mmol) in 

THF (3 mL) at 0 °C and the resultant solution was allowed to warm to rt for 18 h. Satd aq NaHCO3 was 
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added until pH > 7 and the resultant mixture was stirred at rt the stirred at rt for 30 min, then extracted with 

EtOAc (3 × 10 mL). The combined organic extracts were dried and concentrated in vacuo. Purification via 

flash column chromatography (eluent 30–40 °C petrol/EtOAc, 4:1) gave 43 as a white solid (167 mg, quant, 

>99:1 d.r.); 25

D][  −55.7 (c 1.1 in CHCl3); max (ATR) 3443 (O−H), 2930, 2974, 3026 (C−H), 1724 (C=O), 

1656 (C=C); H (400 MHz, CDCl3) 1.39 (9H, s, CMe3), 1.42 (3H, d, J 7.2, C(α)Me), 2.08−2.15 (1H, m, 

C(1)H), 2.23−2.58 (4H, m, C(2)H2, C(5)H2), 3.53 (1H, d, J 13.9, NCHAHBPh), 3.88 (1H, q, J 7.2, C(α)H), 

3.84−3.95 (2H, m, C(6)H, C(7)H), 3.95 (1H, d, J 13.9, NCHAHBPh), 4.01 (1H, br s, OH), 5.37 (1H, m, 

C(3)H), 5.55 (1H, app ddt, J 11.1, 6.5, 2.0, C(4)H), 7.20−7.43 (10H, m, Ph); C (100 MHz, CDCl3) 20.0 

(C(α)Me), 28.0 (CMe3), 27.8 (C(2)), 34.4 (C(5)), 43.5 (C(1)), 49.5 (NCH2Ph), 56.7 (C(α)), 59.7 (C(7)), 66.9 

(C(6)), 80.3 (CMe3), 126.4 (C(3)), 128.6 (C(4)), 127.2, 127.3, 128.0, 128.4, 128.7, 128.7 (o,m,p-Ph), 139.6, 

140.7 (i-Ph), 173.2 (CO2
tBu); m/z (ESI)+ 422 ([M+H]+,100%); HRMS (ESI+) C27H36NO3

+ ([M+H]+) requires 

422.2690; found 422.2687. 

4.23. (1S,6R,7R,αS)-1-hydroxymethyl-6-hydroxy-7-[N-Benzyl-N-(α-methylbenzyl)amino]-cyclohept-3-

ene 44 

LiAlH4 (2.4 M in THF, 0.67 mL, 1.6 mmol) was added to a stirred solution of 43 (165 mg, 0.39 mmol, >99:1 

d.r.) in THF (2 mL) at –78 °C. The reaction solution was allowed to warm to rt then stirred at rt for 18 h. 2.0 

M aq NaOH (0.8 mL, 1.6 mmol) was then added at 0 °C and the resultant mixture was stirred at rt for 1 h. 

The resultant mixture was filtered through Celite® (eluent THF), then dried and concentrated in vacuo. 

Purification via flash column chromatography (eluent 3040 °C petrol/EtOAc, 4:1) gave 44 as a colourless 

oil (140 mg, 95%, >99:1 d.r.); 25

D][  −68.5 (c 1.1 in CHCl3); max (ATR) 3415 (O−H), 3025, 2969, 2915 

(CH), 1660 (C=C); H (400 MHz, CDCl3) 1.27 (3H, d, J 7.0, C(α)Me), 1.63 (1H, br s, OH), 1.771.86 (1H, 

m, C(1)H), 1.771.86 (1H, m, C(5)HA), 2.082.28 (2H, m, C(2)H2), 2.43 (1H, dd, J 9.0, 2.6, C(7)H), 2.48 

(1H, dd, J 17.6, 6.3, C(5)HB), 3.16 (1H, dd, J 10.5, 5.5, C(1')HA), 3.30 (1H, m, C(1')HB), 3.72 (1H, d, J 14.3, 

NCHAHBPh), 3.77 (1H, br s, OH), 3.813.89 (1H, m, C(6)H), 3.96 (1H, q, J 7.0, C(α)H), 3.99 (1H, d, J 14.3, 

NCHAHBPh), 5.395.47 (1H, m, C(3)H), 5.475.55 (1H, m, C(4)H), 7.187.35 (10H, m, Ph); C (100 MHz, 

CDCl3) 20.7 (C(α)Me), 26.9 (C(2)), 34.9 (C(5)), 38.5 (C(1)), 50.2 (NCH2Ph), 60.0 (C(α)), 65.3 (C(1')), 65.6 

(C(7)), 67.7 (C(6)), 127.0 (C(3)), 127.4 (C(4)), 126.8, 127.1, 127.9, 128.4, 128.5, 128.6 (o,m,p-Ph), 140.6, 

143.3 (i-Ph); m/z (ESI+) 352 ([M+H]+, 100%); HRMS (ESI+) C23H30NO2
+ ([M+H]+) requires 352.2271; 

found 352.2268. 

4.24. (1S,7R,7aR)-1-Hydroxymethyl-7-hydroxyhexahydro-1H-pyrrolizine 5 [()-platynecine] 
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Amino diol 44 (170 mg, 0.48 mmol, >99:1 d.r.) was coevaporated with HCl (3  2 mL, 2.0 M in Et2O), then 

dissolved in CH2Cl2 (10 mL) and MeOH (10 mL). The resultant solution was cooled to 78 C and degassed 

with N2 and O2 before O3 was purged through the solution until it turned blue. The reaction mixture was then 

purged with O2, until it turned colourless, then polymer supported Ph3P (3 mmol/g, 540 mg, 1.62 mmol) was 

added and the reaction mixture was allowed to warm to rt and stirred at rt for 3 h. The reaction mixture was 

then filtered through a short plug of Celite® (eluent MeOH) and concentrated in vacuo to a volume of 3 mL. 

AcOH (0.15 mL) and Pd(OH)2/C (76 mg, 40% w/w) were added. The resultant solution was degassed and 

stirred under an atmosphere of H2 (5 atm) at rt for 48 h. The reaction mixture was then filtered through a 

short plug of Celite® (eluent MeOH) and concentrated in vacuo and coevaporated with HCl (2.0 M in Et2O, 

3 mL). Purification via column chromatography (eluent CHCl3/MeOH/18 M aq NH4OH, 6:4:1) gave 5 as a 

white solid (39 mg, 51%, >99:1 d.r.); {mp 140–142 °C; lit.30 mp 145–146 °C; lit.29h mp 146–147 °C; lit.26i 

mp 151–153 °C; lit.29e mp 147–148 °C; lit.29g mp 149–151 °C; lit.29a mp 147–148 °C; lit.29f mp 147.5–149 

°C; []D
20 –58.8 (c 0.9 in EtOH) ; []D

20 –55.0 (c 0.2 in CHCl3); lit.
26i []D

20 –55.1 (c 2.1 in CHCl3); lit.
29h 

[]D
20 –63.4 (c 0.2 in CHCl3); lit.

30 []D
20 –61.5 (c 1.0 in CHCl3); lit.

26a []D
20 –51 (c 0.9 in EtOH); lit.29e 

[]D
20 –60.3 (c 0.3 in CHCl3); lit.

29g []D
20 –58.0 (c 1.0 in EtOH); lit.29f []D

20 –65.5 (c 0.8 in CHCl3)}; max 

(ATR) 3334 (O−H); δH (400 MHz, MeOH-d4) 1.78 (1H, app dtd, J 11.8, 7.2, 2.3, C(2)HA), 1.89−1.96 (2H, 

m, C(6)H2), 1.99−2.11 (1H, m, C(2)HB), 2.42−2.57 (1H, m, C(1)H), 2.85−3.00 (2H, m, C(3)HA, C(5)HA), 

3.20 (1H, app td, J 10.5, 7.2, C(3)HB), 3.33−3.38 (1H, m, C(5)HB), 3.43 (1H, dd, J 8.1, 3.2, C(7a)H), 

3.90−4.00 (2H, m, C(1')H2), 4.30 (1H, app q, J 2.7, C(7)H); δC (100 MHz, MeOH-d4) 29.0 (C(2)), 37.4 

(C(6)), 45.0 (C(1)), 55.1 (C(5)), 56.7 (C(3)), 61.6 (C(1')), 73.0 (C(7)), 73.2 (C(7a)); m/z (ESI+) 158 ([M+H]+, 

100%); HRMS (ESI+) C8H16NO2
+ ([M+H]+) requires 158.1176; found 158.1175. 
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