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Abstract

The asymmetric syntheses of all four possible drasisomeric 1-hydroxymethyl-2-hydroxy substituted
pyrrolizidines, (-)-macronecine, (-)-petasineciite)-1-epi-macronecine and (+)-@pi-petasinecine, are
reported. Conjugate addition of lithiur®){N-benzylN-(a-methylbenzyl)amide tdert-butyl (E)-hepta-2,6-
dienoate, followed by aldol reaction with acroleimder various conditions gave four possible
diastereoisomericg3-amino esters with the required stereogenic ceninstalled. In each case, the
pyrrolizidine scaffold was rapidly accessed by i of the ester moiety followed by a sequenitiad-
step protocol involving ozonolysis and hydrogensiigiouble reductive cyclisation. Following thisite, (—
)-macronecine, (-)-petasinecine, (—gd-macronecine and (+)-@pi-petasinecine were synthesised in 21,
14, 10 and 19% overall yield, respectively, in @pst or fewer from commercially available starting
materials. An analogous strategy employing enaot®gert-butyl (R E)-4-(triethylsilyloxy)hepta-2,6-
dienoate facilitated the asymmetric synthesis ¢f2-epi-rosmarinecine in 21% overall yield and >99:1 dr,

in 13 steps from commercially available startingenals.

Key words: (-)-macronecine, (-)-petasinecine, (—ggl-macronecine, (+)-Epi-petasinecine, (+)-2pi-

rosmarinecine, asymmetric synthesis, pyrrolizidines

Introduction

1-Hydroxymethyl-2-hydroxy substituted pyrrolizidmd and 1-hydroxymethyl-2,7-dihydroxy substituted
pyrrolizidines 2 are sub-classes of the necine bases. To daterabesi&aloids incorporating these
pyrrolizidine motifs have been isolated and showmlisplay a range of different biological activitiefor
example, (+)-petasinin® whichwas isolated from the young flower stalkspefasites japonicas Maxim.,?
has been shown to possess carcinogerficity; regioisomer hectorind was isolated along with (+)-
petasinine3 from Brachyglottis hectori.®> The related alkaloid (-)-petasinoside5Awas isolated from the

perennial plantSenecio nemorensis L.,* which has been used for treating influenza vimrsteritis and
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pneumonia in Chinese medicine. The 1-hydroxyme®higl/droxy substituted pyrrolizidines, (-)-
petasinecin® and (+)-macronecin@ were obtained by hydrolysis of (—)-petasin8ie€ and macrophylling,
respectively. The 1-hydroxymethyl-2,7-dihydroxy stituted pyrrolizidines (-)-rosmarinecird® and (+)-
croalbinecine (also known as helifolinecihd@)l were obtained by hydrolysis of (=)-rosmarinidi€from
Senecio rosmarinifolius and inS Hygrophilus)® and (+)-croalbidine? (from C. albida),? respectively (Fig.
1). Total syntheses of these classes of 1-hydro#tyhe-hydroxy and 1-hydroxymethyl-2,7-dihydroxy
substituted pyrrolizidines have attracted considleranterest from the synthetic community: the teigées
employed include, for example, Ireland-Claisen tyga&rrangement of an-proline derived precursdf,the

zirconium-mediated ring-contraction of vinylmorpim& derivatives; [4+2] cycloaddtion of nitroalkenes
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Fig. 1.1-Hydroxymethyl-2-hydroxy substituted pyrrolizidm®-11 [Glc = p-D-glucopyranosyl].
As part of our ongoing research programme concgriiie asymmetric synthesis of naturally occurring
nitrogen containing compound$,we became interested in developing methodologyhfe synthesis of 1-
hydroxymethyl substituted pyrrolizidines. We haweantly reported the asymmetric synthesis of three
diastereomeric 1-hydroxymethyl-7-hydroxy substidupyrrolizidines (-)-hastanecine, (—)-turneforcalit8
and (-)-platynecine by employing the diastereosieleconjugate addition of enantiopure lithiumR)- or

(9-N-benzylN-(a-methylbenzyl)amidel3 to a,pf-unsaturated estelR)-12 (96:4 er) followed by enolate
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allylation as the key step&For example, total asymmetric synthesis of (—fwrcidine18 was achieved
in 11 steps and 8% overall yield, in which the k&gps were diastereoselecive conjugate additig®)dif3

to enanitopure R)-12 to give 14, enolate alkylation of lacton&5 with LDA and allyl bromide, and
ozonolysis oft7-HCI followed by double reductive cyclisation to furniéh-turneforcidinel8 (Scheme 1).
Having established efficient methodology to accedshydroxymethyl-7-hydroxy substituted
pyrrolizidines:®!’ we envisaged that 1-hydroxymethyl-2-hydroxy subtd pyrrolizidines and even more
densely functionalised 1-hydroxymethyl-2,7-dihydycubstituted pyrrolizidines could also be accessad
the double reductive cyclisation of the correspongdiisaldehydes. These substrates would be prepared
our diastereoselective conjugate addition methagofafollowed by diastereoselective aldol reaction with
acrolein to install the required hydroxyl groupléséed by further functional group manipulation. Eier,
we report the application of this strategy in asyetno syntheses of the pyrrolizidines: (-)-macroneent-

9, (-)-petasinecing, (-)-1-epi-macronecine28 [also known as (-)-7-deoxy-rosmarinecih&](+)-1-epi-
petasinecing5 [also known as (+)-2pi-macronecinéf and (+)-2epi-rosmarinecind?2.
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Scheme 1. Reagents and Conditions: (i) (§-13, THF, =78 °C, 2 h; (ii) TBAF (1.0 M in THF), THR, 48 h; (iii) LDA, THF, 0
°C, 1 h then allyl bromide, 0 °C to rt, 2 h; (iviO8u, THF, rt, 18 h; (v) LiAlH, THF, 0 °C, 2 h; (vi) HCI (2.0 M in ED) then Q,

CH,CI,/MeOH (1:1), =78 °C, 10 min then polymer suppor&fh, rt, 2 h; (vii) B (5 atm), Pd(OH)C, MeOH/AcOH (10:1), rt,
48 h.



2. Results and Discussion

2.1. Asymmetric synthesis of 1-hydroxymethyl-2-hydyxy substituted pyrrolizidines

The stereochemical outcomes of aldol reactionskaosvn to be highly dependent on the geometry of the
intermediate enolates and the reaction conditicngh as choice of metal counterion, solvent and
temperature ett>?’ Thus, upon aldol reaction ffamino enolates it was anticipated that selectivenéition

of several of the possible diastereocisomers coeldvaluated by tuning the reaction conditions itizee (i)
treatment of the intermediate lithiurd){p-amino enolateZ()-ZO21 arising from conjugate addition of the
enantiopure lithium amide reager®)-{3 to a,p-unsaturated estet9 with acrolein (i.e., a “tandem”
approach), or (ii) deprotonation of the correspagdi-amino este5 [which can be readily accessed via
conjugate addition of lithium amid&)¢13 to a,p-unsaturated estdrd and protonation of the intermediate
enolate Z)-20] followed by treatment of the resultar){p-amino enolate §)-20** with acrolein (i.e., a
“stepwise” approach). The conjugate addition 8f-13 to a,B-unsaturated estet9? followed by the
addition of acrolein to the corresponding lithiuf)-B-amino enolaté (2)-20 gave a 12:7:28:53 mixture of
21, 22, 23 and 24, respectively, from which24 was isolated in 41% vyield and >99:1 dr along witixed
fractions of 21-24 in an additional 38% total yield. The alternatiVstepwise” protocol, whereby
deprotonation off-amino ester25®® with lithium 2,2,6,6-tetramethylpiperidine (LiTMPjollowed by
reaction of the resultant lithiunE)-B-amino enolaté (E)-20 with acrolein gave a 5:1:72:22 mixture 21,

22, 23 and 24, respectively, from whicl23 was isolated in 49% vyield and >99:1 dr and aloritty wixed
fractions of21-24 in an additional 24% total yield. The relative aaosolute configurations &1, 22, 23
and 24 were established either by chemical correlatiosingle crystal X-ray diffraction analyses of their
derivatives Yide infra). The selective formation of the remaining two stieoisomers21l and 22 via
transmetallation of the intermediate lithium enetatvas also investigated. The optimised conditionghe
isolation of21 involved transmetallation of the correspondinghilim (Z)-3-amino enolateZ4)-20 [which
was derived from conjugate addition &3 to a,f-unsaturated estek9] upon addition of TiCI(CPr)s,
followed by treatment with acrolein, which gave @1146:23:13 mixture oR1, 22, 23 and 24, respectively,
from which 21 was isolated in 22% yield and >99:1 dr and alonth wnixed fractions of21-24 in an
additional 48% total yield. Optimised conditions fbe formation oR2 involved treatment of lithiumE)-3-
amino enolat® (E)-20 (which was generated from deprotonation 2% with LDA) with B(OMe);,®
followed by the addition of acrolein to give a 18:31:26 mixture oR1, 22, 23 and24, respectively, from
which 22 was isolated as a single diastereoisomer (>99:hhdr4% yield and along with mixed fractions of

21-24in an additional 52% total yield (Scheme 2).
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Scheme 2. Reagents and Conditions: (i) THF, =78 °C, 2 h then acrolein, =78 ° to 0, €h; (ii) LITMP, THF, 0 °C, 1 h then
acrolein, =78 ° to 0 °C, 3 h; (i) THF, =78 °Ch2then TiCI(OPr);, —78 °C, 1 h then acrolein, =78 to 0 °C, 3 h; (iv) LDA, THF, 0
°C, 2 h then B(OMe) —78 °C, 1 h, then acrolein, =78 to 0 °C, $bther fractions containin@1-24 were also isolated in 38%
total yield; " other fractions containing1-24 were also isolated in 24% total yiefdpther fractions containin@1-24 were also
isolated in 48% total yield" other fractions containin@1-24 were also isolated in 52% total yield].

With four diastereocisomeric produc®l-24 in hand, attention was turned to the synthesedghef
corresponding 1-hydroxymethyl-2-hydroxypyrrolizidsr Reduction o-amino estef1 with LiAIH 4 gave
aminodiol 26 in 70% vyield and >99:1 dr. The relative configioatwithin 26 was confirmed by single
crystal X-ray diffraction analysi8 of the corresponding tetrafluoroboric acid 28tHBF,and the absolute
(1S251R,a9-configuration of26 was assigned by reference to the knowpconfiguration of thea-
methylbenzyl fragment (Fig. 2). This assignmento atecured the configuration of tfamino ester
precursor2l. To preventN-oxidation in the subsequent ozonolysis st2f, was converted into the
corresponding hydrochloride s@é- HCI. Treatment oR6- HCI with O3 followed by the addition of polymer
supported PRPhgave the corresponding dialdehy2ié and subsequent hydrogenolytic removal of the N-
protecting groups facilitated in situ double redeetcyclisation onto both pendant aldehyde fundliies.
Purification of the crude reaction mixture on DOWEX exchange resin gave){1-epi-macronecine2&’
in 69% vyield (from26) and >99:1 dr (Scheme.3he melting point and specific rotation for thisrgde of
28 were in good agreement with literature data {mp-%0°C; lit*® mp 91-93 °C[a]2’ —96.0 € 0.1 in
EtOH); lit.2® [a]2° —114 € 0.9 in EtOH)}.
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Scheme 3. Reagents and Conditions: (i) LiAIH 4, THF, —=78 °C to rt, 16 h; (ii) HCI (2.0 M in E?), rt then Q, CH,Cl,/MeOH
(1:1), =78 °C, 10 min then polymer supported £Rh3 h; (iii) H, (5 atm), Pd(OH)C, MeOH/AcOH (10:1), rt, 48 h.

Fig. 2. X-Ray crystal structure of §2S1R,09)-26:HBF, (selected H atoms are omitted for clarity).

Similarly, the reduction of-amino este4 with LiAIH,4at =78 °C gave aminodiak9 in 93% yield and
>99:1 dr. Subsequent submission 28-HCI to the ozonolysis conditions gave dialdehyg® and
hydrogenolyticN-deprotection and in situ double reductive cyci@aigave )-macronecinent-9 in 60%
yield and >99:1 dr after purification on DOWEX (5048) ion exchange resin (Scheme 4). The melting
point and specific rotation for this sampleent-9 were in good agreement with literature data {mp-112ZX3

°C; lit.** mp 124-127 °C; lit? mp 128-129 °C; Iit. mp 126-128 °Cfa]®’ —40.0 ¢ 0.6 in EtOH); lit™
[a]2—49.4 € 1.0 in EtOH); lit*° [a]2-42.1 € 1.0 in EtOH); lit* for 9: [a]® +42.7 € 1.0 in EtOH); Iit°

for 9 (from natural sourcela]3’+49.3 € 0.5 in EtOH)}. Comparison of thitd and**C NMR spectroscopic
data for this synthetic sample of){macronecinent-9 also showed good agreement with data previously
reported for both enantiomerically péiteand racemit®** samples. Moreover, the relative configuration
within 9 was confirmed by single crystal X-ray diffracticanalysi® and the absolute RI2S7a9-

configuration ofent-9 was assigned by the reference to the kndSut@nfiguration of the C(7a) stereogenic
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center generated upon conjugate addition of lithamride €)-13 to unsaturated estdi9*? (Fig. 3). This

assignment also unambiguously established thegumatiions of3-amino este4 and aminodioR9.
Ph H Ph

Ph/\'}‘) i)
N AL wCOBU T T Xy N
OH OH

24,>99:1 dr 29, 93%, >99:1 dr
J(ii)
— - Ph 7
—OH A

""OH

(-)-macronecine ent-9
60% (from 29), >99:1 dr L

Scheme 4. Reagents and Conditions: (i) LiAIH 4, THF, —=78 °C to rt, 16 h; (ii) HCI (2.0 M in E3), rt then Q, CH,Cl,/MeOH
(1:1), =78 °C, 10 min then polymer supported £Rh3 h; (iii) H, (5 atm), Pd(OH)C, MeOH/AcOH (10:1), rt, 36 h.

Fig. 3. X-Ray crystal structure of R257&9-9 [(—)-macronecine] (selected H atoms are omittedfarity).

The same sequence of reactions was applied to22dhd23: reduction of22 with LiAIH 4 gave31in 86%
yield as a single diastereoisomer (>99:1 dr). Hewea superior yield 081 was obtained fronfB-amino
ester25 following boron-mediated aldol reaction 86 and acrolein, and reduction of the resultant 55:45
mixture of 22 and 23, respectively, which gavdl in 31% overall yield (fronR5) after chromatographic
purification. Ozonolysis 081-HCI followed by hydrogenolytidN-deprotection and in situ double reductive
cyclisation gave, after purification on DOWEX (50\@Xion exchange resin;-)\-petasinecine in 57%
yield and >99:1 dr. The spectroscopic datd:>* melting point and specific rotation for this samulf 8
were in good agreement with literature data {mp-212® °C: lit?® mp 132-134 °C; Iit! mp 134-135 °C;
lit.** mp 135 °C; lit mp 132-134 °C[a]3’ —26.0 € 0.8 in EtOH); lit** [a]%° —32.0 € 1.3 in EtOH); lit™°
[a]2° —21.0 € 0.3 in EtOH); lit? [a]2’ —20 € 0.3 in EtOH); lit** [a]% —27 € 0.3 in EtOH); lit*® for ent-8:
[0]%’ +24.8 € 0.25 in EtOH)}. Similarly, reduction d-amino este®3 with LiAIH , gave aminodioB3 in

98% vyield and >99:1 dr. Ozonolysis 33HCI followed by hydrogenoytitN-deprotection and in situ double
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reductive cyclisation gave, after purification o®WEX ion exchange resint)-1-epi-petasinecine35 in
48% vyield and >99:1 dr (Scheme 5). The spectrosodgia’® > melting point and specific rotation for this
sample of35 were also in good agreement with literature data@ §8—100 °C; Iit® mp 94-96 °C; lif> mp
104-105 °C; li** mp 114-115 °Cfa]Z’ +30.0 € 0.8 in EtOH); lit** [a]Z° +40.0 € 1.0 in EtOH); lit> for
ent-35: [0]2° —29.4 € 0.5 in EtOH)}.

: Ph 5 Ph
22,>99:1 dr 31,2 86%, >99:1 dr
‘(ii)
_ : j,h _
U P >N~ OH
O :
O
OH
)-petasinecine 8
57% >99:1 dr L 32 .
Ph :  Ph
Ph/\N) P N7 OH
X AwCOBU () X o
—_—
NN NN
OH OH
23,>99:1 dr 33,98%, >99:1 dr
J(ii)

(+)-1-epi-petasinecine 35
48%, >99:1 dr L A J

Scheme 5. Reagents and Conditions: (i) LiAIH 4, THF, —=78 °C to rt, 16 h; (ii) HCI (2.0 M in E?), rt then Q, CH,Cl,/MeOH
(1:1), =78 °C, 10 min then polymer supported £Rh3 h; (iii) H, (5 atm), Pd(OH)C, MeOH/AcOH (10:1), rt, 48 h.

2.2. Asymmetric synthesis of (+)-2pi-rosmarinecine

Four diastereoisomeric 1-hydroxymethyl-2-hydroxybsiituted pyrrolizidines (—)-petasinecing (-)-
macronecineent-9, (+)-1-epi-petasinecine28 and (-)-lepi-macronecine35 were achieved via conjugate
addition of lithium §)-N-benzylN-(a-methylbenzyl)amide§)-13 to «,f-unsaturated estel® followed by
aldol reaction with acrolein and subsequent restactiouble cyclisation of the corresponding dialahy
intermediates. An analogous strategy was emplayesymmetric total synthesis of 1-hydroxymethyl-2,7
dihydroxy subsisuted pyrrolizine. Treatment of #r®wn enantiopure-silyloxy-B-amino ester14* with

LiTMP in THF at 0 °C gave lithiumE)-B-amino enolat® 36. Subsequent addition of acrolein gave only
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one product out of the four possible diastereoissieChromatographic purification afforde&¥ in 96%
yield and >99:1 drDesilylation of37 with HF in pyridine gave38in 90% yield as a single diasterecisomer
(>99:1 dr) after chromatographic purification (Seiee 6). The relative configuration withiB8 was
confirmed by single crystal X-ray diffraction ansiy and the absoluteRZBR,4R,1'S,aS)-configuration of38
was assigned by reference to the kno®ncpnfiguration of then-methylbenzyl fragment (Fig. 8). This

analysis therefore also unambiguously establishedonfiguration 087.

:  Ph :  Ph
Ph/-\r;l 0 Ph/-\r;l O'Bu
z It z
\/\E/\/Coz Bu —> Wou
TESO TESO
14,>99:1 dr (E)-36
\ >95:5 dr
Ph : Ph
II
COz‘BU -~ COz‘BU
\/\/; \/T;)/;
38, 90%, >99:1 dr 37, 96%, >99:1 dr
Scheme 6.Reagents and Conditions: (i) LITMP, THF, 0 °C, 1 h then acrolein, —=78 °€® °C, 3 h; (ii) HF-py, THF, 0 °C to rt, 16
h.

Fig. 3. X-Ray crystal structure of B3R 4R,1'SaS)-38 (selected H atoms are omitted for clarity).

Reduction off3-amino estei38 with LiAIH 4 gave an impure sample dfl in 81% yield (~70% purity).
Attempted reduction of eithé&7 or 38 with LiAIH 4 or DIBAL-H under various alternative conditionsvga
either poor conversion or complex mixtures of pidu Therefore, 37 was hydrolysed under acidic

conditions to give the corresponding carboxylicda8D, which was treated with LiAlld under reflux



followed by HF in pyridine (to facilitat®-deprotection) to give trict1lin 76% yield (from37) and >99:1 dr

(Scheme 7).
- Ph - Ph
Ph/:\l)l Ph/:\':l
N 2 _coBu—0 . 2 _COH
37,>99:1 dr 39
J(ii)
Ph : j’h

41,76% (fom 37), >99:1 dr a0
Scheme 7Reagents and Conditions. (i) CF:CO,H, CH,Cl,, 16 h, rt; (ii) LiAlH,, THF, O °C then 70 °C, 16 h; (iii) HF- py, THF, rt,
18 h.

Ozonolysis 0f41-HCI followed by hydrogenolytidN-deprotection and in situ double reductive cycimat
gave42:HOAc which was isolated in 65% yield and >99:1ldrorder to facilitate the purification o#)-2-
epi-rosmarinecinet2,® 42HOAc was first treated with A© in pyridine to give43 in 77% isolated yield
and >99:1 dr. Subsequent global deprotection of tteesked hydroxyl functionalities withid3 upon
treatment with KCO; in MeOH gave {)-2-epi-rosmarinecinet2 in quantitative yield and >99:1 dr after
chromatographic purification (Scheme 8). The re@ttonfiguration withind2 was confirmed by single
crystal X-ray diffraction analysi® and the assigned absoluteS@R,7R,7aR)-configuration of42 was
confirmed following the determination of a Flackaramete?’ of 0.06(16) for the structure d (Figure 4).
This analysis therefore also established the cordtipns 0f39-41 and43. Comparison of théH and**C
NMR spectroscopic data for this sample ©f2-epi-rosmarinecinel2 with those reported by Chakrabdfty
for a sample of (+)-Zpi-rosmarinecine42 revealed several discrepanctésivhilst the origin of these
discrepancies is unclear, the stereochemical asgignof our sample oftf-2-epi-rosmarinecin&2 remains
secure. In summary, the asymmetric synthesistpR{epi-rosmarinecinet2 was accomplished in thirteen

steps and 21% overall yield from the commerciallgikable starting materials.
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Scheme 8.Reagents and Conditions: (i) HCI (2.0 M in E$O), rt then Q, CH,Cl,/MeOH (1:1), —78 °C, 10 min then polymer
supported PRhrt, 3 h; (i) H (5 atm), Pd(OH)C, MeOH/AcOH (10:1), rt, 48 h; (iii) A©, pyridine, DMAP, rt, 16 h; (iv)
K,CGO;, MeOH, rt, 16 h.

Fig. 4. X-Ray crystal structure of §2R 7R, 7aR)-42 [(+)-2-epi-rosmarinecine] (selected H atoms are omitted Hmity).

3. Conclusion

In conclusion, the asymmetric syntheses of all foossible diastereoisomeric 1-hydroxymethyl-2-
hydroxy substituted pyrrolizidines, (-)-macronegifig-petasinecine, (-)-@gi-macronecine and (+)-épi-
petasinecine were achieved via conjugate additidithaum (S)-N-benzylN-(a-methylbenzyl)amide teert-
butyl (E)-hepta-2,6-dienoate followed by aldol reactionhwétcrolein as the key stereodefining steps. By
tuning the reaction conditions for the aldol stepras possible to isolate four diastereoisomergdpcts in
>99:1 dr. Subsequent ester reduction followed bynolysis of the corresponding hydrochloride sattd a
one-pot hydrogenolysis/double reductive cyclisatipnovided rapid access to the corresponding
pyrrolizidines (—)-macronecine, (—)-petasinecingpitmacronecine and (+)-@pi-petasinecine in 21, 14, 10
and 19% overall yield, respectively, in six stepsfewer from commercially available starting madaési
The analogous strategy employitegt-butyl (R,E)-4-(triethylsilyloxy)hepta-2,6-dienoate facilitakehe first
asymmetric synthesis of (+)&pi-rosmarinecine, which was completed in thirteempstand 21% overall

yield from commercially available starting matesial
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4. Experimental Section

4.1. General Experimental

Reactions involving organometallic or other moistsensitive reagents were carried out under agatr@r
argon atmosphere using standard vacuum line teebsignd glassware that was flame dried and cooled
under nitrogen before use. BuLi was purchased f8gma-Aldrich (as a solution in hexanes) and tiat
against diphenylacetic acid before use. Solvente wleed according to the procedure outlined bybBsu
and co-worker§? Water was purified by an EffxUV-10 system. All other reagents were used asl@ep
(analytical or HPLC grade) without prior purificati. Organic layers were dried over MgS®@hin layer
chromatography was performed on aluminium plategecbwith 60 b4 silica. Plates were visualised using
UV light (254 nm), iodine, 1% aq KMnf or 10% ethanolic phosphomolybdic acid. Flash molu
chromatography was performed on Kieselgel 60 silica

Melting points were recorded on a Gallenkamp Heig8tapparatus. Optical rotations were recorded on a
Perkin-Elmer 241 polarimeter with a water-jacket®dcm cell. Specific rotations are reported in‘lfeg
cn? g and concentrations in g/100 mL. IR spectra wereonded on a Bruker Tensor 27 FT-IR
spectrometer using an ATR module. Selected chaisiitepeaks are reported in tmNMR spectra were
recorded on Bruker Avance spectrometers in theedatetd solvent stated. Spectra were recorded ahet.
field was locked by external referencing to thevaht deuteron resonancel—*H COSY,*H-*C HMQC,
and*H-°C HMBC analyses were used to establish atom comitgct_ow-resolution mass spectra were
recorded on either a VG MassLab 20-250 or a MicssmBlatform 1 spectrometer. Accurate mass
measurements were run on either a Bruker MicroTi@&rmally calibrated with polyalanine, or a Micrassa
GCT instrument fitted with a Scientific Glass Instrents BPX5 column (15 m 0.25 mm) using amyl

acetate as a lock mass.

4.2.tert-Butyl (S,9)-3-[N-benzyl-N-(a-methyl-benzyl)amino]hept-6-enoate 25

BuLi (2.2 M in hexanes, 0.77 mL, 1.70 mmol) was edlddropwise to a stirred solution of
(9-N-benzylN-(a-methylbenzyl)amine (371 mg, 1.76 mmol, >99:1 er)THF (5 mL) at-78 °C. The
resultant mixture was stirred a8 °C for 30 min, then solution 0f9 (200 mg, 1.10 mmol, >99:1 dr
[(E):(2)]) in THF (5 mL) at-78 °C was then added dropwise via cannula. The regubaction mixture was
stirred at-78 °C for 2 h, then satd aq NBI (5 mL). The resultant mixture was allowed to mao rt over
15 min, then concentrated vacuo. The residue was then partitioned betweei®ELO mL) and 10% aq

citric acid (10 mL). The aqueous layer was extmhatgth EO (2 x 20 mL) and the combined organic
-12 -



extracts were washed sequentially with satd ag NaH20 mL), HO (20 mL) and brine (20 mL), then
dried and concentrated vacuo to give25in >95:5 dr. Purification via flash column chromgtaphy (eluent
30-40 °C petrol/BD, 50:1) gave25 as a colourless oil (370 mg, 86%, >99:1 o)}’ —9.2 € 3.46 in
CHCL); 814 (400 MHz, CDC4) 1.35 (3H, dJ 7.2, Ce)Me), 1.41 (9H, s, ®les), 1.49-1.61 (2H, m, C(#)),
1.84-1.90 (2H, m, C(®),), 2.10-2.19 (1H, m, C(B)a), 2.36-2.44 (1H, m, C(5)), 3.33-3.40 (1H, m,
C(3H), 3.50 (1H, app dJ 14.9, GHaHgPh), 3.79-3.85 (2H, m, G(H, CHaHgPh), 4.93-4.96 (1H, m,
C(7)Ha), 4.99-5.05 (1H, m, C(Mlg), 5.76-5.86 (1H, m, C(6Y), 7.24-7.46 (10H, nPh).

4.3.tert-Butyl (2R,35,1'R,aS)-2-(1'-hydroxyprop-2'-en-1'-yl)-3-[N-benzyl-N-(a-
methylbenzyl)amino]hept-6-enoate 21

BuLi (2.2 M in hexanes, 390L, 0.85 mmol) was added dropwise via syringe ttireesl solution of §)-N-
benzylN-(a-methylbenzyl)amine (18pL, 0.88 mmol) in THF (3 mL) at78 °C. The resultant mixture was
stirred at=78 °C for 30 min, then a solution @® (100 mg, 0.55 mmol, >99:1 dE):(2)]) in THF (3 mL) at
—78 °C was added dropwise via cannula. The resultantungxwas stirred at78 °C for 2 h, before
TiCI(O'Pr)s (395 uL, 1.65 mmol) was added. The resultant mixture wsed at—78 °C for 1 h, then
acrolein (515uL, 7.75 mmol) was added and the reaction mixture alfowed to warm to OC over 2 h.
Satd ag NECI (2 mL) was then added, the resultant mixture e@scentratedn vacuo and the residue was
partitioned between Ci€l, (10 mL) and 10% aq citric acid (10 mL). The aguetayer was extracted with
CH.CI> (3 x 10 mL) and the combined organic extracts weashed sequentially with satd ag NaHG@O0
mL), H,O (10 mL) and brine (10 mL), then dried and condatlin vacuo to give a 49:15:23:13 mixture of
21, 22, 23 and 24, respectively. Purification via flash column chmtwgraphy (eluent 3810 °C
petrol/EtOAc, 20:1 increased to 10:1) g&ieas a colourless oil (55 mg, 22%, >99:1 dg}2’ +14.3 ¢ 1.1
in CHCL); vmax (ATR) 3522 (G-H), 2976 (C-H), 1701 (C=0), 1634 (C=C); &y (500 MHz, CDC}) 1.25
(3H, d,J 6.9, C)Me), 1.38 (9H, s, ®e3), 1.45-1.55 (1H, m, C(#n), 1.65-1.76 (1H, m, C(#kg),
2.03-2.15 (2H, m, C(%),), 2.43 (1H, ddJ 8.5, 2.2, C(H), 3.25-3.32 (1H, m, C(8)), 3.72 (1H, d,) 14.5,
NCHaHgPh), 3.87-3.93 (2H, m, @(H, C(1'H), 3.94 (1H, d,J 14.5, NCHHgPh), 4.85-5.00 (3H, m,
C(3)Ha, C(7Hy), 5.10-5.15 (1H, m, C(3%), 5.56-5.75 (2H, m, C(2), C(6H), 7.10-7.40 (10H, mPh);
3 (125 MHz, CDC}) 16.9 (Ch)Me), 28.3 (QMes), 29.9 C(4)), 32.0 C(5)), 50.8 (\CH,Ph), 54.3 C(2)),
57.3 €C(3)), 59.1(C(e)), 70.8 C(1")), 81.8 CMe3), 114.6, 114.7Q(7), C(3"), 126.7, 126.9, 127.9, 128.1,
128.4, 128.9 ¢,mp-Ph), 138.5, 138.8 G(6), C(2)), 141.3, 143.7i{Ph), 173.4 C(1)); Mz (ESI)" 450
([M+H] *,100%); HRMS (ES) CyH4oNO3" ([M+H]™) requires 450.3003; found 450.3003. Further efutio

gave a 28:21:33:18 mixture B, 22, 23 and24, respectively (120 mg, 48%).
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4.4.tert-Butyl (2R,35,1'S,aS)-2-(1'-hydroxyprop-2'-en-1'-yl)-3-[N-benzyl-N-(a-
methylbenzyl)amino]hept-6-enoate 22

BuLi (2.2 M in hexanes, 4.5 mL, 9.90 mmol) was atide a stirred solution dPLNH (1.62 mL, 11.6
mmol) in THF (10 mL) at 0 °C. The resultant mixtwes stirred at 0 °C for 30 min, then a solutior26f
(2.30 g, 3.30 mmol, >99:1 dr) in THF (10 mL) at@© was added dropwise. The reaction mixture wagdeft
stir at 0°C for 1 h then cooled to =78 °C and B(OM&}.5 mL, 13.2 mmol) was added. The reaction
mixture was left to stir at =78 °C for 1 h thena@em (1.1 mL, 16.5 mmol) was added and the reactio
mixture was allowed to warm to°@ over 2 h. Satd aq NBEI (5 mL) was then added, the resultant mixture
was concentrateth vacuo and the residue was partitioned between@(20 mL) and satd ag NaHGO
(20 mL). The aqueous layer was extracted withClH3 x 20 mL) and the combined organic extracts were
washed sequentially with @ (20 mL) and brine (20 mL), then dried and conatlin vacuo to give a
10:33:31:26 mixture o1, 22, 23 and 24, respectively. Purification via flash column chmagraphy
(eluent 36-40 °C petrol/EtOAc, 20:1 increased to 10:1) ga¥€30 mg, 3%, >99:1 dr), an 80:20 mixture of
22 and21, respectively (100 mg, 10%, 80:20 dr) &2®i(210 mg, 14%, >99:1 dr) as a colourless [@il>’
-38.5 € 1.4 in CHCY); vmax (ATR) 3427 (G-H), 2976 (C-H), 1721 (C=0), 1641 (C=C); &y (400 MHz,
CDCly) 1.31 (9H, s, ®le3), 1.32 (3H, dJ 7.0, Ce)Me), 1.70-1.90 (2H, m, C(#), 1.90-2.02 (1H, m,
C(5Ha), 2.10-2.22 (1H, m, C(B), 2.24 (1H, dd,) 9.8, 4.4, C(H)), 3.13 (1H, app dt) 9.8, 3.9, C(I)),
3.59 (1H, dJ 13.7, NHaHgPh), 3.90 (1H, dJ 13.7, NCHHgPh), 3.99 (1H, gqJ 7.0, C@)H), 4.15-4.27
(1H, m, C(1'H), 4.93-5.04 (3H, m, C(39a, C(7)H>), 5.12 (1H, app dt] 17.0, 1.6, C(3hlg), 5.69 (1H, ddd,

J 17.0, 10.6, 5.6, C(2Y), 5.79 (1H, app ddtJ 17.0, 10.2, 6.7, C(6)), 7.15-7.32 (8H, mPh), 7.40-7.46
(2H, d,J 7.3, Ph); & (100 MHz, CDC}) 12.7 (C)Me), 28.0 (QMe;), 29.3 C(4)), 31.7 C(5)), 51.2
(NCH2Ph), 54.0 C(2)), 54.7 C(3)), 56.7 C(w)), 70.1 C(1"), 80.9 CMe3), 115.6, 115.1G(7), C(3"), 127.0,
127.3, 128.3, 128.3, 128.5, 129ainf,p-Ph), 138.2 C(6)), 138.7 C(2"), 140.9, 143.9i{Ph), 172.0 C(1));
m/'z (ESI)" 450 ([M+H]",100%); HRMS (ES)) CygH4oNOs" ([M+H]™) requires 450.3003; found 450.2996.
Further elution gave a 78:22 mixture2# and22, respectively (280 mg, 19%), a 91:9 mixture28fand24,

respectively (200 mg, 20%).

4.5.tert-Butyl (S,S,S,5)-2-(1'-hydroxyprop-2'-en-1'-yl)-3-[ N-benzyl-N-(a-methylbenzyl)amino]hept-6-
enoate 23
BuLi (2.2 M in hexanes, 1.67 mL, 3.67 mmol) was edldto a stirred solution of 2,2,6,6-

tetramethylpiperridine (64pL, 3.81 mmol) in THF (10 mL) at O °C. The resultamitkture was stirred at O
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°C for 30 min, then a solution &5 (500 mg, 1.20 mmol, >99:1 dr) in THF (10 mL) af© was added
dropwise. The reaction mixture was left to stiO&C for 1 h then cooled to —78 °C and acrolein (4£0
6.35 mmol) was added. The reaction mixture was #temed to warm to rt over 3 h. Satd aq J0H(5 mL)
was then added, the reaction mixture was concentratvacuo and the residue was partitioned between
CH,CI, (20 mL) and satd aq NI (20 mL). The aqueous layer was extracted withClH3 x 20 mL) and
the combined organic extracts were washed seqllgntigh satd ag NaHC®(20 mL), HO (20 mL) and
brine (20 mL), then dried and concentratedvacuo to give a 5:1:72:22 mixture d@1, 22, 23 and 24,
respectively. Purification via flash column chroography (eluent 310 °C petrol/EtOAc, 20:1 increased
to 10:1) gavean 85:15 mixture oR1 and 22, respectively (25 mg, 5%), a 14:86 mixture2¥ and 23,
respectively (37 mg, 7%) a8 as a colourless oil (260 mg, 49%, >99:1 o)}’ —16.4 € 0.55 in CHCY);
Vmax (ATR) 3484 (G-H), 2976, 2934 (C—H), 1697 (C=0), 1640 (C=C); oy (500 MHz, CDC}) 1.31 (9H, s,
CMe), 1.35 (3H, dJ 6.9, Cf)Me), 1.33-1.42 (1H, m, C(#n), 1.60-1.70 (1H, m, C(#)), 1.79-1.88 (1H,
m, C(5Ha), 2.04-2.15 (1H, m, C(5)), 2.25 (1H, ddJ 8.5, 3.2, C(H), 3.14 (1H, app d] 14.8, H), 3.24
(1H, app dtJ 8.5, 4.4, C(3)), 3.75 (1H, d,) 14.8, NGHAHgPh),3.94 (1H, dJ 14.8, NCHHgPh), 4.02 (1H,
q, J 6.9, C@)H), 4.15-4.23 (1H, m, C(H), 4.80-4.90 (2H, m, C(A,) 4.92 (1H, app dtJ 10.8, 1.5,
C(3Ha), 5.05 (1H, app di] 17.3, 1.5, C(3Hlg), 5.42 (1H, app ddd} 17.3, 10.8, 4.4, C(2Y), 5.63 (1H, ddt,
J 17.0, 10.4, 6.6, C(6), 7.10-7.30 (10H, mPh); 8¢ (125 MHz, CDC}) 20.7 (C)Me), 28.0 (Mes), 30.4
(C(4)), 31.7 C(5)), 50.6 (NCH2Ph), 53.9 C(2)), 57.4 C(3)), 59.9(C(w)), 71.2 C(1")), 81.7 CMe3), 114.3,
114.3 €(7), C(3"), 126.7, 126.9, 127.0, 127.8, 128.1, 128,8p-Ph), 139.1 C(6)), 138.7 C(2)), 142.0,
145.0 {-Ph), 173.9 C(1)); m/z (ESI)" 450 ([M+H],100%); HRMS (ES)) CygH4oNOs" ([M+H]") requires
450.3003; found 450.3005. Further elution gave@B@mixture o23 and24, respectively (60 mg, 12%).

4.6. tert-Butyl (2S,3S,1'R,aS)-2-(1'-hydroxyprop-2'-en-1'-yl)-3-[ N-benzyl-N-(a-methylbenzyl)-
amino]hept-6-enoate 24

BuLi (2.2 M in hexanes, 260L, 0.57 mmol) was added dropwise via syringe ttireesl solution of §-N-
benzylN-(a-methylbenzyl)amin€125uL, 0.54 mmol) in THF (2 mL) at78 °C. The resultant mixture was
stirred at=78 °C for 30 min, then a solution @® (100 mg, 0.54 mmol, >99:1 dE):(2)]) in THF (7 mL) at
—78 °C was added dropwise via cannula. The resultantungxvas stirred at78 °C for 2 h, then acrolein
(75 L, 1.08 mmol) was added and the reaction mixture allowed to warm to rt over 3 h. Satd aq/SH
(2 mL) was then added, the reaction mixture wasceotratedin vacuo and the residue was partitioned
between CHCI, (5 mL) and 10% aq citric acid (5 mL). The aquelay®r was extracted with GBI, (3 x 5

mL) and the combined organic extracts were washqdentially with satd ag NaHG@ mL), HO (5 mL)
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and brine (5 mL), then dried and concentratedacuo to give a 12:7:28:53 mixture @fl, 22, 23 and24,
respectively. Purification via flash column chroogaphy (eluent 310 °C petrol/EtOAc, 20:1 increased
to 10:1) gave a 29:24:40:7 mixture 2, 22, 23 and24, respectively(85 mg, 38%). Further elution gad
as a pale yellow oil (100 mg, 41%, >99:1 dg]2’ +3.7 € 1.0 in CHC}); vmax (ATR) 3401 (O-H), 2976
(C-H), 1720 (C=0), 1640 (C=C); &, (500 MHz, CDC}) 1.30 (9H, s, ®les), 1.36 (3H, dJ 7.0, Ce)Me),
1.45-1.54 (1H, m, C(#)n), 1.75-1.85 (1H, m, C(#s), 2.05-2.25 (2H, m, C(5),), 2.41 (1H, app ) 8.2,
C(2H), 3.35 (1H, app dtJ 8.2, 4.4, C(), 3.56 (1H, app tJ 8.2, C(1'H), 3.72 (1H, d,J 13.5,
NCHaHgPh), 3.84 (1H, dJ 13.5, NCHHgPh), 3.93 (1H, g, 7.0, C@)H), 4.89-5.06 (4H, m, C(RAp,
C(3Hy), 5.57 (1H, ddd) 17.3, 10.4, 8.2, C(24), 5.72 (1H, ddtJ 16.9, 10.2, 6.5, C(6)), 6.34 (1H, br s,
OH), 7.12-7.35 (10H, nPh); &¢c (125 MHz, CDCJ) 15.9 (C{)Me), 28.4 (Mes), 30.0 C(4)), 32.3 C(5)),
51.1 (NCH,Ph), 54.7 C(2)), 58.4 C(w)), 58.7 C(3)), 75.5 C(1"), 81.2 CMe3), 114.8 C(7)), 116.8 C(3"),
127.3, 127.4, 128.3, 128.5, 128.6, 12%4n(p-Ph), 137.6 C(2"), 138.3 C(6)), 138.9, 142.3i{Ph), 171.4
(C(1)); Mz (ESI)" 450 ([M+H]", 100%); HRMS (ES) CogHioNOs" ([M+H]™) requires 450.3003; found
450.3000.

4.7. ,S2)-1-tert-Butoxy-1-trimethylsiloxy-3-[ N-benzyl-N-(a-methyl-benzyl)amino]-hepta-1,6-diene
(2)-20

BuLi (2.2 M in hexanes, 12f8L, 0.27 mmol) was added dropwise to a stirred smtubf (§-13 (55 pL, 0.27
mmol) in THF (0.5 mL) at78 °C. The resultant mixture was stirred-@8 °C for 30 min, then a solution of
19 (50 mg, 0.27 mmol) in THF (0.5 mL) a¥8 °C was added. The resultant mixture was stiatet/8 °C
for 2 h, then TMSCI (55 pL, 0.41 mmol) was addealpgvise and the resultant mixture was allowed tanar
to rt over 1 h before being concentratad/acuo to give 20 [(Z2)-20:(E)-20 >95:5]. &y (400 MHz, CDC})
[selected peaks] 0.01 (9H, s, ®®%), 1.25 (9H, s, ®es), 1.28 (3H, dJ 6.7, C@)Me), 3.30 (1H, dtJ 9.8,
7.2, C(3H), 3.42 (1H, dJ 15.6, NGHaHgPh), 3.77 (1H, dJ 9.8, C(2H), 3.83 (1H, g, 6.7, C&)H), 3.87
(1H, d,J 15.6, NCHHgPh), 4.75 (1H, app ddf 10.2, 2.2, 1.5, C(Ha), 4.82 (1H, app dq) 17.0, 1.5,
C(7)Hg), 5.63 (1H, ddt]) 17.0, 10.2, 6.6, C(6)), 7.05-7.43 (10H, nPh).

4.8. S,SE)-1-tert-Butoxy-1-trimethylsiloxy-3-[ N-benzyl-N-(a-methyl-benzyl)amino]-hepta-1,6-diene
(E)-20

Method A: BuLi (2.2 M in hexanes, 12pL, 0.28 mmol) was added dropwise to a stirred smuof TMP
(50 pL, 0.28 mmol) in THF (0.5 mL) at 0 °C. Theukant mixture was stirred at 0 °C for 30 min, then

solution 0f25 (100 mg, 0.25 mmol) in THF (0.5 mL) at 0 °C wasled. The resultant mixture was stirred at
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0 °C for 1 h, then TMSCI (65 pL, 0.50 mmol) was eddiropwise and the resultant mixture was allowed t
warm to rt over 1 h before being concentratediacuo to give 20 [(E)-20:(2)-20 >95:5]. o4 (400 MHz,
CDCl) [selected peaks] 0.18 (9H, s, Ofg), 1.12 (9H, s, ®le3), 1.11 (3H, dJ 7.1, C@)Me), 3.37 (1H, dt,

J 9.7, 7.3, C(3)), 3.47 (1H, d,J 15.5, NGHaHgsPh), 3.73 (1H, dJ 9.7, C(2H), 3.83-3.90 (2H, m,
NCHaHgPh, C@)H), 4.75-4.90 (2H, m, C(By), 5.67 (1H, ddtJ 17.1, 10.3, 6.6, C(6Y), 7.10-7.49 (10H,
m, Ph).

Method B: BuLi (2.2 M in hexanes, 128, 0.28 mmol) was added dropwise to a stirred smhubf iPLNH
(40 pL, 0.28 mmol) in THF (0.5 mL) at 0 °C. Theukant mixture was stirred at 0 °C for 30 min, then
solution 0f25 (100 mg, 0.25 mmol) in THF (0.5 mL) at 0 °C wasled. The resultant mixture was stirred at
0 °C for 1 h, then TMSCI (65 pL, 0.50 mmol) was eddiropwise and the resultant mixture was allowed t
warm to rt over 1 h before being concentrated/acuo to give a mixture containing0 [(E)-20:(2)-20

>95:5].

4.9. (5,35,1'R,a0S)-2-(1'-Hydroxyprop-2'-en-1'-yl)-3-[ N-benzyl-N-(a-methylbenzyl)amino]hept-6-ene-
1-ol 26

LiAIH 4 (1.0 M in THF, 1.5 mL, 1.50 mmol) was added tdiaed solution o221 (170 mg, 0.38 mmol, >99:1
dr) in THF (5 mL) at —78 °C. The resultant mixtuvas allowed to warm to rt and stirred at rt fornl&.0
M aq NaOH (0.75 mL, 1.5 mmol) was then added aeddisultant mixture was left to stir at rt for 1The
reaction mixture was filtered through Cefitdeluent THF), then dried and concentrated vacuo.
Purification via flash column chromatography (etug@-40 °C petrol/EO, 4:1) gave26 as a colourless oil
(101 mg, 70%, >99:1 drfn]Z’ +14.4 € 0.4 in CHCY); Vmax (ATR) 3350 (O-H) 2972, 2933 (C-H), 1640
(C=C); &y (400 MHz, CDC}) 1.29-1.34 (1H, m, C(#)), 1.38 (3H, dJ 7.0, C(c)Me), 1.606-1.73 (1H, m,
C(4)H,), 1.82-1.92 (1H, m, C(Ms), 2.06-2.18 (1H, m, C(Bla), 2.212.34 (1H, m, C(Hs), 3.07 (1H,
app dt,J 8.5, 2.0, C(3)), 3.61 (1H, ddJ 11.8, 2.6, C(1)4), 3.65 (1H, dJ 13.6, NGHaHgPh), 3.74 (1H,
app s, C(1H), 3.86-3.97 (3H, m, C(IHlz, C(@)H, NCHaHgPh), 4.95 (1H, app dJ 10.2, C(3'MHa),
4.98-5.05 (2H, m, C(Ml,), 5.18 (1H, app d] 17.2, C(3Hs), 5.60 (1H, ddd) 17.2, 10.2, 4.0, C(3y), 5.81
(1H, ddt,J 16.9, 10.2, 6.7, C(6)), 7.1+7.33 (10H, m,Ph); 3¢ (100 MHz, CDC}) 12.4 (C()Me), 29.7
(C(4)), 32.2 C(5)), 46.6 C(2)), 51.2 (NCH,Ph), 54.6 C(3)), 56.5 C(w)), 60.2 C(1)), 73.6 C(1"), 113.8,
115.0 C(7), (C(3"), 127.3, 127.4, 128.4, 128.5, 128.7, 129,8p-Ph), 138.5, 140.7G(6), C(2"), 140.1,
143.3 {-Ph); m/z (ESI') 380 ([M+H]’, 100%); HRMS (ES) CsHzsNNaQ," ([M+Na]") requires 402.2404;
found 402.2402.
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4.10. 6,S,5)-1-(Hydroxymethyl)2-hydroxy-hexahydro-1H-pyrrolizidine [(—)-1- epi-macronecine] 28
Aminodiol 26 (790 mg, 2.08 mmol, >99:1 dr) was coevaporatett WICI (2.0 M in EtO, 3x 4 mL), then
the residue oR6-HCI was dissolved in Ci€l; (20 mL) and MeOH (20 mL). The resultant mixture was
cooled to—-78 °C and degassed with,Mind Q before Q was purged through the solution until it turned
blue. The reaction mixture was then purged wighubtil it turned colourless, then polymer suppadriP

(3 mmol/g, 2.08 g, 6.24 mmol) was added and theti@amixture was allowed to warm to rt and stiregd

rt for 3 h. The reaction mixture was then filterddough a short plug of Celite(eluent MeOH) and
concentratedn vacuo to a total volume of 3 mL, then AcOH (0.15 mL)Ydad(OH)/C (200 mg, 25% w/w)
were added. The resultant mixture was degassed MgtAnd saturated with 4 then stirred under an
atmosphere of H(5 atm) at rt for 48 h. The reaction mixture whsrt filtered through a short plug of
Celite® (eluent MeOH) and concentratatvacuo. The residue was coevaporated with HCI (2.0 M tyOE

3 mL) and purification via ion exchange chromatpiraon Dowex-50WX8 resin (hydrogen form, 100-200
mesh, eluent 18 M aq NBH) gave28 as a white solid (224 mg, 69%, >99:1 dr); mp 90281 lit.?® mp
91-93 °Cfa]?’ -96 € 0.12 in EtOH); lit?® [0]2> =114 € 0.9 in EtOH);Vmax (ATR) 3312 (O-H); &y (400
MHz, MeOH-d,) 1.42-1.55 (1H, m, C(Ba), 1.55-1.69 (1H, m, C(6)s), 1.70-1.86 (2H, m, C(6)s,
C(7)Hg), 2.19 (1H, app dqgj 7.6, 5.8, C(1H), 2.45 (1H, app tdJ 10.0, 6.3, C(F)a), 2.70-2.85 (2H, m,
C(3)Hy), 3.02 (1H, dddJ 10.0, 7.0, 3.6, C(5)s), 3.50-3.61 (2H, m, C(7H) C(1"Ha), 3.69 (1H, ddJ 10.9,
5.8, C(1'Hg), 3.94 (1H, app q) 7.6, C(2H); 81 (400 MHz, CDC}) 1.33-1.48 (1H, m, C(6)), 1.64-1.79
(2H, m, C(6Hs, C(7Ha), 1.81-1.94 (1H, m, C(Pg), 2.37 (1H, app &) 7.0, C(1H), 2.46-2.65 (1H, m,
C(3)Ha), 2.84 (1H, app dd] 11.4, 6.8, C(3)a), 2.93 (1H, app ddj 11.4, 6.3, C(3)s), 3.10 (1H, ddd,
10.8, 7.1, 3.9, C(8)g), 3.55-3.63 (1H, m, C(7H), 3.76 (2H, app dJ 7.3, C(1'H>), 4.13 (1H, app g 7.0,
C(2)H); 6¢c (100 MHz, MeOHd,) 25.9 C(7)), 26.2 C(6)), 50.7 C(1)), 55.5 C(5)), 60.4 C(3)), 60.5 C(1"),
65.5 C(7a)), 71.2 C(2)); m'z (ESI) 158 ([M+H]", 100%); HRMS (ESI) CgH1gNO," ([M+H]™) requires
158.1176; found 158.1172.

4.11. (R,3S,1'R,aS)- 2-(1'-Hydroxyprop-2'-en-1'-yl)-3-[ N-benzyl-N-(a-methylbenzyl)amino]hept-6-
ene-1-ol 29

LiAIH 4 (1.0 M in THF, 2.7 mL, 2.70 mmol) was added tdiaed solution o224 (300 mg, 0.67 mmol, >99:1
dr) in THF (15 mL) at —78 °C. The resultant solatwas allowed to warm to rt and stirred at rt fdn,&.0
M aq NaOH (1.35 mL, 2.7 mmol) was then added aeddisultant mixture was left to stir at rt for 1The
resultant mixture was filtered through Ceélitéeluent THF), then dried and concentratied vacuo.

Purification via flash column chromatography (etug@-40 °C petrol/EO, 4:1) gave29 as a colourless oil
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(235 mg, 93%, >99:1 drfp]’ +6.9 € 1.1 in CHCH); vinax(ATR) 3330 (O-H) 2966 (EH), 1640 (C=C); &4

(400 MHz, CDC}) 1.31 (3H, dJ 6.9, Ce)Me), 1.371.49 (1H, m, C(Mla), 1.62-1.73 (1H, m, C(4yp),

1.81-1.90 (1H, m, C(&H), 1.96-2.07 (1H, m, C(H)a), 2.072.18 (1H, m, C(Ms), 2.00-2.40 (2H, br s,
OH), 2.77 (1H, app dt) 7.0, 4.5, C(3}), 3.44 (1H, ddJ 11.1, 7.0, C(M)a), 3.53 (1H, ddJ 11.1, 3.5,
C(1)Hg), 3.73 (1H, dJ 14.2, NGHaHgPh), 3.87 (1H, dJ 14.2, NCHHgPh), 3.93 (1H, gJ 6.9, Ce)H),

4.09 (1H, app tJ 6.1, C(1'H), 4.88-5.02 (4H, m, C(M, C(3'H,), 5.44 (1H, dddJ 16.9, 10.4, 6.1,
C(2"H), 5.71 (1H, ddtJ 16.9, 10.2, 6.7, C(B)), 7.1+7.34 (10H, m,Ph); c (100 MHz, CDC}) 16.9

(C(@)Me), 29.4 C(4)), 32.5 C(5)), 47.4 C(2)), 50.9 (\CH2Ph), 56.9 C(3)), 58.5 C(a)), 61.8 C(1)), 75.3
(C(1)), 114.8, 115.80(7), (C(3)), 127.0, 127.2, 128.2, 128.4, 128.4, 129, -Ph), 138.4, 138.5(6),

C(2")), 140.6, 143.6i{Ph); m/z (ESI) 380 ([M+H], 100%); HRMS (ES) CysHzaNNaO," ([M+Na]")

requires 402.2404; found 402.2407.

4.12. (R,2S,7aS)-1-(Hydroxymethyl)-2-hydroxy-hexahydro-1H-pyrrolizidine [(—)-macronecine] ent-9
Aminodiol 29 (330 mg, 0.87 mmol, >99:1 dr) was coevaporatett WIC| (2.0 M in EtO, 3x 3 mL), then
the residue oR9-HCI was dissolved in Ci€l; (20 mL) and MeOH (20 mL). The resultant mixture was
cooled to—-78 °C and degassed with,Mind Q before Q was purged through the solution until it turned
blue. The reaction mixture was then purged wighubtil it turned colourless, then polymer suppadriP

(3 mmol/g, 870 mg, 2.6 mmol) was added and thetimamixture was allowed to warm to rt and stirfed

3 h. The reaction mixture was then filtered throagshort plug of Celifé (eluent MeOH) and concentrated
in vacuo to a total volume of 3 mL. AcOH (0.25 mL) and P#QC (50 mg, 0.36 mmol) were added and
the resultant mixture was degassed withaNd saturated with Hthen stirred under an atmosphere ef(5l
atm) at rt for 36 h. The reaction mixture was tfikered through a short plug of Celfft¢eluent MeOH) and
concentratedn vacuo. The residue was coevaporated with HCI (2.0 M®@OE3 mL) and purification via
ion exchange chromatography on Dowex-50WX8 resydidgen form, 100-200 mesh, eluent 18 M aq
NH,OH) gaveent-9 as a white solid (82 mg, 60%, >99:1 dr); mp 428 °C; {lit. ** mp 124-127 °C; lif?
mp 128-129 °C; lif.mp 126-128 °C}[a]Z’ —40.0 ¢ 0.6 in EtOH); {lit"* [a]3’—49.4 € 1.0 in EtOH); lit®°
[a]2X—42.1 € 1.0 in EtOH); lit?® for 9: [a]% +42.7 € 1.0 in EtOH); lit? for 9 (from natural source):
[0]% +49.3 € 0.5 in EtOH)}; Vimax (ATR) 3302 (G-H); 54 (400 MHz, MeOHd,) 1.64-1.73 (1H, m,
C(7)Ha), 1.78-2.07 (4H, m, C(BH), C(6)H,, C(7Hg), 2.63 (1H, app di] 10.8, 6.2, C(H)ln), 2.77 (1H, dd)
11.1, 3.6, C(H)a), 2.98 (1H, dtJ 10.8, 6.2, C(H)e), 3.19 (1H, app d] 11.1, C(3MHg), 3.47 (1H, ddd) 9.3,
7.6, 5.0, C(7d)), 3.67 (1H, dd;) 10.8, 6.2, C(1Ma), 3.85 (1H, dd, 10.8, 7.4, C(1Hs), 4.46 (1H, tJ 3.6,

C(2)H); 5¢ (100 MHz, MeOHel,) 25.1 (7)), 30.9 C(6)), 52.5 C(1)), 54.6 C(5)), 59.8 C(1)), 62.8 C(3)),
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65.6 C(7a)), 73.7 C(2)); 8y (400 MHz, CDC4) 1.55 (1H, app dg] 11.9, 6.1, C(Mla), 1.78-1.90 (3H, m,
C(6)Hz, C(7Hg), 1.92-2.05 (1H, m, C(H), 2.56-2.65 (1H, m, C(8)x), 2.71 (1H, ddJ 11.0, 3.7, C(3}),
3.01 (1H, dtJ 11.0, 6.6, C(H), 3.23 (1H, app dJ 11.0, C(3MHs), 3.56-3.65 (1H, m, C(7H), 3.80-3.92
(2H, m, C(1'M2), 4.51 (1H, app t) 3.7, C(2H); 8¢ (100 MHz, CDCJ) 25.5 C(6)), 31.2 C(7)), 52.4 C(1)),
54.9 C(5)), 60.9 C(1), 62.9 C(3)), 64.2 C(7a)), 75.6 C(2)); Mz (ESI) 158 ([M+H]', 100%); HRMS
(ESI") CgH16NO," ([M+H] ™) requires 158.1176; found 158.1173.

4.13. §,S,S,95)- 2-(1'-Hydroxyprop-2'-en-1'-yl)-3-[ N-benzyl-N-(a-methylbenzyl)amino]hept-6-ene-1-ol

31

Method A: LiAIH4 (2.4 M in THF, 100uL, 0.24 mmol) was added to a stirred solutior22f(26 mg, 58
pmol, >99:1 dr) in THF (0.5 mL) at —78 °C. The reauat solution was allowed to warm to rt and stira¢adt
for 16 h. 2.0 M ag NaOH (114, 0.23 mmol) was then added and the resultanturextvas left to stir at rt
for 1 h. The resultant mixture was filtered throughlité® (eluent THF), then dried and concentrated
vacuo. Purification via flash column chromatography @t 36-40 °C petrol/EfO, 4:1) gave3l as a
colourless oil (19 mg, 86%, >99:1 dfjy]2’ +12.2 € 1.1 in CHC}); vmax(ATR) 3351 (O-H) 3063, 3028,
2974 (C-H), 1640 (C=C); d4 (400 MHz, CDC}) 1.26 (1H, d,J 7.0, C(o)Me), 1.48-1.68 (3H, m, C(H,
C(4H,), 1.96-2.11 (2H, m, C(H,), 3.14 (1H, app dt) 9.3, 3.8, C(3)), 3.66-3.72 (2H, m, C(Ha,
NCHAHgPh), 3.82 (1H, dJ 15.0, NCHHzsPh), 3.85 (1H, ddJ 10.8, 6.9, C(Bg), 3.92 (1H, q,J 7.0,
C(w)H), 3.98 (1H, tJ 4.9, C(1'H), 4.96-4.99 (3H, m, C(Hi2, C(3'"Ha), 5.06 (1H, app d] 16.8, C(3'Hg),
5.43 (1H, ddd,) 16.8, 10.5, 5.5, C(23), 5.70 (1H, app ddt] 17.0, 10.1, 6.7, C(6)), 7.12-7.38 (10H, m,
Ph); & (100 MHz, CDC}) 14.9 (C{)Me), 28.8 C(4)), 32.0 C(5)), 47.7 C(2)), 51.6 (NCH,Ph), 56.6
(C(3)), 59.0 C(a)), 60.9 C(1)), 73.1 C(1"), 115.0, 115.3(7), (C(3"), 127.3, 127.5, 128.2, 128.6, 128.7,
129.0 6,m,p-Ph), 138.0, 140.1G(6), C(2")), 139.8, 142.4i{Ph); m/z (ESI") 380 ([M+H]’, 100%), 402
(IM+Na]*, 4%); HRMS (ESI) C,sHzNO," ([M+H]™) requires 380.2584; found 380.2583.

Method B-step 1: BuLi (2.2 M in hexanes, 3.5 mL, 7.65 mme8s added to a stirred solution'Bf,NH
(2.25 mL, 9.0 mmol) in THF (10 mL) at O °C. The ukant mixture was stirred at 0 °C for 30 min, then
solution of 25 (1.00 g, 2.55 mmol, >99:1 dr) in THF (10 mL) afO was added dropwise. The reaction
mixture was left to stir at @C for 1 h then cooled to —78 °C and B(OM&.5 mL, 10.2 mmol) was added.
The reaction mixture was left to stir at =78 °C fohn then acrolein (0.85 mL, 12.8 mmol) was addetithe
reaction mixture was allowed to warm t6© over 2 h. Satd ag NgEI (5 mL) was then added, the resultant
mixture was concentratad vacuo and the residue was partitioned between@H(20 mL) and satd aq

NaHCQ; (20 mL). The aqueous layer was extracted with,@F(3 x 20 mL) and the combined organic
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extracts were washed sequentially withOH(20 mL) and brine (20 mL), then dried and coneatin
vacuo. Purification via flash column chromatography &iti 363-40 °C petrol/EtOAc, 20:1 increased to
10:1) gave a 55:45 mixture 82 and23 (700 mg) as a colourless oil.

Method B-step 2:LIAIH 4 (1.0 M in THF, 6.3 mL, 6.30 mmol) was added tdiaed solution of the residue
of a22and23 (700 mg, 55:45 dr) in THF (10 mL) at —78 °C. Theuléant solution was allowed to warm to
rt and stirred at rt for 16 h. 2.0 M ag NaOH (8L, 6.24 mmol) was then added and the resultanturax
was left to stir at rt for 1 h. The resultant mietwas filtered through Celitgleluent THF), then dried and
concentratedn vacuo. Purification via flash column chromatography @it 36-40 °C petrol/ELO, 4:1)
gave3l as a colourless oil (300 mg, 31% fr@% >99:1 dr). Further elution gawd3 as a colourless oil (280

mg, 29% from25, >99:1 dr).

4.14. (55,2R, 7aS)-1-(Hydroxymethyl)-2-hydroxyhexahydro-1H-pyrrolizi dine [(—)-petasinecine] 8
Aminodiol 31 (380 mg, 1.00 mmol, >99:1 dr) was coevaporatett WIC| (2.0 M in EtO, 3x 3 mL), then
the residue o881-HCI was dissolved in Ci€l, (20 mL) and MeOH (20 mL). The resultant mixture was
cooled to—-78 °C and degassed with,Mind Q before Q was purged through the solution until it turned
blue. The reaction mixture was then purged wighubtil it turned colourless, then polymer suppad P
(3 mmol/g, 1.00 g, 3.00 mmol) was added and theticgamixture was allowed to warm to rt and stirfed
3 h. The reaction mixture was then filtered throagshort plug of Celifé (eluent MeOH) and concentrated
in vacuo to a total volume of 3 mL. AcOH (0.10 mL) and P&{QC (100 mg, 25% w/w) were added and
the resultant mixture was degassed wighaNd saturated with and then stirred under an atmosphere of H
(5 atm) at rt for 48 h. The reaction mixture wasrttiiltered through a short plug of Cefitéeluent MeOH)
and concentratenh vacuo. The residue was coevaporated with HCI (2.0 Mt#©OE3 mL) and purification
via ion exchange chromatography on Dowex-50WX8résydrogen form, 100-200 mesh, eluent 18 M aq
NH4OH) to give8 as a white solid (89 mg, 57%, >99:1 dr); mp-1P® °C; {lit. ¥ mp 132-134 °C; lit* mp
134-135 °C; lit:° mp 135 °C; li mp 132134 °C}{a]?’ —26.0 € 0.8 in EtOH); {Iit** [a]?® —32.0 € 1.3 in
EtOH); Iit.'° [a]3’ —21.0 ¢ 0.3 in EtOH); lit® [a]2’ —20 € 0.3 in EtOH); lit** [a]2® —27 € 0.3 in EtOH);
lit.>® for ent-8: [a]2 +24.8 € 0.25 in EtOH)};Vimax (ATR) 3341 (G-H); 8 (400 MHz, MeOHé,) 1.61-1.73
(1H, m, C(6Ha), 1.75-1.83 (1H, m, C(An), 1.93-2.08 (2H, m, C(B)s, C(7Hg), 2.25-2.35 (1H, m,
C(1)H), 2.90 (1H, app dJ 12.7, C(3Ha), 2.90-3.00 (1H, m, C(5)n), 3.19 (1H, ddJ 12.7, 3.7, C(s),
3.32 (1H, app tJ) 7.9, C(5Hg), 3.68 (1H, dd,J 11.0, 7.5, C(1Bla), 3.75-3.90 (1H, m, C(7H)), 3.83 (1H,
dd,J 11.0, 7.3, C(1H), 4.27 (1H, app tJ 3.7, C(2H); &4 (400 MHz, CDC}) 1.62-1.89 (3H, m, C(6).,
C(7)Ha), 1.93-2.02 (1H, m, C(Hg), 2.34-2.43 (1H, m, C(H), 2.69-2.82 (2H, m, C(Bla, C(5Ha),
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3.09-3.17 (1H, m, C(B)g), 3.24 (1H, app dd] 11.7, 5.0, C(3)g), 3.45-3.53 (1H, m, C(7H), 3.82 (1H,
dd, J 10.8, 5.0, C(1Hln), 3.94 (1H, ddJ 10.8, 9.3, C(1His), 4.47-4.54 (1H, m, C(®); ¢ (100 MHz,
MeOH-d,) 26.3 C(6)), 27.1 (7)), 49.1 C(1)), 56.6 C(5)), 57.8 C(1"), 61.4 C(3)), 67.4 C(7a)), 72.5
(C(2)); m/z (EST) 158 ([M+H]", 100%); HRMS (ESI) CgH1gNO," ([M+H]") requires 158.1176; found
158.1179.

4.15. (R,3S,1'S,05)-2-(1'-Hydroxyprop-2'-en-1'-yl)-3-[ N-benzyl-N-(a-methylbenzyl)amino]hept-6-ene-
1-0l 33

LiAIH 4 (1.0 M in THF, 2.8 mL, 2.80 mmol) was added tdiaed solution o223 (310 mg, 0.69 mmol, >99:1
dr) in THF (10 mL) at —78 °C. The resultant mixtuvas allowed to warm to rt and stirred at rt forhl@.0
M aq NaOH (1.4 mL, 2.8 mmol) was then added andékaltant mixture was left to stir at rt for 1The
reaction mixture was filtered through Cefitdeluent THF), then dried and concentrated vacuo.
Purification via flash column chromatography (etug@-40 °C petrol/EO, 4:1) gave83 as a colourless oil
(255 mg, 98%, >99:1 drfn]2’ —23.2 € 0.35 in CHCY); Vmax(ATR) 3342 (O-H) 2973, 2933 (C-H), 1640
(C=C); &4 (400 MHz, CDC}) 1.25 (1H, app ddJj 9.5, 2.4, C(2), 1.38 (1H, dJ 7.0,C(a)Me), 1.48-1.61
(1H, m, C(4Ha), 1.8+1.92 (1H, m, C(Ms), 2.11-2.36 (2H, m, C(Hl3), 3.03 (1H, ddd)] 9.5, 7.7, 3.1,
C(3)H), 3.30 (1H, ddJ 11.9, 2.4, C(Hlp), 3.70-3.75 (1H, m, C(Mg), 3.72 (1H, dJ 13.5, NGHaHgPh),
3.84 (1H, dJ 13.5, NCHHgPh), 3.93 (1H, gJ 7.0, C@)H), 4.66 (1H, app s, C(H), 4.90-5.06 (3H, m,
C(7)Hz2, C(3'"Ha), 5.14 (1H, app di] 17.2, 1.8, C(3Hig), 5.60 (1H, dddJ 18.3, 11.9, 4.3, C(24), 5.82 (1H,
app ddt,J 17.0, 10.2, 6.6, C(6)), 7.13-7.31 (10H, m,Ph); c (100 MHz, CDCJ) 13.5 (C@)Me), 30.3
(C(4)), 32.3 C(5)), 47.3 C(2)), 51.2 (NCH,Ph), 52.9 C(3)), 56.7 C(a)), 60.5 C(1)), 72.5 C(1"), 114.2,
114.7 C(7), (C(3")), 127.2, 127.2, 128.3, 128.4, 128.6, 128 Mp-Ph), 138.9, 140.0G(6), C(2"), 140.7,
144.3 {-Ph); m/z (ESI") 380 ([M+H], 100%); HRMS (ES) CpsH3/NO," ([M+H]") requires 380.2584;
found 380.2581.

4.16. (R,2R,7aS)-1-(Hydroxymethyl)-2-hydroxy-hexahydro-1H-pyrrolizidine [(+)-1- epi-petasinecine]

35

Aminodiol 33 (310 mg, 0.82 mmol, >99:1 dr) was coevaporateth WCI (2.0 M in EtO, 3 x 3 mL), the
residue of33-HCI was then dissolved in G&l, (20 mL) and MeOH (20 mL). The resultant mixture was
cooled to—-78 °C and degassed with,Mind Q before Q was purged through the solution until it turned
blue. The reaction mixture was then purged with util it turned colourless, then polymer suppdriP

(3 mmol/g, 820 mg, 2.4 mmol) was added and thetimamixture was allowed to warm to rt and stirfed
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3 h. The reaction mixture was then filtered throagshort plug of Celife (eluent MeOH) and concentrated
in vacuo to a total volume of 3 mL. AcOH (0.3 mL) and Pd(@8 (63 mg, 25% w/w) were added and the
resultant mixture was degassed with &hd saturated with FHthen stirred under an atmosphere of(B
atm) at rt for 48 h. The reaction mixture was tfikered through a short plug of Celfft¢eluent MeOH) and
concentratedn vacuo. The residue was coevaporated with HCI (2.0 M®@OE3 mL) and purification via
ion exchange chromatography on Dowex-50WX8 resydidgen form, 100-200 mesh, eluent 18 M aq
NH4OH) gave35 as a white solid (62 mg, 48%, >99:1 dr); mp-9® °C; {lit. *®* mp 94-96 °C; lif> mp
104-105 °C; lit* mp 114-115 °C}{a]?’ +30.0 € 0.8 in EtOH); {lit** [a]% +40.0 € 1.0 in EtOH); lit®
for ent-35: [a]%’ —29.4 € 0.5 in EtOH)};Vimax (ATR) 3311 (G-H); 8 (400 MHz, MeOHely) 1.60-1.75 (3H,
m, C(LH, C(6Ha, C(7Ha), 1.85-1.97 (2H, m, C(6), C(7Hg), 2.42 (1H, dd,J 9.8, 8.1, C(Ha),
2.61-2.70 (1H, m, C()n), 2.81-2.89 (1H, m, C(B)e), 3.14 (1H, ddJ 9.8, 6.1, C(Is), 3.16-3.20 (1H,
m, C(7aH), 3.47 (1H, ddJ 11.1, 7.1, C(1Ma), 3.64 (1H, ddJ 11.1, 4.7, C(1Blg), 3.96 (1H, app dt] 8.1,
6.1, C(2H); &y (400 MHz, CDCY) 1.58-1.71 (1H, m, C(6)s), 1.72-1.89 (2H, m, C(6)s, C(7)Hn),
1.89-2.03 (2H, m, C(H, C(7He), 2.54 (1H, app t) 9.1, C(3Ha), 2.69-2.77 (1H, m, C(B)), 2.97-3.05
(1H, m, C(3Hs), 3.26-3.34 (1H, m, C(B)), 3.42 (1H, ddJ 9.8, 5.6, C(7a)), 3.72 (1H, dd,] 10.7, 6.9,
C(1)H,), 3.87 (1H, ddJ 10.7, 4.5, C(1Big), 4.30-4.38 (1H, m, C(®); é¢c (100 MHz, MeOHd,) 24.9,
31.9 C(6), C(7)), 54.7 C(5)), 55.0 (1)), 60.5 C(3)), 61.6 C(1"), 66.1 C(7a)), 73.2 C(2)); Wz (ESI)
158 ([M+H]", 100%);HRMS (EST) CgH1eNO," ([M+H]") requires 158.1176; found 158.1174.

4.17. tert-Butyl (2R,3R,4R,1'S,aS)-2-(1'-Hydroxyprop-2'-en-1'-yl)-3-[ N-benzyl-N-(a-methyl-
benzyl)amino]-4-(triethylsilyloxy)hept-6-enoate 37
BuLi (2.2 M in hexanes, 2.60 mL, 5.64 mmol) was edldto a stirred solution of 2,2,6,6-
tetramethylpiperridine (970L, 5.74 mmol) in THF (9 mL) at 0 °C. The resultamixture was stirred at 0 °C
for 30 min then a solution df4 (600 mg, 1.15 mmol, >99:1 dr) in THF (9 mL) at© was added dropwise
via cannula. The resultant mixture was stirred & dor 1 h then cooled to —78 °C. Acrolein (385, 5.74
mmol) was then added and the reaction mixture Wawed to warm to 0C and stirred at C for 3 h. Satd
ag NHCI (5 mL) was then added, the reaction mixture wascentratedn vacuo and the residue was
partitioned between CiEl, (20 mL) and satd aq NEI (20 mL). The aqueous layer was extracted with
CH,CI, (3 x 20 mL) and the combined organic extracts wemshed sequentially with satd aq NaH{J@0
mL), H,O (20 mL) and brine (20 mL), then dried and congatlin vacuo. Purification via flash column
chromatography gave7 as a colourless oil (666 mg, 96%, >99:1 @}’ +40.0 € 1.1 in CHCE); Vmax
(ATR) 3373 (C-H), 2877, 2956 (C—H), 1721 (C=0), 1640 (C=C); &y (400 MHz, CDC}) 0.29 (6H, g, 8.0,
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Si(CH2CHa)s), 0.77 (9H, tJ 8.0, Si(CHCHs)s), 0.97 (3H, dJ 7.0, Ce)Me), 1.45 (9H, s, Gles), 2.24-2.38
(2H, m, C(5M,), 2.87 (1H, ddJ 9.3, 8.1, C(3)), 3.28 (1H, ddJ 9.3, 3.8, C(3)), 2.80-2.86 (1H, m,
C(4)H), 4.00 (1H, dJ 16.7, NGHaHgPh), 4.10-4.21 (3H, m, C(H) C(@)H, NCHyHgPh), 4.71 (1H, br s,
OH), 4.81-4.91 (2H, m, C(),), 5.08 (1H, m, C(3}a), 5.22 (1H, app dJ 17.0, C(3'Hg), 5.40-5.57 (1H,
m, C(6H), 5.82 (1H, ddd,) 17.0, 10.2, 7.0, C(2}), 7.10-7.40 (10H, mPh); & (100 MHz, CDC}) 4.5
(Si(CH2CHyg)3), 6.9 (Si(CHCHa)s), 22.7 (C6)Me), 28.3 (Mes), 37.1 C(5)), 52.1 (\CHzPh), 53.7 C(2)),
63.2 C(e)), 63.5 C(3)), 73.6 CMes), 76.8 C(1)), 81.4 C(4)), 117.3, 117.4Q(7), C(3"), 126.3, 126.9,
127.3, 128.1, 128.2, 128.5,f,p-Ph), 135.3 C(6)), 137.6 C(2)), 144.1, 146.5i{Ph), 172.4 C(1)); mz
(ESI)* 580 (IM+H]*, 100%); HRMS (ES) CasHsNO,Si* (IM+H]*) requires 580.3817; found 580.3814.

4.18. (R,4R,aS,E)-1-tert-Butoxy-1-triethylsiloxy-3-[ N-benzyl-N-(a-methyl-benzyl)amino]-3-[1'-
(triethylsilyloxy)]but-3 '-enylpropene €)-36

BuLi (2.2 M in hexanes, 7(L, 0.15 mmol) was added dropwise to a stirred smhudf TMP (30 pL, 0.15
mmol) in THF (0.2 mL) at 0 °C. The resultant mix@wvas stirred at 0 °C for 30 min, then a solutibri
(70 mg, 0.13 mmol) in THF (0.2 mL) at 0 °C was atldéhe resultant mixture was stirred at 0 °C fdr, 1
then TESCI (50 pL, 0.50 mmol) was added dropwise the resultant mixture was allowed to warm to rt
over 1 h before being concentratadvacuo to give 36 [(E)-36:(2)-36 >95:5]. &4 (400 MHz, CDCY)
[selected peaks] 0.54 (6H, §8.0, C(4)OSi(El.CHs)3), 0.73 (6H, gJ 8.1, OSIi(G¢,CHzs)3), 0.89 (9H, t,J
8.0, C(4)0Si(E€i,CHz)s), 1.05 (9H, t,J 8.0, OSi(G,CHz)s), 1.16 (3H, C¢)Me), 1.26 (9H, s, ®le;), 2.17
(1H, ddd,J 13.3, 8.2, 5.1, C(B)a), 2.74 (1H, quinJ 6.9, C(5Hs), 3.39 (1H, dd,J 10.0, 2.7, C(3))), 3.46
(1H, d,J 15.2, NGHaHgPh), 3.59 (1H, ddd] 7.7, 5.1, 2.7, C(4)), 3.98 (1H, q,J 6.8, C@)H), 4.12 (1H, d.)
10.0, C(2H), 4.77-4.86 (2H, m, C(Ay), 4.53 (1H, dJ 15.2, NCHHgPh), 5.13-5.25 (1H, m, C(d),
7.15-7.55 (10H, mPh).

4.19.tert-Butyl (2R,3R,4R,1' S,aS)-2-(1'-hydroxyprop-2'-en-1'-yl)-3-[ N-benzyl-N-(a-
methylbenzyl)amino]-4-hydroxyhept-6-enoate 38
HF (70% in py, 1.5 mL, 52.8 mmol) was added toimest solution 0f37 (1.02 g, 1.76 mmol) in THF (10
mL) at O °C and the resultant mixture was allowedvarm to rt and stirred at rt for 16 h. Satd adHS&®;
was added until pH > 7 was achieved and the reguttéxture was stirred at rt for 30 min, then egteal
with EtOAc (3 x 10 mL). The combined organic extsawere dried and concentratedvacuo. Purification
via flash column chromatography (eluent 30-40 °@gb&tOAc, 4:1) gave38 as a white solid (740 mg,
90%, >99:1 dr); mp 982 °C; [a]Z’ +14.1 € 0.8 in CHC}); vmax (ATR) 3360 (O-H), 3064, 2918, 2978
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(C-H), 1722 (C=0), 1640 (C=C): &4 (500 MHz, CDC4) 1.26 (3H, d,J 6.9, C&)Me), 1.35 (9H, s, Gles),
2.15-2.31 (2H, m, C(%),), 2.67 (1H, ddJ 7.3, 4.8, C(2)), 2.85 (2H, br s, X OH), 3.26 (1H, app tJ 4.8,
C(3)H), 3.90 (1H, dJ 15.0, NG4aHgPh), 3.85-3.92 (1H, m, C(), 4.15 (1H, qJ 6.9, C&)H), 4.21 (1H,
d, J 15.0, NCHHgPh), 4.29 (1H, app tJ 7.3, C(1'H), 4.99-5.03 (1H, m, C(Mla), 5.025.06 (1H, m,
C(7)Hs), 5.07 (1H, app dJ 10.5, C(3Ma), 5.20 (1H, app dJ 17.2, C(3Ms), 5.60-5.72 (1H, m, C(E)),
5.80 (1H, ddd, 17.2, 10.5, 7.3, C(29), 7.10-7.36 (10H, mPh): 3¢ (125 MHz, CDCY) 20.6 (C&)Me),
28.1 (QMiey), 39.9 C(5)), 52.2 (NCH.Ph), 53.4 C(2)), 60.7 C(4)), 61.8 C(3)), 70.9 C()), 72.1 C(1)),
81.5 CMes), 117.1 C(3"), 117.9 C(7)), 126.6, 127.0, 128.2, 128.2, 128.3, 128,mp-Ph), 135.3 C(6)),
138.1 C(2'), 142.1, 144.7i{Ph), 172.3 C(1)): mz (ESI) 466 ([M+H]", 100%); HRMS (ES) CaeHsoNO,"
(IM+H] ") requires 466.2952; found 466.2947.

4.20. (5,3R,4R 1'S,aS)-2-(1'-Hydroxyprop-2'-en-1'-yl)-3-[ N-benzyl-N-(a-methylbenzyl)amino]hept-6-
en-1,4-diol 41

Sep 1. CRCOH (3 mL) was added dropwise to a stirred solutio3d(600 mg, 0.86 mmol, >99:1 dr) in
CH.CI, (3 mL) at 0°C. The resultant solution was allowed to warm tand stirred at rt for 16 h then satd
ag NaHCQ (5 mL) was added. The aqueous layer was extraatedCH,Cl, (3 x 10 mL) and the combined
organic extracts were washed withGH(10 mL) and brine (10 mL), then dried and conedrtlin vacuo to
give 39 as a pale yellow oil (600 mg, >95:5 dd); (400 MHz, CDC}) 0.65 (6H, g,J 8.0, Si(GH.CHz)3),
0.94 (9H, t,J 8.0, Si(CHCHj3)3), 1.48 (3H, dJ 6.9, C@)Me), 2.49-2.66 (2H, m, C(b)), 2.94 (1H, dd)
10.4, 4.3, C(H), 3.48 (1H, dd, 10.4, 2.2, C(3)), 3.83 (1H, dJ 13.9, NGHaHsPh), 4.18-4.24 (1H, m,
C(4)H), 4.24-4.36 (2H, m, C(H), C(o)H), 4.45 (1H, dJ 13.9, NCHHgPh), 5.05 (1H, dJ 10.4, C(3Ma),
5.17 (3H, m, C(Mi,, C(3'Hg), 5.62-5.85 (2H, m, C(6), C(2'H), 7.05-7.25 (10H, mPh); ¢ (100 MHz,
CDCl) 5.5 (SiCH2CHz)s), 7.1 (Si(CHCHa)s), 18.3 (C{)Me), 39.4 C(5)), 46.6 C(2)), 52.8 (NCH.Ph),
61.4 C(3)), 62.3 C(w)), 72.4 C(4)), 73.1 C(1), 118.1C(3"), 119.1 C(7)), 128.1, 128.6, 128.7, 128.7,
128.8, 129.4dq,m,p-Ph), 133.6 C(2')), 134.9 i-Ph), 137.1 C(6)), 139.2 {(-Ph), 175.9 C(1)); Wz (ESI)' 524
([M+H] ", 100%); HRMS (ES) C31H46NO,Si* ([M+H] ™) requires 524.3190; found 524.3187.

Sep 2: LiAIH 4 (2.4 M in THF, 1.7 mL, 4.16 mmol) was added tdiaed solution of the residue 80 (600
mg, >95:5 dr) in THF (5 mL) at O °C. The resultantution was allowed to warm to rt and heated atG0
for 16 h. The reaction mixture was allowed to dwoit, then 2.0 M ag NaOH (2.1 mL, 4.20 mmol) wasrt
added and the resultant mixture was left to stirtdbr 1 h. The resultant mixture was filteredadhgh

Celite® (eluent THF), then dried and concentratedacuo to give40 (460 mg, >95:5 dfr).
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Sep 3: HF (70% in py, 76QuL, 27.0 mmol) was added to a stirred solution sfdee of40 (460 mg, >95:5
dr) in THF (8 mL) at O °C and the resultant mixturas allowed to warm to rt and stirred at rt forhl&satd
ag NaHCQ was added until pH > 7 was achieved and the aasguthixture was stirred at rt for 30 min, then
extracted with EtOAc (3 x 10 mL). The combined migaextracts were dried and concentratedacuo.
Purification via flash column chromatography (elu88-40 °C petrol/EtOAc, 2:1) gavH as a colourless
oil (260 mg, 76% fronB87, >99:1 dr);[a]® -9.9 € 1.1 in CHCE); vmax (ATR) 3359 (O-H), 2974 (C-H),
1701 (C=0), 1639 (C=C)» (400 MHz, CDC}) 1.45 (3H, dJ 6.9, C¢)Me), 1.80-2.00 (1H, m, C(®}),
2.30-2.40 (2H, m, C(5),), 3.00 (1H, dd,) 6.6, 4.9, C(3}), 3.44 (1H, ddJ 11.1, 3.9, C(Hla), 3.55 (1H,
dd,J 11.1, 6.6, C(Blg), 3.93-3.98 (1H, m, C(4)), 4.00 (1H, d.J 14.4, NGHiaHgPh), 4.05 (1H, dJ 14.4,
NCHaHgPh), 4.16 (1H, app t) 5.7, C(1'H), 4.22 (1H, g,J 6.9, C@)H), 5.08-5.16 (3H, m, C(3a,
C(7)H,), 5.19-5.25 (1H, m, C(3%), 5.74-5.90 (2H, m, C(6), C(2)H), 7.17-7.33 (10H, nPh); 3¢ (100
MHz, CDCk) 18.2 (C@)Me), 39.8 C(5)), 46.0 C(2)), 52.2 (NCH,Ph), 58.5C(a)), 59.9 C(3)), 62.1C(1)),
71.0 C(4)), 73.5 C(1)), 116.1, 117.9G(7), C(3)), 127.0, 127.1, 128.0, 128.3, 128.4, 12@mp-Ph),
135.3(C(2Y), 139.1 C(6)), 140.3, 144.0i{Ph); m/z (ESI)" 396 ([M+H]",100%); HRMS (ES]) CpsHzNO5"
(IM+H] ") requires 396.2533; found 396.2525.

4.21. (5,2R,7R,7aR)-1-Hydroxymethyl-2,7-dihydroxy-hexahydro-1H-pyrrolizinium acetate 422HOAc
Aminotriol 41 (250 mg, 0.63 mmol, >99:1 dr) was coevaporatett WiCl (2.0 M in E3O, 3x 3 mL), then
the residue o#i1-HCI was dissolved in Ci€l, (10 mL) and MeOH (10 mL). The resultant mixture was
cooled to—-78 °C and degassed with,Mind Q before Q was purged through the solution until it turned
blue. The reaction mixture was then purged wighubtil it turned colourless, then polymer suppad P
(3 mmol/g, 630 mg, 1.90 mmol) was added and thetiamixture was allowed to warm to rt and stirred
for 3 h. The reaction mixture was then filteredotigh a short plug of Celite(eluent MeOH) and
concentratedn vacuo to a total volume of 3 mL. AcOH (0.3 mL) and Pd(@ (100 mg, 40% w/w) were
added and the resultant mixture was degassed wittand saturated with } then stirred under an
atmosphere of H(5 atm) at rt for 48 h. The reaction mixture whsrt filtered through a short plug of
Celite® (eluent MeOH) and concentratéd vacuo. Purification via column chromatography (eluent
CHCIls/MeOH/NH,OH, 6:4:1) gave42-HOAc as a white solid (90 mg, 65%, >99:1 dr); ni2-214 °C;
[a]2’ +112.0 € 0.2 in MeOH);Vmax (ATR) 3274 (G-H), 1572 (C=0); 54 (400 MHz, BO) 1.84 (1H, s,
COMe), 1.07-2.14 (2H, m, C(6)), 2.71-2.83 (1H, m, C(H), 3.30-3.40 (2H, m, C(8)x, C(5Ha), 3.73
(1H, dd,J 13.7, 4.9, C(Hs), 3.89 (1H, dd,) 11.4, 6.7, C(1Bla), 3.92 (1H, app dd] 11.9, 6.4, C(Hs),
4.01 (1H, ddJ 11.4, 8.2, C(1Hig), 4.33 (1H, ddJ 9.8, 3.5, C(7&)), 4.48 (1H, app tJ 4.7, C(2H), 4.53
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(1H, app tJ 3.5, C(7H): &c (100 MHz, CDCY) 23.2 (COMe), 35.8 ((6)), 46.8 C(1)), 55.1 C(5)), 55.9
(C(1)), 62.2 C(3)), 69.6 C(7a)), 70.4, 72.9Q(2), C(7)), 185 COMe); m/z (ESI) 174 ([M+H]’, 100%):
HRMS (EST) CgH1gNOs"™ ([M+H]™) requires 174.1125; found 174.1124.

4.22. (5,2R,7R,7aR)-1-(Acetoxymethyl)2,7-diacetoxyhexahydro-di-pyrrolizidine 43

Ac,0 (375uL, 4.00 mmol) and DMAP (10 mg, 0.08 mmol) were atlttea stirred solution egf22HOAc (70
mgq) in py (0.6 mL) and the resultant mixture wasex at rt for 16 h. Satd ag NaHG(® mL) and CHCI,
(5 mL) were then added and the aqueous layer weactad with CHCI, (3 x 5 mL). The combined organic
extracts were washed with,@® (3 x 5 mL) and brine (10 mL), then dried and @nicatedin vacuo.
Purification via flash column chromatography (elu88—-40 °C petrol/EtOAc, 2:1) gavS as a colourless
oil (92 mg, 77%, >99:1 drfa]2’ -22.0 € 0.6 in CHC}); Vmax (ATR) 1734 (C=0)3y (400 MHz, CDC})
2.03 (3H, s, CMe,), 2.07 (3H, s, CWeg), 2.10 (3H, s, COlec), 2.01-2.16 (2H, m, C(6),), 2.80-2.95
(3H, m, C(1H, C(3Ha, C(5Ha), 3.12-3.19 (1H, m, C(b)%), 3.44 (1H, dd,J 12.0, 6.0, C(H}lg), 3.63 (1H,
dd,J 9.2, 4.0, C(7d)), 4.20 (1H, ddyJ 11.0, 7.3, C(1Hl4), 4.38 (1H, ddJ 11.0, 8.5, C(1Blg), 5.22 (1H, app
t, J 4.0, C(7H), 5.36 (1H, app td] 6.0, 3.4, C(H); 6c (100 MHz, CDC}) 20.8 (CQMes), 21.1 (COMes),
21.6 (CQVieg), 34.9 C(6)), 42.1 C(1)),52.4 C(5)), 60.1 C(1"), 60.6 C(3)), 68.6 C(7a)), 74.7 C(2)), 75.0
(C(7)), 169.9, 170.4, 170.COMes, COMes, COMeg); miz (ESI) 300 ([M+H]", 100%); HRMS (ES)
C14H2oNOs" ([M+H]™) requires 300.1442; found 300.1442.

4.23. (5,2R,7R,7aR)-1-Hydroxymethyl-7,2-dihydroxy-hexahydro-1H-pyrrolizine [( +)-2-epi-
rosmarinecine] 42
K2COs (70 mg, 0.51 mmol) was added to a solutiod®{50 mg, 0.17 mmol, >99:1 dr) in MeOH (1 mL).
The resultant mixture was stirred at rt for 16 heTeaction mixture was then filtered through arsplug of
Celite® (eluent MeOH) and concentratdd vacuo. Purification via column chromatography (eluent
CHCIly/MeOH/NH,OH, 6:4:1) gave42 as a white solid (30 mg, quant, >99:1 dr); mp 1IBB-°C;[a]?’
+18.3 € 0.37 in EtOH); for42-HCI: [a]%’ -27.0 € 0.3 in EtOH); {lit** for 42-HCI: [a]?’ -31.2 € 1.3 in
EtOH)}; Vmax (ATR) 3243 (G-H); 84 (400 MHz, BO) 1.71-1.92 (2H, m, C(6)), 2.40-2.50 (1H, m,
C(1)H), 2.70-2.83 (2H, m, C(8)a, C(5Ha), 3.08 (1H, dd,J 13.4, 4.0, C(F}s), 3.14-3.23 (1H, m,
C(5Hg), 3.49 (1H, ddJ 9.1, 3.6, C(7a)), 3.81 (1H, ddJ 11.0, 6.3, C(1Hl4), 3.95 (1H, dd.J 11.0, 8.5,
C(1)Hg), 4.13-4.21 (2H, m, C(®), C(7H); 8¢ (100 MHz, BO) 36.1 C(6)), 47.1 C(1)), 53.4 C(5)), 57.0
(C(1%), 62.0 C(3)), 69.8 C(7a)), 70.6, 71.5G(2), C(7)); m'z (ESI) 174 (IM+H]", 100%); HRMS (EST)
CgH16NOs" ([M+H] ") requires 174.1125; found 174.1125.
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