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Abstract

The asymmetric syntheses of pyrrolizidine, inddlize and quinolizidine alkaloids have been achieved
using the diastereoselective conjugate additioritbium (R)-N-benzylN-(a-methylbenzyl)amide tax-
alkenylu,B-unsaturated esters followed by diastereoseleptigtonation of the resultant enolates as the key
stereodefining steps. The azabicyclic scaffoldsewtben efficiently constructed upon sequential abiick
cleavage of the olefinic units within the resultgramino esters and hydrogenolytic N-debenzylatiothef
corresponding dialdehydes, which occurs with coritaoth double reductive cyclisation. Subsequent
reduction of the ester moieties with LiAJHyave (+)-trachelanthamidine, (+)-tashiromineS 88R)-1-
(hydroxymethyl)octahydroindolizine and (+)-epiluma in 4.9, 4.1, 3.0 and 5.9% overall yield, respety,

in only six steps from commercially available stagtmaterials.

Key words: (+)-trachelanthamidine, (+)-tashiromine, (+)-epihine, azabicyclic alkaloids, asymmetric

synthesis

1. Introduction

Azabicycles can be defined as systems exhibiting fwsed aliphatic rings with an endocyclic nitrogen
atom. Pyrrolizidinesl, indolizidines2 and quinolizidines3 are sub-classes of [x.y.0]-azabicy¢leghich
have the nitrogen atom located at a bridgeheadiposdiAzabicyclic alkaloids of this type are prevalemt i
Nature and display a broad array of different matal activity. For example, (+)-hyacinthacine Als a
potent glycosidase inhibitdr(—)-swainsoniné exhibits anti-cancer activityand (-)-castanospermiehas

been used to treat Dengue virus (Fig° 1).
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Fig. 1. The core structures of pyrrolizidinds indolizidines2 and quinolizidines3, and selected biologically active azabicyclic
alkaloids4-6.

A fundamental step in the synthesis of these sirastis the effective and stereoselective constructf the
azabicyclic scaffold. We have recently developeghlyi efficient routes to several pyrrolizidine dikas
employing a tandem hydrogenolytic N-debenzylationkie reductive cyclisation sequence to consthuet t
[3.3.0]-azabicyclic ring systefhFor example, conjugate additidhof lithium amide ©)-7 to a,p-unsaturated
ester8 followed by allylation of the resultant lithiunZ)-B-amino enolatégave9 in 60% yield and 85:15 dr.
Ring-closing metathesis & followed by treatment 0f0 with KO'Bu gavell in 34% vyield (from9) and
>99:1 dr. Olefinic oxidatiof?"** of 11, reduction of the resultant lactone, and oxidatileavage of the
corresponding 1,2-diol gave dialdehyd@ Subsequent tandem hydrogenolytic N-debenzylatmiiile
reductive cyclisation ol2 gave (-)-isoretronecandf3 in 52% vyield (from11) and >99:1 dr (Scheme 1).
Herein, we report a modification to this methodglognd also expand its scope to encompass the
asymmetric syntheses of [4.3.0]- and [4.4.0]-azatbic targets (i.e., indolizidines and quinolizids),
which culminates in the syntheses of (+)-trachélamidiné® (originally trachelantamidirtd), (+)-

tashiromine, ($,8aR)-1-(hydroxymethyl)octahydroindolizine and (+)-epinine*
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Scheme 1Reagents and condition§) (9-7, THF, —78 °C, 2 h then allyl bromide, —78 °C tp12 h; (ii) Grubbs I, CkCl,, 35
°C, 16 h; (iii) KHMDS,'BUOH, THF, rt, 16 h; (iv) HBE m-CPBA, CHCl,, rt, 48 h; (v) LiAlH, THF, 0 °C, 2 h; (vi) NalQ
MeOH, rt, 1 h; (vii) H (5 atm), MeOH/AcOH (20:1), rt, 24 h.

2. Results and discussion

We initially set out to extend our existing methtmdyy to the homologous substrates to access tigettar
indolizidines and quinolizidines. The requisiig-unsaturated esters were prepared from commercially
available alcoholsl4 and 15 upon Swern oxidation and stereoselective Wittigctiea of the resultant
aldehydesl6 and 17, with tert-butyl 2-(triphenylphosphanylidene)acet&e (which was prepared in 68%
yield from tert-butyl bromoacetate and Phwhich gaveo,p-unsaturated esteand18 in 71 and 81%
isolated yield, respectively, and >99:1 dE)f(Z)] in each case. Conjugate additiai lithium (R)-N-benzyl-
N-(a-methylbenzyl)amideR)-7 to o,p-unsaturated estéd (n = 1), followed by treatment of the resultant
lithium (2)-p-amino enolatéwith satd aq N&CI, gave the knowif' B-amino esterl9 in 89% vyield and
>99:1 dr. Similarly, conjugate addition of lithiuamide R)-7 to a,B-unsaturated estdi8 (n = 2), followed

by protonation of the resultant lithiurZ)¢B-amino enolatéwith satd aq N&CI, gaveB-amino estef0 as a
single diastereoisomer (>99:1 dr) in 97% vyield @uk 2). The relative configuration with20 was
assigned by reference to the transition state mnafhwhich has been developed to correctly predict the
stereochemical outcome upon conjugate additionttotim amide reagents to achiwgp-unsaturated esters

(>200 examples), including the conjugate additib(R)-7 to 8 (n = 1).
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Scheme 2Reagents and condition§) (COCI),, DMSO, CHCI,, —78 °C, 1 h, then BN, —78 °C to rt, 10 min; (iiR1, rt, 18 h;
(i) (R)-7, THF, =78 °C, 2 h, then Nj@I (satd aq).

By analogy to our established tandem conjugate tiadéhlkylation procedure, described above &r
(n = 1)%® conjugate addition of lithium amid&)-7 to o,f-unsaturated estd (n = 2)followed by treatment
of the resultant lithiumZ)-B-amino enolatéwith allyl bromide gave a 65:35 mixture of C(2)keprs 22
and 23, respectivelyp-Amino ester22 and23 proved to be extremely difficult to separate, amel major
product 22 was isolated in only 5% vyield as a single diasts@mer (>99:1 dr) after exhaustive
chromatographic purification; a 65:35 mixed frantiof 22 and 23, respectively, was also isolated in 64%
combined yield. As complete diastereoselectivityg whserved upon conjugate addition in the formaion
B-amino ester20, compounds22 and 23 were assigned as being C(2)-epimers. ThesgiBelative
configuration within the major diastereoison2&rwas tentatively assigned by analogy to the stéraoacal
outcome observed upon tandem conjugate additioéién of 8 (n = 1)°* and this assignment was later
unambiguously confirmed by chemical correlationhi® target indolizidinevide infrg). We have previously
observed that the alkylation of lithiuf@amino enolates with but-3-enyl bromide is a lowlging process;
however, alkylation with 1,4-diiodobutane followby elimination of HI from the resultaatalkyl-3-amino
ester can be an efficient method to introduce a3kenyl group at the C(2)-position. Indeed, conjaga
addition of lithium amideR)-7 to o,B-unsaturated est& (n = 1) followed by alkylation of the intermediate
lithium (2)-B-amino enolatéwith 1,4-diiodobutane was found to yield a 60:4@&ipHy separable mixture of
C(2)-epimer24 and25, which were isolated in 36 and 5% yield, resp&tyiva 50:50 mixed fraction &4
and25 was also obtained in 34% combined yield. Identiczdtment of the homologous substredgn = 2)
gave a 63:37 mixture of C(2)-epimeéd€ and27, respectively. Although chromatographic purificatiof 26

and27 proved difficult and various mixed fractions werlgtained,26 was isolated in 18% vyield and 89:11
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dr, and27 was isolated in 8% vyield and 95:5 dr. The relatbamfigurations within24-27 were again
tentatively assigned by analogy to the outcome rvbgeupon tandem conjugate addition/alkylation8of
(n = 1)%@ Elimination of HI from within bott24 (n = 1, >99:1 dr) an@5 (n = 1, >99:1 dr), upon treatment
with KO'Bu, yielded a 65:35 mixture @8 and29, respectively, in both cases (Scheme 3). Thesdtseare
consistent with C(2)-epimerisation occurring as Iwad elimination of HI under the basic reaction

conditions.

AT )l
Ph” N Ph” N
A COBu \/Hn\)\/coztau

XN -

22, n=2 5%,2>99:1dr 23,n=2
(i) |e5:35dr

n=2| [22:23]
Mn\/\/COZ'BU
8, n=1,>99:1dr[(E):(2)]
18, n =2, >99:1 dr [(E):(2)]

(ii) n =1, 60:40 dr [24:25]
n=2,63:37 dr[26:27]
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24, n=1,36%,>99:1 dr 25,n=1,5%>99:1dr
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n=1| [28:29] n=11 [28:29]
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Scheme 3Reagents and condition§) (R)-7, THF, —78 °C, 2 h, then allyl bromide, —78 °C to12 h; (ii) ®)-7, THF, —78 °C, 2
h, then 1,4-diiodobutane, —78 °C to rt, 12 h; p'Bu, THF, rt, 16 h.Ja 65:35 mixture o2 and23 was also isolated in 64%
combined yield® a 50:50 mixed fraction a4 and25 was also isolated in 34% combined yildurther mixed fractions were
also isolated in 20% total yield].

As C(2)-epimerisation was noted upon eliminatiorHbffrom within both24 and 25, it was proposed that
reduction of the ester moiety should be performiest, fremoving the risk of epimerisation during the
subsequent elimination step. Following a literafor@cedure for the chemoselective reduction ofsdaren
the presence of an-iodo substituent® both24 (n = 1, >99:1 dr) an@6 (n = 2, 89:11 dr) were treated with
DIBAL-H in PhMe. After purification of the crude &etion mixtures, alcohol30 (>99:1 dr) and31 (89:11
dr) were isolated in 72 and 86% yield, respectiv@lybsequent elimination of HI from withB0 and 31

upon treatment with KBu gave32 in 56% vyield and >99:1 dr, an@4 in 33% yield and 95:5 dr,
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respectively. In additiong-allyl--amino ester22 (>99:1 dr) was reduced with LiAlHto give the

corresponding alcoh@3 in 48% vyield and >99:1 dr (Scheme 4).

Ph Ph

PhJ\N () Ph” N
S COBu —> .
n n OH
I I
24, n=1,>99:1dr 30,n =1, 72%, >99:1 dr
26,n=2,89:11dr 31,n =2, 86%, 89:11 dr
(i) n=1,>99:1dr
n=2,89:11dr
J\ Ph Ph
Ph N (iii)
XA CO,lBu —
N
22,n=2,>99:1dr 32,n= =2, 56% (from 30), >99:1 dr

33, n=2 m =1, 48% (from 22), >99:1 dr
34,n=2, m=2, 33% (from 31) 95:5 dr

Scheme 4 Reagents and condition§) DIBAL-H, PhMe, 0 °C, 4 h; (ii) KCBu, THF, rt, 16 h; (iii) LiAlH, THF, —78 °C to
rt, 18 h.

Attempts to optimise the overall yields of the risigfe dienes via a strategy reliant on ring-closing
metathesis [i.e., an analogous approach to thathmie used previousiyfor the truncated analog@e(n =

1)] were thwarted by both poor conversion and lewlated yields. Instead, it was envisaged thatatixid
cleavage of the olefinic units withim-alkenylf-amino alcohols32-34 would afford the requisite
dialdehydes, and application of the tandem hydroly¢ic N-debenzylation/double reductive cyclisation
protocol would then furnish the corresponding azgdies. Initially, the efficacy of this route wagaduated
using mixtures of C(2)-epimeric alcohd2-34 as these samples could easily be prepared ongnaunti
scales. Oxidative cleavage of the olefinic unitshmi 32 (65:35 dr) via ozonolysis of the corresponding
hydrochloride salB2-HCI (to circumvent N-oxidation) gave the corresgiog dialdehyde35. Subsequent
hydrogenolysis 085 effected N-debenzylation and concomitant doubdieicgve cyclisation, and following
purification of the crude reaction mixture on Dowgs8\WX8 ion-exchange resin, (+)-tashiromi8® was
isolated in 11% yield (fron82) and >99:1 dr. Similarly, ozonolysis 88 (73:27 dr) followed by tandem
hydrogenolytic N-debenzylation/double reductive lsation of the resultant dialdehyd# gave, after
purification on Dowex 50WX8 ion-exchange resin$ geR)-1-(hydroxymethyl)indolizidine40 as a single
diastereoisomer (>99:1 dr) in 17% isolated yielar{f 33). In the homologous series, ozonolysis3df
(74:26 dr) and tandem hydrogenolytic N-debenzyfdtouble reductive cyclisation of dialdehy8égave a
79:21 mixture of quinolizidines42 and 43, respectively. Sequential purification by ion-eanbe

chromatography on Dowex 50WX8 resin followed bysflacolumn chromatography on neutral alumina
6



gave (+)-epilupininegt2 in 11% yield (from34) and >99:1 dr (Scheme 5). In each case, the sanoplthe
azabicyclic target88, 40 and42 were found to be contaminated with ~5% uniderdifi@purities, although
the specific rotations and spectroscopic data foesé samples of (+)-tashiromir@8, (1S 8aR)-1-
(hydroxymethyl)indolizidinet0 and (+)-epilupiningt2 were all in reasonably good agreement with liteeat
data {for38: [a]® +30.0 ¢ 0.5 in CHC}); lit.*® [a]®’ +43.4 € 0.53 in CHCY); for 40: [a]Z® +30.1 € 0.42 in
EtOH); lit.* [a]?° +27.4 € 1.0 in EtOH); for42 [a]® +20.1 € 0.33 in EtOH); lit¥ [a]® +31.8 € 0.6 in
EtOH)}. Despite the relatively low yields 88, 40 and42 obtained, these results established that the tande
hydrogenolytic N-debenzylation/double reductive lisation protocol is indeed applicable to the sysik

of indolizidines and quinolizidines. An alternatid@gher yielding synthesis of diastereocisomencallire
cyclisation precursors was therefore investigatea oonjugate addition of lithium amiddR)¢7 to the

corresponding-alkenyl substituted,-unsaturated esters.

A L

Ph N
N (i) O
n OH — n OH
NS )m O )m
32,n=1,m=2,65:35dr 35,n=1,m=2
33,n=2, m=1,73:27 dr 36,n=2,m=1
34, n=m=2,74:26 dr 37, n=m=2

m = 2, 65:35 dr [38:39]
,m =1, 70:30 dr [40:41] | (i)
m = 2, 79:21 dr [42:43]

M 3
N N

38,n=1,m=2,11% (from 32),2>99:1dr 39,n=1,m=2
40,n =2, m=1, 17% (from 33),°>99:1 dr 41,n=2, m =1
42, n=m =2, 11% (from 34),2¢ >99:1 dr 43,n=m=2

Scheme 5Reagents and condition§) HCI/Et,O, rt, 5 min, then @ CH,Cl,/MeOH (1:1), —78 °C, 1 h, then polymer supported
PPh, —78 °C to rt, 2 h; (i) Bl Pd(OH)/C, MeOH/AcOH (25:1), 35 °C, 24 h* £95% purity;” an 86:14 mixture o0 and41,
respectively, was also isolated in 14% combineddyand ~95% purity® a 77:23 mixture ofi2 and43, respectively, was also
isolated in 8% combined yield and ~95% purity].

The requisiten-alkenyl substituted phosphonate reagetisand 46 were readily prepared fro# upon
deprotonation with NaH and alkylation of the reantt anion with either allyl bromide or but-3-enyl
bromide, which gavet5 and 46 in 70 and 75% vyield, respectively. Following a niied Wadsworth-
Emmons protocdl deprotonation of ther-alkenyl phosphonate reagemts and 46 with MeMgBr and
ensuing reaction with aldehyd&s and17 gavea-alkenyl-u,p-unsaturated esteds/-50 in good yield and
moderately high [):(2)] ratios (>70:30 dr); the presence of tl®-¢onfigureda,p-unsaturated esters was
not deemed to be a problem as it is known thaiulithamides only undergo conjugate addition - (

configured substratsin accordance with our previous observations caricg conjugate additions of
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lithium amide R)-7 to a,p-unsaturated esters bearing either methyl or besutydtituents at theposition’®

an alternative procedure was required for the gatgiaddition of)-7 to a-alkenyl-a,f-unsaturated esters
47-50 due to poor diastereoselectivity and the formatadnvarious side products under the standard
conditions for lithium amide conjugate additiore(j. THF, —78 °C, 2 h). In order to overcome theiéss
associated with both reactivity and diastereoswiggtthe conjugate addition was performed in Phpfior

to dilution of the reaction medium with THF and safuent addition of 2,6-dert-butyl phenol to the
resultant solution of the intermediate enofdten each case, the-alkenyl$-amino esterent9, 28, 22 and

51 were prepared as single diastereoisomers (>99:ih @-54% yield (Scheme 6). The configurations of
thesepB-amino ester products were assigned by analogyhdéostereochemical outcome observed upon
conjugate addition ofR)-7 to the corresponding-methyl- anda-benzyl-substituted.,f-unsaturated esters,
which was followed by diastereoselective protormatid the intermediat@-amino enolates with 2,6-dért-

|l8

butyl phenol;” these assignments were later confirmed unambidyibyschemical correlation to the target

azabicycles\ide infra).

Il
() (EtO),P.__CO,Bu
(EtO)zP\/COZ‘Bu —

NP am
44 45 m=1,70%
46, m =2, 75%
(i)
Ph™ N (i) J
N COBU =—— Qo N CO2Bu
NP NP
ent-9,n=m=1,41%, >99:1dr 47,n=m=1, 81%, 76:24 dr [(E):(2)]
28,n=1,m=2 54%,>99:1dr 48,n=1,ms=2 64%, 71:29 dr [(E):(2)]
22,n=2m=1,35%,>99:1dr 49,n=2 m=1,81%, 73:27 dr [(E):(2)]
51,n=m=2, 46%, >99:1 dr 50, n=m =2, 55%, 75:25 dr [(E):(2)]

Scheme 6Reagents and condition§) NaH, THF, rt, 1 h then allyl bromide or butedyl bromide, 70 °C, 36 h; (ii) MeMgBr,
THF, rt, 15 min thed6 (n = 1) orl7 (n = 2), 70 °C, 3 h; (iii))R)-7, PhMe, —78 °C, 1 h then =30 °C, 2 h then THF, 2@830 min
then 2,6-ditert-butylphenol, =78 °C to rt, 30 min.

Various attempts at the ozonolysis of these sulesti@s the corresponding hydrochloride salts) viared
to be problematic. However, under optimised coodgj dialdehyde52-55 were prepared upon treatment
of o-alkenylf-amino esterent9, 28 22 and51 with OsQ and NalQ in the presence of 2,6-lutidiri@.
Immediate subjection of dialdehyd&2-55 to the tandem hydrogenolytic N-debenzylation/doubbiuctive
cyclisation conditions followed by reduction of thesultant azabicyclic esteb&-59 with LiAIH 4 gave the
target hydroxymethyl bearing azabicyclgd 38, 40 and42 in >99:1 dr in each case. Purification of the
crude reaction mixturegave (+)-trachelanthamiding0, (+)-tashiromine38, (1S,8aR)-1-(hydroxymethyl)-

octahydroindolizinet0 and (+)-epilupininel2 as single diastereoisomers (>99:1 dr) in each (&d®eme 7).
8



The specific rotations and spectroscopic datalfes¢ samples @0, 38, 40 and42 were in good agreement
with literature values {for (+)-trachelanthamidig: [a]?® +15.9 € 1.0 in EtOH); lit"*? [a]® +15.4 € 1.2
in EtOH); for (+)-tashiromined8: [a]® +39.0 € 0.2 in EtOH); Iit?®® [a]? +41.9 € 1.1 in EtOH); for
(1S,82R)-1-(hydroxymethyl)octahydroindolizing0: [a]? +39.8 € 0.5 in EtOH); lit** [a]® +27.4 € 1.0 in
EtOH); for (+)-epilupinine42: [a]?® +29.1 € 0.3 in EtOH); lit™** for ent42 [a]®* -29.2 € 1.0 in EtOH)},

thereby also confirming the assigned configuratiwihkin the synthetic precursoent9, 28, 22, 51 and52—

59.
J\ Ph J\ )Ph
Ph N 0 Ph N
XA CO,'Bu — | O X CO,'Bu
NN )m Ox )m
ent-9,n=m=1,>99:1dr 52 n=m=1
28, n=1, m=2 >99:1dr 53, n=1,m=2
22, n=2 m=1,>99:1dr 54 n=2 m=1
51, n=m=2 >99:1dr 55,n=m=2
J(ii)
H OH H COJBu
(iii)
o b )
N N
60, n=m =1, 21% (from ent-9), >99:1 dr 56,n=m=1
38,n=1,m=2,16% (from 28), >99:1 dr 57, n=1,m=2
40, n =2, m =1, 15% (from 22), >99:1 dr 58,n=2m=1
42, n=m =2, 31% (from 51), >99:1 dr 59, n=m=2

Scheme 7Reagents and condition§) OsQ,, NalQ,, 2,6-lutidine, 1,4-dioxane#® (3:1), rt, 40 min; (ii) H (5 atm), Pd(OH)C,
MeOH, rt, 120 h; (iii) LiAlH,, THF, =78 °C to rt, 2 h.

3. Conclusion

In conclusion, concise asymmetric syntheses ofaligidine, indolizidine and quinolizidine alkaloidsave
been achieved using the diastereoselective comjugatidition of lithium R)-N-benzylIN-(a-
methylbenzyl)amide ta-alkenyl-a,f-unsaturated esters followed by diastereoselegra¢onation of the
resultant enolates with 2,6-thft-butylphenol as the key stereodefining steps. Tirebiayclic scaffolds
were then efficiently constructed upon sequentxadative cleavage of the olefinic units and hydnogjgtic
N-debenzylation of the resultant dialdehydes, whachurs with concomitant double reductive cyclisati
Subsequent reduction of the ester moieties withHliAgave the target hydroxymethyl bearing azabicycles.
Following this route, enantiopure samples of (&ghelanthamidine, (+)-tashiromine, S@aR)-1-
(hydroxymethyl)octahydroindolizine and (+)-epilupia were prepared as single diastereoisomers (>99:1
dr) in 4.9, 4.1, 3.0 and 5.9% overall yield, respety, in only six steps from commercially availab

starting materials.



4. Experimental

4.1. General Experimental

Reactions involving organometallic or other moistgensitive reagents were carried out under agatreor
argon atmosphere using standard vacuum line teebsignd glassware that was flame dried and cooled
under nitrogen before use. BuLi was purchased f&gma-Aldrich (as a solution in hexanes) and tiat
against diphenylacetic acid before uuOH was distilled from activated magnesium tursingllyl
bromide and but-3-enyl bromide were distilled frtdgSQO,. Solvents were dried according to the procedure
outlined by Grubbs and co-workérsWater was purified by an EffxUV-10 system. All other reagents
were used as supplied (analytical or HPLC grad#&)awit prior purification. Organic layers were drieger
MgSQy. Thin layer chromatography was performed on aliuminplates coated with 60,4 silica. Plates
were visualised using UV light (254 nm), iodine, H$ KMnQ,, or 10% ethanolic phosphomolybdic acid.
Flash column chromatography was performed on Kge$élO silica.

Melting points were recorded on a Gallenkamp Haig8tapparatus. Optical rotations were recorded on a
Perkin-Elmer 241 polarimeter with a water-jackel€dcm cell. Specific rotations are reported in‘ldeg
cn” g! and concentrations in g/100 mL. IR spectra wereonded on a Bruker Tensor 27 FT-IR
spectrometer using an ATR module. Selected charsiitepeaks are reported in tmNMR spectra were
recorded on Bruker Avance spectrometers in theetdetetd solvent stated. Spectra were recorded ahet.
field was locked by external referencing to theveht deuteron resonancéel-*H COSY,*H-'*C HMQC,

and *H-"*C HMBC analyses were used to establish atom coivitgctLow-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 MicroTriérmally calibrated with polyalanine, or a Microgsa
GCT instrument fitted with a Scientific Glass Instrents BPX5 column (15 m 0.25 mm) using amyl

acetate as a lock mass.

tert-Butyl (E)-hepta-2,6-dienoate 8

A solution of (COCIH) (2.38 mL, 28.4 mmol) in C¥Cl, (40 mL) at —78 °C was treated with DMSO (2.20
mL, 31.0 mmol) in CHCI, (40 mL). The resultant mixture was stirred at =Z8or 10 min, then a solution
of 4-penten-1-olLl4 (2.00 g, 23.2 mmol) in Ci€l, (40 mL) was added. The resultant mixture was stiate
—78 °C for 1 h, then Bl (6.39 mL, 45.9 mmol) was added. The reaction anecivas allowed to warm to rt,

then21 (8.74 g, 23.2 mmol) was added and the resultartura was stirred at rt for 18 h. Satd aq.Cl@;
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(40 mL) was then added and the reaction mixture exdsacted with CBCl; (3 x 25 mL). The combined
organic extracts were washed with brine (40 mlgntdried and concentrated in vacuo to gve >99:1 dr

[(E):(2)]. Purification via flash column chromatographyu@nt 30-40 °C petrol/ED, 100:1) gave8 as a

colourless oil (2.95 g, 71%, >99:1 dE}((2)]);?* 34 (200 MHz, CDC}) 1.49 (9H, s, ®les), 2.14-2.36 (4H,
m, C(4H,, C(5H,), 5.00-5.16 (2H, m, C(A), 5.77-5.95 (2H, m, C(®), C(6H), 6.92 (1H, dt,]) 15.7, 6.7,

C(3)H).

tert-Butyl (E)-octa-2,7-dienoate 18

A solution of (COCIH) (2.37 mL, 28.0 mmol) in C¥Cl, (40 mL) at —78 °C was treated with DMSO (2.15
mL, 30.3 mmol) in CHCI, (40 mL). The resultant mixture was stirred at =Z8or 10 min, then a solution
of 5-hexen-1-oll5 (2.80 mL, 23.3 mmol) in CKCl, (40 mL) was added. The resultant mixture wasestiat
—78 °C for 1 h, then BNl (7.80 mL, 56.0 mmol) was then added. The reagatiotiure was allowed to warm
to rt, then21 (8.76 g, 23.3 mmol) was added and the resultartung was stirred at rt for 18 h. Satd aq
NaCOs; (50 mL) was then added and the resultant mixturse &dracted with CkCl, (3 x 50 mL). The
combined organic extracts were washed with brifen¢®), then dried and concentrated in vacuo to give
in >99:1 dr [E):(2)]. Purification via flash column chromatographyu@nt 30-40 °C petrol/&D, 100:1)
gavel8 as a colourless oil (3.72 g, 81%, >99:1 d){(2)]); Vmax (ATR) 1719 (C=0), 1653 (C=Cpy (400
MHz, CDCk) 1.50 (9H, s, ®les), 1.55-1.61 (2H, m, C(B)), 2.07—2.24 (4H, m, C(#), C(6H.), 4.98—
5.07 (2H, m, C(8),), 5.74-5.68 (2H, m, C(®), C(7H), 6.88 (1H, dtJ 15.6, 7.0, C(3)); &c (100 MHz,
CDCl) 27.2 €(5)), 28.1 (Bes), 31.3 C(4)), 33.1 ((6)), 80.0 CMes), 115.0 C(8)), 123.2 C(2)), 138.1
(C(7)), 147.6 C(3)), 166.1 C(1)); m/z(ESI) 219 ([M+Na], 100%); HRMS (ES) Ci,H:0NaO," ((M+Na]")
requires 219.1356; found 219.1356.

tert-Butyl (R,R)-3-[N-benzyl-N-(a-methylbenzyl)amino]hept-6-enoate 19

BuLi (2.5 M in hexanes, 1.85 mL, 4.26 mmol) wasedidropwise via syringe to a stirred solutionR)F-
benzylN-(a-methylbenzyl)amine (0.92 mL, 4.40 mmol, >99:1liarJHF (10 mL) at —78 °C. After stirring
at —78 °C for 30 min, a solution 8f(500 mg, 2.75 mmol, >99:1 drH):(2)]) in THF (10 mL) at —78 °C was
added dropwise via cannula. The reaction mixture le# to stir at —78 °C for 2 h, then satd aq48H(10
mL) was added. The resultant mixture was allowedveym to rt and stirred at rt for 15 min, then

concentrated in vacuo. The residue was partitidmettheen ChHCl, (10 mL) and 10% aq citric acid (10
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mL). The aqueous layer was extracted with,CHl(2 x 20 mL) and the combined organic extracts were
washed sequentially with satd ag NaH{O@0 mL), HO (20 mL) and brine (20 mL), then dried and
concentrated in vacuo to givd® in >99:1 dr. Purification via flash column chromgtaphy (eluent 30-40
°C petrol/EtO, 100:1) gavd 9 as a pale yellow oil (959 mg, 89%, >99:1 Jd‘tL):;O(]ZDO +8.7 € 1.0 in CHCY});

{lit. ** [a]® +8.1 £ 0.9 in CHCH)}; 8n (400 MHz, CDCY) 1.25 (3H, dJ 7.0, Cf)Me), 1.28-1.39 (1H, m,
C(4)Ha), 1.31 (9H, s, ®les), 1.46 (1H, app dtd] 14.9, 9.3, 5.0, C(#)g), 1.74-1.82 (2H, m, C(B)), 2.00—
2.09 (1H, m, C(3a), 2.26—2.34 (1H, m, C(Bl), 3.27 (1H, app ttJ) 8.7, 4.4, C(3}), 3.39 (1H, dJ 15.0,
NCHaHgPh), 3.67-3.75 (2H, m, @H, NCHaHgPh), 4.83-4.94 (2H, m, C()), 5.70 (1H, app ddf] 17.1,
10.3, 6.5, C(8)), 7.12—7.35 (10H, nPh).

tert-Butyl (R,R)-3-[N-benzyl-N-(a-methylbenzyl)amino]oct-7-enoate 20

BuLi (2.5 M in hexanes, 1.23 mL, 3.08 mmol) wasedidropwise via syringe to a stirred solutionR)F-
benzylN-(a-methylbenzyl)amine (0.67 mL, 3.18 mmol, >99:1iarYHF (8 mL) at —78 °C. After stirring at
—78 °C for 30 min, a solution df8 (390 mg, 1.99 mmol, >99:1 drH):(2)]) in THF (8 mL) at —78 °C was
added dropwise via cannula. The reaction mixture l&# to stir at —78 °C for 2 h, then satd aq48H(10
mL) was added. The resultant mixture was allowedveaym to rt and stirred at rt for 15 min, then
concentrated in vacuo. The residue was partitidmettveen ChHICl, (10 mL) and 10% aq citric acid (10
mL). The aqueous layer was extracted with,Chl(2 x 20 mL) and the combined organic extracts were
washed sequentially with satd ag NaH{O@0 mL), HO (20 mL) and brine (20 mL), then dried and
concentrated in vacuo to gia® in >99:1 dr. Purification via flash column chromgtaphy (eluent 30-40
°C petrol/EtO, 20:1) gave20 as a pale yellow oil (787 mg, 97%, >99:1 dgjZ +6.5 € 1.0 in CHC});
Vmax (ATR) 1726 (C=0), 1640 (C=C)y (400 MHz, CDC}) 1.37 (3H, d,J 7.0, Cf)Me), 1.43 (9H, s,
CMes), 1.46-1.63 (4H, m, C(#p, C(5)H.), 1.87-2.06 (4H, m, C(B), C(6H,), 3.31-3.38 (1H, m, C(8),
3.52 (1H, d,J 15.0, NGHaHgPh), 3.81-3.87 (2H, m, @H, NCHaHgPh), 4.96-5.05 (2H, m, C(8)),
5.79-5.89 (1H, m, C(B), 7.25-7.47 (10H, nPh); 5c (100 MHz, CDC}) 20.5 (Cf)Me), 26.3 C(5)), 28.1
(CMes), 33.0 C(4)), 33.7 C(6)), 37.7 C(2)), 50.1 C(3)), 53.8 (NCH,Ph), 58.3 C(c)), 80.0 CMes), 114.4
(C(8)), 126.6, 127.0, 128.0, 128.2, 128@ip-Ph), 139.1 C(7)), 142.0, 140.7i{Ph), 172.2 C(1)); m/z
(ESI') 408 ([M+H]", 100%); HRMS (ES) Cp7H3gNO," ([M+H]*) requires 408.2897; found 408.2898.
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tert-Butyl (2S,3R,aR)-2-allyl-3-[N-benzyl-N-(a-methylbenzyl)amino]oct-7-enoate 22

Method A BuLi (2.3 M in hexanes, 15.5 mL, 35.7 mmol) wakded dropwise via syringe to a stirred
solution of R)-N-benzylN-(a-methylbenzyl)amine (7.63 mL, 36.5 mmol, >99:liarPhMe (15 mL) at —78
°C. After stirring at —78 °C for 30 min, a solutioh49 (2.39 g, 10.1 mmol, 73:27 drH):(2)]) in PhMe (8
mL) at —78 °C was added dropwise via cannula. Eaetron mixture was left to stir at —78 °C for hid
then maintained at —30 °C for 2 h before being eddb —78 °C. THF (80 mL) at —78 °C was added $wvift
via cannula and the resultant mixture was themestiat —78 °C for 30 min. A solution of 2,64e¥-
butylphenol (8.26 g, 40.1 mmol) in THF (30 mL) wadded dropwise via cannula and the resultant naxtur
was allowed to warm to rt over 30 min then conaaett in vacuo. The residue was partitioned between
CH.ClI; (60 mL) and 10% aq citric acid (60 mL). The aquetayer was extracted with GEIl, (2 x 60 mL)
and the combined organic extracts were washed séglle with satd ag NaHC¢(180 mL), HO (180 mL)
and brine (180 mL), then dried and concentratedaicuo. Purification via flash column chromatography
(eluent 3040 °C petrol/ED, 100:1) gave?2 as a colourless oil (1.58 g, 35%, >99:1 ¢ig}> +40.4 € 1.0

in CHCk); Vmax (ATR) 1723 (C=0), 1641 (C=C}j, (400 MHz, CDC}) 1.35 (3H, dJ 6.8, C{)Me), 1.44
(9H, s, QVes), 1.46-1.70 (4H, m, C(#)p, C(5)H,), 1.94-2.03 (3H, m, C(Bl, C(1')Ha), 2.18-2.24 (1H, m,
C(1)Hg), 2.22-2.28 (1H, m, C(B), 2.69-2.74 (1H, m, C(8)), 3.84 (1H, d,J 15.0, NGiaHsPh), 3.96 (1H,

d, J 15.0, NCHHgPh), 4.03 (1H, g 6.8, C@)H), 4.91-5.04 (4H, m, C(8), C(3'H,), 5.49-5.63 (1H, m,
C(7)H), 5.76-5.86 (1H, m, C(2), 7.24-7.50 (10H, mPh); ¢ (100 MHz, CDC}) 19.7 (C&)Me), 27.3
(C(5)), 28.1 C(1"), 28.2 (Bles), 30.1 C(4)), 34.0 C(6)), 49.7 C(2)), 51.2 (NCH,Ph)), 59.3 C(a)), 59.9
(C(3)), 80.3 CMe3), 114.5 C(3"), 116.0 C(8)), 126.5, 126.9, 127.9, 128.0, 128.2, 128,&p-Ph), 136.0
(C(2)), 138.9 (-Ph), 142.3 C(7)), 144.8 iPh), 174.4 C(1)); m/z (ESI) 448 ([M+H]', 100%); HRMS
(EST) CagH4oNO," ([M+H]™) requires 448.3210; found 448.3212.

Method B BuLi (2.5 M in hexanes, 6.87 mL, 15.8 mmol) wakded dropwise via syringe to a stirred
solution of R)-N-benzylN-(a-methylbenzyl)amine (3.40 mL, 16.3 mmol, >99:1iar)THF (45 mL) at —78
°C. After stirring at —78 °C for 30 min, a solutiof 18 (2.00 g, 10.2 mmol, >99:1 drH):(2)]) in THF (45
mL) at —78 °C was added dropwise via cannula. Eaetron mixture was left to stir at —78 °C for 2en
freshly distilled allyl bromide (2.65 mL, 30.6 mmelas added. The resultant mixture was allowedamw

to rt and stirred at rt for 12 h, then concentratedacuo. The residue was partitioned betweenGTH50
mL) and 10% aq citric acid (50 mL). The aqueousiayas extracted with Gi&l, (2 x 50 mL) and the
combined organic extracts were washed sequentigttysatd aqg NaHC&50 mL), HO (50 mL) and brine
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(50 mL), then dried and concentrated in vacuo tee gh 65:35 mixture oR2 and 23, respectively.
Purification via flash column chromatography (elu&06-40 °C petrol/RO, 100:1) gave an inseparable
65:35 mixture of22 and 23, respectively, as a colourless oil (2.90 g, 64Bgta for mixture Vmax (ATR)
1723 (C=0), 1641 (C=C)n/z (ESI') 448 ([M+H[', 100%); HRMS (ES) CsoH4s2NO," ([M+H]") requires
448.3210; found 448.3212. Data 28: 6 (400 MHz, CDC}) [selected peaks] 1.20 (3H, d7.0, C¢)Me),
1.33 (9H, s, ®les) 2.89-2.95 (1H, m, C(8)), 3.68-3.72 (2H, m, NB,Ph), 4.91-5.04 (4H, m, C(8),
C(3)Hy,), 5.49-5.63 (1H, m, C(A), 5.76-5.86 (1H, m, C(2), 7.24-7.50 (10H, mPh); 5¢c (100 MHz,
CDCl) [selected peaks] 28.1 k&), 79.8 CMes), 114.6 C(3)), 115.4 C(8)), 135.0 C(2)), 137.9 C(7)),
142.1, 144.6i¢(Ph), 174.0 C(1)). Further elution gav22 as a colourless oil (232 mg, 5%, >99:1 {g}?
+36.5 € 1.0 in CHCY).

tert-Butyl (2S,3R,aR) 2-(4-iodobut-1'-yl)-3-[N-benzyl-N-(a-methylbenzyl)amino]hept-6-enoate 24 and
tert-butyl (R,R,R) 2-(4-iodobut-1'-yl)-3-[N-benzyl-N-(a-methylbenzyl)amino]hept-6-enoate 25

BuLi (2.5 M in hexanes, 6.84 mL, 17.1 mmol) wasedidropwise via syringe to a stirred solutionR)FK-
benzylN-(a-methylbenzyl)aming€3.68 mL, 17.6 mmol, >99:1 er) in THF (40 mL) at3-7C. After stirring

at —78 °C for 30 min, a solution 8f(2.00 g, 11.0 mmol, >99:1 drH):(2)]) in THF (40 mL) at —78 °C was
added dropwise via cannula. The reaction mixture l&& to stir at =78 °C for 2 h, then 1,4-diiodtdme
(7.26 mL, 55.0 mmol) was added. The resultant méxtuas allowed to warm to rt and stirred at rtX@rh,
then concentrated in vacuo. The residue was martit between CHl, (50 mL) and 10% aq citric acid (50
mL). The aqueous layer was extracted with,Chl (2 x 50 mL) and the combined organic extracts were
washed sequentially with satd ag NaHC@BO0 mL), HO (50 mL) and brine (50 mL), then dried and
concentrated in vacuo to give a 60:40 mixture2dfand 25, respectively. Purification via flash column
chromatography (eluent 30—40 °C petroi®t100:1) gave4 as a pale yellow oil (2.30 g, 36%, >99:1 dr);
[a]® +12.7 € 1.0 in CHCY); Vimax (ATR) 1721 (C=0), 1640 (C=C} (400 MHz, CDC}) 0.95-1.04 (1H,
m, C(2'Ha), 1.06-1.21 (3H, m, C(Hp, C(2'Hg), 1.24 (3H, dJ 6.8, C@)Me), 1.35 (9H, s, ®les), 1.41—
1.49 (1H, m, C(Ma), 1.54-1.63 (3H, m, C(#), C(3'H,), 1.91-1.98 (1H, m, C(B), 2.12-2.17 (1H, m,
C(2H), 2.19-2.26 (1H, m, C(Bls), 2.68-2.72 (1H, m, C(B)), 3.00 (2H, tJ 6.9, C(4'H.), 3.74 (1H, dJ
14.9, NGHaHsPh), 3.84 (1H, dJ 14.9, NCHHgPh), 3.91 (1H, ¢ 6.8, C()H), 4.84-4.91 (2H, m, C(H),
5.63-5.71 (1H, m, C(6)), 7.15-7.29 (10H, mPh); 5¢c (100 MHz, CDC}) 6.9 (C(4"), 19.4 (C{)Me), 28.1
(CMes), 28.2 C(2), 29.8 C(4)), 30.7 C(17), 32.1 C(5)), 33.2 C(3Y)), 49.8 C(2)), 51.3 (NCH,Ph), 58.7
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(C(a)), 59.8 C(3)), 80.3 CMe3), 114.4 C(7)), 138.9 C(6)), 126.6, 126.7, 127.9, 128.2, 128a3r(p-Ph),

142.1, 144.6i¢(Ph), 174.9 C(1)); m/z(ESI 576 ([M+H[", 100%); HRMS (ES) CaoHaslNO,™ ([M+H] ")

requires 576.2333; found 576.2333. Further elugame an inseparable 50:50 mixture2df and 25 as a
colourless oil (2.13 g, 34%). Further elution g@fas a pale yellow oil (289 mg, 5%, >99:1 dy]2’

+17.2 € 1.0 in CHCY); Vmax (ATR) 1721 (C=0), 1640 (C=C) (400 MHz, CDC}) 0.79-0.86 (1H, m,
C(2)H,), 0.90-0.99 (1H, m, C(2)s), 1.10-1.19 (2H, m, C(¥)), 1.23 (3H, dJ 6.9, C)Me), 1.35 (9H, s,
CMes), 1.53-1.63 (4H, m, C(#), C(3'H,), 1.99-2.10 (2H, m, C(Bl), 2.19-2.23 (1H, m, C(R), 2.88—
2.23 (1H, m, C(3)), 2.98 (2H, t,J 7.0, C(4'H,), 3.70 (1H, dJ 14.3 NGHaHsPh), 3.76 (1H, d)J 14.3
NCHaHgPh), 3.88 (1H, qJ 6.9, C)H), 4.86—4.98 (2H, m, C(H)), 5.65-5.80 (1H, m, C(6)), 7.11-7.38
(10H, m,Ph); 8¢ (100 MHz, CDCJ) 6.9 (C(4"), 16.8 (C&)Me), 28.1 (Mes), 28.2 C(21)), 28.7 C(4)), 29.1
(C(1Y), 32.1 C(5)), 33.4 C(3"), 48.6 C(2)), 50.9 (NCH,Ph), 58.4 C(a)), 58.6 C(3)), 80.3 CMes), 114.7
(C(7)), 138.6 C(6)), 126.6, 126.9, 127.9, 128.2, 128@(p-Ph), 142.0, 144.4i{Ph), 174.4 C(1)); m/z
(ESI) 576 ([M+H]", 100%); HRMS (ES) CaoH43INO," ([M+H] ") requires 576.2333; found 576.2333.

tert-Butyl (2S,3R,aR)-2-(4'-iodobut-1'-yl)-3-[N-benzylN-(a-methylbenzyl)amino]oct-7-enoate 26 and
tert-butyl (R,R,R)-2-(4'-iodobut-1'-yl)-3-[N-benzyl-N-(a-methylbenzyl)amino]oct-7-enoate 27

BuLi (2.5 M in hexanes, 6.09 mL, 14.0 mmol) wasedidropwise via syringe to a stirred solutionR)F-
benzylN-(a-methylbenzyl)amine (3.01 mL, 14.4 mmol, >99:1liarJHF (40 mL) at —78 °C. After stirring
at —78 °C for 30 min a solution @B (1.77 g, 9.00 mmol, >99:1 drH):(2)]) in THF (40 mL) at —78 °C was
added dropwise via cannula. The reaction mixture l&& to stir at =78 °C for 2 h, then 1,4-diiodtdme
(5.94 mL, 45.0 mmol) was added. The resultant méxtuas allowed to warm to rt and stirred at rt¥@rh,
then concentrated in vacuo. The residue was mangiti between ED (60 mL) and 10% aq citric acid (60
mL). The aqueous layer was extracted withCE{2 x 80 mL) and the combined organic extractsewer
washed sequentially with satd ag NaHC@0 mL), HO (80 mL) and brine (80 mL), then dried and
concentrated in vacutm give a 63:37 mixture 026 and 27, respectively. Purification via flash column
chromatography (eluent 30—40 °C petrolt 100:1) gave27 as a colourless oil (425 mg, 8%, 95:5 dr);
[a]Z +15.9 € 1.0 in CHCY); Vimax (ATR) 1722 (C=0), 1634 (C=C}; (400 MHz, CDC}) 0.87-0.90 (1H,
m, C(1'Ha), 1.00-1.09 (1H, m, C(H)), 1.30 (3H, d,]J 6.9, CH)Me), 1.44 (9H, s, ®les), 1.46-1.69 (8H,
m, C(4H,, C(5H,, C(2'H2, C(3'H.), 1.97-2.02 (2H, m, C(6)), 2.27-2.32 (1H, m, C(®), 2.92-2.95
(1H, m, C(3H), 3.07 (2H, t,J 7.0, C(4'H,), 3.77 (1H, d,J 14.3, NGHaHgPh), 3.83 (1H, dJ 14.3,
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NCHaHgPh), 3.96 (1H, qJ 6.9, C)H), 4.97-5.04 (2H, m, C(8),), 5.76-5.86 (1H, m, C(®), 7.18-7.48
(10H, m,Ph); 5c (100 MHz, CDCY) 6.9 (C(4)), 16.8 (C&)Me), 27.3 C(1")), 28.2 (B/les), 28.8 C(2))), 29.7
(C(5)), 33.4 C(4)), 34.0 C(3"), 35.6 C(6)), 48.9 C(2)), 52.5 (NCH-Ph), 58.5 C()), 59.2 C(3)), 80.2
(CMes), 114.5 C(8)), 126.5, 126.7, 127.8, 128.0, 128.4, 128,ip-Ph), 138.7 C(7)), 143.7, 144.4i{Ph),
174.5 C(1)); m/z (ESF) 590 ([M+H]', 100%); HRMS (ES) CsiHsINO," ([M+H]™) requires 590.2489;
found 590.2473. Further elution gave various miktadtions of26 and27 as colourless oils (1.08 g, 20%).
Further elution gave@6 as a colourless oil (962 mg, 18%, 89:11 @g}?’ +23.9 € 1.0 in CHCh); Vmax
(ATR) 1722 (C=0), 1636 (C=C)y (400 MHz, CDC}) 1.04-1.29 (2H, m, C(H)), 1.32 (3H, d,J 6.9,
C(a)Me), 1.35-1.41 (1H, m, C(8)n), 1.43 (9H, s, ®ley), 1.55-1.70 (7H, m, C(#p, C(5Hs, C(2')H-,
C(3)H,), 1.94-2.00 (2H, m, C(6}), 2.23 (1H, dddJ 10.6, 7.0, 3.7, C(®)), 2.76 (1H, td,J 7.0, 3.7,
C(3)H), 3.09 (2H, tJ 6.9, C(4'H,), 3.81 (1H, dJ) 14.9, NGHiAHsPh), 3.92 (1H, dJ 14.9, NCHHgPh), 3.99
(1H, q,J 6.9, CE)H), 4.94-5.02 (1H, m, C(8)), 5.74-5.84 (1H, m, C(R), 7.23-7.37 (10H, mPh); dc
(100 MHz, CDC}) 6.9 C(4"), 19.4 (C&)Me), 27.3 C(5)), 28.0 (Mes), 28.2 C(1)), 30.2 C(2"), 30.6
(C(3"), 33.2 C(4)), 34.1 C(6)), 50.0 C(2)), 51.3 (N\CH,Ph), 58.8 C(w)), 60.1 C(3)), 80.2 CMe3), 114.5
(C(8)), 126.5, 126.9, 127.8, 128.1, 128.2, 128,8p-Ph), 138.8 C(7)), 142.2, 144.7i{Ph), 174.9 C(1));
m/z(ESI) 590 ([M+H]", 100%); HRMS (ES) Ca1HssINO," ([M+H] ™) requires 590.2489; found 590.2474.

tert-Butyl (2S,3R,aR)-2-(but-3'-en-1'-yl)-3-[N-benzyl-N-(a-methylbenzyl)amino]hept-6-enoate 28

Method A BuLi (2.3 M in hexanes, 21.5 mL, 49.5 mmol) wakded dropwise via syringe to a stirred
solution of R)-N-benzylN-(a-methylbenzyl)amine (10.6 mL, 50.5 mmol, >99:1iarPhMe (21 mL) at —78
°C. After stirring at —78 °Qor 30 min, a solution 048 (3.40 g, 14.4 mmol, 71:29 dEH):(2)]) in PhMe (11
mL) at —78 °C was added dropwise via cannula. Elaetron mixture was left to stir at —78 f@ 1 h and
then maintained at —30 °C for 2 h before beingeddbd —78 °C. THF (110 mL) at —78 °C was addedtgwif
via cannula and the reaction mixture was thenestimt —78 °C for 30 min. A solution of 2,64ei-
butylphenol (11.5 g, 55.6 mmol) in THF (40 mL) wadded dropwise via cannula and the resultant naxtur
was allowed to warm to rt and stirred at rt for ®in, then concentrated in vacuo. The residue was
partitioned between Ci€l, (80 mL) and 10% aq citric acid (80 mL). The aguetayer was extracted with
CH,CI, (2 x 80 mL) and the combined organic extracts washed sequentially with satd aq NaHT2410
mL), H,O (240 mL) and brine (240 mL), then dried and cotraged in vacuo. Purification via flash column

chromatography (eluent 30—40 °C petrolEt 100:1) gave?8 as a colourless oil (3.48 g, 54%, >99:1 dr);
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[a]Z +43.7 € 1.0 in CHCY); Vmax (ATR) 1721 (C=0), 1640 (C=C}4 (400 MHz, CDC}) 1.27 (3H, dJ
6.8, Cf)Me), 1.30-1.38 (2H, m, C(H)), 1.40 (9H, s, ®les), 1.48-1.55 (1H, m, C(#)), 1.58-1.65 (1H,
m, C(4Hg), 1.66—-1.73 (1H, m, C(2)), 1.83-1.89 (1H, m, C(Mk), 1.95-2.01 (1H, m, C(Bh), 2.24—
2.31 (2H, m, C(#, C(5)Hg), 2.76 (1H, dddJ 8.5, 6.0, 3.9, C(3)), 3.78 (1H, dJ 15.1, NGHaHgPh), 3.90
(1H, d,J 15.1, NCHHgPh), 3.97 (1H, ¢ 6.8, C)H), 4.87-4.94 (4H, m, C(Ap, C(4'H,), 5.61-5.74 (2H,
m, C(6H, C(3'H), 7.18-7.35 (10H, nPh); 5¢c (100 MHz, CDC}) 20.0 (C¢)Me), 28.0 (QVles), 29.7 C(4)),
31.3 €C(1)), 31.6 C(2)), 32.1 C(5)), 49.0 C(2)), 51.2 (NCH,Ph), 59.2 C(w)), 60.2 €(3)), 80.2 CMey),
114.3 C(4'), 114.8 C(7)), 126.5, 126.9, 127.9, 128.@,p-Ph), 138.1 C(3'), 138.9 C(6)), 142.4, 144.6
(i-Ph), 174.9 C(1)); m/z (ESI) 448 (IM+H], 100%); HRMS (ES) CsoHaoNO,* ([M+H]") requires
448.3210; found 448.3205.

Method B KHMDS (0.7 M in PhMe, 24.9 mL, 17.4 mmol) was addeda solution of freshly distilled
'BUOH (1.66 mL, 17.4 mmol) in THF (75 mL) at rt. Thesultant mixture was stirred at rt for 15 mirerira
solution of24 (2.00 g, 3.48 mmol, >99:1 dr) in THF (75 mL) waklad. The resultant mixture was left to
stir at rt for 16 h, then concentrated in vacuoe Tésidue was partitioned between satd agQNIK40 mL)
and EtO (40 mL), and the aqueous layer was extracted &#® (2 x 30 mL). The combined organic
extracts were washed with satd ag NaHQ@ mL)and brine (40 mL), then dried and concentrated in
vacuo. Purification via flash column chromatograptgjuent 30—-40 °C petrol/ED, 100:1) gave an
inseparable 65:35 mixture @B and?29, respectively, as a colourless oil (1.32 g, 85Bgta for mixture:
Vma(ATR) 1721 (C=0), 1639 (C=C)n/z(ESI") 448 ([M+H]’, 100%); HRMS (ES) CaoH42NO," ((M+H] ")
requires 448.3210; found 448.3211. Datad®r oy (400 MHz, CDCY) [selected peaks] 1.21 (3H, @,7.0,
C(w)Me), 1.35 (9H, s, ®les), 2.90-2.94 (1H, m, C(BY), 3.64 (1H, dJ 14.4, NGHaHgPh), 3.78 (1H, dJ
14.4, NCHHgPh), 4.81-4.94 (4H, m, C{), C(4)H,), 5.33-5.72 (2H, m, C(B), C(3'H), 7.11-7.38 (10H,
m, Ph); ¢ (100 MHz, CDC}) [selected peaks] 28.1 &3), 59.2 C(3)), 80.1 CMe3), 114.1 C(4")), 114.6
(C(7)), 138.2 C(3")), 138.7 C(6)), 141.7, 144.0i{Ph), 174.7 C(1)).

Method C:KHMDS (0.7 M in PhMe, 3.23 mL, 2.26 mmol) was addeda solution of freshly distilled
'BUOH (0.22 mL, 2.26 mmol) in THF (9 mL) at rt. Thesultant mixture was stirred at rt for 15 min,rttee
solution of25 (260 mg, 0.45 mmol, >99:1 dr) in THF (9 mL) waglad. The resultant mixture was left to
stir at rt for 16 h, then concentrated in vacuoe Tésidue was partitioned between satd agQNKLO mL)
and EtO (10 mL), and the aqueous layer was extracted ®#® (2 x 10 mL). The combined organic

extracts were washed with satd ag NaHQI® mL) and brine (10 mL), then dried and concedattan
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vacuo. Purification via flash column chromatograpfgjuent 30—40 °C petrol/ED, 100:1) gave an

inseparable 65:35 mixture 88 and29, respectively, as a colourless oil (162 mg, 80%).

(2S,3R,aR)-2-(4'-lodobut-1'-yl)-3-[ N-benzyl-N-(a-methylbenzyl)amino]hept-6-en-1-ol 30

DIBAL-H (1.0 M in PhMe, 2.08 mL, 2.08 mmol) was atito a stirred solution &4 (600 mg, 1.04 mmol,
>99:1 dr) in PhMe (18 mL) at 0 °C. The resultankimie was allowed to stir at 0 °C for 4 h, then RI@&q
NaOH (1.04 mL, 2.08 mmol) was added and the resuitaxture was allowed to warm to rt and stirredtat
for 2 h. The reaction mixture was then filteredotigh Celit€ (eluent THF), dried and concentrated in
vacua Purification via flash column chromatography (elu80—40 °C petrol/EtOAc, 20:1) gadd as a
pale yellow oil (295 mg, 72%, >99:1 dja]2’ —13.1 € 1.0 in CHC); vmax (ATR) 3416 (O-H), 1639
(C=C); 84 (400 MHz, CDC}) 1.17-1.37 (2H, m, C(3)), 1.41 (3H, d, 7.0, G)Me), 1.44-1.60 (2H, m,
C(1"H,), 1.75-1.85 (5H, m, C(#a, C(5H2, C(3'Hy), 2.00-2.18 (2H, m, C(®), C(4Hs), 2.80 (1H, br s,
OH), 2.92-2.94 (1H, m, C(8)), 3.02-3.06 (1H, m, C(Hn), 3.10-3.20 (2H, m, C(4Y)), 3.39-3.42 (1H,
m, C(1Hg), 3.76 (1H, d,J 13.6, NGHaHgPh), 3.89-3.95 (1H, m, @H), 3.94 (1H, d,J 13.6, NCHHgPh),
5.04-5.11 (2H, m, C(By), 5.83-5.94 (1H, m, C(6)), 7.23-7.45 (10H, nPh); 5c (100 MHz, CDC}) 6.9
(C(4Y), 12.7 C(1), 23.9 (C¢Me), 28.0 C(2Y)), 29.2 C(5)), 31.9 C(4)), 33.7 C(3Y)), 41.9 C(2)), 52.5
(NCH,Ph), 57.0 C(3)), 57.4 C(0)), 63.4 C(1)), 115.2 C(7)), 127.2, 128.1, 128.5, 128.6, 1280 p-Ph),
138.2 €(6)), 140.4, 143.1i{Ph); m/z (ESI) 506 ([M+H]", 100%); HRMS (ES) CogHs7ANO* ([M+H]")
requires 506.1914; found 506.1914.

(2S,3R,0R)-2-(4'-lodobut-1"-yl)-3-[ N-benzyl-N-(a-methylbenzyl)amino]oct-7-en-1-ol 31

DIBAL-H (1.0 M in PhMe, 4.66 mL, 4.66 mmol) was atito a stirred solution &6 (920 mg, 1.55 mmol,
89:11 dr) in PhMe (30 mL) at O °C. The resultanktonie was allowed to stir at 0 °C for 4 h, then RI@&q
NaOH (2.33 mL, 4.66 mmol) was added and the resuitaxture was allowed to warm to rt and stirredtat
for 2 h. The reaction mixture was then filteredotigh Celit€ (eluent THF), dried and concentrated in
vacua Purification via flash column chromatography (elu80—40 °C petrol/EtOAc, 20:1) gavd as a
pale yellow oil (694 mg, 86%, 89:11 df)a]2’ —28.0 € 0.5 in CHCE); vmax (ATR) 3412 (O-H), 1639
(C=C); 5,4 (400 MHz, CDC}) 1.16-1.23 (1H, m, C(24s), 1.34-1.38 (1H, m, C(®), 1.40 (3H, dJ 7.0,
C(w)Me), 1.43-1.59 (5H, m, C(Hp, C(5H,, C(2'Hg), 1.64-1.73 (2H, m, C(#)), 1.74-1.85 (2H, m,
C(3)Hy), 2.13 (2H, app q] 7.1, C(6H,), 2.94-3.00 (1H, m, C(8Y), 3.12-3.17 (2H, m, C(4%), 3.76 (1H,

18



d, J13.7, NGHaHgPh), 3.88-3.98 (2H, m, @H, NCH.HgPh), 4.11-4.16 (2H, m, C#}), 5.03-5.12 (2H,
m, C(8H,), 5.87 (1H, app ddy 17.0, 10.2, 6.6, C(R), 7.24-7.46 (10H, mPh); 5c (100 MHz, CDCJ)
7.00 C(4)), 14.2 (CEMe), 21.1 C(5)), 24.1 C(L)), 28.1 C(4)), 29.3 C(2"), 33.8 C(3)), 34.0 C(6)),
42.2 C(2)), 52.5 (\CH,Ph), 57.4 C(q)), 57.8 C(3)), 60.4 C(1)), 114.9 C(8)), 127.2, 127.3, 128.1, 128.5,
128.6, 129.0d,m,p-Ph), 138.6 (7)), 140.7, 143.3i{Ph); m/z(ESI") 520 ([M+H]', 100%); HRMS (ES)
Co7H39INO™ ([M+H] ™) requires 520.2071; found 520.2054.

(2S,3R,aR)-2-(But-3'-en-1"-yl)-3-[N-benzyl-N-(a-methylbenzyl)amino]hept-6-en-1-ol 32

KHMDS (0.7 M PhMe, 3.54 mL, 2.48 mmol) was added ttirred solution of freshly distilléBuOH (0.24
mL, 2.48 mmol) in THF (12 mL) at rt. The resultanixture was stirred at rt for 15 min, then a santbf
30 (250 mg, 0.50 mmol, >99:1 dr) in THF (12 mL) waklad. The resultant mixture was left to stir dbrt
16 h, then concentrated in vacuo. The residue &ggipned between satd aq NE (20 mL) and EO (20
mL), and the aqueous layer was extracted wit©OER x 20 mL). The combined organic extracts were
washed with satd ag NaHGQ@0 mL)and brine (20 mL), then dried and concentratedaicue. Purification
via flash column chromatography (eluent 30-40 °€gh&t,O, 100:1) gave2 as a pale yellow oil (101 mg,
56%, >99:1 dr){a]® —17.2 € 0.5 in CHCY); vmax (ATR) 3420 (O—H), 1639 (C=C}j (400 MHz, CDC})
1.18-1.27 (1H, m, C(®), 1.41 (3H, d,J 6.8, C()Me), 1.52-1.61 (2H, m, C(#),), 1.66-1.78 (1H, m,
C(1)Hp), 1.79-1.91 (2H, m, C(H)g, C(2'Ha), 1.97-2.06 (1H, m, C(5)a), 2.09-2.23 (2H, m, C(5s,
C(2)Hg), 2.88-2.93 (1H, m, C(8)), 3.05-3.13 (1H, m, C(Ha), 3.40-3.51 (1H, m, C(Hg), 3.71-3.98
(3H, m, C@)H, NCH.Ph), 4.84-5.15 (4H, m, C(@) C(4'H.), 5.53-6.01 (2H, m, C(6), C(3'H),
7.23-7.45 (10H, mPh); 8¢ (100 MHz, CDC}) 13.7 (C{)Me), 24.0 C(4)), 27.3 C(1"), 31.8 C(5)), 32.3
(C(2), 40.9 C(2)), 52.5 (N\CH,Ph), 57.1 C(e)), 57.3 €(3)), 63.9 C(1)), 114.9 C(4)), 115.1 C(7)), 127.2,
128.1, 128.4, 128.6, 129.0, 129¢nf,p-Ph), 138.3 C(3'), 138.7 C(6)), 140.5, 143.2i{Ph); m/z(ESI') 378
([M+H]", 100%); HRMS (ES) CyeH3sNO" ([M+H] ") requires 378.2791; found 378.2794.

(2S,3R,aR)-2-Allyl-3-[ N-benzyl-N-(a-methylbenzyl)amino]oct-7-en-1-ol 33

LIAIH 4 (1.0 M in THF, 2.57 mL, 2.57 mmol) was added tetiared solution o222 (230 mg, 0.51 mmol,
>99:1 dr) in THF (7 mL) at —78 °C. The resultantare was allowed to warm to rt and stirred abort I8
h. 2.0 M aq NaOH (1.29 mL, 2.57 mmol) was then ddaled the resultant mixture was stirred at rt fdr. 2

The reaction mixture was filtered through Céliteeluent THF), then dried and concentrated in vacuo
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Purification via flash column chromatography (etu@d—-40 °C petrol/EtOAc, 20:1) gav&3 as a pale
yellow oil (93 mg, 48%, >99:1 drfn]2’ —23.0 € 0.5 in CHCA); Vmax (ATR) 3443, (O—H), 1640 (C=C}y
(400 MHz, CDC}) 1.30-1.33 (3H, m, GjMe), 1.36-1.55 (2H, m, C(#)), 1.59-1.77 (2H, m, C(5l),
1.89-2.26 (5H, m, C(8), C(6)H,, C(1)H>), 2.40 (1H, br s, 6), 2.86-2.94 (1H, m, C(H)), 3.25-3.37 (1H,
m, C(1Hg), 3.49-3.52 (1H, m, C(8)), 3.66—3.70 (1H, m, NBaHgsPh), 3.81-3.85 (1H, m, NGfigPh),
3.90 (1H, q,J 6.9, C@)H), 4.83-5.04 (4H, C(8),, C(3'Hy), 5.48-5.61 (1H, m, C(R), 5.66-5.84 (1H, m,
C(2)H), 7.13-7.51 (10H, mPh); 8¢ (100 MHz, CDCJ) 27.2 (C¢)Me), 28.3 €C(5)), 34.0 C(1)), 34.4
(C(4)), 38.7 C(6)), 42.4 C(2)), 51.0 C(1)), 52.3 (NCH,Ph), 56.8 C(3)), 63.4 C(w)), 114.9 C(3)), 117.6
(C(8)), 127.1, 128.1, 128.4, 128.5, 128.8, 128,8-Ph), 134.4 C(2)), 137.9 C(7)), 138.4, 138.5i{Ph);
m/z(ESI) 378 ([M+H]", 100%); HRMS (ES) CoeH3sNO" ([M+H]") requires 378.2791; found 378.2791.

(2S,3R,aR)-2-(But-3'-en-1"-yl)-3-[N-benzyl-N-(a-methylbenzyl)amino]oct-7-en-1-ol 34

KHMDS (0.5 M in PhMe, 12.9 mL, 6.45 mmol) was added stirred solution of freshly distilléBuOH
(0.62 mL, 6.5 mmol) in THF (25 mL) at rt. The resuit mixture was stirred at rt for 15 min, theroduson

of 31 (670 mg, 1.29 mmol, 89:11 dr) in THF (25 mL) walkled. The resultant solution was left to stir at rt
for 16 h, then concentrated in vacuo. The residae partitioned between satd aq J0H(30 mL) and BEIO

(30 mL), and the aqueous layer was extracted wig® £2 x 30 mL). The combined organic extracts were
washed with satd aqg NaHG(BO0 mL)and brine (30 mL), then dried and concentratedacue to give34 in
95:5 dr. Purification via flash column chromatodrgfeluent 30—40 °C petrol/EtOAc, 20:1) g4 as a
colourless oil (167 mg, 33%, 95:5 dfi5]2’ —30.6 € 0.5 in CHC}); vimax (ATR) 3420 (O-H), 1640 (C=C);
81 (400 MHz, CDC}) 1.35 (3H, dJ 6.9, C@)Me), 1.39-1.45 (3H, m, C(®), C(5H,), 1.47-1.54 (1H, m,
C(1)Ha), 1.57-1.75 (3H, m, C(&), C(1'Hs), 1.83 (1H, app dq] 14.7, 7.5, C(2Ha), 2.05-2.10 (2H, m,
C(6)H,), 2.12-2.19 (1H, m, C(2%), 2.85-2.88 (1H, m, C(Hp), 2.94-2.97 (1H, m, C(B)), 3.34-3.38
(1H, m, C(1Ms), 3.67—3.71 (1H, dj 13.7, NGHaHgPh), 3.87-3.92 (2H, m, @H, NCHaHgPh), 4.88-5.06
(4H, m, C(8H,, C(4"Hy), 5.66-5.86 (2H, m, C(A), C(3'"H), 7.19-7.42 (10H, nPh); 5¢c (100 MHz, CDC))
12.5 (C@)Me), 24.0 (1Y), 27.0 C(5)), 27.9 C(4)), 32.2 C(2"), 33.4 C(6)), 41.1 C(2)), 52.4 (NCH,Ph),
57.1 C(0)), 57.8 €(3)), 63.3 C(1)), 114.7 C(8)), 114.8 C(4"), 127.0, 127.2, 128.0, 128.5, 1280(p-
Ph), 138.5 C(7)), 138.7 C(3"), 140.5, 143.1i{Ph); m/z (ESI) 392 ([M+H]’, 100%); HRMS (ES)
Co7H3eNO" ([M+H] ") requires 392.2948; found 392.2936.
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tert-Butyl 2-(diethoxyphosphoryl)pent-4-enoate 45

A solution of44 (20.0 g, 79.4 mmol) in THF (60 mL) was added driggwia cannula to a stirred solution
of NaH (60% in mineral oil, 3.49 g, 87.3 mmol) iHF (530 mL) at rt. The resultant mixture was stire¢

rt for 1 h, then a solution of freshly distilledyhlbromide (3.40 mL, 39.7 mmol) in THF (60 mL) dtwas
added dropwise via cannula. The resultant mixtuss fhieated at reflux for 36 h then allowed to coattt
before HO (250 mL) was added. The aqueous layer was egttawith EtO (2 x 350 mL) and the
combined organic extracts were dried and conceutrah vacuo. Purification via flash column
chromatography (eluent 30—40 °C petrol/EtOAc, Baye45 as a colourless oil (8.08 g, 70%);ax (ATR)
1728 (C=0), 1643 (C=C)jy (400 MHz, CDC}) 1.28-1.32 (6H, m, P(OGile),), 1.42 (9H, s, Gley),
2.48-2.66 (2H, m, C(8),), 2.85-2.92 (1H, m, C(B), 4.08-4.15 (4H, m, P(Q&:Me),), 4.99-5.09 (2H, m,
C(5)H,), 5.73 (1H, ddt) 16.9, 10.2, 6.7, C(#); 5c (100 MHz, CDC}) 16.2 (d,J 1.9, P(OCHMe)), 16.3 (d,

J 2.9, P(OCHMe)), 27.8 (QMe3), 30.9 (d,J 4.8,C(3)), 46.1 (d,J 129.7,C(2)), 62.4 (dJ 7.6, P(QH,Me)),
62.5 (d,J 5.7, P(@CH.Me)), 81.7 CMes), 116.8 C(5)), 134.7 (d,] 17.2,C(4)), 167.5 (dJ 4.8,C(1)); m/z
(ESI) 315 ([M+NaJ, 100%); HRMS (ES) CisHosNaGsP* ([M+Na]*) requires 315.1332; found 315.1331.

tert-Butyl 2-(diethoxyphosphoryl)hex-5-enoate 46

A solution of44 (20.0 g, 79.4 mmol) in THF (60 mL) was added driggwia cannula to a stirred solution
of NaH (60% in mineral oil, 3.49 g, 87.3 mmol) iHF (530 mL) at rt. The resultant mixture was stire¢

rt for 1 h, then a solution of freshly distilledti&renyl bromide (4.03 mL, 39.7 mmol) in THF (60 jrét

rt was added dropwise via cannula. The resultarturg was heated at reflux for 36 h then alloweddol
to rt before HO (250 mL) was added. The aqueous layer was egttagith EtO (2 x 350 mL) and the
combined organic extracts were dried and conceutranh vacuo. Purification via flash column
chromatography (eluent 30—40 °C petrol/EtOAc, Baye46 as a colourless oil (9.12 g, 75%);ax (ATR)
1728 (C=0), 1642 (C=C)y (400 MHz, CDC}) 1.30-1.34 (6H, m, P(OGMe),), 1.47 (9H, s, Gley),
1.83-1.92 (1H, m, C(8)n), 2.00-2.08 (2H, m, C(B)s, C(4Ha), 2.14-2.19 (1H, m, C(#g), 2.83—-2.90
(1H, m, C(2H), 4.10-4.17 (4H, m, P(Q€Me),), 4.99-5.05 (2H, m, C(B]), 5.75 (1H, ddt) 17.0, 10.3,
6.6, C(5H); ¢ (100 MHz, CDC}) 16.3 (d,J 2.9, P(OCHMe)), 16.4 (d,J 2.9, P(OCHMe)), 26.1 (d,J 4.8,
C(3)), 27.9 (Bles), 32.2 (d,J 16.2,C(4)), 45.7 (d,J 130.7,C(2)), 62.4 (d.) 3.8, P(CCH.Me)), 62.5 (d,] 3.8,
P(OCH,Me)), 81.7 CMes), 116.0 C(6)), 136.8 C(5)), 168.1 (dJ 4.8, C(1)); m/z (ESI) 329 ([M+Na[,
100%); HRMS (ES)) CisH2/NaGsP" ([M+Na]*) requires 329.1488; found 329.1487.

21



tert-Butyl (E)-2-allyl-hepta-2,6-dienoate 47

MeMgBr (2.9 M in EtO, 3.33 mL, 9.66 mmol) was added dropwise to aestisolution of45 (2.92 g, 10.0
mmol) in THF (130 mL) at rt. The resultant mixtusas stirred at rt for 15 min, thex6 (1.10 mL, 11.2
mmol) was added. The resultant mixture was hedteeflax for 3 h, then the reaction mixture wasaied

to cool to rt and partitioned between satd agu8IH150 mL) and BO (150 mL). The aqueous layer was
extracted with EtOAc (2 x 150 mL), and the combimeganic extracts were washed with brine, thenddrie
and concentrated in vacuo to gi¥@ in 76:24 dr [E):(2)]. Purification via flash column chromatography
(eluent 30-40 °C petrol/gD, 100:1) gavel7 as a yellow oil (1.80 g, 81%, 76:24 dEJ((2)]). Data for
mixture: Vmax (ATR) 1710 (C=0), 1640 (C=C)m/z (ESI) 245 ([M+Na], 100%); HRMS (ES)
CrsH2oNaG;" ([M+Na]") requires 245.1512; found 245.1513. Data for mdjastereoisomedy (400 MHz,
CDCly) 1.45 (9H, s, ®ley), 2.13-2.18 (2H, m, C(B), 2.21-2.26 (2H, m, C(4)), 3.00 (2H, d,J 5.9,
C(1)Hy,), 4.93-5.04 (4H, m, C(Fp, C(3'H,), 5.72-5.83 (2H, m, C(B), C(2'H), 6.71 (1H, tJ 7.2, C(3H);

¢ (100 MHz, CDC4) 27.8 C(4)), 28.0 (®es), 30.9 C(1Y), 32.6 C(5)), 80.0 CMes), 114.7 €(3")), 115.2
(C(7)), 131.6 C(2)), 135.6 C(29), 137.4 C(6)), 141.4 C(3)), 166.6 C(1)). Data for minor diastereoisomer:
81 (400 MHz, CDC}) 1.49 (9H, s, ®le3), 2.17 (2H, app o) 7.0, C(5H,), 2.52 (2H, app oJ 7.3, C(4Hy),
2.96 (2H, d,J 6.6, C(1'Hy), 4.97-5.07 (4H, m, C(A, C(3'H.), 5.77-5.87 (3H, m, C(B), C(6H, C(2'H);

8¢ (100 MHz, CDC}) 28.2 (QMles), 28.7 €(4)), 33.4 C(5)), 38.9 C(1"), 80.6 CMes), 114.9 C(7)), 115.9
(C(3)), 132.1 C(2)), 136.2 C(2)), 137.9 C(6)), 139.9 C(3)), 167.1 C(1)).

tert-Butyl (E)-2-(but-3'-en-1"-yl)hepta-2,6-dienoate 48

MeMgBr (2.9 M in EtO, 3.33 mL, 9.66 mmol) was added dropwise to aestisolution of46 (2.92 g, 10.0
mmol) in THF (130 mL) at rt. The resultant mixtusas stirred at rt for 15 min, thex6 (1.10 mL, 11.2
mmol) was added. The resultant mixture was hedteeflax for 3 h, then the reaction mixture wasaied

to cool to rt and partitioned between satd aguGIH150 mL) and BO (150 mL). The aqueous layer was
extracted with EtOAc (2 x 150 mL), and the combimeganic extracts were washed with brine, thenddrie
and concentrated in vacuo to gi¥8 in 71:29 dr [E):(2)]. Purification via flash column chromatography
(eluent 30—40 °C petrol/ED, 100:1) gavel8 as a pale yellow oil (1.51 g, 64%, 71:29 d&)[(2)]). Data for
mixture: Vmax (ATR) 1709 (C=0), 1641 (C=C)m/z (ESI) 259 ([M+Na], 100%); HRMS (ES)
CisH24NaG;" ([M+Na]") requires 259.1669; found 259.1670. Data for mdjastereocisomedy (400 MHz,
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CDCl3) 1.49 (9H, s, ®le3), 2.12-2.21 (4H, m, C(#),, C(1H,), 2.23-2.28 (2H, m, C(21,), 2.33-2.37
(2H, m, C(5H,), 4.94-5.08 (4H, m, C(Ap, C(4'H.), 5.77-5.86 (2H, m, C(B), C(3'"H), 6.67 (1H, tJ 7.3,

C(3)H); ¢ (100 MHz, CDC}) 26.5 €C(5)), 28.0 C(2)), 28.1 (Bles), 32.9 C(4)), 33.5 C(1')), 80.0 CMe3),

114.8 €(7)), 115.3 C(4)), 133.4 C(2)), 137.6 C(3"), 138.1 €(6)), 140.8 C(3)), 167.1 C(1)). Data for
minor diastereocisomeidy (400 MHz, CDC}) 1.51 (9H, s, ®e3), 2.14-2.20 (4H, m, C(Hp, C(2'H>),

2.28-2.31 (2H, m, C(5)), 2.48 (2H, app q) 7.4, C(4H,), 4.95-5.06 (4H, m, C(Ap, C(4"H,), 5.75-5.86
(3H, m, C(3H, C(6H, C(3'H); 5c (100 MHz, CDC}) 28.2 (QMles), 28.6 C(5)), 33.4 C(1)), 33.5 C(2)),

34.3 C(4)), 80.5 CMes), 114.8 C(4), 114.9 C(7)), 133.4 C(2)), 138.0 C(6)), 138.0 C(3)), 139.0 C(3)),

167.5 C(1)).

tert-Butyl (E)-2-allyl-octa-2,7-dienoate 49

MeMgBr (2.9 M in EtO, 1.34 mL, 3.84 mmol) was added dropwise to aestisolution o#5 (1.18 g, 3.84
mmol) in THF (50 mL) at rt. The resultant mixturesvstirred at rt for 15 min, thetv (0.51 mL, 4.27
mmol) was added. The resultant mixture was hedteeflax for 3 h, then the reaction mixture wasaied

to cool to rt and partitioned between satd ag,GIH60 mL) and EO (60 mL). The aqueous layer was
extracted with EtOAc (2 x 50 mL), and the combimedanic extracts were washed with brine, then dried
and concentrated in vacuo to gi¥8 in 73:27 dr [E):(2)]. Purification via flash column chromatography
(eluent 30—40 °C petrol/ED, 100:1) gavel9 as a pale yellow oil (737 mg, 81%, 73:27 d)[(2)]). Data
for mixture: Vmax (ATR) 1712 (C=0), 1641 (C=C)m/z (ESI) 259 ([M+Na], 100%); HRMS (ES)
CisH24NaG;" ([M+Na]") requires 259.1669; found 259.1669. Data for mdjastereocisomedy (400 MHz,
CDCl;) 1.48 (9H, s, ®es), 1.50-1.58 (2H, m, C(B)), 2.08-2.11 (2H, m, C(B)), 2.15-2.20 (2H, m,
C(4)H,), 3.02 (2H, d,J 6.1, C(1'H,), 4.95-5.05 (4H, m, C(8), C(3'H.), 5.75-5.85 (2H, m, C(P),
C(2)H), 6.74 (1H, tJ 7.5, C(3H); 5¢ (100 MHz, CDC}) 27.8 €C(4)), 27.9 C(5)), 28.1 ((Mes), 31.0 C(1')),
33.4 (C(6)), 80.1 CMe3), 114.8 (C(3")), 114.9 C(8)), 131.5 C(2)), 135.8 C(2), 138.2 C(7)), 142.1 C(3)),
166.9 C(1)). Data for minor diastereoisome¥; (400 MHz, CDC}) 1.50 (9H, s, ®le3), 1.51-1.55 (2H, m,
C(5)H,), 2.06-2.11 (2H, m, C(B), 2.40-2.45 (2H, m, C(&)), 2.96 (2H, d,J 6.6, C(1'H), 4.94-5.08
(4H, m, C(8H,, C(3'Hy), 5.77-5.87 (3H, m, C(B), C(7H, C(2'H); 5c (100 MHz, CDC}) 28.2 (QVley),
28.7 €(5)), 29.0 C(4)), 33.4 C(6)), 38.7 C(1"), 80.5 CMes), 114.6 C(8)), 115.9 C(3")), 132.0 C(2)),
136.3 (7)), 138.5 C(2")), 140.4 C(3)), 167.2 C(1)).
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tert-Butyl (E)-2-(but-3'-en-1"-yl)octa-2,7-dienoate 50

MeMgBr (2.9 M in EtO, 4.62 mL, 13.2 mmol) was added dropwise to aestisolution o#46 (4.04 g, 13.2
mmol) in THF (50 mL) at rt. The resultant mixturesvstirred at rt for 15 min, thetv (1.76 mL, 14.7
mmol) was added. The resultant mixture was hedteeflax for 3 h, then the reaction mixture wasaied

to cool to rt and partitioned between satd agu8IH200 mL) and BO (200 mL). The aqueous layer was
extracted with EtOAc (2 x 200 mL), and the combimeganic extracts were washed with brine, thenddrie
and concentrated in vacuo to giu@ in 75:25 dr [E):(2)]. Purification via flash column chromatography
(eluent 30—40 °C petrol/ED, 100:1) gavé0 as a pale yellow oil (1.81 g, 55%, 75:25 d£)f(2)]). Data for
mixture: Vmax (ATR) 1711 (C=0), 1641 (C=C)m/z (ESI) 273 ([M+Na], 100%); HRMS (ES)
CieH26NaG;" ([M+Na]") requires 273.1825; found 273.1825. Data for mdjastereocisomedy (400 MHz,
CDCl) 1.49 (9H, s, ®les), 1.50-1.57 (2H, m, C(Bl), 2.06—2.19 (6H, m, C(#), C(6)H,, C(2'H,), 2.31—
2.42 (2H, m, C(1Bl,), 4.93-5.05 (4H, m, C(8), C(4'H,), 5.73-5.86 (2H, m, C(®), C(3'H), 6.67 (1H, tJ
7.5, C(3H); 8¢ (100 MHz, CDCY) 26.4 C(1"), 27.9 C(4)), 28.0 C(5)), 28.1 (Mley), 33.4 C(2)), 33.5
(C(6)), 80.0 CMes), 114.7 C(4), 114.9 €(8)), 133.2 C(2)), 138.2 C(3"), 138.2 C(7)), 141.4 C(3)),
167.1 C(1)). Data for minor diastereoisome¥; (400 MHz, CDC}) 1.50 (9H, s, ®le3), 1.51-1.54 (2H, m,
C(5H,), 2.05-2.11 (2H, m, C(B), 2.15-2.21 (2H, m, C(2)), 2.28-2.32 (2H, m, C(H)), 2.36-2.42
(2H, m, C(4H,), 4.95-5.04 (4H, m, C(8), C(4'H,), 5.73-5.87 (3H, m, C(B), C(7H, C(3'H); 5c (100
MHz, CDCL) 28.2 (QMes), 28.8 €C(4)), 28.9 C(5)), 33.4 C(6)), 33.4 C(2)), 34.4 C(1)), 80.4 CMey),
114.6 €(8)), 114.8 C(4"), 133.2 C(2)), 138.0 C(7)), 138.6 C(3"), 139.6 C(3)), 167.6 C(1)).

tert-Butyl (2S,3R,aR)-2-allyl-3-[N-benzyl-N-(a-methylbenzyl)amino]hept-6-enoateent-9

Method A BuLi (2.3 M in hexanes, 26.8 mL, 61.7 mmol) was edidiropwise via syringe to a stirred
solution of R)-N-benzylN-(a-methylbenzyl)amine (13.2 mL, 63.0 mmol, >99:liarPhMe (27 mL) at —78
°C. After stirring at =78 °Gor 30 min, a solution o047 (4.00 g, 18.0 mmol, 76:24 dH):(2)]) in PhMe (13
mL) at —78 °C was added dropwise via cannula. Eaetron mixture was left to stir at —78 °C for hid
then maintained at —30 °C for 2 h before beingeddbd —78 °C. THF (140 mL) at —78 °C was addedtgwif
via cannula and the resultant mixture was themestiat —78 °C for 30 min. A solution of 2,64e¥-
butylphenol (14.3 g, 69.3 mmol) in THF (50 mL) wadded dropwise via cannula and the resultant naxtur
was allowed to warm to rt over 30 min, then conedatl in vacuo. The residue was partitioned between

CH.Cl; (100 mL) and 10% aq citric acid (100 mL). The amuselayer was extracted with @El, (2 x 100
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mL) and the combined organic extracts were washgqdentially with satd ag NaHGCB00 mL), HO (300
mL) and brine (300 mL), then dried and concentratedvacuo. Purification via flash column
chromatography (eluent 30—40 °C petroj&t100:1) gavent9 as a colourless oil (3.20 g, 41%, >99:1 dr);
[a]2 +47.9 € 1.0 in CHCY); Vinax (ATR) 1722 (C=0), 1640 (C=C} (400 MHz, CDC}) 1.29 (3H, d,J
6.9, Cf)Me), 1.36 (9H, s, ®les), 1.49-1.56 (1H, m, C(#)), 1.61-1.69 (1H, m, C(#g), 1.90-2.03 (2H,
m, C(5Ha, C(1'Ha), 2.08-2.13 (1H, m, C(H)), 2.23-2.32 (2H, m, C(®), C(5Hg), 2.79 (1H, ddd) 8.1,
6.5, 4.0, C(3)), 3.79 (1H, dJ 15.0, NGHaHgPh), 3.90 (1H, dJ 15.0, NCHHgPh), 3.97 (1H, gJ 6.9,
C(a)H), 4.85-4.96 (4H, m, C(Ap, C(3'H.), 5.43-5.51 (1H, m, C(3), 5.71 (1H, ddtJ 17.0, 10.3, 6.6,
C(6)H), 7.18-7.34 (10H, mPh); 5c (100 MHz, CDCJ) 19.6 (C{)Me), 28.0 (Mes), 29.7 C(4)), 32.1
(C(5)), 36.2 C(1"), 49.4 C(2)), 51.2 (NCH,Ph), 59.1 C(w)), 59.6 €(3)), 80.3 CMes), 114.4 C(7)), 116.0
(C(3)), 126.5, 126.9, 127.9, 128@r0,p-Ph), 135.9 C(2)), 138.8 C(6)), 142.2, 144.6i{Ph), 174.3 C(1));
m/z(ESI) 434 ([M+H]", 100%); HRMS (ES) CogHioNO," ([M+H] ") requires 434.3054; found 434.3049.

tert-Butyl (2S,3R,aR)-2-(but-3'-en-1'-yl)-3-[N-benzyl-N-(a-methylbenzyl)amino]oct-7-enoate 51

BuLi (2.3 M in hexanes, 7.10 mL, 16.3 mmol) wasedidropwise via syringe to a stirred solutionR)F-
benzylN-(a-methylbenzyl)amine (3.47 mL, 16.6 mmol, >99:1iarPhMe (8 mL) at —78 °C. After stirring
at —78 °C for 30 min, a solution 60 (1.17 g, 4.68 mmol, 75:25 d):(2)]) in PhMe (4 mL) at —78 °C was
added dropwise via cannula. The reaction mixture e to stir at —78 °C for 1 h and then maintdirae
—30 °C for 2 h before being cooled to —78 °C. THE L) at —78 °C was added swiftly via cannula tred
resultant mixture was then stirred at —78 °C fom@@. A solution of 2,6-dtert-butylphenol (3.76 g, 18.3
mmol) in THF (15 mL) was added dropwise via canrausid the resultant mixture was allowed to warntto r
over 30 min then concentrated in vacuo. The reswl® partitioned between GEl, (30 mL) and 10% aq
citric acid (30 mL). The aqueous layer was extrdstéth CHCl, (2 x 30 mL) and the combined organic
extracts were washed sequentially with satd ag NegH{80 mL), HO (90 mL) and brine (90 mL), then
dried and concentrated in vacuo. Purification viasiH column chromatography (eluent 30-40 °C
petrol/EtO, 100:1) gavé1 as a colourless oil (992 mg, 46%, >99:1 @a)}> +39.4 € 0.5 in CHCE); Vmax
(ATR) 1722 (C=0), 1640 (C=C)n (400 MHz, CDC}) 1.26 (3H, d,J 6.8, Cf)Me), 1.34-1.38 (3H, m,
C(5)Ha, C(1'H,), 1.39 (9H, s, ®ley), 1.40-1.42 (1H, m, C(#), 1.50-1.63 (2H, m, C(#s, C(5Hs),
1.65-1.73 (1H, m, C(2Jn), 1.82-1.94 (3H, m, C(Bl, C(2'Hg), 2.24-2.30 (1H, m, C(®)), 2.73 (1H, ddd,

J 8.2, 6.3, 3.9, C(8), 3.76 (1H, dJ 15.1, NGHaHgPh), 3.89 (1H, dJ 15.1, NCHHsPh), 3.96 (1H, g)
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6.8, C)H), 4.89-4.96 (4H, m, C(B), C(4"H.), 5.60-5.68 (1H, m, C(3Y), 5.73 (1H, ddtJ 17.0, 10.3,
6.7, C(7H), 7.17-7.34 (10H, mPh); 5c (100 MHz, CDCY) 20.0 (C()Me), 27.3 €(5)), 28.0 (BMes), 30.1
(C(4)), 31.2 C(19), 31.6 C(29), 34.1 C(6)), 49.2 C(2)), 51.2 (NCH,Ph), 59.4 C(v)), 60.5 C(3)), 80.2
(CMes), 114.4 C(4"), 114.8 C(8)), 126.4, 126.8, 127.9, 128.1, 128@n{p-Ph), 138.2 C(3"), 138.9
(C(7)), 142.5, 144.8i{Ph), 174.9 C(1)); m/z (ESI) 462 ([M+H], 100%); HRMS (ES) CsiHaNO,"
(IM+H] ™) requires 462.3367; found 462.3360.

(1S,7aR)-1-(Hydroxymethyl)hexahydro-1H-pyrrolizine [(+)-trachelanthamidine] 60

Step 12,6-Lutidine (0.28 mL, 2.40 mmol), O$@.1 mg, 24.0 umol) and Nal@®1.03 g, 4.82 mmol) were
sequentially added to a stirred solutioreat9 (260 mg, 0.60 mmol, >99:1 dr) in 1,4-dioxangZH(3:1, 24
mL) at rt. The resultant mixture was stirred atort 40 min, then partitioned between gH, (10 mL) and
10% aq citric acid (10 mL). The aqueous layer weasaeted with CHCI, (2 x 10 mL) and the combined
organic extracts were washed sequentially with agttlaHCQ (30 mL) and brine (30 mL), then dried and
concentrated in vacuo to gige.

Step 2 Pd(OH)/C (260 mg, 100% w/w) was added to a stirred sotutf the residue 062 in MeOH (3
mL) at rt. The resultant mixture was degassed atdrated with H before being left to stir under an
atmosphere of K(5 atm) for 120 h. The reaction mixture was thiéered through a short plug of Cefite
(eluent MeOH) and concentrated in vacuo to giGe

Step 3 LiAIH 4 (2.4 M in THF, 1.50 mL, 3.60 mmol) was added tstiared solution of the residue 66 in
THF (5 mL) at —78 °C. The resultant mixture waswakd to warm to rt and stirred at rt for 2 h. 2.0alyjl
NaOH (1.8 mL, 3.6 mmol) was then added and thelteesgumixture was stirred at rt for 2 h. The reawti
mixture was filtered through Celftéeluent THF), then dried and concentrated in vaBumification via ion
exchange chromatography on Dowex 50WX8 resin (hy@imoform, 100-200 mesh, eluent 18.0 M aq
NH,OH) gave60 as a pale yellow oil (18 mg, 21% froemt9, >99:1 dr)**¢ [a]?® +15.9 € 1.0 in EtOH);
{lit. 9[a]2® +15.4 € 1.2 in EtOH)}; Vimax (ATR) 3347 (O-H), 2932 (C—Hy; (400 MHz, CDC}) 1.48-1.56
(1H, m, C(7Ha), 1.56-1.68 (1H, m, C(®)n), 1.69-1.77 (1H, m, C(6)), 1.78-1.86 (1H, m, C(Blk),
1.88-2.01 (3H, m, C(H, C(2Hs, C(7Hg), 2.51 (1H, app td] 9.9, 6.8, C(I)a), 2.58 (1H, app dij 10.7,
6.6, C(5Ha), 2.94 (1H, dtJ 10.7, 6.3, C(lg), 3.11 (1H, ddd) 9.9, 6.8, 3.2, C(3)s), 3.20 (1H, app o
6.5, C(7al), 3.55-3.62 (2H, m, B,0H), 3.72 (1H, br s, B); 5c (100 MHz, CDC}) 25.7 €(6)), 30.0
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(C(2)), 31.9 C(7)), 48.4 C(1)), 54.5 C(3)), 54.7 C(5)), 65.3 CH,OH), 67.7 C(7a)); m/z (ESI) 142
([M+H]*, 100%); HRMS (ES) CgH1gNO* ([M+H] ") requires 142.1226; found 142.1229.

(8S,8aR)-8-(Hydroxymethyl)octahydro-8H-indolizine [(+)-tashiromine] 38

Method A — Step:12,6-Lutidine (0.31 mL, 2.7 mmol), Os®6.8 mg, 27 umol) and NakJ1.15 g, 5.37
mmol) were sequentially added to a stirred solutib28 (300 mg, 0.67 mmol, >99:1 dr) in 1,4-dioxangZH
(3:1, 24 mL) at rt. The resultant mixture was stiriat rt for 40 min, then partitioned between,CH (10
mL) and 10% aq citric acid (10 mL). The aqueousiayas extracted with Gi&l, (2 x 10 mL) and the
combined organic extracts were washed sequentigthysatd aqg NaHCE(30 mL) and brine (30 mL), then
dried and concentrated in vacuo to ¢gba2

Method A — Step: 2Pd(OH)/C (300 mg, 100% w/w) was added to a stirred sotutf the residue d&3 in
MeOH (3 mL) at rt. The resultant mixture was degdsand saturated with,Hbefore being left to stir under
an atmosphere of H5 atm) for 120 h. The reaction mixture was thtared through a short plug of Celfite
(eluent MeOH) and concentrated in vacuo to give

Method A — Step:3.iAIH,4 (2.4 M in THF, 1.68 mL, 4.03 mmol) was added tstiared solution of the
residue o7 in THF (5 mL) at —78 °C. The resultant mixture vedl®wed to warm to rt and stirred at rt for
2 h. 2.0 M ag NaOH (2.02 mL, 4.03 mmol) was thededand the resultant mixture was stirred at r2far
The reaction mixture was filtered through Céliteeluent THF) then dried and concentrated in vacuo
Purification via flash column chromatography (etu€H,Cl,/MeOH/NH,OH, 30:1:1) gave38 as a pale
yellow oil (17 mg, 16% fron28, >99:1 dr)®° [a]® +39.0 € 0.23 in EtOH); {lit'® [a]? +41.9 € 1.1 in
EtOH)}; vinax (ATR) 3341 (O-H), 2930 (€H), 2794 (C-H); 8, (400 MHz, CDC}) 1.04 (1H, app qd] 12.6,
4.4, C(THp), 1.44-1.98 (10H, m, C(Hy, C(2H2, C(5Ha, C(6)H,, C(7Hs, C(8H, C(8aH), 2.06 (1H, app
q,J 9.0, C(3Ha), 3.03-3.10 (2H, m, C(B)s, C(5Hs), 3.46 (1H, dd,) 10.7, 6.7, EBlaHgOH), 3.63 (1H, dd,

J 10.7, 4.6, CHHgOH); 8¢ (100 MHz, CDCJ) 20.7 €(2)), 25.1 C(6)), 27.6 C(7)), 29.1 C(1)), 44.6
(C(8)), 52.7 C(5)), 54.1 C(3)), 65.6 CH,OH), 66.3 C(8a)); m/z (ESI) 156 ([M+H]", 100%); HRMS
(EST) CoH1gNO" ([M+H] ") requires 156.1383; found 156.1383.

Method B- Step 1 A sample of32 (370 mg, 1.10 mmol, 65:35 dr) was co-evaporatad t#Cl (3 x 2.0 mL,
2.0 M in EtO), then the residue was dissolved in,CH/MeOH (1:1, 20 mL). The resultant mixture was
cooled to —78 °C and degassed withaxd Q before Q was bubbled through the solution until a persisten

blue colour appeared. ;,Ovas then bubbled through the solution until it d&mee colourless. Polymer
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supported PPN(1.52 g, 3.30 mmol) was then added and the reaatiature was allowed to warm to rt and
stirred at rt for 2 h. The reaction mixture wasefied through Celife (eluent MeOH) then concentrated in
vacuo to give35 (65:35 dr).

Method B- Step 2 Pd(OH)/C (77 mg, 20% w/w) was then added to a stirredtgwi of the residue @5 in
MeOH (5 mL), HO (0.5 mL) and AcOH (0.2 mL) at 35 °C. The resultamxture was degassed and
saturated with Kibefore being left to stir under an atmosphere p{3Hatm) for 24 h. The reaction mixture
was then filtered through a short plug of C8liteluent MeOH) and concentrated in vacuo to gi6535
mixture of 38HOAc and 39HOACc, respectively, as a pale yellow oil. Purifioat via ion exchange
chromatography on Dowex 50WX8 resin (hydrogen fatf0)—200 mesh, eluent 1.0 M aq M}¥H) gave38
as a pale yellow oil (16 mg, 11%, >99:1 dr, ~95%itg)*° [a]%° +30.0 € 0.5 in CHC}); {lit. *° [a]® +43.4

(c 0.53 in CHC})}.

(1S,8aR)-1-(Hydroxymethyl)octahydro-1H-indolizine 40

Method A — Step: R,6-Lutidine (0.31 mL, 2.68 mmol), O5@6.8 mg, 26.8 umol) and Naj@1.15 g, 5.37
mmol) were sequentially added to a stirred solutib®2 (300 mg, 0.67 mmol, >99:1 dr) in 1,4-dioxangZH
(3:1, 24 mL) at rt. The resultant mixture was stiriat rt for 40 min, then partitioned between,CH (10
mL) and 10% aq citric acid (10 mL). The aqueousiayas extracted with Gi&l, (2 x 10 mL) and the
combined organic extracts were washed sequentiathysatd aqg NaHCE(30 mL) and brine (30 mL), then
dried and concentrated in vacuo to gv/e

Method A — Step: 2Pd(OH)/C (300 mg, 100% w/w) was added to a stirred sotutf the residue d4 in
MeOH (3 mL) at rt. The resultant mixture was degdsand saturated with,Hbefore being left to stir under
an atmosphere of H5 atm) for 120 h. The reaction mixture was thtared through a short plug of Celffte
(eluent MeOH) and concentrated in vacuo to §i8e

Method A — Step:3.iAIH,4 (2.4 M in THF, 1.68 mL, 4.03 mmol) was added tstiared solution of the
residue oB8in THF (5 mL) at —78 °C. The resultant mixture vedl®wed to warm to rt and stirred at rt for
2 h. 2.0 M ag NaOH (2.02 mL, 4.03 mmol) was thededand the resultant mixture was stirred at r2far
The reaction mixture was filtered through Céliteeluent THF) then dried and concentrated in vacuo
Purification via flash column chromatography (elu€@HCL/MeOH/NH,OH, 30:1:1) gaved0 as a pale
yellow oil (15 mg, 15% fron22, >99:1 dr)** [a]® +39.8 € 0.5 in EtOH); {lit’® [a]® +27.4 € 1.0 in
EtOH)}; vmax (ATR) 3353 (G-H), 2931 (C—H); d4 (400 MHz, CDC}) 1.18-1.31 (2H, m, C(Aa, C(8Ha),
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1.43-1.48 (1H, m, C(6)s), 1.51-1.64 (3H, m, C(B), C(8aH), 1.77-1.80 (1H, m, C(Pg), 1.88-2.01
(5H, m, C(1H, C(3Ha, C(6)Hg, C(8Hs, OH), 2.10-2.15 (1H, m, C(B)), 3.00-3.07 (2H, m, C(Bls,
C(5)Hs), 3.59 (1H, ddJ 10.6, 6.0, EGlaHsOH), 3.65 (1H, ddJ 10.6, 5.7, CHHgOH); 5c (100 MHz,
CDCl) 24.3 C(7)), 25.2 C(2)), 25.3 C(6)), 30.5 C(8)), 46.1 C(1)), 53.1 C(3)), 53.4 C(5)), 65.0
(CH,OH), 67.2 C(8a)); m/z (ESI) 156 ([M+H], 100%): HRMS (ES) CoHigNO® ([M+H]") requires
156.1383; found 156.1381.

Method B -Step 1 A sample 0f33 (200 mg, 0.531 mmol, 73:27 dr) was co-evaporated WCI (3 x 2.0
mL, 2.0 M in EtO), then the residue was dissolved inCH/MeOH (1:1, 20 mL). The resultant mixture
was cooled to —78 °C and degassed withaNd Q before Q was bubbled through the solution until a
persistent blue colour appeared, Was then bubbled through the solution until it dme colourless.
Polymer supported PRI{530 mg, 1.59 mmol) was then added and the reacticxture was allowed to
warm to rt then stirred at rt for 2 h. The reactioixture was filtered through Celftgeluent MeOH) then
concentrated in vacuo to gidé (73:27 dr).

Method B — Step:2d(OH)/C (189 mg, 100% w/w) was added to a stirred sofutif 36 in MeOH (2.66
mL), HO (0.27 mL) and AcOH (60 pL) at rt. The resultariktowe was degassed and saturated with H
before being left to stir under an atmosphere o{3Hatm) at 35 °C for 24 h. The reaction mixtures\ilzen
filtered through a short plug of Cefft¢eluent MeOH) and concentrated in vacuo to giv@®:80 mixture of
40HOACc and41-HOAC, respectively, as a pale yellow oil. Purificatvia ion exchange chromatography on
Dowex 50WX8 resin (hydrogen form, 100-200 meshemtill.0 M aq NHOH) gave40 as a pale yellow oil
(14 mg, 17%, >99:1 dr, ~95% purit}};[a]Z® +30.1 € 0.4 in EtOH); {lit* [a]?® +27.4 € 1.0 in EtOH)}.
Further elution gave an 86:14 mixture4sf and41, respectively, as a pale yellow oil (11 mg, 14%5%
purity). Data for mixtureVmax (ATR) 3347 (O-H), 2931 (C-H)n/z (ESI) 156 ([M+H]’, 100%); HRMS
(EST) CoH1gNO™ ([M+H] ™) requires 156.1383; found 156.1381. Datadftirdy (400 MHz, CDC}) [selected
peaks] 3.39 (1H, app dd,10.1, 2.3, GlaHgOH), 3.85 (1H, app df] 10.1, 3.0, CHHgOH); 5¢ (100 MHz,
CDCls) [selected peaks] 40.£(1)), 64.2 CH,OH).

(1S,9aR)-1-(Hydroxymethyl)-octahydro-1H-quinolizine [(+)-epilupinine] 42
Method A — Step: 2,6-Lutidine (0.30 mL, 2.60 mmol), O5@.6 mg, 26.0 umol) and Naj@®1.11 g, 5.21
mmol) were sequentially added to a stirred solutibfl (300 mg, 0.65 mmol, >99:1 dr) in 1,4-dioxanglH

(3:1, 24 mL) at rt. The resultant mixture was stiriat rt for 40 min, then partitioned between,CH (10
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mL) and 10% aq citric acid (10 mL). The aqueousiayas extracted with Gi&l, (2 x 10 mL) and the
combined organic extracts were washed sequentiathysatd aqg NaHCE(30 mL) and brine (30 mL), then
dried and concentrated in vacuo to ¢gvfe

Method A — Step: 2Pd(OH)/C (300 mg, 100% w/w) was added to a stirred sotutf the residue d5 in
MeOH (3 mL) at rt. The resultant mixture was degdsand saturated with,Hbefore being left to stir under
an atmosphere of H5 atm) for 120 h. The reaction mixture was thtared through a short plug of Celfite
(eluent MeOH) and concentrated in vacuo to gi9e

Method A — Step:3.iAIH,4 (2.4 M in THF, 1.63 mL, 3.91 mmol) was added tstiared solution of the
residue o69in THF (5 mL) at —78 °C. The resultant mixture vedlewed to warm to rt and stirred for 2 h.
2.0 M ag NaOH (1.95 mL, 3.91 mmol) was then addetithe resultant mixture was stirred at rt for Zhe
reaction mixture was filtered through Cefitdeluent THF) then dried and concentrated in vacuo
Purification via flash column chromatography (elu€@HCL/MeOH/NH,OH, 30:1:1) gave42 as a pale
yellow oil (34 mg, 31% fronb1, >99:1 dr)** [a]® +29.1 € 0.3 in EtOH); {lit> for ent42: [a]?® -29.2 €
1.0 in EtOH)}; Vimax (ATR) 3352 (O=H), 2929 (C—H), 2858 (C—H); (400 MHz, CDC}) 1.13-1.26 (3H, m,
C(2Ha, C(8Ha, C(OHp), 1.36-1.43 (1H, m, C(H), 1.56-1.61 (2H, m, C(Rp), 1.63-1.70 (3H, m,
C(9aH, C(3H.), 1.73-1.77 (1H, m, C(8)), 1.81-1.91 (2H, m, C(R®), C(9Hg), 1.98-2.04 (2H, m,
C(4)Ha, C(6Hn), 2.28 (1H, br s, @), 2.74-2.83 (2H, m, C(#s, C(6Hs), 3.53 (1H, dd,J 10.8, 6.0,
CHaHgOH), 3.63 (1H, ddJ 10.8, 3.6, CHHgOH); ¢ (100 MHz, CDCJ) 24.5 €(8)), 25.0 C(3)), 25.5
(C(7)), 28.2 C(2)), 29.7 C(9)), 43.9 C(2)), 56.6 C(4)), 56.8 C(6)), 64.3 C(9a)), 64.4 CH,OH); m/z
(ESI) 170 ([M+HT", 100%); HRMS (ES) C10H20NO" ([M+H]*) requires 170.1539; found 170.1536.
Method B — Step: A sample of34 (220 mg, 0.56 mmol, 74:26 dr) was co-evaporated t#Cl (3 x 2.0 mL,
2.0 M in EtO), then the residue was dissolved in,CH/MeOH (1:1, 20 mL). The resultant mixture was
cooled to —78 °C and degassed withaxd Q before Q was bubbled through the solution until a persisten
blue colour appeared. ;,Ovas then bubbled through the solution until it d&ree colourless. Polymer
supported PPh(563 mg, 1.69 mmol) was then added and the reactixture was allowed to warm to rt
then stirred at rt for 2 h. The reaction mixturesviiftered through Celifé (eluent MeOH) then concentrated
in vacuo to gived7.

Method B — Step: Pd(OH)/C (196 mg, 100% w/w) was then added to a stiraddgti®on of the residue &7

in MeOH (2.67 mL), HO (0.27 mL) and AcOH (60 pL) at rt. The resultanktore was degassed and

saturated with kibefore being left to stir under an atmosphere p{3Hatm) for 24 h. The reaction mixture
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was then filtered through a short plug of C8liteluent MeOH) and concentrated in vacuo to giv®21
mixture of 42HOAc and 43HOAc, respectively as a pale yellow oil. Purificati via ion exchange
chromatography on Dowex 50WX8 resin (hydrogen fot0—-200 mesh, eluent 1.0 M aq MMH) and
flash column chromatography on neutral aluminag@CHCIl,/MeOH, 20:1) gave a 77:23 mixture 42
and43, respectively, as a pale yellow oil (7 mg, 8%, %Opurity). Data for mixturevmax (ATR) 3368 (O—
H), 2930 (C—H), 2857 (C—H)n/z(ESI") 170 (IM+H]', 100%); HRMS (ES) CigH2o0NO" ([M+H] ") requires
170.1539; found 170.1536. Data #8. o4 (400 MHz, CDC}) [selected peaks] 1.42-1.51 (Gf)) 1.53—
1.65 (2H, m, C(3),), 3.73-3.77 (1H, m, BAHsOH), 4.15-4.19 (1H, m, CHHgOH); 5¢ (100 MHz, CDC))
[selected peaks] 22.€(3)), 38.0 C(1)), 66.0 CH,OH). Further elution gavé2 as a pale yellow oil (10 mg,
11%, >99:1 dr, ~95% purity).
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