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A Biomimetic Approach to the Pyridone Rings of the Acromelic
Acids: A Concise Synthesis of Acromelic Acid A and an Approach to
Acromelic Acid B.
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Abstract: The syntheses of acromelic acid A 1, allo-acromelic acid A 19 and an approach towards
acromelic acid B 2 are described. Palladium (0) catalysed cross-coupling reactions were used to
generate C-4 catechol precursors and formation of the pyridone rings was investigated using a
biomimetic oxidative cleavage - recyclisation strategy.
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Acromelic acid A 1 and acromelic acid B 2 are members of the kainoid! family of non-proteinogenic
amino acids, isolated in 1983 from the poisonous Japanese mushroom Clitocybe acromelalga.?3 The kainoids

exhibit potent neuroexcitatory activity in the mammalian central nervous system? and the symptoms which

they induce closely resemble those seen in cases of Alzheimer's disease, Huntington's chorea, epilepsy and
e nthos moiirndocoansratiius amedaee 8 ~eneaanlia o o as P, asvmalaasiaa A 4 2
various other neurodegenerative disorders.” Acromelic acids A 1 and B 2 and analogues of them are therefore
m mgh demand as tools for ncuropharmacologlcal research
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We recently reported in preliminary form, concise and efficient syntheses of 1 and allo-acromelic acid

9.6 Herein, we wish to report in more detail, the syntheses of 1 and 19 and an approach towards 2. Our
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im was to access 1 and 2 using the kainoid synthesis which we have recently developed? and incorporate a
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1€ DlOgCHCSCS of iand 2 are t OngI'l[ to involve the condensation of L glutamlc acid with pyrmones 3
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and 4 respectively (Scheme 1).29 Pyridones 3 and 4 could derive from ammonolysis of the corresponding

a: present address: Department of Chemistry, University of Reading, Whiteknights, Reading, RG6 6AD, U.K.; b: present address:
Department of Chemistry, University of Exeter, Stocker Road, Exeter, EX4 4QD, U.K.; t: e-mail: jack.baldwin@dpl.ox.ac.uk.
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ic acid 6. It has been proposed that 5 and 6 in turn, arise from the
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extra- and intradiol oxidative cleavage of L-DOPA respectively, with subsequent recyclisation and oxidation.
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Scheme 1

With this in mind, we envisaged that the pyridone substituents of 1 and 2 could be formed from the
corresponding pyrones which could themselves be constructed from the oxidative cleavage of appropriate
catechols with subsequent recyclisation (Scheme 2). The C-4 catechol substituent would be introduced by the
Suzuki cross-coupling reaction!? of an appropriate boronic acid with vinyl triflate 7 which is readily available

in six steps from trans-4-hydroxy-L-proline in 34% overall yield.
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The boronic acids were synthesised from commercially available 3-methoxycatechol 8. Benzyl ethers
were chosen to protect the catechol since these groups could be easily removed by hydrogenation at a later
stage (Scheme 3). Treatment of 8 with benzyl bromide and potassium carbonate in dimethyiformamide gave 9
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in good yield (91%) and bromination of 9 with N-bromosuccinimide gave the required bromide isomers 10
and 11 in a 1:1 ratio and combined yield of 98%. These two isomers could be readily separated by
chromatography and fractional crystallisation. Transmetallation of the bromides with n-butyllithium and
quenching of the organolithium species with trimethylborate gave boronic acids 12 and 13 after acidic
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Reagents: (i) BnBr, K,CO3;, DMF, (ii) NBS, CCly, RT.; (iii) n-BuLi, THF, -78°C, then B(OMe)3, then sat. NH,Cl (aq.).

Scheme 3
The Suzuki cross-coupling reaction of vinyl triflate 7 with 12 was then carried ocut using conditiens
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heterogeneous catalytic hydrogenation of enamides analogous to 14 occurs from the opposite face to the ester
at C-2, giving predominantly the wrong stereochemistry at C-4.7¢ Indeed, hydrogenation of 14 over palladium
black in ethyl acetate gave a 15:1 mixture of 15 and 16 in favour of the undesired 4R isomer 15,
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Reagenis: (i) 12, PAd(PPhs)s, DME, 2M (aq.) NayC0s, LiCl, A, 67%; (i) Ho, Palladium black, EtOAc, RT., quant.; (iii) AgzC05

on (‘f‘ll‘l‘® CH Clo, RT., then Ph{OAc),, MeOH, CH:C]:, 0°C, HPLC., 81%: (iv) conc. HCI, 100°C; (v) NHQ(aq)v RT, quant.

Scheme 4



Before controliing the stereochemistry at C-4 we decided to investigate the feasibiiity of the oxidative
cleavage-recyclisation strategy for constructing the pyridone rings. Separation of the C-4 epimeric mixture
15, 16 was not possible at this stage and so the mixture was treated with Fétizon's reagent!? (silver carbonate
on Celite®) giving intermediate ortho-quinones which were oxidatively cleaved using lead tetraacetate and
methanol.13 Purification by preparative HPLC gave the muconate derivative 17 as a single diastereoisomer in
good yield. Treatment of 17 with hot concentrated hydrochloric acid induced cyclisation and global

deprotection to give pyrone 18 in quantitative yield. Finally, ammonolysis produced allo-acromelic acid A 19
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biomimetic strategy for constructing the pyridone rings o

possible. Establishment of the correct stereochemistry at C-4 was now investigated.

Heterogeneous and homogeneous catalytic hydrogenations can be directed by certain substrate
functional groups including amines, alcohols and amides.'* We envisaged that an alcohol substituent at C-2
would guide hydrogenation from the top face of the molecule as required. To this end, chemoselective
reduction of the methyl ester of 14 using sodium borohydride gave alcohol 20 in good yield and hydroxyl
directed hydrogenation was then attempted (Scheme 5). In previous work!3.7¢ synthesising simpler C-4 aryl
kainoid analogues, we observed complete stereocontrol in the hydroxyl directed enamide hydrogenation but

eated with differe
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Reagents: (i) NaBH, (40eq.), MeOH, 78%; (ii) H;, Catalyst, Solvent (see Table 1) .

Scheme 5
Catalyst Solvent H; Pressure (atm) Ratio of 21:22

Palladium black Ethyl acetate 4 i0:1
Palladium black 10:1 Hexane/1,4-dioxane 4 11:1
Palladium black 10:1 Hexane/1,4-dioxane 1.5 8:1
Palladium black Benzene 4.5 11:1

10% Palladium on C2 110:1 Hexane/1,4-dioxane 1 3:1

10% Palladium on C2 Ethy! acetate 1 3:1
Raney® nickel Ethyl acetate 3.5 No reduction observed

a. partial oxidation to the ortho-quinone occurred on €Xposure {0 air.

Table 1
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Total selectivity in the hydrogenation was not achieved, possibly as a result of the catechol competing
for available coordination sites on the catalyst, thus allowing partial hydrogenation to occur from the lower
face of the molecule. Prolinols 21 and 22 were obtained quantitatively in an 11:1 ratio (in favour of the
desired 45 isomer 21) using palladium black in 10:1 v/v hexane/1,4-dioxane.

Senaration of the C-4 enimers at this stage was not

D ppaielin 12 3] pAraea s

o
o
o
=
=
~
[
[¢]
=
(4]
)
W
=2
—
(¢
(=8

so the 11:1 mixture was
: as

carried through until the final step of the synthesis (only the major isomer from each step is shown in Schemes
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21 was oxidised with Fétizons reagent
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to the ortho-quinone 23 which on treatment with lead tetraacetate and methanol gave muconate derivative 24
(Scheme 6). A faster, one-step oxidative cleavage could also be achieved using two equivalents of lead

tetraacetate in methanol at room temperature.
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Reagents: (i) Ag,CO; on Celite®, CH,Cl,, RT,; (ii) Pb(OAc), (1eq.), MeOH, 0°C, 98%, (iii) Pb(OAc), (2eq.), MeOH, RT., 95%

Scheme 6

Jones oxidation of 24 and subsequent esterification of the acid with (trimethylsilyl)diazomethane
furnished tetraester 25 in 54% yield. Epimerisation of the ci-centre was not detected by !H NMR (300MHz)
(Scheme 7). Heating 25 under reflux with 6M hydrochloric acid gave the desired pyrone 26. Finally,
ammonolysis of the crude pyrones with aqueous ammonia produced acromelic acid A 1 and allo-acromelic

acid A 19 as an 11:1 mixture in quantitative yield over 2 steps after partial purification with Dowex® S0WX8

ion-exchange chromatograph
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Reagents: (i) CrO;, conc. H,SOy, acetone, HyO then TMSCHN,, MeOH/PhH, 54%; (ii) 6M HCl (aq.), reflux; (iii) NH3 (aq.),
RT., then Dowex® 50WX8, 100%, then activated charcoal, cellulose chromatography, 60%.
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Purification of the solid by crystallisation was unsuccessful but separation of the C-4 epimers was
achieved using cellulose chromatography after filtration through activated charcoal. Acromelic acid A 1 was
obtained as a white micro-crystalline solid ([a],, +27.5 (¢ 0.28, Hy0), Lit.2® [x],+27.8 (¢ 0.35, H20)) in 9%
overall yield in 13 steps from trans-4—hvdroxy~L—prolme.

In a similar fashion, the synthesis of acromelic acid B 2 was attempte 1. Suzuki cross-coupling of 7

with 13 followed by reduction of the methyl ester of 27 gave alcohol 28 in good yield (Scheme 8). Hydroxyl
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of C-4 epimeric catechois in favour of the correct isomer Z9 (only
Scheme 8 and reported in the experimental section).
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Reagents: (i) 13, Pd(PPh;),, 2M Na,CO5(aq.), LiCl, DME, 74%; (ii) NaBH,4 (40eq.), MeOH, RT., 74%; (iii) H; (1atm.),
palladium black, EtOAc, 100%; (iv) Pb(OAc)4 (2eq.), MeOH, RT., 63%; (v) CrOs, conc. H,SO4, H,0, acetone then CH,N,,
Et,0, CH,Cl,, 56%.

Scheme 8
Oxidative cleavage of 29 with lcad tctraacetate and methanol gave muconate derivative 30 which, after
oxidation and esterification, produced tetraester 31. Treatment of 31 with standard hydrolysis and
ammonolysis conditions was studied extensively, but the cyclisations gave complex product mixiures
Although crude 'H NMR gave a good indication that some of the desired pyrone 32 had formed, it was not

possible to isolate a pure sample for full characterisation.

In summary, we have developed a concise synthesis of acromelic acid A 1 in 9% overall yield from
trans-4-hydroxy-L-proline which is amenable to practice on a multi-gram scale. The pyridone ring was
constructed efficiently from a catechol by a biomimetic oxidative cleavage, recyclisation strategy. A similar
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approach to generate the pyridone ring of acromelic acid B Z was not as faciie but gave evidence to suggest
that the conversion was possible.

Experimental

Melting points were obtained using a Biichi 510 capi]lary apparatus and are uncorrected.

Specific optical rotations were determined with a Perkin-Elmer 241 automatic polarimeter with a cell
of path length 1dm. Concentrations are given in g/100ml
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following abbreviations are used: w, weak; m, medium; s, strong; br, broad.

IH NMR spectra were recorded at 200, 300 and 500MHz using Varian Gemini 200, Bruker AC200,
Bruker WH300, Bruker AMS500 and Bruker AMXS500 instruments. For 'H spectra recorded in CDCl3 or D;0,
chemical shifts are quoted in parts per million and are referenced to the residual solvent peak. The following
abbreviations are used: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad. Coupling constants
are quoted to the nearest 0.5Hz.

I3C NMR spectra were recorded at 50.3 and 125.8MHz using Varian Gemini 200 and Bruker AM500

)
2

™

Low resolution mass spectra were recorded on V.G. Micromass ZAB 1F (FAB / CI1/DCI) and V.G.
Masslab 20-250 (CI / DCI) instruments as appropriate with only molecular ions, fragments from molecular
ions and other major peaks being reported. High resolution mass spectra were recorded on a VG ZAB-E
instrument.

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

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

with mclck silica gel 60 Fps4 which were visualised by quenching of u.v. fluorescence or by staining with
iodine vapour or 10% w/v ammonium molybdate in 2M sulphuric acid (followed by heat) as appropriate

Cellulose chromatography was carried out on Whatman cellulose powder CF11. Filtration through activated
carbon was performed using Darco G60, 100 mesh.

All solvents and reagents were purified by standard techniques reported in Perrin, D. D.; Armarego, W.
L. F., Purification of Laboratory Chemicals, 3™ edition, Pergamon Press, Oxford, 1988 or used as supplied
from commercial sources as appropriate. 40-60 Petroleum ether (40-60 PE) refers to the fraction of light
petroleum ether boiling between 40-60°C. Solvents were removed under reduced pressure using a Biichi R110

or R114 Rotavapor fitted with a water or dry ice condenser as necessary.
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157mmoi) in dimethyiformamide (i10mi) was added potassium carbonate (2i.66g, 157mmol) and the mixture
was stirred under an argon atmosphere at room temperature for 24h. The reaction was poured into water
(200ml) and the organics extracted with diethyl ether (3 x 300ml). The combined organic extracts were

washed with water (2 x 400ml) and saturated brine (400ml!), dried (MgSO4), filtered and evaporated to

h—
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dryness in vacuo. Flash chromatography on silica gel (eluting with 10:1 v/v 40-60 petroieum ether : ethyl
acetate) yielded 1,2-dibenzyloxy-3-methoxybenzene 9 (20.70g, 91%) as a colourless oil; Rf 0.35 (9:1 v/v 40-
60 PE : EtOAC); Umax/cm! (CHCI3) 3070w, 2940w, 2253w, 1599s, 1477s, 1106s; 8y (300MHz; CDCl3) 3.89
(3H, s, Ar-OCHp3), 5.10 (2H, s, PhCH2), 5.15 (2H, s, PhCH»), 6.61-6.69 (2H, t, Ar-H), 7.00 (1H, t, Ar-H),
7.27-7.57 (10H, complex, Ph-H); 8¢ (50.3MHz; CDCl3) 56.17 (Ar-OCH3), 71.23, 75.18 (2 x PhCH>), 106.00
(CH20OCCH), 107.70 (PHCH,OCCH), 123.98, 127.67, 128.07, 128.42, 128.76, 128.97 (Ar-CH, Ph-CH),
137.52, 138.15, 138.28, 153.27, 154.37 (Ar-Cipso, Ph-Cipso); m/z (APCI+) 338 (MNH4*, 18%), 321 (MH*,

(12 244 I‘IA\ IA2 /1O 220 ((Q\ 212 12\ 11 (24N 1
VLT )y & (LT, LTI\ AU Jy &ld \JQJy L1 I \LT ], LUA \JT), 1
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To a solution of 1,2-dibenzyloxy-3-methoxybenzene 9 (20.45g, 64.0mmol) in carbon tetrachloride
(300ml) was added N-bromosuccinimide (25.00g, 141mmol) and the reaction was stirred at room temperature
in the dark for 24h. After cooling to 0°C, the mixture was filtered through a silica gel plug (6 x 10cm) and

eluted with carbon tetrachloride (400ml). The filtrate wa ted to dryness in vacuo and the residue was
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3,4-dibenzyloxy-2-methoxy-1-bromobenzene 11 (12.70g, 50%) as a white crystalline solid; m.p. 71°C; Ry

n ,,,,' rs TT. [a ol ¥~ 1 AN 1 A~y [ L 2o PN
LO/IOW, lDl‘l‘Iﬂ, 14ybm, 14008, 1417/

(.35 (10:1 v/v 40-60 PE : EiOAC); Omax/cm™* (CHCI3) 2541im,
1296s, 1240m, 1075s, 982s; &y (300MHz; CDCl3) 3.88 (3H, s, Ar-OCHa), 5.02 (2H, s, PhCHy), 5.03 (2H, s,
PhCHjy), 6.60 (1H, d, J 9Hz, Ar-H), 7.15 (1H, d, J 9Hz, Ar-H), 7.25-7.45 (10H, complex, Ph-H); 8¢
(50.3MHz; CDCl3) 61.23 (Ar-OCH3), 71.25, 75.64 (2 x PhCH>»), 109.09 (C-Br), 110.87, 127.25, 127.69,
128.34, 128.61, 128.84 (Ar-CH, Ph-CH), 136.84, 137.62, 143.38, 151.85, 153.05 (Ar-Cipso, Ph-Cipso); m/z
(APCI+) 423 and 421 (7% and 8%, M+Na+), 410 (12), 409 (12), 401 and 399 (MH*, 7 and 8), 364 (10), 323

(49), 321 (59), 319 (49), 293 (23), 291 (31), 233 (70), 231 (78), 229 (100), 201 (14), 181 (53), 122 (33) and
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CDCi3) 3.84 (3H, s, Ar-OCH3), 5.04 (ZH, s, PhCHpy), 5.07 (2H, s, PhCH2), 6.62 (iH, d, 7 9Hz, CH30CCH),
7.24-7.52 (11H, complex, Ar-H, Ph-H); ¢ (50.3MHz; CDCl3) 56.21 (Ar-OCH3), 75.56, 75.72 (2 x PhCH)»),

109.16, 127.306, 128.31, 128.41, 128.57, 128.77, 128.97 (Ar-CH, Ph-CH), 137.12, 137.51, 143.10, 150.48,
153.97 (Ar-Cipso, Ph-Cipso); m/z (Probe CI (NH3)) 418 and 416 (100% and 100%), 401 and 399 (3 and 3), 246
(17), 198 (6), 108 (35), 91 (7).

2,3-Dibenzyloxy-4-methoxyphenylboronic acid 12

o - R D - "N 2 PR, 1 | MU 10 & N~ k Ko I 4 VWOUUORRY | U gy
10 4 soijuton or £,9- L leKy ‘f in U Y-1-UIVIIVLCIILCIIC 1V (0. UUE, 14.0UllllVL) 11l
tetrahydrofuran (100mi) at -78°C under an atmosphere of argon was added n-butyiiithium (6.6mi of a 2.5M

solution in pentane, 16.5mmol) over Smin. Stirring was continued at -78°C for 50min. and then
trimethylborate (31.1ml, 27.4mmol) was added and stirring continued for a further 1h. After warming to rt.

the mixture was poured onto saturated aqueous ammonium chloride solution (230ml) and the organics were
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extracted with diethyl ether (4 x 150ml). The combined organic extracts were washed with saturated brine
(200ml), dried (MgSOy), filtered and evaporated to dryness in vacuo. Recrystallisation of the residue from
10:1 v/v diethyl ether / 40-60 petroleum ether gave 2,3-dibenzyloxy-4-methoxyphenylboronic acid 12 (3.79g,
83%) as a white solid; m.p. 173-175°C; vpax/cm ! (CHCl3) 3622w, 3500brw, 2960m, 2254s, 1817w, 1795w,
1595s, 1457s, 1438s, 1373s, 1348s, 1290s, 1094s, 978s, 910s; ég (200MHz; CDCI3) 3.92 (3H, s, Ar-OCH3),
5.08 (2H, s, PhCHp), 5.19 (2H, s, PhCHp), 6.01 (2H, s, B(OHW), 6.62 (1H, d, J 8Hz, CH;QCCH), 7.27-7.62
(11H, complex, Ar-H, Ph-H); 8¢ (50.3MHz; CDCl3) 55.99 (Ar-OCH3), 75.57, 76.73 (2 x PhCH3), 108.25,

17 na 170 17 10 £N 10 7 A 10 NL

1AN0 10 121
ML, 140.04, 14L0.0U, 140.7/4, 140.70, 147.10, 101.

[y

3
158.27 (Ar-Cipso, Ph-Cjpyo); m/z (Electrospray, negative ion) 444 (7%), 442 (7), 409 (24), 364 (23), 363 (M

H-, 100), 362 (23).
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15mmol) was added and stirring continued for a further 1h. After warming to rt. the mixture was poured onto
saturated aqueous ammonium chloride solution (100ml) and the organics were extracted with diethyl ether (4
x 100ml). The combined organic extracts were washed with saturated brine (2x300ml), dried (MgSOy),
filtered and evaporated to dryness in vacuo. Recrystallisation of the residue from 1:1 v/v diethyl ether / 40-60
petroleum ether gave 3,4-dibenzyloxy-2-methoxyphenylboronic acid 13 (2.26g, 80%) as a white solid; m.p.
122-125°C; Umax/cnr! (CHCl3) 3690w, 3621w, 3502brw, 2945w, 1595s, 15225, 1498s, 1438s, 1348s, 1290s,
1233s, 1186s, 1094s, 978s; 8u (300MHz; CDCl3) 4.02 (3H, s, Ar-OCH3), 5.03 (2H, s, PhCHy), 5.14 (2H, s,

? Y —— == 9
(SN 2RALT . YL A1 @A FA« OMOITN TN QAN T8 2Q /D v DRhOITY ITNO KA 177 K0 1792 7Q 17Q K7 19Q 71
\JV.IIVHLZ, wioni3) UL.07 (Af-un a3y, /VU.0u, 73.56 (£ X O3y, 1wz.00, 14/.07, 140,40, 140,07, 140.17 4,
lh! P BN ™t ral B 2% 1L ™Mo 1" N T AN £ A 10 AN 1L ™M A M ™1 —~~ N Vi /T
151.05 (Al’-g‘l‘l, rn-©.nj, 150./8, 13/7.04, 14U.04, 100.4Y, 12Y./4 ( T*}__,_ipso, f[l-__ipso); m/z (ciectrospray,
negative ion) 409 (16%), 407 (10), 364 (19), 363 (M-H-, 100), 362 (23), 353 (12)

(25.35)-N-Benzoyl-2-methoxycarbonyl-3-tert-butoxycarbonylmethyl-4-(2',3'-dibenzyloxv-4'-methoxy
phenyl)-[4.51-dehvdropyrrolidine 14
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system was heated under reflux under an argon atmosphere for 5Sh. After cooling to room temperature, the
solvents were removed in vacuo and the residue was partitioned between dichloromethane (100ml) and a

mixture of 2M aqueous sodium carbonate (100ml) and concentrated ammonium hydroxide (3ml). The
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separated aqucous layer was extracted with dichioromethane (3 x 100mi) and the combined extracts were
washed with saturated brine (2 x 300ml), dried (MgSQy), filtered and evaporated to dryness in vacuo. Flash
chromatography on silica gel (eluting with 15:1 v/v dichloromethane : ethyl acetate) yielded (2S,35)-N-
benzoyl-2-methoxycarbonyl-3-fert-butoxycarbonylmethyl-4-(2',3'-dibenzyloxy-4'-methoxyphenyl)-[4,5]-

dehydropyrrolidine 14 (860mg, 67%) as a pale yellow syrup; Re0.45 (9:1 v/v CHaCl> : EtOAc); [a] +32.5
(c 1.18, CHCI3), Umax/cm 1 (CHCl3) 1747s, 1724s, 1625s, 1603m, 1447s, 1417s, 1412s, 1392s, 1265s, 1251s,
1047s; 8y (300MHz; CDCl3) 1.49 (9H, s, C(CH3)), 2.28 (1H, ca. dd, J 9 and 18Hz, CH,CO»But), 2.58 (1H,

ca dd, J 3 and 18Hz r'u.,r'n,.n Y 27R.2 00 (7TH camnlax (C0A FI—L. (‘I-J(‘Hn{‘(\nnnt Ar OCHAN A OGNS 0K
GBaivs E 4 VAR AT A R RS PR S FEI S S0 S ST AT B I IR S B L W § 44 W2 NSZATU y LAMTRINARY )y T AUTJ S
LT Aneanlaws TN Y DL -~ L LQ £ 00 /NIT AT~ TOYT~ 711 T RA VLYY mnmmcn i
\vuil, \/Ulllylc}\, \(L&b\l&blld 1- X Ill\.,»Ll} V.U0, V.OF \ 411, ADY, J FIlL, L X f\l \_:ﬂ} f.10=7.09 1011, bUlllp!CK,
CH=C, Ar-H); 8¢ (50.3MHz; CDCl3) 28.00 (C(CHs)3), 39.47 (CH;COzBuY), 44.45 (NCHCH), 52.50

(CO2CH3), 56.03 (Ar-OCH3), 63.35 (CHCO,CH3), 75.01, 75.44 (2 x PhCH»), 81.38 (C(CH3)3), 107.99,
119.87, 121.54, 122.66, 128.16, 128.27, 128.46, 128.70, 131.00, 134.79, 137.23, 137.56, 142.10 (Ar-CH, Ar-
Cipso» NC=C, NC=C), 151.25, 153.60 (Ar-Cjpso), 167.46, 170.60, 171.02 (CO2CH3, COBut, NC=0); m/z
(APCI+) 666 (10%), 664 (MH*, 39), 609 (24), 608 (100), 313 (27), 122 (8); (Found MH* 664.2910,
C4oH43NOg requires 664.2910).

/AL O AT

40, 3D, 4 ﬂ\z-l‘V-mﬂlﬂ!l‘éd’ﬂﬁ[ﬂﬂﬁ!SQI'DOHVI-J'EEIT-[lutﬂXVLdl‘DOﬂVlmelﬂVl-‘l'lL s -ﬂan(ll'OXV"l -memoxv
nylpyrrolidine 15 and (285,3S,45)-N-benzoyl-2-methoxvcarbonyl-3-tert-butoxycarbonylmethyl-4-
(2'.3'-dihydroxy-4'-methoxyphenyl)pyrrolidine 16

A solution of (2§,35)-N-benzoyl-2-methoxycarbonyl-3-tert-butoxycarbonylmethyl-4-(2',3"-
dibenzyloxy-4'-methoxyphenyl)-[4,5]-dehydropyrrolidine 14 (319mg, 0.48mmol) in dry freshly distilled ethyl
acetate (20ml) was hydrogenated under a balloon at room temperature in the presence of palladium black
(20mg). After 15.5h, fresh catalyst (40mg) was added. After hydrogenation for a further 53h, the reaction
mixture was filtered through a pad of MgSO, (4xSmm). The pad was washed thoroughly with ethyl acetate
(40ml). The filtrate was concentrated in vacuo to afford a pale pink foam containing (25,35,4R)-N-benzoyl-2-

) ) WO

Xyphenyljpyriolidine 15 and

mcmuxycdlu«)nyx J ieri- ULll.UXyLdl UUHy Mmeir )’ "4 \4 ,J umyulu.xy—4 -metlr 0

(28,38,45)-N-benzoyi-Z-methoxycarbonyi-3-tert-butoxycarbonyimethyi-4-(2°,3'-dihydroxy-4-methoxyphenyi)
pyrrolidine 16 in a ratio of ca. 15:1 (as determined by iH NMR (500MHz)) (230mg, 99%). The following
spectroscopic data was recorded for the product mixture containing 15 as the major isomer; [a] -24.0 (c 1.0,
CHCl); R; 0.25 (15:1 v/v CH»Cly : MeOH); Umax/cm! (CHCI3) 3552s, 3022m, 3008m, 1741s, 1733s, 1635s,
1514m, 1489m, 1449m, 1420s, 1369m, 1289s, 1150s, 1098m; 8y (S00MHz; CDCl3) 1.37 (9H, s, C(CH3)3),
2.47 (2H, d, J6Hz, CH,CO»But), 3.02-3.10 (1H, m, CHCH,CO»Bu!), 3.39-3.47 (1H, m, NCH;CH), 3.74-3.91
(8H, m, CO,CH; ArOCH» and NCH. ,448 (1H, d, J9.5Hz, NCHCO,Me), 5.49,5.72 (2 x 1H, 2 x s, 2 x OH),

alln, Rlgva _ LU VIE
644 (1H 4 J8 <'L'l’—; Ar-H)Y 671 (1 rl IR <T—]’-7 Ar_n\ 7.31-7.67 (’ZH m, Ph- H\ S,-. f(n ’U\/ﬂ'—l’v ("ﬁ(“l \
VTT \111, My JUL AL Ll./g el A \l 11

27.82 (C(CH3)3), 36.41 (CH,CO» u‘) 43.43, 43.68 (CHCHCO,But, Ar-CH) 52.35 (CO2CH3), 55.06
(ArOCH3), 64.57 (CHCO,CH3), 80.98 (C(CHj3)s), 103.34 (ArCH), 116.22 (Ar-Cpp,), 118.34, 127.87, 128.34,
130.67 (ArCH), 133.00, 135.48, 143.45, 146.69 (Ar-Cips0), 169.74 (NC=0), i71.15, 172.71 (CO;But and
CO,CH3); m/z (DCI, NH3) 486 (MH*, 16%), 430 (17), 105 (100); Found: MH* 486.2128, C»6H32NOg
requires 486.2128.

o= Ef,
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Lim_lwwﬂmﬂkmﬂhyxvcarbonvl-&ten-butoxvcarbonvlmethvl 4-(2'-(dimethyl-5'-
hexa- * lidine

To a vigorously stirred solution of a mixture of (25,3S,4R)-N-benzoyl-2-methoxycarbonyl-3-tert-
butoxycarbonylmethyl-4-(2',3'-dihydroxy-4'-methoxyphenyl)pyrrolidine 15 and (2S,3S5,45)-N-benzoyl-2-
methoxycarbonyl-3-tert-butoxycarbonylmethyl-4-(2',3'-dihydroxy-4'-methoxyphenyl)pyrrolidine 16 (15:1)

(44mg, 0. 091mmol) in dry dichloromethane (1ml) at room temperature was added Fétizon's reagent12
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shed with dry di he deep red filtrate was cooled to
0°C and treated with dry methanol (1mi) followed by lead tetraacetate (53mg, 0.144mmol). The reaction
mixture was stirred at 0°C for 30 min. then concentrated in vacuo to give an orange residue. The crude
product was dissolved in diethyl ether (20ml) and washed with water (10ml) and saturated brine (10ml). The
organic extract was dried (MgSQOy) and concentrated in vacuo to give a yellow oil. Purification by preparative
HPLC on silica gel (eluting with 3:1 v/v dichloromethane : ethyl acetate) afforded (25,35,4R)-(2'Z 4'E)-N-
benzoyl-2-methoxycarbonyl-3-tert-butoxycarbonylmethyl-4-(2'-(dimethyl-5'-methoxyhexa-2'4'-dien-1',6'-

oate) pyrrolidine 17 (40mg, 81%) as a colourless gum, [a]3’ -9.1 (¢ 0.5, CHCls); R¢0.65 (2:1 v/v CH2Cl5 :
EtOAC); Amax (CHCl3) 304nm, (€ 8240); Vya/cmr! (CDCl3) 1728s, 1631s, 1436m, 1369s, 1248m, 1152s; 3y

[ONNRALT... MTYWT N 1 A /OYXT ., f‘lf‘f'l' AY AT Y £Q /DATT MIT MMy . ANE N1 7Y L0Y 0 vhlt

{cUUMINz, CDCI3) 1.42 (Y1, C(CH1)3), 2.47-2.58 (2H, m, CH,CO,BuY), 2.95-3.91 (16H, m, NCH,,

=T T Y Ty h 3 ™ + T AT T T YT N a vV ad - 2 s - —~ -- ~
But , J YHzZ, C LU2LH3), /.06 , d, J 11.5Hz, CH diene),

o
0(311 complex Ar-H, CH diene); 8¢ (50.3MHz; CDCls) 28.18 (C(CHs)3),
36.71 (CHZCOZBU‘) 42.96 (CHCH,CO,But), 49.06 (NCH,CH), 51.92, 52.59, 52.78 (3 x CO,CH3z), 55.34
(NCH3y), 56.14 (C(OCH3)CO3), 64.27 (NCHCO2Me), 81.15 (C(CH3)3), 108.10 (CH diene), 125.94 (Ar-Ciy0),
127.87, 128.41, 130.76 (ArCH), 135.36 (Ar-Cjpso), 136.92 (CH diene), 151.04 (C(OCH3)CO3), 162.94,
167.09, 169.48, 170.45, 172.07 (NC=0, CO,But, 3 x CO,CHj3); m/z (DCI, NH3) 546 (MH™, 3%), 490 (4), 105
(100); (Found MH* 546.2340, C2gH15NO1o requires 546.2339),

NS ST 285136810 by et FRrESIS Sy

(28,35.4R)-3-Methylenecarboxy-4-(3'-(2°-pyrone-6‘-carboxylic acid))pyrrolidine-2-carboxylic acid
hydrochloride 18

A solution of (25,35,4R)-(2'Z,4'E)-N-benzoyl-2-methoxycarbonyl-3-tert-butoxycarbonylmethyl-4-
(2'-(dimethyl-5'-methoxyhexa-2',4'-dien-1',6"-oate)pyrrolidine 17 (35mg, 0.064mmol) in concentrated

hydrochloric acid (Iml) was heated under reflux for 1h. The mixture was concentrated in vacuo and
redissolved in water. Filtration through a small plug of cotton wool in a Pasteur pipette followed by

oncentration in vacuo afforded (25,35,4R)-3- mPthlenPr‘ArhnYy-A -(3'-(2'-pyrone-6'-ca box}lhr‘

nvrrnlidine-2.carhaxvlic aci 4 18 (?727mo Q0% ag a hrown o )
PYITCiQIne-2-CaroCXy i< acia ny mion A8 \22amg, U7 ) as a orown gum, D S0, 1L s fvmax
IT M\ ANLnnn (o OELEN. K FANARALT . T MY D ™12 Y QA MM+ 11X ADYVY 71 100~ 7 "X~ T SLd> LI MM
{r1pU) 5U0nm, (€ 3500j; Oy (AUUMIZ; 1HU) 2.75, 2.94 (2 X 101, ADA, JABILOIIZ, yAox/1Z, JpxOn1Z, Lns L Usil),
3.10-3.26 (1H, m, CHCH,CO;H), 3.50 (1H, q, /J459Hz, NCH,CH), 3.74 (2H, d, J9Hz, NCH,), 4.34 (1H, d,

J9Hz, NCHCO-H), 7.23 (1H, d, J7Hz, HC=C(CO,H)0), 7.66 (1H, d, J7Hz, HC=C(CO,C)C); NOe¢
experiment: irradiation at 2.73ppm (CH(H)CO;) caused a 3.5% enhancement at 4.34ppm (NCHCO,H) and a

4.5% enhancement at 3.50ppm (NCH,CH); irradition at 2.94ppm caused a 5.6% enhancement at 4.34ppm and
5.6% enhancement at 3.50ppm; no enhancements were observed at either 7.23ppm or 7.66ppm; &¢
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(100.6MHz; D,0) 35.97 (CH,CO,H), 41.96, 46.75 (NCH,CH, CHCH>CO;H), 48.18 (NCH3), 67.71
(NCHCO;H), 111.84 (HC=C(CO2H)O), 129.20 (HC=C(CO2C)QC), 143.45 (HC=C(CO2C)C), 163.10, 175.49
(CO,H), sample too weak to detect all quarternary carbons; m/z (Electrospray, positive ion) 334 (MNa*, 13%),
312 (MH*, 100).
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A soiution of (25,35,4R)-3-methyienecarboxy-4-(3'-(2"-pyrone-6'-carboxylic acid))pyrrolidine-2-
carboxylic acid hydrochloride 18 (12mg, 0.037mmol) was dissolved in concentrated aqueous ammonia
solution (Iml) and aged overnight at room temperature. Concentration in vacuo afforded allo-acromelic acid
A 19 (11.5mg, 100%) as a brown gum, [a]} -9.1 (c 0.5, CHCl3); 8y (270MHz; D,0) 2.35, 2.67 (2 x 1H,
ABX, Jap 14.5Hz, Jax 9Hz, Jpx 4Hz, CH,CO,H), 2.79-2.95 (1H, m, CHCH,CO;H), 3.30-3.74 (3H, complex,
NCH,, NCH»CH), 3.91 (1H, d, J 9.5Hz, NCHCO,H), 6.93 (1H, d, J 7Hz, HC=C(CO2H)NH), 7.59 (1H, d, J
7Hz, HC=C(CONH)C); 8¢ (67MHz; D,0) 41.04 (CH,CO;,H), 44.62, 46.51 (NCH,CH, CHCH,CO,H), 48.91

(NCH,), 66.48 (NCHCO-H), 11000 (HC=C(CO-H)NH), 13281 (HC=C(CONH)C), 139.50
(HC=C(CONH)C), 141.79 (HC=C(CO;H)NH), sample too weak to distinguish carbonyl signals; m/z
(Electrospray, positive ion) 333 (MNa*, 12%), 311 (MH*, 100).

(25.35)-N -Benzovl-2-hvdroxvmethvl-3-tert-butoxvcarbonvlmethvl-4-( 2'.3'-dibenzyloxy-4'-methoxy
phenvl)-[4.5]-dehydropyrroli 0

To a stirred solutlon of (2S 35)-N-benzoyl-2-methoxycarbonyl-3-zert-butoxycarbonylmethyl-4-(2',3"

ol (15mD at room

dibenzyloxy-4'-methoxyphenyl)-[4,5]-dehydropyr olidine 14 (790mg, 1.19mmol) in methanol (15ml) or

temperature was added sodium borohydride (2.71g, 71.4mmol) in 6 equal portions over 24h. (Note: A further
1 s 1N i I T o 1LY (g 1] TN $rren zrna it Tt ontiiratad amiianaio

pomon of methanol (6ml) was added after 12h). The reaction mixiire was pourca into saturated agueous

ammonium chloride solution (180ml) and the resulting mixture was extracted with ethyl acetate (5 x 100ml),
the combined extracts being washed with 0.1M aqueous hydrochloric acid (200ml), saturated aqueous sodium
bicarbonate solution (200ml) and brine (200ml). The separated organic phase was dried (MgSQOy), filtered and
evaporated in vacuo and the residue was purified by flash chromatography on silica gel (eluting with 5:4 v/v
dichloromethane : ethyl acetate) to give (25,35)-N-benzoyl-2-hydroxymethyl-3-zert-butoxycarbonylmethyl-4-
(2',3'-dibenzyloxy-4'-methoxyphenyl)-[4,5]-dechydropyrrolidine 20 as a colourless syrup (589mg, 78%); Rt

,,,,,

0.45 (1:1 v/v CH,Cl, : EtOAc); [@)? -21.9 (c 1.075, CHCI3); Upax/cm! (CHCI3) 3363brw, 2983m, 1722s,

— L1 ap el VTS B ARy VYMaX

1598s, 1575s, 1494s, 1448s, 1440s, 1423s, 1371s, 1292s, 1249m, 1152s, 1111s, 1080s, 1030m, 741m; &y

T N~y

49 (91:1 uuzu\pgﬁj), 2.25 ( iri, z, CH,CO5But)

2
Ly \/Lxgpuzuu y &
f 4 T
1

s

1 cadd,J
17, 3Hz, CH,CO,BuY), 3.36-3.45 (1H, m, CHCH,CO,But), 3.78-

4.31-4.38 (1H, m, OH), 4.53-4.63 (1H, m, CHCH,OH), 4.92-5.10 (4H, complex, 2 x Ph-CHy), 6.70, 6.90 (2H,
ABq, J 9Hz, 2 x Ar-CH), 7.07-7.52 (16H, complex, Ph-CH, NCH=C); ¢ (50.3MHz; CDCl3) 28.07

(CO,C(CH3)3), 38.73 (CH2CO2But), 42.78 (CHCH2CO2BuY), 56.03 (Ar-OCH3), 66.21 (CH20H,
CHCH,OH), 75.14, 75.42 (2 x Ph-CHp), 81.54 (CO2C(CH3)3), 107.92, 119.96, 122.70, 122.90, 127.32,

T amasalaw T

ré T m
(5H, complex, CHyO
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128.24, 128.47, 128.68, 128.92, 131.12, 134.97, 137.15, 137.51, 142.02 (CH=C, CH=C, Ar-CH), 151.31,
153.68 (Ar-Cjps0), 169.26, 171.47 (2 x C=0); m/z (APCI+) 638 (28%), 636 (MH*, 100), 618 (23), 582 (21),
581 (62), 580 (60); (Found MH* 636.2960, C39H42NO7 requires 636.2961).

-~

p'ggny"gpyrrg‘gmmg 21 and

(2',3'-dihydroxy-4'-methoxyphenyl)pyrrolidine 22
A solution of (25,35)-N-benzoyl-2-hydroxymethy!-3-tert-butoxycarbonylmethyl-4-(2',3'-dibenzyloxy-
4'-methoxyphenyl)-[4,5]-dehydropyrrolidine 20 (396mg, 0.62mmol) in 10:1 v/v hexane : 1,4-dioxane (15ml)

containing palladium black (150mg, 1.41mmol) was stirred under an atmosphere of hydrogen in a Fisher-

Porter apparatus at 4 atmospheres for 46h at room temperature. The reaction mixture was filtered through a

¢

magnesium sulfate plug and evaporated to dryness in vacuo, to give an 11:1 mixture of (25,35,45)-N-benzoyl-

2-hydroxymethyl-3-tert-butoxycarbonylmethyl-4-(2',3'-dihydroxy-4'-methoxyphenyl)pyrrolidine 21 and
(25,35,4R)-N-benzoyl-2-hydroxymethyl-3-tert-butoxycarbonylmethyl-4-(2',3'-dihydroxy-4'-methoxyphenyl)

pyrrolidine 22 as a colourless oil (284mg, 100%) which was used in the next step without further purification.
Limited spectroscopic data for the major isomer (25,35,45)-N-benzoyi-2-hydroxymethyi-3-teri-
butoxycarbonylmethyl-4-(2',3'-dihydroxy-4'-methoxyphenyl)pyrrolidine 21 given only; Rf 0.25 (1:1v/v
CH,Cl; : EtOAC); bmax/cm-! (CHCl3) 35525, 3370brw, 3012w, 1723s, 1602s, 1576m, 1513s, 1429s, 1290s,
1254s, 1153s, 1097s; 6y (300MHz, CDCIl3) 1.42 (9H, s, CO,C(CH3)3), 2.05-2.25 (2H, 8 line m,
CHCH»>CO,But), 2.74-2.88 (1H, m, CHCH,CO,But), 3.64-4.18 (9H, complex, CHCH,0OH, Ar-OCH3, NCHp,
NCH;CH, CHCH,OH), 4.84 (1H, brs, OH), 5.98, 6.08 (2 x 1H, 2 x s, 2 x Ar-OH), 6.31, 6.39 (2H, ABq, J
9Hz, 2 x Ar-H), 7.27-7.60 (5H, complex, Ar-H); d¢ (50.3MHz; CDCIl3) 27.90 (CO2C(CH3)3), 34.70

(CHCH,CO,BuY), 38.44 (CHCH>CO3But), 40.66 (NCH2CH), 55.73 (NCHy), 56.02 (Ar-OCH3), 65.46
{CHCH,0H), 65.61 (CHCH), 81.28 (COC(CH3)3), 103.45, 117.68, 119.10, 127.23, 128.44, 128.64, 130.53,
133.18 (Ar-C ') 136. 4 ), 1 2xC= 'z (APCI+) 458 (MH™, 100%), 440

(23),402 (28), 384 (8

(25,35.45)-(2'Z 4'E)-N-Benzoyl-2-hydroxymethyl-3-tert-butoxycarbonylmethyl-4-(2'-(dimethyl-5'-
methoxyhexan-2'.4'-dien-1',6'-oate))pyrrolidine 24

To a solution of an 11:1 mixture of (28

35,48) -N-henwwl 2-hydroxym: hyl-3-,ter_t-

1YLIOAY

butoxycarbonylmethyl-4-(2',3'-dihydroxy-4'-methoxyphenyl)pyrrolidine 21 and its C-4 epimer (335mg,

AN PR I I s | A [ - A tlo

0.733mmol) in methanol (40ml) was added lead tetraacetate {636mg, 1.44mmol) in one portion and the
reaction was stirred at room temperature for 1h. After dilution with dichloromethane (70ml) the organic phase
was washed with saturated aqueous sodium bicarbonate solution (50ml), dried (MgSOy4) and concentrated in
vacuo to yield an inseparable 11:1 mixture of (25,35,45)-(2'Z,4'E)-N-benzoyl-2-hydroxymethyl-3-rert-
butoxycarbonylmethyl-4-(2'-(dimethyl-5'-methoxyhexan-2',4'-dien-1',6'-oate))pyrrolidine 24 and its C-4

epimer (360mg, 95%) as a colourless oil without further purification. The following limited spectroscopic
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data was obtained for the major isomer (25,35,45)-(2'Z,4'E)-N-benzoyl-2-hydroxymethyl-3-tert-
butoxycarbonylmethyl-4-(2'-(dimethyl-5'-methoxyhexan-2'4"-dien-1',6'-oate))pyrrolidine 24; Rf 0.25 (1:1 v/v
CH;Cl; : EtOAC); Umax/cm ! (CHCl3) 3695w, 3606w, 3012w, 3378brw, 2983w, 2954w, 1724s, 1613s, 1601s,
1578w, 1435s, 1422s, 1370s, 1153s, 1097w; oy (300MHz; CDCl3) mixture of rotamers - major rotamer
assigned only; 1.40 (9H 2H, d, J 8Hz, CHCH,CO,But), 2.63-2.78 (1H, m

2y Rey, 4 14, dlloaR NS LR Ly A Laiy iad,

g
i, 8
f‘LIt HaAa LBty 2 AA 2 QR IIAH s o |
CLnlnliuzoit), 5.40-5.706 (14 1

4.11 (1H, m, NCHCH,0H), 4.54-4.69 (1H, brs, OH), 6.72 (1H, d, J 13Hz, CH diene), 7.23 (1H, d, J 13Hz,
CH diene), 7.30-7.56 (5H, complex, Ar-H); oc (50.3MHz; CDCl3) major rotamer assigned only; 27.92
(CO>C(CH3)3), 34.52 (CHCH7CO;But), 40.66 (CHCHoCO2But), 43.14 (NCHCH), 52.00, 52.55 (2 x
CO,CH3), 54.48 (NCH3), 56.02 (C=C-OCH3), 65.51 (CHCH>0OH), 65.79 (CH,0OH), 81.14 (CO2C(CH3)3),
107.89 (CH diene), 127.26, 128.57 (ArCH), 129.74 (<C> diene), 130.45, 133.63 (CH diene, ArCH), 136.50
(Ar-gpm), 150.29 (C=C(OCH3)C0O,CH3), 167.91, 171.50, 172.35 (2 x CO,CH3, CO»But, NC=0); m/z
(APCI+) 541 (6%), 540 (7), 520 (7), 518 (MH*, 63), 501 (5), 500 (24), 463 (12), 462 (100), 444 (7); (Found
M-C4Hg 461.1682, C23H27NOg requires 461.1686).
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methoxyhexan-2'.4'-dien-1',6'-oate))pyrrolidin
To an 11:1 mixture of (25,35,45)-(2'Z,4'E)-N-benzoyl-2-hydroxymethyl-3-methoxycarbonylmethyl-4-
(2'-(dimethyl-5'-methoxyhexan-2',4"-dien-1',6'-0ate))pyrrolidine 24 and its C-4 epimer (75mg, 0.145mmol) in

acetone (2.5ml) at 0°C was added Jones reagent (1ml) dropwise (preparation of the Jones reagent: To a
solution of chromium trioxide (143mg, 1.43mmol) in distilled water (2ml) at 0°C was added concentrated

1d (125 i1, 2.25mmol) dro nwuqe with qulm;ﬂ The reaction was warmed to room temperature and

iy Lol L jeo v LRVLY, Cidalidl

stirred for 16h. The mixture was poured onto saturated brine (10ml) and the organics were extracted with
chioroform (5 x 10ml). The combined organic phases were dried (MgSOy), filtered and evaporated to dryness
in vacuo. To a solution of the crude carboxylic acids in 4:1 v/v benzene : methanol (3ml) was added
trimethylsilyldiazomethane (132ul, 0.23mmol) and after stirring the mixture at room temperature for 1h, the
reaction was quenched by the addition of glacial acetic acid (3 drops). After concentration in vacuo, partial
purification by flash chromatography on silica gel (eluting with 12:1v/v dichloromethane : ethyl acetate) gave
an 11:1 mixture of (25,3S,45)-(2'Z,4'E)-N-benzoyl-2-methoxycarbonyl-3-zert-butoxycarbonylmethyl-4-(2'-
(dimethyl-5'-methoxyhexan-2'.4'-dien-1' 6'-oate))pyrrohd1ne 25 and its C-4 eplmer as a colourless syrup
(43mg, 54%). The following limited s

(43mg, vas obtained f ajor isomer (25,35 ,4S

1 + ' |l ] t
(2'Z A'E)-N-benzoyl-2-methoxycarbony! 3-tert-bu{oxycarbsnylmeth},'l74={2 v(dime{.,y‘.=5 =mcthox"hsxan=2 ,4 -
s LR A4 BT\ DSy M MY ~ ~ - -
dien-1',6'-oate))pyrrolidine 25; Ry 0.25 (9:1v/v CHzCl; : EtOAC); Ymax/cm I (CHCl3) 2955w, 1725brs, 1633s,

1580m, 1436s, 1422s, 1370s, 1339s, 1182s, 1154s, 1124s, 1028w, 929m; 8y (300MHz; CDCIl3) mixture of
rotamers - major resonances assigned only, 1.41 (9H, s, CO2C(CHz3)3), 2.38 (2H, d, J 7Hz, CHCH>CO2BuY),
2.94-3.05 (1H, m, CHCH>CO»But), 3.60-4.05 (15H, complex, 3 x CO,CH3, C=C-OCH3, NCHy, NCH,CH),
4.37 (1H, d, J 6Hz, NCHCO,CH3), 6.83 (1H, d, J 11Hz, CH diene), 7.30-7.62 (6H, complex, Ar-H, CH
diene); 8¢ (50.3MHz; CDCl3) mixture of rotamers - major resonances assigned only, 27.85 (CO2C(CH3)3),
34.43 (CHCH,CO,But), 41.82 (CHCH,CO,But), 43.58 (NCH,CH), 51.91, 52.38, 55.79 (3 x CO2CH3, C=C-

—
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"“H3), 52.7’ {(NCH32), 63.63 (NCHCO7CH3), 81.07 (CO2C(CH3)3), 107.94 (CH diene), 127.51, 128.41,
130.52, 134.03 (ArCH, CH diene), 135.80 (Ar- Cipso), 150.36 (C=C(OCH3)CO,CH3), 162.99, 167.57, 169.79,

170.83, 172.19 (3 x CO2CH3, CO,But, NC=0); m/z (APCI+) 546 (MH*, 18%), 492 (4), 491 (28), 490 (100),
124 (14), 122 (50); (Found MH* 546.2340, C2gH36NO | g requires 546.2339).
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A solution of an 11:1 mixture of (25,3545)-(2'Z4'E)-N-benzoyl-2-methoxycarbonyl-3-tert-
butoxycarbonyimethyi-4-(2°-(dimethyi-5'-methoxyhexan-2’,4'-dien-1°,6'-oate))pyrrolidine 25 and 1its C-4
epimer (175mg, 0.32mmol) in 6M hydrochloric acid (12ml) was heated under reflux for lh. After cooling to
room temperature, the solvent was removed in vacuo to give an 11:1 mixture of (25,35,45)-3-
methylenecarboxy-4-(3'-(2'-pyrone-6'-carboxylic acid))pyrrolidine-2-carboxylic acid hydrochloride 26 and its
C-4 epimer (110mg) as a beige solid. The following limited spectroscopic data was obtained for the major
isomer (25.35,45)-3-methylenecarboxy-4-(3'-(2'-pyrone-6'-carboxylic acid))pyrrolidine-2-carboxylic acid
hydrochloride 26; Dax/cm! (KBr disc) 3900-2300brs, 1732s, 1714s, 1700s, 1558m, 1204m; 8y (300MHz;

NAM D 1T (T g dd T 17 10y CHACORIY 2 82 (1 ~q Ad 717 S OO 2092 14 (1T
Ué\ll s LT \lll, L. uu, o ATy AVALRL, \J&Aé\a\/dll}, PATRw A ) \111, C. Uy, J AT, JJ.J_L, \/LLl\/UlLL), CVLTILLTT \111, lll,
OTTATIT_ 79 TTIN D AT Y TIAN IIAYY JUU S NYMAITTY ATATTY AT TN A YA F1TT .1 T OYY_ ANTMAET M TTN T NA 1717 | T
cntrplinn), 2.4/-3./2 (50, compieX, INogp, Nenpin), 4.54 (10, 4, v ¥nz, Nengluon), /.04 (10, q, J
~TT A TTIY ~ - TTY 1 ¥ ~YrY A T\ N FAN” O KT T ™ eSS lso s W | AT SMNSN TTN A1 AN SINTYYNTT SN TN
fHz, Ar-H), 7.35 (iH, d, J 7THz, Ar-H); oc (i25.8MHz; D>20) 33.34 ({CHCOoH), 41.30 (CHCH2CO,H),

4271 (NCH2CH), 47.32 (NCH3), 63.96 (NCHCO,H), 111.52 (HC=C(CO,H)0), 128.77 (HC=C<), 144.24
(HC=C<), 149.19 (HC=C(CO,H)0), 162.42, 163.09, 170.78, 175.00 (3 x CO,H, CO,C); m/z (Electrospray,
negative ion) 324 (6%), 311 (9), 310 (M-H-, 100), 281 (4), 267 (6), 266 (33), 265 (3).

A solution of an 11:1 mixture of (25,35.45)-3-methylenecarboxy-4-(3'-(2'-pyrone-6'-carboxylic
acid))pyrroiidine-2Z-carboxylic acid hydrochioride 26 and its C-4 epimer (i i0mg, 0.35mmot) in conceniraied
aqueous ammonia solution (sp. gr. ca. 0.91) (12ml) was aged at room temperature for 48h. Concentration in
vacuo afforded a brown gum which was partially purified by ion-exchange chromatography using Dowex®
S0WXS8 to give an 11:1 mixture of acromelic acid A 1 and its C-4 epimer (100mg, 100% from 25) as a brown
glass. The mixture was dissolved in water (2ml), filtered through a pad of activated charcoal (1x1cm) and the
solvent removed in vacuo to give a colourless residue which was purified by column chromatography on
cellulose (eluting with 3:1 v/v acetonitrile : water) to leld acromelic acid A 1 (60mg, 60% from 25) as a
white, crystalline solid; m.p. >320°C; [ +27.5 (¢ 0.28, Hy0) (Lit.2b [or] +27.8 (¢ 0.35, HoO)); Dypax/em-]
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CHCHQCOQH) 3.61-3.69 (ZH m, NCH»), 3.73-3.78 (1H, m, NCH,CH), 4.06 (1H, d, J 7.5Hz, NCHCOZH)
6.88 (1H, d, J 7Hz, HC=C-NHCO), 7.46 (1H, d, J 7THz, HC=CC(O)NH); 8¢ (125.8MHz; D>0) 35.45
(CH,CO,H), 42.62, 42.95 (CHCH,CO2H, NCH,CH), 48.17 (NCH3), 66.45 (NCHCO2H), 109.62 (HC=C-



NHCO), 130.43 (C=C-C(O)NH), 140.20 (C=C-NHCO), 143.30 (HC=C-C(O)NH), 163.85, 166.99, 174.12,
176.32 (4 x C=0); m/z (Electrospray, negative ion) 310 (10%), 309 (M-H-, 75), 222 (10), 172 (11), 154 (100),
132 (8).

(25.35)-N-Renzovl-2-methoxvearbonvl.3-ferf-butoxvearbonvimethvl.4.(3' 4'-dibenzvloxv-2'-methoxv

=2 B34 145, =2 nries Y asssy HAA samwwa;

To a vigorously stirred solution o
methyl-4-trifluoromethanesulphonyloxy-[4,5]- dehydropyrrohdme 77a b (2.240g, 4. 33mmol) in degassed 1,2-
dimethoxyethane (50ml), a solution of 3,4-dibenzyloxy-2-methoxyphenylboronic acid 13 (2.200g, 6.05mmol)
in 1,2-dimethoxyethane (25ml), 2M aqueous sodium carbonate (25ml), lithium chloride (388mg, 9.15mmol)
and tetrakis(triphenylphosphine) palladium (0) (189mg, 163umol) were added sequentially. The stirred 2-
phase system was heated under reflux under an argon atmosphere for 40min. After cooling to room
temperature, the solvents were removed in vacuo and the residue was partitioned between dichloromethane
(200ml) and a mixture of 2M agueous sodium carbonate (100ml) and concentrated ammonium hydroxide

(3ml). The separated aqueous layer was extracted with dichloromethane (3 x 200ml) and the combined

~ ¥Eroaes anr hhad thh srrntae ENNenn Aeiad INA Filtaenrd nnrl nnnnnnnnnn 1 Arvrvenos s32 w2y
ey wuu WdlDl \J X JUUllll), ULIUU \1V150U4), LICiCu alil Lvaprot atcu lU Luyu\.aa e vacu
)
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Flash chromatography on silica gei (eluting with 15:1 v/v dichloromethane : ethyl acetaie) yielded (25,35
benzoyl-2-methoxycarbonyl-3-tert-butoxycarbonylmethyi-4-(3',4'-dibenzyloxy-2'-methoxyphenyl)-{4,5]-

dehydropyrrolidine 27 (2.135g, 74%) as a pale yellow syrup; R 0.65 (1:1v/v CH2Cl» : EtOAc); [oz]D +24.0
(¢ 1.0, CHCl3), Amax (CHCI3) 317nm, (& 6818); Umax/cnr! (CHCI3) 2983w, 1748s, 1724s, 1643s, 1619s,
1602s, 1528m, 1370s, 1293s, 1265s, 1230s, 1194s, 1149s, 1068s; dy (300MHz; CDCR) 1.51 (9H, s,
C(CHz)3), 2.39 (1H, ca. dd, J 10, 16Hz, CH>CO7But), 2.67 (1H, ca. dd, J 3, 16Hz, CH2C02But) 3.78-3.93
(7H, complex, CO>CH3, CHCH,CO2Bu!, Ar-OCH3), 4.96-5.15 (5H, complex, CHCOoCH3, 2 x PhCH>),

6,72, 6.86 (2H, ARn JO9Hz, 2 x Ar-CH), 7.27-7.70 (16H, complex, CH=C, Ar-H); Sn (50.3MHz; CDCly)

Py WV LGDAVAIRL, LIS

28.00 (C(CH3)3), 39.47 (CH,CO,Bul), 44.52 (NCHCH), 52.60 (CO,CHj3), 60.21 (Ar-OCH3), 63.40

(CHCGO,CHj), 70.96, 75.29 (2 x PhiCH»), 81.45 (C(CHza)p), 109.53, 119.606, 121.39, 122.32, 127.61, 128.21,
128.36, 128.53, 128.78, 131.15, (Ar-CH, NC=C, NC=C), 135.04, 136.93, 137.73, 142.55, 152.58 (Ar-Cipso).
167.46, 170.64, 171.04 (CO>CHj3, CO2But, NC=0); m/z (APCI+) 687 (6%), 666 (9), 665 (35), 664 (MH*,
24), 610 (31), 609 (63), 608 (100); (Found MH* 664.2910, C40H42NOg requires 664.2910).
(28.38)-N-Benzovl-2-hvdroxvmethvl-3-fert-hutoxvearbonvimethvl-4-(3'.4'-dibenzvloxv-2'-methoxv

temperature was added sodium borohydrlde (3.75g, 99mmoi) in 6 equal portions over 24h. (Note: A further

portion of methanol (10ml) was added after 12h). The reaction mixture was poured into saturated aqueous
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ammonium chloride solution (200ml) and the resulting mixture was extracted with ethyl acetate (4 x 150ml),
the combined extracts being washed with 0.1M aqueous hydrochloric acid (200ml), saturated aqueous sodium
bicarbonate solution (200ml) and brine (200ml). The separated organic phase was dried (MgSQy), filtered and
evaporated in vacuo and the residue was purified by flash chromatography on silica gel (eluting with 1:1 v/v
dichloromethane : ethyl acetate) to give (2S,35)-N-benzoyl-2-hydroxymethyl-3-terz-butoxycarbonylmethyl-4-
(3',4'-dibenzyloxy- 2'-methoxyphcnyl) [4,5]- dehydropyrrohdme 28 as a colourless syrup (782mg, 74%); Rf

3 , 3Hz, CH,CO»But),
3.38 (1H, brd, J 10Hz, CHCH2CO»Bu"), 3.74 (3H, s, Ar-OCH3), 3.80-4.01 (2H, complex, CH;OH), 4.42-
4.51, 4.55-4.63 (2 x 1H, 2 x m, OH, CHCH,0H), 4.97-4.99 (2H, ABq, J 12Hz, Ph-CH>), 5.06 (2H, s, Ph-
CHb»), 6.69, 6.83 (2H, ABq, J 9Hz, 2 x Ar-H), 7.10 (1H, s, HC=C), 7.22-7.63 (15H, complex, Ph-CH); 8¢
(50.3MHz; CDCl3) 28.09 (CO2C(CH3)3), 38.69 (CH,CO3Bu!), 42.67 (CHCH>CO2But), 60.31 (Ar-OCH3),
66.18, 66.32 (CH>OH, CHCH;OH), 70.96, 75.31 (2 x Ph-CH>), 81.57 (CO2C(CH3)3), 109.54, 119.70,
122.42, 122.62, 127.48, 127.62, 128.47, 128.59, 128.78, 131.33 (CH=C, CH=C, Ar-CH), 135.19, 136.90,

137.70, 142.58, 152.64 (Ar-Cjpso), 169.29, 171.44 (2 x C=0); m/z (APCI+) 638 (33%), 637 (87), 636 (MH*,
TN £10Q {1 1) 01 N SON F1NANMNN. (Tscoad MALTR £26 MIQLN o LT NN amsritac £24 0L TN
703, 618 {11}, 581 {27), 580 {100); (Found MH* 636.2960, C30H42NO7 requires 636.2961).

(285,35,45)-N-Benzoyl-2-hydroxymethyl-3-tert-butoxycarbonylmethyl-4-(3'.4'-dihydroxy-2'-methoxy

1 olidine 29
A solution of (285, 3S)-N—benzoyl-Z—hydroxymethy1—3—tert—butoxycarbonylmethy]—4—(3‘ 4'—dibenzyloxy-

U k4 L=
nalladium black (33me. 0.3 1mmol) was stirred under an atmosnhere of hvdrooen in a Fisher-Porter annaratus
pallacium black (2omg, O.3Immol) was stirred uncer an atmospnere of hydrogen 1n a Msher-rorter apparatus
at A atmancmblaras far 2Nh ot snnm tanmanarntnea Tha rann~tinn miviiira wng filtarad H-u- 11n nnnnnnnn
alL «+ GLIIIUDPIICLCD 1Vl JuUll at 1uuill I.CIILPCI aLulic., 1110 1AV LiUbl IHITALUIC wad 1liltvicoud g 5 d llldsllbblulll

sulphate plug and evaporated to dryness in vacuo, to give a 10:1 mixture of (2S5,35,45)-N-benzoyl-2-
hydroxymethyl-3-terz-butoxycarbonyimethyi-4-(3',4'-dihydroxy-2'-methoxyphenyl)pyrrolidine 29 and its C-4
epimer as a colourless oil (72mg, 100%) which was used in the next step without further purification. Limited
spectroscopic data for the major isomer (25,35,45)-N-benzoyl-2-hydroxymethyl-3-tert-butoxycarbonylmethyl-
4-(3' 4-dihydroxy-2'-methoxyphenyl)pyrrolidine 29 given only; R¢ 0.20 (1:1v/v CH,Cls : EtOAc); Dmax/cml
(CHCI3) 3550m, 3330brw, 3156w, 2984m, 1728s, 1610s, 1575m, 1468m, 1448m, 1433m, 1374s, 1252s,
-2.23 (2H, 8 line m,

CHCHoCOgBu‘\ 2.82-2.93 (IH, m, CHCH ut), (10H, complex, CH H, Ar-OCHa,
NCH» CH-CH CHCH-,OH CH-OH) 00_6 (1 bre. Ar-OR) 6.62 (2H. ARa. JO9Hz 2 x Ar-H)
oLl 1Y JYASIS PSS S A S WAV, SIS S WAN, § §) Pty \431y ULy L3i™rsidj, Ty Vel \&dly {3004y v Fh1by & A f3a744)
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ol RV

81.26 (COC(CHa)3), 111.20, 117.13, 123.68, 127.26, 128.75, 130.77 (Ar-CH), 136.06, 137.88, 144.83,
146.29 (Ar-Cipso), 172.34, 172.74 (2 x C=0); m/z (APCl+) 464 (10%), 458 (MH*, 83), 440 (22), 403 (8);
(Found MH* 457.2095, C25H31NO7 requires 457.2101).

)
J
(CHCH2CO;,BuY), 40.51 (NCH2CH), 55.96 (NCH3y), 60.67 (Ar-OCH3), 64.79 (CH,0H), 65.16 (CHCH,0H),
7(



WWWYI 3-tert-butoxycarbonylmethyl-4-(3'-(dimethyl-2'-

oxyhex ‘4~ ine 30

To a solution of a 10:1 mixture of (25,35,45)-N-benzoyl-2-hydroxymethyl-3-tert-

butoxycarbonylmethyl-4-(3',4'-dihydroxy-2'-methoxyphenyl)pyrrolidine 29 and its C-4 epimer (425mg,
0.93mmol) in methanol (40ml) was added lead tetraacetate (824mg, 1.86mmol) in one portion and the reaction
was stirred at room temperature for 30 minutes. After dilution with dichloromethane (80ml) the organic phase

wac wachad with caturated anuennce ecndinm hicarhanate calution (S0OmMINY driad (MaoS0O i) and concantratad i
FYGAS VY AOSHILU VPIli SUlUl Gl ayulisuo SUdiul Ulvdal vyuliaiv oUTULIVH \JULLH ], ULV (VIR 4 ) alll VULIVLGLTIU Al ire
S AR Mha wanosAdiia ae wardialll PSSP B Py P, S A ailinn oAl Falicadi 0 oocab 1.1 oo flo
VUCUO. 1n ICDIUUC Wwdd pdlildiily puiinicd vy cChiruimatQ oy 011 S11iCd gel \cluung wiln 1.1 V/v

)

1 T
dichioromethane : ethyl acetate) to yield a 10:1 mixture of (25,35,45)-(2'E,4'Z)-N-benzoyl-2-hydroxymethyi-
3-tert-butoxycarbonylmethyl-4-(3'-(dimethyl-2'-methoxyhexan-2',4'-dien-1',6'-oate))pyrrolidine 30 and its C-4
epimer (302mg, 63%) as a pale yellow oil. The following limited spectroscopic data was obtained for the
major isomer (25,35,45)-(2'E,4'Z)-N-benzoyl-2-hydroxymethyl-3-tert-butoxycarbonylmethyl-4-(3'-(dimethyl-
2'-methoxyhexan-2'4'-dien-1',6'-0ate))pyrrolidine 30; R¢ 0.30 (1:4 v/v CHyCly : EtOAC); Dipax/cm-! (CHCl3)
3694w, 3610w, 3002w, 1724s, 1602s, 1578w, 1448m, 1422s, 1370m, 1152s; &y (300MHz; CDCIl3) mixture of
rotamers - major rotamer assigned only; 1.46 (9H, s, CO2C(CH3)3), 2.33-2.52 (2H, 8 line m, CHCH>CO»But),

2.75-2.87 (1H, m, CHCH,CO,But), 3.37 (3H, s, C=C-OCH3), 3.56-4.05 (12H, complex, CHCH,OH, NCHa,
NI D v CONACIT . CLIOLL NI A 99 A 24 (11T oo ALY £ 70 7117 A T 1817, Ay £ AV 1LY 3 T
NCpln, 2 X CU2 a3, Lotlnolnj), 4.22-4.54 (1n, 018, Un), 5./5 (11, 4,v 1507, CH ulcuc:), 0.41({1n,4,J
1TEYY . MYY 32—\ 7772 71 £O /7YY oo 1. - T\N. &  7&N DNALT . (“'I\I“‘I N\ _ nnnnnnnnnnnnnnnnnn ~=To.. YT OO
15Hz, CH diene), 7.32-7.58 (5H c.umplu\ Ar-H); oc (QU.LOVIRzZ, COCI3) T Jur rotamer dbblgncu 11y; 2/.89

(CO,C(CHa)3), 34.59 (CHCH,CO,But), 40.24 (CHCH,CO,But), 41.94 (NCH2CH), 51.00, 51.76, 59.00 (2
CO,CH3, C=C-OCH3), 53.54 (NCH3), 64.74 (CHCH,0H), 64.90 (CH,OH), 81.17 (CO,C(CHz)3), 122.48
(CH diene), 127.62, 128.30 (Ar-CH), 129.27 (<C> diene), 130.59 (Ar-CH), 135.99, 143.82 (<C> diene, Ar-
Cipso), 139.95 (CH diene), 163.91, 165.46, 171.58, 171.89 (2 x CO2CH3, CO2But, NC=0); m/z (APCI+) 540
(%), 519 (7), S18 (MH*, 29), 500 (15), 463 (13), 462 (100), 444 (8), 124 (17), 122 (56), 105 (6); (Found
MH* 518.2377, C77H36NOg requires 518.2390).

cm oy m ey

(28.,38.48)-(2°E.4'Z)-N-Benzoyi-Z-methoxycarbonyi-3-ferf-buioxycarbonyimeihyi-4-(3'-(dimeihyi-2'-

methoxyhexan-2'.4'-dien-1',6'-oate))pyrrolidine 31
To a 10:1 mixture of (25,35,45)-(2'E 4'Z)-N-benzoyl-2-hydroxymethyl-3-methoxycarbonylmethyl-4-
(3'-(dimethyl-2'-methoxyhexan-2'4'-dien-1',6"-oate))pyrrolidine 30 and its C-4 epimer (302mg, 0.58mmol) in

acetone (6ml) at 0°C was added Jones reagent (3ml) dropwise. The reaction was stirred and warmed to room

temperature for 16h. The mixture was poured onto saturated brine (50ml) and the organics were extracted

with chloroform (5 x 40ml). The combined organic phases were dried (MgSQOy), filtered and evaporated to
drvness in vacuo. A solution of diazomethane in diethyl ether (20m]. excess nrenared from Diazald®) wag
UAJIIUDD e VvaaLv vy 43 DVILIVUIVIL Vi Wil viiiviia iw 1 Sl llJl Uil Ahy WAWWOO tIA\-‘tJ“ Wwed RAVJLIL AL RALRANA J Lo
aAddaAd ta a anliitinn f tha Arida mradiect in dichlarame thama (&) and aftar ctitring tha mmivtiire ar rom
dUdod 0 a s0IULOL UL Ul cruuc prouuct i aicnioromeinane \JIi1) allld altClh duillillly ulC HIALULC at 10Ul

temperature for lh, the reaction was quenched by the addition of glacial acetic acid (10 drops). After
concentration in vacuo, partial purification by flash chromatography on silica gel (eluting with 4:1v/v
dichloromethane : ethyl acetate) gave a 10:1 mixture of (25,35,45)-(2'E,4'Z)-N-benzoyl-2-methoxycarbonyl-3-
tert-butoxycarbonylmethyl-4-(3'-(dimethyl-2'-methoxyhexan-2',4'-dien-1',6'-oate))pyrrolidine 31 and its C-4
epimer as a colourless syrup (177mg, 56%) and recavered starting material (40mg (yield based on recovered
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starting material 64%)). The following limited spectroscopic data was obtained for the major isomer
(25,35,45)-(2'E 4' Z)-N-benzoyl-2-methoxycarbonyl-3-terz-butox ycarbonylmethyl-4-(3'-(dimethyl-2'-methoxy

hexan-2',4'-dien-1',6"-0ate))pyrrolidine 31; Rf 0.55 (4:1 v/v CHsCly : EtOAC); Umax/cm ! (CHCl3) 3005w,
2954w, 1724brs, 1634s, 1438s, 1429s, 1297s, 1186s, 1152s, 1019w; 8y (300MHz; CDCl3) mixture of
rotamers - major resonances only quoted, 1.44 (9H, : s, CO2C(CH»)3), 2.49 (2H, d, J THz, CHCH;COoBut),

...................... b i 3 215 \~235/5/ V&l AL, NAAL )

1 QIT . AWMLY _MIY N & 7177 71 - Ao\ KL AT (1L A T 1LY~ MY
, U, J OIlZ, INVC LIV T13), J./ /7 (1I1, O, J 1&11Z, 11 UICIIC), O.41 (1x1, 4, v 14014, Ll UICHC),

7]
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H, complex, Ar-H); oc (50.3MHz; CDCl3) mixture o
(COLC(CH3)3), 34.33 (CHCH,CO,But), 42,25, 42,80 (CHCH>CO,But, NCH>CH), 51.11, 51.80, 52.38, 59.02
(3 x CO2CH3, C=C-OCH3), 52.50 (NCH3>), 63.55 (NCHCO>CH3), 81.07 (CO2C(CH3)3), 122.26 (CH diene),
127.61, 128.31, 130.63 (Ar-CH), 128.75 (C=C-OCH3), 135.44 (Ar-Cjpso), 139.96 (CH diene), 144.14
(C=C(OCH3)CO,CHz3), 163.79, 165.56, 169.72, 170.81, 172.09 (3 x CO,CHj3, CO,But, NC=0); m/z (APCI+)
601 (6%), 547 (13), 546 (MH, 49), 492 (6), 491 (92), 490 (100); (Found MH* 546.2340, C2gH36NO}¢
requires 546.2339).
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