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Abstract: The first total synthesis of Manumycin A, as its (+)-enantiomer, is reportcd. The synthetic
route features an asymmeiric epoxidation (based on Wynberg's chiral phase iransfer methodology) for the

preparation of the key epoxyquinol nucleus, and a further demonstration of the utility of the Stille reaction
for the construction of the Manumycin lower side chain. This synthesis of Manumycin A corrects the

()ngm:u siereochemical db\lglllllcnl and confirms the Syn -uyurm(y CpU)(IUC arrangement. The first
syntheses of the guinones obtained by the oxidative degradation of Manumycins A-C are also described.

© 1999 Elsevier Science Ltd. All rights reserved.

In 1963, Buzzetti, Prelog and colleagues described the isolation of a novel, yellow crystalline antibiotic
from Streptomyces parvulus (Tt 64) found in soil samples collected in Manchester, England. They christened
the compound Manumycin (later Manumycin A) and reported preliminary spectroscopic studies.! Subsequent
research was carried out by Zeeck's group in Gottingen, and in 1973 they described elegant degradation and
spectroscopic studies which resulted in the elucidation of the novel structure of Manumycin A, aunougn

accignimant nf tha ctaranahamictog ~f tha fane ahiral Aanteac wae nat nnocihla 2 Tha seimninal publications in
ADDIEHIICTIIL UL UIC JSWWICULIICILIdU Y UL LHT 1VUl CHILdl LOIILTY Wdd TTIUL PUDSSIVIC, LT DTNk puuuyauuua lll
thic area agn ;n hy Zoeacl'c arnnn annearad in 1007 3 ticnlong deoradation and N\ gindiec confirmed the
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gross structure of Manumycin A together w tereochemistries. Degradation products were also
utilised to determine the absolute configura '(m of the side chain methyl substituent and, by CD co pamrisgn
with related natural products, the epoxide configuration as SR,6S. The final stereocentre, C-4, was d}.&lgned

4R using the exciton chirality CD procedure orlglnall_y utilised for Asukamycin,* giving the structure of

Manumycin A as 1.
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In structural terms, Manumycin A represented a new antibiotic type, but before long related analogues
were discovered (e.g. Asukamycin,# Manumycin B 2,5 Manumycin C 35 and Alisamycin 46).7.8 In addition,
the closely related dihydroxycyclohexenones Manumycin D and TMC-1 A-D have also been described.59

Two stereochemical points are worthy of note. Firstly, both enantiomeric series of epoxycyciohexanes are
represented: Manumycin A 1 and mosi other members have the 5R,65-configuration whereas Alisamycin 4 has
the 5§,6R-configuration. Secondly, and more surprisingly, the hydroxy-epoxide moiety is apparently found in
both syn- and anti-orientations. Thus, for example, Manumycin A 1 and Manumycin B 2 have been assigned

the anri-geometry whereas most of the other members of the family (including Manumycin C 3 and Alisamycin
4) are syn-hydroxy epoxides. This difference has attracted recent attention in terms of its biosynthetic origin:10
it has been pointed out that the dioxygenase mechanism of phenol oxidation would lead to the formation of
syn-hydroxy epoxides. Other observations also raise doubts about the validity of the original stereochemical
assignment given to C-4 of Manumycin A. For example, extensive NMR studies on Manumycin D have
recently confirmed the C-4 stereochemistry as S. This seems surprising if the 4R-configuration of Manumycin
A is correct, particularly as Manumycins A and D occur as co-metabolites.>9 In addition, our own studies
with Manumycin analogues lacking the lower side chain,8 or with saturated lower chains,11 indicate that syn-
and anti-hydroxy epoxide diastereoisomers would be expected to exhibit very different 1H-NMR

sonlacly for and BT & 3 cotinoe onbBiob o doan £ Mo s L
characteristics, particularly for H-3 and H-5: in contrast, puoliisiiea gatd ior xvmuumy\.ul members of the syn-
and anti-series are remarkably similar.3:5

. 1yC e cau 1] str
because. of thelr potentlally usetul blologlcal properues 106 In addmon to annbactenal act1v1ty, 1nsecucldal
antifungal, anticoccidial and cytotoxic activities have been reported, as have inhibitory activity against
polymorphonuclear elastase and human interleukin-1B converting enzyme. Perhaps of greatest significance,
however, is the discovery that Manumycins A-C act as selective inhibitors of the enzyme Ras protein farnesyl
transferase and thus have potential as anti-cancer agents.12

The development of a synthetic route to the Manumycin family, and the clarification of the structural
uncertainties, is thus of great importance from both a biosynthetic and a pharmaceutical standpoint. The only
reported preparation of a member of the Manumycin family bearing the complete unsaturated lower side chain
is our synthesis of Alisamycin 4,813 which is shown in retrosynthetic form in Scheme 1.
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This approach utilises the Stille cross coupling reaction!4 between 6 and 715 to construct the key lower
side chain in 5. It shouid be noted that: (i) the key organometallic addmon reaction to produce 6 from 8 and 9
8 siereoselectively to give the syn nyaroxy epoxide adduct, 8 and so would lead to "syn-Manumycin
t e
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describe the use of en-Manumycin A quinone in the first total synthesis of ent-(+)-Manumycin A, and confirm
that it is indeed a syn-hydroxy epoxide, 16 in contrast to the published structure.3

DPunsnentinm nf tho vimmnon ofds nlawdn mnide
freparation oy ine upper siae cnain acias
The unner cide chain acids 13. 14 and 18 of Manumvcin R and C resnectivelv were nrenared. in hoth
1'he upper side chain acids 15, 14 and 1D of ManumycCin A, B and C respectively were prepared, 1 dotn
enantiomeric forms, using Evans' chiral oxazolidinone mecthodology!® (Scheme 2). Thus, R-4-
18¢

phenyloxazolidinone 11180 was converted via a modified!8¢ literature route into the known aldehyde R-(-)-
1219 in 4 steps (ca. 80% overall). A double Wittig chain extension sequence followed by saponification gave
the Manumycin A side chain R-(-)-13 which gave data fully consistent with the acid isolated by degradation of
the natural compound.3 A similar sequence commencing from S-11 gave S-(+)-13, the acid needed for the
preparation of enr-Manumycin A. The side chains 14 and 15, in both enantiomeric forms, were prepared in a
similar manner.

Scheme 2
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Preparation of the Manumycin quinones 8

The retrosynthetic analysis (Scheme 1) proceeds via quinones 8. These quinones were also obtained

duri g the Manumycm structure elucidation studies and so their synmesw would pr0v1ae confirmation of the
pi"‘pOScu structures. The synthetic route!? to quinones § is illustrated i in Scheme 3.
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Firstly, we had to find an efficient way to convert the readily-available® dienone 16 into the key epoxide
10 in enantiomerically pure form.13.16.20 We utilised a modified!3 version of Wynberg's chiral phase transfer
catalysis procedurel’ (Scheme 3). The optimum procedure involved the use of one molar equivalent of
N-benzylcinchonidinium chloride and TBHP in toluene with catalyuc sodium hydroxide giving the desired

epoxide (-)-10 in 32% yield (82% based on recovered 16) and high e.e. (89%). To our knowledge, this is the
hichact 2 a aAuvne ahtalimad £ tlin cmacidatlam A ATl s can ool aboal abcon to ol antnloaie Thiom
1IEHTSL ©.C. ©VE1 UDualICU 101 UIC CPUAIUALIU UL CYCIVHICATIIVHCY USINE Cllldal plasc ransicr bd.ldl)‘blb 1wu
recrystallisations of the reaction product from dichloromethane-hexane gave enantiomerically pure (-)-10 (>
99.5% as determined by HPLC on a Chiralcel OJ column).

The predominant (-)-enantiomer was assigned the 55, 6R-configuration (Manumycin numbering) by

analogy with Wynberg's assignment to cyclohexenone oxide produced by similar procedures!’2 and by
conversion into the known compounds (-)-Alisamycin quinone and (+)-MT 35214.13 We had hoped, based on
literature precedent,17b that the pseudoenantiomeric N-benzyl cinchoninium chloride would give a
predominance of (+)-10 but, under the optimum conditions, its use again gave (-)-10, albeit in only 10% e.e.
The 58, 6R-(-)-enantiomer of 10 obtained in this study is the appropriate precursor for the preparation of
Alisamycin 213 but the SR, 65-(+)-enantiomer is required for the synthesis of natural Manumycins. We
decided, however, to proceed with (-)-10 and thus prepare ent- Manumycins (Schemes 3 and 4)
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re- OXIdlSCd to produce quinones 8 in reasonable 0verall yield. The data obtamed for quinones 8b and 8¢ were
entirely consistent with those reported22 for the enantiomeric compounds, thereby confirming the published
structural assignments for these degradation products of Manumycin B and Manumycin C and cstablishing the
configuration of the side chain methyl substituents. The spectroscopic data for 8a(S) were also consistent with
published3 values for the Manumycin A derived quinone but its optical rotation was close to zero {Lit.3 [a]p -
8.0 for the enantiomer}. We established that 8a(S) is indeed the enantiomer of the Manumycin A by carrying
out CD studies [found: 372 nm (-7.47), 322 (+12.63), 249 (-4.14), 228 (+9.18); lit.3 362 nm (+7.76), 312 (-
13.4), 242 (+4.41), 218 (-8.82)], and by preparing the diastereoisomeric quinone 8a(R) {lalp -149.8 (¢ 1.5,
CHCl3)}. These results therefore confirm the absolute stereochemistry of the epoxide moiety of Manumycins
A-C, initially proposed on the basis of comparative CD studies,3-22 and establish that the R-configuration of the
side chain methyl group (aiready confirmed for Manumycin A)3 is also present in Manumycins B and C.
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With quinone 8a(S) in hand, we were able to complete the first synthesis of Manumycin A as its (+)-
enantiomer (Scheme 4). Addition of vmylht.hmm reagent 923 to quinone 8a gave a mixture of products from

which (+)-19 was obtained as the major adduct in 25% yield after chromatography. The assignment of the syn-
hydroxy epoxide stereochemistry was based on nrcccdcnt complete stereoselectivity for organometallic attack
from the face opposite the epoxide has been observed in a number of closely related examples. In addition,
NMR data for (+)-19 was consistent those of related syn-hydroxy epoxides,311 one of which was characterised
by X-ray crystallography.8 Stannane (+)-19 was then coupled to the bromodiene 715 using Negishi's Pd(0)
catalyst [5% PdCl(Ph3P);, DibalH]24 to give (+)-20 in 71% yield as a bright yellow solid (m.p. 134-136°C
lit.3 m.p. for (-)-Manumycin A, 139-141°C dec.). The spectroscopic and chromatographic data (500 MHz 1H
NMR, 125 MHz 13C NMR, IR, UV, low and high resolution FAB MS, TLC) were entirely consxstem with the

literature3 values for Manumycm A and with those obtained from authentic samples.25 The degree of

nnnnnnnnnn hoatizrane thioc data 3o oiinls thn R A B T nao o RA e co P P ¢ SVA
LUlllLlUClle oetweei tnis gat l.b sucn tinat we oelieve tnc casc 1or M muumyuu 1"\ pusscs.'u B tl 1Ic llyUlUKy
epoxide structure with the 4S-configuration is now overwhelming
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The optical rotation obtained for (+)-20 is also consistent with the value obtained from an authentic
sample {[at]p +193.0 (¢ 0.1, CHCl3); [o]p (commercial)25 -191.4 (¢ 0.7, CHCl3)} and the CD data also
provides convincing evidence that (+)-20 is the enantiomer of natural Manumycin A. This study therefore
indicates that the structure of naturally occurring Manumycin A should be revised to (-)-20.

The assignment of C-4 stereochemistry to the Manumycin family of natural products using the exciton
chirality procedure was based on the conclusion that a positive CD couplet indicates the presence of a 4S-
stereocentre, a negative couplet a 4R-siereocentre. 345,26 However, it should be noted that (+)-20 exhibiis a

nnnnnnnn Vot it £ e e bl 0 o ub oot Looabk o AD Ot T PRGOS TR . SR T
pUbILlVC LU LUUpl L DUL, 110 1S Menou 01 SYNUiesls, nds e tm-uunugura Uﬂ 1t WOuUId Werciore appear ua
variations in the substitution pattern of the upper side chain can result in ex ns to this exciton chirality

tin exception
rule, presumably due to conformational changes resulting in a realignment of the coupled chromophores.
Caution should therefore be applied when using CD 1o assign the C-4 stereochemistry to new members of this
family of natural products. It also seems likely that the structures of Manumycins B 25 and E-1625-2,26 which
were also assigned as anti-hydroxy epoxides by use of the exciton chirality method, will need to be revised to
the corresponding syn-hydroxy-epoxide structures (i.e. with 45- rather than 4R-configurations).

In summary, the first total synthesis of Manumycin A, as its (+)-enantiomer 20, has thus been achieved,
leading to a revision of the published structure of the natural product. The revised syn-hydroxy epoxide
stereochemistry is now consistent with the biosynthetic mechanism proposed by Gould, Floss et al.10
Quinones 8b and 8c constitute ideal precursors for the synthesis of Manumycins B and C using the
methododology described above. This synthetic route is also suitable for the preparation of a range of novel
Manumycin analogues for structure-activity studies. This research is underway and will be reported in due

EXPERIMENTAL
General Directions
Detailed general directions can be found in reference 15b. Aldehyde R-(-)-1219 was prepared from R-4-
phenyloxazolidinone 1118V in 4 steps (ca. 80% overall) following a published procedure.18¢ A similar
sequence commencing from S-11 gave S-(+)-12. Epoxide (-)-108.13 and bromodiene 715 were prepared using
published procedures.
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Representative Procedure for the Preparation of Side Chain Acids 13-15:
(2E,4E,6R)-2,4,6-Trimethyldeca-2,4-dienoic acid R-(-)-13

(a) (Carboethoxyethylidene)triphenylphosphorane (6.9 g, 19 mmol) was added to a solution of R-(-)-2-
methylhexanal 12 (1.1 g, 9.6 mmol) in toluene (50 mL) under mtrogcn The mlxturc was boiled under reflux

for 2 h, then cooled to rt, filiered through silica (20 g, ether), the solvent evaporated in vacuo and the residue
Ahernmintasennhad fathae havasas 1.0V $~ aicin atbc:] 7A ADY Y A A il bt D) penntn 71 £1 oo QAN o o
‘illviiatvgliapll \CUITI-IICAQLICS, 1.7) U EIVU ClUlYyl \4L, 4N )-&4,4-WINICUIYIOCL-£L-Cludle (1.01 g, 0470) d> d
colourdess oil, Re 0.43 (Etz20-PE, 9:1); [alp -31.5 {c 2.4, CHCl3) which was fully characterised

(b) A solution of DibalH (1.0 M in hexanes, 12.6 mL, 12.6 mmol) was added dropwise over 5 min to a solution
of the above ester (1.0 g, 5.0 mmol) in THF (20 mL) at -78"C, the mixture was stirred for 3 h, then warmed to -

20°C. Methanol (5 mL) was added cautiously, and the solution was poured into sodium tartrate (20% ag., 40
mL) and the resulting mixture was stirred vigorously for 2 h. An ether work-up (2 x 30 mL), incorporating a
brine (30 mL) wash, followed by chromatography (ether-hexanes, 1:8) gave (2E, 4R)-2, 4-dimethyloct-2-en-1-
ol (0.78 g, 99%) as a colourless liquid, R¢0.15 (EtpO-PE, 1:4); [a]p -17.0 (¢ 1.5, CHCl3) which was fully
characterised.

(c) A solution of the above allylic alcohol (0.75 g, 4.8 mmol) in DCM (50 mL) was heated under reflux with
manganese dioxide (6.3 g, 72.5 mmol) for 2 h. The suspension was then filtered through a pad of Celite and the
filtrate evaporated in vacuo to give (2E, 4R)-2, 4-dimethyloct-2-enal (710 mg, 96%) as a colourless liquid, Ry

NAL (Te M DL 1A\, TA1_ 1007~ 1 Q MITMI N  HOay Iy ac -1 PP . U
U.ab {BizU-r's, 1:4); 10D -106.9 {¢ 1.5, UH{l3) which was iully characiensed.
(d) A solution of the above aldehyde (345 mg, 2.24 mmol) and (carbethoxyethylidene)triphenylphosphorane
(1.65 g, 4.55 mmol) were heated under reflux in toluene (25 mL) for 3 h. Th solvem was removm* in vacuo

g, n x lu
and the residue chromatographed (Et20-PE, 5:95) to giv
(415 mg, 78%) as a colourless oil, Rf 0.55 (Etp0
characterised.

(e) Lithium hydroxide monohydrate (613 mg, 14.7 mmol) in water (1.6 mL) was added to a solution of the
above ester (350 mg, 1.47 mmol) in THF (3 mL) and methanol (1.6 mL) and the mixture was stirred for 24 h at
rt. The pH was adjusted to 1.0 by addition of 10% aq. HCI, and the cloudy solution extracted with DCM (2 x
30 mL). The solution was dried (MgSO4) and evaporation of the solvent in vacuo followed by chromatography
(EtOACc-PE, 1:1) to give the title compound R-(-)-13 (265 mg, 86%) as a colourless oil, R 0.57 (EtOAc-PE,

i:1); {alp -76.3 (¢ 1.9, CHCl3) [Lit.3 -75.8 (¢ 1.6, CHCI3)] which was fuily characterised and had data
consistent with those published.3

(2E,4E,6R)-2,4,6-Trimethyldeca-2,4-dienoic acid S-(+)-13 as a colourless oil (60% over 5 steps): [o]p +74.3
(c 2.3, CHCl3). Other data as published for R-(-)-13.3

(2E,45)-2,4-Dimethyloct-2-enoic acid 5-(+)-14 as a colourless oil (58% over 2 steps) RfO 55 (EtOAc PE
I: J 1 2 0 ( /1.3 !

1); 8u (CDCl3, 500 MHz) 6.70 (1 H
9 b g .

(2E,4E,65)-4,6-Dimethyldeca-2,4-dienoic acid S-(+)-15 as a as a colourless oil (55% over 5 steps), R¢ 0.54
(EtOAc-PE, 1:1); IH NMR (CDCl3, 500 MHz) 8y 7.42 (1 H, d, J 15.5Hz), 5.79 (1 H, d, J 15.5 Hz), 5.74 (1 H,
d, J 10.0 Hz), 2.60-2.50 (1 H, m), 1.80 3 H, s), 1.45-1.20 (6 H, m), 0.99 (3H,d,J7.0Hz),0.88 3H,t,J7.2
Hz); d¢ (CDCl3, 67.5 MHz) 173.2, 152.4, 150.2, 131.3. 114.6, 36.9, 33.3, 29.7, 22.8, 20.4, 14.0, 12.3; vmax



L. Alcaraz et al. / Tetrahedron 55 (1999) 3707-3716 3713

(film) 2959, 2926, 2871, 1688, 1618, 1416, 1304, 1281, 1207, 983 cm"t; m/z (EI) 196 (M*, 3%) [Found: M+,
10L 1 A7) Fa DN & JRgly o YR ac 10N\L T ALY 1A £ a PR | [P | s &7 £ S 1 £ ,TAG
196.14723. Cpd 2 requires 196.14633 (4.6 ppm error)] ; [afp +57.5 (¢ 1.5, CHCl3)

3=Amlnl\_d A_Amathao

..n..‘rw-.—m...‘.u.uxy=5,nm,‘_‘,c5c chex-
Epoxide (-)-108.13 (1.04 g, 3.65 mmol) and anisole 1
mixture stirred at rt. Tnﬂuoroacem acid (10.5 mL) was slowlv added over a oenod of 10 min, and t.he solunon
turned green. Stirring was continued for 1 h after which the solvent was removed in vacuo. Chromatography
(EtOACc) gave the title compound (-)-17 (660 mg, 98%) as a white solid, m.p. 162-163°C; Rr 0.30 (EtOAc);

[alp -91 (¢ 1, MeOH) with other data consistent with those published for the racemic material.8

Representative Procedure for the Preparation of Amides 18: Amide 18a(S)
(a) Oxalyl chloride (34 uL, 0.39 mmol) was added slowly over 5 min to a stirred solution of acid §-(+)-13 (74

n Amm ™~

mg, 0.352 mmol) at 0°C in DCM (2.5 mL) containing 1 drop of dimethyiformamide. The reaction was then
stirred for 1 h at rt. Removal of the Soivcm in vacuo gave ihe acid chioride (80 mg, ca. 100%) which was used
in tha mavt ctan W 'H-.n 1t t‘ -f'-u o e i on

1M UIC IIVAL OLDP FASEL Uul pRiigsyiey P 111

i Iriiica

(b) A solution of lithium tert-butoxide (1 .0 M solution in THF, 360 pL, 0.36 mmol) was added dropwise over
15 min to a stirred solution of amine (-)-17 (60 mg, 0.32 mmol) in d[v THF at 0°C under mrmaPn After
stirring at 0°C for 30 min, a solution of the acid chloride prepared from from S-(+)-13 as in (a) (80 mg, 0.35
mmol) in THF (1 mL) was added dropwise over 1 h. The reaction was allowed to warm to rt and stirred until
acylation was complete by TLC analysis (2-3 h). Satd. aq. NH4Cl was then added followed by EtOAc and
water. The two layers were separated and the aqueous layer extracted with EtQOAc. The combined organic
layers were dried (MgSQO4) and the solvent removed in vacuo. The dark oily residue was purified by
chromatography (EtOAc-hexanes, 3:7) to obtain amide 18a(S) as a colourless oil (111 mg, 91%), Ry 0.59
(EtOAc-PE, 1:1); &1 (CDCI3, 500 MHz) 8.11 (1 H, s), 7.21 (1 H, d, /2.0 Hz), 6.79 (1 H, br s), 5. 36 (1 H, brd,

J9.5Hz),3.84 (i H, d, F4.0 Hz), 3.68 (3 H, s),3.53 (1 H, dd, J 2.0, 4.0 Hz), 3.32 3 H, s), 2.51-2.42 (1 H, m),
206 3 H, d, J1.5Hz), 1.83(3H,d,/J1.5Hz), 1.43-1.15(6 H, m),0.89 (3H,d,J7.0Hz),0.8 3H, 1,/ 7.0
LI\ R..v/{“l'\f‘l,_ 1TC AMMLIY 107 Q 1£Q 4 1A & 1A2 12 1A1 N 17900 19017 1IN0 & QL0 &1 &1 & &1 A &NnD
114), O\ DU 1Y, 140 VIL1L) 174.0, 1V0.9% 190,00, 1940.0, 191.U, 1£47.7, 140.9, 1UO0.J, 7J.0, Ji&.ly J1.J0, D1.5%, JU.T,
37.0, 32.9, 29.8, 22.8, 20.6, 16.5, 14.0, 13.9; vnax (film) 3411, 2956, 2927, 2870, 1695, 1674, 1622, 1500,
1234, 1214, 1122, 1058 cm~1; m/z (CI) 378 (MH*, 100%), 346 (M - OMe, 24) [Found: MH*, 378.22732
C21H32NOs5 requires 378.22805 (1.9 ppm error)]; [alp -126.8 (¢ 1.0, CHCla).

Amides 18a(R), 18b and 18c
These compounds were prepared following the representative procedures described above:

Amide 18a(R) as a colourless oil (96%), R 0.52 (EtOAc-DCM, 5:95); 8y (CDCls, 500 MHz) 8.11 (1 H, s),
7.18 (1 H,d, /2.1 Hz),6.78 (1 H, brs), 5.35(1 H,brd,/9.7Hz),3.83 (1 H,d, J4.2 Hz),3.67 (3H,s),3.52 (1
H, dd, J 2.1, 4.2 Hz), 3.31 (3H, s), 2.49-242 (1 H,m), 2.05(3H, d, J 1.3 Hz), 1.82 (3 H, d, J 1.2 Hz), 1.40-
.20 u’) H, m),3.57 G H

1 r s Ty Nnoo A TY 1 \ 1'1/\‘71'
,4d,J 0. l'lZ)Ubﬁ(Jl‘l[Jllﬂ)
A A2 1 1AN Q 1’,(\0 119Q 1N 2 QK7 &89N &1 4 &1
“4, 1940.1, 194VU.0, 147.0, 120, IVO0Dy Tl J&Uy, V1.4 J1.4,

A%
a5, .
3.9; vmax (film) 3409, 2956, 2927, 2857, 1668, 1619, 1500, 1229, 1232, , 1122, 1058 cml; m/z
(MH, 100%), 364 (10), ’%46 (M - OMe, 40) [Found: MH+, 37822842, C i

ppm error)]; [a]p -194.7 (¢ 1.5, CHCl3).

>

1
1
1
1
I

Amide 18b as a colourless o0il (73%), Re0.52 (DCM-EtOAc, 95:5); 8y (CDCl3, 500 MHz) 8.08 (1 H, s), 7.15
(1H,d,J2.1Hz),6.18 (1 H, dq, /9.8, 1.4 Hz), 3.83 (1 H, d, J 4.2 Hz), 3.66 (3 H, s), 3.50 (1 H, dd, J 2.1, 4.2
Hz),3.30 (3H,s),2.52-2.43 (1 H, m), 1.88 (3H,d, J 1.4 Hz), 1.42-1.14 (6 H, m), 1.00 3 H, d, J 6.6 Hz), 0.87
(3 H, t, J 7.3 Hz); 8¢ (CDCl3, 125 MHz) 192.8, 167.6, 145.41, 145.39, 129.5, 108.2, 95.7, 52.1, 51.3, 51.2,
50.8, 36.5, 33.2, 29.6, 22.7, 20.0, 13.9, 12.5; vmax (film) 3409, 2957, 2928, 2870, 2856, 1692, 1669, 1626,
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1502, 1463, 1231, 1210, 1123, 1058 cm-1; m/z (CI) 338 (MH*, 100%), 324 (25), 306 (M - OMe, 70); [Found:
MH*, 338.19645. C1gH28NOj5 requires 338.19675 (0.9 ppm error)]; {alp -107.2 (c 1.0, C""ig).

Amide 18¢ as a colourless 6il (75%), R 0.55 (DCM-EtDAc, 95-5); 8y (CDCls, 500 MHz) 7.74 (1 H, s), 7.32
(1H,dd,J 152,07 Hz),724 (1 H,d,/J2.1Hz),583(1 H,d,J152Hz),573(1 H,brd, J9.8 Hz), 3.82 (1 H
d, J74.1Hz),3.66 3H,s),3.51 (1 H,dd, J2.1,4.1 Hz), 33- 3 $),2.53-247 (1H, m), 1.78 (3H,d, J 1.2
Hz), 1.40-1.15(6 H, m), 0.97 (3 H, d, J6.7Hz), 0.85 3 H 2 Hz); 8¢ (CDCl3, 125 MHz) 192.7, 165.2,

150.3, 149.7, 145.7, 130.9, 117.0, 108.6, 95.4, 52.0, 51.4, 51.3, 50.7, 36.8, 33.3, 29.6, 22.7, 20.3, 13.9, 12.4;
vimax (film) 3325, 2958, 2926, 2869, 1661, 1611, 1503, 1202, 1124, 1061 cm™1; m/z (CI) 364 (MH*, 100), 332
(M - OMe, 85) [Found: MH*, 364.21193. CzgH3gNOs5 requires 364.21240 (1.3 ppm error)]; [alp -97.1 (¢ 1.0,
CHCly).

Representative Procedure for the Preparation of Quinones 8:

2-[(2'E,d4’E,6'5)-2,4,6- 1nmetnymeca—4,4-alenamluo }- a,o-epoxy-.l,‘l-oenzoqumone 8a(s)
T YT A1 N RAA . TTIDY NYAN . [ | o i~ n otisrad andiatian AL A~ 1 .-..f('\ 2
[d) LlDEL3l—l VIV VD LY 1000, 4940 p.L, \l L‘-f llllllUl) wads dUuCU l.U a SUuirca auxuuun Ul auuuc 1040 ) (0 g,

mmol) in THF at -78°C under nitrogen. After stirring for 30 min at -78°C, the solvent was removed in
he residue purified by chromatography (EtOQAc-PE, 1:1) to mvp the (‘nrrPann(‘hpo alcohol (7Q mg

L ITSIV LY Puiiiabte Uy Vidviiiasvgiapria y A0 WL QiLQIL =z

s a colourless oil, Ry 0.21 (EtQAc-PE, 1:1); [oln +36.4 (c 1.2, CHCh) which was fully characterised.

(b) Montmorillonite K10 (50 mg) was added to the acetal from (a) (65 mg, 0.17 mmol) in DCM (2 mL) at rt.
After 30 min, the solvent was removed in vacuo and the resulting residuc was purified by chromatography
(EtOACc-PE, 3:7) to give the corresponding hydroxy ketone (51 mg, 89%) as a colourless oil, R 0.32 (EtOAc-
PE, 1:1); [a]p +145.6 (c 1.2, CHCl3) which was fully characterised.

(c) Pyridinium dichromate (76 mg, 0.2 mmol) was added to a stirred solution of the alcohol from (b) (45 mg,
0.135 mmol) in DCM (3 mL) at rt. The mixture was stirred at rt for 2 h and then directly chromatographed

(EtOAc-PE, 1:4) followed by purification using preparative TLC (EtOAc- Pb I- 9) to give the title compound

—

and
1¢
a

EJ

o
lOE

< T TN rr .ok /o
8a(3) (41 mg, 92%) as a ycuow oil, Rf 0.37 (EtOAc-PE, 1-4); [OLJD i.4, CHC 3) {Lit.” [O)p (1or
cuduumllcl) -8.1 {c 1.0, \,n\,13“ which was which was Luu_y characterised and had data consistent with those

published.3 Details of the CD data are given in the text.

Quinones 8a(R), 8b and 8¢

These compounds were prepared following the representative procedures described above:

Quinone 8a(R) as a yellow oil (67% over 3 steps) , Ry 0.51 (EtOAc-hexanes, 3:7);8y (CDCls, 500 MHz)
828 (1 H,brs),7.58 (1 H,dd, J2.2,1.1 Hz),6.84 (1 H, brs), 540 (1 H,brd, 9.7 Hz), 393 (1 H,d, /3.6
Hz),3.83 (1 H, dd, J 3.6, 2.2 Hz), 2.50-2.44 (1 H, m),2.08 3H,d,J 1.1 Hz), 1.85 (3 H, d, J 1.1 Hz), 1.40-1.21
(6 H, m), 0.99 3H,d,J 6.6 Hz),0.89 3H,t,J7.1Hz); §c (CDClsz, 125 MHz) 191.0, 188.4, 168.4, 144.0,
141.7, 139.0, 129.8, 127.7, 115.0, 53.8, 52.5, 36.9, 32.9, 29.7, 22.8, 20.6, 16.4, 14.0, 13.9; vppax (film) 3382,

WG R ) =1 /n oxaTrY L 4 A S wETTL

2958, 2925, 2869, 1679, 1608, 1504, 1317, 1213, 1174, 1081 cm™*; m/z (CI) 349 (MNU4T 15%), 332 (MH*,
TOANN I A, AATTL DN 108774 ~ 7 nT; mactan s YN 10L10 71 A £ I C o) & Vo) PN
IWAL) [rOund: virlt', 534.100/71. L19n26JV\J4 lt',qullt:\ DI3&4L.10010 1.4 ppiLl Cll\)l)], [U.JD 1‘+7 0 \¢ L.0, Lriu13)

Oninane 8h ac a vellaw nil (62% aver 3 ctene) Re 027 (EtOAC-PE. 1:4) & (CDCla. § 7z) R25(1 H
N UiiaURIv U QU O yuiav VI \V& /U UTVUL U SWPS )y Z3] Ved i \AvoiavTa i, 1.5/, U] \Wasiodyy JUU dVaRAn, O.Ld (4 2i,
brs), 7.56 (1 H, d, J 2.5 Hz), 6.26 (1 H, d, J 10.0 Hz), 3.93 (1 H, d, J 3.5 Hz), 3.83 (1 H, dd, J 3.5, 2.5 Hz),

. N . - 17
2.55-2.44 (1 H, m), 1.92 (3 H, s), 1.48-1.17 (6 H, m), 1.02 (3 H, d, J 6.5 Hz), 0.87 (3 H, t, J 7 Hz); 8¢ (CDCl3,
125 MHz) 191.0, 188.4, 167.5, 146.2, 138.9, 1291 114.9, 53.8, 52.4, 36.4, 33.4, 29.6, 22.6, 19.9, 13.9, 12.4;
Vmax (film) 3385, 2958, 2926, 2856, 1680, 1608, 1502, 1456, 1315, 1213, 1174, 1078, 1011 cm-l; UV (MeOH)
313 (9900), 237 (11241); m/z (EI) 291 (M*, 1%) [Found: M+, 291.14771. C16H21NO4 requires 291.14706 (2.2
ppm erron)]; [alp -18.4 (¢ 1.1, CHCl3) {Lit.22 [a]p +16.0 (¢ 0.2, CHCl3)}.
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Quinone 8¢ as a pale yellow oil (54% over 3 steps), Re 0.40 (EtOAc-hexanes, 3-7); oy (CDCl3, 500 MHz)
7.89 (1 H,brs),7.63(1 H,d,J2.5Hz),7.37 (1 H,dd, J 15.5, 1.0 Hz), 5.87 (1 H, d, J 15.5Hz), 5.79 (1 H, br d,

~ ~ o o oo N Tre

J 10.0 H2), 393 (1 H, d, J 3.5 Hz), 3.84 (1 H, dd, J 3.5, 2.5 Hz), 2.56-2.52 (i H, m), i.8i (3 H, d, 7 1.0 Hz),

1.40-1.18 (6 H, m), 1.00 (3 H, d, J 7.0 Hz), 0.86 3 H, 1, J 7.0 Hz); 8¢ (CDCl3, 125 MHz) 191.0, 188.2, 165.2,
151.0, 150.5, 139.0, 1309, 1163, 115.1, 53.8, 52.4, 36.8, 33.4, 29.6, 22.7, 20.3, 14.0, 12.9; Vinay (film) 3319,
2960, 2925, 2856, 1691, 1668, 1604, 1504, 1317, 1215, 1176, 1144, 1014 cm°1; UV (MeOH) 330 (21278), 271
(21221) mz(_,l) 335 (MNH4+. 95%) 318 (MH*, 100) [Found: MNHg*, 318.17053. CigH24NO requires

2-[(2'E, 4'E, 6'S)-2,4,6-Trimethyldeca-2,4-dienamido]-5,6-epoxy-4-hydroxy-4-(E-2""-tributylstannyl-
ethenyl)cyclohex-2-en-1-one 19

To freshly distilled E-1,2-bis(tributylstannyl)ethene?3 (200 mg, 0.33 mmol) in THF (2 mL) under argon at
- 78°C was added butyllithium (2.5 M solution in THF, 100 L). The solution was kept at -78°C for 15 min,
and then stirred at 0°C for 1 h. After dilution by THF (2 mL), the solution was cooled to -78°C and quinone

8a(3) (40 mg, 0.12 mmol) in THF (2 mL) was siowly added over 10 min. The mixture was stirred at -78°C for

an additional 30 min and quencnea satd. aq. 1\1114&..1 (3 Il’lL) The mixture was extracted EtOAc L) X5 IIIL), the

combined organic layers dried over MgSQy, and the solvent removed in vacuo. The product was isolated by
rative TLC (PE-EtOAc. 4:1) to give the

Ql Anbuslaplly (PE theﬂ PE \:, 7= vy Hl‘upa YU LANC L LTIy TToL ) W ORIV v

title compound 19 (19.5 mg, 25%) as a colourless oil, Ry 0.22 (F E-ELAC, 9:1); oy (CDCl3, 500 MHz) 7.99 (1
H;brs) 7.38 (1 H,d, J2.5Hz),6.79 (1 H,s),6.49 (1 H, d, J 19.5Hz), 599 (1 H, d, J 19.5 Hz), 533 (1 H. d, J
5 Hz), 3.67 (1 H, dd, J 3.5, 2.5 Hz), 3.65 (1 H, d, J 3.5 Hz), 2.60 (1 H, br s), 2.50-2.42 (1 H, m), 2.06 (3 H, s),

1.82 (3 H,s), 1.60-1.20 (24 H, m), 0.99 (3 H, d, J 6.5 Hz), 0.96-0.85 (12 H, m); 8¢ (CDCl3, 125 MHz) 189.4,
168.6, 145.5, 142.4, 1399, 133.2, 1299, 128.3, 127.9, 127.4, 72.9, 57.7, 52.9, 37.0, 32.8, 29.8, 29.0, 27.2,
22.8, 20.7, 16.5, 14.1, 14.0, 13.6, 9.6; vmax (film) 3800, 2956, 2926, 2870, 2854, 1670, 1516, 1456, 1363,
1259, 1076, 1014 cm™1; m/z (CI) 667 (MNH4*, 5%), 650 (MH*, 35), 632 (M - OH, 20) [Found: MH*,
648.32530. C33Hs56N04!18Sn requires 648.32254 (4 ppm error)]; [ap +79.5 (¢ 0.85, CHCl3).

m()or

mixturc: was btll‘[’ed 24 h at rt, dxluted ith tOAc, washed 3 times w1lh water. and dned over MgSOA
Filtration and evaporation of the solvent in vacuo gave a yellow residue. The compound was purified by
preparative TLC (DCM-MeOH, 95:5) to afford the title compound 20 (6 mg, 71%) as a yellow solid, m.p. 134-
136°C; Ry 0.48 (CHCl3-MeOH, 9:1); 6y (CDCl3, 500 MHz) 13.58 (1 H, s, OHp), 7.98 (1 H, br s, NHp). 7.50
(1H,brs, NHy),7.39 (1 H, d,J2.5Hz, H-3),7.33 (1H, dd, J 15, 11.5 Hz, H-11), 6.79 (1 H, br s, H-3"), 6.65-
6.50 (2 H, m, H-8 & H-9), 6.43 (1 H, dd, J 14, 11.5 Hz, H-10), 6.06 (1 H, d, J 15 Hz, H-12), 5.88 (1 H, d, J
14.5 Hz, H-7), 534(1H brd, J9.5 Hz, H-5), 372(1H dd, 7 4.0, 2.5 Hz, H-5), 3.67 (1 H, d, J 4.0 Hz, H-6),

3.24 (1 H, br s, OHy), 2.68-2.52 (2 H, m, H-4" and H-5"), 2.51-2.42 (1 H, m, H-6", 2.05 (3 H, d, J 1.5 Hz, Me-
119, 1.82 3 H, d, J 1.5 Hz, Me-12), 1.43-1.13 (6 H, m, 3 x CH3 (7-9"), 0.98 3 H, d, J 6.4 Hz, Me-13", 0.89
(3 H,t,J 7.0 Hz, Me-10'); 8¢ (CDCls, 125 MHz) 197.4 (C-1"), 188.9 (C-1), 174.0 (C-3"), 168.8 (C-1"), 165.4
(C-13), 143.5 (C-11), 142.7 (C-5"), 140.2 (C-3", 139.6 (C-9), 136.3 (C-7), 131.7 (C-10), 131.5 (C-8), 129.9 (C-

49, 1282 (C-21), 128.1 (C-2), 126.2 (C-3), 121.5 (C-12), 115.0 (C-2M), 71.2 (C-4), 57.4 (C-5), 52.9 (C-6), 37.0

(C-7, 32.9 (C-6", 32.1 (C-5"), 29.8 (C-8"), 25.6 (C-4"), 22.8 (C-97), 20.7 (C-13"), 16.5 (C-127, 14.1 (C-10),

14.0 (C-11"; vpax (CDCl3) 3396, 3255, 2956, 2926, 2870, 1668, 1603, 1543, 1514, 1365, 1321, 1234, 1005
cm-1; UV (MeOH) 314 (23800), 278 (29500), 263 (30300); m/z (FAB): 551 (MH*, 20%), 533 (M-OH, 4), 193
(100) [Found: MH*, 551.27599. C31H39N207 requires 551.27573 (0.5 ppm error]; [ap +193 (¢ 0.1, CHCl3)
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