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Unsaturated Amides Derived from 2-Amino-3-hydroxycyclopentenone:
A Stille Approach to the Synthesis of Asuka-mABA, 2880-11, and Limocrocint
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Abstract: A Stille palladium catalysed vinyl halide-vinyl stannane or aryl stannane coupling
approach to the title compounds is described. The 2-aminocyclopentanedione-derived vinyl bromides
(12, n = 1, 2, 3) were prepared and coupled to synthesise 2880-1I (4), a Streptomyces metabolite,
asuka-mABA (6), obtained during investigations to elucidate the biogenesis of the antibiotic
asukamycin and limocrocin (10), a naturally occurring antibiotic and antiviral agent. © 1998 Elsevier
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Unsaturated 2-amino-3-hydroxycyclopentenone derived amides (1) are produced by a large number of
Streptomyces species, and many possess interesting biological properties.!-17 In terms of the conjugated
acid moiety, a range of different chain lengths (m =1, 3, 4, 5, 7 efc.) are known (Figure 1).!8 The parent
(m = 1) group includes the antifungal agent reductiomy M-6201, 2),1.2 the related pyrrole reductiline

(3),2 substance 2880-II (4),45 and more complex members uch as bafiliomycin B16 and virustomycin A
8 .
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mosymnesxs of the antibiotic asun(amycm the ras Iamesyi[ransrerase inhibitor manumycm ,71U other

members of the manumycin family such as alisamycin (7)11:12 and colabomycin (8),13 the antibiotic
enopeptin B (9),14:15 and the antiviral agent limocrocin (10).16.17
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Before the advent of the programme described herein, only three members of this family had succumbed
to total synthesis. Reductiomycin (2) and reductiline (3) were prepared using a reductive O — N acyl

migration procedure for the introduction of the 2-amino-3-hydroxycyclopentenone-derived unit (Scheme
1).23 This sequence is ingenious, but it is low yielding and unsuitable for the more complex polyenes
shown in Figure 1. In addition, 2880-1I (4) was prepared using a direct acid chloride-amine coupling
reaction to prepare the key amide bond,3 and more recently a similar procedure has been employed during
the synthesis of enopeptin B (9).15

We were interested in the development of efficient synthetic routes to compounds of general structure
(1) and the use of this methodology for the preparation of natural products of biological interest. The

synthetic approach we decided to investigate is based on the palladium mediated Stille coupling

reaction! %20 between vinylstannanes and 2-amino-3-hydroxycyclopentenone-derived vinyl halides, as
chauwn in Qrhama 2 ara we decrrihe the cucececefnil imnlemeantatinn Aaf thic annraach reenlting in the
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Scheme 2 HO MO

Preparation of the vinyl bromides (12)

We first set out to prepare the vinyl bromides (12, n = 1, 2, 3) using the procedures shown in Scheme 3.
The key amine hydrochloride (14)5.18 was prepared from cyclopentanedione using Ebenezer's procedure.>
Acid chloride (13) is also known,22a bemg prepared from the correspondmg acid, which can itself be

lower yield of the adduct was obtained. For the two hlgher vinylogues (12, n = 2, 3), the starting material
was bromodienal (15), readily prepared from potassium glutaconaldehyde.23 Chlorite oxidation of
aldehyde (15) gave the novel acid (16) as a crystalline solid. Acid (16) could also be prepared in four steps
from propargyl alcohol via vinyl bromide (17).24 The key to the success of this approach was the in situ
manganese dioxide oxidation-Wittig reaction25 of alcohol (17). Alcohol (17) was used as an E/Z mixture
and further alkene isomerisation was observed during the saponification of the intermediate ester,2% but the
E, E-isomer (16) could be obtained in pure form by recrystallisation. The propargyl alcohol route to (16)

was preferred when multi-gram amounts were required. Wadsworth-Emmons homologation-saponification

Af aldahudsa (18) gavae tha trianais arid (18) Aride (18 and (18 wara readily ~ranverted inta the
Ul alutliyuc (iJ) pave v Uiviviv aviud (1o, AVIUDY (AU) Aaliu (4U) Well jvauily Lullveiivu v uiv

. PR 5 TIPS U DI R SR S PR SR S8 IO IV S DU iy RIS JRRYS 1 LN OURURR N D
COITESpOIl(lmg amlue y dC1a CIoriac 1oriduon 14 Lreaunent wiin amine uyul CIHOTIAC (14) 11 pyrlux 1©

with catalytic DMAP. The configurations of vinyl bromides (
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NMR spectroscopy [e.g. (12, n=3), vinyl J values = 13, 15, 1
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Stille coupling of the vinyl bromides (12)

We next set out to establish the viability of the Stille coupling reaction. The initial target was asuka-
mABA (6, Scheme 4), first produced by feeding m-aminobenzoic acid to Streptomyces nodosus ssp.
asukaensis during studies to elucidate the biosynthesis of the antibiotic asukamycin.8

Commercially-available 3-iodoaniline (19) was N-protected and the resulting BOC derivative (20) was

converted into alkyne (21) via a Sonogashira coupling-hydrolysis sequence. Hydrostannylation of alkyne
(21) gave the requisite E-vinylstannane (22) in high overall yield. The direct conversion of iodide (20) into
vinylstannane (22) by coupling with £-1,2-bis(tributylstannyl)ethene (23) was also explored but it was

(52%), but the two step sequence was preferred.

The crucial Stille coupling of (22) and (12, n = 2) was investigated next. Catalysis with PdClo(MeCN);
or Pd(PPh3)4 was not particularly effective (slow reactions and/or mixtures produced) but the required
transformation was efficiently achieved using Negishi's catalyst, PACl12(PPh3); (5 mol%) pre-reduced using
Dibal-H.20 Rigorous deoxygenation was required in order to prevent dimerisation of the vinylstannane,?’
but under these conditions efficient coupling yields were obtained. Deprotection of the crude product gave



G. Macdonald et al. / Tetrahedron 54 (1998) 9823-9836
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the IR and UV data, as well as m.p. (m.p. 252°C, 1it.8® m.p. 256°C) and Ry, were in accord with published
values.8 The two publications8a:> which report NMR data for (6) are inconsistent, but our data are in broad
accord with the more recent publication.32

This methodology is also applicable to aryl stannane-vinyl bromide coupling, as shown in Scheme 5 for
the preparation of 2880-II (4), a compound related to ferulic acid, which has been isolated from
Streptomyces griseoflavus.* Substance 2880-II has been synthesised by Ebenezer> using an amide coupling
procedure. With Stille coupling methodology the key precursor is aryl stannane (25), which was efficiently
prepared from commercially available aryl bromide (24) via a one pot procedure Thus, lithiation of (24)
followed by irappi ing o f tt
the optimum Stille coupling conditions referred to above, at room temperature, the coupling reaction of
arylstannane (25) with alkenyl bromide (12, n = 1) was extremely slow. Increasing the temperature to 80°C,
however, gave 2880-1I (4) in 64% yield with m.p. and NMR data consistent with published*> values.

Scheme 5
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Having established the value of the Stille coupling procedure utilising the two lower vinylogues (12, n =
12) we maoved on to invectioata tha nucee of (12 n = ) In thig cace the taraet malecule wae limaerocin
iy4, WO INUVOL U 0 HINVOSUgar Wil Wo% U (24, 1 = J). 2l Ulls Lasy, Wil wa@igll it uis wWas ammieiOlin

(10). This novel 2-amino-3-hydroxycyclopentenone-derived diamide was isolated!® from Streptomyces
limosus and subsequently shown to be a specific inhibitor of reverse transcriptase.!” We envisaged the
construction of limocrocin via the highly convergent double Stille approach shown in Scheme 6. The
double Stille coupling of E-1,2-bis(tributylstannyl)ethene (23) has also been employed for the preparation of
rather more complex natural products.28 Using a similar procedure to before, bromotrienamide (12, n = 3)
underwent the required coupling giving limocrocin (10) in 59% yield. Once again, it was important to
rigorously deoxygenate the reaction mixture in order to minimise by-product formation. This is the first

reported synthesis of limocrocin, which was obtained as a highly insoluble red solid. UV and IR data were

in accord with published!6 values and high resolution mass spectrometric data and fragmentation patterns
wara ~ancictent with tha accianad ctrmicture Tn additinn for thae firgt tima NMDR Adata wag ahtainad An
WUIL CULISIDLULIL Willl UIV GOOIZUVAE Stiuviluiv. 1l dUuitivil, 1V IV 11O LG, 1VIVIIN udta ywad vuvilalicu Vil
Tt fa tae Ao Al ale f TY M
HINOCTOCIIL (dS 1S dISOUIUIIL ddil 1 LJPVJ)
CSchama §
sCnéme o
HO n/\/SnBU3 (23) HO
o 0.5 eq. BugS o
il 7/ \ PdCI»(PPhs)2 (4 mol%), Dibal-H i : 9 \l,"-\
Br RSN ' THF-DMF T OYUSONTY
7
H 3 59% AU G Hoo )
(12, n=3) C OH ~ (10

In summary, we have established that the Stille coupling reaction of vinyl bromides containing 2-amino-
3-hydroxycyclopentenone-derived amides provides an efficient procedure for the preparation of natural
products containing this functional group. We have shown that vinyl stannanes and aryl stannanes can be

emonstrated the utility of the procedure by preparing the bioactive

General Directions

NMR spectra were recorded on Jeol GX-270 or Bruker AMX 500 instruments. Tetramethylsilane (TMS) or
CDCl3/CHCI3 was used as the internal standard and J values are in Hz. Carbon spectra were verified using
DEPT experiments. Melting points were recorded on an Electrothermal IA9100 digital melting point
apparatus and are uncorrected. Infrared (IR) spectra were recorded on an ATI Mattson Genesis FT-IR

enectrometer  [ltraviolet (UUJV) gnectra were recorded o strument. Low
spectrometer. Ullravioiet (UV) spectra were recorded on Hew ackard 5403 1mnstrument, 1ov
wacnliatinm alantran imnrant (I miace crmantera wara rannrdad nan o Kratne MQ I8 cnantramatar Thaminral
1TOSUTULIULL ICL ULV ‘.lllpalrl \l_/l} Hiaso ayouua YWLIL IVLULULU UL 4 1IN ALV LYVIW &V GPU\«‘lUlllct‘rl wllviiiival

P nA = -~

ere recorded on a Micromass Autospec spectrometer.

ionisation (CI) and high resolution mass specira w
Elemental analyses were carried out at the University of East Anglia, Norwich. Chromatography is medium
pressure flash column chromatography and was performed using ICN silica gel (32-63) or Matrex silica gel
60 (70-200) using the eluant specified. Preparative t.l.c. was carried out using pre-prepared plates (Merck

silica gel 60 F-254, 5715). PE is petroleum ether (b.p. 40-60°C), DCM is dichloromethane, EtOAc is ethyl
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acetate, ether is diethyl ether, THF is tetrahvdrofuran, DMF is dimethviformamide. Where necessarv ether
Y 3 3 a3%; AAVALT Lo QLG Y OLIAIINGC TV AVLY MV wool Y, Lt

and THF were distilled from sodium-henzonhenone ketvl and DOM from calcium hvdride immediate!
j 3 SUEAREMAS 1LVEA VAMIMILMTUWLLUP LWLV RULY L, alllu poCavE 1iUTE Carliudll Y Orial, imi ulaiciy

before use. Water is distilled water. Except where specified, all reagents were purchased from commercial
sources and were used without furiher purification. RT is room temperature. Amine hydrochioride (14),
prepared by a published> procedure, was used immediately without purification (estimated 85% pure).

N-(2'-Hydroxy-5-oxocyclopent-1'-en-1'-yl)-3-bromopent-2E-enamide (12, n = 1)

Using a small amount of DCM to complete the transfer, B-bromoacryloyl chloride (13)222 (200 mg, 1.18
mmol) and dimethylaminopyridine (1mg) were added to a solution of amine hydrochloride (14)5 (144 mg,
ca. 85% pure, ca. 0.82 mmol) in dry dichloromethane (60 ml) at 0°C and under nitrogen atomosphere. A

.._

. B
i
p—a
—
st
=

e
concentrated (ca. 1 ml) Purification by column chromatography (DCM-methanol, 95:5) gave compound
(12, n=1) (83 mg, 41%) as a white solid, m.p. 223-4°C; R;0.30 (DCM-methanol, 10:1); Vpax. (nujol)/cm-
1 3240, 3073, 1692, 1595, 1342, 953, 774; &y (270 MHz; CDCl3) 13.20 (1 H, s, OH), 8.09 (1 H, br s, NH),
7.65(1H,d,J 14,3-H), 6.82 (1 H,d, J 14, 2-H), 2.53-2.64 (m, 4 H, 2 x CHy), ; 8¢ (67.5 MHz; CDCl3)
197.5, 174.3, 163.2, 128.4, 126.5, 114.7, 32.1, 25.7; m/z (EI) 247 (M*, 15%), 245 (M*, 16%), 166 (100%);

(Found: M+, 244.9690. CgHgBIrNO3 requires 244.9688).
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dihydrogen orthophosphate (620 mg, 4.56 mmol) in water (2.5 mi) were added to a vigorously stirred
solution of 5-bromopenta-2E,4E-dienal (15)23 (100 mg, 0.62 mmol) and 2-methyl-but-2-ene (2 ml) in fert-
butanol (7 ml). After stirring at RT overnight, the volatile components were evaporated and the residue
extracted with DCM (5 x 30 ml). The combined organic layers were washed with water (50 ml), dried
(MgSOy4) and the solvent evaporated under reduced pressure to give an off-white solid. Purification by
column chromatography (Et;0) gave 5-bromo penta-2E,4E-dienoic acid (16) (51 mg, 46%) as a white
solid, m.p. 175-177°C; R; (Et20) 0.37; (Found: C, 34.14; H, 2.73. CsHsBrO; requires C, 33.93; H, 2.85%);
Vi, (CHCl)Yem-! 3944, 3691, 3054, 2987, 1724, 1693, 1421, 1267; 8y (270 MHz; CD;0D) 7.21 (1 H,

TIMdRK. \RrsSnsig s et [t ]

dd, J 15.3,10.2,3-H), 7.03 (1 H, d, J 13.3, 5-H), 6.94 (1 H, dd, J 10.2, 13.3, 4-H), 5.95 (1 H, d, J 15.3, 2-H);

N+ ANOZY 180 (27 121 /22N Q77
WUvk ', VU /0 ), 1JTF\O7 ), 11 \JI), i

(b)25 From 3-Bromoprop-2-enol (17): At RT and under nitrogen atomosphere, manganese dioxide
(Aldrich, activated, 4.35 g, S0 mmol) was added in 5 portions over 5 h to a stirred solution of alcohol (17)24
(E:Z = 3:1; 680 mg, 5 mmol) and (carboethoxymethylene)triphenylphosphorane (2.09 g, 6 mmol) in DCM
(50 ml). The resulting reaction mixture was stirred for ca. 24 h until t.1.c. indicated that all of (17) had been
nese dioxide was removed by filtration, washed with DCM, and the combined DCM
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was used directly. LiOH*H70 (3.4 g, 81 mmol) in water (25 ml) was added in 3 portions over 20 min to a
vignrnnely ctirrad enlntian af athvul §_heama.nenta.? 4A_diannata (N8 o 10 mmal) in THE /70 ml) a¢+ DT
YIE\II\IUDL OUILIWA VIV Vi \n.u]a - T WIENIREANS G L, TTuaviivale \Q.VJ s, iV J.Illll\}l} 111 AL pL1L \IU uu} al v 1

r TYTies

removed under reduced pressure, the aqueous iayer was neutraiised with solid KoHPO4 and then extracted
with ethyl acetate (5 x 50 ml). The solution was then acidified to ca. pH 6 (dil. H»SOy4) and extracted with
ethyl acetate until no further product could be detected by t.l.c (ca. 5 x 50 ml). The combined organic layers
were dried over sodium sulphate and the solvent evaporated to give a crude product which was recrystallised
(chloroform-PE) to give acid (16) (0.79 g). The mother liquid contained (16) plus stereoisomers; addition of
a small piece of iodine to the solution and exposure to light for 10 h, followed by recrystallisation gave a
second crop of (16) (0.17 g; total yield, 54%) with data as above.

JG T R 7 N < a3 J

SAL AN n 21 R AT AN N
ition of OXdlyl Cniordae (4v mg, V.5« mmoi) 1 DLVl (£ mi) was aada aropwxse over 30 min to a

stirred solution of 5-bromopenta-2E,4E-dienoic acid (16) (53 mg, 0.30 mmol) in DCM (7 ml) containing 3

>
w
=
=
=

drops of DMF at 0°C under nitrogen. After being stirred at RT for 1.5 h, this solution was added dropwise
over 1 h to a mixture of 2-amino-3-hydroxy-2-cyclopenten-1-one hydrochloride (14)3 (63 mg, ca. 85%
pure, ca. 0.36 mmol) and 4-dimethylaminopyridine (8 mg) in dry pyridine (6 ml) at 0°C under nitrogen.
After stirring at RT overnight, the pyridine was evaporated under reduced pressure (azeotroping with
toluene). Purification by column chromatography (DCM-MeOH, 95:5) gave N-(2'-hydroxy-5-oxocyclopent-
I'-en-1'-y1)-5-bromopenta-2F 4F-dienamide (12, n = 2) (60 mg, 74%) as a yellow solid, m.p. 232-233°C; R;

IOV~ L1 Litiiallilidy LS C1i1u LJIL oy 4

(DCM MeOH, 95:5) 0.26; (Found: C, 44.29; H, 3.62; N, 5.00. C1gH1oNO3Br requires C, 44.14; H, 3.70; N,
S 180\ v (MO MY om-1 2601 2262 NS 2027 1701 1415 1850 1825 1472 1924&7 1185 & . /070

13%0); Vmax, (WCIVLICTIN ' 3051, 3303, SV, <Y06 7, 171VU1L, 1033, 130V, 1333, 1443, 1206/, 1133, O (£4/VU
MHz; CDCls) 13.37 (i H, s, OH), 7.64 (1 H, s, NH), 7.16 (1 H, dd, J 14.5, 10.9, 3-H), 6.75-6.89 (2 H, m, 4-
H, 5-H), 6.02 (1 H, d, J 14.5, 2-H), 2.51 (4 H, m, 2 x CHp); 8¢ (67.5 MHz; CDCl3) 197.3, 173.9, 165.0,
141.0, 135.0, 121.2, 119.2, 114.8, 32.1, 25.6; m/z (EI) 271 (M*, 81%), 192 (95), 159 (100) (Found: M*,

270.9839. C19H1gNO3Br requires 270.9844).

7-Bromohepta-2E 4E,6E-trienoic acid (18)

nitrogen.
treated dropwise over 30 min with 5-bromopenta-2E 4E-dienal (14)23 (150 mg, 0.93 mmol) in THF (5 ml
After stirring at RT overnight, the reaction mixture was quenched with saturated ammonium chioride
solution (50 ml) and extracted with EtoO (3 x 50 ml). The combined organic layers were washed with water
(50 ml) and brine (50 ml), dried (NaSQy4) and the solvent evaporated under reduced pressure to give a
yellow oil. Purification by column chromatography (EtoO-PE, 1:1) gave methyl 7-bromohepta-2E,4E ,6E-
trienoate (173 mg, 86%) as a pale yellow oil, R¢ (EtoO-PE, 1:1) which was fully characterised

(ii) A suspension of lithium hydroxide.monohydrate (81.5 mg, 1.94 mmol) in water (3 ml) was added to a
stirred solution of methvl 7-bromohenta ’)F’ E 6E-trienoate (140 me, 0.65 mmol) in THFE (10 mD at RT
LiliVwU OVivuIVIL Vi Allvulll ULVIAA\J LANS yl., e B VAL g\TAa AW AL |\ 4TV AR5y WS LRdaiviy Add A XA \ AW 22217 v AN .
ALt Lot ot onflaw fae A h TLE 1a0 ayanmaerg ad nindar radiicad rwraccnira and tha racidnna dilhtad with
ATCT NCdUIE 4t ITIIUXA 101 4+ 11, 1111 wWas cvayuxa U ufuacl ICuuiel pPIoesdUIT anllld uit 1os1uuc uiuict wili
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water (15 ml). The solution was neutralised pH 7.0 by the portionwise addition of potassium dihydrogen
orthophosphate and the product extracted into EtOAc (3 x 50 ml). After drying ( MgSﬂ ), the solvent was
evaporated under reduced pressure to give an off-white solid. Purification by column chromatography

..... e ol ik MY AR L 4l i A 1O 1IN OEO7 N <x;1eta gy S | - TN ANNOSY
(EtCAc) gave 7-bromonepta-2E 4F,6E-trienoic acid (18) (110 mg, 85%) as a whiie solid, m.p. 155- ;
R; (EtOAc) 0.30; (Found: C, 41.59; H, 3.39. C7H7O,Br requires C, 41.41; H, 3.48%); Vmax. (CHCl3)icm-!
3693, 3523, 1720, 1691, 1626, 1576, 1415, 1307, 1282, 1109, 989, 933, 773; &y (270 MHz; CD,0OD) 7.26

(1 H,dd, J 152, 10.6, 3-H), 6.76 (1 H, dd, J 10.7, 13.5, 6-H), 6.53 (1 H, d, J 13.5, 7-H), 6.42 (1 H, dd, J
14.8, 10.7, 5-H), 6.36 (1 H, dd, J 10.6, 14.8, 4-H), 5.90 (1 H, d, J 15.2, 2-H); 8¢ (67.5 MHz; CD;0D) 167.8,
144.6, 138.1, 137.8, 131.9, 123.6, 114.1; m/z (EI) 202 (M+, 30%), 157 (11), 123 (21), 79 (100) (Found: M+,
201.9629. C7H70O,Br requires 201.9629).

N-(3'-Hvdroxv-1'-pxocvclonent-2'-en-2' v\ 7-bromohent-2E 4AF EF -trienamide (12 n = 3)

‘J L‘J“l U“J Fs u"l"i}‘l’v‘l‘l." it B A JW/ ’ oy U .‘/‘I' ‘l‘_l,'ru)uu 8 VIS ITRV AR ““’ LL S and \’l
A calatinn af nvalul aklamida 0 g N D2 mmmal) n YO (2 -1 rac adA Aemimczrionm xras T
A duiuuull vl ,:\‘llyl CHIVIIUL \L7 | ls, V.40 1HHNUL) 111 JClvl (o m 1) wad dUUCU UlUlebC over JU 1111 10O a4

stirred solution of 7-bromohepta-2E,4E,6E-trienoic acid (43 mg, 0.21 mmol) (18) in DCM (7 ml) containing
3 drops of DMF at 0°C under nitrogen. After being stirred at RT for 1.5 h, this solution was added dropwise
over | h to a mixture of 2-amino-3-hydroxy-2-cyclopenten-1-one hydrochloride (44 mg, ca. 85% pure, ca.
0.25 mmol) and 4-dimethylaminopyridine (5 mg) in dry pyridine (8 ml) at 0°C under nitrogen. After stirring
at RT overnight, the pyridine was evaporated under reduced pressure (azeotroping with toluene).
Purification by column chromatography (DCM-MeOH, 95:5) gave N-(3'-hydroxy-1'-oxocyclopent-2'-en-2'-
yl)-7-bromohept-2E 4E 6E-trienamide (12, n = 3) (38 mg, 60%) as a yellow solid, m.p. 207-209°C; R;
(DCM-MeOH 95:5) 0.45; (Found: C, 48.47; H, 4.02; N, 4.52. C12H12NO3Br requires C, 48.34; H, 4.06; N,

4.70%): Vinax. (CHClYem! 3693, 3608, 3373, 3284, 3016, 2927, 2854, 1630, 1604, 1566

. ) Vnax, (CH 3693, 3608, 3373, 16, 2927, 2854, 1630, 1604, 1566, , 1371,
1997 QQ0- K. Y70 AMMLI, MMM 12771 /1T LT o NI Q2 /1T LT o NIIY 77292 /1 LT Ad FT1AQ 111 12
1&LL1l, 777, U <7V Y 1D/ 1 (1 11, 0y \JILj, 0.0 1 11, Dy INI1), 7.0 1 I, UU, J 1947, 1 2.1, O

H), 6.97 (1 H, dd, 7 10.6, 13.2, 6-H), 6.85 (i H, d, F13.2, 7-H), 6.72 (i H, dd, J 14.9, 10.6, 5-H), 6.67 (1 H,
d,J14.9,2-H), 6.55 (1 H, dd, J 11.1, 14.9, 4-H), 2.56 (4 H, br s, 2 x CH3); &c [100 MHz; (CD3),CO} 197.3,
1744, 167.1, 143.5, 138.4, 138.2, 131.9, 123.7, 115.8, 114.5, 32.8, 26.2; m/z (EI) 297 (M*, 31%), 218 (42),
185 (51) (Found: M+, 296.9999. C;2H;2NO3Br requires 297.00005).

N-tert-Butoxycarbonyl-3-iodoaniline (20)

Et;0 (150 ml) and washed with water (60 ml), a 1:1 solution of saturated sodium hydrogencarbonate/water
(60 mi), water (60 mi) and brine (50 ml), dried (Na3SOy4) and the solvent evaporated under reduced pressure
to give a colourless oil. Purification by column chromatography (Et;O-PE, 1:2), followed by
recrystallisation from EtpO-PE gave N-tert-butoxycarbonyl-3-iodoaniline (20)29 (9.54 g, 77%) as a white
crystalline solid, m.p. 74-75°C; R (Et20-PE 1:4) 0.47; viax. (nujol)/cm-1 3293, 2924, 2854, 1712, 1690,
1594, 1531, 1466, 1366, 1284, 1242, 1162, 1053, 773; 8y (270 MHz; CDCl3) 7.83 (1 H, br s, 2-H), 7.35 (1
H,d,J 8.1, 6-H), 7.26 (1 H, d, J 8.1, 4-H), 6.98 (1 H, t, J 8.1, 5-H), 6.55 (1 H, br s, NH), 1.55 (9 H, s, ‘Bu);
d¢ (67.5 MHz; CDCl3) 152.4, 139.5, 131.7, 130.2, 127.1, 117.6, 94.2, 80.8, 28.2; m/z (CI) 337 (MNH,*,
52%), 320 (20) and 264 (50) (Found: M+, 319.0061. C11H14NO,I requires 319.0069).

S U, AU & G LT APV ) A Rial aYS
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N-tert-Butoxycarbonyl-3-(ethynylaniline (21)

1

(1) (T';mgghy] lvl\am'-tylpne (2“) {(0.55 o, 5.60 mmn]\ was added in one portion to a vigorously stirred

lene (20) (0.55 g, 5.60 mmol added portion vigorously stirre
solution of N-tert-butoxycarbonyl-3-iodoaniline (1.5 g, 4.70 mmol), Pd(PPh3)>Cl; (165 mg, 0.24 mmol)
and copper iodide (22 mg, 0.12 mmol) in triethylamine (60 mi) at RT under nitrogen. Afier heating at 50°C
for 2 h, the reaction mixture was allowed to cool to RT, poured into 20% citric acid solution (200 ml) and
extracted with EtpO (3 x 100 ml). The combined organic layers were washed with 20% citric acid solution
(80 ml), saturated sodium hydrogencarbonate solution (80 ml) and water (80 ml), dried (NazSO4) and the
solvent evaporated under reduced pressure to give a brown oil. Purification by column chromatography
(Et2O-PE, 1:8) gave N-tert-butoxycarbonyl-3-(2'-trimethylsilylethynyl)aniline (1.25 g, 92%) as a pale
brown solid, m.p. 137-139°C which was fully characterised.

{11) calntion of N_tert_hutaxvearhanvl-3.(2'-trimethvlcilvlathuvnvDaniline (1 28 o 4 19 mmal) and
\lll 4x DWVIVMLEIVIL AYZ S LYTICT UU\V\JAJ L4228 UUI.J i1 o \Ll llllll\/‘-“] 1011 ‘\.ﬂ‘.l‘] a1 ‘,“llll‘ll\-{ \ ) . 5, i SRS llllllUl} aiiu
tacoiiitn rarhana (N O 3 im A smal) xxran gtivend af DT o 1 L e ;pceasladiamcs  dln ool
pUldbblulll bdlUUlldlc \U.7 E) il vl ) wWad dSUIICU at N1 106 1 1. ULl CO IlplCllU 1, LIC pUldbblul

eOH (50 ml) we
carbonate was removed by filtration and the MeOH evaporated under reduced pressure. The residue was
then extracted with EtOAc (3 x 60 ml). The combined organic layers were washed with 20% citric acid
solution (40 ml), saturated sodium hydrogencarbonate solution (40 ml) and water (40 ml), dried (MgSQOy)
and the solvent evaporated under reduced pressure to give a pale yellow oil. Purification by column
chromatography (Et;0-PE, 1:8) gave N-tert-butoxycarbonyl-3-(ethynyl)aniline (21) (0.94 g, 100%) as a
colourless oil; Ry (EtoO-PE, 1:4) 0.45; vinax. (CHCl3)/cm-1 3438, 3305, 2981, 2933, 1726, 1585, 1516, 1487,
1431, 1404, 1369, 1273, 1161, 1057, 868; 8y (270 MHz; CDCl3) 7.53 (1 H, brs, 2-H), 7.35 (1 H, d, J 7.7,

6-H), 7.21 (1 H, t, J 7.7, 5-H), 7.14 (1 H, d, J 7.7, 4-H), 6.69 (1 H, br s, NH), 3.04 (1 H, s, C=CH) and 151

(Q < 'Bu): 8~ (67.5 MHz: CDCl2) 152 6. 138 4 1728 8126 .6 1.8.1190. 1226 833 .807.77.1.28.2:

\7 LRy Oy &AM J, U \V 12 iYLy Al iy ) AD LUy 1J0.T, 1400, 14UWU, WOy R LAy LUy OJdy UULT, T 1.0y &U.4,
S ZIN ANE RARNTIY L LNy 10 2 RATTL 1A 1177 LN /TR I, RANTIY L ML 1 AA0 M IT N

m/Z (1) 235 (MINI147, OU70), 210 ( IVII17, 1U), 117 (£0) (FOUNA. IVLINII4™, £30.144%. LU131119iIN2U) requires

235.1446).

N-tert-Butoxycarbonyl-3-(2'-tri-n-butylstannylethenyl)aniline (22)

A solution of tri-n-butyltin hydride (0.70 g, 2.41 mmol), azoisobutyronitrile (2 mg) and N-tert-
butoxycarbonyl-3-(ethynyl)aniline (21) (0.35 g, 1.61 mmol) were heated at 100°C for 1 h. On completion,
the mixture was cooled to RT and purified directly by column chromatography (Et,O-PE, 1:8) to give N-
tert-butoxycarbonyl-3-(2'-tri-n- hutvktannvlethenvham 1e (22) (0.73 g, 89%) as a colourless oil; Ry (Et7O-

PE, 1:8) 0.60; vinax. (film)/cm-1 3336, 2956, 2925, 2852, 1715, 1705, 1605, 1575, 1527, 1483, 1367, 1235,
Q

1142 1NK{12 T2 Koy (AN M OTY T4 (1 T hr e 1T A I"IO A~
1105, 1U335, 675, 137 /.20 {1 11, U1 5, i J

UH \TUVU 1Vix14, e 3) Ly by J [Ty JTALY, T ( L, U, I
H), 7.11 (1 H, d,J 79, 4-H), 6.88 (i H, d, J 19.4, “-H),DSS(‘ H, d, 7 19.4, 2'-H), 6.50 (1 H, br s, NH),

1.53 (9 H, s, Bu) 0.86-1.63 (27 H, m, Bu3Sn); ¢ (67.5 MHz; CDC13) 152.8, 145.7, 139.7, 138.6, 130.2,
129.0, 120.8, 117.6, 116.0, 80.5, 28.4, 29.0, 27.3, 13.7, 9.6; m/z (CI) 527 (MNH4*, 100%) 508 (MH*, 75)
(Found: M-Bu*, 450.1599. C21H34NO,!18Sn requires 450.1606).

Asuka mABA (6)
(i) A solution of Dibal-H (1.0 M in THF; 0.11 ml, 0.11 mmol) was added to a solution of PdCl,(PPh3); (38
i m en. After stirring at RT for 5 min, 0.1 ml of the solution

was removed and used immediately in fo]lowing couplmg reaction.
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stirring at RT for 12 h, the reaction mixture was poured into water (20 ml) and extracted with EtOAc (3 x40

H

ml). The combined organic layers were washed with water (30 mi), dried (NapSQO4) and the solvent
evaporated under reduced pressure to give an oily solid. Purification by preparative t.1.c. (DCM-EtOAc,
4:6) gave  N-(2-hydroxy-5'-oxocyclopent-1'-en-1'-yl)-7-(3'-tert-butoxycarbonylamidophenyl)hepta-
2EAE 6E -trienamide (19 mg, 70%) as a yellow waxy solid; Ry (CHCl3-MeOH, 9:1) 0.40, which was fully
characterised.
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1
poured into saturated sodium hydrogencarbonate solution (30 mi) and extracted with EtOAc (3 x 40 mi).
The combined organic layers were washed with water (30 ml), dried (NapSO4) and the solvent evaporated
under reduced pressure to give a dull yellow solid. Purification by column chromatography (DCM-MeOH,
9:1) gave asuka-mABA (6) (7 mg, 62%) as a yellow solid, m.p. 252°C (1it.® 256°C); R; (CHCl3-MeOH,
9:1) 0.36; Viax. (CHCl3)/cm-! 3689, 3631, 3374, 2944, 1629, 1602, 1559, 1530, 1373, 1016; Apax.
(MeOH)/nm 342, 259; 8y (400 MHz; CDCl3) 13.68 (1 H, s, OH), 7.48 (1 H, br s, NH), 7.41 (1 H, dd, J

14.6, 11.5,3-H), 7.15 (1 H,t, J 7.9, 12-H), 6.85 (1 H, m, 11-H), 6.84 (1 H, dd, J10.8, 15.0, 6-H), 6.77 (1 H,
brs, 9-H), 6.77 (1 H, dd, J 142, 10.8, 5-H), 6.69 (1 H,d, J 15.0, 7-H), 6.64 (1 H, 4, 170, 13-H), 6.45 (1 H

dd, J 11.5, 14.2,4-H), 6.01 (1 H, d, J 14.6, 2-H), 2.54-2.64 (4 H, m, 2 x CHj); &c (100 MHz; DMSO) 16 .0,
148.8, 1"‘ 4, 141.2, 137.3, 136.9, 125.8, 129.1, 1274, 121.2, 114.8 (2 x O, 114.4, 111.9 (as in the
literature, 39 only one hydroxycyciopentenone carbon is observed); m/z (EI) 310 (M+, 24%), 198 (32), 170

(100), 132 (94) (Found: M+, 310.1324. C13H1gN203 requires 310.1317).

2-Methoxy-4-(tributylstannyl)-phenol (25)
tert-Butyllithium (1.7 M in pentane, 4.34 ml, 7.4 mmol) was added to a solution of 4-bromo-2-
methoxyphenol (24) (500 mg, 2.46 mmol) in THF (12 ml) cooled to -78°C at such a rate that the internal

mperature e did not exceed -50°C (milky vellow solution). The mixture was stirred at -50°C for an
I

fluoride (7 ml), and the reaction allowed to warm to RT. The mixture was diluted with EtOAc (20 ml),
washed with brine (53 ml), dried over MgSQy, filtered and evaporated. Purification by column
chromatography (PE-Et;0, 9:1) gave stannane (25) (730 mg, 72%) as a colourless liquid, R¢ 0.50 (PE-
EtOAc, 95:5); Vmax. (NaCl))/cm-1 3421, 2956, 2926, 2872, 2952, 1579, 1500, 1464, 1257, 1222, 1126,
1072, 1036; &y (500 MHz, CDCl3) 7.00 ( 3 H, m, 3-H, 5-H, 6-H), 3.89 (3H, s, OMe), 1.70-1.50 (6 H, m, 3
x CH»), 1.50-1.30 (6 H, m, 3 x CH3), 1.15-1.00 (6 H, m, 3 x CH3), 0.89 (9 H, t,J = 7.5, 3 x CH3); &c (125
MHz, CDCly) 146.5, 145.7, 131.7, 129.7, 117.9, 114.5, 55.8, 29.1, 27.3, 13.6, 9.7 [Found (EI): 353.0866.

=207

C5H750,1168n (M* - Bu) requires 353.0872].
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A solution of Dibal-H (1.0

Lot TR

Min T’“"F 0015 ml 0.015 mmol) was added to

4VA ZAR ARAR y WeW e LAk VW AW LIRLIVE) VY GO GUUWVG

mg, 0.006 mmol) in tetrahydrofuran (0.2 ml) at RT under nitrogen. After stirring for 10 min, a solution of
stannane (25) (50.0 mg, 0.13 mmol) followed by a solution of bromodiene (12, n = 1) (20.0 mg, 0.081
mmol) respectively in dry and degassed DMF (0.4 ml) were added to the solution of the pre-reduced catalyst
at RT. The reaction was stirred for 16 h at 80°C, then the solvent was removed under high vacuum. The
crude product was purified by preparative t.l.c. (DCM-MeOH, 95:5) to give product (4) (15 mg, 64%) as a
yellow powder, m.p. 269-270°C (lit. 272°C,4 265-268°C3); R; 0.26 (DCM-MeOH, 95:5); Vmax. (CHCl3)/
cm’! 3234, 2958, 2924, 2852, 1691, 1620, 1605, 1514, 1396, 1273, 1159, 1126, 1032; 8y (500 MHz,
CDCl3) 13.50 (1 H, br s, enol OH), 7.66 (1 H,d, J 15.5,3-H), 7.48 (1 H, br s, NH), 7.11 (1 H, dd, J 2.0,
0,6-H), 7.04 (1 H,d, J2.0,2-H), 695(1 H,d,780, 5-H), 6.39 (

Xy X2y VAR y

(100) (F()und M+, 289.09566. C15H15NOs requires: 289.09502).

Limocrocin (10)
A solution of Dibal-H (1.0 M in THF; 0.14 ml, 0.14 mmol) was added to a solution of PdCl>(PPh3); (50 mg,
0.07 mmol) in THF (1 ml) at RT under nitrogen. After stirring at RT for 5 min, 0.1 ml of this solution was

removed and used immediately in the following coupling reaction.

nid eninragginn tn
u u

stirring at RT ovemxght, the precipitated product was extracted into saturated sodium hydrogencarbonate
solution (20 ml). This layer was then washed with EtOAc (3 x 50 ml) and then acidified to pH 6.0 with 1 M
hydrochloric acid. From this solution, the product precipitated overnight and was isolated by a centrifuge
separation. Final purification was achieved by washing the product with acetone (2 x 10 ml). This gave
limocrocin (10) (23 mg, 59%) as a red solid, m.p. 300°C (dec.) [lit.'® 316°C (dec.)]; Amax. [(0.4 M
NayCO3)/nm 420, 258 (lit.' 420, 260)]; 8y (400 MHz; D0, Na® salt) 7.22 (2 H, dd, J 15.0, 11.3, 3-H),
6.40-6.73 (10 H, m, 4-H, 5-H, 6-H, 7-H, 8-H), 6.15 (2 H, d, J 15.0, 2-H), 2.38 (8 H, 5, 4 x CHy); 8¢ (100
MHz; D,0, Na' salt) 203.7, 171.0, 144.4, 143.5, 139.9, 138.2, 136.8, 134.1, 125.6, 114.1, 33.3; m/z (EI) 462

INAE 21000 /1—,,,.._,1. N4+ ALD 10NN Ar I NN, vamizisac ALY 17Q10N
(VI 31%0) (FOUNd: V17, 404.10V4. 26“261‘2U() u:quuco 402.1/71).
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