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Abstract: The acyltetramic acid 6 previously proposed as a putative intermediate in tenellin biosynthesis in Beauveria
bassiana has been synthesised in two isotopically labelled forms. This compound was not incorporated into tenellin and
was not ideniifiable in exiracts of B. hassiana and is uniikely to be invoived in teneilin biosynthesis. On the other hand a
re-evaluation of the role of tyrasine reveals that it is a good precursor to tenellin and is probably generated ir vivo by the
action of a phenylalanine hydroxylase directly from L-phenylalanine. Thus the long held contention that acyltetramic
acid 6 undergoes oxidative ring expansion to a pyridone no longer appears a valid hypothesis for tenellin biosynthesis. © 1998
Elsevier Science Ltd. All rights reserved.

INTRODUCTION
Tenellin 1 is a secondary metabolite of Beauveria bassiana (Bals.) Vuilll and is one of a class of fungal
metabolites which posess a S-substituted 2-pyridone ring system with an acylated moiety at C-3. Other members

of the class are bassianin 2,2 ilicicolin-H 33 and funiculosin 4.4
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and an aromatic amino acid. In their early work on tenellin biosynthesis, Wright et al.6 reported an efficient
incorporation of L-[1-4C]-phenylalanine into the metabolite but a relatively poor incorporation of L-[U-14C]-
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introduced into B. bassiana and the isotopic labels became contiguous in the resultant tenellin 1, indicative of an
intramolecular carbon skeletal rearrangement.
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Hypothesis developed by Wright et al. 6 for the origin of tenellin 1 and ilicicolin H 3 involving the
oxidation of acyltetramic acids to quininoid intermediates and then ring expansion to the respective

nuridoneg
pynaoncs.

These authors proposed® the process shown in Scheme | where L-phenylalanine combines with a polyketide
ata almcs: o b bl itlianio ~Af manmer bmacem 1
moiety to generate the acyltetramlc acid intermediate 6 by analogy to the biosyninesis of many Known acyi

tetramic acids in fungi. Oxidation at the para position of the aryl ring, could generate a quinoid intermedia

to prime a ring expansion to the pyridone, and satisfy the labelling pattern which emerged from the DL~[1,3-
13C,]-phenylalanine experiment. This hypothesis links aryl oxidation with the ring expansion. A biosynthetic
study? on ilicicolin-H 3 has also demonstrated the incorporation (0.5%) of L-[U-14C]-phenylalanine and DL-
[15N]-phenylalanine into 3 and these authors interpreted the results by extending the hypothesis for teneilin 1
to ilicicolin H 3, as illustrated in Scheme 2.

In order to test this hypothesis, which has emerged as a consensus for the biosynthesis of these metabolites, a

synthesis f yltetramic acid 6 has been developed and the compound prepared, isotopically labelled in
ns, with 13C and 2H isotcpes The results of the subsequent feeding experiments with 6 do
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S AND DISCUSSION
The approach to the construction of the putative acyltetramic acid 6 was based on a biomimetic strategy
involving the condensation of an elaborated polyketide moiety 14 with an appropriately protected phenylalanine
15. The required acetonide 14 was prepared by a Wadsworth-Emmons olefination between E-2,4-dimethylhex-
2-enal 10 and phosphonate 13. Aldehyde 10 was prepared as a racemate as previously described!0 by lithiation
of imine 8 with BuLi and then reaction with 2-methylbutyraldehyde 9 as shown below in Scheme 3.
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Appropriate work up furnished 10, a compound which was unstable at room temperature but could be stored at

20°C. The phosphonate 13 was first prepared by Boeckman er al.l! for the synthesis of tetramic acids,

marmirting Wadcure +fa mrmane ~alafimarian nndar mild ~anditiance A mndifirarian nf thic cunthecic wag
pLliliitiiilg vy auswul L-LITNULHDS Vitiiiauivil dildel iy Culiuiauivilo. O HIvUnivativil Uil Uiy dyiiuivaio Vo

PR | R Ty Vatoemn addqe 11 S TIIT o TAOT §llairad lay
employed which involved lithiation of freshly distilled acetone diketene adduct 11 in THF at -70°C followead oy

quenching the resuitant yeliow precipitate with hexachioroethane. In order to maximise the yieid of this reaction
it proved necessary to transfer the precipitate via Teflon tubing and add it dropwise into the hexachloroethane in
THF at -50°C. The resultant chlorinated acetone diketene adduct 12 was treated with potassium
diethylphosphite in DMF to generate 13. Following methodology of Jones and Tankard!2, treatment of 13 with
lithium hexamethyldisilazide and then reaction with aldehyde 10 gave acetonide 14 which could be purified over
silica gel and stored at 0°C until required.
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The direct condensation of acetonide 14 and L-phenylalanine methyl ester 18 proved to be straightforward!2
generating the fB-ketoamide 19 in moderate yield. However this compound was resistant to Dieckmann
cyclisation for generation of 6 under mild conditions affording only the corresponding carboxylic acid as a result
of ester hydrolysis. More forcing conditions resulted only in decomposition. In the total synthesis of the
acyltetramic acids tirandamycin !3 and ikarugamycin, !4 N-protection was employed for successful cyclisation.
Schessinger first described !5 the use of the dimethoxybenzyl group in the preparation of tetramic acids and this
appeared an appropriate protecting group to use., Thus N-(2,4-dimethoxybenzyl)phenylalanine methyl ester 15
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was prepared by treatment of L- phenylalanme methyl ester with 2,4-di

g

ethoxybenzaldehyde, followed by in situ

ramidia ammAdifiane fn ganarata 1
UlUCl aviudlic CULIULILIVUILID W EC iiatc 1

and then Dieckmann cyclisation proceeded smoothly to give the protected acyltetramic acid 17. In the event,
deprotection of 17 was straightforward giving the desired compound 6, which was fully characterised. Both [H-
NMR and 13C-NMR revealed that this compound was a mixture of two tautomers (85:15) consistent with
previous NMR analysis of acyltetramic acids.!® The synthesis was repeated to deliver the two isotopically
labelled forms of the acyltetramic acid 6a and 6b. These compounds were prepared from DL-[1-13C]-
phenylalanine and L-[phenyl-2Hs]-phenylalanine respectively. As a consequence of the racemic labelled amino

acid and the epimeric C-12 stereogenic centre, compound 6a is a mixture of four stereoisomers whereas
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Biosynthesis studies

After supplementation of B. bassiana flasks with [4-13C]-6a at a final concentration of 2.0mM and in a
minimum volume of ethanol, tenellin production was similar to that in control flasks. There was no apparent
problem with secondary metabolite production associated with adding 6a to the fungal culture. Isolation and
HPLC purification of the resultant tenellin gave an analytically pure sample, however there was no evidence for

any isotope enrichment at C-4 after I3C-NMR analysis. In order to increase the sensitivity of the analysis. an

experiment was renpeated with {n onvl 2H 1. &h The natural ahundance of dentari 2\ 1¢ ciomificant]y
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above natural abundance after 2H-NMR of the isolated tenellin. In the event, the recovered tenellin gave a 2H-
NMR spectrum with no evidence of any isotope enrichment in the aryl hydrogens. Negative incorporations
always raise the possibility that the putative precursor could not penetrate the cells, and this cannot be
discounted. However in an effort to identify 6 in the fungal extract, HPLC analysis of the crude acetone extract
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mycelium extracts which co-eluted by HPLC with compound 6. A single minor metabolite was identifiable by
HPLC in this study and was analysed by LC-MS searching for candidate molecular ions by selective ion
monitoring. This compound had an ion of 354 (M+1) and a base peak of 230 and corresponded to tenellin minus
an oxygen atom. It was clear from the !H-NMR of a small HPLC purified sample (~4.5mg) of the metabolite
that it contained a para-substituted aromatic moiety and it is tentatively assigned structure 20. Compound 20 is
either the penultimate precursor to tenellin prior to N-oxidation to a hydroxamic acid, or it is a reduced product

generated by metabolism of tenellin 1.
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the end of this study we are forced to conclude that 6 is not a bone fide intermediate in tenellin biosynthesis.

This is reinforced by the studies described below.

Tyrosine revisited

The above outcome led us to reconsider a role for L-tyrosine in tenellin biosynthesis, particularly as the early
experiments® had been carried out only with radiolabelled L-[U-14C]-tyrosine, and it seemed appropriate to
repeat this experiment with a [13C]-labelled amino acid. Accordingly the B. bassiana medium was
supplemented with DL-[3-13C]-tyrosine to a final concentration of 3.5 mM. The resultant tenellin, which was

ienlatad after tha aymariment wac mrifiad hy HDI O Analvese hy 130N revealed a carbon-13 enrichment
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incorporated into tenellin in a regiospecific manner.
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Scheme S Tyrosine and phenylalanine are both efficiently incorporated into tenellin 1 in B. bassiana.

An experiment was then conducted, repeating the incorporation of DL-[1- 13C]-phenylalanine at 3.5mM. This led
to an enrichment (7.4%) in the resultant 13C-NMR spectrum of the signal (8 = 173.1 ppm) corresponding to C-4

of tenellin 1. Tyrosine is incorporated approximately 20% less efficiently than phenylalanine (5.1% versus



9200 M. C. Moore et al, / Tetrahedron 54 (1998) 9195-9206

7_4%‘ nd this observation hag heen confirmed in three additional comnarative feadine eynerimente 17 Thic

s3 SRR RALS0 LUSLOVELILEL LGS UTTA LRARLLILCA L WAL alliubiadr VWalpdiau Ve abblUlg CApLiiiaiiie A KEikJ
mav dne ta differential trancrnet Af tuengine and nhanvlalanine asrnce mamhranas and lacationn at tha cita ~F
Ay Wb WU LU UIRRVIVIINGL GAISPRJIL UL LYTUDLHIIC allu priCily1didillie ablivudsy Livitiviallts alil 10€aliull at Uil Sitc Ut

biosynthesis in the fungal cells or perhaps there are other less easily defined factors influencing this bias. None-
the-less, both tyrosine and phenylalanine are efficiently incorporated into tenellin. It is unlikely that tyrosine is
converted to phenylalanine and more reasonable that there is a phenylalanine hydroxylase (PAH) activity
operating in B. bassiana which converts phenylalanine to tyrosine as illustrated in Scheme 5. The observation is
clearly consistent with the inability of 6 to become incorporated into tenellin 1, as the phenolic hydroxyl is
introduced from tyrosine and not as a later stage modification of the aryl ring.

These results open up new possibilities for tenellin 1 biosynthesis. For example a para-hydroxylated
acyltetramic acid, and not 6, may now emerge as a late intermediate on the biosynthetic pathway. Alternatively

oenerate an isomerised intermediate with the
generale an 1isomensed intermediate witn tne
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IR Spectra were recorded on a Perkin-Elmer 257 Spectrometer and mass spectra were recorded on a VG-7070E
instrument. NMR spectra were obtained on Varian VXR-400(S), Bruker AC-250, Varian XL200 instruments in
CDCl3 unless otherwise stated. Chemical shifts are quoted relative to TMS for !H- and 13C-NMR spectra. All
solvents were dried and distilled prior to use, reactions requiring anhydrous conditions were carried out under
nitrogen and column chromatography was carried out over silica gel (Merck, Kieselgel 60, 230-400 mesh). A

tenellin producing culture of Beauveria bassiana (Bals.) Vuill. (No 110. 25), was obtained from the CBS culture
collection, Oosterstraat, Delft, Netherlands and tenellin was cultured and isolated as previously described.69

HPLC was carried out on a Varian 9012 pump with UV detector and a Hypersil 5 C18 (250 x 5mm, 5pLcron)
column. A Finnigan Matt MS TSQ700 triple stage spectrometer was used for LCMS analysis.

(1,1-Dimethyl-N-propylidene) ethylamine (8)

Propionaldehyde (29g, 0.5mol) was added dropwise over the course of two hours to rert-butylamine (36.5g,

0.5mol), stirred at 0°C When addition was complete surrmg was stopped and KOH pellets (20g) were added.

TL e solution was left to separate at 0°C ov f’:"ﬁ'gh efore the yellow upper layer was carefully decanted. This
s distilled three n es over KOH at atmospheric _rgsqu and the title compound collected under dry N, as a

clear colourless oil (25 4g, 224mmol, 44.9%, b.p. 103-105°C, 1 atm), which was stored over molecular sieves, at

0°C. &y, 0.96 (3H,t,1 7.6, CHj3), 1.10 (9H, s, 3x CHj), 2.17 (2H, qd, J 7.6 & 4.9, CH;), 7.52 (1H, t. J 4.9. CH):

8., 11.18 (CH3), 30.16 (3x CH3), 55.90 (CH,), 102.11 (C), 160.62 (CH); v (neat)em™ 2964, 2933, 2872,
1671, 1461, 1361, 1227, 1215; m/z (EI) 114 (M+1, 18.82%), 113 (M+, 30.20%), 98 (100%).

T2 A Nimathel ) havanal (10)
L=y =L/ UIIC UL Y i" &~ 1ICATIIAL {1V)

Butyllithium (1.6M in hexanes, 34.5ml, 55mmol) was added dropwise over 10 minutes to a solution of freshly
distilled 8 (5.65g, 50 mmol) in tetrahydrofuran (30ml) at -78°C via dry N, flushed syringe. The solution was
warmed to 0°C, stirred for 20 min and then cooled to 78°C. 2-Methylbutyraldehyde (3.88g, 45Smmol, distilled

b.p.92°C, latm) was added dropwxse via a dry N, flushed syringe and the solution allowed to warm to 0°C and

ivrad Fae Al ot thic tarmmacntiiea amianiie eliirry AF Aavalio acid (2No in 110m! .M wace addad and the
stirred 101 4n at llllb u:lupctau,uc nu aqucuua blull_)‘ O1 &Xaii acia \/VE it 1V L1V ) wad aululu ainiud v
biphasic mixture was vigorously stirred for 72h at room temperature. The mixture was filtered and the filtrate
extracted into dichloromethane (3x75ml). The combined organic layers were dried (MgSO,) and evapomred in

vacuo to yield the crude aldehyde as a pale yellow aromatic oil (5.42g, 42.9mmol, 95.4%) and the proauct was

PRI R g LR R T TN NP o & P} BN "m_- snlela Fam n Farz:r Anvo at N0 i dar \T hat
puritiea immediai (y Dy cnromatograpny (Lriaslz). 1ie oil was stabie for a few Qays at cu~e under ul_y N2, uul
mmndard to ban camsi I FI T e o R NQOA /2L « T772 OCLI N 1M MIT A TAA (LT Y 1 AN MU m (CH.Y
necacdu 1o oo repuriricd [)rl( [ 1O USE€. Oy, V.04 (211, L, J /.0, LIl13), 1.UL (o6, U, J V.U, WI13), 1.7V (411, i, 2273/
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13.0{i13), «1.4(Lig), 21.4(Cng), 57.1 (L), 14U.1 (0, 162.2 (L), 1577.4 (LU, vpay (NEat)/cm 2962, 2525,
2874, 2817, 2707, 1689, 1640, 1458, 734.35; mvz (EI) 126 (M+, 10.88%), 41 (100%); Found 126.1040, CzH 1,0
(M+) requires 126.1045

7 2. Dimat Ioramathel 1 1 dfaein A awa (19)

gy “ASRAEIT LI Y ITUSUIKIVE UIEICUIL Y 1 1 5 UIU AR ~4=UNIT (1 4)

Freshly distilled 11 (7.1g, 50 mmol, b.n. 36°C, 0.03 mbar) was added drnn wise to a solution of LDA (50mmol)

2ahealll) RRoRiANL 22 U4 A5, SV AR, VP U, VLUD ARD Was Qe solution P LB A2 2 R LY
stirred at -78°C. A bright yellow suspension formed which was stirred for 15 minutes. It was then carefully
transferred dropwise, over a pcnod of 30 minutes, via dry Teflon tubing to a stirred solution of hexachloroethane
(17.7g, 75 mmol), in tetrahydrofuran (30 ml), which was cooled to -50°C under dry N;. The red solution thus

formed was aliowed to warm slowiy to -20°C over [ hour, after which the reaction mixture was quenched by
addition of ice cold dilute agueous HC1 (150 mD. The acidic solution was shaken to disnel colour and extracted
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into diethyl ether (3x 100ml). The combined ether layers were washed with a saturated aqueous solution of
NaHCO; (2x 50ml), dried (MgS0,), and reduced irn vacuo to afford a yellow oil containing crystalline
hexachloroethane. This was removed by trituration with hexane (2x 50 ml). The product could be purified by

/ 1) (4.9g, 27.7mmol, 55.5%), bu 1

'

ut was routinely used without further purification. &y,
9
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Dlethylphosphlte (20.7g, 150 mmol dxstxlled b p- 27°C O OOlmbar) was added dropwise to a solution of

potassium tert-butoxide (16.8g, 150 mmol) in DMF (100 ml), cooled to 0°C. After 30 minutes, 2,2-dimethyl-6-
chioromethyl-1,3-dioxin-4-one 12 (5.50g, 31.14mmol) in DMF (25ml) was added dropwise over 20 minutes,

and the deep purple solution generated was stirred at 0°C for a further 30 minutes. Dropwise addition of
concentrated aqueous HCI (6ml) dtcphargprl the colour, and the pale brown mixture was filtered I‘hrnncrh celite,
and the celite pad washed with diethyl ether (100ml). The combined organic washings were evaporated in vacuo
keeping the bath temperature below 40°C. Excess dimethylformamide and diethyl phosphite were removed by
vacuum distillation (0.01 mbar, < 45°C) affording the crude product as a thick brown oil, which was diluted with

ethyl acetate and left at 0°C for 12h. The solution was decanted from the crystals thus formed, and reduced in

]
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varun Purificatian hy chramataoranhy (athyl acatate 0N 10\ \nnlr‘nr] hflp comnound as a nale vellow o1l
vy 1 urliivacviuvii U] blllulllalublﬂylly \\dllljl awvwidiv, \ Vers) lelu\.« Liiv \-ullAyvuuu ad tl S A2 A L
(7 7270 74 13mmnl R2 QG whirh wac ctarad nndar N at NOC A.. 1 2R (A t 170 7y CH.Y 1 AS(AH ¢ 2%
\7&ig, £0.1 2010001, 62.770) WG Was 5it0IC0 UNGCT vy at VP, Uy, 1.40 (U0, 4, 0 7.0y, ZA 113/, 1,00 (VIL, 5, &4
CHN)27502H. 4. 1225 CH)Y 407 (AH m. 2x CH,Y533 (1 d 13 CHY- 8 162(d T, 657 2v C )
Noi13 ), Lo 10401, O, J L4.J, i), U7 \Brn, T, 2X gy 2,00 (s, G, 0 507, wrky, U, 102 (U, v 3Cp V.27, <A 113,
24.5 (2x CH3), 31.0 (d, J;3cp 132.00, CHZ), 61.90 (d, J13cp 6.58, 2x CHy), 95.5 (d, J5cp 8.81, CH) 106.6 (C),

159.9 (C), 164.25 (CO); Vg (neat)em™ 3400 (br), 2084, 2933, 2910, 1729, 1633, 1443, 1375, 1258, 1024.

2,2-Dimethyl-6-(E, E-3,5-dimethylhepta-1,3-dienyl)-1,3-dioxin-4-one (14)

To a solution of LHMDS (15 mmol) in tetrahydrofuran (100ml), cooled to 0°C, and stirred under dry N, was
added a solution of 2,2-dimethyl-6-(diethylphosphonomethyl)-1,3-dioxin-4-one (4.17g, 15mmol), in THF (30ml)
via a dry N, flushed syringe. The red solution was stirred for 20 minutes before cooling to -78°C. Freshly
purified 10 (1.89g, 15mmol) was added and the solution allowed to warm to room temperature over a period of 4

hours, followed by stlrrmg for a further 8 hours at this temperature Solvent was removed by evaporauon in

inele bocan e o ina ro ico~leia 1 mammomn m b oon o

Vaciuo \Ddl[l lC[llpCl’dlUl"C DCIOW "-I'U"L,) dllU LllC lcbuumg [CU bUllU UlbbUlVUU Hl U]L.IllUlUlHCLlldllC \JUuu}.
Colloidal inorganics were removed by vacuum filtration through glass wool, and the filtrate reduced in vacuo.
The title compound was purified by chromatography (dichloromethane, R¢0.21) to give a pale yellow oil (1.59g,
6.37mmol, 42.5%). &y, 0.80 (3H, t, J 7.0, CH3), 0.94 (3H, d, J6.25, CH;), 1.32 (2H, m, CH,) 1.66 (6H, s;'?:§
CH»), 1.75 (3H, s, CH3), 2.41 (1H, m, CH), 5.25 (1H, s, CH), 5.60 (1H, d, J 9.0, CH). 5.84 (1H, d, J 14.5, CH).

6.92 (1H, d, J 14.5, CH); &, 11.9 (CH3), 12.3 (CH;), 20.2 (CH;), 25.0 (CH;). 25.0 (CH»), 30.0 (CH.). 34.9
(CH), 93.5 (CH), 106.1 (C), 117.0 (CH), 131.7 (C), 143.3 (CH), 148.0 (CH), 162.1 (C), 164.1 (CO); Vi

(neat)/(,m 2960, 2926, 2871, 1720, 1623, 1387, 1374, 1271, 1203, 1017; m/z (CI) 251 (44.2%), 167 (100%):
FAannd 281 {£A7 ¢ T N IT\JU LY ramivirag IS 1AA7
LVUIIM LU 1. 0UT 7, b])ll’_)_}k}} \LVIJI.T) lCLiullbD PVl N A .

L-N-(2,4-Dimethoxybenzyl) phenylalanine methyl ester (15)

Methanolic HCI was added to a stirred solution of L-phenylalanine methyl ester (4.33g, 24.16mmol) in methanol
(100mh to A!"lll\f to nH 6.2 A- Dimethoxvbenzaldehvde (4. R')a 29 nnmmnl\ was I’th ’N“de the solution stirred

(R AVAVISS Y IRV anCuiUAy Laaati yeo

at 20°C for 30 min and then NaBH;CN (2.20g, 35.0lmmol) was added and the reaction stirred for a further 16h.
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o I( P B A Nrara I P T =
1 UC bUlVCllt was I.CHIUVCU ln Vaciio, waier [ l) d.uUCU anda tne soiu t ion extrac tC

i[O QI€ulyi1 cu (oX 1)
The organic extracts were combined, washcd with an aqueous solution of FeSOy, dried MgSOA) ﬁltered and

reduced in vacuo, to afford a crude product as a pale ycllow oil. Impurities of 2,4- dimethoxybenzylalcohol were
removed by distillation under reduced presure (furmnace temparature 110°C, 0.1mmHg). The product could be
further purified by chromatography (hexane: ethylacetate, 50 : 50). (3.71g, 11.26mmol, 46.6%) [a]% = -65.22
(c = 0.01, EtOH). BH(CDC13)2 14 (1H, bs, NH) 2. 89(1H dd, Jgem 13.8, I 7.8, CH,), 2.97 (lH dd, Jgem 13.8,

~ AN A TYY /LT N

Ju 6.5, CHy), 3.49 (1 h dd, J,.c 7.8, Jyic 6.5, CH), 3.59 (3H, s, COOCH,), 3.61 (3H, s, OCH,), 3.76 (3H,

OCHj;), 3.79 (2H, d, J 8.1, CH,), 6.39 (2H, m, Ph), 7.16 (6H, m, Ph); 6.(CDCl5) 39.5, (CH,), 47.1 (NCHy), 51. 5
(COOCH,), 55.0 mr*n-\ 55.2 (OCH,), 61.8 (CH), 98.2 (Ph CH), 103.4 (Ph CH), 119.8 (Ph CH), 126.5 (Ph

(RS A S 1 C TV AN AR Jy Wk \NWINeART ), RO \rig, O LY § 11 2.0 waly, sl

CH) 128. 3 (Ph CH), 129.0 (Ph CH), 130.3 (Ph C), 137.3 (Ph C), 1585 (Ph CO), 160.1 (Ph CO), 174.7 (CO)
Found 329.1627, C19H23NO4 (M ™) requires 329.1627.

pL-(1-*C]-N -(2,4-Dimethoxybenzyl) phenylalanine methyl ester (15a); was prepared as 15 from DL-[1- BCl-
phenylalanine methyl ester (0.598g, 3.32mmol) to give 15a (0.877g, 2,65mmol, 80.4%). 6y4(CDCl3) 2.20 (1H,
bs, NH), 2.95 (2H, m, CH»), 3.50 (1H, m, CH), 3.59 (3H, d, Jy;5¢ 3.7, COOCH,;), 3.61 (3H, s, OCH3), 3.74 (3H,

s, OCH3), 3.70 (2H, d, J 9.0, CH,), 6.35 (2H, m, Ph), 7.17 (6H, m, Ph); 8.(CDCl3) 41.61, (CH,), 49.26 (NCH,),
53.58 (d, J 2.87, COOCHjy), 57 06 (OCH,), 57.28 (OCH;), 63.81 (d, J 59.2, CH), 100.34 (Ph CH), 105.56 (Ph
CH), 121.99 (Ph CH), 128.59 (Ph CH), 130.37 (Ph CH), 131.16 (Ph CH), 132.38 (Ph C), 139.46 (Ph C), 160.59

MY 2026 3000 2948 ’)Q’l‘; 2250 (\xl\
s AV =4,

( Js [ERSAYAVAV ] T TeAV IR N4

2064 (w), 1693, 3, 700; m/z (ED)
wa

J,‘.al-.‘l,\.L. e 29 nnl\

D
r

s

(OO anrie had): U (maatVem | 2224 ¢
(LU, enf wucu;, 5

176.85 V o
, 1588, 1506, 1463, 1289, 1261, 1208, 1156, 1036, 7

—

henylalanine methyl ester (15b); v L-[CsDs
69.2

.99mmol) to give 15b (1.459g, 4.36mmol, 87.5%) [)2! 23 (c
0.01, EtOH) SH(CDCh) 2 12 (lH s, NH), 2.89 (1H, dd, Jgem 13.5, Jyic 7.6, CH,), 2.97 (1H, dd, Jgem 13.5, Juic
6.2, CHy), 3.49 (1H, dd, T 7.6, J i 6.26, CH), 3.59 (3H, s, COOCH3), 3.61 (3H, s, OCH3), 3.74 (3H, s, OCH3),
3.80 (2H, d, J 8.1 CH,), 6.37 (2H, m, Ph), 7.00 (1H, d, J 8.1, Ph); 8.(CDCl;) 39.4, (CH,), 47.2 (NCH»), 51.5

(COOCH,), 55.0 (OCH,), 55.24 (OCH,), 61.9 (CH), 98.3 (Ph CH), 103.4 (Ph CH), 119.8 (Ph CH), u/ 4-129.0
(m, Ph CD), 130.3 (Ph C), 137.1 (Ph C), 158.5 (Ph CO), 160.1 (Ph CO), 174.7 (CO); Vimax (neat)/em™ 3335 (br),

as nrenared as 15 from
prepaivt

[

O-(IQ

ANAQQ NQAQ NQIAL ML [ \ bl W 1419 1800 18NK 144N 19NA 1188 1N2I5. m/ir II:II\ 222 (NI
L7370, L7¥7, L0D0, £LI0L \W y Lkl D \W) 1 l.).), 1014, 1J00, 1JVJ, 140UV, 14UV, 11JJ, 1VJJ, UVL \Ld) JJJ (UviTi,
1 98%\

-N-(2.4-dimethox vhan*tv“

\ iy T iananat AJ ASRRL Y Ay

N_{F E.3.gx0-6 8-dimethyvldeca-4, 6-dienovl) phe

[CATE MRt e e < LRI 1envl

I n
To a solution of 14 (0.261g, 1.04mmol) and L-N-(2,4-di methoxybenz )-ph y h ] ester (() 412«y
1. 51 mol) in toluene (6ml) was added pyrxdlmum para-toluene sulfonate (0.261g, l 0 mol) dnd the mixture
heated to reflux temperature for 3 hours with stirring. After cooling the solvent was removed in vacuo and the
resultant red oil purified by silica S’f‘l flash (_hromatOOrath (petroleum ether : ethy! acetate, 6 : 4, R¢ 0.51)

yielding the title compound as a yellow oil (0.339¢g, 0. 650mmol, 62.5%). NMR %pectra were complxcated by the
presence of both the enol and keto forms. &y, 0.83 (3H, 2x t, J 7.4, CH;), 0.96 (3H, 2x d. J 6.4, CHj;). 1.30 ( °H

m, CH,), 1.72, 1.79 (3H, 2x s, CH;), 2.42 (1H, m, CH), 3.11, 3.37 (2H, m, CH,), 356 339 (3H, 2x

COOCH»), 3.72, 3.73 (3H, s, OCH3y), 3.76, 3.77 (3H, s, OCH3), 3. 94, 4.34 (2H, m. CH,), 4.09, 4.50 (1H, m.
CH), 5.15 (1H, s, COCH,CO), 5.54, 5.77 (1H, 2x d, J 9.6, CH), 5.72, 6.21 (1H, 2x d J 15.6, CH) 6.35 (2H. m.
Ph), 7.16 (TH, m, Ph & CH), 14.2 (0.5H, bs, OH : 8., 11.9, 12.4 (CH;), 20.1, 20.3 (CH3). 30.0. 30.12 (CH2)
34.8, 35.1 (CH), 352, 35.5 (CH;), 46.5, 47.8, 43.7 (CHv) 52.0, 52.1 (COOCH;) 55.1 (OCH ), 55.3 (OCH3>)
60.2, 60.5 (CH), 89.4 (COCH,CO0). 98.2, 98.5 ( Ph CH), 103.7 (Ph CH), 116.0, 116.6 (Ph C), 120.4, 123.6 (CH).
126.4 (Ph CH), 128.3, 128.5 (Ph CH), 129.3, 129.4 (Ph CH), 130.5, 129.1 (Ph CH), (Ph CH), 131.8, 132.0 (Ph
C), 138.0, 138.3 (C), 141.2, 150.0 (CH), 145.6, 150.6 (CH), 157.8 (Ph COCHjy), 5 .7 (Ph COCHjy). 160.3.

1697, 679 1579, 1465, 1456, 1208, 529; m/z (CI) 522 (M+1, 3.51%), 330 (100%): Found 522.285
C3 HyoNOg (MH+) requires 522.2856.

5 1 5 B 3
160.9 (CON), 170.2, 171.3 (COOCH,), 172.9 (C=COH), 193.8 (CO). Vpy,, (neat)/em™ 2957, 2927, 2871, 23 Q
3.

pL-{1-C1-N-(2.4-dim " K x0-6.8-dimeth 1 novl) nhenvlalanin
pL-[1- "C]-N-(2,4-dimeth n N-(E,E ;
ester (16a)

To a solution of 14 (O 409¢, 1.63mmol) and DL- [1 ] -N-(2,4-dimethoxybenzyl)-phenylalanine methyl ester
(0.628g, 1.90mmol) in toluene (15ml) was added pymdmmm para-toluene sulfonate (0.415g, 1.65mmol). and the

mivture heated to refluy temmnerature for 3 hourg ul!l‘h cfn‘ﬂno’ After (‘nnhncr fhP \nlvpnr was ernVPd ”'l. vacio
MiXuure neatead o reriux WIMPEratlic 101 2 AUULs Wil suil ALCT COOLL e SOV v

and the resultant red oil purified by silica gel flash chromatography (petroleum ether : ethyl acetate, 6 : 4, Ry
0.51) yielding the title compound as a yellow oil (0.323g, 0.618mmol, 37.9%). The NMR spectra were
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complicated by the presence of both the the enol and keto forms. 8y, 0.85 (3H, 2x t, ] 7.4, CH,), 0.98 (3H, 2x d,
J 6.7, CH;), 1.30 (2H, m, CH,), 1.74 1.82 (3H, 2x s, CH3), 2.45 (1H, m, CH), 3.14, 3.39 (2H, m, CH,), 3.56, 3.59
(BH, 2x d, Jui3c 3.9, COOCH), 3.74, 3.75 (3H, 2x s, OCH}) 3.78, 3.79 (3H, 2x s, OCH3), 4.09, 440 (1H, m,
CH), 5.14 (IH, s, COCH,CO), 5.56, 5.79 (1H, 2x d, ] 9.6, CH), 5.74, 6.24 (1H, 2x d J 15.6, CH), 6.3% (2H, m,
Ph), 7.20 (7TH, m, Ph & CH), 14.0 (0.5H, bs, OH); &, 11.8 12.19 (CH3), 20.0, 20.2 (CH3), 29.8, 30.0 (CH,), 34.6,
35.0 (CH), 35.0, 35.4 (CH,), 46.5, 47.6, 48.7 (CH;), 51.8, 52.0 (COOCH,), 54.9, 55.0 (OCHgl 55. 2; 55.2
(OCHs3), 60.2, 61.4 (2x d, ] 67.0, CH) 89.4 (COCH,CO), 98.04, 98.4 (Ph CH), 103.5, 103.6 (Ph CH), 115.8,
116.4 (Ph C), 120.3, 123.5 (CH), 126.3, 126.2 (Ph CH), 128.2, 128.4 (Ph CH), 129.1, 129.3 (Ph CH), 1304,
129.1 (Ph CH), 131.7, 131.9 (Ph C), 137. “, 138.2(C), 141.1, 1498 (CH), 1454, 1505 (CH), 157.7 {Ph COCH,).
158.6 (Ph COCH;), 160.2, 160.8 (CON), 170.1, 170.6 (COOCH, enriched), 176.6 (C=COH), 193.7 (CO); Vi
fne:'.t\/cm' 2957, 2927, 2871, 2360, 1697, 1629, 1579, 1465, 1456, 1208, 529; m/z (CI) 523 (M+!1, 17.34%),

L-{CsD5]-N-(2,4-dimethoxybenzyi)-N-( E,E-3-0x0-6,8-dimethyideca-4,6-dienoyi) phenylalanine methyi ester
(16b)

To a solution of 14 (0.851g, 3.40mmol) and L-[Ce¢Ds]-N-(2,4-dimethoxybenzyl)-phenylalanine methyl ester
(1.34g, 4.00mmol) i in toluene (15ml) was added pyndxmum para—toluene sulfonate (O 851g, 3.40mmol), and the
mixture heated to reflux temperature for 3 LOurb with stirring. After cooling the solvent w'aS removed in vacuo
and the resultant red oil purified by silica gel flash chromatography (petroleum ether : ethyl acetate, 6 : 4 Ry

0.51) yielding the title compound as a yDllow oil (0.947g, 1. 80mmol 52.9%). The NMR spectra were

complicated by the presence of both the enol and keto forms. 8y 0.83 (3H, 2x t,J 7.4, CH3), 0.96 (3H, 2x d,J
64 CH;) 131 (2H m, CH,), 1.72 1.80 (3H, 2xs CH 3), 2.42 (1H, m, CH) 3 11 337 (°H m, CH7) 3.36, 3.59

21T Ay ’)’1"1 ’7']’) ( TY . MY Y ’)‘7"7 /ALY o Ids ] 4 1N A K1
Jn,_)\a LUU\.,n iz, 2.1515m, §, Utlrls , 3. (U, /7o, S, U\dn* ,J;u 4.32 (2H, m,L,nq 4.1V, 4.01
3 b :]

el

(1H, m, CH), 514(1H s, COCH,CO), 5.54, 577(1H 2x d, 1 9.6, CH), 5.73, 6.21 (1H, 2de156 CH), 6.35

8 , Ph), 7.06, 7.29 (1H, 2x d, J 15.6, CH), 14.0 (0.5H, bs, OH); SC,119
30.1 (CH,), 34.7, 35.1 (CH), 35.1, 35.4 (CHa), 46.5, 47.7,48.7 (CH,), 52.0
5 55.3 (OCH,), 60.2, 60.5 (CH) 89.4 (COCH,CO), 98.2 (Ph CH), 98. 5

2, 55.
sy
?hC 1M A 172 & (CIY 17900 120 A4 (DL LTV 121 Q 127 N /Dl ™Y

(2H, m, Ph), 6.91, 6.97 (1H, 2x d, J
12.4 (CHj), 20.0, 20.3 (CHjy), 29.9,
52.1 (COO_(;H;), 55.1, 55.

)y 120.5, 1250 (L), 14¥Y.2, 15U4 (rnLrl), 151.0, 134U (rQ1 O,

50.6 (CH), 157.8 (Ph COCH,;), 1387(Ph COCH:) 160.3, 160.9

5 =~ ~ 1 —

729(C—QOH) 193.8 (CO); Vmax (neat)em’™ 2961, 2933, 2871, 2362, 1738,
1613, 1383 1506 1454 496 206 1156, 1118, 1031; m/z (CI) 527 (M+1, 6.85%), 335(100%)

Lo B B o Timpry SR g -.l n 2 /I Ao e ) haoameol P A dinvoarsreeen BoAienn /1N
=IN= Lyt uuur,uluxy UCIIL’I}"J"\E, ".,U‘ullllcl 1Y1U Ayt UICIIU Y 1 =0~ UCTIL Y 17 &y =UIUAUP YL T ULIUIRT (1 /)

a stirred solution of freshly sublimed potassium tert butoxxde (0.165ml of 1M solution in terr-butanol,
.615mmol) in tert-butanol (7mJ) under mtrogen was added a solution of 16 (0.161g, 0.31mmol) in tert- butanol
). After |5 mins btirring the red solution was quenched with dilute aqueous hydrochlorlc acid (5ml). The

10¢Q were ex ad A tha 2N wachad nfh watar [Ty Sml) r{r-nr{ I!\/[an\ \ lnﬂ
1wy vwiolo \—/\LlabL\.;u ll‘LU Ulk—tll_yl Lulbl \l/\ JUllll/, W“Dll\'u VV ywalvi 1A Jlly, Avlb “ai

evaporated in vacuo to give afford the title compound as a yellow oil (0.152g, 0.31mmol, 100%). Two

tautomers in the ratio 84 : 16 were observed in the NMR spectra. &y, 0.82, 0.83 (3H, 2x t,J 7.5, CHay), 0.97 (3H,
d,J 6.5, CH;), 1.31 ('2H m, CH,), 1.84 (16%), 1.88 (84%) (3H, d, J 1.01, CHa,), 2.30 (16%), 2.50 (84%) (1H, m,

] Un
O\OE-

G2
Q

& E

:3 ~—

CH), 3.14 (2H, d, ] 4.6, CH?), 3.72 (3H, s, OCH,), 3.76 (3H s, OCHj3), 3.85 (84%) 399 (16%), (1H, t, J 4.3,
CH), 4.14 (84%), 4. 21(16%) (1H, d, Jpem 14.6, CHa), 4.97 (84%), 4.98 (16%) (1H. d, Joern 14.8, CH3). 5.78( 1H,
d,J10.0,CH), 641 2H, m, Ph), 7.13 (7H, m, Ph & CH), 742 (1H, d, ] 159, CH); 5:, 11.9 (CHy), 12.4 (CH3),
20.0 (CH3), 29.9 (CH,»), 35.2 (CH), 35.2 (CH,), 38.4 (CH,), 55.3 (OCH;), 55.4 (OCH), 62.6 (16%}), 64.9 (84%2‘
(CH), 98.4 (Ph CH), 100.3 (C), 104.3 (Ph CH), 116.0 (CH), 116.1 (Ph C), 126.8 (Ph CH), 128.3 (Ph CH), 129.5
(Ph CH), 131.3 (Ph CH), 133.0 (Ph C), 135.7 (), 149.5 (CH), 151 (CH), 158.5 (Ph C), 160.8 (Ph C), 173.8
(CON & COH), 194.4 (84%), 204.6 (16%) (CO). Vqu (neat)/cm™ 3028, 20960, 2926, 2871, 2836, 2360 (w), 2341
(w), 1694, 1614, 1570, 1507, 1454, 1293, 1261, 1208, 1036, 613; m/z (CI) 490 (M+1. 9.14%), 131 (100%).
Found 490.2593, C33,HxNOs (MH?*) requires 490.2593

5-pL-[4- 1B'C]-N-(2,4-Dimethoxybenzyl)—3-(E,E-4,6-dimethylocta—2,4-dienoyl)-5 -benzyl-2,4-dioxopyrrolidine

To a stirred solution of freshly sublimed potassium rerz-butoxide (0.139g, 1.24mmol) in ferf-butanol (20ml)

LERR AN} soiufion or Iresnt SuUiliniivu pULASSIiuiLL UiV AL uiall L=l

under nitrogen, was added a solu[ion of 16a (0.323g, 0.618mmol) in fert- butano] (10ml). After 30 mins stirring
the red solution was quenched with dilute aqueous hydrochloric acid (5ml). The organics were extracted into
diethyl ether (1x 50ml), washed with water (1x 10ml), dried (MgSO,) and evaporated in vacuo to give atford the
title compound as a yellow oil (0.298¢g, 0.6 lmmol, 98.7%). Two tautomers in the ratio 84 : 16 were observed in
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the NMR spectra. 8y, 0.75 (3H, 2x t, J 7.3, C__, 0.90 (3H, d, J 6.6, CHy), 1.30 (2H, m, CH,), 1.76 (16%), 1.79
(84%) (3H, s, CH3), 2.40 (1H, m, CH), 3.08 (2H d,J47 Tuusc 4.7, CHy), 3.68 (3H, s, OCH3), 3.69 (3H, s,
OCH,), 3.78 (84%), 3.94 (16%) (1H, m, CH), 4.08 (84%) 4.16 (16%) (1H, d, J,em 14.7, CHa), 4.90 (84%), 4.96
(16%) (1H, d, Jgerm 14.9, CH,), 5.70 (1H, d, J 9.9, CH), 6.3 (2H, m, Ph), 7.12 (7H, m, Ph & CH), 7.36 (1H, d, J
15.6, CH); 8., 14.0 (CH,), 14.5 (CH;), 22.1 (CH,), 32.0 (CH,), 37.1 (CH), 37.3 (CH,), 40.5 (CH,), 57.4 (2x
OCH;), 64.6 (16%), 66.4 (84%) (d, J 40.5, CH), 100.4 (Ph CH), 102.4 (d, . 63 4,C) 1054( h CH), 118.0 (CH

)
118.2 (Ph C), 128.8 (Ph CH), 130.4 (Ph CH), 131.6 (Ph CH), 133.3 (Ph CH), 135.0 (Ph C), 137.7 (C). 151.6
(CH), 153.5 (CH), 160.6 (Ph C), 162.8 (Ph C), 174.4 (dd, CON) 175.9 (d, COH), 196.1 (84%) 204.3, (16%
(CO, enriched), 209.2 (84%), 211.4 (16%) (CO); Vi (neatlem™' 2958, 2924, 2871, 1664, 1607, 1560, 1507,

1AM 17QN 1917 11&77 1N2E £17 AQN
(FIU, LaTJV, 14U/, 11D/, LUJJ Ul&L, 47U,

~—

L-5-[C¢Ds]-N-(2,4-Dimethoxybenzyl)-3-(E,E-4,6-dimethylocta-2,4-dienoyl)-5-benzyl-2,4-dioxopyrrolidine
(17b)

To a stirred solution of freshly sublimed potassium tert-butoxide (2.91ml of M solution in rert-butanol,
2.92mmol) in tert-butanol (30ml) under nitrogen, was added a solution of 16b (0.792g, 1.46mmol) in rer:-
butanol (20ml). After 15 min stirring the red solution was quenched with dilute aqueous hydrochloric acid
(10ml). The organics were extracted into diethyl ether (1x 60ml), washed with water (1x 15ml), dried (MOSO4)
and evaporated in vacuo to give afford the title compound as a yellow oil (0.722g, 1 46mmol, 99.7%). Two

tautomers in the ratio 84 : 16 were observed in the NMR. 8y, 0.82, 0.83 (3H, 2xt,J 7.3, CHj3), 0.97 (3H. d. J6.7,
CH,), 1.30 (2H, m, CH,), 1.84 (16%), 1.86 (84%) (3H, d, J 0.81, CH1), 2.44 (1H, m, CH), 3.14 (2H, d, ] 4.9,
CH,), 3.75 (3H, s, OCH;), 3.78 (3H, s, OCH;), 3.85( 84%), 3.99 (16%) (1H, t, J 4.7, CH), 4.14 (84%), 4.2

(16%) (1H, d, Joem 14.6, CH,), 4.96 (84%), 5.05 (16%) (1H, d, Jgem 14.9, CH>), 5.77 (1H, d, J 9.7, CH), 6.41 (2H
m, Ph), 7.01 (1H, d, 1 9.7, Ph), 7.04 (1H, d, J 15.4, CH), 7.42 (84%), 7.43 (16%) (1H, d, ] 15.4, CH); ., 11.9
(CH,), 12.4 (CHsy), 20.0 (CH3) 30.0 (CH,), 35.1 (CH), 35.2 (CH,), 38.4 (CH,), 55.3 (OCH ), 55.4 (OCH»), 62.6
(16%), 64.9 (84%) (CH), 98.4 (Ph CH), 100.3 (C), 104.3 (Ph CH), 116.0 (CH), 116.1 (Ph C), 127.5-129.4 (m, 3x

Ph CD) 131.3 (Ph CH), 133.0 (Ph C), 135.5 (C), 149.5 (CH), 151.5 (CH), 158.5 (Ph C), 160.8 (Ph C), 173.8

(CON) 174.7 (COH), 194.4 (84%) 202.8 (16%) (CO); Ve (neat)fem™ 2959, 2928, 2873, 2269, 1608, 1564,
1506, 1449, 1289, 1261, 1206, 1155, 1099; m/z (CI) 495 (M+1, 8.34%), 151 (100%).

L-5-3-(E,E-4,6-Dimethylocta-2.4-dienoyl)-5-benzyl-2,4-dioxopyrrolidine (6)
Compound 17 (0. 129g 0. 263mmol) was dissolved in trifluoroacetic acid (5ml) and the bright red solution stirred
under nitrogen for 5 min. The reaction mixture was quenched with ice, resuiting in the formation of a pale

vellow precinitate. This was extracted into dichloromethane (2x §ﬂml\ washed with saturated agueous NqI—I(‘O,
J AAAAA [ 34 ly il A LIRD VP UD WALMLGWLLNE LLILY UIviMIULViiiwvL [ ZANE AN S Y Vi) LJiiwnse Yy Al JRALLAL LAV e A MW AT 4 Y SRA A e S

solution, dried (MgSO4) and concentrated in vacuo. The remdue was redissolved in methanol (6ml), and ﬁltered
to remove white solid impurities. The filtrate was reduced in vacuo to give the title compound as a waxy yellow

solid (84.5mg, 0.249mmol, 94.7%). Two tautomers in the ratio 85 : 15 were observed in the NMR spectra. Oy,

0.84 (3H,t,J 7.3, CH3), 1.00 (85%), 1.11(15%) (3H, d, J 6.2, CH3), 1.31 (2H, m, CH,), 1.86 (15%) 1.90 (85%)
(3H < CH\) ’JAQ(H-I m, CH) ")A<HH m, FH\ 1’)6(11—1’ m {“I-L\ ‘&QQ(RV%\ Aln{lw%\(ll—l hm CH)

\F2d, 5, di3 ), ~. L)y £.00 (1 i1, o227 RPN Qe 20 7y | 141, i i1/,

366(15%) 5.85 (85%)(1H d, J9.7, CH) 632(1H bs, NH) 7.12 (IH J 156 CH) 772 (SH bm, Ph),737

(85%), 7.96 (15%) (1H, d, J 15.4, CH); 6., 11.9 (CH;), 12.3 (CHs), 20.0 (CH;), 29.9 (CH,), 35.3 (CH), 38.2
(CH,), 61.0 (15%), 63.5 (85%) (CH), 99.4 (C), 115.7 (CH), 127.0 (Ph CH), 128.7 (Ph CH), 129.1 (Ph CH).

133.2 (Ph C), 136.7 (C), 150.5 (CH), 152.3 (CH), 175.4, 175.6 (CON & COH), 194.3 (CO). Vi (m:at)/cm"i

-~~~ NS ARAA AGT ey o - e Ta) ~SO

3189 (br), 3062, 2958, 2923, 2871, 2852, 2345, 1701, 1654, 1612, 1570, 1431, 1288, 980, 694; m/z (ED) 335
(M+, 8.16%), 91 (100%), Found 339 1834, C, H,sNO; (M+) requires 339.1834.

5-DL- [4- C]-3-(E,E-4,6-Dimethylocta-2,4-dienoyl)-5-benzyl-2,4-dioxopyrrolidine (6a) o
Compound 17a (0.296g, 0. 603mm01) was dissolved in trifluoroacetic acid (10ml) and the bright red solunon

ctirmad indan niteaosan ‘7.\— i rannfian miy manchad th 1~a raci Iting in Hr\n:l farmatinon r\F
DLIL[GU ulIUCI llluU“Cll 101 J LILLLE, lllc 1caciiutl lllld\‘.ul\f Wa-) bluCllbllCu Wl‘-ll e, lUDulLllls lll [SOIVENAVIB IR IN VT B VSN

pale yellow precipitate. This was extracted into dichloromethane (2x 50ml), washed with saturated aqueous
NaHCO; solution, dried (MgSQ,), and concentrated in vacuo . The residue was redissolved in methanol (lOml)

and filtered to remove white solid impurities. The filtrate was reduced in vacuo to give the titie compouna as a
wiuxy y ellow solid (0.161 o, N A"I') hrv\nl 79 3%), Two tautomers in the ratio 85 : ]\ were observed 1n the NMR_

]vuuvv N 11 uiv 1 aet

v.
oad) 0.78 (3H,t,J 7.2, CH,),093 (3H, d, ] 6.4, CH»), 1.27 (2H, m, CH,), 1.83 (3H, 5, CHj3)

spectra. 8. (ver
[ A PR, Y J 7.4y KRG, VT ) L, v V.5, i1y, \&eLl,y 163, o2l

SpLLiida. UH,

2.43 (1H, m, CH), 2.57 (1H, m, CHj), 3.20 (1H, m, CH,), 393(1H m, CH) 5.76 (1H, d, J 8.4, CH), 63'?(1H

bs, NH), 7.16 (6H, m, CH & Ph) 7.43 (1H, d, J 15.20); &, 11.9 (CHj), 12.4 (CH;), 20.0 (CH;), 29.9 (CH,), 35.2
(CH), 38.3 (CH,), 62.7 (d, ] 40.0, CH), 99.4 (d J 59.0 C), 116.2 (br, CH), 126.8 (Ph CH), 128.6 (Ph CH), 129.1

(Ph CH), 133.0 (Ph C), 136.8 (C), 149.4 (br, CH), 151.6 (br, CH), 174.8, 175.9 (br, CON & COH), 194.1 (85%).



M. C. Moore et al. / Tetrahedron 54 (1998) 9195-9206 9205

202.3 (15%) (CO, enriched); v g (neat)/cm’™ 3188 (br), 3063, 2958, 2925, 2870, 2345, 1677, 1645, 1609, 1566,
1431, 1288, 980, 695; m/z (EI) 340 (M*, 33.03%).

5-L-[C¢Ds)-3-(E,E-4,6-Dimethylocta-2 4-dienoyl)-5-benzyl-2,4-dioxopyrrolidine (6b)

Compound 17b (0.671g, 1.36mmol) was dissolved in trifluoroacetic acid (25ml) and the bright red solution
stirred under nitrogen for 5 min. The reaction mixture was quenched with ice, resulting in the formation of a
paie yeliow precipitate. This was extracted into dichloromethane (2x 75mli), washed with saturated aqueous

Nnﬂ(*ﬂ- innhr\n dried (MeSO ). and concentrated in vacuo . The residue was redissolved in methano! (20mbD
AT a L LU \WYigaIr g j, AU LULLTRILL QW o . ul iCuianls (&g,

and flltered to remove white solid impurities. The filtrate was reduced in vacuo to give the title compound as a
waxy yellow solid (0.457g, 1.33mmol, 97.8%). Two tautomers in the ratio 85 : 15 were observed in the NMR.

dy, 0.86 (3H, t, J 7.2, CH3), 1.01(85%), 1.11(15%) (3H, d, J 6.8, CH3), 1.34 (2H, m, CH,), 1.86 (15%), 1.92

fOEnr N AYT T Oy v N go 4

(85%) (3H, s, CHs), 2.50 (1H, m, CH), 2.65 (1H, m, CH,), 3.32 (1H, m, CH,), 4.01 (85%), 4.18 (15%) (1H, m,
FH\ <’7ﬂ(l§¢%\ <R7(R<07,.\{II-T A rmn (‘Y-ﬂ 6’)52 (IH hc NH\ 7]4(1” T]\ﬁ FH\ 7\\(R§%\ 7.96

(15%) (1H, d, J 15.6, CH); SD 7.41 (bs, Ph); 8., 11.9 (CH3), 12.4 (CH3), 20.0 (CH3), 29.9 (CH.), 35.3 (CH),
38.3 (CHa), 61.5 (15%), 63.4 (85%) (CH), 99.4 (C), 115.7 (CH), 128.5 (m, Ph CD), 133.1 (Ph C), 136.6 (C),
150.7 (CH), 152.5 (CH), 175.5, 175.6 (CON & COH), 194.1 (85%) 202.7 (15%) (CO): Vym (neatycm’ 3185
(br), 3063, 2967, 2954, 2922, 2870, 1658, 1620, 1568, 1427, 1292, 978, 721; m/z (EI) 344 (M*, 18.25%).

Feedmg Experlments to B. bassiana

Compound 6a (136mg) was dissoived in ethanol (8mi) and pulse fed (0.5mi aliquots) to four B. bassiana
cultures®9 on days 4, 5, 7 and 8 to a final concentration of 2.0 mM. Compound 6b (103mg) was similarly
administered to a final concentration of [.5mM. DL-[1- 13("1 Phg 1ylalanine and DL-[3- 13(] tyrosine were each
fed at a final concentration of 3.5mM in the medium. In all cases tenellin was isolated on day 10 by soxhlet
extraction of the mycelium into acetone and then purification by HPLC (prep., Cig, reverse phase column

e o~ — TR LTS

eluting with Me OH H,0 : TFA (85 : 15 : 0.1%)). Each teneliin sampie was analysed by either 13C-NMR

r?rr 1T TAACH ’771 ATRAD I MAACH

|“Flgj-LUMIOU O “r1-INMK 1 DIVISU.

Isolation of (20)

Compound 20 was the only perceptable minor metabohte identified after HPLC of the acetone extract of B.
hncoimnn oo e Thic ~nmnai 2 hafrca tanallin (Reain vorone 17 min at 1mlim cae randitinne ahave)

passiana CEus. 10is \.uulpuuuu CIULCU [9l=7 308w teneuin \Uuuu vErdud 14 11l at Luuluuu SCC LULIUIUVILIY auu Yy

This peak was subjected to LC-MS in selective ion monitoring (SIM) mode and contained ions for 354 (M+1)

and 230 (100%). Repeated preparative HPLC generated a sample of 20 (4.5mg). &y, 0.80 (3H, t, CH3), 0.99
(3H, d, CH3), 1.38 (2H, m, CH»>), 1.80 (3H, s, CH3), 5.96 (1H, d, CH), 6.59, (2H, d, 2 x CH), 6.99 (1H, d, CH),
7.00 (2H, d, 2 x CH), 7.2 (1H, s, CH), 9.22 (1H, bs, OH).
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