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Abstract. Phomopsrn A, CssH4&lNsOr~ the marn mycotoxrn Isolated from cultures of Phomws 

/epfostromlrormrs and the cause of lupinosis disease, IS a linear hexapeptide containing 3-hydroxy-L- 

isoleuane, 3,4_drdehydrovaline, Af-methyl-3-(3-chloro-4,5-dihydroxyphenyl)ser~ne, E2,3didehydro- 

aspamc acid, E-2,3didehydroisoleucine, and 3,4-dldehydro+prolrne The L-configuration of the 

indicated amino aads was established by a comparison of the N-tnfluoroacetyl n-butyfester denvatrves of 

the aad hydrolyses products of phomopsrn A with samples prepared from authentrc amino acids, using 

capillary gas chromatography on a chiral statronery phase The E configuratron of the two 23didehydro 

amino aacls IS based on the products obtarned by catalyhc hydrogenatron and sodium borohydnde 

reducbon of phomopsm A followed by acrd hydrofysrs (for 2,3dtdehydrorsdeucine) or by analysis of the 

coupled 13C n m r spectrum of phomopsin A (for 2.3didehydroasparbc acid) Evrdence IS presented 

wtwh shows that the glyane formed during the acrd hydrolysis of phomopsin A IS derived from the 3,4- 

didehydrovaline moiety The sequence of the amino aads was established by heteronudear 13C{ ‘H} 

selective populatron inversion (SPI) experiments and by fast atom bombardment (f a b ) mass 

spectrometry of phomopsin A and Its derivatives An X-ray crystallographrc study of phomopsin A 

confirmed the ammo acid sequence and showed that the linear hexapeptrde IS modrfied by an ether 

bndge in place of the 5-hydroxy group of the N-methyl%(3-chloro-4,5dlhydroxyphenyl)serine and the 

hydroxy group of the 3-hydroxyisoleuane unrts In addrtion, the X-ray study specfied the absolute 

configuration of phomopsrn A as 22F, 256 31?, 4S, 7S, IOS, 1 lS, 19s 

Introduction 

The consumption of lupins (Lupmus spp ) or post-harvest lupin roughage Infected wti the 

fungus Phomopsts leptostromfformis Kithn Bubak au Lrnd has been idenhfied as the cause of lupmosrs, 

a mycotoxlcosis of sheep, cattle, and horses ‘v* The condtion, charactensed by severe lrver damage, IS 

of considerable economic Importance in Australia and field cases have also been reported in South 

Afnca and New Zealand 3s? The strarn of P /eptoskomiformrs, MRC 2654 used in the present study was 
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onglnally rsolated from a field outbreak of luprnosis in South Africa dunng 1969 and was shown to cause 

luprnosrs In sheep’ and pigs 5 Phomopsrn A (1) IS the maln mycotoxrn produced by P /eptostrom~formr.s 

when cultivated on lupin seed,6 liquid media,’ or maize kernels (this work) 

We now report the structure and absolute confrguratron of phomopsrn A (1) based on the 

products obtained on hydrolyses and after reduction reactions, ‘H and 13C n m r spectral data, fast atom 

bombardment (f a b ) mass spectral evidence and an X-ray crystallographic study The linear 

hexapeptrde structure IS unique in containing a 13-membered nng Involving an ether bridge, a highly 

substrtuted phenylsenne moiety and several 2,3- and 3,Cdldehydro amino acids 

Discussion 

Phomopsin A and several related metabolttes were extracted from a culture of P 

/eptostrom/formw. MRC 2654 grown on sterilized, whole maize, by high speed blending in methanol 

The methanol extract was punfled by Column chromatography on macroreticular polystyrene resin (XAD- 

2),e7 and the phomopsins isolated by chromatography, first on Sephadex LH-29 using methanol water 

(1 1 v/v) as eluant and subsequently by gradient elution to DEAE cellulose with ammonium hydrogen 

carbonate buffer, pH 7 9 (0 02 M to 0 2 M) The fractions contamng phomopsrn A were combined and 

freeze-dried Crystalksehon from methanol ethanol water (5 4 1 v/v/v) gave phomopsin A (1) 

(decomposition at 205 OC tihout melting) that analysed for 2(C,H,CIN,O,,) 5H,O, Amax (MeOH) 209 

(~!53300),222sh(~24!509),and288nm(~13900),v,, (KBr) 3346 (amide NH), 1670 and 1645 cm-’ 

(amide CO) The presence of a carboxyl group in phomopsrn A as suggested by the broad absorption 

(25592800 cm-l) in rts I r spectrum was also indicated by electrometric trtration which provided 

evidence for the presence of two weak acid moieties and a stronger carboxylic acid 

Fast atom bombardment mass spectrometry (f a b -m s ) of phomopsin A gave the molecular Ion 

at m/z 7891791 [M+ H] + , supported by an ion at m/z 81 l/813 [M+ Na] + and, in negative ion mode, at 

m/z 787/769 [M-H]- An accurate mass measurement, m/z 789 2623, showed the empirical formula as 

C,H,,CINsO,s (calculated for M+ H, 789 2862) whrch was substanhated by the elemental analysis and 

the n m r spectral data 252Cf Plasma desorption mass spectrometry gave a series of sodium and 

potassium adduct Ions corresponding to M-CO, which IS In accord wtth the presence of a carboxyl 



Structure elucldatlon of phomopsm A 2353 

group The measured mass of the [M-COP+ Na] + 101% m/z 787 28 (%I isotope peak) was in gotxf 

agreement wtth the calculated value m/z 767 278 

A perusal of the 13C n m r data for phomopsrn A VIZ seven carbonyl carbon signals m the 6 170- 

160 p p m regron and four methme carbon signals In the 6 67-56 p p m ragron suggested the 

involvement of several ammo aolds, albert mod&d, in the construction of phomopsrn A Conftrmat~on of 

this supposbon was obtalned by the incorporation of L-[U-‘4C]valme, L-[Ui4C]lsoleucme, L-[U- 

14C)phenylalanrne, and L-[U-14C]prolrne into phomopsm A produced on lrquld medrum g Furthem-rore, 

in the proton-decoupled t3C n m r spectrum of phomopsrn A biosynthetically derived from L-[3- 

13C]phenylalanrne only the resonance at 6 c 69 56, assigned to the Marbon atom of the substrtuted 

phenylsenne moiety (see later), was enhanced 

An actd hydrolysate of phomopsin A (6~ HCI, 110 Oc, 20 h) was shown by capillary g c -m s of 

the N-tnfluoroacetyl n-butyl ester derivatrves lo to contam glycme (0 63) sarcosine (0 ll), 3,4- 

didehydrovaline (0 06) valme (0 18), two a, y-drdehydrorsoleucrnes (0 20,O 44) and 3,4didehydroprohe 

(1 00) m the Indicated ratios (see Figure 1) The glycrne, sarcosrne, valine, and 3,4-dehydroproline” 

were identified by comparison with authentic samples and the 3,4-didehydrovalrne and 

didehydrorsoleucines by therr mass spectra as well as conversron to valine and a mixture of al/o- 

isoleucine and isoleucme, respectively, after hydrogenation (PtCs-Hz) of the hydrolysate The presence 

Figure 1 Capillary gas chromatogram (90 m, SCOT OVlOl) of the N -tnfluoroacetyl n-butyl esters of 

the ammo acids obtained on acrd hydrolyses of phomopsm A (Abbrevratlons are gly = glycme, sar = 

SamoWe, val = valrne, dh-val = dehydrovafme, dhle = dehydrorsoleucrne, dh-pro = 3,4- 

dehydroproline, bht = 3,6-di-t-butylhydroxytoluene) 

of 2,3-drdehydroaspartrc acid and 2,3drdehydrotsoleucme n phomopsin A was establlshed by 

nonstereospecrfrc sodium borohydnde reducbon prior to acid hydrolyses which then yielded, In addition 

to the above ammo acids, aspartrc acrd (1 OO), allo-rsoleucme (0 XI), and rsoleucine (0 30) However, 

prior catalytic reductron (PtCs-Hz) of phomopsm A followed by ecrd hydrolysis and caprflary gas 
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chromatography of the Mnfluoroacetyl n-butyl esters on a chlral phase column lnckcated the presence 

of DL-Valne, DL-ISOlMKrine, L-proline, and DL-aSpartc aud in the ratto of 1 1 1 1 and the 5 ,T- 

dldehydrorsoleucines meneoned above s-i the same relatrve ratro as before (see Frgure 2) It IS important 

to note that both glyane and sarcoslne were completely absent Catalytrc hydrogenatron of the 2,3- 

drdehydroisoleuane morety must therefore proceed stereospeafrcally as only isoleuane was detected in 

this hydrolysate and as a consequence the E configuration IS indicated for thus drdehydro ammo acid 

The presence of ol-isoleucrne and DL-asparbc aud IS to be expected as reduction of the 23-didehydro 

amino suds can occur at erther face of the double bond The presence of DL-Vab’Ie IS drsconcemng and 

Figure 2 Capillary gas chromatograms of the N-tnfluoroacetyl n-butyl esters of (a) the ammo aads 

obmned on hydrolysis of octahydrophomopsrn A chromatographed on a 90 m SCOT OVlOl column 

(b) The same sample on a 25 m WCOT ML-007 choral phase column (Abbrevratrons are val = valrne, 

dh-le = dehydrolsoleuane, le = Isoleuctne, pro = prolne, asp = aspartic acid) 

would imply that a ss4 + A 2S3 isomenzatron of the 3,4_drdehydrovallne moiety occurs on the catalyst 

surface during reduction The L configuratron for the 3-hydroxyrsoleuane moiety was establrshed by 

catalykc reduction of the two r? , y dehydroisoleuanes present In the hydrolysate to L-Isoleucrne The E 

configuration of the 2,3-didehydroaspamc acid morety followed from the magnnude of the three-bond 

(13C,‘H) coupling observed for the amide carbonyl atom which appears as a doublet of doublets at 6c 

163 95 13J(CH) 9 5 Hz, 3J(C,NH) 2 3 Hz] in the srngle frequency n 0 e 13C n m r spectrum of 

phomopsin A l2 These results provrde firm evidence for the presence of 3,4-drdehydro-L-prolne, E-2,3- 

drdehydroaspartrc acrd, E-2.3-drdehydrorsoleucrne, 3-hydroxy-L-rsoleucrne and 3,4-didehydrovaline in 

phomopsin A 

An ambiguity in the results obtained from the acid hydrolyses of phomopsrn A concerns the ongin 

of the glycrne present In the hydrolysate It seems likely that glyane could anse erther from the 3- 

hydroxyisoleucine by a retro-eldol fission, or from the 3,4-didehydrovaline, after Markovnikov addmon of 

water across the double bond followed once again by a retro-aldol reactlon Hydrolysis of phomopsln A 

(6M HCI, 110 OC, 2Dh) in a sealed tube, followed by treatment of the hydrolysate wrth 2,4- 
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couplrng constants and seleckve 13C{‘H} decoupltng expenments The long-range (%,‘H) connactrvrty 

pat&m was detemuned by extens#ve heteronuciear %{‘H} selscbve populatron inverston (SPl)lB 

experiments and by a 2-D chemical shtft correlabon expenrnent adjusted to detact correlatbns via bng- 

range (%,‘H) coupltngs 13m14 

Flgure 3. The ‘H chemrcal shrfts and coupkngs constants (Hz) for phomopsrn A (1) The (‘H,‘H) 

connectmty pattern as mkated was determrned by homonuclear decouplrng expenments The broken 

knes show cases where effects were observed dunng deooupkng expenments, afthough no splrtttngs 

were measurable 

Figure 4. The 13C chemtcal shrfts and long-range (‘H,13C) connechvrty pattern for phomopsin A (1) 

The long-range (13C,‘H) connectrvrties determined by these methods partly establrshed the arntno 

actd sequence, the locatron of the N-methyl group, and the subsktutron pattern of the modrffed 

phenylsenne moiety In phomopsrn A 

Evidence for the locatron of the N-methyl group as a constttuent of the modrfied phenylsenne 

moiety was provided by selective rrradratron of the N-methyl proton transsrons ( 6 H 2 4S5) In a SPI 

expenment The result shows that these protons are coupled to a carbon atom three bonds removed, 

which resonates at 6 c 68 05 D ThlS carbon chemical shrft value, however, has been correlated wrth the 

resonance at 6h 4 072, a terminus of the spin SyStem lncorporatlng the two mete-ortented (,/ 2 0 Hz) 
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aromatic protons of the phenylsenne moiety These two resonances ( 6 H 4 072, 6@ 05) are asslgned 

to the nuclei of the a-centre of the ammo actd as selectnre trradltion of the proton translbons m a SPI 

expanmeMaffec&dtheresonancesat 8C1S427S(am~decarbonylcarbon),129S4S,Bg56D,and 

33 39 Q [‘J(CH) 142 7 Hz, N-CHJ The resonance at 6c 69 58 (correlated mth 8 H 5 033) IS asagned to 

C-B and that at 6c 129 84 S to C-Y 1.8. Cl of the phanylsenne moiety Amiys~s Of the proton-proton 

connectMy pattem for the phenylsenne moiety suggests the presence of either a 3,4,5- or a 2,3,5- 

tnsub&tuted phenyl nng in phomopsin A This amblgulty was resolved by Irradiation of the B-H proton 

transmn ( 6” 5 033) m a SPI expenment which affected the resonance at 6 c 129 S4 S (C-l) and m 

resonances at 6c 122 79 D and 122 46 D, correlated mth the mefaonented arornat~c protons at a, 

7 OS0 and 6 858, respecWely The nature of the substnuents of the 3,4,5tnsubsMuted phenyl nng was 

determined by chemical shift considerations and the results of two addmOnal SPI expenments Sele&ve 

Irradtation of the C-2 proton transWons ( 6” 7 060) affected the resonances assigned to CS ( tic 122 46 

D)andC-B (~695SD)aswellasthoseat 6c 147 09 S and 12164 S Slmtlar selective irradition of 

the C-S proton transdons ( 6 H 6 656) affected the resonances assigned to C-2 ( 6 c 122 79 D) and C- 6 

( tSc 69 56 D) as well as those at 6c 147 09 S and 145 OS S The chemical shnI of the last two 

resonances IS mhatwe of two oxygen-beanng sp* carbon atoms The two- and three-bond (13C,‘H) 

connectivtty pattern demanded by these results IS sat~sfied by a 3-chloro-4,5-dhydroxy substitution 

pattern for the phenyl nng of the phenylsenne moiety and allows the assignment of the resonances for C 

3(6,12164),G4( 6,1470!3),andC-5(~c 145 OS) lt IS of interest to note that four-bond (13C,‘H) 

coupbngs, ldentfied by the value of 4J(CH), were observed for H-2 and C-5, and H8 and C-3 

The assignment of the resonances in the 13C n m r spectrum of phomopslnamine (2) (sea Figure 

5) IS based on the same methodology as that described for phomopsin 

Figure 5. Structure and 13C chermcal sh6ts for phomopslnamlne (2) 

-rhe sequence of the different amino acids In phomopsln A IS based on the results obbmd from 

SPI expenments (FQure 4) and the (‘H,‘H) connxtlwty pattern (Flgure 3) For example, selectnre 

~rradmtlonoftheG~pmtontmnmMns(6H 7 26U) of the 2,3dkkhydroasperbc aad moiety in a SPI 

expenment affac@d the resonance at 6c 139 33 (C-a) and the carbonyl carbon resonance at 6~ 163 95 
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Wecbve~rradrabonoftheamtdeprotcn( 6,9323)affecWtherescnancesat 6C11087Dand1S395 

S, thus rdetmfylng the amide proton as part of the 2,3drdehydroasparbc actd mote@, as well as the 

carbonyl carbon resonance at 6c 162 88 S The last resonance is also affected when the amide proton 

of the 23didehydrorscleucne unR 6,9 592 IS irradiated In a SPI expenment These results define the 

linkage 2,3didehydroisoleucine + 2,3-didehydroasparkc aud In this way, the results of the SPI 

expenments allow us tc formulate the pamal sequences 3,4dtdehydroprolme +2,3didehydroisoleuane 

+ 2,3didehydroaspattrc acid and N-methy&(3-chloro-4,5dihydroxyphenyl)senne -c 3,4drdehydrovalme 

+ 3-hydroxyisoleucine 

In a prelimrnary communication l7 the 2,3didehydroasparkc aaci + Nrnethyl3(3-chloro-4,5 

dhydroxyphenyl)senne sequence was deduced from the two-bond (%,‘I+) coupling obsenred for the 

carbon resonence of the basic secondary N-methyl group, 6c 33 21 [CM, ‘J(CH) 134 0, 2./(CH) 3 0 Hz] 

In phomopsinamine (2) which lacks the 2,3drdehydroasparbc aad moiety The corresponding 

resonance in the 13C n m r spectrum of phomopsin A [ 6 c 33 39 0, ‘J(CH) 142 0 Hz] exhibrts no such 

long-range (%,‘H) couplrng By elrmnatron, the remanning linkage between ths constrtuent amino acids 

of phomopsrn A was defined by the sequence 3hydroxyisoleuune + 3,4didehydroproline and a cyclic 

hexapeptide structure was proposed for phomopsin A ” 

However, such a cydic hexapeptrde structure requres the presence of two o&o phenollc 

hydroxy groups in the substttuted phenylsenne moiety Chemical evrdence for the rnvclvement of the 

oxygen atom of one of these groups in an ether bond has been reported’s but was not incorporated 

into previously reported structures 17~lg Thus phomopsin A fails to complex wrth borate Methylatlon of 

phomopsin A with diazomethane prior to acid hydrolysis and subsequent wnversion of the hydrolysis 

products to their mmethylsilyl denvatives leads to the formatron of a monomethyl mono(tnmethyl.srlyl) 

denvative of 3chloro_4,5didhydroxybenzaldehyde (M+ ,253) ” 

A linear hexapepbde structure lacking the peptide bond between the 2J-didehydroaspartic acid 

and N-methyl-3-(3-chloro-4,5-dhydroxyphenyl)senne moieties was, therefore, proposed for phomopsin 

A on the basis off a b mass spectral data lg In an X-ray crystallographic study (see later), the linear 

structure was further mod&d by an ether bridge replacing hydroxy groups of the substnuted 

phenylsenne and 3-hydroxyisoleuane units, as shown in (1) 20 

The n m r evidence IS equally Interpretable on the basis of structure (1) for phomopsin A The 

absence of a two-bond (“C,‘H) coupling for the N-methyl carbon resonance IS explamed by the 

observation that the hexapevde forms a Wenon involving the carboxy group of the 2,3- 

didehydroaspartic acid moiety end the N-methyl nrtrogen atom of the subsMuted phenylsenne residue 20 

The 2,3-dldehydroaspamc aad forms a hydrogen-bonded 7-membered nng monoanton similar to that 

formed by maleic acid 21 The stabMy of the monoanion IS enhanced by tautomensm and the resukrng 

high acldlty causes phomopstn to reWn Its zwmenontc character down to pH 2 The hydrogen-bonded 
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protonwhlchtspartofthetautomencsystemresonatesstunusuallylow-field. 6,18%ppm The 

corresponding proton In the malac acid monoanlon resonates at 6 H 20 1 p p m 1g~21 

As stated ear& the complete amtno acid sequence data for phomopsm A (1) was deduced from 

fab mass spectral datals The chlonne-contarn~ng [M+H]+ rons of phomopsrn A (1) 

octahydrophomopsrn A (3) and therr methyl and tndeutenomethyl esters (4)-(7) are prominent features 

of their posltrve Ion f a b spectra (Figures 8 and 7) The most promrnent N and C terminal sequence 

ions observed In the poslave Ion spectra are, In all cases, of the 8 and Y’ types reqedwfy (Scheme 

l)z wrth cleavage of the macrocyck ring occumng by tissron of one or other of the ether bonds 

7, + 
H,N-C-C=0 1 + w P4 

H,N-C-C-N-C-COOH 
Ii H H H 

v2 

Schame 1 Nomenclature for the sequence ions in the mass spectra of pept~des wrth examples of 8, 

and Ys” Ions (” denotes addition of 2H) 

In the Y” sews sequence ions the inmal loss (243 amu) from the arnlno termlnll of phomopsin A 

(1) and its dertvatwes (3)47) invohres fission of the 3-hydroxyisoleucine ether bond and hydrogen 

transfer to the aroma& amino acid wrth concomrtant loss of hydrogen from the 3hydroxyrsoleuane units 

to yield didehydroisoleuane residues in the peptrde chmns The ammo terminal N-methyl-3-(3thloro- 

4,5_drhydroxyphenyl)senne unns generated by this nng opentng are then lost (-243) feawng the newfy- 

generated didehydroiaoleuclne residues present III tf?e Ys’ and Y,” fragment KWIS The latter are In turn 

lost (‘111) in producing the Ys” fragment Ions 

The 8 series fragment Ions, on the other hand, are charactensed by cleavage of the macrocyclic 

nng between the aryl nng and the ether oxygen with hydrogen transfer In the reverse dwctlon to 

produce 3-hydroxylsoleuctne residues In the pepbde chatns Thus, generahon of the 82 fragment Ions 

Involves a loss of 129 (9hydroxylsofeuctne) from the B3 Ions The 8, Ions have m/z 228/223 wrth no 

evidence of the (m/z 244/248) ions expected rf cleavage of the ether bndge had occurred, as tn the 

case of the Y” fragment Ions, at the 3hydroxyrsoleucine ether bond 

As well as the 8 and Y” Ions, a senes of sequence Ions (m/z 858,415,318 and 207), beginning at 

the 8, fragment Ions, IS observed In the spectra of phomopsln A (1) and its methyl (4) and 
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Flgure 0. Posrtnre Ion f a b mass spectra of (a) phomopsln A (I), (b) the methyl ester of phomopsln 

A (3 ) and (c) the tndeutenomethyl ester of phomopsln A (6) 
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Figure 7 Powtnm eon f a b mass spectra of (a) ocwydrophomown A (3), (b) the methyl ester of 
octahYdrophomopsln A (5) and (c) the trtdeutenometh~l ester of octahydrophomopstn A (7) 
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Table 1 The m/z values of the matn sequence Ions In the posrtrve Ion f a b spsctra of 

phomopsin A (1) and rts denvatwes (3) - (7) 

Compound [M+H]+ B, B2 B3 B4 BE Y,” Y,” YS’ Y4’ Ys’ 

(1) 789 226 323 452 - 658 - - 338449546 
(3) 797 226 325 454 - - 134 247 344 455 554 

(4) 803 226 323 452 - 650 - - 352 463 580 
(5) 811 226 325 454 551 664 148 261 358 469 568 

(6) a06 226 323 452 547 658 - - 355 466 563 
(7) al4 226 325 454 - 664 151 264 361 472 571 

- Indicates not drstrngurshable from background or absent 

tndeutenomethyl (6) esters These Ions, which Involve fissron of the aryl-ether bond of the macrocycllc 

ring, represent ammo acrd resrdue losses from the amino terminii of the Bs acylrum ions wrth transfer of a 

hydrogen to the acylrum species 

Dehalogenatron reactions have been reported to occur n phenokc and heterocyclic arornat~c 

compounds dunng f ab measurements3 and the f a b posrtlve ion spectra of phomopsrn A (1) and rts 

denvabves (3)-(7) also show prominent Ions formed by replacement of the aroma& chlonne by 

hydrogen Ions corresponding to the parent [M+H] + ions but lackmg chlonne are observed at m/z 

755, 769, 772, 777 and 780 in the spectra of (l), (3)(7) respectnredly Low intensrty Y and B-sews 

sequence Ions of the dechlonnated molecules, correspondrng to the Ions shown In Table 1 but WI&I m/z 

values of 34 less, are also detectable In the spectra 

The mass spectrum of phomopsin A (1) in particular also shows evidence of hydrogen addnion 

under f a b condltrons leading to a distorbon of the expected sotop~c intensRles from the theoretrcal 

drstnbutron This phenomenon has been observed previously wrth polyunsaturated molecules such as 

organrc dyestuffs and daunomycin derivatives 25 

The chlorine-containing B, fragment ions at m/z 226/225 are the most intense peaks in the 

spectra of the unreduced phomopsins (l), (4) and (6), while the Y3” ions formed by cleavage of the 3- 

oxytsoleucrne-prolne peptide bonds are the base peaks In the spectra of the octahydro derivatives (3), 

(5) and Cr) 

The f a b mass spectral data provide evidence of, and are fully consistent wtth the presence of 

the ether bridge established by the X-ray diffraction data,” (See later) although thus was not recognlsed 

n an earlier rnterpretatron of the f a b data I9 The molecular ions and fragment Ions observed In the 
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f a b spectra of (l), (3)-(7) tndrcated an absence of the elements of water from a irnear pepbde structure 

rn whrch the amino termtnrr and both carboxyl groups at the carboxy terminii are free I9 This suggests 

an Internal ether bndge, most kgcally between one of the phenoifc hydroxy groups and the onginatfy 

postulated 3hydroxyrsoieucrne restdues ‘s The presence of such a bndge IS rndlcated in the 

f a b spectra by fragment tons in which the ether oxygen IS retarned by erther the N-methyM-@chloro- 

4,5_dhydroxyphenyl)senne unrts (Y” senes ions) or by the 3-hydroxyrsoieucrne units (B series Ions) but 

never on both residues srmuitaneously 

Phomopsin A (1) crystalirses from ethanol-methanol-water as hydrated pnsmatrc crystals whrch 

anaiyse for 2(Cs&&iNs0,,) 5H,O The crystals are otthorhomba, space group f2,2,2,, a = 

18 X8(3), b = 22 321(3), c = 23 940 (8) i, Z = 4 

The crystallographic anaiysrs shows that phomopsrn A has the linear peptide configuratlon shown 

n (l), with an ether bndge forming a 13membered macrocyclic nng which incorporates a 3,4,5- 

tnsubstrtuted phenyi nng Phomopsin thus resembles the cyciopeptide group of aikaiords28 which are 

tetra- or pentapeptides wrth a modmed (decarboxyiated and dehydrated) 3(p- or m- 

hydroxyphenyi)senne unrt linked through an ether bridge to a 3-hydroxy amino acid to form a 13 or 14- 

membered nng However, in the alkaloids, the peptide charn IS connected through the amino group of 

the phenyisenne unR rather than through the carboxyi group as in phomopsin A 

The two independent molecules n the crystal (A and B) adopt drfferent co&mWrons (see Figure 

8 and Tabie 2) the major drfference berng the reiabve onentatron of the 3-chbro4hydroxy-5-oxyphenyi 

rmety of the macrocycirc nng Compared wtth rts posson in molecule A, the arornattc nng In molecule 

B has rotated approxrmateiy lfl about an axis joinrng O-2 and C-l 1 so that in molecule B the aromatic 

ring IS face-on to the C-6-C-7 segment of the macrocyclic nng The angle between the aromattc nng 

and the convenrent reference bond C-7-C-32 IS 153’ in molecule B (the angle of rotatron of the aromatrc 

nng IS the sum of the supplements of these angles) The difference n the two conformatrons IS also 

reflected in four torsion angles of the macrocycirc nng, VIZ C-18-C-1-02-C-3, C-l-C-2-C-3-C-4, C-Q-- 

C-10--C-11--C-12 and C-10-C-11-C-12--C-18, which have the respectrve values -95(2), 91(2), -42(2), 

Q8(2)’ in m&xxie A and 95(3), 19(3), 43(3), -Q3(3)’ in molecule B Conssquentiy, the stde-chsrn of the 

N-methyi5(3-chioro-4-hydroxy-5-oxyphenyi) unrt adopts the (g+(,g-,g+)] and [r@+,g-)] conformabons 

in moiecuies A and B respectrveiy, the respectrve x , ‘~~9, x ,2,1, x ,2,2 values being 78(2), -8Q(2), Q8(2)O 

for molecule A and 188(2), 79(3), -Q3(3)O for molecule B Aithough there IS an ~ntraroiecuiar hydrogen 

bond between the nitrogen atom and the hydroxy group of the protonated phenylsenne resrdue (see 

Table 3) n n&c& A, the N-38 038 distance being 2 71(2) A, there IS no rndicabcn of a srmlar 

interactron In mokcule B The side-chatn of ths 3oxyisoieucrne morety is described as [t(g +)] m 

molecule A wrth x s’s1 = 188(2)O and x s2 = 57(3)O while in moiecuie B tts conformatron IS [t(t)] v&h 

2 x s’J = 185(2)0 and x s = 178(2)O as a result of ths different macrocycllC ring confonnabons 
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Table 2.9ekted torsion angles fi E s d ‘s range between 2 and 5O 

l 

Mo’ id 
* 

A Mo’ “8”’ A 

c1-02-ac4 91 79 N24-C25-C50-052 

02-GJ-WN5 -84 -75 C23-N24-C25-C28 

C3-C4-N5-C6 139 135 N24-C25-C26C27 
C4-N5CSC7 ‘JI 2 176 190 C25-C26-C27-053 
N54%-C7-NE $2 111 109 C25-C26C27-054 

C6-C7-N8-C9 ‘2 -106 -110 C27-C26-C25C50 

C7-NW9ClO o 1 170 169 C26-C25-C5O-C51 
N8-C9-ClO-Cl1 -74 -95 C26-C25-C50-052 
C9-ClO-Cll-Cl2 -42 43 N36ClO-C11-038 
c1O-c11-cl2-C16 x,= 96 -93 NSCl0-CllC12 
c11-C12-C16-C1 x,3*2 180 180 NZS-ClO-W-NE 

C12-C16-Cl-02 -177 173 C37-N36-ClO-C9 

Cl&Cl-C2-C3 -95 95 C37-N36-Cl O-Cl 1 

02C3-WC17 160 160 c10-C11-C12-Cl3 

C6-N5C4-017 +3 -104 gs N5-C4-C3-C28 

N5-W-C17-N18 $3 117 116 N5-W-C3-C30 

C3-C4-C17-N18 -126 -117 C4-C3-C2EC29 

C4-Cl7-Nl8-Cl9 w3 -175 -173 WCl7-NW-C41 

C17-N18-CW-C20 +4 -74 -77 N&C7-C32-C33 
Nl8-CW-CPN21 $4 159 149 N8C7-C32-C34 

CWG’O-N2l-C22 w4 168 172 NW-Cl&C43-C42 

C20-N21-C22-C23 +s 70 53 c19-C43-C42C41 

N21-C22-C23-N24 1s 30 40 N18-0’1~C42-C43 

C-22-C23-N24-C25 os -178 175 N2 1 -C22-C45-C46 

C-23-N24-C25-C50 4s 172 -163 N21-C22-C45GM 

N24-C25-CM-051 $& 18 -3 c22-C45-C46C47 

%r2 -167 169 
-8 20 

Xs’ 177 178 
X s= 177 -170 
Xs2,’ 1 4 

-4 1 
X6 2’ -162 174 
Xs 2,x 13 -13 
Xl 1.1 49 45 
Xl 1.2 79 166 
$1 -102 -119 

+lT -94 -73 
141 160 

Xl 2,1 -89 79 
1,' x3 168 165 

‘= x3 39 48 

x32 57 179 

-2 -3 
X2 1,’ -9 -6 
X2 1.2 190 176 

X4’ 190 176 

XP 7 2 
Xd -8 -2 
x s’*’ -173 -165 
X5 ‘s2 6 3 
Xs2 -102 -119 

*The conventfon for the conformatronal angles +, J,, w, x, IS that proposed by the IUPAC-IUB 
Commissron on brochemrcal nomenclature (cf Biochemistry, 1970,9,3471) The residues R, - Rs are 
defined as follows 

R, = N-methyl-3-(3-chloro-4-hydroxy-5-oxyphenyl)senne 
R, = 3,4drdehydrovalne 
R3 = 3-oxyisoleucrne 
R4 = 3,4-didehydroprolrne 
Rs = E-2,3-dtdehydrorsoleucrne 
Rs = E-2,3-didehydroaspartic acrd 

The segment of the hexapeptrde charn compnsrng the 3,4drdehydroproline, 2,3- 

didehydrotsoleucrne and 2,3drdehydroaspartrc acrd moretres adopts a srmllar contormatron In the two 

independent molecules The segments, however, are not fully extended but have a turn at the 2,3- 

drdehydrorsoleucrne resrdue ( us = 30(3) and 40(4)’ In molecules A and B. respecbvely) so that the 

termrnal 2,3drdehydroaspartrcc acrd resrdue IS twrsted back towards the set-butyl morety of the 3- 
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Fl~un, 8. Perqect~~e wew of molecules A and B for phomopsln A 

oxyrsoleucrne The 2,3-dtdahydroasparbc acrd IS a monoarson involved in two intramolecular hydrogen 

bond Interacbons For one of the mnterachons, N-24 donates rts proton to O-51 of the peptide chain 

carboxyl group, the N-24 O-51 drstances being 2 57(2) and 2 53(2) i n molecules A and B 

respectively For the other mteractron, a symmetrical hydrogen bond IS formed between the two 

carboxyl groups The O-52 O-54 distances, 2 43(2) A in molecule A and 2 40(2) i in molecule B, are 

similar to the value 2 408(i) i observed for this rmeractIon in the maleate arson in imtdazolium hydrogen 

maleate 27 As in the latter, the four carbon atoms are planar (torsion angle C-27-C-23-C-25-C-55 4(5) 

and l(5)O In molecules A and B, respect&y), but one carboxyl group in molecule A and both carboxyl 

groups In molecule B are slrghtly rotated from the plane (See torsion angles C-25-C-26--C-27--0-53, 

C-25--C-25--C-27--0-54, C-25--C-25--C-5&0-51, C-25-C-25--C-5&0-52 

The peptrde bonds in phomopsrn A are all approxrmately Pans planar, the w values (Table 2) 

rangrng from 155(l) to laO(2)O in the two independent molecules me largest devrations from plananty 

of approximately 100 are found for the subsututsd phenylsenne and 3,4d&hydroproline umts The 

orisntat~ of the Me-charns of the 3,4didehydrovaline, 2,3didehydrolsoIsuclne and 2,3- 

didehydroaspartlc adds units in the two molecules IS similar For molscule A the respe&e x1*’ values 

are g(4), -173(2), 177(3)O and for molecule B a(3), -l&4(3), 175(3)O Atoms of the ffvemembered nng 

of 3,4didehydroproline are planar to wrthin f 0 CB(2) and + 002(2) A in molecules A and 8, 

reapectnrely 

There IS some disordenng of the water molecules rn the crystal, and as an approxrmatron to allow 

for this, four of the water oxygen atoms, OW+-OW-7, have been included wrth one-half occupancy An 

lntncate system of intem~olacular hydrogen bonds links the phomopsrn and water molecules into a three- 

dsnensional network (Table 3) SOme of the ~nteracbons prowde a direct linkage between the 

phomopstn molecules whilst for others, the water molecules provide a bridging between them As 
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TaMe 3 Proposed hydrogen bond’ng for phomops’n A (Distances (i) and angles (“) 

Transtormahons of the coordtnates (x,y,z) are given by superscnpts 

Atoms x Y HaY <X-H Y Atoms x Y 

N5A 0358’ 2 92(2) 

N5B 035A” 2 96(3) 
N8A OW3’ 2 93(4) 
N8B 039A 3 ‘X’(2) 
N21A Owl”’ 2 95(3) 
N21B 053A 2 94(3) 
N24A 051Ab 2 57(2) 

N24B 051Bb 2 53(2) 
N36A 036AbmC 2 71(2) 

N36A 051BIc 2 79(3) 
N36A 0408’ 3 lO(3) 

N36B 04OA” 2 83(2) 
N36B 051A”c 2 70(3) 

N36B 0W2’vc 3 15(3) 

038A 044A” 2 71(2) 

206 146 

208 149 

196 178 

2 15 147 

198 172 

198 171 

2’34 112 

205 108 

2 17 114 

208 129 
242 127 

195 149 
181 151 
256 120 

038B 052A” 2 64(3) 
039A 0318 2 81(2) 

0398 0W4 2 69(5) 
0528 054Bb 2 43(2) 
052A 054Ab 2 40(2) 
Owl 053Bw 2 83(4) 
0W2 051A”” 3 ll(4) 
0W2 054Bv”’ 2 94(4) 
0W5 051BlX 3 21(8) 

ow5 053A’X 3 01(6) 

OW6 044Bx 2 59(6) 
ow3 ow6d 3150 
ow4 oW7’M 3 21(6) 
oW6 OWF’ 2 55(10) 

ow4 OWS’ 2 470 

a Hydrogen atom coord’nates were calculated (N-H 0 97 i) 

b Intramolecular H-bond 

c Btircated interaction 

d Donor atom uncertain 

Figure 0 Relat’ve onentations of the A and B molecules of phomops’n A showq the hydrogen 

bonding The s’de-cha’ns of the 3+d’dehydroval’ne, 3-oxylsoleuane and 2,3didehydrorsdeuune 

molet’es have been ommed for clanty 
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~Wtratsd In Fylure 9, the A and B molsoules are linked in parrs, with the 2,9dklehydrosspsrbo aad 

terminus of molecule A adjacent to the subsbtuted phenyisenne moiety of moiecuie B, and was vsrss 

In sddmon to the eiectrostatrc bonds formed by these zwittenontc centres, there are seven 

mtermolecular hydrogen bonds ilnkrng the two moiecuies the N38 nrtrogen atoms of the phenyisenne 

morties are the donor atoms n ~nterackons wrth the O-51 atoms of the 2,3-d&+@roasparbc aad unrts 

and the o-40 carbonyi oxygens of the 3oxyrsoleucrne unns In addlhon to these ~nteracbons, the N-5 

atcms of the 3-oxyisoleudne restdues donate therr protons to the O-35 carboqi oxygens of the 

phenyisenne moietbs, and the hydroxy group oxygen, O-36 of molecufe B, IS the donor atom In an 

Interactron wrth O-52 of the 2,3drdehydroaspartk acid of motecule A 

Only fragrnentery ewdsnce IS avariable for the conformabon of phornopsrn A In soltion The 

close .srmMty of the sectron of the macrocycilc nng from O-2 to C-10 in the A and B molecules of the 

crystal, suggests that this sectlon WIII retarn the same conformatron also In solution and that the 

macrocydic ring as a whole will approxrmate the A and B options or both This may not be true of the 

acycirc part of the molecule which, In the crystal, IS apparently constrarned by the favourable energehcs 

of the electrostabcaliy bonded A-B pair In so&on in water or dlmethyisulphoxtde, the Interpair bonds 

would be expected to be replaced by solvakon and the peptrde chain should bs free to assume other 

conformatrons The most relevant n m r parameter, the vicinal coupling constant of the C/-/OH- 

WNHMe system J 3 9 Hz, IS consistent wrth both the A and B conformatrons, the torsion angle, H-10- 

C-10-C-l l-H-1 1, being 45O in A and 43O in B An n 0 e effect observed between the aromatrc proton 

H-16 and the benzyilc proton H-l 1 IS lndlcative of the macrocyclic ring being, to a large extent, in the A 

conformabon There IS also a 4-bond benzyl~c coupling between H-16 and H-11, J 1 2 Hz, which 

suggests that rt originates in the B conformation in which the 4-bond pathway has an extended form 

Other observed effects such as the sharpening and increase in height of some resonances (e g methyl 

protons of C-30 and C34) and decrease in height of others (e g H-7) when the temperature IS raised to 

346 K, probably reflect a change In conformer populations but thea precise signficance IS less clear 

The temperature gradients for the chemical shrft of the hydroxy and amide protons (Table 4) 

exhrbrt the wide range of values which are usually indrcative of conformationai stablrty, although, in thus 

Instance, R probably does not exclude the mterconvers~on of conformers A and B because of the small 

change in posrtion of most atoms 5oth the arntde and the carboxyi hydroxy group of the 2,3- 

didehydroaspartic acid group have gradients of less than 2x109 ppm Km’, WnSlStent with the tight 

binding of the carboxyi hydroxy group In the monoanlon complex of the 2,3didehydroaspamc acid and 

the strong hydrogen-bonding of the amide proton to the adjacent csrboxyl [N-24A O-51A, 2 53 i, N- 

248 O-518, 2 51 i] This amide proton exchanges slowly w& deutenum oxide in comparison with 

that of the &oxyrsoleucne group veth a temperature gradient of 6 7x1@ p p m KM’, which exchanges 

particularly slowly This N-5 proton IS hydrogen-bonded in the crystal to the carbonyl (O-35) of the other 

molecule of the A-B pair impiying that in an unparred molecule It shouid have adequate access to Solvent 

molecules The very slow exchange therefore raises the possrbrirty that the molecular painng seen In the 

crystal might actually persrst in solution 
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Table 4 Temperature gradtente of the exchangeable protons of phvn A (1) 

Chemlcel Shrft* Temp Gredtent 

@pm) @pm)K-’ (xl@) 

020 
Assignment 

Exchange 

665brs 

655brh 

6624 

6954 

909s 

936s 

966s 

190 s 

43 feet 

33 feet 

67 very slow 

75 med fest 

56 fast 

07 slow 

49 slow 

16 feet 

OH 

OH 

N-5 proton 

N-6 proton 

OH 

N-24 proton 

N-21 proton 

OH of 2,3-dlde- 

hydroespartlc aad 

*br = broad, d = doublet, h = hump, s = slnglet 

Although the stereoMew (Figure 10) shows that the molecules in the A-B pair have juxt@osed 

hydrophobic regions formed by (1) the slde-chavls of the eubeMuted phenykenne and 3oxylsoleuane 

restdues and (2) those of the 3,4dldehydrovaline units, which wouki tend to hold the molecules together 

in aqueous solubon, the emstence of pelnng in solutan wee not suppotted by ‘3c mkatlon Wne 

measwemente III [2H$dml eulphoxuie 

FiQUW 10. Stereovlew of the A-B pr n cryetak of phomopeln A 
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The absolute conffgurabon as depicted n (1) IS determrned by pnor evidence that the 3,4- 

drdehydroproltne and S-tsoleuane unrts have the L-coniigurabon (see earker) The stereochemical 

~of~nAistherefore~,25E,3R,4S,7S,lOS,ilS,19S,theconfigu~ofthe 

double bonds at C-22 and C-25 also being detemwwd earller 

Experimental 

M p S were determined on a Kofler hot-stage apparatus U v absorptrons were measured for 

solutrons In methanol on a Unicam SPE-100 spectrometer, while I r spsctra were recorded for KBr discs 

on a Perkin-Elmer 237 spectrometer N m r spectra of [2Hs)drmethyl sulphoxrde solutrons were recorded 

On a Bruker WM-500 spectrometer operahng at 500 13 MHz for ‘H and 125 76 MHz for % nude1 Fast 
atom bombardment (f a b ) mass Spectra were obtained using a JEOL JMS-DCX303 mass spectrometer 

and JMA-DA5000 data system The f a b gun was operated at 6kV and xenon was used as the 
bombarding atom beam Analyses were carried out at amblent temperature and 3kV acceleratrng 

Voltage Samples (5-10 ug) were dissolved in a throglycerol glycerol (1 1) matnx 

ISOletiOn of PhomopSin A (1) - PhO~OpslS leptostfomform~s (MRC 2654) was grown In bulk on wet, 

stenlned, whole yellow-marze kernels for 21 days at 25 x Cultures were dned at 45 Oc for 24 h and 

mrlled to a fine meal The resuthng matenal was acutely toxic to day-old ducklings The dried, milled, 

mOuldy maze (5 0 kg) was extracted wrth methanol by high speed blending In a Wanng blender The 
methanol extract was concentrated In vacua and the resrdue partatoned between aqueous methanol 

(90%) and hexane The methanol was evaporated and the residual mate& was partrtioned between 
chloroform and water The toxa mateflal obtained from the water frac%on was frationated by column 
chromatography on macroretrcular polystyrene resin (XAD-2) using (a) water, (b) water methanol (1 1 

v/v), and (c) methanol as eluant Bloassay indicated that the toxlclty was associated w&h the residue 
obtained from the methanol soltion (12 6 g) 

the actNe fration was further fracbonated on a Sephadex LH-20 cotumn wrth methanol water 

(1 1 v/v) Fractions (150 ml) were analysed for the presence of phomopsin A by t 1 c on sllrca gel usng 
n-propanol n-butanol water ammonium hydroxrde (65 15 17 3 v/v/v/v), as the developing solvent 

Fracbons contarnrng phomopsln A were pooled and the solvent evaporated under reduced pressure to 

gtve toxic material (9 0 g) 

A part of this toxrc material (6 0 g) was dissolved in 0 02 M ammonium hydrogen carbonate buffer 

@H 7 9) and applied to a column of DEAE cellulose (3 6 x 50 cm) The column was developed at a flow 

rate of 120 ml h-l collectrng 20 ml fractions (u v detection at 260 nm) using insally 0 02 M buffer (1 6 1) 

and subsequently by gradrent elutton wrth the same buffer (final cof’tcentratlon 0 2 M) Fractions were 

analysed for phomopsln A by t I c as described earlier Fracbons 220-245 were pooled and freeze-dried 

for 72h to yield amorphous phomopsin A (660 mg) 

Crystalllsatlon from methanol ethanol water (5 4 1 v/v/v) gave phomopsin A (l), m p 206 ‘C 

(decomposrhon wRhout mebng), +,,sx 209 (E 53 300) 222 sh (E 24 509) and 266 nm (E 13 900)~ ,,,sx 

(KBr) 3340 (amide NH), 2600 - 2550 (CO,H), 1670 and 1645 cm-’ (amide CO) (Found C, 51 7, H, 5 6, 

N, 10 3, Cl 4 4% Calculated for 2(CssH4&INa0,,) 5H20 C, 5163, H, 6 04, N, 10 07, Cl 4 25%) 

Formstion of phomopelnrmlne (2) - A solutlon of phornopsrn (1) (100 mg) in 6 M hydrochlonc acid 

was stmd for 65 mm at 36 Oc The solvent was evaporated fn vacua and the residue was purrfied by 

chromatography on Sephadex U-f-20 using methanol as efuant to grve amorphous phomopsinamlne (2) 

(56 mg) 

Octahydrophomopstn A (3) - A suspension of PtO, and phomopsln A (2 mg) in methanol (1 ml) was 
stirred at room temperature and pressure In a hydrogen atmosphere for 24h to QIve a mucture of 

drastereomenc octahydrophomopsln A (3) Longer penods of hydrogenatron caused a slow 

dehalogenatron 
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Fhomop8ln A methyl (4) and [methyl-*H3] (6) 68tars. -~methyl=t=~preparedby 
dissolving phomopsln A In methanol (or [*H&nethanol) made 0 1 M wrth respect to hydrochlonc aced 

Complete conversmn to the monomethyl ester, monitored by f a b mass spectrornetry and paper 
electrophoresrs occurred over a penod of a week 

Octahydrophomopin A methyl (6) and [methyl-*HJ (7) 4ster. - These esters were prepared as 

described above by hydrogenatron of the respectrve phomopsin A esters using PtC2 as catalyst and 

methanol (or [*H,]methanol) as solvent 

X-ray cryatallographlc analyalr of phomopaln A - Hydrated pnsmatrc crystals of phornopam A (1) , 
2(CssH,CINs0,2) 5H20 were obtarned from ethanol methanol water0 Mw = 1888 5; orthorhombt, 

space group P2,2,2,, a = 18 758(3), b = 22 321(3), c = 23 940(8) A V = 10023(5) A3, 2 = 4, D, = 

1 108g cmB, f(C#OJ = 3528, II(CU Ka) = 11 0 cm-’ Acrystalcs 022xO22xO85mmwasseafedin 
a thin-walled Undemann glass capillary wkh a small amount of mother liquor for the dlffracbon 

measurements The lntensrty data were measured at 288(1)K on a foururcle Rigaku-AFC dmctorneter 
with CuKa radratron (graphrte-crystal monochromator, 1 = 1 5418 A) and recorded by an o - 29 scan to 

a2&of90° The intensrtrea of three standard reflections, measured every 50 mflectrons, rernamed 

constant to wrthln 3% The data were corrected for Lorentz and polaruahon effecta but not for 
absorption Cf the 4495 unique data measured, the 3943 for whch PO I were used for the structure 

refinement 

ThesbucturewessolvedbydirectmethodswiththeMULTANprogram lrutialty,theonlyaltae 

readily located from E-maps ware those for atoms of the 3-chloro-thydroxy~ moietyofone 

phomopsrn molecule, moleurIs A Attempts to i&ate phase refinement based on a number of differ& 

tnal structures (the mfhal fragment was extended and s&s for other plausible molecular fragments 

mcluded) eventually yielded a reliable set of phases lt IS of interest to note that the stte of the second 

chlonne atom n the asymmetnc unit was located only after molecular fragments correspondstg to -49% 

of the scattenng matenal were included in the analysis Raflnement with anisotroprc temperature factors 

gnren to the Cl and ~sotroprc for the C, N and 0 atoms converged at R = 0 125 For the final M%Iement, 

seven low order terms (sin e> 0 10) severely affwted by extmction were OmMd The parameters were 

refined n two blocks wRh the terms gnren unrt weights, the funcbon mimmlred was z(l F,,l - I F,l)* 

Hydrogen atoms bonded to C and N were Included at idea&d poes~ons The non-methyl and methyl H 

atoms were gnren common isotropic temperature factors which refined to values of U = 0 07(2) and 

0 15(3) i*, respechvely At convergence the maxtmum she-to-error ratro was 0 07 1 and the final 

drfference map showed no unusual features Reffnement was carned out wrth the SHEtX78 program on 

a VAX1 l/780 computer 

Selected torsion angles are given in Table 2 and hydrogen bonding dimensions are given In Table 

3 Figure 8 which contams the atom numbenng and Rgure 9 have been prepared from the output of the 

ORTEPII program Atomic coordinates for thus structure as well as bond lengths, bond angles, torsion 
angles and intermolecular contacts for the non-hydrogen atoms, structure-factor amplrtudes and thermal 
parameters have been deposrted wrth the Cambridge Crystallographic Data Centre *s 
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