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Absolute stereochemical assignments for norterpene cyclic peroxides from marine sponges, previously detemined 

by application of the Horenu procedure of asymmetric csrerification, have been indepzndentiy confirmed by 

degmdation imd aqmmetric synthesis. 

lntroduetlon 

Advances in instrumentation, particularly NhIR, have increasingly permitted the assigmnent of relative 

stereochemisnies to very minor secondary mtabolites of varying stability from marine organisms. The 

assignment of absolute stereochemistries to these compounds has often not been as vigorously pursued, with the 

result being that they are left unassigned, tentatively proposed from biosynthetic considerations, or assigned by 

chemical correlation with related compound(s) of known absolute stereochemistry. In the latter case the onus of 

absolute stereochemical assignment is transferred to that of the ‘known” compound(s). The cascade effect of such 

correlations can lead to large numbers of compounds being attributed absolute stereochemistries often based on a 

single empirical observation, such as tbe sign of a Cotton effect (CD) or the course of an asymmetric esterification 

(Horeau procedure).1 As a consequence it is essential that interpretation of such observations command a high 

level of confidence. 

Recent investigations 2 into a series of marine norteqene cyclic peroxides, exemplii by 1 and 2, highlighted a 

contradiction in the assigmnent of absolute stemoc&mistry when interpreting both CD and Horeau measurements 

on these systems. Jn first nporting the isolation and structure elucidation of sigmosqme llin A (1) 3 and 

anaJogues, early workers utilised a CD approach to assigning absolute stemochemistry. Thus a positive CD 

measurement ([e]2% +1204) 4 on the derived ketone 3 was interpreted as inferring an R conftguration about the 
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chii centre adjacent to the carbonyl (C-13).5 As the relative stenzochemistry for 1 had been determined by X- 

ray analysis.6 the complete absolute stereochemistry for 1 followed from the assignment about C-13 (opposite to 

that shown). When examiuin g the struchne of enanfio-sigmosceptrellii A (2) we chose to determine its absolute 

stereochemistry by asymmetric esteti!Ication,2 i.e.. the Horeau approach. To this end 2 was methylated and 

hydrogenated to give the dio16, which on esterification with a twofold excess of &phenyl butyric anhydride 

retumed a preponderance of luevo rotatoy a-phenyl butyric acid (optical yield 9.3%). This observation was 

interpxrted as implying an S conpigim~&~ about the sea&ary hydmxyl (C-3),5 the same absolute 

stereochemistry as that attributed tc) the enantiuncric~compound 1 by CD. ‘We have fmtherconflrmed this 

observation by convetting 1 to 5 and carrying out a Horeau analysis,7 and also by degrading 2 to 4 and 

undertaking a CD measmrmcnt. The results we= consistent with those obsmd e&&r. with absolute 

stereochemical assignments made by interpntation of CD me8sllrements ConNcting with thost &cd on the 

Horeau approach. To explain this contradiction it was proposed 2 that, because the CD measurements on 4-keto- 

5-methyl-rrans&caliis (cd. 3 and 4) were weak, they were umeliable with respect to assigning absolute 

sten0chemistty.g Consciqucntly. Horeau analyses war used as the basis for assigning absohtte staarchemistries 

to a series 2,lQll of marine nortefpene cyclic peroxides. It was recognis4 however, that a third unequivocal 

approach to assigning absolute stereochemistry based on degradation and synthesis would be desirable. In this 

report we describe such an approach, involving the degradation of em-sigmoscept A (2) to the 

enantiomerically pure keto diacetate 10, coupled with the as-c synthesis of 10 via a stereoselective aldol 

condensation dhected by the chiral auxiliary [($-CsH$Fe(CO)(PPh3)]. l2 
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Stereochemical studies on marine cyclic peroxides 

RetsuIts aud Discumion 

Degradation of the me&y1 ester 7 13 of enantio-si gmosq%mllin A (2) was carried out as outlined in Scheme 1. 

Thus 7 was reduced ti acetylated to give the hydroxydiacetate 8, which on tteabnent with acid, underwent 

dehydratiort to the olefinic mixture 9. Oxidative cleavage of 9 with ozone yielded as the only isolable product the 

diacctoxy ketone 16 in ‘which two of the chiral centres from 2 remained intact. 

Scheme 1: Degmdadon of enanrio-signmsceptrellin-A 

The strategy employed for the unequivocal cnantiospecific synthesis of keto diacetate 10 utilised the chiral 

auxiliary [(~~-CJH~)FC(CO)(PP~~)],~~ and was conducted as outlined in Scheme 2. The pivotal step in the 

synthesis involved an aldol condensation 12 between 4pentenal W 15 and (S)-(+)-[(r$CgHg)Fe(C!O)(PPh3)- 

COCH2CH3] (12) in order to generate the contiguous chit-al centres at C-2 and C-3 of known absolute and relative 

configurations. Previous work has demonstrated tltat excellent control overboth enantio- and d&temo- 

selectivities may bc achieved in the condensation of simple aldehydes with enolates derived,fmm the iron acyl 

complex 12.w6 It is possible to obtain the rhreo or the eryrhro product in these reactions in a predictable 

manner by employingeither the derived aluminium or the copper iron acyl enolatcs respectively.~6 The chosen 

synthetic route to keto diacetate 10 was initially established starting from the commercially available racemic 

(S*)-[(rlS-CSH5)Fe(CO)(PPh3)COCH31 (11). I7 (S+)-[(~~-C~H~)Ft(~)o)(pph3)coCH2cH3J 12 was prepared 

from 11 by deprotonation with n-butyllithium followed by alkylation with methyl iodide. Treatment of the (S*)- 

ethyl acyl complex 12 with n-butyllithium and subsequent transmctallation with diethylahuninium chloride 

generated the conesponding ahuninium enolate. which was condensed with Cpentenal1g 13 to afford a 15:l 

mixture of the diastcnoi c alcohols (S*S*,S*)-14 and (S*,R*,S*)-LS. 
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Scheme 2: Asymmetric synthesis of (2R.3S)-2-mcthyl-6-oxohcpta-l,3diiacetate (10) 
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There arc four possible d&tueoisomczic pmducts from this aldol reaction. wbosc relative staeocbcmistrics can 

be assigned by 1H NMR specaosoopic analysis.18 The nlative coafigutation of Ca to iron may be determined 

from the chemical shift of the doublet due to the Ca-mctbyl gmup. For S*,S* &as- it octzurs upfield 

(8 0.0-0.5 ppm) to that far S*,R* diastcrcoisomcrs (8 0.8-1.3 ppm). This diffancc in &en&al shifts is due 10 

the methyl group for the S*$* diastcreoisomer being held in a confbrmation such that it is shielded by a 

prOXitMtepbC.tIylIing OfthCUipheny~phOSphinCligand. A ConfannatiOdandysis for&IndSboundtothechiml 

auxiliary [(tls-C5H5)Pe(Co)fP~3)], developed from examination of X-lay crystai structures. molecular graphics 

and theoreticat modclling studies, has recently been rcviewcd.l9%b For ail acyl ligauds (COR) attached to the 

chiral auxiliary [(~s-CsHs)Fe(CO)(3)], tbc most stable conformadon is that where the acyl oxygen is unfi to 

the carbon monoxide ligand.19 Conformational control is also exerted over the R‘gmup since the 3dimensional 

space about the chiral auxiliary [($-C5H5)Fe(CO)(PPh3)] is highly de&cd. Figure 1 shows a Newman 

projection along the C$ to Ca bond forcompiexes [(~~-CSH~)F~(CO)(PW~)COCH(CH~)R] in the nnri 

conformation (acyl oxygen with respect to carbon monoxide). Given a rcquhuncnt to minimisc eclipsing 

interactions, it follows that zone A is the staically least encumbered space. followed by zone B; whereas, zone C 

is virtually inaccessible to all but the smallest groups. Thus, the most stable conformation for each of the 

~~~~i~-‘~ place a hydrogen in zone C. This results in the preferred caption for the (S*,S*)- 

diastexeoisomcr being that where the methyl gmup is close to the triphenylphosphine ligand. This analysis is 

consistent with X-ray crystallographic structure dctaminations reported for (S*,S*)-[(r15-CSHs)FeoO”Ph3)- 

COCH(CH3)CH@-I3] 19c and (S’,R*)-[(q5-C@$Rc(NO)(PPh3)CO-CH(CH3)CH~Phl.19d The 

caption of Cfi relative to Ca and iron may be determined by anaIogy with other aIdol reactions, the products 

of which have been dccomplcxcd to give known rhreo or eryrkro diastcnzoisomcric tx-substituted bhydroxy 

carboxylic acids.12 Thus relative configurations of the two aldol products obtained above were assigned as being 

(S*,S*,S*)-14 (methyl doublet at 6 0.39 ppm) and (S*,R*,S*)-l5 (methyl doublet at 6 1.05 ppm). 

Figure 1: Newman projections along CgCa for (SS) and (S3tt[(rls-C5H5)Fe(C)~Pb3)COCH(CH3)Rl 

ln order to ensure the optical purity of the target kcto diacctatc 10, we - it necessary to ixnpmve the 

diastcmisomeric purity of 14 at this stage of the synthesis. Whilst it was possible to enhance the ratio of 1415 

by repeated flash chromatography, this proved to be an inefficient procedure. However, treatment of the mixture 

of alcohols 14 and 15 with bcnzoyl chloride resulted in an efficient kinetic separation to yield the desired 

(S*,S*S*)-bcnzoa@ 16 as a diastmoison&cally pun pmduct. 
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This remarkablt and novel kinetic sepamtion is due to the chiral auxiliary [(T$-C~H~)F~(CO)(PP~~)J imposing a 

high degree of conformational restraint upon the attached diastereoisomeric acyl ligands of alcohols (S*,S*,S*)-14 

and (S*,R*S*)-W. Pollowing from the conformational analysis described above, the prcbninant conformation 

for each diastemoisomer may be predicted on the basis of aids of steric interactions (pigum 2). In the 

predicted conformation for the (S*,S”‘,S*)-diastemoisomer 14 the hydroxyl moiety is ma&y accessible for 

reaction, whereas the hydroxyl group for the (S*,R*,S*)diastereoisomer 15 is relatively inaccessible since it is 

restricted to reside in a volume de&ted by the ~~nyIp~~ and the plant prescribed by the carbon 

monoxide and acyi carbon (Figure 2). Hydrogen bonding may cram between the @-hydroxyl and the acyl 

carbonyl oxygen for the (S*,R*,S*)diastemoisomer 15, but not for the (S*$*,S*)-diastemolsomer 14. Such 

hydrogen bonding would serve to reinforce the conformational control of the bcnzoylarion by making the p- 

hydroxyl in the (S*,R*,S*)dia@reois&ner 15 even less reactive than that for the (S*,S*~*~t~~ 14. 

However, it should be noted that hydrogen bonding does not occur in the solid state for the a-unsubstituted aldol 

adduct (S*,S*)-[(rl~-C~H~)F~)~h3)~2~(OH)El. 16b and hence is unlikely to play a major role in 

determining the conformstional preferenees and themby mactivity of the related a-substituted aldol adduct 15. 

Ii 

s,s,s - 12 

Figum 2: Newman projectmns along C!&Ca for (S&S) and (S,KQ- 

[(~~-C~H~)f;c(COXPPh3~~(~3~(OH)cH2 (14) and (Is) 

Figure 3 shows the molecular structure of racemic (S*S*,S*~[(qs-C5Hs>Fe(ro>(pPh3~~(C~3~ 

CH(OCOPh)CH~CH2CH=CH2l(l6) as determined by an X-my crystallogmphic analysis of a single crystal. 

Final atomic co-otdinates are listed in Table 1. In common with other acyl complexes of [(qg-CgI-Ig)Fe- 

(~)~Ph3)], the geometry about iron is close to octahedral, and the acyl oxygen is and to the carbon monoxide 

ligand. This is the fit stmctural determination of an a-substituted @-hydroxyl iron acetyl complex and not only 

confiis that the conformation adopted in the solid state is as predicted above, but also that the relative 

stemochemistry is (S*,S*,S*) as predicted tiom 1H NMR analysis of the aldol adduct 14. This in turn confirms 

the assignments of relative captions for the aldol adducts which we reported in our earlier mcdel studies. 12 

Decomplexation of (S*,S*,!?)-benmate 16 with cerium(IV) afforded (2S*,3SL>benxoyloxy acid 17. IH NMR 

(300 MI-Ix) analysis confirmed that this material was ~ast~i~rn~~y pure (>200:1). Reduction of 

bcnzoyloxy acid 17 to the corresponding (2@,3R*)-dioll8 was accomplished using trimethoxytithium aluminium 

hydride 20 aa the reagent of choice. 1~ Nh4.R analysis of dial 18 rewaled that a small amount (<I%) of 

epimcrisation at C-2 had occured during the reduction. Attempts to accomplish the above reduction using a range 
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of other reducing agents [including lithium aluminitm~ hydride., sodium bis(2-methoxyethoxy)uminium hydride 

and monomthoxylithium altium hydride] affo&d inseparable mixmres of the diol18 akmg with over- 

reduced, fully saturated material. JZlaboration of diol18 to the target (2S*,3R*>keto diacetate 10 was acheived by 

sequential diacetylation and palladium catalysed oxidation 21 of the the terminal olefinic moiety to the 

corresponding methyl ketone. The infrtt-red, 1H NMR, 13C NMR, and mass spcctroscop ic data obtained for the 

synthetic keto diacctate 10 wcm identical in all rtspects to those of the compound derived from natural material. 

Figure 3: Molecular stntcture of 

(S*,S*,S*)-[(q~-C~H~)Fe(CO)@Th3)COCH(CH3)CH(OCO (16) 

The above results have confirmed the viability of the strategy outlined in Scheme 2, and allowed an unambiguous 

assignment of the relative stcrcochemistry in keto diacetate 10. The above synthetic route was therefore repeated 

employing commercially available, enantiomerically pure, @)-(+)-iron aeetyl 11 to afford (2R3S)-keto diacetate 

10 as a colourless oil in 11% overall yield. 

Measurements of the [a]D values for synthetic and naturally derived 10 in chloroform gave small and 

unexpectedly opposite rotations (synthetic -1.3 (c 3.0); natural +2.4 (c 1.0)). while in ethanol both values were 

larger and negative (synthetic -7.0 (c 1.6); natural -4.0 (c 0.6)). The CD spectm of both compounds were identical 

([O]275 +400, @I215 -1u)o). These latter results, while confirming that synthetic and natural 10 had the same 

2R,3S absolute eonfiguration, neveztheless suggested the presence of a small amount of an impurity with a high 

and positive [a]D value in the degradation produet. This could not be detected by NMR spectroscopy or 

separated frcnn 10 by HPLC or GC. Furtha transformation of 10 to the aced 20 was, therefore, carried out to try 
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Table 1: Final atomic mmrdinatcs for 

Ata 

FE(l) 
P(l) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
CO) 
C(9) 
C(10) 
cc111 
C(12) 
C(M) 
C(14) 
C(15) 
C(U) 
C(17) 
C(18) 
C(l9) 
C(20) 
C(21) 
C(22) 
a231 
C(24) 
C(25) 
C(26) 
C(27) 
C(28) 
C(29) 
C(30) 
C(31) 
C(32) 
C(33) 
C(34) 
C(35) 
C(36) 
C(37) 
C(38) 
C(39) 
O(1) 
O(2) 
O(3) 
O(4) 

XI8 db 

5025.9(3) -1673.2(9) 
4649.2(5) -431(2) 
5172(3) 156(7) 
58l9(2) -1838(6) 
63833(2) -809(6) 
6846(3) -568(S) 
6669(2) -1544(6) 
7021(3) -312617) 
7223(4) -3973(10) 
6685(7) -4721(19) 
6457(S) -4150(21) 
7047(2) 2822(6) 
7576(2) 1374(6) 
75730) 2094(7) 
8061(4) 3072(9) 
8534(J) 332.2(9) 
8541(f) 2655(S) 
:058(Z) 1665(7) 
4732(3) -4115(7) 
5196(3) -4036(7) 
4994(3) -3053(S) 
4392(3) -2510(S) 
4234(3) -317017) 
4016(2) 997(7) 
3#)3(3) 2345(7) 
341613) 3371(S) 
3026(4) 3062(11) 
3128(5) 1764(15) 
3623(4) 756(11) 
5168(2) 866(6) 
5460(3) 2155(7) 
5348(f) 32000) 
5953(4) 2985(S) 
5658(4) 1751(S) 
5269(3) 701(7) 
4325(2) -1784(6) 
3738(2) -1633(7) 
3514(3) -2669tlO) 
3873(3) -3927(9) 
44570) -4121(7) 
4688(3) -3053(7) 
5245 1312 
5919 -2811 
7127 -384 
6608 74 

ala 

6667.3(4) 
7574.6(6) 
6227(3) 
7163(2) 
6956(2) 
7561(3) 
6315t3) 
6441(3) 
5774(5) 
5397(7) 
4838(9) 
5435(Z) 
5269(3) 
4612(3) 
4425(J) 
4881(J) 
5544(J) 
5730(3) 
6790(3) 
6288(3) 
5734(3) 
5880(3) 
6532(3) 
7390(3) 
7811(3) 
7680(4) 
7127(4) 
6694(5) 
6821(4) 
8094(3) 
7764(3) 
8126(4) 
8829(4) 
9174(4) 
8807(3) 
3237(2) 
8477(3) 
898lt3) 
9235(3) 
899813) 
8498(3) 
5903 
7639 
6065 
5064 

U( is01 

474 
476 
623 
480 
503 

;z 
723 
944 
1363 
1734 
533 
519 
710 
812 
870 
778 
616 
677 
676 
69 
672 
671 
584 
639 
776 
995 

1182 
904 
503 
660 
782 
842 
832 
628 
505 
660 
770 
727 
663 
607 
803 
588 
556 
773 
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to remove the impurity. Tmatmatt of 10 with mthanolic ammonia yielded tk equihbrhtm mixture 19 (in CHC13 

the equilibrium ratio was hemkemhdiol:hemiacetal, 1:2:1). Both synthetic and namrally derived 19 showed 

similar optical propcaties (synthetic [a]D -9.0 (c 0.65, CHQ3); natural [a]D -10.0 (c 0.28. CHf!l3)). Treatment of 

19 with a trace of trifluom~~tic acid resulted in rapid and quantitative stereoselective cycbsation to the acetaJ20. 

Not only did cyclisation of l9 to 20 involve the generation of a third chiraJ centre (C-6). but the resulting 

conformational rigidity permitted an assessment 22 of the stereochemical purity about C-2. Thus it was shown 

that both synthetic and naturally derived acetal20 were essentially diastemoisomerically pure (both contained 

traces, <l% and Q% respectively, of the C-2 epimer) and, furthermore, that both possessed the same 2R,3S 

absolute stereochemistry (synthetic 28 [a]D +3.0 (c 0.30, CHCl3); natural 28 [a]D +3.0 (c 0.32, CHC13)). 

From the above, it is possible to conclude that previous application of the Horeau pmccdme to suitable 

derivatives of marine norterpcne cyclic petoxides 2.JO,J 1 did result in umect absolute stcreochemical 

assignments. Furthermore, this result serves to highlight the need to exercise caution when using small CD 

measurements to assign absolute stereochemistries. 

All reactions and purifications were performed under nitrogen atmosphere using standard vacuum line and 

Schlenk tube techniques.23 Removal of all solvents was carried out unda reduced pressure. THF was dried over 

sodium bcnmphenonc ketyl and distilled. Dichlorom~~ was distillal fhnn calcium hydride, and hexane refers 

to that fraction boiling in the range 67-700<3. Neat diethylaluminium chloride as supplied by Schering, was 

freshly prepamd as a 2.0 M solution in toluene, and n-butyllithium (2.5 M in hexane) was used as supplied by 

Aldrich. 1.r. specaa were mcordcd in dichlotomethane on a Perkin-Elmer 297 in strument. Proton 13.m.r. spectra 

were recorded on eitha a Bruka WH 300 spectmmeter at 300.13 MHz, a Jeol JNM-FX-200 spectrometer at 200 

MHz or a Varian XL200-E spectmmeter at 200 MHz and referenced to residual ptotio-solvent, with chemical 

shifts being mported as 8 ppm fsotn (CH3)4Si Carbco-13 n.tn.r. spectra were recorded on either a Bruker AM 

250 wter at 62.90 MHz, a Jeol JNM-FX-200 mter at 50 MFk IR a Varian XL-200-E spectrometer 

at Xl MHz using CDC13 as solvent and internal standard and are mported as 6 ppm from (CH3)4Si. Phosphortts- 

31n.~r.sptctrawae~at101.26MHzuring~3assolvcntandartrcponedas6ppmhwnan 

external nfaaa~ of triethylphosphate in D20. Electton impact mass spectra wmc recorded on eitha a V.G. 

micromass2LAB2P ktrument, a V.G. micromass 707OF instrument or a V.G. Masslab 20-250 instrument using 

EJ and field dtoupion (FD) techniques. Chemical ionisation mass spectra were mcorded on a V.G. micromass 
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7070F instrument using ammonia as the reagent gpg. High msolution accmate mass Bnts wem 

determined on either an MS 902(EI) or 707OF(Cf). Optical rotations were mcotded on either a Perkin-Elmer 241 

polarimcter or a Perkin-Elmer 12 1 polarimeter, and CD spectra on a Cary 61 spectropolarimeter. Elemental 

analyses were performed by the Dyson Perrins Labomtory Analytical Service (Oxford, U.K.). 

The synthetic sequence was initially conducted starting fmm racemic (S*)-[(?~~-C~H~)FCO_CO)- 

(PPh3)COCH3],17 however for the sake of brevity only the synthetic sequence starting from (S)-(+)-[(q5-C5H5)- 

Fe(CO)(PPh3)COCH3] 17 is reported below. 

Degrudation of cyclic peroxide 7. - To a sohnion of the cycfic peroxide 7 (100 mg) in dry ether (5 ml) was added 

excess LiiE-4 (40 mg) and the resulting mixtum stirred under mflux for 2 h. The maction was quenched by the 

addition of 10% aqueous HCl(4ml) and extracted with EtOAc. Acetylation of the crude reaction product with 

acetic anhydride and pyridine at room temperature yielded the hydroxy diacetate 8 (95 mg. 83%) as a stable 

colourless oil; [a]D +25 (c 0.64, CHC13); lH n.m.r. (u)o MHz) 6 4.90 (lH, bm, 3-H). 4.50 (2H, bs, 18-H2), 4.01 

(2H, d ABq. J 6.4 Hz, 10.0 Hz, 1-H2), 2.06 (3H, s) and 2.05 (3H, s, 2xCCCCH3), 1.13 (3H. s, 6-CH3). 1.04 (3H, 

S, 13-CH3). 0.97 (3H, d, J 7.0 HZ, 2-CH3). 0.79 ( 3H, d, J 6.0 HZ, lOCH3). 0.74 (3H, S, 9CH3); EJMS 446 (M+- 

H20,4%), 404 (M+-HOAc, l), 386 (3). 371 (5). 245 (18), 191 (47), 185 (42), 78 (100); CIMS (NH3) 482 

([M+NH4]+, 4%). 464 (9). 447 (100). 387 (31). 245 (4), 191 (14); HRMS 446.3394 (M+-H20 requires 

C28H46O4 446.3396). 

Dehydration of hydroxy diucerate 8. - A mixture of the hydroxy diacetate 8 (90 mg) and p-TsOH (10 mg) in 

benzene (5 ml) was stirred under reflux for 2 h, after which the reaction mixture was filtered and evaporated to 

dryness. Purification by HPLC (elution with 10% EtOAc/hexanc through a 1Ocm x 0.8 cm 101 radial pak silica 

column) yielded 9 (79 mg, 91%) as a mixtutc of dehydration products which were not separated but ozonolysed 

without further CharactcriSatiOn; EIMS 446 (M+, 0.5%), 191 (100); HRMS 446.3407 (M+ requires C28H4604 

446.3396). 

Ozonotysis of 9. - A sample of 9 (79 mg) in EtOAc (5 ml) at -78OC was treated with a stream of ozonohsed 

oxygen for 10 min. after which Jones reagent (0.5 ml) was added and the mixture allowed to warm to room 

temperature. Extraction with EtOAc yielded a complex mixture of products which were methylated with ethereal 

diazomethane prior to puritication. HPLC (clution with 40% EtOAc/hexane through a 10 cm x 0.8 cm 1Op radial 

pak silica column) of the mattrial yielded the diacetoxy ketone 10 (13 mg, 30%) as a stable colourless oil; [a]D 

+2.4 (C 1.0, CHCl3); [a]D -4.0 (c 0.6, EtOH); CD [8]275 +400, [8]215 -1200 (c 0.3, EtOH); *H (200 MHz) 

n.mr. 6 4.88 (lH, ddd, J 9.7 Hz, 6.4 Hz, 3.4 Hz, 3-H), 4.01 (29 d, J 6.4 Hz, 1-Hd), 2.15 (3H, s, 6CH3), 2.06 (6H, 

s, 2x CCOCH3), 0.98 (3H, d, J 7.0 Hz, 2-CH3); 13C n.m.r. (50 MHz) 6 207.5 (s, 6-C). 171.0 (s. OCOCH3). 170.5 

(s, O@CH3). 74.2 (d, 3-C), 65.5 (t, l-C), 39.4 (1,5-C), 36.4 (d, 2-C). 29.9 (q, 6-(X3), 25.2 (t. 4-C), 20.9 (q. 

OCOCH3). 20.8 (q. OCOCH3). 13.5 (q, 2CH3); EIMS 201 (M+-CH3C0, cl%), 187 (M+-C3H50,20), 145 (50) 

lOl(100); CIMS (NH3) 262 ([M+NH4]+, 100%); HRMS 187.0966 (hi+-C3H50 mquircs C9Hl504 187.0970). 

Preparation of (S)-[(~~-C~H~)Fe(COXpPh3)cocHzCH3/ (12). - n-Butyllithium (7.1 ml, 17.75 mmol) was 

added to an orange solution of (S)-[(~5-C5H5)Fe(CO)(PPh3)CH3] (11) 17 (4.0 g, 8.81 mmol) in THF (80 ml) 

at -78oC and the resubing dark ted solution was stirred for 1 h. Methyl iodide (4.0 ml, 35.2 mmol) was then 

added to the reaction mixture which was stirred at -78oC for a further 4 h. The resulting solution was quenched 

with methanol and allowed to warm slowly to ambient temperature, befote being concentrated and filtered through 

alumina (Grade V). The crude product was chromatographed on ahnnina (Grader) to give an orange band 

(dichloromethane:ethyl acetate, 4:l elution) of (S)-[(~5C5H5)Fe(cOXpph3)~2~3] (12) (4.1 g. 99%). 

[a]54620 +271 (E 2.0, CgHg). The spectroscopic data obtained for this material Was identical in all respects with 

that obtained for racemic (S*)-[(~5-C5H5)-Fe(CC)(PPh3)CCCH2CH31. 24 

Preparation of (SSS)-[(~-C5H~~e(COxPPh3)cocH(CH3~H(OH~H2CH2CH=CH2] (14). - n- 

Butyllithium (2.8 ml, 6.86 mmol) was added to an orange solution of (S)-[(~5-C5H5)FcfCWPPh3)CM3H2CH31 

(U) (2.141 g. 4.57 mmol) in THF (80 ml) at -78oC and the resulting dark-purple mixture wasstined at -78oC for 

30 min. Diethylaluminium chloride (11.5 ml, 22.85 mmol) was added to the tea&on mixture. which was wanned 

to -4@X and stirred for 2 h. The mixture was cooled to -1OOW and a solution of Cpentenal13 15 (1.85 g, 22.02 
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mmol) in ‘HIP (10 tnk) was Wed dropwise (5 min.). After ssin+ng at -1oooC for2.5h, methanol (5 ml) was 

added followed by solid NaHCO3 (1.5 g) and the mixtute allowed to warm slowly to ambient. The solvent was 

removed, water (100 ml) added to the residue and the mixture exttacted with dicbloro~tbane (3x40 ml). 

Concentration and chranatography ovcz alumina (Grade I) (dichlorometbane elution) gave a ted band of’ 

rearranged materh&=‘followed by an orange band (dichlommem ane:cthyl acetate, 1:l clution) of a 151 mixture 

of (S&S)-K~5-C5H5)WCO)(FWt3)COCH(CH3)CH(OH)CH2CH2CH=CH2l(14) and (S.kS)-[(tI5-C5H5)Fe- 

(CO)(PPh3)COCH(CH3)CH(OH)CHZCHZCH=CH2I (Is) (1.151 g. 60%). Repeated chmmatography (x3) (flash 

grade silica gel, etberW$O petrol 3: 1 elution) followed by crystaJlisation from dichlorometbane&exane solution 

afforded the desired (S,S,S)diastezeoisomer 14 (30~1 de. as determined by 31P n.m.r.), (Found C 69.5; H 6.1; P 

5.6. C32H33FeO3P requires C 69.6; H 6.0; P 5.6%): [a]$) +195, [a]5782O +219, [a&m +352 (c 0.06, 

C&Q); vmax. 3360w (O-H), 3040s (C-H), 2980m (C-H), 191Ovs (GO), 1590s cm-l (GO); lH n.m.r. (300 

MHz) 6 7.62-7.32 (15H, m, Ph), 5.82 (lH, ddt, Juan, 17.0 Hz, Jcis 10.2 Hz, J12 6.7 H4 CH=CH2), 5.08-4.93 

(2H, m, CH=CJ&), 4.44 (5H, d, JPH 1.3 Hz. C5H5). 3.62 (H-J, m, cH_oH), 2.44 (HI, d, J12 6.7,4.9 Hz, OH), 

2.35-2.02 (2H, m, C&CH2CH=), 1.41 (W, m, CH2C&CH=), 0.39 (3H, d, J1,2 7.0 Hz, CH3); 13C( 1H) (62.5’0 

MHz) n.m.r. 6 284.95 (d. 2Jpc 20.4 Hz, GO), 220.98 (d, 2Jpc 31.2 Hz, GO), 138.78 (s. QH=CHz), 136.59 (d, 

‘JPC 42.6 Hz, Ph Cipso), 133.53 (d, ~JPC 9.7 Hz, Ph C&~to), 129.63 (s, Ph Cpara), 127.92 (d, ~JPC 9.3 HZ, Ph 

Cme,). 114.52 (s, CHG2),85.35 (s, C5H5). 73.03 (s, CH). 72.92 (s, CH), 33.23 (s, CH2) 30.30 (s, CH2), 

11.81 (s, CH3); 3lP(lH) n.m.r. 671.46, FDE!JMS 552 @I+). 

Pqxaration of (SS~)-l(~-C~H~)Fe(COKpPh3)cocH(CH3~H(~OPh~H2CH2CH=CH2~ (16). - Benzoyl 

chloride (0.41 ml, 3.54 mmol). followed by 4dimetbylamino pyridine (0.29 g. 2.38 mmol) was added to an 

orange solution of a 15:l mixture of (S,S,S~[(~5-C5H5)Fe(CO)(PPh3)COCH(CH3)CH(OH)CH2CH2CH=CH2] 

(14) and (SPS>[(t15-C5H5)Fc(Co)(pph3)cocH(cH3)(3H( (15) (1.30 g, 2.36 mmol) in 

pyridine (20 ml) at ambient ttmperaturc and the resulting mixture was stirted at ambient temperature for 20 h. 

Concentration and chromatography over flash silica afforded an omnge band (dichlorotncthane elution) of 

(S,S,S)-[(q5-C5H5)Fe(CO)(PPh3WCH(CH3)CH(OCOPh)CH2CH2CH=CH2l(16) (1.12 g, 72%) (>42:1 d.e. as 

determined by 31P nm.r.), (Found C 71.5; H 5.8; P 4.8. C39H37FeO4.P requires C 71.4; H 5.7; P 4.7%); [aID 

+193, [a]57g2’ +218, [a&20 +328 (c 0.05, CSHS); v max. 3040s (C-H), 2980m (C-H), 191Ovs (c--o), 1705s 

(C=O), 1600s cm-l (C=O); 1H n.m.r. (300 MHz) 6 8.10-8.06 (29 m, Ph), 7.65-7.32 (18H, m, Ph), 5.88-5.74 (2H, 

m, CH=CH2 and CWCOPb), 5.03-4.93 (2H, m, CH=CH2), 4.47 (5H, d, JPH 1.1 Hz, C5H5). 3.50 (IH, dq, J2,3 

6.8Hz, J1.2 6.8Hz. CHCH3). 2.13-2.02 (2H, m, C&CH2CH=), 1.67-1.50 (2H, m, CH2CH_2CH=), 0.29 (3H, d, 

JJ,26.8Hz, CH3); 13C(lH) n.m.r. (62.90MH~)6278.54(d,~Jp~24.0Hz,C=O), 220.37 (d,2Jpc31.6Hz, 

C=O), 165.80 (S, PhCO) 137.99 (S. a=cH2), 136.53 (d, ~JPC 42.7 Hz, Ph Cip,). 133.53 (d, ~JPC 9.4 HZ, Ph 

Cortbo), 132.58 (S. PhCO Co&o), 130.99 (s, PhCO Ctp.&, 129.69 (s) and 129.61 (s. Ph Cpara and PhCO Cpara), 

128.18 (d, 3Jpc 9.3 Hz, Ph Cmaa). 127.95 (s, PhCO Cm&. 115.00 (s, CH-2). 85.35 (s, C5H5), 73.00 (s, 

CHOCOPh), 70.66 (d, 3Jp~ 5.5J-k CHCH3), 30.10 (s, CH2) 28.79 (s. CH2), 9.86 (s. CH3); 3lP( 1H) n.m.r. 8 

70.68; FDEJMS 656 (hi+). 

Preparation of (2S,3S)-2-methyl-3-benwyfoxyd-hepren-l-oic acid (17). - Ceric ammonium nitrate (3.80 g, 6.93 

mmol) was added to a stirred orange solution of (S,S,S)-[(~5-C5H5)Fe(CO)(PPh3)COCH(CH3)CH(OCOPh)- 

CH2CH2CH=CH2] (16) (O.Wg, 1.37 mmol) in 5% aqueous THF @ml) at -4OoC. The resulting dark brown 

solution was allowed to warm slowly to ambient tcmpemture and stitred for 3.5 h. The solvent was removed in 

vacua (OW), 5% aqueous sodium hydroxide solution (100 ml) added to the residue and the mixture extracted with 

ether (200 ml). The separated aqueous phase was m-acidified with cont. hydrochloric acid and extracted with 

ether (2x200 ml). The combined organic extracts were dried (MgSO4) and concentrated in vucrw (Ooc) to give a 

brown oil, which was puritied by p.t.1.c. (dichloromethane:ether, 41 elution) to afford (2S,3S>2-mthyl-3- 

benzoyloxy-chepten-l-oic acid (17) (0.1976 g, 58%); [alH27 +6.0 (c 0.8, CHC13); vmax. 3400m (O-H), 31OOm 

(O-H), 2900m (C-H), 1710s cm-l (GO); 1H n.m.r. (30 MHz) 6 8.13-8.04 (2H, m, Ph), 7.65-7.51 (1H. m, Ph), 

7.48-7.42 (2H, a~, Ph), 5.82 (WI, ddtq Jms 17.0 Hz, J C~S 10.3 Hz, J5,6 6.7 Hz, C&CH2), 5.43 (lH, dt, J2,3 

6.9Hz, J3,4 5.8Hz, CBOCDPh), 5.08-4.% (2H, m CH&&), 3.01 (1H. dq. J2,3 6.OJ-k. J2,Me 7.1Hz, aCH3), 

2.18 (2H, ~IDUQ, J 7.3HZXH2C&CHOCOPh), 1.92-1.84 (2H, IQ axCH2CHOCOPh), 1.28 (3H, d, J2,Me 

7.1& CHC&); 13C n.m.r. (62.90 MHz) 6 178.29 (s, CO2H), 171.27 (s, WOPh), 132.99 (d. Ph Cpm). 130.19 

(S. Ph Cipso), 129.69 (d) and 128.46 (d, Ph Cmeta and Cortbo), 115.23 (1. CH=QJ2), 74.45 (d, CHOCOPh). 42.98 

(d, WCH3). 30.48 (1) and 29.48 (t, QJQQi2CH=CH2), 12.54 (q. CH3); CJMS (NH3) 280 (M+m)+, 263 

(M+H)+. 245 (MH+-H20), 105 (PhCO+). 
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Q~A~rion ofn~M@~ &rived 19. - A s&tion of natnmlly derived 19 (3.5 mg) in CLXl3 (0.3 ml) in an NMR 

tube WBS -ted with trifluoroaceti~ acid (0.05 ml) resulting in rapid and quantitative conversion to the acetal20, 

[UID +3.0 (c 0.32, cHc13); 1H n.m.r. (200 hfHz, CLXl3 + trace of trifkweetic acid) 6 4.39 (lH, d, J 6.9 HZ, 

3-H), 4.15 (lH, dd, J 4.0 Hz. 12.0 Hz, l-Hi_& 3.66 (19 dd, J 0.6 Hz, 12.0 Hz, l-Ha), 2.2 (2H, bm) and 1.9 (2q 

bm, 4 and 5H2), 1.55 (39 s, 6-cp13). 1.50 (lH, lxn, 2-H). 1.27 (3H, d, J 6.9 Hz, 2-CH3); EIMS 142 (M+, 3%). 

112 (6). 101 (18). 83 (1 I), 67 (20), 55 (15). 43 (100); CIMS (NH3) 143 (M+Hj+, 100%); HR(CI)MS 143.1073 

(lM+Hl+ requites C8Hl5@ 143.1072). 

Cyclisation of synthetical/y &rived 19. - lkatmcnt of componnd 19 (3.5 mg), derived synthetically, under the 

same conditions as above gave the acetal 2& [a]D +3.0 (c 0.30, CHc13) With similar lH n.m.r. and mass spectra 

to naturally derived 20. 

X-Ray Crystal Structure Anatysb of (S*,S*+5*)-[($-C~H$Pk?o)(PPh3)COCH(CH3)OCOPh)- 

CH2CH2CH=CH2]. Cell patamtcrs and reflections wem measured using graphite monochromated Cu-Ka 

radiation on an Enraf Nonius CAD4-F diffractometer opemting in t.@O mode. The scan range (o) was calculated 

from [ 1.65 + 0.14 tanO] and the scan speed was varied fmm 1.3 to 5.5O min-l depending upon intensity. 

Reflections were measured in the range mC70c’. Four standard reflections were measumd regularly to scale the 

intensity data and correct for any crystal decay. llre data were corrected for Lorentx, polar&don and absorption 

effects 26 and equivalent reflections wem merged to give 6140 unique reflections of which 3376 were considered 

to be observed [I>3o(I)] and used in the subsequent structure analysis. The structure was solved using direct 

methods and electron density Fourier synthesis. 

Final full-matrix least squares mfinement included paratnetcss for atomic positions, anisotropic temperature 

factors (for non-hydrogen atoms), an overall scale factor and an extinction parameter.27 All non hydrogen atoms 

were located in difference Fourier syntheses and hydrogen atoms were placed in calculated positions and allowed 

to “ride” on their respective atoms. Weights for each reflection were calculated from a Chebyshev series of the 

form W=[17.381 tl(X) - 5.396t2(X) + 12.603t3(X)] where X = F&max.28 Final difference Fourier synthesis 

showed no significant residual electron density. All calculations were performed using the CRYSTALS package 

on the Chemical Crystallography Laboratory VAX 1 l/750 computer. 

t&tal Data. 

C39H37FeQP, Ma56.5397, monoclinic, 8=21.711,~8.197,~=19.118, o=91.34°, U=3401.3 A3, 2=4, 

Dcalc=l.28 gem-3, p(Cu-Ka)=43.14 cm-l, space group P21~~, relative transmission factors 0.99-2.16, crystal 

dimensions 1.17x0.35x0.15 mm, number of relections [r>30(I)] 3376, R=O.059, Rw=0.069. 
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