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Abstract 

The p~eparation of highly diastere~ and enantiomerically enriched planar chirai I-phonylsulfonyl-substitmed uicartmcffK,qs-pemmt- 
enyl)iron(I + ) complexes 7 [syn, syn-(I R,SR)-7 and syn,syn-(IS,5$)-7 (c/so/d- or U-forms); de > 99% ~- 5 - s y n - C H 3 / ~  3 :~. 
100:1, ee > 99%; 87% quant, from .-'asolved 6] is dascnbed. Stinting from the enantiopme diene (I E.3E, S).$ b~h ~ of 
cationic complexes syn,syn-7 become readily accessible via clu'omatographic resolution of tim diastereom¢~c n~tlm¢ of the cmTeslmed- 
ing neutral wicarbonyK~4-diene)iron(0) .~omplexes 6 [(1R,5S)-6-- ~ 1F-endo--6 and (IS,55)-6 ~ - ~P'--eraT-~ de>99%, ee>99~;  
quant, prior to resolution]. The nucleophific addition of hereto and carbon alom nucleophiles (moq/~lin¢., silyl enoi e~or 8 a~l silyl 
ketene acetal 9) to the racemic complex syn, syn-(IR/S, SR/S)-7 afforded the neutral ~-sebstip.Red ~ l ( ~ 1 4 . . d ~ n e ) g . u ~ O )  
complexes rac-qP-exo-lOa--c in mederate yields [43-68% from syn,syn-( 1R/S,SR/5)-7] gs single geometrical isum¢~ [(E,Z) or( F.,E);, 
kinetic (U-fro'm/strong nucleophile) or thermodynen~c (S-from/less reactive m~:leophile) control]. Likewise, ~ add~iea to 
the sterenehemically homogeneous complexes syn, syn~l R,SR)-7 or sFa,sy~lS, SS)-7 followed by oxidalive cleavage of 1~ c m ~ y l -  
iron fragment offers an access to E-substitmed dienes l l a -¢  in moderate to fair yields [45-65%, (E,Z)/(F..E)=>85:I-i:3] w ~  
enantiomedc excesses ranging from > 99%/98.9% [(1 E,3Z, R)-IIa/(I  E,3Z, S)-IIa] to 93% [(6E,8E, S)-IIb]. The st~"enehenf~'y of 
the formation and the sterenehemieal pathways of the nucleophilic addition reactions of the nomacemic con~exes syn,s3m-7 [ead~l to 
the dienes l l a - e  as well as spectroscopic and smg-ua'al details are discussed. Furthermore, the reaction proceeds ~ ~ 
"chirality transfer" from C-O via C-Fe to C-N or C-C, respectively, with either retemion or inver,Aon of ~renehem~ay of the 
stereogenic centre with respect to the starting material (S)-I depending strongly on the reaction conditions. The observed ~ e c ~ -  
ity of the nucleophilic addition ~action displays the synthetic equivalence of the cationic complexes of type syn,.s~m-7 with a planar 
chiral a6-synthon allowing an umpotung of the classical de-chemistry. 

Keywords: Iron; Tricarimnyl(~4.dlene)imn(0) complex; Tdcarbonyg-qs-penladienyl)irmgl + ) complex; ~ chira~y; Die~I;c 
Chirali~ transfer 

1. in t reduc t ien  

Cationic metal-fr-complexes of  odd and even num- 
bered unsaturated polyenic ligands, which can be re- 
garded as stabilized carbocation equivalents coordin~ed 
to a transition metal, are of  increasing importance as 
useful reagents in organic synthesis taking advantage of  
their enhanced reactivity towards a wide variety of  soft 
nucleophiies [1-3]  (for a general use of  transition met- 
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als in organic synthesis see Ref. [1]; for the general 
chemistry of  organo-/nm comixamds see Ref. [3]). Re- 
cently, acyclic tricarbonyI(~S-pemedienyl)inm(! + )  
complexes, although less stable (and more electmphilic) 
than their cyclic counterparts [4,5], have attracted a 
considerable interest in stoichiometric a s y m m e t ~  syn- 
thesis, since they owe planar chirality when the coordi- 
nated ligand is unsymmeU'ically substituted and the 
metal fragment distinguJ_shes between the two ena~- 
tiotopic faces o f  the i igand [6]. Therefore ,  
uicarbonyl(~/S-pentad~enyl)iren(l + ) c o n g ~ x e s  ~cptc- 
sent valuable tools for organic synthesis (e.g. symhesis 
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C A B 
X = OH, OR. NR2; R = alkyl, aPjl; Y = BF4-. PF6-etc. 
Ace = acceptor = CO, R, SO2Ph, PO(OR)£ etc. 

Fig. I. Appl~oach~ to diasterco- and enanfiomedcally enriched (~-pentadienyl)Fe(CO)3(l + ) complexes. 

of polyamamrdt~l natural products or polyfunctional- 
~ed tricarbonyl(~-diene)iron complexes) [3,4]. More- 
ova,  davit synthetic potential and usefulness as planar 
chiral ovganometallic electrophilic agents towards a wide 
va rh~  of carbon and beteroatom nucleophiles deeply 
relies on Ihc accessibility of the corresponding tricar- 
bonyl(v/4-dieue)fi'on(O) complexes in enantiomerically 
pero form as their most likely precursors. Therefore, 
various methods have been developed to obtain highly 
d i ~  and/or  enantion~rically enriched complexes 
of this type [4,7-10] (for separation of diastereomers 
see Rcf. [7]; for enzymatic kinetic resolutions see Ref. 
[8]; for d i a s ~ l e c t i v e  complexation of chirally mod- 
ifmd dicne figands see Ref. [9]; for enantioselective 
complexafion of prochiral 1,3-dieues by chirally modi- 
fied u'icarbonyl a'an.ffcr reagents see Ref. [10]). Unfor- 
tunately, reactions of isolated (cisoid) cationic u'icar- 
bonyl(~r-pontadionyl)iron complexes with nucleophiles 
often give rise to mixtures of regio- and/or  stereoiso- 
mcrs due to kinetic or thermodynamic reaction control 
of the nucleophilic addition reaction which in turn 
depends on electronic and steric effects of subsfituents 
as well as the type of nncleophile employed [4,11,12] 
(for recent examples ~ Ref. [Ill). In addition, the 'in 
situ method" allows regio- and stereocontrolled dienylic 
substitutions via transoid or S-shaped cationic tricar- 
bonyl(v/S-pentadienyl)iton(l + ) complexes leading 
stereosolectively to (E,E)-configured Uicarbonyl(~4-di- 
erie)iron(0) complexes [4.13] (also, for recent examples 
see Ref. [14]). In all cases the incoming nucleophile 
invariably auacks the coordinated pentadienyl ligand 
trans with respect to the Fe(CO) 3 moiety [4]. However, 
progress has to be made in order to better understand 

the delicate balance of factors governing the regio- and 
stereoselectivifies of such kinds of dienylic substitution 
giving this approach a quantitative and qualitative as 
well as predictive value. By analogy to our established 
regio- and stereocontrolled chirality transfer process in 
allylic substitution reactions via acceptor substituted 
tetracarbonyl(~3-ailyl)iron(1 + ) complexes [15] (also, 
for application of this methodology in natural product 
synthesis see Ref. [16]), the corresponding acceptor-sub- 
stituted aicarbonyl(v/s-pontadienyl)iron(1 + ) com- 
plexes A, representing planar chiral synthetic equiva- 
lents of at-synthons B and allowing an umpolung of 
classical d6-cbemistry [17], should be readily accessible 
starting from enantiopure chiral pool-precursors C (Fig. 
1). 

We now wish to report on the synthesis of highly 
diastereo- and enantiomerically enriched phenylsulfonyl 
functinnalized tricarbonyl(BS-pentadienyl)iron(l + ) 
complexes syn,syn-7 as a model system for our ap- 
proach to complexes of type A (Fig. 1). Key steps are 
the chromatographic separation of diastereomeric triear- 
bonyl(vi4-dieue)iron(0) complexes qt-endo-/qr-exo-6 
which in turn are based on the enantiopure precursor 
ethyl-(S)-lactate [(S)-I] and their stereoselective trans- 
formation to the enantiomeric cationic complexes 
syn,syn-7. The nucleophilic addition of nitrogen (mor- 
pholine) and carbon atom nucleophiles (silyl enol ether 
8, silyl ketene acetal 9) provides access either to new 
e-substituted tricarbonyl(~4-diene)iron(0) complexes 
10a-e or, after oxidative removal of the aicarbenyliron 
fragment, to ~-fonctionalized phenylsnifonyl-substituted 
dienes U a - e  of high diastereomedc and enantiomeric 
purity. 

a)-c) HaC... . I~CO~Ma 0)-f) 

OH OBn OBn 

(.5}-1 (E,5}-2 (1E,3E.SpS ee > 9 9  % 
ee • g9 % (1E,3EJ/{1E,3Z') >> 100:1 

Scheme 1. (a) CI3CC(=NH)OBn (2.0equiv.), TfOH (0.1equiv.). CHzCl2--cyclohcxan¢= 1:7, room temperature, 6Oh. 95%; (b) DIBAH 
(IAcquiv.). Et20. --78°C. Ih then excess 4N HCI, 0-5°C, 98%; (c) MeO2CCH2P(=OXOEt) " . (I.0equiv.), Et3N (I.lequiv.), LiBr 
(I.2equiv.). CH~CN. 0°C to room temp., 12h. 86%: (d) DIBAH (2.0equiv.), Fa20. -'/g°C. I h then 4 N HCI. 96%; (e) Swem-oxidadon, 96%, 

H~CCI-gOBn)CH=CHCHO [(E.S)-3I: (f) PhSO2CH2P(=OXOE02 (4) (I.0equiv.), Et~N (l,1 equiv.). LiBr (I.2equiv.), CH3CN. 0°C 1o 
morn romp.. 12h, 96%. 
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2. Results and discussion 

2.1. Synthesis of the phenylsulfonyl-substituted tricar- 
bonyl(~l<-diene)iron(O) complexes 6 

As outlined in Scheme !, commercially available 
enanfiopme ethyl-(S)-Iactate [(S)-l], was converted in 
three steps to the methyl 4-phenylmethoxy-pent-2-en- 
oate [(E,S)-2] (tbr a review see Ref. [18]) by protection 
of (S)-I under acidic conditions with O-benzyl-2,2.2- 
trichloroacetimidate/TfOH in dichloromethane- 
cyclohexane= 1:7 (95%) [19], reduction of the pro- 
tected ester with DIBAL-H (98%) (for reviews see Ref. 
[20]) and sub,eqnent olefinafion of the corresponding 
protected lactaidehyde with methyl diethyiphoaphono 
acetate/LiBr/-Et3N/MeCN following the protocol of 
Rathke et al. (86%; overall yield from (S)-I: 80%, 
ee > 99%) [21]. The DIBAL-ILreduclion of the enoate 
(E,S)-2 furnished the corresponding ailylic alcohol 
(96%) which was directly subjected to a Swern o~tda- 
tion to yield the appropriate unsaturated aldehyde 
(E,S)-3 (96%). The reaction of the aldehyde ~ ' ~  di- 
ethyl phosphono reethylphenylsulfone 4 [prepared in 
three steps from thiophenol (overall yield: 59%)] [22] 
under the olefination conditions as described above 
yielded the enanfio- and diastereomerically pure diene 
(iE,3E, S)-~ as an air- and moisture-stable colourless 
solid (96%, overall yield from (E,S)-2: 88%), ee > 99%, 
(1E,3E)/(IE,3Z) ~ 100:1) (Scheme 1). 

Conversion of diene (1E,3E, S)-S to the correspond- 
ing Iricarbonyl(~/4-diene)iron(0) complexes (IR,5S)-6 
(~-endo-6) and (q~-exo-6) was performed following the 
two general methods as depicted in Scheme 2 (for a 
preliminary assignment of the relative and the absolute 
configurations vide supra and Fig. 2). Either thermal 
complexation with nonacarbo~yldiiron [Fez(CO)~] in 
toluene (85%) (method a) [23] or photochemical com- 
plexafion of (IE.3E, S)-5 with pentacarbonyliron 
lee(CO)s] in ~uane (96% to quant) (method b) [241 
initially yielded, after separation from pyrophoric iron 
containing side products, a mixture of the diastem- 
omeric neutral tricarbonyl(~4 diene)imn(0) complexes 
(IR,5S)-6 and (IS,5S)-6 as highly viscous yellow- 
orange coloured oils (method a: de <_ 4%, method b: 

tl ~ i/ 

I1 il ' i t t  

. . . .  ~ . . . .  , . . . .  + . . . .  , . + . . . . .  + . 

l~g. 2. ~J(' H - ]  H)  coupling coestaa~ (Hz) and e.O~_-effec~ (%) of  
d~ cation syn,syn-( l X / S,5 X / S)-7. 
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Scheme 2 (a) Fe2(CO) 9 (20 eqwv ), toluene, d, 48-6011, 85% (both d/asten~mmn~ de ~ 4%). then ~ of diasmeoem's (de = ~ > 99~; 
(b) Fe(CO) s ( I+3 equiv), toluene, h v. room letup, 12 h, 96% (beth diaste~eceme~, de = 0%) thin separaliou of diaatomoem~t (de = t~ > 99~). 

de -o%) .  Other estab~shed ~ metbuds t ~  
sonification Of ( I E,3 E, S)-5 in the inesence of ~ n ~ x -  
bonykLiiron lee2(CO),] in beazene [251 preyed to be 
synthetically unattractive since in no ca~ was 
conversion of (IE,3E, S)-5 observed. The con~skxns 
tornsd ont to he very stable in pine form lint they 
decomposed slowly in sointino. The tfutstereame~ ra- 
tio of the I~(porified mixnaes was easily 
by means of H NMR specuuscu~ (vide s u t ~ .  S~:e  
the~ is no significant influence of the catbinol atem 
(C,~) bearing the benzyloxy group in 
discdmination of o ~  of the ~ fa~s of dre 
diane system both diastereomet~ 6 a~  formed in ~ 
equal amounts (de = 0-..4%) t~mdless of the method 
employed or the rg~cdon ~ Both 
of 6 can he emiched by cohimn ~ (silica 
gel) due to their x'~natkal~ diffe~nce in their Rf 
values (diastenmmer I = (I R,SS)4g: Rfz0.22.  di- 
astereomer 2 = (1S~S)-6: Rf = 0.16, in beth ~ light 
petroleum-ethyl ether = 2:1; de [(l R,~S)-6] > 99~, de 
[(,S~SS)-S]= 7o-so%1 [26t F raceo~  ct3~aaizaeea 
of (IS,5s)-6 from diethyl ether at 4°C yields sa~ 
with a diastereomeric excess geater than 99~ (~H 
NMg spocu-escopy, S00MFa) (vide supra), t.~kewi~, 
starting from the mcemic dieae OE.3~R/S) -5  the 
ra~-mic mixtm~ of diastereong~c complexes mc- 9"- 
endo-6/rac-qr-e:o-6 was pmpmed. By a E d o ~  to the 
nominn of Clinton and Lillya [26] for similar subai- 
treed u~arbonygn*-a~ane)iran(O) comOex~ [0treat 
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(T/4-diene)F.e(CO)3 complexes with an additional stere- 
ogenie centre in a-position to the complexed diene unit] 
and mnneteus additional examples [27], it is generally 
~cepted that the diastereomer possessing the higher Rf 
value (less polar, OBn-gronp directed endo relative to 
the Fe(CO) 3 moiety) is assigned to be the qt-endo-6 
isomer and that with the lower Rf value (more polar, 
OBn-group directed exa relative to the Fe(CO) 3 moi- 
ety) the ~ x o - 6  isomer (Scheme 2). Due to the known 
absolute configuration of the carbinol carbon atom (C,) 
bearing the OBn-group [(S)] the formation of only two 
diasteromeric complexes 6 becomes possible which in 
tom are each enautiomerically pure since it is known 
that complexes of this type are stable to racemization 
o n ~ r  the chosen reaction conditions [28]. Thus, assign- 
meet of the relative configuration of the carbinoi carbon 
atom and the Fe(CO)3-grou p (facial position) should 
allow the assignment of the absolute configuration of 
each diastereomer or enanfiomer respectively. For that 
reason, complex W-endo-6 shonld be identical with 
(I R,SS)-6 and qt-exo.6 with (1S,5S)-6, considering the 
stereochemical aspects discussed above (for a number- 
ing scheme of the dianyfic carbon and hydrogen atoms 
see Hg. 1 and Fig. 2). 

The diastereomeric complexes 6 gave only slightly 
differing infrared and mass spectra. In addition, both the 
lH NMR and 13C NMR spectra of the complexes 6 
displayed the characteristic high field shifts for com- 
plexed olefinic atoms (vide supra). The resonances of 
the Internal protons Hp and H~ of the complexed diene 
5 can be observed in the 'olefinlc region' at 8 = 5.32- 
5.68ppm [12]. In particular, the strong high field shift 
of the resonances of the terminal protons H,, and H a 
(8(H=) = 1.44-1.59ppm, ~(H s) = 1.17-1.30ppm) is 
indicative for (E,E)-configored complexed dienes [12]. 
Ftmhenno~ the single bond between the complexed 
double bonds must possess an s-cis conformation (n.O.e. 
(Ha,--*HD)= 12.8%) and so the termini of the com- 
plexed ligand $ hi both complexes 6 must show 
syn,syn-substimtion patterns (n.O.e. [H~ ~ H~ (~'-exo- 
6) = 4.6%]. All resonances of the "olefinic" carbon atoms 
ate found at 8 = 66-85 ppm. The signals for the Fe-CO 
groups appear with line broadening at 8 = 205, 207 and 
212ppm. In order to obtain more structural and stereo- 
chemical information both resolved complexes 6 were 
subjected to extensive n.O.e-1H NMR experiments (vide 
infra). The results obtained strongly support the general 
smmtural features described above. Unfortmmtely, all 
n.O.e, effects of (1R,5S)-6 and (IS,55)-6 are very 
similar and do not allow an unan'tbiguons assignment of 
the relative and, therefore, of the absolute stm-eocbem- 
i s t~  with respect to the facial position of the Fe(CO) 3 
moiety relative to the plane through the complexed 
diene and the carbinol carbon atom beating the stere- 
ognnlc centre (C~) with known absolute (S)-confignra- 
tion. All attempts to obtain crystals of the complex 

.... ~ ( "  , ~  . . . . .  7-" ~ . . . .  
Ha H~ H~ H# 

~.- -~.i,.,~- --.~ H 3 ~  X. eO2Pt, 
Fe e 8.2 % ~ 

(C0)3 BF 4 34,4% BF~4 

Fig. 3, Determination of the diastemomeric and enantiomeric purity 
of the complexes 6 by IH NMR spectroscopy (300Ml-Iz, CDCI3, 
de= ee for both diasmmomers > 99%). 

(1S,5S)-6 (~-exo-6) suitable for a doubtless determina- 
tion of the absolute configuration by X-ray analysis 
turned out to be unsatisfactory. 

The determination of the diastereomeric and, like- 
wise, the enantiomeric purity of both complexes, 
(IR,5S)-6 (~-endo-6) and (IS,5S)-6 (~-exo-6), was 
easily accomplished by i H NMR spectroscopy in C D C l  3 
(Fig. 3). Starting from the enantiupure diene ligand 
(I E,3E, S)-5, its complexation with an 'Fe(CO) 3' moi- 
ety results in the inu'odncfion of a new element of 
chirality (planar chirality) and only the formation of two 
corresponding diastereomeric  tricarbonyl(~/4- 
diene)iron(0) complexes (IR,5S)-6 (gr-endo-6) and 
(1 S,5S)-6 (Xe-exo-6) becomes possible which, of course, 
after their separation by means of column chromatogra- 
phy provides access to the enantiupure complexes 6 
(qt-endo-6 and qt-exo-6) (de = ee > 99%) (vide supra). 

In particular, the methylene protons (H= and H b) of 
the benzyloxy group of both complexes 6 exhibit a 
significant difference in both chemical shift and split- 
ring patterns. The resonances of diastereotupic methy- 
lene protons (Ha and H b) of the benzyloxy group of the 
complex (1S,5S)-6 (qt-exo-6) appear as a typical AB- 
spin system (two doublets at ~ = 4.37 and 4.61 ppm, 
2 j ( tHa - tHb)=  II.6Hz). In contrast, the complex 
(IR,SS)-6 (qP-endo-6) shows almost isnchrone reso- 
nances for the methylene protons H= and H b, thus a 
singlet-typa signal is observed for these protons (8 = 
4.47 and 4.49ppm, approx. A,.~/-spin system). These 
results clearly demonstrate a remarkable different chem- 
ical environment for the methylene protons of the com- 
plex (1 R,5S)-6 (~-endo-6) compared to (15,5S)-6 (W- 
exo-6) which is probably caused by pointing of the 
OBn-group into the half-room of the shielding 
electron-rich tricarbonyl fragment. In general, the com- 
plex (IS,5S)-6 (~-exo-6) turns out to be more stable 
than the diasteromeric complex (I R,5S)-6 (qt-endo-6) 
since in its NMR spectra the uneomplexed ligaud 
(1E,3E, S)-5 could be observed frequently. In addition, 
due to their analytically useful signal separation the ] H 
NMR spectroscopic signals for the protons H=, H~ and 
H e as well as for the CH3-groups can be used for the 
determination of the diastereomeric purity of the com- 
plexes (IR,5S)-6 (fft-endo-6) and (1S,5S)-6 (~-exo-6). 
Fig. 3 shows the characteristic I H NMR spectroscopic 
signals of the methylene protons H= and H b of the 
resolved complexes 6. 
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2.2. Synthesis o f  the phenylsulfonyl-substituted tricar- 
bonyl(~S-dienyl)iron( l + )complexes 7 

The synthesis of the cationic tricarhonyKv/s- 
dienyl)imn(l + ) complexes 7 wine performed by treat- 
ment of a solution of the resolved highly dlastereo- and 
enantiomerically enriched complexes (IR,SS)-~ and 
(IS,5S)-6 (de = ee > 99%) in diethyl ether at ca. 30°C 
with excess HBF 4 (54% in diethyl ether) [4] (also, for a 
representative example see Ref. [29]). Under these con- 
ditions the OBn-gronp of the complexes 6 is cleaved 
and the cations 7 are formed in good to excellent yields 
(87% quant.). To nm the reaction to compl~on both 
the addition of n-pontane and extended l~'ecipitation 
periods at room temperature (12h) were essential 
(Scheme 3). The cations 7 are obtained as moderately 
air- and moisture-stable pale yellow solids in spectro- 
s¢oplcally and analytically pure forms after filtration 
and can be stored at 4°C in a r e f r i ~  under argon 
for several months, n H NMR and-t~C NMR spactm- 
scopic analyses demonstrated that w h e t ~  starting from 
(1 R,5$)-6, from (1 $,5S)-6 or from rac- q~-endo~ / rac - 
~-exo-6 rmxtm'es, the cationic complexes 7 thus oh- 
rained, gave identical proton- and carbon-NMR spectra 
(vide supra). 

Based on both the observed results and on p~vions 
work of M a b ~  and coworkers [30], Sox'~son and 
Jablonski [31], Lillya and cowoAers [32] and vmy 
recently Salzer and cowmkers [12] we Wopose the 
following reaction mechanisms and stereocbemical 
pathways for the formation of the cations 7 a~ shown in 
Scheme 3. 

Based on the assumption that the OBn-leaving group 
of (15,55)-6 (9'-e.ro~) is cleaved exo with respect to 
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the metal fragm~ [Fe(COh] [41 the inie~y g e n m ~  
trau,~vo/d cation (!$,5R)-7 (S-form) should be f e m ~  
with inver~on of the steneoge~ ~ at C~ dee to ~ e  
i~e-positioning of the CH3-gmep at C~ in (15,55)-6 
(~P-exo--6). This ~ (IS,5R)-7 should then 
arrange to the cisoid cation ~ ,syn-( lS ,5S)-7  im3imbly 
by nxation amuud the C,--C~ axis which apia shou~ 
result in an inversion of the absalm¢ s m e o c h e n ~  by 
changing the diastemxopic faces at C.. In full accor- 
dance to previous results [12,30-32], sumiag from the 
~ u u m ~ u ~ c a U y  pu~ complex (1RAS~6 ( ~ ' ~ 6 ~  
the cation mu/,syn-(IR~$)-7 (U-form) (donble invex- 
sion at C~) should be formed via ~ ia~mm~Fm~ c i ~  
(IR,5R)-7 (S-form). Since an ( i n ~ ' ~ s i l ~ )  am~-CH~ 
-~syn-CH~ convenion faum ami, syn-(IR,5$)-7 to 
syn.syn-(IR,SR)-7 (configuratiw lability, m at 
C.)  is easy and themmdymamica~ ptefem~ due m 
s t e ~  ~ at tempermmes aixwe 0 ~ ,  only a 
syn, syn-co~gured cation 7, thus obufiaed, is dem:tahle 
by ~ o f  e ~  ~ [32]. xa addJ~mn, hedn 
ciso~l complexes syn.syr.-(l$,5$)-7 md  syn.sy~- 
(1R,SR)-7 (U-forms) ate believed to be in am 
rinm with their flgtamdynam/cally uafavomable mm~ 
so/d ~ (1S,SR)-7 aad (1~,5$)-~ (S-forms) 
(conformative lability) (Scheme 3). ~ under the 
reaction conditiom (pmcipitatm temparam~. 3 0 ~ )  
the complex ~-ezo-6 shonld have heea coaven~  d/- 
astereosole~vely to the cafioa sy~.s)~(l$,5$)-7 ami 
the complex ~'-endo4 highly d iasmgosekc t iv~  to the 
cati~ ~,~,,-0 ~,SR)-~ (for the ~ e~ 
st~-~h~icat  p~i~ ~ s ~ a ) .  ~he f ~  o~ 
only one observable cisoid cation zTn.~ym- 
( IR /S ,5R /$ ) -7  fa3nt the d i a s ~  m ~  rac- 
*l'-endo-~ /vac- ~t-e.xo-~ is easay exphined by the pro- 

,Sdzm 3. ~ s ~ h e . m i a d  pathway far ,n,,. fmmatimm o~ ~ ~ a'i~u~0m~ K ~/s-daznyl.~m( I + ) ~ ~,s,~w-O R,5/0-7 
.ryH..~l$.,5$)..7 from ( i  R.,55)-6 (~D'.~,~do..~) md (IS,55)-~ (~'-exo-.~). (a) HBF 4, ~ O - a - j p ~ 1 ~  30~C to ~ Im~p., 12h (87~ ¢]~nJl~). 
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posed mechanism and sUvngly supports this working 
hypothesis. 

From both ~ stereochemical proposals in Scheme 2 
and Scheme 3 as well as from a similar very recent 
contril:mtion of Saizer and coworkers [12], the following 
postulates concerning the stereochemistry of uncleo- 
philic addition reactions to the complexes syn,syn-7 can 
be proposed: 
- Due to an (irreversible) anti-CH 3 --) syn-CH 3 con- 

version from anti,syn-(1 R,5S)-7 to syn,syn- 
(1R,5R)-7 (confignrative lability, inversion at C~) 
the complexes (IR,5S)-6 (qt-endo-6) and (IS,5S)-6 
(~-exo-6) have to be resolved since otherwise start- 
ing from the optically active diene (I E,3E, S)-5 the 
racemic cisoid cationic complex syn,syn- 
(1R/S,SR/S)-7 would be obtained~ 

- Principally, both enantiomers of the complexes 
syn,syn-7 should be accessible fi-om (1E,3 E, S)-5 as 
a single stereochemically well-defined starling mate- 
ria]. 

• Nucleophilic additions at C~ to syn,syn-(IR,SR)-7 
should yield addition products with overall retention 
(fourfold inversion), while nucleophilic additions to 
syn,syn--(l S,5S)-7 should result in addition products 
with inversion (triple inversion) of stereochemistry 
with respect to the stereogenic centre of the starting 
material ( l  E,3 E, S)-5. 

• For a given cation 7 and depenchng on the nature of 
the uneleophile, the uncleophilic addition at C~ of a 
cisoid cation should give rise to products with 
(E,Z)-donble bond geomelry while the nucleophilic 
addition to the corresponding transoid cation should 
give an access to (E,E)-ennfignred products. In 
addition, the geometric isomers should possess the 
opposite absolute configuration of the newly gener- 
ated stereogenic centre C~. 
The expected cisoid-slxucture (U-form) and addi- 

tional stereochemical properties (syn, syn-substitutiou 
patterns at the dienylic termini) of the complexes 7 were 
unambiguously established by means of numerous NMR 
spectroscopic experiments (Fig. 2). By analogy to the 
previously reported results, the doublet signal for the 
s~-CH3-group in the proton-NMR spectrum of all 
complexes 7 is found shifted downfield at 8 = 1.99ppm 
while typical resonances for anti-CH~-groups generally 
are observed further upfield at 8 ~  1Appm [30-32]. 
The coupling constants 3 j ( IH, , - IH#)= 10.0Hz and 
3j(IH~-IH~) = 12.7Hz are typical for an anti-arrange- 
mant (equivalent to syn-substitution of the SO2Ph and 
CH:group) of these protons while the coupling con- 
stan~ of the other protons of the complexed dienylic 
unit [ 3 J ( IH~- IH~)=7 .4Hz  and 3 j ( IH~- IH~)=  
6.1 Hz] are indicative for their cis-relatienship. In par- 
ticular, the observed n.O.e.-effects (H~ ~ H~ = 34.4%, 
CH 3 ---) H~ ffi 9.4% and CH 3 ~ H ~  8.2%) as well as 
the other n.O.e.-effects strongly support the assignment 

of the cisoid-stmcture (U-form) with syn, syn-subsfitu- 
tion patterns (relative m the 'meso'-hydrogen atom on 
C~) at the dienylic ternfini (Fig. 2). 

Compared to the neutral complexes 6 all proton and 
carbon resonances of the cations 7 show significant 
downfield shifts (8(H)=3.69-7 .06ppm vs. 1.17- 
5.69ppm; ~ (C) = 82-107ppm vs. 66-85ppm) due to 
the cationic nature of 7. All spectroscopic investigations 
demonstrate clearly that either starting from enantiopure 
(IR,5S)-6 (qP-endo-6) or from (1S,5S)-6 (qt-exo-6) 
stereochemical uniform (hut enantiomeric) cationic tri- 
carbonyl(~5-dienyl)iron(1 + ) complexes syn, syn- 
(1R,5R)-7 or syn, syn-(I S,5S)-7 are readily accessible 
[de > 99% ( ~ 5-syn-CH3/5-anti-CH 3 :~ 100:1)], ee > 
99%). in addition, the enantiomeric relationship of 
syn,syn-(l R,5R)-7 {[a]2D s = +56.6 (C = 0.98, acetone)} 
and syn, syn-(IS,5S)-7 {[~]~8 = -44 .7  (c = 1.02, ace- 
tone)} is unambiguously verified by both their opposite 
sign of optical rotation and their comparable magnitude. 
The slightly differing magnitude might be explained due 
to beginning decomposition of the dissolved complexes 
7 during the determination of their optical rotation. In 
addition, these results clearly exclude an anti-o syn 
isomerization via a (possible) ~-cr-lr-mechanism and are 
in excellent accordance with similar results observed in 
iron-mediated allylie substitution reactions making use 
of the corresponding tetracarbonyl(~3-allyl)iron(l + ) 
complexes with equivalent substitution patterns at the 
allylic termini [15]. An anti --~ syn isomerization of the 
complex anti,syn-(l R,5S)-7 following a 7r-cr-Tr-mecha- 
nism involving a mesomeric allyfic species, which in 
turn is well established for the anti ~ syn interconver- 
sion of cationic (~3-ailyi)palladium complexes (for re- 
cent reviews see Ref. [33]), seems to be unlikely and 
would give rise to the complex syn,syn-(1S,5S)-7 rather 
than syn,syn-(l R,5R)-7 by changing both the configu- 
ration on C~ and the diastereotopic faces of the com- 
plexed dienyl ligand (double inversion). 

The enantiomeric excesses of the cations 7, thus 
obtained, could not be determined directly but were 
established indirectly by the enantiomeric excesses of 
the addition products (vide supra). In addition, scatting 
from the unresolved racemic mixture of the diastere- 
on-leric complexes rac-q~-endo-6/~-exo-6 gives rise to 
diastereomerically uniform (pure syn,syn-isomer) but 
racemic mixtures of complexes of the type syn,syn- 
(1R/S ,  5R/S)-7  [ d e > 9 9 %  (=- 5-syn-CH3/5-anti- 
CH 3 :~ 100:1), ee = 0%]. 

2.3. Nacleophilic addition reactions to the 
tricarbonyl(~5-dienyl)iron(1 + )complexes 7 

In order to gain insight to the regio- and stereochemi- 
cal outcome of the nucleophilic addition we investigated 
the nncleophilic addition of different types of hetero and 
carbon atom nucleophiles (morpholine, silyl enol ether 
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fe~coh 

8F4 (C0)3 a) 10a-o 
syn, syn-7 ~ ~ .  ~ % 

cisoid or U-form 

3 (CO)2 BF~ e H3 * C ~ S O . . ~  ~G~OMe~ 9 

transom or ,S-form 11== - c 
e e = 9 3 - > 9 9 %  

(F~E)/(Etz%rn~ums 
Scheme 4. Nucleophilic addition reactions to the cationic complexes syn,sya-7. (a) Ntmleophil¢ (3-5eqmv.), CH2C1 z, room tem~ IOmin 
(43-68%). (b) as (a) then evaporation, (~H4)2C¢(NO~)6, CHsCN-M¢OH = 3:1. room temp., 12h (45-65%). 

8, silyl ketene acetal 9 [34]) to the racemic cationic 
complex s y n , s y n - ( I R / S , 5 R / S ) - 7  to form the corre- 
sponding neutral e-sobstituted tricarbonyl(*/4- 
diene)iron(0) complexes 10 (Scheme 4, pathway A, 
Table 1). The reaction was performed by dropwise 
addition of a solution of an excess (3-Sequiv.) of the 
appropriate nucleophile in diehloromethane to a suspen- 
sion of the complex syn, s y n - ( I R / S , 5 R / S ) - 7  in 
dichloromethane at ambient temperature. The major iso- 
mers  o f  the neutra l  soluble  e-subs t i tu ted  
tricarbonyl(-t/4-diene)iron(0) complexes 10 were ob- 
tained after chromatographic purification of the crude 
reaction mixture as pale yellow sofids (43-68%), each 
in diastereomerically pure form with respect to the 
double bond geometry at C~,-C~ [(E,Z) or (E,E)] 
(Table 1). 

In accordance with previous resalts [4,11,12] and 
depending on the nucleophilicity of the nucleophiles, 
the basic moq~holine and the strongly nucleophilic silyl 
ketene acetal 9 reacted with s y n , s y n - ( I R / S , 5 R / S ) - 7  
(cisoid or U-form) to give the (E,Z)-configured com- 
plexes 10a and 10c respectively. As expected, the less 
reactive silyl enol ether 8 (nucleophilicity: 9 > g) gave 

rise to an (E,E)-configured complex lob  by mcleo-  
phific addition to the more reactive transom cation 7 
(S-form) which in mm is permanently regemmm~l by 
the equilibrium between the U-form aad the S-form 
the cation 7 (Scheme 3). Due to the ch tmuamgta#~  
purification it cannot be excluded that minor diastete- 
on,,ets derived from addition m the cmmi lxn i i ag  di- 
astereomeric cation 7 have been separaed. All nuc~m- 
philic additions to tim ¢omplexed (nS-pemadieny|) - 
ligand of 7 should result in the formation of  onty cam 
diastereomer with respect to a possible ~ - e n ~ / ~ - e g o -  
isomerizafion since, in gone~ ,  nucleophilic attack la'O - 
ceeds era to the Fe(CO) 3 mo/ety giving rise to q'-exo- 
complexes ( rac- qr-exo-t0) [4,12]. 

The (E,Z)-geometry of 10a and lOe was coefmaed 
by NMR speclroscopy since if one of  the subsfituents at 
the complexed ~ane termini C~ or Cs occupies ~m 
an~-position [equivaleut m (z)-configmmion, e n t r e -  
tons] both resonance signals of  the protons at C~ or C# 
show a significant downfield-shifl (5  = 1 . 9 8 - 2 . 5 9 p ~ .  
In accordance with the NMR spectro~.a~Mc data for the 
( E,E)-configured complexes ( I R,SS)- or ( IS ,5S)4f  the 
c o t ~ g  resonances for the ant/-Inotons H~ ami 

Table I 
Results of the nucleophilic addition tractions to the coml~xcs syn.syn-(IRIS, SR/S)-7 to yield the ttevaral e-selos;itu~ 
rac- qt-exo-le 

Complex syn, sya-7 Necleophfl¢ Additio~l~h~'ls 10 a Nu Yield (~} b 
(I R/$.SR/S)-7 mt~oholine (I E,3E, I R/S,3R/$)-IOa N[(CHz):hO 68 • 
( I  R/$,5R/$)-7 8 (6E,gE,SR/S,9R/S)-IWa CH2COtBu 57 ¢ 
(IR/S,SR/S)-7 9 (4Z,6E,3R/S, 7R/S)-IIe CMe2CO2Me 43 d 

• Based oo iscdated stereoi~ pure material after column clnomamgra#~ (silica gel 60, d~byl ed~r or ethyl ~-ligbt Fctm[cu~ 
m~xmms). All new products gave satisfactory anal)~.al and spectroscopic da~L 
b Based on isolated mat~al (both isomers) after column c ~ y  (silica gel 60, dicthyl cth=" or ethyl =¢etat~-ligb¢ Fenoleum ~). 
All new products gave s~sl'acto~ aaaly~c~l and slx~m~copic data. 
c Reaction com~ at morn temp. 
d Reaction course at-78°C. 
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H a o f  the complex 10b were found shifted upfield at 
8 =  1.48 and L 0 8 p p m  (vide infra). 

Likewise, the synthesis of  the (E,Z)- or (E,E)-con- 
figured dienes l l a - e  was performed in the same man- 
net  as described above making use of  the highly enan- 
tiomerically enriched cations syn, syn-(1R,SR)-7 or  
s)~,syn-(IS,5S)-7 followed by oxidative decomplexa- 
fion of  the correspunding crude complexes of  type 10 
W ~  cet'Ic amnlolliUIll ll~u'a~ [CAN, (NH4)2Ce(NO3)6] 
under homogenous conditions in acetonitrile-methanol 
= 3:1 at room temperature [35] (Scheme 4, pathway B, 
Table 2). The dienes l l a - e  were obtained after chro- 
matographic purification (sifica gel, ethyl acetate or  
diethyl e ther / l ight  petroleum mixtures) as mixan'es of  
geomeuic isomers in 45 -65% yield. As expected, the 
geometric isomerism o f  file complexes 10 is reflected in 
the (E,E)/(E,Z)-ratio of  the dienes l l a - c ,  thus ob- 
tained, which was easily determined by NMR spec- 
trosonpy or  by analytical HPLC on a chiral phase 
(Daicel OD) which also allowed the determination of  
the enantiomeric purity of  the dienes l l a , b  (vide supra). 
Again, the reactive morpholine should have had reacted 
with the less reactive U-form to form the (E/Z)-config- 
ured aminodienes l l a  [(E,E)/(E,Z)  = 1: > 57 to 1: > 
87] while the silyl enol ether 8 selectively reacted with 
the corresponding transom cation of  7 giving rise to the 
(E/E)-configured diene l i b  [(E,E)/ (E,Z)  = > 65:1]. 
The nucleophific addition of  the silyl ketene acetal 9 
yields preferentially the (E/Z)-configured diene l l c  
umler standard reaction conditions [ (E ,E) / (E ,Z)= 
]:6.6]. Unfommately the (E,E)-/(E,Z)-ndxltwes were 
neither separable by preparative cohinm chromatogra- 
phy nor by preparative HPLC methods. Performing the 
nucleophilic addition reactions at lower temperatmes 
(e.g. - 3 0 ° C / m o x p h o l i n e  or  - 7 8 ° C / 9 ,  Table 2) 
clearly demonstrated by change of  the (E ,Z) / (E ,E) -  
ratio o f  the dienes l l a , e  that under these conditions 
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(1F-.,3Z.R)4 lS  

Fig. 4. Determination of the enantlome~ic purities of the additi0¢l 
products l la  by analytical HPLC pefftmaed on a Daicel OD station- 
ary phase (UV-detuction) [( 1E,3Z, R)-Ila: ee > 99%; (I E,3Z, S)-Ita: 
ee = 98.9%]. 

even reactive nucleophiles were added increasingly to 
the more reactive transoid cation 7 (S-form) (Table 2). 
The observed e-regioselectivity of  the nucleophilic ad- 
dition reaction o f  the test-nucleophiles clearly show the 
synthetic equivalence of  the cationic complexes 
syn,syn-7 with a planar ehiral a6-synthon allowing an 
umpolung of  the classical d6-chemistry [17] (Fig. 1). 

The enantiomeric excesses of  the dienes l l a , b  ( l l a :  
ee > 99%, ee  = 98 .9%,  l i b :  e e  = 93%)  were deter- 
mined by analytical HPLC on a chiral stationary phase 
(Dalcel OD) and by comparison with the racemic mate- 
rial obtained from the mcemic cation syn,syn- 
( IR/S ,5R/S) -7 .  Fig. 4 shows the fully resolved 
HPLC-diagrams (Daicel OD, UV-detector) o f  the amin- 

Table 2 
RestRts of ~ nucleol~ilic addition w.actiom to the complexes syn,syn-(lS,SS)-7, syn, syn-(IR,5R)-7 and syn,syn-(IR/S.SR/S)-7 wilh 
cT, btafilm decomplexafiea to the e-substituted dieaes 11 
Complex s~.syn-7 Nucleoldfile Addition-products 11 a Nu Yield (%) b (E.E)/(Z.E) c ee (%) d 
(I R,SR)-7 morpholine (I E,3Z,$)-IIa N[(CH2)2120 45 • I: > 87 98.9 
(IS,5$)-7 mmplmline (I E,3Z, R)-IIa N[(CH2)2120 63 e I: > 57 > 99 
(1R/$,SR/S)-7 ~ (IE~Z,R/S)-Iht N[(CH 2 )2 ]20 58 f 1:3.5 
(1 S,.5S)-7 8 (6E, SE, S)-IIb CH2COtBu 55 e > 65:1 ~-.0 
(1R,SR)*7 9 (4Z,6 E,$)-11¢ CM¢2CO2 Me 61 © 1:5 __ ! 
(IR/S, SR/S)-7 9 (4Z,6E, R/S)-II¢ CMe2CO2 Me 65 Ii 1:6.6 - -  

a Major geomevfic isomes. The absolme configutafioes fro. Ihe addition products !1 ale based on the w ~ 8  h y ~ s i s  ~ m ~ 3. 
b B~ed on i ~  material (both isomers) after colunm chxomatograpby (silica gel 60, dielhyl edles or elhyl ucetate-light petroleum mixtmes). 
All new Imxluc~ gave satisfi~o~ analytical ~ sgecOoscopic data. 
c Dccnmluafion of  the (E ,E ) / (Z ,E )  ratio by 'H NMIR specm)scopy (300 MHz) and by analytical HPLC (Daice] OD phase). 

Determination of the ~ excesses (ee) by analytical HPLC (Daicel OD phase). 
~ c0m~ ~ room temp. 

f Reuction com,~at-30~C. 
e ee v~flue cooldnet bedetannined. 
h Rzuctienc, ouneat-78°C. 
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odienes (IE,3Z, R)-IIa [from syn,syn-(IS,SS)-7], 
( I E,3Z, R/S)-I la  [from syn,syn-(l R/S,5R/S)-7] and 
(I E,3Z, S)-lla [from syn,syn-(IR,5R)-7]. Likewise, 
this is the experimental p r ~ f  of the proposed relative 
stereochemical pathways of the formation of the cationic 
complexes 7 starting from resolved diastereo- and enan- 
fiomerically pure (7/4-diene)Fe(CO)3-complexes 6 
(Scheme 3). In addition, the enantiomeric relationship 
of (1E,3Z, R)-lla {[a] 26 = +52.0 (c ffi 1.14, CHCi3)} 
and (1E,3Z, S)-IIa {[a] 26 = -36.5 (c ffi 1.05, CHCI3)} 
is unambiguously verified by both their opposite sign of 
optical rotation and their comparable magnitude. The 
sfightly differing magnitude might be eventually ex- 
plained due to the different diastereomeric purity of 
(1E,3Z, R)-IIa [ (E , E ) / (E /Z )~  I: > 57] compared to 
( 1E,3Z, S)-IIa [( E, E ) / ( E / Z )  ffi 1: > 87]. 

Unfortunately, all attempts to determine the enen- 
tiomeric purity of compounds 11¢ by classical methods 
(NMR-shift experiments, GLC on chiral phases, analyti- 
cal HPLC, derivatization, etc.) failed. The absolute con- 
figuration of the major diastereomer and enantiomer of 
the dienes 11 could not be determined by derivatization, 
degraa,~on or modification nor by any absolute physi- 
cal methods (e.g. X-ray analysis) and will be the subject 
of further investigations. 

3. Conclusion 

In summary, we have shown that complexation of the 
diasteteo- and enanfiomerically pine diene (1 E,3E, S)-$, 
readily available from the (S)-lactic acid derivative 
(S)-I, yields initially a mixture of corresponding di- 
asternomeric but enantiomerically pure neutral uicar- 
bonyl0/4-dieae)iron(0) complexes 6 (de = 0--4% •- qr_ 
endo-6/qr-exo-6= 1:1:qt-endo-6 and gr-exo4: ee>  
99%). Although the diastereoselectlvity of the complex- 
afion reaction is very low and the uniform configuration 
of the carbon atom bearing the OBn-leaving group does 
not discriminate between the two diastereotopic faces of 
the diene ligand (as originally expected), the complexes 
6 can be easily resolved by column chromatography on 
silica gel and/or fractional crystalliTation (9'-endo-6 
and gr-exo-6, de>99%, ee>99%) due to their ~-  
markable difference in their Rf values. In the key step 
the diastereo- and enantiopme complexes 6 [(1R,5S)-4~ 
and (15,55)-6] are Wansformed stereoselectively to the 
con~sponding highly diastereo- and enantiometically 
enriched tricarbonyK~S-pentadienyl)iron(l + ) com- 
plexes 7 [syn, syn-(1R,5R)-7 and syn.syn-(IS, SS)-7. 
de  > 9 9 ~  E 5-~pl . -CH3/5-xq~. .C[-I  3 ~ I00:I; ee > 
99%]. The nncleophilic addition of betero and carbon 
atom nudeopinles ( m o ~ ,  silyl enol ether 8 and 
silyl ketene acetal 9) to the racemic complex syn,syn- 
( IR/S ,  SR/S)-7 afforded ir6tially the new neutral ~- 
substituted tricashonyl(~f-diene)imn(0) complexes rac- 
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~-exo-10a-e in moderate yields [43-68% from 
syn,syn-(I R/$,5R/$)-7| which were ~ as sLng~e 
geometrical isomers [(E,Z) or (E.E)]. Likewise. 
nucleophific addition to the I~gidy diastereo- and 
tiomerically enriched complexes syn,syn-(l R,5,R)-7 or 
syn,syn-(IS, SS)-7 followed by oxidative cleavage of the 
carbonyiiron fragment offers an access to ~-subs~mted 
phenylsulfonyl-suhstituted dieues l l a - e  in moderate to 
fair yields [45-65%, (E,Z)/(E,E)  = > 85:]-t:3] with 
enantiomeric excesses ranging from >99%/98.9~ 
[(IE,3Z, R)-IIa/(IE,3ZS)-IIa] to 93% [(6E, SE, S)- 
lib]. On this model system it has been shown that 
starting from a single and sten:ochemic~y well-defined 
diene [(I E,3 E, S)-5] and without the need of an 
tional chiral auxiliary, both enantiomeric 
tricatbonyl(YtS-pentadienyl)iron(I + ) complexes 7 
[syn,syn-(I R,5R)-7 and syn,syn-(l$,5S)-7] becmm~ 
readily accessible possibly allowing a fleya'ble imegra- 
tion of such key intermedimes in complex synthetic 
schemes and providing a general synthetic ~pqfo~ch to 
function2U,ed polyunsauuated target m o ~ a k s  of 
enantiomeric purity. The e-regiuselectivity of the uu- 
c ~ c  addition reaction of fl0e t e s t - ~  
proves the synthetic equivalence of the cationic com- 
plexes syn, syn-7 with a planar chiral a~-syuthon allow- 
ing an umpolemg of the classical d6-chenfisuy [17]. As 
expected, tbe ubserved donble bond ge~ugtty [(E,Z) or 
(E,E)] for the comp~xes rac-~-cvo-10 as well as far 
the dienes lla--c clearly demonstrates the reactivity 
relationship of a given nuclnephile (basicity or necle- 
ophificity)/electrophile (Uo or S-form) ~ By 
proper choice of the starting materials (diffexent a-by- 
th'oxy carbonic acid derivatives and/or accepto~) varia- 
tions in the mbstimtion patterns of the cmionic cem- 
plexes of type 7 should easily become possible. ~ 
investigations ate focused on the ~ of the 
absolute c o u f i ~  of the addition pmdacts to verify 
the overall stereocbemical outcome of this "chindity 
tr, msfer'" process as wed as on an exteusion to pusm]de 
synthetic applications by variation of the aecleet~tl~ 
components. 

~ raperUaemal 

4.1. General 

AII reactions were carried ont onder an ~ 
of d~  argon u.~ag standa~ Schienk or yeoman line 
tecbniqnes unless othenvise ~ Solvems were ~ied 
and purified by coavemional maflmds ~ to use. 
Diethyl edler (Et20) was freshly distilled fiem sediem 
benzophenone ketyl, ethanol-free dicldommethane 
(CH2C12), acc.oniuile and n-penume fiq~n calcium by- 
dride under m'gon. Toinene wes distilled ftmn molten 
sodium under argon. Light peUek'um t~er~ to the frac- 
floes with b.p. 40-80~.  Reagents of ~ m m e ~ l  
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ity were obtained from commercial suppliers and were 
used from freshly opened containers without further 
tmrification unless otherwise stated. 

Analytical pre-coated giass-backed TLC plates (silca 
gel 60 F254) and silica gel 60 (230-400 mesh, i.e. 
particle size 0.040-0.063mm) were purchased from 
Merck, Darmstadt. Melting points are uncorrected and 
were measured on a Dr. Tottoli apparatus. Analytical 
GLC was peffarmed on Sientens Sichromat 2 and 3 
equipped with an SE-54-CB or an OV-1-CB column 
(both 25 m × 0.25 ram), cartier gas: nitrogen, FID. Opti- 
cal rotations were measured using a Perkin-Elmer P 
241 polarimeter and chloroform of Merck UVASOL 
quality. Analytical I-IPLC for the determination of enan- 
tiomaric purifies was conducted on a Hewlett-Packard 
1050 equipped with a chiral stationary phase (Daicel 
OD), UV-detector. Preparative HPLC was performed on 
a Gilson Abimed, Merek-LiCrosorb~-column (25 cm × 
25ram, silica 60, particle size 0.007mm), UV-deteetor. 
tH NMR (5~/300MI-lz)  and 13C NMR (125/75 MHz) 
spectroscopy was conducted on a Varian Unity 500 and 
a Varian VXR 300 using tetramethylsilane (TMS) as 
internal standard. IR spectra (film, K.Br) were recorded 
on a Perldn-Elmer FT/IR 1750 spectrophotometer. 
Mass spectroscopic analyses were obtained on a Varian 
MAT 212 (EI 70eV, 1 mA), Microanalyses were ob- 
tained with a Heraeus CHN-O-RAPID elemental anal- 
yser. High resolution mass spectroscopic analyses were 
performed on a Finnigan MAT 95. 

The methyl enoate (E,S)-2 has been prepared start- 
ing from ethyl-(S)-lactate [(S)-I] by subsequent benzy- 
lation with O-benzyl trichloroacetimidate [19], reduc- 
tion of the protected ester with DIBAL-H [20] and 
subsequent Homer-Wadsworth-Emmons olefination of 
the resulting OBn-lactaldehyde with methyl diethyl 
phosphonoacetate [21] in an overall yield of 80%. Alter- 
natively, (E,S)-2 is now commercially available from 
ACROS chimica, Belgium [18]. Diethyl phuspho- 
nometbylphenylsulfone (4) was prepared in 59% overall 
yield from thiophenol by successive chloromethylation 
with paraformaldebyde-hydrochloric acid, Michaelis- 
Arbuzov-rearrangement of the resulting thiophenyl 
chloro methylether to the corresponding phosphonate 
and its oxidation to the suifone according to a procedure 
of Shabak and Almog [22]. Pentacarbonyliron was ob- 
tained from the BASF AG and used without further 
purification. Nonacarbonyidliron has been synthesized 
by photolysis of pentacatbonyliron in glacial acetic acid 
[36]. Anhydrous HBF4 (54% in diethyl ether) was per- 
chased from Merck, Darmstadt. Morpholine was dis- 
tilled from calcium hydride and handled under argon. 
The silyl enol ether 8 and silyl ketene acetal 9 were 
prepared from their corresponding carbonyl precursors 
and trimethylchlorosilane according to literature proce- 
duses [34]. The oncleophiles 8 and 9 were handled and 
stored with exclusion of moisture and air. 

4.2. Safety note 

Mos t - reactions with compounds containing the iron- 
carbonyl moiety lead to variable amounts of iron car- 
bonyls, especially pentacarbonyliron. These compounds 
are volatile and presumably toxic and must be handled 
with utmost care. They can be oxidativaly decomposed 
either with KOH-H202, dil. HNO 3 or Br2-H20 [37]. 

4.3. Materials 

4.3.1. (E,S)-(-)-4-(Phenylmethoxy)pent-2-enal [(E,S)- 
31 

In a flame-dried Schlenk-flask equipped with a drop- 
ping funnel were placed l i . 0 g  (50.0mmol) of the 
methyl enoate (E,S)-2 in 150ml abs. diethyl ether and 
reduced by dropwise addition of 120ml (120nunol) 
DIBAL-H (I.0M in n-hexane) at - 7 8 ° C  under argon. 
Upon complete conversion (t.l.c. control, ca. I h) and 
quenching (ice cold 4 -6  M hydrochloric acid), work-up 
was performed by successive extraction (diethyl ether), 
washing (saturated aqueous NaCI solution), drying 
(Mg$O 4) and evaporation. The remaining residue was 
purified by filtration (sifica gel, light petroleum-diethyl 
ether= I:1) to yield the allylic alcohol as a colourless 
liquid (9.21g, 96%). Rf=0.29 (diethyl ether-light 
petroleum = i:1). [ a ] ~  = -49 .6  (c = !.29, CHCI3). 

According to Swern's procedure [38], 8.23g 
(42.8mmol) of the allylic alcohol were oxidized at 
- 6 5 ° C  in 120ml abs. dichloromethane under argon in 
the presence of 6.03g (47.5 mmol, 4.1 ml) oxalylchlo- 
fide and 7.42 g (49.2 retool, 6.75 ml) dimethylsuifoxide. 
Upon complete conversion (t.l.c. control) and quenching 
(triethylamine 21.7g (214.0retool, 29.7ml), work-up 
was performed by successive dilution (H20), extraction 
(dichloromethane), successive washing (0.1 M HCI, sat- 
urated aqueous NaHCO 3 solution, saturated aqueous 
NaCi solution), drying (MgSO 4) and evaporation. The 
remaining residue was purified by filtration (silica gel, 
light petroleum-diethyl ether = !:1) to yield (E,S)-3 as 
a yellow liquid (7.74g, 96%). Rf = 0.59 (diethyl 
ether-fight petroleum = 1:1). [a]~ 2 = -49 .0  (c ffi 1.25, 
CHCI3). e e>99%.  IH NMR (300MHz, CDCl 3, 
TMS(int), ppm): 8 9.57 (d, J ( I H - I H ) =  7.SHz, IH, 
CHO), 7.38-7.24 (m, 5H, OCH2CtHs), 6.75 (dd, 
J ( t H - t H ) = I 5 . 9 / 5 . S H z ,  1H, CH=CHCHO), 6.27 
(ddd,  J ( I H - 1 H )  = 1 5 . 6 / 7 . 8 / 1 . 4  Hz, 1H, 
CH=CHCHO), 4.54 (d, J ( IH- IH)= l l . 9 I - I z ,  1H, 
OCHHC6Hs), 4.47 (d, J ( IH-IH)  = i l .9Hz, IH, OC- 
HHCtHs), 4.23 (qdd, J ( t H J H ) = 6 . 4 / 5 . 8 / 1 A H z ,  
IH, CHCH3), 1.38 (d, J(~H-tH)ffi6.4Hz, 3H, 
CHCH3). 13C NMR (75 MHz, CDC13, TMS(int), ppm): 
8 193.41 (CHO), 157.90 (~-C), 137.82 (ipso-CCH2), 
131.55 (a-C), 128.43, 127.76, 127.56 (aromatic-C), 
73.75 (v-C), 70.92 (OCH2C6Hs), 20.34 (CH3). IR 
(film, cm-I):  3090, 3065, 3030 (aromatic-CH, C = C -  
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Hk 2980, 2930, 2865, 2820, 2730 (OC-H), 1695 
(C=O), 1640, 1610, 1585, 1495 (aromatic-C=C, 
olefinic-C=C), 1455, 1370 (CH3) , 1340, 1310, 1290, 
1205, 1125, !100 (C-O-C), 1075, 1030, 1010, 980, 
935, 820, 740, 700, 620. MS m / z  (rel. intensity %): 
190 (0.1, M+'), 160 (i.4, M + -  CH20), 146 (10), 131 
(7), 117 (3), 107 (5), 99 (1.4, M+'-C6HsCH2), 92 
(23), 91 (100, CTH~), 84 (1!), 83 (6), 79 (11), 77 (9, 
C6H~), 65 (12, CsH~), 55 (9), 51 (6, C4H+), 43 (5), 
39 (8, C3H]-). Anal. Found: C, 75.32; H, 7.76. 
Ci2Hl402 (M r = 192.2) eale.: C, 75.76; H, 7.42%. 

4.3.2. (IE,3E,5S)-(-  )-5-Phenylmethoxy-l-phenyl- 
sulfonylhexa-l,3-diene [(1E,3E, S)-51 

According to the olefination procedure of Rathke et 
al. [21], 1.55g (17.8retool) of anhydrous LiBr [previ- 
ously dried for 12h at 120"(2 in high vacuo], 4.33g 
(14.8retool) of diediyl phosphono methylphenylsulfone 
(4) and 1.65g (16.3retool) of triethylamine were dis- 
solved under argon at room temperature in 15ml of 
anhydrous acetonitrile and the resulting clear solution 
was cooled to 0"¢2. To the reaction mixture were added 
dropwise 2.81g (14.8retool) of the aldehyde (E,S)-3 
dissolved in 5 ml of anhydrous acetonitrile and stirring 
was continued after removal of the cooling bath. Upon 
complete consumption of the starting material (t.l.c. 
control, ca. 12h), the reaction was quenched by addition 
of 5ml 0.1 M hydrochloric acid. After addition of 20ml 
of water the organic phase was diluted with diethyl 
ether (20 ml), the organic phase was separated and the 
aqueous phase was extracted with diethyl ether (3 × 
20ml). The combined organic extracts were washed 
with saturated NaCi solution (20ml), dried (MgSO4), 
filtered and the solvents evaporated under reduced pres- 
sure. Final purification and removal of traces of the 
undesired (E,Z)-isomer was achieved by preparative 
column chromatography (silica gel, diethyl ether-light 
petroleum = 1:2) to give a viscous yellow oil. Recrys- 
tellization from diethyl ether-light petroleum mixtures 
yielded 5.29g (96%) of a colourless solid. Analytical 
data for (1E,3E)-S: m.p.=55°C. Rf=0.18 (diethyl 
ether-light petroleum = !:3). [tx]~ = -60.8 (c = 1.53, 
CHCI3). ee>99%, tH NMR (300MHz, CDCI 3, 
TMS(int), ppm): ~ 7.93-7.87 (m, 2H, ortho-CH), 
7.65-7.51 (m, 3H, para-CH, meta-CH), 7.35-7.23 (m, 
superimposed, 6H, CH=CHSO 2, OCH2C6Hs), 6.37 
(d, J ( IH-IH)  = 14.6Hz, IH, CH=CHSO~), 6.29 (dd, 
J(~H-tH) = 15.3/10.2 Hz, IH, CHCH=CH), 6.18 (dd, 
J ( IH-tH)  = 15.3/6.1Hz, IH, CHCH~CH), 4.52 (d, 
J ( I H - I H ) =  12.0Hz, IH, OCHHC6Hs), 4.42 (d, 
J ( IH-IH)  = 12.0Hz, IH, OCHHC6Hs), 4.07 (q~dnt., 
J ( I H - I H ) =  6.4Hz, IH, CHCH=CH), 1.30 (d, J(~H- 
tH)=6.4I-Iz, IH, CHCH3). 13C NMR (75MHz, 
CDCI 3, TMS(int), ppra): 8 147.15 (&C), 141.44 (/t-C), 
140.42 (ipso-CS02), 138.10 (ipso-CCH2), 133.29 
(para-C), 129.93 (o-C), 129.24, 128.37, 127.61, 
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127.53, 127.51 (recta-C, ortho-C, aromatic-C), 125.82 
(y-C), 74.40 (e-C), 70.58 (OCH2C6Hs), 20.87 (CH3). 
IR (KBr, cm-l): 3060, 3045, 3035 (ammatic-CH, = C -  
H), 2975, 2930, 2865, 1595, 1495 ( a r ~ - C = C ,  
olefinic-C=C), 1450, 1370, 1320, 1310 (S=O), 1180, 
1145 (S=O), 1085 (C--O-C), 1030, 830, 785, 720, 700, 
595, 560. MS m / z  (tel. intensity %):. 328 (0.1, M+), 
270 (2), 222 (5), 187 (3, M ÷ -  SO2CbHs), 169 (6), 
143 (3, H2SOzCbH~), 141 (1, SOzC6H~), 129 (17), 
91 (I00, CTH~), 77 (II ,  C6H~), 65 (6, CsH~'), 43 
(13). Anal. Found: C, 69.48; H, 6.14. C19H2oO4S (M r 
= 328.4) calc.: C, 69.1 I; H, 6.10%. 

4.3.3. Tricarbonyl[(l-4~)-(lE.3E. IR, SS)-5-phenyl- 
methoxy- l-(phenylsulfonyl)hexa- l ,3-diene ]iron( O) 
[( IR, SS)-6] (tyt-endo-6) and tricarbonyl[( l-4~l)- 
( I E,3 E, I S,5S)-5-phenylmethoxy- l-(phenylsulfonyl~exa- 
1,3-diene ]iron( O) I( I S, SS)-6I ( ~-exo-6) 

4.3.3.1. Method A: thermal complexation of ( IE,3E,5)-$ 
with nonacarbonyldiiron in toluene. To a fiame-&ied 
Schlenk-flask equipped with a condenser, a bubbler and 
a magnetic stirring bar was added 21.5g (59.0nnnol) of 
nonacarbonyldiiron [Fe,(CO)9] and the solid was sus- 
pended under argon in 160ml of abs. degassed toluene. 
After addition of a solution of 9.7g (29.5retool) of the 
diene (IE,3E, S)-5 in a minimmn amount of abs. de- 
gassed toluene, the reaction mixmse was heated to 
reflux for 48 to 60h (the colonr of the reaction mixtnre 
changes from orange [suspended Fe2(CO)9] to dark 
green indicating the formation of Fe3(CO)I2 while si- 
multaneonsly a thin iron ~ was framed on the inner 
surface of the flask). Upon complete reaction (LI.c. 
control, observation of carbon nmno~de evolution), the 
solvent was partly removed (to ca. 2 /3  of its original 
volume) under reduced ~ . ~  into a cooling trap and 
the concentrate was filtered over a short path of 
Celite'-sand by means of an inert gas frit under argon 
and the filtercake was washed with abs. dichlomraetlmne 
until the filtrate was colonrless. The combined [wight 
yellow organic filtrates were evaporated under reduced 
pressure to an orange-brown residue which was 
subjected to a We-purification by column chromatogra- 
phy (silica gel diethyl ether-light petroleum = 2:3, col- 
lection of all yellow bands) to yield a yellow-mange. 
very viscous, t H N'LIR spectroscopically pure oil ( 1 ! .4 g, 
85%, both diastereomers, de <_ 4%). The resulting mix- 
tore of enantiopure but diastereomeric tricarbonyKn*- 
diene)iron(O) complexes [(IR,5S)-6 (q'-endo-6) and 
(I S,5S)-6 (qt-exo-6)] were diastereo- and enantiomeri- 
cally enriched by column chromatography (silica gel, 
diethyl ether-light petroleum = 1:2, separate collection 
of the yellow bands) (de, ee>99% for (IR,5S)-6 
(~-endw6), yellow-orange viscous oil) and 
crysta!lization from concentrated enriched solutions of 
the fraction with the lower Rf value (de = 70-80% for 
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(1S,5S)-6 (~-exo-6) in diethyl ether-n-pentaue mix- 
rares at - 25°C (de, ee > 99% for (1S,5S)-6 (~-exo-6), 
yellow crystals). 

4.3.3.2. Method B: photochemical complexation of 
( IE,3E, S)-5 with pentacarhonyliron in toluene. An alu- 
m~aim-foil-wrapped Dema irradiation apparatus 
equipped with a mercury medium pressure lamp (Philips 
HPK 125W or TQ 150W) and connected to a bubbler 
was charged with 4.70g (14.3retool) of the diene 
(1E,3E, S)-$, 3.62g (18.5 retool) of pentacarbunyliron 
[F-e(CO)s] and 250ml of alas. degassed toluene. The 
intensively stirred reaction mixture was irradiated for 
ca. 12h at room temperature. Upon complete reaction 
(Ll.c. control, observation of carbon monoxide evolu- 
tion), the sohcnt was partly condensed into a cooling 
uap and the supematant solution of the product mixture 
decanted from insoluble residues after sedimentation. 
The residues were washed once with abs. degassed 
d/ethyl ether (ca. 50ml) and the combined organic 
solutions were evaporated by means of a cooling trap. 
Further pre-purification was performed as described 
under method A (Section 4.3.3.1) to yield a yellow- 
orange, very viscous, I H NMR spectroscopically pure 
oil (6.25 g, 96%, both diastereomars, de = 0%). Both 
final purification and separation of the diastereomers 
were accomplished as described under method A (Sec- 
tion 4.3.3.1). A racemic mixture of the diastereomeric 
tricarbonyl(~/~-diene)iron(0) complexes ( 1 R/S,5 R/S)-6 
(rac-qr-exo-6 and rac*qt-exo-6) has been synthesized 
from the racemic diene (! E,3E, R/S)-5 mixture follow- 
ing the procedure described above. Analytical data/or 
(1R,5S)-6 (qP-endo-6); (1S~5S)-6 (qr-ext.,-6): m.p.= 
56°C (decomp.) [(1S,5S)-6 (ql-exo-6)]. Rf = 0.22 (di- 
ethyl ether-light petroleum = 1:2 [(1 R,5S)-6 (~-endo- 
6)]; Rf=0.16 (diethyl ether-light petroleom=l:2 
[(1s,ss)-6 (SU-exo-6)]. [a]~  3 = - 2 8 . 6  (e= 1.15, 
CHCI3) [(1R,5S)-6 ('al-endo-6)]; [a]g ~ = -35.9 (c=  
1.85, CHCI3) [(1S,5S)-6 (~-exo-6)]. de = 0-4% (prior 
to separation of dias~ereomers); de > ')9% (after separa- 
tion of diastereomers by column chromatography and/or 
recrystallization) (~H NMR, 500MHz). ~H NMR 
(500MHz, CIX~I~, TMS(int), (1R,5S)-6 (W-endo-6), 
ppm): 6 7.92-7.88 (m, 2H, ortho-CH), 7.63-7.56 (m, 
1 H, para-CH), 7.56-7.50 (m, 2H, meta-CH), 7.36-7.24 
(In, 5H, OCH2C6Hs), 5.69 (ddd, J(~H-]H) ffi 
7.3/5.2/0.9Hz, 1H, CH=CHSO~), 5.32 (ddd, J(~H- 
~H)=8.9/5.2/O.9Hz, IH, CHCH=CH), 4.49 (d, 
J(~H-~H) ffi il.6Hz, IH, OCHHC~H~), 4.47 (d, 
J(~H-~H)ffiI1.6Hz, IH, OCHHC6H~), 3.40 (dq, 
J(~H-~H) = 7.5/6.1 Hz, ll-I, CHCH3), 1.59 (dd, 
J(~HJH)=7.2/I .OHz,  IH, CH=CHSOa), 1.38 (d, 
J(]H-~H)=6.2Hz, 3H, CHCH~), i.17 (ddd, J(IH- 
~H)ffi 8.7/7.6/1.1Hz, IH, CHCH=CH). I~C NMR 
(125MHz, CDCI~, TMS(im), (IR,5S)-6 (q~-endo-6), 
ppm): ~ 212.38, 207.28, 205.70 (Fe-C=O, broad, iden- 

tical with ~-exo-6), 141.70 (ipso-CS02), 138.08 (ipso- 
CCH2), 133.26 (para-C), 129.40 (meta-C), 128.08, 
127.77, 127.67 (aromatic-C), 127.08 (ortho-C), 85.53 
(y-C), 79.84 (/3-C), 76.09 (e-C), 70.37 (OCH2C6Hs), 
67.55 (a-C), 66.10 (b-C), 22.37 (CH3). ~H NMR 
(500MI-Iz, CDC1 a, TMS(int), (1S,5S)-6 (~-exo-6), 
ppm): 8 7.91-7.87 (m, 2H, ortho-CH), 7.61-7.57 (m, 
IH, para-CH), 7.55-7.49 (m, 2H, meta-CH), 7.36-7.25 
(m, 5H, OCH2C6Hs), 5.69 (ddd, J(IH-IH) = 
7.0/5.2/I.IHz, 1H, CH=CHSO2), 5.36 (dd, J(1H- 
1H)= 8.9/5.2Hz, IH, CHCH=CH), 4.61 (d, J(IH- 
IH) = ll.6Hz, IH, OCHHC6Hs), 4.37 (d, J ( IHJH)  
= 11.6Hz, 1H, OCHHC6Hs), 3.65 (dq, J ( IH-IH)= 
6.1/5.8Hz, IH, CHCH3), 1.44 (dd, J(IH-LH)= 
7.1/l.0Hz, IH, CH=CHSO2), 1.33 (d, J(~H-~H)= 
6.1Hz, 3H, CHCH3), 1.30 (ddd, J(~H-IH) = 
8.9/5.4/1.2Hz, IH, CFICH=CH). 13C NMR 
(125MHz, CDCI 3, TMS(int), (IS,5S)-6 (~'-e,¢o-6), 
ppm): 8 212.38, 207.28, 205.70 (Fe-C=O, broad, iden- 
tical with ~'-exo-6), 141.96 (ipso-CS02), 138.12 (ipso- 
CCH2), 133.13 (para-C), 129.33 (meta-C), 128.41, 
127.72, 127.61 (aromatic-C), 127.02 (ortho-C), 83.31 
(~,-C), 78.61 (~-C), 74.33 (E-C), 70.57 (OCH~C6Hs), 
70.12 (8-C), 66.76 (a-C), 22.19 (CH3). 1R [CH2CI 2, 
(1S,5S)-6 and (IR,5S)-6, cm-1]: 3062, 3034 (w, aro- 
matic-CH, =CH), 2978, 2931, 2869, 2068, 2001 (Fe- 
C=O), 1814, 1605, 1586, 1497 (aromatic-C=C, com- 
plexed-C=C), 1479, 1448, 1424, 1377 (CH3), 1317, 
1307 (S=O), 1148 (S =O), 1086 (C-O-C), 1067, 1028, 
908, 814, 690, 629, 612, 597, 568. MS m / z  [(IS,5S)-6 
and (1R,5S)-6, tel. intensity %]: 469 (0.5, M+'+ 1), 
440 (i.7, M÷'-  CO), 412 (0.8, M+'-  2CO), 386 (10), 
385 (28), 384 (97, M + -  3CO), 293 (14, 384 - C~HT), 
278 (43), 277 (17), 276 (100, H2C=CH-CH=CH- 
CH=CHSO2C6HsFe+), 239 (8), 224 (7), 212 (12), 199 
(8), 198 (51), 186 (12), 184 ( l l ) ,  180 (46), 161 (15), 
152 (7), 151 (12), 148 (I l), 143 (2, H2SO~C6H~), 141 
(3, SO2C6H~), 135 (12), 134 (32), 133 (41), 121 (8), 
105 (5), 91 (42, C~H~), 81 (10), 79 (20, C6H~), 77 
(22, C6H~'), 65 (10), 56 (65, Fe+), 55 (5), 51 (10), 41 
(8), 39 (10). Anal. Found: C, 56.45; H, 4.36. 
C~2H~0FeO6S (Mr =468.3) calc.: C, 56.42; H, 4.30%. 

4.3.4. Tricarbonyl[(l-Svl)-(IR,5R)-5-methyl-l-phenyl- 
sulfonyl)pentadienyl]iron( l + )tetrafluoroborate 
[( IR,SR)-7] and tricarbonyl[( l-571)-( IS, SS)-5-methyl-1- 
phenyl-sulfonyl)pentadienyl]iron(1 + )tetrafluoroborate 
[OS, SS)-TI 

According to the general procedures [29], the drop- 
wise addition of 1.20ml (8.8retool) of FIBF 4 (54-proz. 
in diethyl ether) to a solution of 1.64 g (3.5 retool) of the 
diastereo- and enantiopure uicatbonyl(~4-dieue)iron(0) 
complex (1R,5S)-6 (~'-endo-6) in a mixture of 30ml 
abs. degassed diethyl ether and 50ml abs. degassed 
n-pentane under argon at room temperature resulted in 
the formation of a light brown precipitate accompanied 
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with a dark yellow oil. After stirring for 12h at ambient 
temperature to transform the generated oil to the solid 
salt, an additional 50 ml of abs. n-pentane were added 
to complete the precipitation. After filtration by means 
of an inert gas flit under argon, the residue was washed 
with dietbyl ether-n-pentane= I:I to 1:2 until the ill- 
Ware remained colourless. The complex was dried under 
reduced pressure (high vacuo) to yield L60g (quant.) of 
a pale brown, I H NMR specUoscopically pure and 
homogeneous tricarbonyl(v/5-pentadienyl)iron(I + ) 
complex syn,syn-(1R,5R)-7 (de > 99%). The complex 
can be used for the addition reactions without 
work-up or purification and can be stored under argon 
at - 2 5  °C and is only slightly air- and moisture-sonsi- 
five. By analogy, the reaction of I.OOg (2.2retool) of 
the diastereo- and enantiopure tricarbonyl(lq 4- 
diene)imn(0) complex (1S,5S)-6 [~-exo~] with 0.45 ml 
(3.3retool) of HBF 4 (54-proz. in d~ethyl ether) in a 
mixture of 40ml diethyl ether and 50ml n-pentane 
under argon yielded 0.85g (87%) of the pale-brown 
coleured tricarbonyl(~Lpontadienyl)iron(1 + ) complex 
sy'n, syn-(1S,5S)-7. The rucemic complex syn,syn- 
(I R/S, SR/S)-7 has been synthesized from a diastere- 
omeric mixture of the racemic tricarbonyl(v/4- 
diene)iro~0) complexes (rac- W-endo-6 and rac- qr-exo- 
6) following the procedure described above. Analytical 
data for syn, syn-(1R,5R)-7 and syn,syn-(IS,5S)-7: 
m.p. ~ 98°C (decomp.). [ a ]~  = +56.6 (c ~ 0.98, ace- 
tone, syn, syn-(1R,SR)-7); [a]~ sffi -44.7 (c=1.02, 
acetone, syn,syn-(IS,5S)-7), de > 99% --- 5-syn- 
CH~/5-anti-CH3~ loo:I [tH NMR, 500MHz, 
syn, syn-(lR,SR)-7 and syn,syn-(IS,SS)-7], ee > 99% 
[syn, syn-(IR,SR)-7 and syn, syn-(1S,5S)-7~ tH NMR 
(500MHz, CD3NO 2 , T]~S(int), ppm): 8 8.04-8.01 (m, 
2H, ortho-CH), 7.86-7.82 (m, IH, para-CH), 7.74- 
7.70 (in, 2H, meta-CH), 7.06 (ddt, J ( I H - t H ) ~  
7.1/6.1/0.9Hz, IH, CH-CH-CHSO2), 6.71 (ddd, 
J( tH-]H) = 10.0/7.4/0.7Hz, IH, CH-CH-CHSO2), 
6.18 (ddquint., J(~H-~H)=I2.3/6.0/O.8Hz, lI-I, 
H 3 C C H - C H ) ,  3.85 (dqd, J ( t H - t H )  = 
12.7/6.1/0.8Hz, IH, CHCHa), 3.69 (dd, J ( tH- tH)  
= 10.0/l.0Hz, IH, CH-CH-CHSO2), 1.99 (dd, 
J(1H-SH)=6.1/O.9Hz, 3H, CHCH3). t~C NMR 
(125MHz, CD~NO z, TMS(int), ppm): 8 205.86, 
197.59, 197.23 (Fe-C=O), 139.33 (ipso-C), 136.69 
(para-C), 131.50 (recta-C), 129.58 (ortho-C), 106.76 
(&CH), 103.48 (fl-CH), 99.20 (e~CH), 94.29 (a-CH), 
87.71 (y-CH), 21.65 (CH3). IR (KBr, cm-l): 3103, 
3070 (aromafic-CH, -C-H),  2977, 2931, 2126, 2089, 
2084, 2001 (Fe-C~-OI, 1631, 1584, 1530, 1479 
(aromatic-CffiC), 1448, 1385 (CH3), 1320, 1308 (S=O), 
1148 (S=O), 1085, 1038, 1070, 900, 761, 732, 689, 
597, 555. MS m/z  (tel. intmmity %): 374 (0.4), 332 
(0.4, M + -  HBFo-  CO), 304 (0.4, 332 - CO), 276 (3, 
332 - 2CO), 198 (2), 180 (3), 141 (0.4, SO2C6H~), 98 
(9), 83 (20), 79 (5, C6H~), 77 (3, C6H~), 58 (20), 56 

(5, Fe*), 55 (191, 49 (]9), 43 (tOO), 41 (7), 39 (9). 
Anal. Found: C, 39.97; H, 3.39. CIsH13BF~FeOsS (M r 
= 448.0) calc.: C, 40.22; H, 2.93%. 

4.4. General procedure for the reaction of the tricar- 
bonyl(~5-pentadienyl)irodl + ) complexes 7 with rm- 
cleophiles to ~-substitwted tricarbonyU~14-diene)iron(O) 
complexes 10 or E-substituted l-phenylsulfonyl- 
butadienes 11 

For the addition of the uuclenphiles, a Schleuk-flask 
was charged under argon with 1.0mmol of the appropri- 
ate uicarhimyl(~-pemadlenyl)irodl + ) complex 7 and 
the complex was suspended in 10-15ml of anhydeoas 
dichloromethaun at room tempenma~. To the stirred 
yellow suspension was added ¢kopwise a solution of 
3.0-5.0mun~ of the apta,Jln~te m~clenphile in l -5ml  
of anhydrous dichlormneflmae and stin'ing of the t~uc- 
tion mixuu~ was continued at room tempermee. Upon 
complete transformation of the insoluble suspended 
cationic complex syn, syn-7 into the soluble nonual 
substituted tricarbonyl(~4-diene)ima(0) complexes 
l h - c  (clear, intensive yellow solution, ca. 1 to lOmin), 
solvent and excess nucleophile were p~moved from the 
reaction mixtore under reduced pressure (roU~ evapo- 
rator and high vucuo). The crude reaction mixtme was 
either subjected to column clmmmtogx, aphy (silica gel. 
solvent mixtm~s as indicated) to yield substituted exo- 
uicarbonyl(~4-dione)irod0) complexes rac-~P-exo-lO 
as stable yellow solids Or, alternatively, oxidative de- 
complexafion was accompfished by addition of 
lO.0mmol CAN dissolved in 10-15ml of a mixture of 
methanol-acetoniu'ile ~ 3:1 and stirring of the n ~ i o a  
mixture for 12h at room ~ i , a ~ .  After dt'lutkm 
with water (10-20mi) and d i c ~  ( lO--20mll, 
the Organic phase was separated and the aquenes ghase 
was extracted with dichloromathane (3×20ml).  Fem 
ions were removed from the combined orgunic 
by successive washing with satmated aqueous NH, F 
solution and finally with water. The mgamc phase was 
dried (MgSO,), concentrated under reduced wessm¢, 
and the residue purified by flash cohima chnmmmgra- 
phy (silica gel 60, solvent mixtures as indicated) to 
afford the ~-substituted 1 , 3 - ~  11 in spectx, o- 
senpicany and analytical]y pure forn~ Mixtwes of 
( E,E) / (  E /Z)-isomers could not be separated by 
column chromatography or by I~'pandvc HI~C on 
LiChrosorb'. 

4.4.1. Tricarbonyt[(l-4vl)-(lE,3Z, IR / S, SR / S)'l- 
(phenylsalfonyl)-5-(morpholine-4-yi)hexa- l.3-diene]- 
iron(O) [(IE,3Z, IR / S, SR / $)-I#a] 

According to the general lnocedure (Section 4.41, the 
reaction of 0.150g (0.33retool) of the racenfic hun 
complex syn,syn-(IR/S,5R/S)-7 with 0.144g 
(i.67nnnol) mot'gholine in 5mi of d i c ~  
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yielded after purification by column chromatography 
(silica gel, diethyl ether-ethyl acetate = i:1) 0.099g 
(68%) of the substituted complex (1 E,3Z,1 R/S,5R/S)- 
1@n as a yellow solid. Analytical data for 
(IE,3Z, IR/S~SR/S)-IOa: m.p.= 117°C. Rf = 0.31 
(diethyl ether-ethyl acetate = 1:1). 1H NMR (500MHz, 
C6D 6 TMS(int), ppm): 6 7.88-7.83 (m, 2H, ortho-CH), 
7.00-6.95 (m, 3H, meta-CH, para-CH), 5.69 (ddd, 
j(tH-1H) = 7.5/5.2/0.9Hz, 1H, CH=CHSO2), 4.57 
(ddd, J ( tH- tH)=  7.0/5.2/0.9Hz, IH, CHCH=CH), 
3.31-3.25 (m, 21-1, OCHH), 3.22-3.15 (m, 2H, 
OCHH), 2.59 (dd, J(~H-IH)=7.6/0.9Hz,  IH, 
CH=CHSO2), 1.99-1.90 (m, superimposed, 2H, 
CHCH 3, CHCH=CH), 1.88-1.82 (m, 2H, NCHH), 
1.77-1.67 (m, 2H, NCHH), 0.90 (d, J(1H-IH)~ 
6.1Hz, 3H, CHCH3). 13C NMR (125MHz, C6D 6, 
TMS(im), ppm): 8 signals of the Fe-C=O groups are 
not detectable, 143.01 (ipso-CS02), 132.90 (para-C), 
129.40 (recta-C), 127.18 (ortho-C), 89.29 (t-C), 85.21 
( ' re),  69.39 (a-C), 67.07 (CH20), 62.44 (&C), 60.42 
(e-C), 48.19 (CH2N), 18.46 (CH3). IR (CHCI 3, cm- i ): 
3026, 3020, 3015 (aromatic-CH, =C-H), 2966, 2070 
(apical-Fe-C=O), 2011 (basal-Fe-C=O), 1585 
(aromatic-C=C, eomplexed-C=C), 1448, 1307 (S=O), 
1148 (S=O), 955, 792, 724, 689, 617, 592, 558. MS 
m/z (rel. intensity %): 447 (0.41, M+'), 419 (1.2, 
M + -  CO), 391 (4, M ÷ -  2CO), 364 (17), 363 (75, 
M+ ' -  3CO), 278 (21, 363 --C4HTNO), 276 (17, 363 
-C4H9NO), 238 (19), 218 (29), 214 (12), 198 (14), 
182 (16), 166 (32), 160 (11), 148 (18), 141 (3, 
SO2C6H~'), 135 (24), 134 (33), 133 (36), 114 (100, 
C6HI2NO+). 91 (9), 86 (11, C4HsNO+), 84 (11), 81 
(13), 79 (37). 77 (33, C6H~'), 70 (12), 57 (15), 56 (91, 
Fe+), 53 (il). 43 (8), 42 (21), 41 (16), 39 (!1). Anal. 
Found; C, 51.00; H, 4.77; N, 3.09. C19H21FeNO6S 
(Mr = 447.3) calc.: C, 51.02; H, 4.73; N 3.13%. HRMS 
m/z: found 391.05438, calc. 391.05407 for 
12 I 56 14 16 32 +-  CI7HztFe N O~ S=-M -2CO. 

4.4.2. Tricarbonyl[(6-9~l)-(6E,8E, IR / S.5R / S)-9- 
(phenylsulfonyl)-2,2,5-trimethylnona-6,8-dien-3-one]- 
iron(O) [(6E, SE, IR / S, SR / S)-10bl 

According to the general procedure (Section 4.4), the 
reaction of 0.150g (0.33mmol) of the racemic iron 
complex syn,syn-(IR/S,5R/S)-7 with 0.172g 
(1.00wanol) of the silyl eunl ether 8 in 5ml of 
cEchloromethane yielded after purification by column 
chromatography (silica gel 60, light petroleum-diethyl 
ether = 5:2) 0.088g (57%) of the substituted complex 
(6E,SE,! R/S,5R/S)-IOb as a very viscous yellow oil 
which solidified to a yellow solid. Analytical data for 
(6E,SE,1R/S,5R/S)-IOb: m.p. = 56°C (decomp.). R e 
= 0.16 (light petroleum-diethyl ether = 3:1). i H NMR 
(300MHz, CDCI 3, TMS(int), ppm): 8 7.92-7.86 (m, 
2H, onho-CH), 7.65-7.50 (m, 3H, recta-OH, para-CH), 
5.67 (ddd, J( tH-IH) = 6 .6/5 .0/ - -  1.0Hz, IH, 

CH=CHSO2), 5.31 (ddd, J(iH-IH)=9.1/5.1/= 
1.0Hz, IH, CHCH=CH), 2.57 (dd, J(IH-IH)= 
17.6/6.3Hz, 1H, CHCHHCO), 2.50 (dd, J(1H-IH)= 
17.6/6.3 Hz, IH, CHC HHCO), 2.06 (m, IH, CHCH3), 
i.48 (d, J ( IHJH)=7.1Hz,  IH, CH=CHSO2), 1.08 
(m, superimposed, 9H/3H/1H, C(CH3)3/CHC H3/- 
CHCH=CH). 13C NMR (75MHz, CDCI 3, TMS(int), 
ppm): 8 signals of the Fe-CO groups are not de- 
tectable, 213.74 (C=O), 141.81 (ipso-CS02), 133.13 
(para-C), 129.29 (recta-C), 127.06 (ortho-C), 86.07 
(fl-C), 78.69 (7-C), 72.55 (oz-C), 67.17 (&C), 45.91 
(CH2), 44.11 (C(CH3)3) , 33.58 (z-C), 26.19 
(C(CH3)3), 23.05 (CH3). IR (film, cm-I): 3065 
(aromatic-CH, =C-H), 2970, 2870, 2065 (vs, apical- 
Fe-CO), 1995 (basal-Fe-CO), 1700 (C=O), i480 
(aromatic-C=C, complexed-C=C), 1448, 1307 (S=O), 
1139 (S=O), 1085, 760, 725, 690. MS m/z (reL inten- 
sity %): 432 (1.1, M + -  CO), 404 (2, M + -  2CO), 378 
(9), 377 (24), 376 (100, M + -  3CO), 320 (2), 312 (6), 
276 (19), 251 (32), 228 (11), 227 (11), 198 (18), 180 
(8), 151 (10), 140 (11), 148 (13), 143 (3, H2SO2C6H~), 
141 (3, SO2C6H~), 135 (19), 134 (23), 133 (23), 121 
(10), 94 (9), 79 (18), 77 (17, C6H~), 57 (42, C,H~), 
56 (17, Fe+), 41 (19). Anal. Found: C, 55.23; H, 5.40; 
C21H24FeO6S (Mr =460.3) calc.: C, 54.79; H, 5.25%. 
HRMS m/z: found 376.07915, calc. 376.07955 for 
t2CIsH~Fet6OJ2S =- M + ' -  3CO. 

4.4.3. Tricarbonyll(4-7~)-(4Z,6E,3R / S,7R / S)-7- 
(phenylsulfonyl)-2,2,3-trimethylhepta-4,6-dienate]iron(O) 
[(4~6E,3R / S,7R / S)-IOcl 

According to the general procedure (Section 4.4), the 
reaction of 0.480g (1.07retool) of the racemic iron 
complex syn,syn-(l R/S,SR/S)-7 with 0.470 g 
(2.70retool) of the silyl ketene acetal 9 in 10ml of 
dichloromethane yielded after purification by column 
chromatography (silica gel 60, light petroleum-diethyi 
ether = 2:1) 0.212g (43%) of the substituted complex 
(4Z,6E,3R/S,7R/S)-IOc as a very viscous yellow oil 
which solidified to a yellow solid. Analytical data for 
(4Z,6E,3R/S,7R/S)-IOc: Rf = 0.32 (light petroleum- 
diethyl ether= i:1). IH NMR (500MHz, CDCI 3, 
TMS(int), ppm): 8 7.98-7.94 (m, 2H, ortho-CH), 
7.65-7.55 (m, 3H, meta-CH, para-CH), 5.04 (dd, 
J(~H-IH) = 8.2/0.9 Hz, IH, CHCH=CH), 5.84 (ddd, 
J(~H-LH) = 7,5/5.5/0.9Hz, IH, CH=CHSO2), 3.14 
(s, 3H, OCH3), 2.58 (dd, J(IH-IH)= 7.8/--- 1.0Hz, 
IH, CH=CHSO2),  2.51 (ddd, J ( I H - I H ) =  
11.2/8.2/--1.0Hz, 1H, CHCH=CH), 1.30 (dq, 
J ( IH-IH)= 11.5/6.7Hz, IH, CHCH3), !.06 (d, 
JOH- tH)=6 .7Hz ,  3H, CHCH~), 1.00 (s, 3H, 
C(CH3XCH3)), 0.98 (s, 3H, C(CHaXCH3)). 13C NMR 
(75MHz, CDCI 3, TMS(int), ppm): 8 212.3, 207.9, 
205.3 (Fe-C=O), 177.20 (C=O), 141.84 (ipso-CS02), 
133.22 (para-C), 129.39 (me,a-C), 127.10 (ortho42), 
88.9q (/3-C), 84.52 (3,42), 68.51 (a-C), 66.34 (8-C), 
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51.07 (OCH3), 48.30 (C(CH3)2) , 40.41 (e-C), 23.83 
(CH3), 19.13 (C(CH3)2) , 17.17. LR (film, cm-n): 3062 
(aromatic-CH, =C-H),  2981, 2951, 2881, 2064 (api- 
cal-Fe-C=O), 2001 (bcsal-Fe-C=O), 1730 (C=O), 
1636 (complexed-C=C), 1585 (aromatic-C=C), 1462, 
1448, 1379 (gem. CH3), 1368 (gem. CH3), 1317, 1307 
(S=O), 1260 (CO-O-C),  1190, 1147 (S=O), 1086, 
1000, 915, 755, 724, 692, 618, 595, 558. MS m/z (tel. 
intensity %): 406 (7, M + ' -  2CO), 380 (9), 379 (22), 
378 (100, M+' -3CO) ,  336 (5), 318 (27, 3 7 8 -  
CH3CO2H), 278 (19), 277 (13), 276 (47), 254 (11), 253 
(16), 239 (10), 198 (24), 182 (10), 181 (14), 180 (23), 
149 (9), 148 (10), 143 (10, H2SO2C6H~), 141 (4, 
SO2C6H~), 135 (17), 134 (31), 133 (20), 125 (12, 
SOC6H~), 121 (18), 107 (I0), 91 (15), 81 (12), 80 
(15), 79 (33), 77 (28, C6H~), 70 (11), 57 (26), 56 (47, 
Fe+), 55 (16), 51 (9), 43 (15), 41 (27), 39 (14). Anal. 
Found: C, 52.09; H, 4.83; C2oH22FeO~S (Mr = 462.3) 
calc.: C, 51.96; H, 4.80%. 

4.4.4. (IE,3Z, R)-5-(N-Morpholin-4-yl)-I-(phenyl- 
sulfonyDhexa-L3-diene [(1E,3Z, R)-IIa] and (IE,3Z, S)- 
5-( N-morpholin-4-yl)- 1-(phenylsulfonyl)hexa- 1,3-diene 
[(IE,3Z~S)-llal 

According to the general procedure (Section 4.4), the 
reaction of 0.250g (0.56retool) of the iron complex 
syn,syn-(IS,5S)-7 with 0.243 g (2.78 retool) of morpho- 
line in 10ml dichloromethane yielded after oxidative 
cleavage with a solution of 3.05 g (5.56 retool) CAN in 
20rid methanol-acetonilrile (3:1) and after purification 
by column chromatography (silica gel 60, light 
petroleum-ethyl acetate= 1:!) 0.107g (63%) of the 
diene (1E,3Z, R)- l la  as a pale yellow sofid. By anal. 
ogy, reaction of 0.300g (0.67retool) of the iron com- 
plex syn,syn-(1R,5R)-7 with 0.260g (3.00retool) of 
morpholine in 10ml dichloromethane yielded after ox- 
idative cleavage with a solution of 3.05g (5.56mmol) 
of CAN in 20ml of methanol-acetonitrile (3:1) and 
after purification by column chromatography (silica gel 
60, light petroleum-ethyl acetate ffi I:1) 0.093g (45%) 
of the diene (IE,3Z, S)-Ila. Analytical data for 
(I E,3Z, R)-Ila and (1E,3Z, S)-IIa: m.p. = 111 °C (de- 
comp.; (IE,3Z, R)-IIa). Rf=0.17 (light petroleum- 
ethyl acetate = I:1). [Ot]2D 6 = +52.0 (C = 1.14, CHCI 3, 
(IE,3Z, R)-lla); [ a ] ~ = - - 3 6 . 5  ( c ~  1.05, CHCI3, 
(IE,3Z, S)-IIa). de > 96% -= (3Z)/(3E):> 57:1 
[(1E,3Z, R)-IIa, HPLC on Daicel OD, cyclohexane-i- 
P r O H = 9 9 : I ,  flow: 0 .7mlmin- I ] ;  d e > 9 8 % - - -  
(3Z)/(3E):> 87:1 [(IE,3Z, S)-Ila, conditions see 
above], Rt(l E,3Z, R)- l la  = 29.5 rain, R~(I E,3Z, S)-IIa 
= 35.1rain. ee>99% [(IE,3Z, R)-IIa, HPLC on Dai- 
cel OD, cyc lohexane- i -PrOH = 99:1, flow: 
1.0 ml min- 1 ]: ee = 98.9% [(1 E,3Z, R)-IIa, conditions 
see above], tH NMR (300MHz, CI~I  3, TMS(int), 
(1E,3Z, R)-IIa, ppm): 8 7.93-7.88 (m, 2H, ortho4?.H), 
7.65-7.52 (m, 4H, CH=CHSO2, meta-CH, para-CH), 

6.39 (d, J(UH-IH) = 14.8Hz, IH, C H = C H S 0 2 ) ,  6.14 
(t, J ( t H J H ) =  ll .2Hz, IH, CI-ICH=CH), 5.90 (dd, 
br., J ( IH-UH)= 10.8/9.~' . /~ ill, CHCH=CH),  
3.74-3.68 (m, 4H, OCH~. ~.~5 (dq, br., J(IH-1H) = 
9.6/6.4Hz, IH, CHCH3), 2..58-..~.~4 (m, 4H, NCH2), 
1.19 (d, J(IH-IH)=6.7FIz,  3ki, CtlCH3). IH NMR 
(300MHz, ~ 3 ,  TMS(in0, (IE,3E, S)-Iia, signifi- 
cant signals, ppm): 8 7.26 (dd, J ( 1 H - l H ) =  
12.1/10.2Hz, IH, CH=CHSO2), 6.34 (d, J(IH-11D 
= 12.3Hz, IH, CH=CHSO2), 3.03 (In, hr., IH, 
CHCH3), 1.18 (d, superimposed with (IF-,3Z, R)-IIa, 
J( IH-IH) = 6.6Hz, 3H,CHCH3). I3C NMR (75MHz, 
CDC! 3, TM3(in0, (IE,3Z, R)-IIL ppm): 8 145.10 (8- 
C), 140.56 (ipso-CS02), 136.34 (~-C), 133.45 (para-  
C), 131.25 (a-C), 129.35 (meta-C), 127.63 (orS/m-C), 
125.06 ('y-C), 67.04 (CH20) , 57.56 (e-C), 50.86 
(CH2N), 18.17 (CH3). 13C NMR (75MH~ CDCl3, 
TMS(int), (1E,3E, S)-IIa, ppm): 8 143.56 (8-C), 
141.68 (/3-C), 140.74 (ipso-CS02), 133_32 (para-C), 
129.44 (a-C), 129.28 (meta-C), 127.56 (ocdm-C), 
126.72 (y-C), 67.08 (CH20), 62.20 (,c-C), 50.50 
(CH2N), 16.72 (CH3). IR (KBr. cm-1). " 3031 
(aromatic-CH, =C-H), 2952, 2938. 2891, 1641 
(olefmic-C=C), 1584 (aromatic-C=C), 1449, 1364, 
1308 (S=O), 1285, 1267, 1211, 1187, i146 (S=O), 
I 114, 1086 (C-O-C),  1002, 968, 920, 883, 847, 759, 
719, 690, 597, 552. MS m/z (tel. intensity %):. 308 
(! .5, M + +  1), 307 (6, M+),  293 (15). 292 (84, M + -  
CH3), 167 (11), 166 (100, M + ' -  SO2C6H5) , 151 (12), 
150 (64), 143 (2, H2SO2C6H~), 141 (2, SO2C6H~), 
126 (8), 125 (18, SOC6H~'), 114 (20, C6H12IqO+), 86 
(13, C4HsNO+), 79 (16), 77 (27, C6H~), 56 (22), 42 
(9), 41 (8). Anal. Found: C, 61.88: ['L 6.80; N, 4.52. 
CI6H21NO3S (M r = 307.4) talc.: C, 62.51; FL 6.89;, N, 
4.56%. HRMS m/z: found 307.12416, calc. 307.12422 
for 12 I 14 16 32 _ M +-. CI6H21N 0 3 S 

4.4.5. (6E,8E, S)-9-(Phenylsulfonyl)-2.2,5-trimethyl- 
nona-6,8-dien-3-one [(6E, SE.S)-llb] 

According to the general pt-c~edure (Sectina 4.4), the 
reaction of 0.250g (0.56mmol) of the iron complex 
syn,syn41S, SS)-7 with 0.285 g (l.67mmol) of the allyl 
enol ether 8 in 10ml dichlm'omethane yielded after 
oxidative cleavage with a solution of 3.05g (5.56mmol) 
of CAN in 20ml methanol-acetonitr~e (3:1) and after 
pmilication by column chromatography (silica gel 60, 
fight pelmleum-diethyl ether s 3:1) 0.098g (55%, both 
isomers) of the diene (6E, SE, S)-IIb as a pale yellow 
oil. Analytical data for (6 E, S E, R)-IIb: Rf = 0.25 (fight 
petroleum-diethyl ether=3:l) .  [o t iS= +!5.2  (c= 
1.18, CHCI3). de > 97% ~ (6E)/(6Z): > 65:L HPLC 
on Daicel OD, cyclohexaae-ioPrOH=99:l, flow: 
0.7 ml rain -n, Rt(6E,8E, R/S)-IIb ~ 49.1/50.4rain, 
Rt(6Z, SE, S/R)-IIb  = 24.1/26.8 rain. ee = 93% 
[(6E,8E, R)-IIb], ee ~ 60% [(6Z,8E, S)-IIb], (EUuLC 
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oa Daicel OD, cunditions and letention times see above). 
]H NMR (300MI-Iz, CDC! 3, TMS(int), (6E,8 E,R)-Ilb, 
plan): 8 7.90--7.85 (in, 2I-I, ortho-CI-l), 7.64-7.49 (m, 
3H, meta-CH, pam-CH), 7.23 (dd, hr., J ( IH-IH)= 
15.1/9.1H7~ 1H, CH=CHSO2), 6.29 (d, J(tH-~H) = 
15.1Hz, IH, CH=CHS02), 6.16 (dd, J ( IH-IH)= 
15.1/6.7Hz, II-L CHCH=CH), 6.10 (dd, J(~H-]H) = 
15.1/9.1Hz, IH, CHCH=CH), 2.91 (sept, J ( tHJH)  
= 6 . 7 H z  IH, CHCH3), 2.55 (dd, J(IH-1H)= 
17.5/6.7 H z, IH, CHHC(=O)), 2.50 (dd, J ( tH-]H)= 
17.6/7.1Hz, IH, CHHC(=O)), 1.11 (s, 9H, C(CH3)3), 
1.03 (d, J(IH-1H) =6.71-1~ 3H, CHCH3). 13C NMR 
(75MHz, ~ 3 ,  TMS(int), (6E, SE, R)-IIb, ppm): 8 
2t3.68 (¢2=0), 151.29 (&C), 142.62 (t iC),  141.03 
(/pso-CSO2), 133.19 (para42), 129.24 (meta-C), 
128.36 (a-C-8), 127.49 (ortho42), 124.74 ('pC), 44.12 
(C(CH3)~), 42.76 (CH2), 32.26 (~-C), 26.19 
(C(CH3)~), 19.27 (CH~). IR (film, cm-~): 3022 
(~taumic-CH, =C-H), 2968, 2934, 2873, 1704 (C=O), 
1640 (C=C), 1592, 1479 (aromatic-C=C), 1463, 1447, 
1367, 1317, 1307 (S=O), 1282, 1222, 1191, 1146 
(S=O), 826, 719, 689, 668, 601, 555. MS m/z  (tel. 
~ t y  %): 320 (16, M+'), 279 (17), 263 (3, M + ' -  
C(CHa)3), 237 (11), 236 (52), 235 (14), 195 (14), 179 
(12, M + ' -  SO2C6H5), 143 (17, H2SO2CsH+), 141 (7, 
SO2C6H~), 139 (9), 125 (43, SOCeH~), 121 (13), 109 
(10. SC~H~), 95 (18), 94 (25), 93 (17), 91 (8), 85 (27), 
79 (31), 77 (35, C6H~), 57 (100, C(CH3)~), 43 (14), 
41 (31), 39 (10). Anal. Found: C, 65.83; H, 7.42. 
C~8H2~O3S (M~=320.5) calc.: C, 67.47; H, 7.55. 
HRMS re~z: found 320.14391, calc. 320.14462 for 
I2 1 16 32 -- +- CmH240 ~ S = M  . 

4.4.6. Methyl-(4Z,6E, S)-7-(phenylsulfonyl)-2,2,3-tri- 
methyl-hepta-4,6-dienale [(4Z,6E, S)41c] 

According to the general procedure (Section 4.4), the 
teacliun of 0.358g (0.80mmol) of the iron complex 
syn, syn-( 1R,SR)-7 with 0.348 g (1.67 mmoD of the silyl 
ketene acetal 9 in 8ml dichloromethane at -78°C 
yielded after oxidative cleavage with a solution of 1.75 g 
(3.19mmol) CAN in 20ml mcthanol-acetonitrile (3:1) 
and aRer purification by colunm chromatography (silica 
gel 60, fight petroleum-tliethyl ether=3:l) 0.157g 
(61%. both isomers) of the diene (4Z,6E, S)-IIc as a 
cotom'less sofid. Analytical data for (4Z,6E, S)-IIe: 
m.p. = 101 °C. Rf ffi 0.19 (light petsoleum-thethyl ether 
ffi 2:1). [av~ T not determined, de ffi 66% ~ (4Z)/(4E) 
=5:1 (IH NMR, 300MHz). ee not determined. IH 
NMR (300MHz, CDCI3, TMS(int), (4Z,6E, S)-lle, 
ppm): 8 7.94-7.88 (m, sopetimposed with (4E,6E, R)- 
l ie ,  2H, ortho-CH), 7.67-7.51 (m, superimposed with 
(4F,,6E, R)-II¢, 4H, CH=CHSO 2, meta42H, para- 
CH), 6.38 (d, J(IH-IH) ffi 14.3 Hz, 1H, CH=CHSO2), 
6.08 (t, j(1HJH)ffi ll.3Hz, IH, CI-ICH=CH), 5.84 
(dd, hr., J(IH-IH) ~= ll.5/10.8Hz, II-L CHCH=CH), 

3.65 (s, 3H, OCH3), 3.11 (dq, J ( IH- 'H)  ffi 
11 .1 /6 .6Hz,  1H, CHCH3),  1.17 (s, 3H, 
C(CH3XCH3)), 1.13 (s, 3H, C(CH3XCH3)), 0.99 (d, 
superimposed with (4 E,6 E, R)-11e, J(I H-  l H) ffi 6.6 Hz, 
314. CHCH3). tH NMR (300MHz, CDCI 3, TMS(int), 
(4E,6E, R)-IIe, ppm): 8 7.94-7.88 (m, snperimposed 
with (4Z,6E, S)-II¢, 2H, ortho-CH), 7.67-7.51 (m, su- 
perimposed with (4Z,6E, S)-IIe, 3H, meta-CH, para- 
CH), 7.24 (dd, J (~H-]H)= 14.8/10.0Hz, IH, 
CH=CHSO2), 6.31 (d, J(1H-IH)=I4.4Hz, 1H, 
CHfCHSO2),  6.21-6.05 (m, superimposed with 
(4Z,6E, S)-IIe, 2H, CHC H f C H ) ,  3.66 (s, 3I-I, OCH3), 
2.61 (dq, j (1H-'H) ffi 7.2/6.6I-Iz, lI-I, CHCH3), 1.12 
(s, 6H, C(CH3)~), 0.98 (d, superimposed with 

13 (4Z,6E, S)-IIc, J ( t 'HJH)=  6.8Hz, 3H, CHCH3). C 
NMR (75MHz, CDCi3, TMS(int), (4Z,6E, S)-IIe, 
ppn0:8 177.12 (C=O), 144.86 (&C), 140.74 (t iC),  
136.79 (ipso-CS02), 133.31 (para-C), 130.72 (a-C), 
129.27 (recta-C), 127.54 (or/ho-C), 124.61 (v-C), 51.79 
(OCH3), 45.81 (C(CH3)2), 39.56 (~-C), 22.18, 21.88 
(C(CH3)2), 15.72 (CH3). t3C NMR (75MHz, CI)Cla, 
TMS(int), (4E,6E, R)-11¢, ppm): ~ 177.32 (C=O), 
148.08 (&C), 142.28 (fl-C), 140.86 (/pso-CSO2), 
133.22 (para-C), 129.24 (recta-C), 128.60 (a-C), 
127.54 (on/w-C), 126.86 (7-C), 51.79 (OCH3), 45.73 
(C(CH3)2), 44.65 (6,-C), 23.16, 21.51 (C(CH3)2), 15.08 
(CH3). IR (KBr, cm-l): 3092, 3068, 3043, 3029 
(asomatic-CH, =C-H), 2995, 2980, 2969, 2953, 2877, 
1728 (C=O), 1634 (olefinic-C=C), 1584 (aromatic- 
C=C), 1467, 1448, 1432, 1391 (gem. CH3), 1372 
(gem. CH3), 1316, 1304 (S=O), 1285, 1267, 1191, 
1148 (S=O), 1133, 1085, 1003, 967. 893, 847, 836, 
760, 718, 691, 598, 555. MS m/z  (tel. intensity %): 
322 (3, M+'), 290 (4, M + ' -  CH3OH), 262 (12, M + ' -  
HCO2CH3), 222 (5), 181 (15, M + ' -  SO2CtiHs), 149 
(19), 143 (23, H2SO2CfH~), 125 (32, SOC6H~), 122 
(12), 121 (100, (CIt3)2CfC(CH3)CH=CHCHffiCH+), 
111 (5), 107 (9), 105 (!1), 97 (7), 95 (5), 93 (10), 
91 (11),  81 (12),  80 (24), 79 (55, 
CH 2 •CHCH=CHCH=CH+), 77 (38, C6H~), 73 (10), 
65 (6, CsH~), 59 (6), 55 (6), 51 (11, C4H~), 43 (6), 41 
(16), 39 (10). Anal. Found: C, 63.14; H, 6.86. 
Ct7H2204S (M r ffi 322.4) calc.: C, 63.33; H, 6.88%. 
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