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Abstract: The Mukaiyama aldol reactions of silyl enol ether-substituted n-allyltricarbonyliron lactone and lactam
complexes with aldehydes under BF3.OEt, activation proceed with moderate to excellent diastereocontrol. The level
of diastereocontrol is strongly affected by the nature of the endo substituent on the complex, seven carbon atoms
distant from the reaction site. A dctailed investigation of the reaction is presented and a model for the observed

stereoselectivity proposed. © 1999 Elsevier Science Ltd. All rights reserved.
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sources, have prompted the developmen t of efficient synthetlc routes t 1,

ese molecules 2 The aldol reaction its manv
[ ecules. e aldo! reaction in s

u
mlany 1 H

ith their limited avaudouny from naiural

7
c.
o
=
=
e

o
e case of the reaction of o-substituted en

kZ
Q
=
-
=
[¢]
=
[0}
£
!’D
=
(™
1
&
=
=,
Q
=1
i
=
—
=l ¢ ]

> 1. ‘ps o.f oxygen _Ln_ctlona,li&y,3 In 8
wnh a]dehvde electronhlle% the problem of stereocontrol has been comprehensively addressed* allowing facile entry
into the polypropionate-derived families of natural products. Preparation of molecules derived from a polyacetate
biosynthetic pathway requires the stereoselective reaction between an d-unsubstituted enolate and an aldehyde. In this
case only one new stereocentre is created, so relative (syn/anti) stereocontrol is no longer an issue. This apparently
simplified problem has in fact turned out to be much more challenging. Application of the methods of stereocontrol
which perform admirably in the reactions of o-substituted enolates with aldehydes>© to their unsubstituted congeners
has consistently provided disappointing results with diminished levels of stereoselectivity.”# Such reduced stereocontrol
may be directly attributed to the absence of an o-substituent on the enolate nucleophile as this is often a critical
controiiing feature in the addition event. Neveriheless in recent years some aiternative solutions have emerged,

particularly for the reactions of umuquuled acetate-? and thioacetate-derived enolates.?0-10-14 These have varlously
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reactions remains a challenge.

We have recently demonstrated that ketone functionality appended to the allyl terminus of ®-allyltricarbonyliron
lactone complexes3? reacts with a variety of nucleophiles affording the corresponding alcohol products in good to
excellent yields and with excellent levels of diastereocontrol.?334 The outcome of the addition is consistent with
nucleophilic attack on the s-cis conformation of the ketone anti to the bulky Fe(CO)3 unit (Figure 1). Similar results
have been obtained with the corresponding n*-dienone tricarbonyliron complexes.?S We postulated that an enolate (or
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enolate equivalent) derived from a methyl ketone group in the side-chain of a lactone complex might also show some
degree of stereocontrol in its reactions with aldehydes.
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A survey of the literature was somewhat discouraging. In 1992, Franck-Neumann ef al. disclosed the results of
aldol reactions of trimethylsilyl enol ethers derived from methyl ketones appended to the organic ligand of n+
dienetricarbonyliron complexes.”® In the best case, reaction of the TMS enol ether formed in situ from ketone 1 with
benzaldehyde in the presence of TiCl, afforded two ketol products 2 and 3 in a disappointing 2:1 ratio (Scheme 1). In
other cases, starting ketone and elimination products were also isolated and the levels of diastereocontrol were lower
still. Some recompense could be gained from the fact that in all cases the ketol products were readily separable allowing

access to diastereoisomerically pure §-hydroxy dienone complexes.

Fe(CO)5 Fe(CO)3 Fe(CO)3
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Scheme 1 Reagents and conditions: i. TMSOTHT, Et3N, CH,Cl,, 0°C, then PhCHOQ, TiCly, -78°C, 61% (2), 31% (3).

The poor diastereocontrol is perhaps not too surprising. In the aldol reaction, the configuration of the new
carbinol centre depends only on the ability of the silyl enol ether side-chain to differentiate between the prochiral faces
of the aldehyde electrophile. Even if the silyl enol ether adopts a single conformation and is shielded from one face by
the tricarbonyliron moiety, six open transition states with staggered conformations are potentially accessible (vide infra).
Undeterred by these results, we set about investigating the anaiogous reaction using methyl ketone compiex 4 as a model
substrate. 36

RESULTS AND DISCUSSION

Complex 4 was readily prepared in four steps as previously described.?? The corresponding silyl enol ether
complexes § - 7 were obtained in high yield by treatment of ketone 4 with the appropriate trialkylsilyl triflate in the
presence of Et3N in CH,Cl, at 0°C (Scheme 2). The silyl enol ether products proved to be remarkably stable and could
be purified by flash column chromatography on Florisil® and stored without significant decomposition at 0°C under
argon for several months.
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Scheme 2 Reagents and conditions: 1. R3S10T{, Et3N, CH,Cl,, 0°C.

The reaction of TMS enol ether 5 with benzaldehyde was then attempted under standard Mukaiyama aldol
conditions using BF3.OEt; as the Lewis acid.38 After aqueous work-up and chromatographic purification, aldol product
8a was isolated in 47% yield together with a small quantity of the TMS aldol product 9a (Scheme 3). To our great



delight, the aldol product was obtained as one major diastereoisomer (ratio 2 13:1). In addition, a significant quantity
(24%) of hydrolysed starting material 4 was isolated. Similar problems were encountered in the work of Franck-
Neumann and appreciable time was spent trying to minimise this troublesome side-reaction. A number of alternative
Lewis acids (TiCly, ZnCl,, TMSOTf, Y&(QOTf);, SnCl,) were screened but in all cases the hydrolysis product
predominated.

)—Fe(CO) )— Fe(CO)3

PhCHO — ){‘ \—( (S[' \_</

H \ <
CSHﬂ CsH"
8a Ph 9a Ph
Scheme 3 Reagents and conditions: 1. BF3.0Et,, CH,Cl,, -78°C, then 5, 47% (8a), 2% (9a), > 85% d.e.
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in THF followed by addition of PhCHO resulted in a complex mixture from which aldol products were isolated in only
20% yield together with 18% of the elimination product 11a (Scheme 4). Similar results were obtained using the boron

enolate, generated under more Lewis acidic conditions from dibutylboron triflate and Hiinig's base. Interestingly, in
both cases not only was the diastercoselectivity much reduced (~ 30% d.e.) but the major diastereoisomer (10a) was the
opposite to that obtained in the BF;.OEt;-mediated Mukaiyama aldol reaction.

Q Q
>—fe(00)3 A ©%s P—Fe(0O);
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Scheme 4 Reagents and conditions: i. LHMDS, THF, -78°C, 0.5 h, then PhCHQ, 20% (10a) ca. 30% d.e., 18% (11a)

c.
=
[
v
Z
a
a
=}
17
53
(¢
&
=

ive Mukaiyama aidoi

emntimem AL TTRAQ ) el -4 Y NI 42 == — car = mmaian A8 SBao sl 2. ML .
1Cacuon Ol 11ivio ClIOl CUICT O UHIUCT DI 3. UL dCllVdUUIl l[llb wWdd OpPUIIINCa d SCIICS OI 4ItCralions to ine reacuon
and wark_nn nrocadnrae Inctaad af a ctandard aanannce work-un Bt N w T ta nmmanch tha ranctinm hy ramcaual AF
ailx FTUCCAUICS. tlhidwald Ul Maiidala alucious WOTrR=up, 117 W Juinin uit ICallili gy iCiiiGvar Gi

the Lewis acid as the insoluble BF3.NEt3 complex Fl]trauon through Celite®
afforded improved yields of aldol products and significantly, remaining TMS ol ether 5, which according to t.l.c.
analysis had been completely consumed. Subsequem reactions were therefore allowed to run for a further 1-2 hours
following the apparent consumption of the starting material. Further small optimisations included use of an
Et,0:CH-Cl; mixture (4:1) as solvent and a change in the order of addition such that the aldehyde-BF; complex was
added to the cooled silyl enol ether solution.

With an optimised procedure in hand, the diastereoselectivity of the BF;.OEt;-mediated Mukaiyama aldol
reaction between TMS enol ether S and a variety of aldehydes was investigated. The results are outlined in Table 1. In
all cases a mixture of TMS-protected and unprotected aldol products were obtained in good overall yields, together with
small quantities of hydrolysed starting material and in some cases, dehydration product. To determine the overall

N

diastereoselectivity of the aldol reaction, after Et ;N work-up and filtration, the crude reaction mixture was treated with
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illy demanding, branched aliphatic

The highes diastercoselectivitics (> 90% d.c.) were observed for the sterice
aldehydes such as pivalaldehyde, cyclohexanecarboxaldehyde and isobutyraldehyde. Benzaldehyde reacted with a
slightly lower (86%) diastereomeric excess. Straight chain aliphatic and ot,_B-unsaturated aldehydes showed further
decreased levels of diastereocontrol. Thus in general it would appear that the more sterically demanding the aldehyde,
the more facially selective the reaction.

To determine the relative configuration between the newly created stereogenic centre and that at the lactone tether
we cmployed a similar method to that used by Franck-Neumann,28-29 taking advantage of the high stereoselectivity in



the reduction of ketones appended to the allyl ligand.33 The stereochemical outcome of this reaction can be predicted by
assuming hydride delivery to the s-cis conformation of the ketone anti to the sterically bulky tricarbonyliron moiety.
Then by establishing whether there is a 1,3-syn or 1,3-anti relationship between the alcohol functionalities, the relative
configuration of the new stereocentre may be elucidated. This is achieved by formation of the corresponding acetonide,
which constrains the diol into a conformationally defined six-membered ring.

Table 1 Mukaiyama aldol reactions of aldehydes with n-allyltricarbonyliron lactone complex 5.

A o Q o
BF 3.OEt,, RCHO s /s

1) OV =) Q =1 O
o—>< \—§ Et,0/CH,Cl, 4: 1,-78°C }( : OTMS
Cs Hy 4 CSH‘H CsHy 7
%a-9g R

5
Aldehyde Overall yield (%)?2 Ratio of 8:9b D.e. (%)¢

a PhCHO 81 75:25 86

b CH;3(CH,)4CHO 74 23:77 82

c CH;CH(CH;)CHO 66 39:61 94

d CH;C(CH;),CHO 57 26:74 >95d

e cyclohexyl-CHO 75 57:43 91

f CH;(CH ,);CH=CHCHO 65¢ 72:28 79

g CH;3(CH»)4,C=CCHO 78 79:21 47

3 Total isolated yield after chromatography. ® Determined from isolated yields of TMS and free aldol
products. ¢ Diastereoisomeric excess determined on the crude reaction mixture by 600 MHz 'H NMR
analysis after silyl deprotection. @ Only one diastereoisomer was observable in the crude reaction mixture
by 600 MHz 'H NMR analysis. © Up to 9% dehydration product 11f was also isolated.

Treatment of TMS aldol product 9a with tripropylaluminium afforded the monosilylated diol 12 with excellent
diastereoselectivity in full agreement with earlier work.33 Subsequent removal of the silyl group and acetonide
protection afforded complex 13 (Scheme 5). By analysis of the '3C NMR spectrum of acetonide 13, a sy relationship
between the alcohol functionalities was established. Chemical shifts for the acetal carbon at 99.7 ppm and the acetal

methyl carbons at 19.9 and 29.6 ppm are characteristic of a syn d101.39‘“ The acetonide ring assumes a chair
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conformation with the phenyl group and lactone complex occupying equatorial positions, ensuring that the two acetal
methyl grou re in quite different electronic en‘vironments (one axial and on uatorial) and have different chemical
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Scheme 5 Reagents and conditions: i. AlPr"; (2.4 equiv.), CH,Cl,, -78 — 0 °C, 1 h, 75%; ii. HF/pyridine (3 equiv., ca. 2.25 M in
THF), THF, 25 °C, then pPTS (0.05 equiv.), 2,2-dimethxoypropane (20 equiv.), DMF, 25 °C, 12 h, 71%.
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Since m-allyltricarbonyliron lactone
complexes are superficially quite similar to their n*-diene relatives at least in the immediate vicinity of the reacting



centre, it would appear that the remote lactone portion of the m-allyl complex is having a genuine influence on the
selectivity of the reaction.

A comparison of the X-ray crystal structures of m-allyltricarbonyliron lactone and 1 *-dienetricarbonyliron
complexes is quite revealing. The crystal structure of lactone complex 15 (the methyl ketone precursor to silyl enol
ether complex 20) shows that the endo phenyl substituent lies beneath and almost perpendicular to the plane of the allyl
ligand (Figure 2).4? In the refated 1) *-diene compiexes, X-ray structures reveal that the diene unit deviates relatively
little from planarity and the carbon atoms of the ligand essentially retain their sp? characters. X—ray analysis of the
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Figure 2
The model silyl enol ether complex 5 bears an endo-oriented pentyl substituent at the sp3-hybridised lactone tether
position, which projects below the plane of the allyl ligand to create a chiral environment on the lower face of the TMS
enol ether side chain. It is possible that this endo substituent, seven carbon atoms distant from the developing carbinol
stereocentre, could interact directly with the incoming aldehyde-Lewis acid complex and thus influence the

stereochemical course of the reaction (Figure 3). We set about testing this hypothesis by variation of the nature of the
tether and its substitution pattern.
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The methyl ket substituted m-allyltricarbonyliron lactone and lactam complexes 14 to 18 were prepared using

standard protocols3 44 and converted smoothly into the corresponding TMS enol ether complexes 19 to 23 as before
(vide supra). Reaction with benzaldehyde under BF;.OEt, activation afforded mixtures of TMS protected and
unprotected aldol products which were desilylated using HF / pyridine during the work-up. A comparison of the yields
and diastereoselectivities obtained is shown in Table 2.37

In the case of the endo lactone complexes S, 19 and 20, a decrease in the diastereoselectivity of the aldol products
was observed on changing R? from an alkyl substituent (pentyl or methyl) to a phenyl substituent. This probably
reflects the contribution of a favourable interaction between the aromatic rings of ende phenyl complex 20 and
benzaldehyde. Indeed, the reaction of isobutyraldehyde with complex 20 under the same conditions proceeded with
greater than 94% diastereomeric excess. This observation in itself supports our hypothesis that the endo substituent is
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case of the lactam complexes 22 and 23; with an endo-disposed methyl substituent the aldol product 27 was obtained
from 22 in an excellent 90% d.e., while an exo-oriented methy! substituent gave rise to markedly reduced levels of
diastereocontrol (57% d.e.) in the reaction of 23 to afford 28. These results serve to confirm that the orientation of the



substituent at the tether is indeed a crucial factor in the stereoinduction event. Such remote asymmetric induction is
unprecedented in aldol chemistry#346 and very rare in the wider field of organic chemistry.47-48 It is clear that the rigid,
conformationally defined iron lactone complex exerts control over the reaction on a number of different levels,
illustrating the effectiveness of transition metal complexation as a means of transmitting stereochemical information
across distances of several atoms.

Table 2 Reaction of TMS enol ether-substituted lactone and lactam complexes with benzaldehyde.

A AN
7—'vl"'e(CO)3 r—Ee(CO) ;3 i) BF 3.0E1,, PhCHO e(CO) 3
L o 0O  TMSOTH, Et;N X I OTMS Et,0/CH,C, 4:1,-78C
X | '\\ ’ I [ Y r4 eNMe ! X I\
_4 “—< OH
R CH,Ch,, 0°C i) HF / pyridine
" R, 2Ch TR, ) [
4and 14-18 5 and 19-23 gaand24-28 "
Complex R! 2 Draduct Yield (%) De. (%)2
\IVIIIPIUA AN AN 4N 1 1vuuwl 1 Il \ /U’ L. \ 44 !
5 H C5H1 1 O 8a 81 86
19 H Me o 24 81b 87
20 H Ph 0O 28 72 67
21 CsHy, H O 26 53 55
22 H Me NBn 27 66b 90
23 Me H NBn 28 62b 57
2 Diastereoisomeric excess determined by comparison of integrals in the 'H NMR spectrum of the crude
reaction mixture. ° Reaction carried out in neat CH,Cl, due to low Et;O solubility of the substrate; this
improved the yield and did not affect the d.e.
In order to investioate the influence of sn3 vs. <n? hvbridisation at the tether nosition. the stereodirectine abilitv of
n order to investig p ybridisation at the tether position, the stereodirecting ability of
TMS enol ether substituted lactone and lactam complexes was directly compared with that of a representative TMS enol

ether-substituted n4-dlenetmcarbonylxron complex. The (l:.E)-n“-dxenone complex 29 was prepared in high yield from
lactone complex 4 by treatment with barium hydroxide solution.33 Formation of trimethylsilyl enol ether 30 and
reaction with benzaldehyde under the standard conditions resulted in the formation of aldol product 31 with only 25%
diastereoisomeric excess (Scheme 6). The selectivity is therefore significantly lower than even that achieved with exo-
substituted lactone and lactam complexes. The stereochemistry of the major diastereoisomer was determined by
acetonide formation as before and shown to be the same as that obtained with the sp3-tethered complexes.
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)"_Te(CO)g ) fl'e(b())a . 'ie(uuls Fe(CO)3
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A _\_4/\ C5H1.1_//_ ‘\\_‘< CSHﬁ—//_ _\\_<\\ C‘iH‘H_/_ _\—‘</
CsHy
4 29 30 31 Ph
Scheme 6 Reagents and conditions: 1. Ba(OH);, MeOH, room temp., 15 min, 92%; ii. Et3N, TMSOT{, CH,Cl,, 0°C, 90 min, 92%;
iii. BF3.0Et,, PhCHQO, Et,0/CH,Cla 4 ¢ 1, -78°C, 1h; iv. HE/ py, THF, 30 min, 64% yield over 2 steps, 25% d.e.

The solution conformations of the different types of silyl enol ether complex were studied using nOe experiments.
This study revealed another important structural difference between the exo-substituted, tethered complexes 21 and 23
and the 1 4-diene complex 30 (Figure 4) The orientation of the enol ether side-chains in these complexes was initially
assumed to be fixed, as 1s the case for t parem ketone complexes. The nOe data obtained for lactone complex 21 and

s-trans and s-cis conformations are significantly populated, the protons at the enol ether terminus showing
nQes to both the adjacent internal and external protons of the diene ligand. This increased conformational flexibility in



the n4-diene system increases the number of potentially accessible transition states for the aldol reaction and is therefore
likely to have a detrimental effect on its diastereoselectivity.

o N
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Figure 4
Some additional experiments were carried out to provide further information on the reaction mechanism and help
to rationalise the observed stereochemical outcome. The reactions of the TES and TBS enol ethers 6 and 7 with

benzaldehyde proceeded more slowly than that of their TMS analogue. More significantly, a decrease in both the d.e. of
the (crude, deprotected) aldol product and the isolated yield of silylated aldol product was observed upon proceeding to
larger silyl groups (Table 3). While the stereochemical influence of the trialkylsilyl group in the reaction remains
unclear, the reduction in selectivity would suggest that unfavourable steric interactions with this group oppose, rather
than reinforce, the observed diastereoselection.

Table 3 Variation of the silyl substituent in the Mukaiyama aldol reaction.

S
>\—Fe CO)3 )‘—Fe CO)3 )‘——Fe (CO)3

-I-\ OSiR F3.0Ft, PhCH B -
h)( L& Et,0/CH,Clp 4:1, -78°C H %(OS'R?
C‘uHH Hﬁ CSHH
5R =Me 9aR =Me
6 R =Et 32 R =Et
7 Ry = Me,BU! 33 Ry = Me, B
Complex Reaction time (h)  Yieldof 8a (%)*  Yield of silyl prod. (%) D.e. (%)b
-4 <K mn 1 QL
< J.J <U Ui ou
6 7 i2 51 74
7 24 50 4 54

a Isolated yields after column chromatography. ® Diastereomeric excess determined by comparison of integrals
in the 'H NMR spectrum of the crude reaction mixture after silyl deprotection.

The information provided by the X-ray and nOe data suggests that the aldehyde reacts with the s-trans
conformation of the silyl enol ether and approaches from the opposite face to the bulky tricarbonyliron moiety (vide

supra). The BF 3 Lewis acid is non-chelating and coordinates to the aldehyde oxygen lone pair ani to the alkyl or aryl
substituent, again for steric reasons.*? The reaction is assumed to proceed through an open transition state in which the
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substituents adopt a staggered conformation.’” Taking aii of these factors into account, six possibie transition states may
L A .. ST £
oe drawn (Figure 5)
SiMe 5 F3B _SiMej _SiMe;

/T\ i)c’)\,H /ﬂ J\)\,H

Re-1 Re-2 Re-3 BF 3H
SiMe SiMe SiMe
3 U n/ 3 U O/ 3

L

/,/'l\. H k /,/'Lf J\/'H\'H i
¥ Trﬁ?o A Fss\gozi'?a ¥ Tﬂm H
Si1 BF3 Si-2 Si-3

Figure 5

Previous research into the Mukaiyama aldol and similar reactions has shown that there is no particularly favoured
arrangement of the n-systems of the nucleophile and electrophile.5! The observed stereochemical outcome of the
reaction is consistent with an overall preference for the transition states Re-1 to Re-3 over transition states Si-1 to Si-3
Our results are best explained by transition state Re-2, which has a synclinal arrangement of nt-systems and in which
unfavourable steric interactions are minimised. The approximate position of the endo substi‘tuen'[ refative to the reacting
Toups, can be seen h'y' compar mg Re-2in figurc 5 with the "three dimensional" schematic in figﬁf&? 3. If Re-2 is indeed
the favoured transition state, the observed decrease in diastereoselectivity as the size of the silyl group is increased can

be attributed to the i mr‘rpamnc munlfm;\nr'P of the fnnlv\ anurhp interaction in this arrangement, a]lnwmo other reactive

g

conformations including those favouring s/ attack to be competitive. Furthermore, as the steric bulk of the R group of
the aldehyde increases, minimisation of non-bonding interactions with this group will become increasingly important
and any predisposition towards transition states Re-2 or Si-2 would be expected to increase. The most favourable of the
transition states leading to si attack, in terms of minimisation of steric interactions, would appear to be Si-1, which
would be expected to become less favourable as the size of the R group increases.

CONCLUSIONS
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ether side-chain of the

ether side-chain o
tricarbonyliron moiety. The remote endo substituent interacts with the incoming aldehyde-Lewis acid complex on the
opposite face of the silyl enol ether and acts as a key stereocontrolling element. The Mukaiyama aldol reactions of exo-
substituted lactone and lactam complexes proceed with moderate diastereoselectivity, while n*-dienetricarbonyliron
complexes react with low selectivity under the same conditions. This may be partly attributed to increased
conformational flexibility of the enol ether side-chain in the diene complexes.

The Mukaiyama aldol reaction of m-allyltricarbonyliron lactonc and lactam complexes generatcs a 1,7-
relationship of stereogenic centres between the heteroatom tether and the new secondary alcohol. The ketone in the 5-
position of the product remains available for further stereoselective transformations. Since the iron lactone and lactam
complexes are readily available in homochiral form3344 and can be decomplexed to afford stereodefined B- and 8-
lactones and lactams, 32 (E,E)-dienes?? and enedials3? this reaction represents a powerful tool for the rapid construction

of a variety of highly functionalised organic molecuies.

TH NMR spectra were recorded in CDCl5 on Bruker DRX-600, DRX-500 or DPX-200 spectrometers. Coupling constants
are quoted in Hz. 13C NMR spectra were recorded in CDCl3, at 150 MHz, 100 MHz or 50 MHz on Bruker DRX-600, AM-400 or

DPX-200 spectrometers. IR spectra were recorded on Perkin-Elmer 983G or FTIR 1620 speetrometers. Mass spectra were obtained



oven-dried glassware unless otherwise stated. Ether and THF were distilled from sodium benzophenone ketyl; CH,ClI» from
calcium hydride. Aqueous solutions are saturated unless otherwise specified. Petrol refers to petroleum ether b.p. 40-60°C. In the
synthesis of the iron lactone and lactam complexes, diironnonacarbonyl [Fe,{CQ)g] is used. This is extremely toxic. Iron
pentacarbonyl is a highly toxic by-product. All work involving these species was performed in a well ventilated hood. Glassware
was treated with bieach to destroy iron carbonyl residues before re-use. Methyi ketone complexes 4,33 14,33 16,33 1794 and 1844
were nrenared as nrevummlv described.

[(3E,IR",287)-1-(Carbonyloxy-k C)-5-0xo-1-phenyl-(2,3,4-11)-hex-3-en-2-yl Jiricarbonyliron (15). THF (degassed; 30 ml)
was added to diironnonacarbonyl (1.62 g, 4.44 mmol) and the mixture stirred vigorously in the dark for 10 minutes. (3E,5R*,6R")-
5,6-Epoxy-6-phenyihex-3-en-2-one (0.437 g, 2.32 mmol) was added. Afier 3.5 h, toluene (2mi) was added and the mixture filtered
through Celite, washing with Et;0. The ethereal solvents were removed in vacuo and the toluene solution subjected to flash column
chromatography (eluent: petrol - Et2O/petrol 40%; gradient) to afford 15 as pale yellow crystals (0.394 g, 48%). (Found C, 54.15;
H, 3.48. CcH | FeQg requires C, 53.96; H, 3.40%); v max (filmyemt 2092 (CO), 2024 (CO), 1683 (C=0), 1498, 1361; ;3200
MHz) 2.44 (3H, s, 6-H x 3),4.03 (1H. d, J/ 11.2, 4-H), 5.26 (iH, dd, J 8.7, 4.7, 2-H), 5.43 (1H, d, J 4.7, 1-H), 5.57 (1H, dd, J 11.2,
8.7, 3-H), 7.25-7.42 (5H, m, Ph); 8c(50 MHz) 30.2 (CH3), 66.2 (CH), 78.2 (CH), 84.7 (CH), 91.9 (CH), 125.8 (CH), 128.6 (CH),
128.8 (CH), 138.1 (quat. C), 199.3 (CO), 201.3 (CO), 201.7 (CO), 204.7 (CO), 207.6 (CO); m/z (FAB) 357 (MH™, 52%), 300 (M-
2CO0, 37), 273 (MH-3CO, 31), 245 (MH-4CO, 100), 228 (77), 171 (50). [Found (MH") 357.0076. C;cH3FeO¢ requires MH,

LT NNEY
2 FJUL Y.

[(4Z,35%,68 *}-2-0x0-(3,4,5,6-1)-undec-4-en-3,6-diyl jtricarbonyliron (29). Ba(OH)3 (aq) (1 ml) was added dropwise to a
stirred solution of lactone complex 4 (0.287 g, 0.82 mmol) in MeOH (6 ml) at 20°C. After 15 minutes, the reaction mixture was
poured into water (20 ml) and extracted with Et;O (3 x 10 ml). The combined organic fractions were washed with brine (5 ml)

1 ral Bt -N/matenl &_1NTN affarda 20 nc ~ ke
dried (MgSO,) and concentrated in vacue. Flash chromatography {(eluent: Et;O/petrol 5-10%) afforded diene complex 29 as a bright

yellow oil (0.230 g, 92%). (Found C, 54.67; H, 5.86. C 4H,gFeO, requires C, 54.93: H, 5.93%); vy (film)/em! 2958, 2930, 2857,
2050 (CO), 1975 (CO), 1678 (C=0), 1489, 1455; 5(500 MHz) 0.90 (3H, t, J 6.8, 11-H x 3), 1.23 (1H, d, J 8.2, 3-H), 1.25-1.39

(3H, m, 9-Hx 1, 10-Hx 2), 1.42-1.53 (3H, m, 6-H, 8-H x 1,9-H x 1), 1.54-1.66 (2H, m, 7-H x 1, 8-H x ), 1.68-1.77 (IH, m, 7-H X
1),2.11(3H,s, 1-Hx 3),5.23 (1H, dd, J8.2,5.1,4-H), 579 (1H, dd, J 8.0, 5.1, 5-H); §c~(100 MHz) 13.7.22.4 295 31.3 317,

L2 8 0, 8 i3, GG, SR, COAVAVY ARZ) 12

34.1, 53.6,66.3, 81.2, 87.6, 202.7, 210 (br, CO X 3), m/z (FAB) 307 [(MH™, 9%], 281 (56), 267 (38), 207 (90), 193 (45), 133 (10{))‘
[Found (MH*) 307.0615. Cy4HgFeQy4 requires MH, 307.0632].

General procedure for the synthesis of silyl enol ether complexes § - 7, 19 - 23 and 30. For a 0.3 mmol scale reaction; EtsN
(1.4 eq. ) and wrialkylsilyl triflate (1.2 cq. ) were added scauentlallv to a cooled (0°C) solution of the ketone gomp]ex (1.0 eq.) in
CH2C12 (1 ml) and the reaction stirred at 0°C for 1-3 h. On LOHIp]BIlOI’l the reaction mixture was directly subjected to rapid flash
column chromatography (Florisil; Et ZO/pelrol) to afford the silyl enol ethers as crystalline solids.

*y rhonviorv- 2 trimethviciiviorvd 2 4 S-voiindeca-1 2-dicn-S5-vilivicarbonvlivon (53 Pranarsd ticin
[(3E,587 6R *)-6-(Carbonyloxy-k C)-2-trimethylsilyloxy-(3,4,5-1)-undeca- 1, 3-dien-5-ylJtricarbonyliron (5). Prcparcd using

TMSOTS and methyl ketone 4 (0.068 g, 0.19 mmol). After 1 h, flash chromatography (eluent: Et,O/petrol 10-15%) afforded 5§
(0.072 g, 88%). (Found C, 51.38; H, 6.26. C;gH¢FcOgSi requires C, 51.17; H 6.21%); V max (nujol mull)Yem!' 2922, 2853, 2077
(CO), 2011 (CO), 2002 (CO), 1685 (C=0), 1654 (C=C), 1605, 1462; 8 4(200 MHz) 0.25 (9H, s, Si(CH3)3), 0.89 (3H, (, J 6.0, 11-H
X2 1.12-166 (8H. m, 7-H x 2. 8 Hx 2. 0-H x 2. 10-H x 2). 426 (1H. anvarent a. J 6.4, 6- 1), 433.443 OH m. 1-H x 1. 3.1

A JJy 1047100 \O51, T, 7701 A 4L, 0751 A £, Z=i1 A &, 1V~ A L), 5.L0 (11, appaiCiiv {4, v U.5, U-11), 5.00°5.590 (411, 1T, 1-11 X 1 -ii),

4.57-4.69 (2H, m, 1-H x 1, 5-H), 5.00 (1H, dd, J 11.9, 8.5, 4-H); §¢(50 MHz) -0.3 (Si(CH3s)3), 14.0 (CH3), 22.5 (CH,), 26.7 (CHa).
31.6 (CHa), 36.8 (CHy), 76.2 (CH). 77.4 (CH), 79.4 (CH), 85.6 (CH), 94.3 (CHa), 153.8 (quat. C), 204.3 (CO), 205.5 (CO), 206.2
(CO), 209.2 (CO); m/z (FAB) 445 [(M+Na)*, 14%], 423 (MH, 100), 339 (MH-3CO, 53), 311 (MH-4CO, 88), 239 (18), 165 (13),
145 (77\ [Found (MH"’\ 4230047, CioHaaFeQ.Si requires A/m 423 09261,

e A S 181275 e ANy vEHMILD
[(3E,55*6R *)-6-(Carbonyloxy-kC)-2-triethylsilyloxy-(3,4,5-1n)-undeca- 1, 3-dien-5-yl]tricarbonyliron (6). Prepared using
TESOTTf and methyl ketone 4 (0.079 g, 0.23 mmol). After 1 h, flash chromatography (eluent: Et,O/pctrol 10-15%) atforded 6
(0.093 g, 89%). (Found C, 54.37; H, 6.92. C Hs;FeQ4Si requires C, 54.29; H, 6.95%); Vmax (film)em™! 2957, 2877, 2079 (CO),
2022 (CO), 1668 (C=0), 1607 (C=C), 1459; 8 1(600 MHz) 0.71-0.75 (6H, m, S{C H,CH 3)3), 0.87 (3H, t, J 6.8, 11-H x 3), 0.97 (SH,
t.J 7.9, Si(CH>CHjz)s3), 1.24-1.64 (8H, m, 7-H x 2, 8-H x 2, 9-H x 2, 10-H x 2), 4.26 (1H, apparent g, J 5.8, 6-H), 4.38 (1H. d. J
12.0, 3-H), 4.40 (1H, brs, 1-H x 1), 4.60 (1H, brs, I-H x 1), 4.63 (1H, dd, J 8.1, 4.7, 5-H), 5.02 (1H, dd, J 12.0, 8.1, 4-H); § ~(62.5
MHz) 4.5 (Si{CHCH 3)3), 6.4 (Si{CH,CHa)3), 13.5 (CHj), 22.4 (CHy), 26.7 (CH3y). 31.5 (CHy), 36.8 (CHj), 76.2 (CH), 77.4 (CH),
79.5 (CH), 85.7 (CH), 93.9 (CH3), 154.0 (quat. C), 204.1 (CO), 205.6 (CO), 206.0 (CO), 209.3 (CO); m/z (FAB) 465 (MH*, 61%),
437 (MH-CO, 14), 425 (24), 381 (MH-3CO, 47), 353 (MH-4CO, 100), 281 (37), 159 (36). [Found (MH™*) 465.1373.
CZ]H';”;FCO()Si requires MH, 465.1396].

[(3E, 55" LOR ) -2-teri- Bui}t’umteunuuwwu -G- (LulUUll)lUl_) xC)-(3.4,5- )- undeca-1,3-dien-5- \t]uu.uluurutuuu (7). Prtpcucu
using TBSOTf and methyl ketone 4 (0.206 g, 0.59 mmol). After 50 min, flash chromatography (eluent: Et;O/petrol 20%; silica)
afforded 7 (0.248 g, 91%). (Found C, 54.29; H, 6.95. C;H3,FeQ¢Si requires C, 54.29; H, 6.95%); V 4y (nujol mullyem™! 2954,
2929, 2858, 2077 (CO), 2006 (CO), 1661 (C=0), 1603 (C=C), 1471; (200 MHz) 0.21 (3H, s, Si(CH3)), 0.23 (3H. s. S{CH3)),

YV A8 /113
0.76-1.68 (20H, m, ||1|L,}ud1ug, 0.93 9H, s, SJ\,\Cu;}j}‘l, 77Hx2,8Hx2,9Hx 2, 10-Hx 2, 11-Hx 3, cup\\,u;)“ A5 (i,

apparent q, J 5.5, 6-H), 4.40-4.48 (2H, m, 1-H x 1, 3-H), 4.55-4.66 (2H, m, 1-H x 1, 5-H), 5.00 (1H, dd, J 11.9, 8.5, 4-H); §.(100
MHz) -4.7 (Si(CHs)), -4.5 (Si(CHs)), 13.6 (CH3), 16.5 (quat. C), 22.3 (CH,), 25.8 (CH3), 26.6 (CH}), 31.4 (CH>), 36.6 (CH>), 75.4
(CH), 77.4 (CH), 80.4 (CH), 85.3 (CH), 95.4 (CH), 153.9 (quat. C), 204.0 (C0O), 205.4 (CO), 205.9 (CO), 209.1 (CO); m/z (FAB)
487 [(M+Na)*, 5%], 465 (MH, 80), 381 (MH-3CO, 43), 353 (MH-4CO, 100), 281 (31), 145 (71), 131 (56). [Found (MH*)

465.1420. C,H33FeOgSi requires MH, 465.1396].



{(4E,2R",3S*)-2-(Carbonyloxy- Kk C)-6-trimethylsilyloxy-(3,4,5-n)-hepta-4,6-dien-3-yl Jtricarbonyliron (19). Prepared using
TMSOTT and methyl ketone 14 (0.050 g, 0.17 mmol). After 3h, flash chromatography (eluent: Et;O/petrol 15-30%) afforded 19
(0.044 g, T1%). Vypax (film)/em™ 2083 (CO), 2029 (CO), 1651 (C=0), 1471, 1382; 8,4(600 MHz) 0.26 (9H, s, Si(C Hz)3), 1.37 (3H,
d,J 6.4, 1-H x 3), 4.41-4.47 (3H, m, 2-H, 5-H, 7-H x 1), 4.63-4.66 (2H, m, 3-H, 7-H x 1), 498 (1H, dd, J 11.9, 8.3, 4-H); (150
MHz) -0.3 (S1(CH3)3), 21.9 (CHj3), 73.4 (CH), 77.3 (CH), 79.6 (CH), 85.6 (CH), 94.4 (CH3), 153.8 (quat. C), 204.2 (CO), 205.4
(C0O), 206.0 (CO), 209.2 (CO); m/z (FAB) 367 (MH*, 100%), 339 (MH-CO, 26), 283 (MH-3CO, 75), 255 (MH-4CO, 77), 183 (25).
145 (57). [Found (MH™") 367.0296. C4H5FeQ¢Si requires MH, 367.0300).

il £70) GUEUg a2 TRRILS M, RER LY VS

{(3E,IR*28%)-1-(Carbonyloxy- KC )-1-phenyl-5- trtmeth)lsrlylox) (2,3,4-n)-hexa-3,5-dien-2-ylJtricarbonyliron (20). Prepared
using TMSOTf and methyl ke(one 15 (0.079 g, 0.22 mmol). After 3h, flash chromatography (eluent: EtoO/petrol 25%) afforded 20

(0.084 g, 88%). vmax(nlm)/cm 3053, 2987, 2083 (CQO), 2029 (CO), 2025 (CO), 1660, 1422; OH(OUU MHz) 0.23 (YH, s, Si(C Hy)s),
441 (1H,s, 6-Hx 1),4.57 (1H,d, J11.9,4-H), 4.65 (1H, s, 6-H x 1), 486 (1H, dd, J 84, 4.8, 2-H), 5.01 (1H,dd, J 119, 8.4 3-H),

5.36 (1H, d, J 4.8, 1-H), 7.26-7.35 (5H, m, Ph); 8¢(150 MHz) -0.34 (Si(CH3)3), 76.5 (CH), 78.7 (CII), 80.3 (CH), 85.6 (CH), 94.5
(CH»y), 125.8 (CH), 128.1 (CH), 128.6 (CH), 139.4 (quat. C), 153.6 (quat. C), 204.0 (CO), 205.2 (CO), 209.0 (CO); m/z (FAB) 429
(MH*, 39%), 389 (41), 373 (MH-2CO, 35), 345 (MH-3CQO, 100), 317 (MH-4CO, 49), 129 (35), 115 (33). [Found (MH?*) 429.0434.
C9HagFeO¢Si requires MH, 429.0457).
[(3E.55",65")-6-(Carbonyloxy-xC)-2-trimethylsilyloxy-(3,4,5-n)-undeca-1,3-dien-S-ylJtricarbonyliron (21). Prepared using
TMSOTY and methyl ketone 16 (0.100 g, 0.29 mmol). After 2h, flash chromatography (eluent: EtQO/petrol 20%) afforded 21 (0.107

...-! MOECY MN2T1 IQLN NWMYTO SN WMV SN VLL L S 1£11 77 _ ™ SLNAN RATYY N A A4
g, 88%). vm\uull}/uu 2958, 2931, 2860, 2078 (CO), 2020 (CO), 1666 (C=0), 1611 (C= L), 1467, 1316; OH(()UUNIHZ)U‘U} (\)n

s, S{CH3)3), 0.88 (3H, t, J 6.4, 11-H x 3), 1.25-1.50 (6H, m, 8-H x 2, 9-H x 2, 10-H x 2), 1.55-1.65 (2H, m, 7-H x 2), 4.02 (1H, t, J
6.2, 6-H), 4.26 (1H, d, J 11.4, 3-H), 4.38 (1H, s, 1-H x 1), 4.45 (1H, d, J 8.1, 5-H), 4.59 (1H, s, 1-H x 1), 5.13 (1H, dd, J 11.4, 8.1,
4-H); 8¢(50 MHz) -0.3 (Si(CH3)3), 13.9 (CH3), 22.4 (CH,), 25.1 (CH,), 31 4(CH2) 37.9 (CHy), 74.8 (CH), 75.3 (CH), 78.6 (CH),

870 (FH\ Q4.4 rr'n_ 183 7 {guat. ), 2043 (CON. 2054 (CO)Y. 200 5 (COY: /2 {(FABY 423 iMHE+ 459 1813 INALY 200y
AR, T NALT ), LU T (Yual, ), & FANNT P, LU \NF Y LT \\,U/, vz A AD) 323 Uvirl , 4076 ), 303 \‘11), _)_):1 UvIn-ov U,

32), 311 (MH-4CO, 85), 239 (44), 202 (31), 145 (100). [Found (MH™) 423.0937. C;gH,¢FeO¢Si requires MH, 423.0926].

[(4E,2R* 35 *)-2-[Carhonyl(benzylamino)— kC|-6-trimethylsilyloxy-(3,4,5-n)-hepta-4,6-dien-3-yl jtricarbonyliron (22),
Prepared using TMSOTT and methyl ketone 17 (0.060 g, 0.16 mmol). After 2h, flash chromatography (eluent: Et;O/petrol 20%)
afforded 22 (0.053 g, 75%). Vpae (filmYem! 2968, 2067 (CO), 2008 (CO), 1640 (C=0), 1592 (C=C), 1494, 1454, 1416: 5(600

dII0TCCC L4 (V.U22 v LUVO NS VSV TV, 1JT L (TG, 1805, 1805, 1710, UH(GUY

MHz) 0.25 (9H, s, S1(CH;)3) 1. 18(3H d,J 64,1 H>< 3), 3.43 3.49 (2H, m, 2-H, CHHPh), 4.24 (1H, d, J11.9, 5-H), 436 (1H, d, J
1.6, 7-H x 1), 4.37 (1H, d, J 8.2, 3-H), 4.60 (1H, d, J 1.6, 7-H x 1), 4.95 (1H, dd, J 11.9, 8.2, 4-H), 5.11 (1H, d, J 14.9, CHHPh),
7.16 - 7.29 (5H, m, Ph); 8¢(150 MHz) -0.3 (Si(CHa)3), 22.0 (i-C), 45.9 ( CH,Ph), 52.7 (2-C), 71.6 (3-C), 80.0 (5-C), 85.6 (4-0),
93.3 (7-C), 127.0 (CH), 128.0 (CH), 128.4 (CH), 137.2 (quat. C), 154.5 (6-C), 203.8 (CO), 204.1 (CO), 206.8 (CQ), 211.2 (CO); m/;,
(FAB) 456 (MH*, 37%), 400 (MH-2CQ, 33), 371 (M-3CO, 100), 343 (M-4CO, 16), 149 (37), 136 (39). [Found (MH*) 456.,0929.
C,1HygFeNOsSi requires MH, 456.0930.]

FAAL HC* ac* Vol IV ST (34.5-11)-hent ra a2
HeL, 25 ,35 ;4 [LLHUUI!\l{Ut’ll(,Hu”llllU} KL j-O-trimetr t\t.)u\lux -(9.,%,0-T}} nepm ‘# 6-dien-3- \uzrt(aroonwlran (£0).

Prepared using TMSOTf and methyl ketone 18 (0.100 g, 0.26 mmol). Afte 2h, flash chromatography (eluent: Et;O/petrol 20%)
afforded 23 (0.096 g, 81%). Vpux (film)fem! 2978, 2070( 0), 2015 (CO), 1688 (C=0), 1610 (C=C), 1506; éy (600 MHz) 0.22
(9H, s, S{CH3)3), 1.27 (3H,d, J 6.4, I-Hx 3),3.36 (1H, g, J 6.3, 2-H), 3.59 (1H, d, J 14.5, CHHPh), 3.83 (1H, d, J 11.9, 5-H), 3.89

(IR A 79292 23N AWM 4 T 18 ZH v 1N AAA M 4 718 7T H w1y 401408 (91T m AT COLIDRY 7 14 7 24 (8LT
Vil G, v Ousy Jmady, 5V LI, Gy v 1Ty L A gy A aas, Gy v 1Ty e R by 27105070 (L, T, 40, Ly, 7.19-/7.04% (30, 1,

Ph); 8¢ (150 MHz) -0.3 (Si(CH3)3), 21.2 (1-C), 45.1 (CH,Ph), 51.7 (2-C), 70.0 (3-C), 80.8 (5-C), 87.1 (4-C), 93.1 (7-C), 127.2
(CH), 128.5 (CH), 128.5 (CH), 138.2 (quat. C), 154.5 (6-C), 201.1 (CO), 204.5 (CO), 206.8 (CQ), 211.9 (CO); m/z (FAB) 456
(MH*, 52%), 428 (MH-CO, 24), 400 (MH-2CO, 39), 371 (M-3CO, 49), 343 (M-4CO, 39), 278 (28), 183 (32), 145 (100). [Found
(MH*) 456.0931. C51H»gFeNOsSi requires MH, 456.0930.]

[(4Z,387,65*)-2-Trimethylsilyloxy-(3,4,5,6- n)-undeca- 1,4-dien-3,6-diyl Jtricarbonyliron (30). Prepared using TMSOT{ and
methyl ketone 29 (0.100 g, 0.33 mmol). After 2h, flash chromatography (eluent: Et;O/petrol 20%) afforded 30 (0.114 g, 92%).
Vinax (film)em ! 2960, 2873, 2058 (CO), 1996 (CO), 1462, 1383; §5(200 MHz) 0.22 (9H, s, Si(CH3)3), 0.88 (3H, t, J 6.4, 11-H x 3),
1.16 (1H, app. q. J 7.4, 6-H), 1.22-1.79 (8H, m, 7-H x 2, 8-H x 2, 9-H x 2, 10-H x 2), 1.53 (1H, dd, J 8.7, 1.0, 3-H), 4.00 (1H, d, J
1.5,1-Hx 1), 420 (1H, d, J 1.5, 1-H x 1), 5.00 (1H, dd, J 8.8, 5.1, 5-H), 5.37 (1H, ddd, J 8.8, 5.1, 1.0, 4-H); 5(.(50 MHz) 0.2
(Si(CH3z)s), 13.9 (CH3), 22.4 (CH»), 31.4 (CH;), 31.8 (CH»), 34.1 (CH»), 60.6 (CH), 63.7 (CH), 79.1 (CH), 83.3 (CH), 89.3 (CH ,),
156.7 (quat. C), 212.4 (br, CG x 3). Instability of 3¢ towards hydrolysis preciuded mass spectral analysis.

General procedure for the Mukaiyama aldol reaction; synthesis of 8a-g, 9a-g, 24-28 and 31-33. For a 0.20 mmol scale
reaction: BF3.0Et; (1.5 eq.) was added to a stirred solution of the aldehyde (1.5 eq.) in Et»0 (1 ml) at room temperature. Afier 1
minute, the solution was added dropwise to a cooled (-78°C) solution of the silyl enol ether (1.0 eq.) in EtoO/CHACl5 (2 m1/0.75
ml) and stirred at -78°C for 3-24 h. On completion, Et3N (1.5 eq.) was added with vigorous stirring. After 2 minutes the mixture
was filtered through Celite washing with Et;0O/CH»Cl, (4:1, 10 ml) and concentrated in vacuo. Purification by flash column
chromatography (silica; Et;O/petrol) afforded the silylated and non-silylated aldol products. Alternatively, for the purpose of d.e.

determination, the concentrated residue after work-up was diluted with THF (0.4 ml) and treated with HF/pyridine (0.4 ml of a ca.
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I IS RA cnln THEY far N minitae ot ranm tamnaratiira Tha malvties o than mmarad tnés NTALIMN (8 121V and avtrn-ta

L. LJ VL dSULU. lll 1i117) 1ul oy lllill‘ulbb at TUUHL WwrHpelatuiv. 1 HT AU V‘Vﬂ\ LHICH PUUITU HIITU INar I, \J'l(aq) \2? 1l ang C)\llablcd Wllh
E1,O (3 x 5ml), the organic fractions were washed with brine (5Sml), dried (MgSO,) and concentrated in vacuo. The d.e. was
determined by 'H NMR analysis of the crude reaction mixture and subsequent flash chromatography afforded the non-silylated aldol
products Complexes 8a-c, 8e-g, 9a, b, f and g, 24, 25, 27, 28, 32 and 33 were obtained as inseparable mixtures of diastereoisomers
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[(4E, IR 657, 7R *)-7-(Carbonyloxy-x C)-3-oxo- I -phenyl- I -trimethylsilyloxy-(4,5,6-1)-dodec-4-en-6-yl Jtricarbonyliron (9a)
and [(4E,IR*,68 " 7R *)-7-(carbonyloxy-KkC)- I-hydroxy-3-oxo-1-phenyl-(4,5,6-n)-dodec-4-en-6-ylJtricarbonyliron (8a). Prepared



using TMS enol ether 5 (0.099 g, 0.23 mmol), benzaldehyde and BF3.0Et,. After 5.5 h, Et3N work-up and flash chromatography
(eluent: Eip0-petrol 15-70%) afforded, in order of eiution, sifyi aidoi complex 9a (0.07 6 g, 61%; 90% d.e.); Vimax (film)lcm™1 3058,
2957, 2933, 2860, 2091 (CQ), 2025 (CQ), 1674 (C=0), 1497, 1419, S:(500 MH,) -0.01 (9H, s, S{CH3)3), 088 (B3H, ¢, 6.7, 12-H x

L2233 LL2), LULD L), a2y, DIV AL -V Oy DI aI3T), VOO \O00, 4 v Uld,y 14710 A

3), 123138(8H m, 8-Hx 2,9-Hx 2, 10-H x 2, 11- H><2) 2.74 (0.05H, dd, J 14.4,3.2,2-H' x 1),2.90 (0.95H, dd, J 16.3, 3.8, 2-
H x 1),3.17 (0.95H, dd, J 16.3, 8.8, 2H><l) 3.24 (0.05H, dd, J 14.4,9.4,2-H' x 1),3.76 (0.95H, d, J 11.2, 4-H), ), 3.94 (0.05H, d,

16 4-H'), 4.32 (1H, apparent q, J 5.7, 7-H), 5.00 (1H, dd, J 8.6, 4.6, 6-H), 5.28 (iH, dd, J 8.8, 3.8, i1-H), 5.55 (1H, dd, J 11.2,
, 5-H), 7.24-7.81 (S5H, m, Ph-H); SF(SOMHﬂ-ﬂ 1 (Si(CH3)3), 13.9 (CH3), 22.4 (CH>), 26.4 (CH,), 31 .5 (CH3), 36.6 (CH»), 53.9

). A11L) 13,7440 A ROELESS %)

(CHz), 66.1 (CH), 70.6 (CH), 76.7 (CH), 84.6 (CH), 91.6 (CH)_ 125.9 (CH) 127.5 (CH) 128.4 (CH) 143.8 (quat ), 199.9 (CO),
201.1 (CO), 202.4 (CO), 204.3 (CO), 208.0 (CO); m/z (FAB) 529 (MH*, 15%), 489 (12), 473 (MH-2CO, 10), 417 (MH-4CO, 51),
401 (20), 179 (100), 145 (98). [Found (MH*) 529.1316. C,5H33FeO4Si requires MH, 529.1345]; and then aldol complex 8a (0.022
g, 20%; B0% d.e.); vy (filmyem! 3458 (OH), 3031, 2928, 2858, 2088 (CO), 2016 (CO), 1667 (C=0), 1496, 1454, 1417; §;;(500
MHz) 0.88 (3H,t,J 6.2, 12-H x 3), 1.23-1.62 (8H, m, 8-H x 2, 9-Hx 2, 10-H x 2, 11-H x 2), 2.96-3.19 (3H, m, 2-H X2,0H),3.79
(0.1H, d, J 11.4, 4-H", 3.83 (0.9H, d, J 11.3, 4-H), 4.34 (1H, apparentq,JSG 7-H), 5.03 (1H, dd, J 8.3, 4.5, 6-H), 5.26-5.28 (1H,
m, i-H), 5.59 (IH, dd, J 11.3, 8.3, 5-H), 7.28-7.39 (5H, m, Ph-# ); 5(100 MHz) 13.5 (CH3), 22.4 (CH), 26.5 (CH ), 31.5 (CH>),
36.6 (CHy), 51.7 (CHy), 65.5 (CH), 70.1 (CH), 77.0 (CH), 84.9 (CH), 92.0 (CH), 125.7 (CH), 127.9 (CH), 128.7 (CH), 142.5 (quat.
C), 199.6 (CO), 202.4 (CO), 203.6 (CO), 204.4 (CO), 207.8 (CO); m/z (FAB) 457 (MH*, 25%), 399 (20), 345 (MH-4CO, 38), 327
(61), 179 (48), 151 (50), 136 (100). [Found (MH“) 457.0984, szstFCO-/ requires MH, 457.0950].

*
{(85 6R ,75 L1285 *)-6-( Carbonyloxy-xC)-10-ox0-12-trimethylsilyloxy-(7,8,9-1))-hepiadec-8-en-7- vl Jiricarbonyliron (9b) and

[(8E,6R™ 78,125 *)-6-(carbonyloxy-k C)-12-hydroxy-10-ox0-(7,8,9-n )-heptadec-8-en-7-yl Jtricarbonyliron (8b). Prepared using
TMS enol ether § (0.095 g, 0.23 mmol), hexanal and BF3.0Et;. After 5 h, Et3N work-up and flash chromatography (eluent: Et;0-
petrol 15-50%) afforded, in order of elution, silyl aldol complex 9b (0.020 g, 17%; 88% d.e.); Vinax (film)/cm! 2956, 2931, 2860,

2090 (CQ), 2029 (CO), 1678 (C=0), 1498, 1467, 1418; 3y(500 MHz) 0.10 (9H, 5, Si{CH 3)3), 0.86-0.90 (6H, m, 1-H x 3, 17-H x 3),

1.23-1.62 (16H, m,2-Hx 2,3-Hx2,4-Hx 2,5-Hx 2, 13-Hx 2, 14-H x 2, 15-H x 2, 16-H % 2), 2.63 (0.06H, brd, J 11.4, 11-H' x
1),2.78 (0.94H, dd, J 16.3,6.7, 11-H x 1), 2.84 (0.94H, dd, J 16.3, 4.7, 1 I-H x 1), 2.92 (0.06H, dd, J 14.6,4.7, 11-H' x 1), 3.90 (1H,
d, J 11.4, 9-H), 4.18-4.23 (1H, m, 12-H), 4.31-4.36 (1H, m, 6-H), 5.00 (1H, dd, J 8.5, 4.6, 7-H), 5.54 (14, dd, J 11.4, 8.5, 8-H);
dc(150 MHz) 0.3 (Si(CH3)3), 13.87 (CH3), 13.94 (CH3), 22.4 (CH,), 22.5 (CH,), 25.1 (CHy), 26.5 (CH»), 31.5 (CHy), 31.8 (CHa),
36.7 (CH3), 37.4 (CHy), 50.7 (CHy), 66.3 (CH), 68.4 (CH), 76.8 (CH), 84.3 (CH), 91.8 (CH), 199.9 (CQ), 202.3 (C0O), 202.4 (CO),
204.6 (CO), 208.0 (CO); m/z (FAB) 523 (MH™, 13%), 483 (28), 411 (MH-4CO, 100), 395 (26), 173 (42), 145 (57). {Found [(MH-
4CO)*] 411.2051. CygH3zoFe03S1 requires M H-4CO, 411.2018}; and then aldoi compiex 8b (0.058 g, 57%; 80% d.e.);
mex(fllm)/cm'] 3472 (OH), 2931, 2859, 2089 (CO), 2020 (CO), 1673 (C=0), 1499, 1467, 1417, (SH(SOO MHz) 0.80-0.94 (6H, m, 1-
Hx 3,17-Hx 3), 1.18-1.66 (16H, m,2-Hx 2,3-Hx 2, 4-Hx 2,5-H x 2, 13-H x 2, 14 H x 2, 15-H x 2, 16-H x 2), 2.69 (1H, d, J
3.9,0H), 2.79 (1H, dd, J 17.4,9.0, 11-H x I) 290 (1H,dd, J 17.4,2.5,11-Hx 1), 3.80 (0.10H, d, J 11.4, 9-H", 3.85 (0.90H, d, J
11.1,9-H), 4.10-4.17 (1H, m, 12-H), 4.35 {1H, apparent g, J57,6-H), 504 (1H, dd, 7 8.6, 4.5, 7-H), 5.58 {IH,dd,J 11.1, 8.6, 8-H);
3¢(100 MHz) 14.0 (CHzy), 14.02 (CHj), 22.4 (CH»). 22.6 (CHj), 25.1 (CHj), 26.5 (CH,), 31.5 (CH>), 31.7 (CH,), 36.6 (CH,), 36.7
(CH3), 49.7 (CH>), 65.6 (CH), 67.7 (CH), 77.0 (CH), 84.8 (CH), 91.9 (CH), 199.6 (CO), 202.5 (CO), 204.5 (CO), 204.7 (CQ). 207.7
(COy; m/z (FAB) 451 (MH™*, 7%), 433 (MH-H,0, 10), 423 (MH-CO, 14), 339 (MH-4CO, 27), 321 (MH-4CO-H,0, 100), 249 (30),
163 (34), 149 (41), 123 (56). [Found (MH-CO)* 423.1446. C;oH3;FeOg requires MH-CO, 423.1470].

[(8E,6R*78* 12R*)-6-( Carbonyloxy-xC)-13-methyl-10-oxo-12-trimethylsilyloxy-(7,8,9-n)-tetradec-8-en-7-yl Jtricarbonyliron
(9c) and [(8E,6R™,75 " 12R *)-6-(carbonyloxy-kC)-12-hydroxy-13-methyl-10-0x0-(7,8,9-n)-tetradec-8-en-7-yl [tricarbonyliron (8c ).
Prepared using TMS enol ether 5 (0.101 g, 0.24 mmol), isobutyraldchyde and BF3.0Et,. After 5 h, EsN work-up and flash
r‘hrnmmnoranhv (eluent: Praﬂ netrnl 10-50%) afforded, in order of elution wl\ I aldol complex 9¢ (0.031 g, 26%); v (filmYcm® 1

1y (\€iuc eq, Qb ennon, agegoli compleX FC VU218 2070 ), Vmpax UWHEITH/CIN

3056, 2959 2087 (CO), 2034 (CO), 1673 (C=0), 1498, 1467, 1419, 1386; SH(200 MHz) 0.10 (94, s, S1(CH3)3), 0.85-0.93 (9H, m,
1-Hx 3, 14-Hx 3, 13-CH3), 1.21-1.83 (9H, m, 2-H x 2, 3-H x 2, 4-H x 2, 5-H x 2, 13-H), 2.77-2.89 (2H, m, 11-H x 2), 3.91 (1H. d,
J 11.2, 9-H), 4.07 (1H, apparent q, J 5.4, 12-H), 4.34 (1H, apparent g, J 5.7, 6-H), 5.00 (iH, dd, / 8.7, 4.7, 7-H), 5.55 (iH, dd, J
11.2, 8 7, 8-H); Sn(i() MHz) 0.2 (Si( CHz)3), 13.9 (CH3), 17.8 (CH3), 18.1 (CH3), 22.4 (CH»), 26.4 (CH»), 31.4 (CH»), 33.7 (CH),
36.7 (CH»), 47.4 (CH»), 66.3 (CH), 72.7 (CH), 76.7 (CH), 84.1 (CH), 91.8 (CH), 200.0 (C0O), 202.4 (2 x CO), 204.5 (CO), 208.0
(CO); m/z (FAB) 495 (MH™, 17%), 455 (20), 383 (MH-4CQ, 75), 367 (38), 145 (100). [Found (MH") 495.1496. C,,H3sFeOSi
requires MH, 495.1501]; and then aldol complex 8c (0.040 g, 40%; 92% d.e.); Vyax (film)/em™! 3503 (OH), 3056, 2959, 2932, 2873,
2090 (CO), 2016 (CO), 1670 (C=0), 1499, 1467, 1418, 1368; §1;(600 MHz) 0.88 (3H, 1, J 6.6, 1-H x 3),0.94 (3H.d. J3.9. 14-H x
3),0.97 (3H, d, J 3.8, 13-CH3), 1.20-1.82 (9H, m, 2-H x 2, 3-H x 2,4-H x 2, 5-H X 2, 13-H), 2.64-2.92 (3H, m, 11-H x 2, OH), 3.83

(0.04H. d, J 11.2,9-H), 3.84-3.96 {1.96H, m, {including387(096H d, J 11.2,9-H)], 9-H, 12-H}, 4.35 (1H, apparent q, J 5.6, 6-

11T A4 T L AL 7O £ K01 A1 T11 ) Qg Q K /SN ALY 12Q /OLI N 17 £ /LY \ 1Q 2 LT v DD A0 Y LA
H) Sﬂv\lrl ad, v 6.0, 4.3, /-11), 3.50 (10, 04,4 11.£, 6.0, on} UC\JUIVlﬂL)JJO\bﬂ‘{} lIU(L/rl3) 18.5(\LI13), ££4.4 (% 112), LU.4

(CHy), 31.4 (CH»), 33.2 (CH), 36.6 (CHj), 46.8 (CH), 65.8 (CH), 72.2 (CH), 76.7 (CH), 84.7 (CH), 91.9 (CH), 199.6 (CQ), 202.4
(CO), 204.5 (CO), 204.7 (CO), 207.8 (CO); m/z (FAB) 423 (MH*, 14%), 339 (MH-3CO, 6), 311 (MH-4CO, 34), 293 (MH-4CO-
H,0, 39), 239 (19) 221 (23) 133 (100). [Found (MH™*) 423.1225. CgH17FeO7 requires MH, 423. 1259]

*
[(815‘61\ 75 ,:’ZR - 6-((:14“1/(/”)((/4) I\C/l‘l’_? 1’3-duucu¢)x l’()'(l&ll'l’;"lrI.Hl:llll.)l)ll)HIA) -1/, 89 ll/ tcuu&"c( 8 -&r- /7 \l/

tricarbonyliron (9d) and [(8E.6R*, 75" 12R")-6- -(carbonyloxy-xC)-13, 13-dimethyl-12-hydroxy-10-0xo0-(7,8,9-11)-tetradec-8-en-7-yl]
tricarbonyliron (8d). Prepared using TMS enol ether 5 (0.062 g, 0.15 mmol), pivalaldehyde and BF 3.0Et;. After 23 h, EtsN work-
up and flash chromatography (eluent: Et;O-petrol 10-40%) afforded. in order of elution, silyl aldol complex 9d (0.011 g, 15%);

(film)/cm! 2958, 2870, 2089 (CO}, 2022 (CO), 1674 (C=0), 1498, 1478, 1379; 8,(600 MHz) 0.09 (SH, s, Si(C Hx)3), 0.82-0.93

v"nx\luulﬂuul L7386, &07U, &UGT \LU ), aULL (LU, 10TS AU, 1578, a5 1377, OH\OVV VA V. U7 (711, S, un\\.«nt_g;j/ V.6&"U.75

{12H, m, [including 0.88 (9H, s, 13-Me x 2, 14H><‘%)] I-Hx3,14-Hx 3 l'% Me x 2}, 1.20-1.63 (8H, m, 2-H x 2, 3-H x 2, 4-H x
2,5-Hx2),274 (1H, dd, J 17.7, 84, 11-Hx 1),291 (1H, br d, J 17.7, 11 Hx1),3.85(1H,d, J 11.0,9-H), 3.94 (1H, brd, J 8.4,



8 (1H, m, 6-H), 5.01 (1H, dd, J 8.7, 4.9, 7-H), 5.54-5.57 (1H, dd, J 11.0, 8.7, 8-H); 8¢(150 MHz) 0.5 (Si( CHs)3),
(CH»), 26.0 (CH3), 26.5 (CHj), 31.5 (CH3), 35.3 (quat. C), 36.7 (CH;), 47.5 (CH»), 66.0 (CH), 75.3 (CH), 76.8
920 (CH\ 200.0 (FO\ 202.5 (Cﬂ\ 2028 (FO\ 204.7 (r‘n\ 207.9 (CO); m/z (le‘trncnrqu‘\ 1039 [(2M+Na a\"'

&0 (LT ), LU LU LUL.0 (LU, [ SA V5 N LR RECLITQSPIAY ) 1U27 12Vl

4
H),

(M +Na, 100), 509 (MH, 7). {Found {(M+Na)*] 531.1469. C,3H34FeNaOSi requires M+Na, 531.1477}; and then aldoI
027 g, 42%); V max (filmYem! 3508 (OH), 3055, 2956, 2090 (CO), 2019 (CO), 1672 (C=0), 1499, 1468, 1417,
.88

8(3H,t, /6.6, 1-H % 3),0.95(5H, 5, 13-Me x 2, 14-H x 3), 1.22-1.63 (8H, m, 2-Hx 2, 3-H x 2, 4-H x 2, 5-H x 2),
2.60-2.92 (3H. m, 11-H x 2, OH), 3.81-3.92 {2H, m, Ilncludlng?QO(lH d, J11.1,9-H)], 9-H, 12-H}, 4,35 (1H, apparent q, J 5.7,

6-H), 5.04 (1H, dd J 8.7,4.6,7-H), 5.59 (1H, dd, J 11.1, 8.7, 8-H); SC(SOMHZ) 139(LH 3), 224((,H7) 25.5 (CH;) 264(CH2)
31.4 (CHj), 34.3 (quat. C), 36.6 (CHy), 44.9 (CH»,), 65.9 (CH), 74.8 (CH), 76.7 (CH), 84.7 (CH), 91.9 (CH), 199.6 (CO), 202.5
(CO), 204.4 (CO), 204.9 (CO), 207.8 (CO); m/z (FAB) 459 [(M+Na)*, 12%], 437 (MH, 26), 353 (MH-3CO, 16), 325 (MH-4CO,
92), 221 (59), 165 (52), 151 (54), 121 (66), 111 (99), 107 (100). [Found (MH*) 437.1233. Cy3H,4FeO+ requires MH, 437,12631.
[(4E, IR " 65", 7R *)-7-(Carbonyloxy-xC)-1- cyclohexyl-3-oxo- I-trimethylsilyloxy-(4,5,6- 17)- dudec 4-en-6-yl]tricarbonyliron
(%e) and [(4E 1R"’6S*7R *)-7- (carbonwwg kC)-1-cyclohexyl-1-hydroxy-3-0x0-(4,5,6-1)-dodec-4-en-6-yl]tricarbonyliron (8e).
Prepared using TMS enol ether 5 (0.086 g, 0.20 mmol), cyclohexanecarboxaldehyde and BF3.OEt;. After 3.5 h, EizN work-up and
flash chromatography (eluent: Et,O/petrol 20-60%) afforded, in order of elution, sily! aldol complex 9e (0.047 g, 43%); (Found C,
56.21; H, 7.13. C;5H3gFe075i requires C, 56.18; H 7.17%); Vpax (film)em ! 3055, 2929, 2855, 2089 (CO), 2020 (CO), 1674

(C=0), 1498, 1451, 1419; 6(200 MHz) 0.09 (9H, s, Si(C H3)3), 0.85-1.77 {22H, m, [including 0.88 (3H, t, J 6.4, 12-H x 3)], C(,H“,

8-Hx 2,9-Hx 2, 10-Hx 2, 11-Hx 2, 12-H x 3}, 2.80 - 2.83 (2H, m, 2-H x 2), 3.92 (1H, d, J 11.6, 4-H), 4.02 (1H, apparent g, J 5.4,

1-H), 4.34 (1H, apparent q, J 5.9, 7-H), 5.00 (1H, dd, J 8.6, 4.1, 6-H), 5.44 (1H, dd, J 11.6, 8.6, 5-H); 8:(50 MHz) 0.3 (Si(CHy)s),
13.9 (CH3), 22.4 (CHy), 26.2 (CH, X 2), 26.4 (CH,), 26.5 (CH,), 28.6 (CH,), 28.7 (CH,). 31.4 (CH,), 36.6 (CH,), 43.8 (CH), 47.9

(CHj), 66.4 (CH), 72.4 (CH), 76.7 (CH), 84.1 (CH), 91.8 (CH), 200.0 (CO), 202.3 (CO), 202.5 (CO), 204.6 (CO), 208.0 (CO); m/z
(FAR) 535 (MH*, 0.8%), 507 (MH-CO, 0.5), 495 (3), 478 (M-2C0O, 0.7), 461 (M-Si{(CH:);, 0.3), 451 (MH-3CQ, 0.6), 423 (MH

230 VA V.S, QU7 VAT, VVALR RS, U7y, UL WVATOINL1F )3, Ve, S0 1 (VMRS V, V.U ), 940 iviri-

4CO, 11), 133 (100). {Found [(MH- 4CO)+] 423.2013. C11H39Fe03Si requires MH-4CO, 423.2018}; and then aldol complex 8e
(0.030 g, 32%; 92% d.c.); Viax (film)/em™! 3488 (OH), 2926, 2855, 2089 (CO), 2019 (CO), 1673 (C=0), 1499, 1417; 8,4(600 MHz)
0.89 (3H, 1,7 6.8, 12-H x 3), 1.00-1.82 (19H, m, CgHyy, 8-H x2,9-H x 2, 10-H x 2, 11-H x 2), 2.60 (iH, d, J 4.0, OH), 2.80 (1H,
dd, J17.2,9.6,2-H x 1), 2.88 (1H, dd, J 17.2, 2.4, 2-H x 1), 3.82 (0.04H, d, J 11.4, 4-H", 3.87 (0.96H, d, J 11.2, 4-H), 3.90-3.95
(1H, m, 1-H), 4.35 (1H, apparent q, J 5.8, 7-H), 5.03 (1H, dd, J 8.7, 4.6, 6-H), 5.58 (1H, dd, J 11.2, 8.7, 5-H); 8(150 MHz) 13.9
(CHy), 22.4 (CH3), 26.0 (CHj3), 26.1 (CH>), 26.4 (CH3), 26.5 (CH3), 28.3 (CH3>), 28.8 (CH ), 31.5 (CH>), 36.7 (CH>»), 43.2 (CH),
47.1 (CHy), 65.9 (CH), 71.7 (CH), 77.0 (CH), 84.7 (CH), 92.0 (CH), 199.7 (CO), 202.4 (CO), 204.5 (CO), 204.9 (CO), 207.8 (CO),
m/z (FAB) 463 (MH™, 50%), 351 (100, MH-4CO), 333 (56), 221 (38). 165 (48), 136 (73). [Found (MH*) 463.1458. C3;H3,;FeO5
requires MH, 463. 1419]

[(8E,13E,6R* 78" I2R ) 6-(Carbonyloxy-xC)-10-o0xo-12- trimeth\lsilvlor) -(7,8,9-n)-octadeca-8,13-dien-7-y l]rricarbom'liron

*
(gf), [(85,;’15,]35,6R ,75 } 6 (Carb(mvl(;n KC) 10-ox0- ‘/ n Q- :,/ Gi‘?{idé‘é‘(’i 81’1 1'3 trievi- / H/luuubunuuun (11_;/ aﬁd

[(8E,13E,6R™,78 ", 12R*)-6-(carbonyloxy-x C)-12-hydroxy-10-0x0-(7,8,9-1 )-octadeca-8, 1 3-dien-7-yl Jiricarbonyliron (8f). Prepared
using TMS enol ether § (0.095 g, 0.23 mmol), ( E)-hept-2-enal and BF3.0Et,. After 5.75 h, Et3N work-up and flash chromatography
(eluent: Et;O/petrol 15-70%) afforded, in order of elution, siiyi aldoi complex 9f (0.056 g, 47%; 75% d.e.); Vimax (film)femt 3054,
2957, 2929, 2860, 2088 (CO), 2017 (CO), 1681 (C=0), 1499, 1466, 1419; d (600 MHz) 0.07 (9H, s, Si{C H3)3), 0.86-0.90 (6H, m,
1-Hx 3, 18-H x 3), 1.22-1.63 (12H, m, 2-H x2,3-HXx 2,4-HXx 2, 5-H x 2, 16-Hx 2, 17-H X 2), 1.99-2.01 (2H, m, 15-H x 2), 2.61
(0.13H,dd, 143,43, 11-H' x 1), 2.78 (0.87H, dd, J 15.8,4.3, 11-H x 1), 2.87 (0.87H. dd, J 15.8, 7.8, 11-H x 1), 3.00 (0.13H, dd. J
.8, 11-H' X 1), 3.89 (0.87H, d, J 11.2,9-H), 3.92 (0.13H, d, 7 10.8, 9-H"), 4.32 (1H, apparent q, J 5.8, 6-H), 4.67 (1H, apparent
.2,12-H), 5.00 (1H, dd, J 8.5, 4.5, 7-H), 5.45 (1H, dd, J 15.3, 6.8, 13-H), 5.53 (1H, dd, J 11.2, 8.5, 8-H), 5.64 (1H, dt, J 153,
); 8¢(50 MHz) 0.2 (Si(CHj3)3), 13.80 (CHj3), 13.84 (CH3), 22.1 (CH,), 22.4 (CH;), 26.5 (CHy), 31.2 (CH;), 31.4 (CHa),

2), 36.7 (CH3), 51.6 (CH»), 66.3 (CH), 69.4 (CH), 76.7 (CH), 84.4 (CH), 91.7 (CH), 131.6 (CH), 131.8 (CH), 199.9 (CO),
201.5 (CO), 202.3 (CO), 204.4 (CO), 208.0 (CO); miz (FAB) 557 [(M+Na)t, 6%], 535 (MH, 39), 423 (MH-4CO, 78), 405 (MH-
4CO-H,0, 41), 333 (55), 185 (84), 145 (100), 129 (74). [Found (MH*) 535.1803. C,sH39FeOSi requires MH, 535.1814]; and then
dienone 11f (ca. 0.01g, 9%); vm;,x(ﬁlm)/cm'l 2957, 2929, 2859, 2088 (CO), 2020 (CQO), 1667 (C=0), 1632 (C=C), 1592 (C=C),
1499, 1456; 3y(600 MHz) 0.88 (3H, t, J 6.8, 1-H x 3 or 18-H x 3),0.91 (3H, t,J 7.3, 18-H x 3 or 1-H x 3), [1.25-1.48 (9H., m),
1.57-1.63 (3H, m), 2-Hx 2,3-Hx 2,4-H x 2, 5-H x 2, 16-H x 2, 17-H x 2], 2.22 (2H, apparent g, J 7.2, 15-H x 2),4.12 (1H, d, J
11.1, 9-H), 4.37 (1H, apparent q, J 5.7, 6-H), 5.02 (1H, dd, J 9.0, 4.6, 7-H), 5.69 (1H. dd, J 11.1, 9.0, 8-H), 6.24-6.35 (3H, m, 11-H,
13-H. 14-H), 7.37 (1H, dd, J 15.4, 10.6, 12-H); 8¢(50 MHz) 13.8 (CH3), 13.9 (CH3), 22.2 (CH;), 22.4 (CH3), 26.5 (CH>), 30.6

(CHa), 31.5 (CH>), 32.9 (CH3,), 36.6 (CH3), 65.2 (CH), 77.1 (CH), 84.0 (CH), 92.0 (CH), 126.8 (CH), 128.8 (CH), 145.6 (CH),

148.3 (CH), 192.8 (quat. C), 200.0, 203.4, 204.6, 208.1 (CO); m/z (clecurospray) 467 [(M+Na)*, 53%], 445 (MH, 17), 271 (63), 251

(58), 223 (100). {Found [(M+Na)*| 467.1148. C,;HygFeNaOg requires M +Na, 467.1133}; and then aldo! complex 8f (0.019 g,
18%; 60% d.e.); Vmax (film)em™! 3462 (OH), 2957, 2929, 2860, 2091 (CO), 2024 (CO), 1666 (C=0), 1498, 1466, 1418; 8§;;(200
MHz) 0.86-0.93 (6H, m, I-H x 3, 18-H x 3), 1.19-1.65 (12H, m, 2-H x 2, 3-H x 2,4-H x 2,5-H x 2, 16-H x 2, 17-H x 2), 2.04 (2H,
brg,J 6.8, 15-Hx2),2.64 (1H, d, J 42, OH), 2.89-2.94 (2H, m, 11-H x 2), 3.82 (0.2H, d, J 1 1.0, 9-H"), 3.86 (0.8H, d, J 11.6, 9-H)

14, . \&iay 1dy, 21753 X £, 3.04 V.21, 11.Y, 7751}y 3.80 (V.OX3, Uy v 11,0, 7501,

4.35 (IH, apparent q, J 546, 6-H), 4.55-4.68 (1H, m, 12-H), 5.04 (1H, dd, J 8.6, 4.6, 7-H). 5.47-5.63 (2H, m. 8-H, 13-H). 5.75 (1H.
d, J 15.5, 6.4, 14-H); 8(50 MHz) 13.80 (CH3), 13.84 (CH3), 22.1 (CHa), 22.4 (CHa), 26.4 (CH,), 31.1 (CHp), 31.4 (CHa), 31.7
(CHy). 36.6 (CH3), 49.8 (CH>), 65.7 (CH), 68.7 (CH), 76.7 (CH), 84.7 (CH), 92.0 (CH), 130.5 (CH), 132.8 (CH), 199.6 (CO), 202.3
(COn. 2037 {(T')\ 204 5 (("'ﬁ\ 207 8 (("ﬂ\ m/ (Plprfrnﬁnrn\.\ 485 F(M+Nq\+ lm‘%l 463 (MH lﬁ\ 373 {Aﬁ\ 251 {CH 223 H H

L), 2V L), LU [ LS AL ML CICLITOSDE 00 (0 virs, LL2

[Found (MH*) 463.1425. C,,H3,FeO7 requires MH, 463. 1419]



{(8E.6R*,7S*,12R *)-6-(Carbonyloxy-xC)-10-0x0-12-trimethylsilyloxy-(7,8,9-n)-nonadec-8-en-13-yn-7-yl Jtricarbonyliron

(9g) and [(8E,6R" 75" i2R")-6-(carbonyloxy-xC)-12-hydroxy-10-0x0-(7,8,9-1 )-nonadec-8-en- 13-yn-7-yi Jtricarbonyliron (8g).
Prepared using TMS enol ether § (0.059 g, 0.14 mmol), oct-2-ynal and BF3.0Et,. After 2.5 h, Et3N work-up and flash column
chromatography (eluent: Et,O/petrol 20-50%) afforded, in order of elution, silyl aldol complex 9g (0.047 g, 62%; 26% d.e.);
Vmax (film)/em! 2957, 2933, 2861, 2248 (C=C), 2088 (CO), 2016 (CO), 1681 (C=0), 1499, 1467, 1418, 1367; 84(200 MHz) 0.14
(3.33H, s, Si{CH3)3), 0.17 (5 67H, s, Si(CH3)3), 0.82-0.94 (6H, m, 1-H x 3, 19-H x 3), 1.20-1.64 (14H, m, 2-Hx 2, 3-Hx 2, 4-H x
2,5-Hx2,16-H x2,17-H x 2, 18-H x 2), 2.18 (2H, brt, J 6.2, 15-H x 2), 2.88 (0.63H, dd, J 15.2,5.0, 11-H x 1),2.93 (0.37H, dd, J
159,45, 11-H' x l}, 3.11(0.37H,dd, J 15.9, 8.1, 11-H' x 1), 3.18 (0.63H, dd, J 15.2, 8.1, 11-H x 1), 391 (0.37H,d, J 11.1, 9-H",
3.94 (0.63H, d, J 11.2,9-H), 4.33 (1H, apparent q, J 5.8, 6H) 4.82-5.06 (2H, m, 7-H, 12-H), 5.54 (0.63H, dd, J 11.2, 8.7, 8-H), 556
(0.37H, dd, / 11.1, 8.7, 8-H'); 8(50 MHz) -0.1 (Si(CH3)3"), 0.0 (Si( CH3)3), 13.8 (CH3, 1-C, 19-C), 18.5 (CH»), 22.1 (CH»), 22.3

(CH3), 26.5 (CH>), 28.0 (CH1), 28.1 (CH3"), 31.0 (CH,), 31.4 (CH,), 36.7 (CH;), 51.7 (CH>), 51.8 (C_ "), 58.3 (CH), 59.4 (CH'),
65.7 (CH'), 66.4 (CH), 76.6 (CH'), 76.7 (CH), 80.1 (quat. C), 80.2 (quat. C"), 84.71 (CH"), 84.74 (CH), 85.8 (quat. C"), 86.1 (quat. C),
91.6 (CH'), 91.7 (CH), 199.7 (CO), 199.8 (CO"), 200.4 (CO"), 201.4 (CO), 201.9 (CO), 202.1 (CO", 204.1 (CO". 204.7 (CQ), 207.9
(CO), 208.0 (CO"; m/z (FAB) 547 (MH*, 29%), 519 (MH-CO, 8), 507 (12), 457 (M-OSi(CH3)3, 12), 435 (MH-4CO, 100), 419
(20), 197 (57), 145 (89). [Found (MH™) 547.1842. C,4H19FeQ48i requires MH, 547.1814]; and then aldol complex 8g (0.011 g,
16%; 53% d.c.); vy (filmyem'! 3446 (OH), 2957, 2932, 2860, 2249 (C=C), 2092 (CO), 2028 (CO), 1672 (C=0), 1499, 1467,
1418, 1366; 8y;(600 MHz) 0.85-0.91 (6H, m, 1-H x 3, 19-H x 3), 1.20-1.63 (14H, m, 2-Hx 2, 3-Hx 2, 4-H x 2, 5-H x 2, 16-H x 2,

17. 10w 2 1217w 2 210 ket JTR& 18 T w2\ IQ1/MNTIT A TS 1 NI 7Q7 /NN2ALT A T4 NLIN 2 N2 12 F1ET
Li=X1 A L, 107K A L)y L1 7 (&L, UL L d O.J, 4011 A LJ, .00 (U7 i11, U, d J.1,UI1), L.7L\U.LDO11,U,J U.L, Url }, 3.UD~ JU7 iin, m, 11 ﬂ

x1),3.12-3.20 (1H, m, 11-H x 1), 3.82 (0.77H, d, J 11.1, 9-H), 3.83 (0.23H, d, J 11.0, 9-H"), 4.36 (1H, apparent q, J 5.7, 6-H), 4.82-
4.87 (0.23H, m, 12-H", 4.87-4.92 (0.77H, m, 12-H), 5.06 (1H, dd, J 8.4, 4.5, 7-H), 5.57-5.61 (1H, m, 8-H); 8-(50 MHz) 13.9 (CHj3

5,
x 2), 18.6 (CHj), 22.1 (CH»), 22.4 (CHy), 26.4 (CHy), 28.1 (CH,), 31.0 (CH»), 31.4 (CH,), 36.6 (CHy), 50.1 (CH,"), 50.3 (CH>),
5? ﬁnn"r—n <§ 6 (CHY A5 2 (CH) 76?(("“\ '70’) (nnat Y 70 T {nmat £ RSO (CHY RA 2 (nnar Y RA & (Anar Y Q1 /1IN

S.UV AR SOZ A RRR), OS2 iy, X3, Mual. gy F2.0 uan g, OJV R, GUWT \Yudat. L, OV (jud gy 71,0 (il ),
92.0 (CH), 199 5 (CO), 201.9 (CO), 202.8 (CO), 204 6 (CQO), 207.6 (CQ); m/z (FAB) 475 (MH*, 10%), 385 (14), 363 (MH-4CO,
28), 345 (51), 221 (41), 207 (41), 147 (100), 107 (70). [Found (MH*) 475.1441. Ca3H3FeO7 requires MH, 475.1419].

[(4E,2R ", 38" 8R " )-2-(Carbonyioxy- k C)-8-hydroxy-6-oxu-8-phenyi( 3,4, 5- n)-oct-4-en-3-yijtricarbonyliron (24). Prcpared
using TMS enol ether 19 (0.045 g, 0.12 mmol), benzaldehyde and BF3.0Et,. Neat CH1Cl, was used as solvent. After 6.5 h, Et3N
work-up and desilylation using HF/pyridine afforded the crude aldol product (d.c. 87% by 'H NMR analysis). Flash
chromatography (eluent: Et,Ofpetrol 60-70%) afforded aldol complex 24 (0.038 g, 78%); Vnax (film)/em™! 3414 (OH), 2095, 2047,
2030 (CO), 1668 (C=0), 1499, 1055; dy(600 MHz) 1.35 (3H, d, J 5.8, 1-H x 3), 3.01 (1H, br s, OH), 3.07 (1H,d, J 16.9, 7-H x 1),
3.16 (1H,dd, J 16.9,9.1, 7-H x 1), 3.87 (1H, d, J 1.1, 5-H), 4.49-4.55 (1H, m, 2-H), 5.06 (1H, dd, J 8.6, 4.4, 3-H). 5.25-5.30 (1H,
m, 8-H), 5.58 (1H, apparent 1, J 9.7, 4-H), 7.26-7.42 (5H, m, Ph); 8(150 MHz) 21.8 (CH3), 51.7 (CH>), 65.6 (CH), 70.0 (CH), 72.8
(CH), 86.0 (CH), 91.9 (CH), 125.7 (CH), 127.9 (CH), 128.7 (CH), 142.6 (quat. C), 199.5 (CO), 202.2 (CO), 203.4 (CO), 204.3

(N AT T (OO e/ (BARY ANT (AMMEF 100G ’21A IN_2UDY DD "! 70y 170 r")()\ II\-I fﬂfl\ I'E.‘...-.A LT+ AN N2
(LU, 2Ud. 7 LU, BV \CAD) 94U (I, 1UNT7C0 ), 310 (IVI-O0WAJ, 22 Vol \&F ), 1uU (O3, [TFOUnl UVIn ) 4U1.UdZLL.

CgH|7FcO7 requires MH, 401.0324].
[(3E,IR*,ZS*,7R*)vl~(Carbon)'loxy-K‘C)~7‘hydroxy»5-0xo—1,7-dipheny1‘(2,3,4~n)-hep!—3-en—2-y1]tricarbon)'lir0n (25).

Prepared using TMS enol ether 20 (0.027 g, 0.06 mmol), benzaldehyde and BF;.0Et>. After 5 h, Et3N work-up and desilylation

using T-n:/n\/ruhnp afforded the crude aldol nroduct (1' e 67% h\/ g NMR an: 1]\/L!Q\ Flash¢ hrr\m"ltnurﬂnhv (eluent: Et;QO/netrol 35-

g Y NC QLI0ICCE UIC CTUGC @GO ProGucs 3 ANVAE alldl Naog \Liucn LA ripeuiin 30

60%) afforded aldol complex 25 (0.021 g, 72%); vm(ﬁlm)/cm 1 3450 (OH), 3059, 2093 (CO), 7027 (CO), 1681 (C=0), 1496,
Sy(600 MHz) 2.92 (1H, d, J 3.4, OH), 3.09 (1H, ddd, J 17.4,6.0,3.2,6-Hx 1),3.20 (1H, dd, J 17.4,9.3,6-H x 1), 4.01 (0.17H,d, J
11.9, 4-H"), 4.03 (0.83H, d, J 11.3, 4-H), 5.25-5.29 (2H, m, 2-H and 7-H), 5.44 (1H, d, J 4.7, 1-H), 5.61 (1H, dd, J 11.1, 8.8, 3-H),
7.26-7.44 (10H, m, Ph x 2); 8c(150 MHz) 51.8 (CH>), 66.0 (CH), 70.0 (CH), 78.2 (CH), 85.0 (CH), 91.9 (CH), 125.6 (CH), 125.7
(CH), 125.8 (CH), 127.9 (CH), 128.6 (CH), 128.7 (CH), 128.8 (CH), 138.1 (quat. C), 142.5 (quat. C), 199.3 (CQ), 201.4 (CO),
203.3 (CO), 204.1 (CO), 207.6 (CO); m/z (FAB) 463 (MH™, 11%), 351 (MH-4CQ, 14), 227 (23), 157 (40), 133 (100), 128 (24), 105
(23). [Found (MH™) 463.0465. C;,3HyFe(y requires MH, 463.0480].

[(4E,IR " 68778 *)-7-(Carbonyloxy-kC)- 1 -hydroxy-3-oxo-1-phenyl-(4,5.6-1)-dodec-4-en-6-yl Jtricarbonyliron (26) and
[(4E,15§%68%,758*)-7-(carbonyloxy-kC)- 1-hydroxy-3-oxo- 1-phenyl-(4,5,6-n)-dodec-4-en-6-ylJtricarbonvliron (26'). Prepared using
TMS enol ether 21 (0.075 g, 0.19 mmol), benzaldehyde and BF3 OEt;. After 8 h, Et3N work-up and desilylation using HF/p)ridine

BAd oot £ o £ECL by LI NIMD analueic NV Elach ahecaataoeaals sramts e Mmatend AN LNCLY o
dllUlUCLl lllC Cri UUC a1aion lJl oauct {u.c. J2 70 Uy LT INIVIIN l.‘lllt’ll_)‘blb] 1'iasdi1 LlllUllldlUsldpll_y \CluClll L4l7\JIPCUUl 2U-uuye) dllUlUCU lll

arder of elution, aldol complex 26 (0.033 g, 41%); Vi (film)ycm! 3418 (OH), 2930 (CH), 2088, 2016 (CO), 1651 (C=0), 1495;
S81(600 MHz) 0.89 (3H, t, J 6.7, 12-H x 3), 1.25-1.72 (8H, m, 8-H x 2,9-H x 2, 10-H x 2, 11-H x 2), 2.93 (1H, br s, OH), 3.04 (1H,
dd,J 17.0, 1.1, 2-Hx 1), 3.13 (1H, dd, J 17.0,8.7,2-Hx 1), 3.74 (1H, d, J 10.4, 4-H), 4.03 (1H, t, J 6.6, 7-H), 4.88 (1H,d. J 6.7, 6-

| 8 A (‘1’7:’70(1[].“ 1IN ('IQ 1 Anmmaoront t IQA (U\ '7’)97/‘1 (ST = Dh)y: S /SN M) 12 Q (CH.Y 224 (CH Y I8 0
Kij, &7 kI, T, 1-01j, J.70 (111, al]}]ﬂlhlll L 7 O.7 ij, ST \JId, B, X u}, OC\OV NVII1Z) 153.7 (X1}, L4459 (1172, 2J.U

(CH»), 31.3 (CH>), 38.0 (CH;,), 51.9 (CH;), 64.6 (CH), 70‘0 (CH), 74.3 (CH), 83.6 (CH), 93.6 (CH), 125.6 (CH), 127.9 (CH), 128.6
"(CH), 142.5 (quat. C), 199.8 (CO), 201.7 (CO). 203.4 (CO), 204.2 (CO); m/z (FAB) 457 (MH*, 87%), 373 (MH-3CQO, 29), 345
(MH 4CO0, 80), 327 (73), 239 (59), 221 (50), 179 (43), 167 (51), 165 (50), 151 (52), 127 (47), 107 (100). [Found (MH™) 457.0947.

e reauires MH, 457.00501: and then the minor diastereocisomer 26' (0.010 ¢, 12%): v (filmVem-1 3410 (OH) 2075

_
« rzxx 151 C7 IEQUITCS M, 55 /.070V 5 and UICh NS MUNOY GIasiereolsomer 48 (VWWiV g, 1270 ) Vpmax GHINYCIM © 3510 (0Vx1), 2770

(CH), 2089, 2020 (C0O), 1682 (C=0), 1383; 83(600 MHz) 0.90 (3H, t, J 6.6, 12-H X 3), 1.26-1.72 (8H, m, 8-H x 2, 9-H x 2, 10-H %
2, 11-Hx 2),3.02 (1H, dd, J 17.2, 2.6, 2-H), 3.08 (1H, br s, OH), 3.15 (1H, dd, J 17.2, 9.4, 2-H), 3.72 (1H, d, J 11.0, 4-H). 4.05 (1H,
t, J 6.5, 7-H), 4.89 (1H, d, J 8.2, 6-H), 5.25 (1H, br d, J 9.3, 1-H), 5.78 (1H, dd, J 11.0, 8.2, 5-H), 7.26-7.40 (5H, m, Ph); 8~(50
MHz) 13.9 (CH3), 22.4 (CH,), 25.0 (CH,), 31.3 (CH3), 38.0 (CH>), 51.6 (CHj), 64.8 (CH), 70.3 (CH), 74.4 (CH), 83.7 (CH), 93.7

(CH), 125.5 (CH), 127.9 (CH), 128.6 (CH), 142.4 (quat. C), 199.9 (CO), 201.6 (CO), 204.1 (CO), 204.8 (CO), 207.9 (CO); vz

b2



(FAB) 457 (MH* 66%), 373 (MH-3CO, 19), 345 (MH-4CO, 34), 328 (39), 239 (24), 167 (33), 152 (39), 120 (54), 107 (100).
[Found (MH*) 457.0938. CayHasFeOy requires MH, 457. W:’)G]

[(4E,2R " 35" 8R *)-2-[ Carbonyl(benzylamino)-x C]-6-0x0-8-hydroxy- 8-phenyl-(3,4,5-n)-octa-4-en-3-yijtricarbonyliron (27).
Prepared using TMS enol ether 22 (0.050 g, 0.110 mmol) benzaldehyde and BF3 0512 Neat CH,Cl; was used as solvent. After
16h, EtsN work-up and desilylation using HF/pyridine afforded the crude aldol produu (d.e. 90% by 'H NMR analysis). Flash
chromatography (clueni: Ei,O/peirol 50%) afforded aldol complex 27 (0.036 g, 66%); Vmayx (film)lcm™} 2931, 2079 (CO), 2008
(CO), 1678 (C=0), 1589, 1494, 1454; 8y1(600 MHz) 1.18 (3H, d, 6.4, 1-H x 3), 3.08 (1H, dd, J 17.3, 3.2, 7-H x 1), 3.15-3.20 (2H,
m, 7-H x 1, OH), 3.47 (1H, d, J 14.9, PhCHH), 3.54 (1H, apparent quintet, J 6.3, 2-H), 3.72 (1H, d, J 11.0, 5-H), 4.75 (1H, dd, J 8.5,
6.7, 3-H), 5.06 (1H, d, J 14.9, PhACHH), 5.24-5.27 (1H, m, 8-H), 5.56 (1H, dd, J 11.0, 8.5, 4-H), 7.15-7.42 (10H, m, Ph x 2); (150
MHz) 22.0 (1-C), 46.3 (CH;,Ph), 51.5 (7-C), 52.2 (2-C), 67.1 (5-C), 70.1 (8-C), 79.2 (3-C), 91.3 (4-C), 125.8, 127.3, 127.8, 127.9,
128.6, 128.6 (ArCH), 136.6 (quat. C), 142.7 (quat. C), 199.9 (CO), 200.2 {(CO), 204.1 (CO), 205.7 (CO), 209.6 (CO); m/z (FAB)
490 (MH*, 14%), 462 (MH-CO, 7), 406 (MH-3CO, 25), 378 (MH-4CO, 8), 298 (15), 272 (17), 256 (24), 133 (100). [Found (MH*)

490.0978. ngHchNO(, requires MH, 490.0953.]

[(4E.25* 38 * 8R*)-2[ Carbonyl{henzylamino )- kC]-6-0x0-8-k hydroxy-8-phenyl-(3,4,5- 1j)-octa-4-en-3-ylJtricarbonvliron {28).

Prepared using TMS enol ether 23 (0.197 g, 0.432 mmol), benzaldehyde and BF5.0Et;. Neat CH,Cl, was used as solvent. After
16h, Et3N work-up and desilylation using HF/pyridine afforded the crude aldol product (d.e. 57% by 'H NMR analysis). Flash
chromatography (eluent: EtaO/petrol 50%) afforded aldo! complex 28 (0.109 g, 52%; 57% d.e.); Vi (filmY/em'! 3416, 2975, 2932,
2079 (CO), 2000 (CO), 1682 (C=0), 1592, 1495, 1454; §,4,(600 MHz) 1.35 (0.66H, d, J 6.4, 1-H' X 3), 1.36 (2.34H, d, 7 6.4, 1 Hx

\UVV V114 ) 1.5J \V.UUIL, G, v U, -1 A ), U040, d, v U9, 1-1 X

3), 2. 92 (lH dd, J 17.3,2.9, 7 Hx 1), 3.05-3.10 (2H, m, 7 Hx 1, OH), 3.31 (0.22H, d, J 11.6, 5-H"), 3.33 (0.78H, d, / 11.2, 5-H),
3.40-3.49 (1H, m, 2-H), 3.58 (0.78H, d, J 14.5, PhCHH), 3.60 (0.22H, d, J 14.3, PhCHH"), 4.27 (0.22H, d, J 8.7, 3-H'), 4.29 (0.78H,

d, J8.8,3-H), 490 (0.78H, d, J 14.5, PhCHH), 4.92 (0.22H, d, J 14.3, PhCHH"), 5.19 (1H, br. d, J 9.5, 8-H), 5.52 (0.22H, dd, J 11.6,
R.7,4-H), 558 (0.78H, dd, J 11.2, 88 4-H), 7.14-7.41 (10H, m, Ph x 2y S,.(HnMI-h\’)lAn -C), 455 (PhCH;5), 51.3(2-C), 51.5

U, OC\a2V VAL ) 1. v;;/;,..r;.;\a gy Jrad

(7-C", 51.6 (7-C), 67.4 (5-C"), 67 5 (5-C), 700 (8-C), 70.2 (8- C). 77.9 (3-C), 78.2 (3-C), 93.2 (4-C), 93 2 (4-C), 125.6, 125.7,
127.5, 127.8, 128.5, 128.7 (ArCH), 137.6, 142.7, 142.8 (quat. C), 197.3 (CO), 197.6 (CO), 200.0 (CO), 203.9 (CO), 205.5 (CO).
210.3 (COy), 210.4 (CO); m/z (FAB) 490 (MH*, 100%), 462 (MH-CO, 15), 405 (M-3C0, 75), 378 (MH-4CO, 29), 299 (29), 272
(27), 256 (29). 165 (26), 152 (29). 120 (41), 107 (78). [Found (MH*) 490.0964, CpsH,4FeNOg requires MH, 490.0953.]
[(5Z,IR*45* 75 *)-1—Hydmxy—l-phen_,vl-j’-uxo-(4,5,6,7A n)-dodec-5-en-4,7-diylJtricarbonyliron (31) and [(5Z,15 *48%78%)-1-
hydroxy-1-phenyl-3-0x0-(4,5,6,7-1n)-dodec-5-en-4,7-diyl Jtricarbonyliron (31'). Prepared using TMS enol ether 30 (0.080 g, 0.21
mmol), benzaldehyde and BF3.OEt,. After 5h, Et ;N work-up and desilylation using HF/pyridine afforded the crude aldol product
(d.e. 25% by 'H NMR analysis). Flash chromatography (eluent: Et2O/petrol 30%) afforded, in order of elution, the aldol complex
31 (0.037 g, 43%); Vyay (film)/cm™! 3444 (OH), 2929. 2857 (CH), 2054, 1978 (CO), 1661 (C=0), 1493, 1454; 8}3(600 MHz) 0.90
(3H,t, 7 6.5, 12-H x 3), 1.16 (1H, d, J 8.1, 4-H), 1.25-1.38 (4H, m, 10-H x 2, 11-H x 2), 1.40-1.48 (2H, m, 9-H x 2), 1.50 (1H,

annarent g 1'7'7 T-HY 18R.1TA5/1TH m & H v 1y !6917‘/1”m$2”v|\ VTEIRAME m 2 Hw 2 282/(1 A4 7920 NN

u};yuu. iy, i=xijy 3.2071.00 (aal, I, O=12 X 1) TN, Iy OTEL A X fy & 704,05 (ol 1y 2708 A o), 5.0 (i1, O, v 4.7, Unl),

5.15 (1H, m, 1-H), 5.25 (IH, dd, J 8.6, 5.1, 6H) .83 (1H, dd, J 7.6, 5.3, 5-H), 7.28 (1H, t, J 6.7, Ph), 7.34-7.38 (4H, m, Ph);
SC(ISO MHz) 13.9 (CH3), 22.4 (CH3), 31.3 (CH3), 31.7 (CH»), 34.1 (CH3), 50.5 (CH»), 53.5 (CH), 66.4 (CH), 70.0 (CH), 80.8
(CH), 87.9 (CH), 125.5 (CH), 127.4 (CH), 128.4 (CH), 142.9 (quat. C), 205.4 (br, CO x 3); m/z (FAB) 435 [(M+Na)™*, 67%], 413
(MH, 53), 356 (M-2CO, 39), 328 (M-3CO, 100), 291 (74), 238 (25). [Found (MH") 413.1052. C,;H,4FeQs requires MH,
413.1051]; and then the minor diastereoisomer 31' as a mixture with unidentified by-products. Selected NMR data; 8(200 MHz)
2.77(2H,d, J6.2,2-H), 5.83 (1H, dd, 7 8.9, 5.1, 5-H).

[(4E,IR",65" 7R ")-7-{Carbonyloxy-kC)-3-0x0- I-phenyl- I -triethylsilyloxy-(4,5,6-1)-dodec-4-en-6-yi Jtricarbonviiron {32).
Prepared using TES enol ether 6 (0.050 g. 0.11 mmol), benzaldechyde and BF3.0Et,. After 7 h, Et3N work-up and flash column

chromatography (eluent: Et,O/petrol 10-50%) afforded, in order of elution, sily! aldo! complex 32 (0.031 g, 51%; 82% d.e.);
vnm(ﬁlm)/cm’] 2954, 2934, 2875, 2088 (CO), 2019(C0) 1667 (C=0), 1494, 1454, 1417, 1371, 1317, 1265; 3x(250 MHz) 0.44-

N1 (CIT Lo ner Nnon 1LY 1z N QA QLT 4 79 Qi rs 31T 17 LY [Nl S Sl & SN 1 1
U.o1 v, 1y, Jl‘bﬂzbﬂ:}}:}), U.01 U7UilLﬂ 1, llllbluulllgUO’-} \7r, J 1.0, ol\\,nz\,ﬂ3}3j] 12-11 X ‘| 3]\\,]‘1")\_,”3)}} 1. LL I. DL

(8H, m, 8-H x 2, 9-H x 2. 10-H x 2, 11-H x 2), 2.72 (0.09H, dd, J 14.2, 3.8, 2-H' x 1), 2.97 (0.91H, dd, / 15.8, 4.9, 2-H x 1), 3.15
(0.91H. dd, J 15.8, 7.8, 2-H x 1), 3.24 (0.09H. dd, J 14.2,9.0, 2-H' x 1), 3.69 (0.91H, d, J 11.2, 4-H). 3.92 (0.09H. d, J 11.2, 4-H').
4.29 (1H, apparent q, J 5.6, 7-H), 4.97 (0.91H, dd, J 8.7, 4.6, 6-H), 5.04 (0.09H, dd, J 8.7, 4.6, 6-H'), 5.24 (1H. dd, J 7.8, 4.9, 1-H),
5.48 (0.91H, dd, J 11.2, 8.7, 5-H), 5.56 (0.09H, dd, J 11.2, 8.7, 5-H'), 7.21-7.38 (SH. m, Ph); 8(62.5 MHz) 4.7 (Si(CH,CH3)3), 6.7
(SI(CHCH3)3), 13.9 (CH3), 22.4 (CH»). 26.5 (CH3), 31.5 (CH»), 36.7 (CH,), 54.2 (CH>), 66.0 (CH), 70.8 (CH), 76.7 (CH), 84.5
(CH), 91.7 (CH), 126.0 (CH), 127.6 (CH), 128.4 (CH), 144.0 (quat. C), 199.9 (CQ), 201.2 (CO), 202.4 (CO), 204.6 (CO), 208.0

(CO); m/z (electrospray) 609 [(M+K)*, 19%], 593 (M+Na, 100), 571 (MH 4). {Found [(M+Na)+] 593 1651 C33H38FEN307SI
reguires M+Na, 593.1624}: and then aldol complex 8 (\.( ! ic

a - 67
requires M+Na, 593.1634}; and then aldo! com 8a . 67
prepared earlier (vide supra).

[(4E,IR* 68 *, 7R *}J- 1-(tert-Butyldimethylsilyloxy )-7-(carbonyloxv- KC)-3-0x0-1-phenyl-(4,5,6- 11)-dodec-4-en-6-y1]
tricarbonyliiron (33). Prepared using TBS enol ether 7 (0.098 g, 0.21 mmoi), benzaldehyde and BF3.OEt,. After 24 h, Et3N work -
up and flash column chromatography (eluent: Et;O/petrol 15-80%) afforded, in order of elution, silyl aldol complex 33 (0.004 g,
4%; 60% d.e.); Vo (filmyem™! 2956, 2930, 2857, 2091 (CO), 2021 (CO), 1673 (C=0), 1497, 1471; 81(600 MHz) - 0.16 (3H, s,
SiCH3), 0.02 (3H, s, SiCH3), 0.85 (9H, s, SiC(CH3)3), 0.87 (3H, 1, J 6.9, 12-H x 3), 1.23-1.54 (§8H, m, 8-H x 2,9-H x 2, 10-H x 2,
11-Hx% 2),2.72(0.17H, dd, J 14.2,3.8,2-H' x 1),2.97 (0.83H, dd, J 16.2, 4.5, 2-H x 1), 3.15 (0.83H, dd, J 16.2,8.2,2-H x 1), 3.24
(0.17TH, dd, 7 142,90, 2-H' x 1),3.69 (0.83H,d, J11.2,4-H), 392 (0.17H,d, J 11.2, 4-H"), 4.29-4.32 (1H, m, 7-H), 4.99 (0.83H,
dd, J 8.6, 4.6, 6-H), 5.04 (0.17H, dd, J 8.7, 4.6, 6-H'), 5.23 (1H, dd, J 8.2, 4.5, 1-H), 5.50 (0.83H. dd, J 11.2, 8.6, 5-H), 5.56 (0.17H,
dd, J 11.2, 8.7, 5-H'), 7.23-7.25 (1H. m, Ph), 7.30-7.35 (4H, m, Ph); 8(150 MHz) -5.0 (SiCH3), -4.8 (SiCH3), 13.7 (CH3), 18.1
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(SiC(CH3)3), 22.4 (CHy), 25.7 (SiC(CHj3)3), 26.5 (CHy), 31.5 (CH3), 36.7 (CHy), 54.2 (CHj), 63.7 (CH), 70.9 (CH), 76.8 (CH), 84.5
(CH), 91.7 (CH), 126.0 (CH), 127.6 (CH), 128.4 (CH), 143.9 (quat. C), 199.8 (CO), 201.1 (CO), 204.7 (CO), 207.7 (CO), 207.9
(CO); m/z (FAB) 571 (MH*, 5%), 514 (M-2CO, 8), 459 (MH-4CO, 44), 443 (13), 401 (M-4CQ-Bu, 42), 221 (100), 145 (55), 131
(64). {Found (electrospray), [(M+Na)*] 593.1623. C,gH3gFeNaO;Si requires M+Na, 593.1634}; and then aldol complex 8a (0.048
g, 50%:; 33% d.e.) which was spectroscopically identical to material preparbd earlier (vide supra)

[(4E,IR* 357,65 " 7R *})-7-(Carbonyloxy-x C)-3-hydroxy-1-phenyl-1 -irimethylsilyloxy-(4,5,6-1j)-dodec-4-en-6 -
yl]tricarbonyliron (12) . AlPr® (1.0 M in toluene; 0.24 ml, 0.24 mmol) was added dropwise 10 a cooled (-78°C) solution of ketone
9a (0.049 g, 0.10 mmol) in CH,Cl5 (3.5 ml). The reaction was stirred at -78°C for 40 minutes, then allowed to warm to 0°C over 10
minutes. NH4Cly) (0.1 ml) was then added dropwise, stirring vigorously at 0°C for 10 minutes. MgSQy4 (excess) was added and
the mixture stirred for a further 10 minutes, then filtered through Celite washing with CH,Cl, (20 ml). Concentration in vacuo
followed by flash chromatography afforded monoprotected diol 12 as an oil (0.037 g, 75%); Vmyax (film)/cm! 3442 (OH), 2940 (CH),

2086 (CO), 2009 (CO), 1674, 1638; dy(500 MHz) 0.02 (9H, s, Si(CH3)3), 0.88 (3H, t, J 6.6, 12-H x 3), 1.22-1.63 (8H, m, 8-H x 2,
9-Hx 2,10-Hx 2, 11-H x 2), 2.06-2.14 (2H, m, 2-H x 2), 3.96 (1H, d, J 11.9, 4-H), 3.99 (1H, s, OH), 4.22-4.25 (1H, m, 7-H), 4.58-

IIW A QS5 I .1 T o -
4.62 (2H, m, 3-H, 6-H), 489 (I1H, dd, J 11.9, 8.5, 5-H), 495 (1H, dd, J 8.7, 4.4, 1-H), 7.26-7.35 (5H, m, Ph); 8(50 MHz) 0.0

(Si(CHj3)3), 13.9 (CH3), 22.4 (CHy), 26.6 (CHy), 31.5 (CHy), 36.7 (CH3), 48.7 (CH>), 70.9 (CH), 75.9 (CH), 76.7 (CH), 77.2 (CH),
86.9 (CH), 87.4 (CH), 125.8 (CH), 127.9 (CH), 128.5 (CH), 143.3 (quat. C), 203.4 (CO), 206.1 (CO), 206.8 (CO), 209.7 (CO); m/z

(FAB) 531 (MH’* 17%), 419 (MH-4CO, 14), 401 (35), 385 (13), 337 (13), 239 (14), 179 (100), 109 (77). [Found (MH*) 531.1490.
H3sFeSiO requires MH, 531.1501).

251153A vulv 7 u,si MUS IYExdy JI L
[(4E,IR*,38%,65" 7R *)-7- (Carbonyloxy-KC)-l,.i’-di-O-isoprop}'lidene-1—_phenyl—(4,5,6-n)-dodec—4-en-6-)‘l]tricarbon_\'liron
(13). A solution of 12 (0.037 g, 0.07 mmol) in THF (0.3 ml) was treated with HF/pyridine (0.090 ml of a ca. 2.25 M solution in

THF, 0.20 mmol) for 25 min at room temperature. The reaction mixture was then diluted with Et;O (5 ml) and washed sequentially
with Na"(’(‘)n (‘i nﬂ\ and CuSQ, (R ml\ solutions and brine (10 mh dried (MeSQ ) and concentrated in vacue to furnish a white

1d CuSOy 1s and brine (10 dried (Mg80Qy) and concen trated in vacue to furnish a white
solid. This was dissolved in DMF (1 ml). 2,2-Dimethoxypropane (0.171 ml, 0.14 mmol) and pPTS (cat.) were added. The solution
was stirred for 3 h and then partitioned between H,O and CH»Cl, (5 ml, 1:1). The layers were separated and the aqueous phase was
further extracted with CH,Cl, (3 x 5 mi). The combined organic fractions were dried (MgSO ), concentrated in vacuo and purificd
by flash chromatography (eluent: Et;O-petrol 1:3; Florisil) to yield acetonide 13 (0.024 g, 71% from 12); Vppax (film)/cm! 3055,
2993, 2956, 2932, 2860, 2081 (CO), 2008 (CO), 1664 (C=0), 1496, 1454; 63(500 MHz) 0.88 (3H., t, J 6.8, 12-H x 3), 1.26-1.58
{14H, m, [including 1.46 (3H, s, acet. CH3) and 1.58 (3H, s, acet. CH3)], 8-H x2,9-H x 2, 10-H x 2, 11-H x 2, acet. CH3 x 2}, 1.89
(1H, apparent g, J 12.1, 2-H ), 2.01 (1H, d, J 12.1, 2-H), 3.93 (1H, dd, J 12.1, 3.2, 4-H), 4.23 (1H, apparent q, J 5.7, 7-H), 4.51
(1H,d, J11.6, 3-H), 4.62 (1H, dd, /8.2, 4.6, 6-H), 4.81 (1H, dd, J 12.1, 8.2, 5-H), 496 (1H, dd, J 11.4, 2.2, 1-H), 7.27-7.40 (5H, m,
Ph); 8¢(100 MHz) 13.9 (CH3), 19.9 (acet. CHyy ). 22.5 (CHp), 26.7 (CHy), 29.6 (acet. CHsey) 31.5 (CH2), 36.7 (CH,), 40.0 (CHa,
2-C), 68.5 (CH), 71.4 (CH), 76.2 (CH), 77.1 (CH), 84.3 (CH), 88.0 (CH), 99.7 (quat. C, acetonide), 126.0 (CH), 127.9 (CH), 128.6

(CH), 141.3 (quat. ©), 203.5 (CO), 205.7 (CO), 206.5 (CO), 209.4 (CO); m/z (FAB) 499 (MH*, 34%), 471 (MH-CO, 9), 414 (M-

3CO, 20), 370 (20), 329 (35), 313 (19), 237 (50), 209 (22), 179 (100), 163 (36), 136 (58). |Found (MH™*) 499.1423. C,5Hy FeOy
requires MH, 499.1419].
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