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Abstract
(Phenyithio)acetyliron compiex obtained by reaction of the anion generated with butyiiithium from acetyliron complex 4
with dipheny! disulphide. Al yi‘iu‘m :u‘d aldol reactions of the anion of 3 were investigated. X-Ray structural determination of four
aldols and reactions with aldehydes in the prescnce of EtAl” or Sn”™* permitted the assignment of configuration to all aldols. © 1998

Elsevier Science Ltd. All rights reserved.
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Acylirons  (cyclopentadienyl-carbonyl-triphenylphosphine-acylirons, 1), stable, readily
available iron(IT) complexes have found applications in organic synthesis as chiral auxiliaries [1].

nA vi 1ohl
ration of the acyl ligand via highly

stereoselective alkylation or aldol reactions of the anion generated from 1 with strong bases.
Mild oxidative decomplexation affords acyl ligand in the form of an ester or amide, depending on
the medium employed. Racemic acylirons can be efficiently resolved into enantiomers on

Recently we have studied the synthesis and reactions of (methylthio)acetyliron (2). This
complex underwent readily acyl ligand expansion reactions [3]. Decomplexation of the products
was concomitant with decarbonylation and compounds containing the MeSCH grouping were

obtained. Condensation of the anion of 2 with su

ondensation ith sugar al
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We next turned our attention to (phenylthio)acetyliron [3, (n°-CsHs)Fe(COXPPhs)COCH,SPh], an
acyliron complex capable of providing a PASCH group, a prochiral structural unit, in acyl ligand
expansion reactions. This unit offers valuable synthetic potentiai in further elaboration of carbon

skeletons.
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Results and discussion

The synthesis of 3 followed the route used for the synthesis of 1 [1]. Deprotonation of the
racemic acetyliron complex (4) with butyllithium at -78°C followed by reaction with diphenyl
disulphide at the same temperature led to the (phenylthio)acetyliron complex [(n’-
CsHs)Fe(CO)PPh;)COCH,SPh] in high yield (80% after crystallisation). Orange crystals of 3
are air stable and can be stored in refrigerator without decomposition for several months.

Non-symmetrical sulphides can be oxidized to optically active sulphoxides [5,6] with the
Sharpless oxidant [t-butyl hydroperoxide, Ti(OiPr)s, (-)- or (+)-diethyl tartrate ]. Oxidation of
rac-3 according to this method [using D(-)-diethyl tartrate, D(-)-DET] led to two stereoisomeric
bulpllUXlut?b 5a and 5b in 45% 'ylclu and 3:1 ]“)TOI‘)Oruon megencrateu 3 was racemic. Upuuu
purity of sulphoxides 5a and 5b was tested with '"H NMR spectra using the Pirkle alcohol [R(-)-

l—(9-antluyl)—2 2,2-trifluoroethanol] to show only a weak enrichment (approx. 1.2:1) in one of

the enantiomers. When the oxidation was nerformed in the nresence of 1(+)-DET. the nronortion

(2 8 LW AVANJAREWA LS. YV ARWiR uaaw wassuiua Qs WALAVUL RIEWAL RIX X VMV UL LA Ard s A, WAV AN QINIR LINIE
v

of Sa and 5b increased to 12:1 (51%), however, enantiomeric purity of products remained within
the same limits. It should be noted that Davies and Gravatt [7], starting from R-propionyliron
(enantiomer of 1, R=Et), prepared o-(phenylthio) derivative of Rg.S,, configuration which was
transformed into optically pure R-sulphoxide. This result clearly indicated that the presence of a
chiral center at the o carbon atom was essential for the stereospecific oxidation of the sulphur
atom.

Expansion of the acyl ligand in 3 occurs via the anion generated with butyllithinm. The anion
was reacted with primary alkyl halides: methyl and ethyl iodides, allyl bromide, methoxymethyl
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chloride, and benzyl bromide to form mixtures of a-alkylated products (6a,b-10a,b). Secondary

were nnannnnecﬁl] in tha reaction
A A 1 28R WALW l\lu\l‘.vll

The majority of the reactions were carried out at -20 °C to afford good and very good yields of
products. At -78 °C, only methyl iodide reacted fast enough, while the other electrophiles did not
react at all, indicating a lower reactivity of the anion of 3 compared to 2 [1]. The proportion of a
and b stereoisomers was 3 - 14 : 1. The configuration of the methylated products could be
deduced from the 'H NMR shift of the Me group signal: for the 6a stereoisomer (RreRo/SreSq) it
appeared at 6 1.41 and for the 6b (Rp.S,/SrcRy) at 8 0.60 (in the proximity of the PPh; shielding

zone) [8]. This interpretation is based on the well-proven formation of the E-enolate which is
tacked by the electrophile from the side opposite to the hn“(v triphenylphosphine ligand [9].

QVASLU VRAV WAVWRA VPRI AR VAL AW Tl § i L3S L VI IQSIANVEL Y RESRERISPIARIRENY 12 Ky

The configuration of the major alkylation products was assumed to be analogous, i.e.
RreRo/SEeSy. Quenching of the anion of 3 with D,O at -78 °C led to monodeuterated complexes
11a,b in 7.5:1 proportion.

Aldol reactions of acylirons occur readily at -78 °C and provide stereoisomeric aldols in high
yield. The reactions performed in the presence of Li" cation were, however, not stereoselecitve
[10]. Distinct stereoselectivities can be obtained replacing Li* with other counter cations like
ELAI" [11] or So®* [12] . Diethylaluminum cation promotes the formation of RrpeRp/SreSp and
tin(II) - promotes Rg.Sp/ Sp.Rp aldols.
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Condensation of the anion of 3 with acetaldehyde leads to a mixture of four aldols 12a-d in
1:1.3:43:35 prnpnff and 90% vield The vidual o Dro ducts have been isolated bV

URLENs n [+ AR LVE J A A u; AN = Q03 % 3

il

chromatograpny. The assignment of configuration {0 aﬁ
essential for further exploitation of these products, was based on X-ray structural determinations

performed for crystalline 12a and 12b (vide infra). The configuration of the remamning two
aldols, 12¢ and 124 as Ry R Ra/Sp S, S a and R;.R,Ss/SrSaRp respectively, was deduced from

GaaUiS, A&S QLU A& S “rﬂ“{l“p' vlcvuu

Lo cn bt Lonoiidadon of wohioh o
1ol proaucts, KHOWICGge i wiiilii i8

PR a s ) oS man ] Qe

e
lIlC rcsuub o1 l‘IlC («Ul’lut‘«nbdl]()ll re€acuon barrlcu out lll uw plt‘«btllbt? Ul thm ana Sii-  cations in
which 12¢ or 12d were obtained as the major products (cf. Experimental).

Similar results have been obtained when the anion of 3 (Li") was condensed with
benzaldehyde: four aldols 13a - 13d were formed in 1.1:1:1,5:2.7 ratio (88%) and separa ted by

AL lALININE ) - ANSR ARaAN s axa a ety
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chromatography. The structures of 13a and 13b were also determined by X-ray structural
analyses. The configurations of 13¢ and 13d were deduced (as for 1lc,d) as Rp.RoRp/SreSaSg
and Rr.R,Sp/SreSaRg, respectively.

o
5

The molecular structures of several ac_ylirons hav vestigated by single crystal X-ray

e
iffraction methods [9,13-19]. Davies and Seeman [9] dcscnbe- these structures in terms of a

1:2_
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seudo-octahedral arfaingcinciit 01 1ig:
Cco-Fe-P, and C,.y-Fe-P are near to 90°, and the Cp-Fe-P angle is ca. 125° (Cp is defined as the
centroid of the cyclopentadienyl ligand). The CO ligand is approximately anti oriented towards
the acyl carbonyl group. Chirality of the propeller-like PPh; ligand is, in all cases qtudygd until

g
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(The acuie torsion angies Fe-P-C-Cyo are always negative for the P twist, and posmve for the

M twist.)

Crystals of 12a,b and 13a,b, suitable for X-ray measurements, were obtained by
crvetallizatinn fram athyl anoatata - hantana anlitinn Qalan hu-l sntarat~min hand dictananc alas
WA Y OUGILLOAUUVIL LIVIL VLY L aveialv Hvplaliv SULUUIULL, OVIVUVIVU LI AluIIDV VUYL UDdLalivod, a.ug,l 3,

and torsion angies are presented in Tabie 1. The structures of aii four compiexes are shown in
Figure 1; Sg. enantiomers are shown. Crystals of 12b and 13a each contained two conformers in
the asymmetric unit.

o a D /D C nAd that ~F hath
a aic yel\aowx\l.euax\;j 4aiit uiar G1 ooul

Nt nnfrrmars ~
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conformers of 1Zb and of 13b are Sp.RoRp/Rr.S.Sg. From the data it follows that the structures
of 12a,b and 13a,b correspond closely to the generalized picture of other acetyliron complexes:
the C6-Fe-C25, C6-Fe-P, and C25-Fe-P angles are approximately 90° and are characteristic of a

I arranasmant (Tahla 1Y)
1 auuu5v1uw11t \ 1aviw l}.
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Fig. 1 ORTEP drawings of 12a, 12b (both conformers), 13a (both conformers) and 13b.
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Table 1
Selected bond lengths, angles and torsion angels in complexes 12a, 12b, 13a and 13b; esds in parentheses
Bond lengths 12a 12b 13a 13b
Cl1, C2, C3, C4, C5-Fe 2.099 (7) 2,097 (12)  2.087 (12) 2.098 (7) 2.101 (8) 2.108 (5)
2.099 (7) 2.109 (i1)  2.107 (i1) 2103 (7) 2.166 (7) 2.10% (5)
2.102(7) 2110 (13) 2121 (13) 2116 (D 2.118(D) 2113 (5)
2.120 (7 2128 (12) 2,125 (12) 2122 (1) 2.133 (8) 2.132 (5)
2.133(7) 2132 (12)  2.146 (12) 2.132(7D 2.132(3) 2.146 (5)
Fe-P. 2.200 (2) 2.206 (4) 2.199 (4) 2207 (2) 2.208 (2) 2.198 (2)
Fe-C25 1.943 (6) 1.972 (13) 1.939 (12) 1.951 (7) 1.950 (8) 1.950 (5)
Fe-Co6 1.736 (7) 1.766 (13) 1.743 (13) 1728 (8) 1.737 (%) 1.735 (6)
Fe-Cp 1.741 1.743 1.752 1.741 1.739 1.745
Bond angles
C25-Fe-Co6 958(3) 94.4 (5) 93.9(6) 95.1(3) 96.0 (3) 52.8(2)
C6-Fe-P 92.7(2) 929 (4) 93.0 (4) 92.5(2) 92.6 (3) MBI
C25-Fc-P 89.6 (2) 91.1(4) 91.1(4) 90.9 (2) 919 (2) 93.0 (2)
Cp-Fe-P 126.0 126.0 126.9 126.0 126.8 1225
Cp-Fe-Co 124.4 125.5 125.6 125.1 124 4 1258
Cp-Fe-C25 1194 118.0 117.2 118.4 116.9 119.2
Torsion angles ) - i ) -
C6-Fe-C25-02 173.7 136.5 1423 156.9 156.8 147.5
S-C26-C25-02 100.7 52.9 49.2 71.2 71.8 73.6
C25-C26-C33-C34 -172.9 56.1 76.7 -164.3 -164.1 -168.0
C26-8-C27-C32 -194 35.6 46.1 57.2 -139.0 502
Fe-P-C7-Ci2 54.6 56.5 56.3 57.7 53.6 68.1
Fe-P-C13-Cl4 14.0 19.8 21.9 15.4 183 -8.9
Fe-P-C19-C24 63.7 54.4 63.5 69.8 69.9 65.7

The Cp-Fe-P angles correspond to 122-127°. The Cp-Fe, Fe-P and Fe-C bond lenghts are nearly
identical to those in other acylirons [15-19].

Several conclusions can be drawn from the torsion angles. The C6-Fe-C25-02 angle in all 6
structures indicates an approximately anti arrangement of the CO and acyl carbonyl groups.
Hydrogen bonding between the B-OH and carbonyl oxygen atom (O3-H30-02) was found for

LY ol ARSI

~

C33-C34 1s m an antiperiplanar arrangement, whereas in conformers of 12b it is in the
(+)synclinal form. Judging from the torsion angles of both complexes of 123 the structural
differences are minor. In case conformers of 13a, the torsion angles are also similar except for
the C26-S-C27-C32 angle which indicates a different position of the SPh group relatlve to the Cp
ligand. The fourth chirality unit of the complexes, i.e. the PPh; propelier, displays posivite acute
torsion angles Fe-P-C7-C12 (-C13-C14, -C19-C24) indicating the M configuration. There is,
however, one exception: the F c-P-C]S-C14 angle in 13b is negative indicating disorder in the

arrangement of the trinhenviphosnhine licand
arrangement of the triphenylphosphine 1d.
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Conclusions

(Phenylthio)acetyliron (3) can be readily obtained from acetyliron (4). The anion of 3 can be
alkylated with reactive primary alkyl halides to form stereoisomers RpcRo/SpeSo as the
dominating products. Reactions with acet- or benzaldehyde yield crystalline aldols. In each case

tha ctriictirac nf hwn Af tha anr n]r]n]cv canld he nneanmivncally determined hv ¥Y.rav analvgic
LLEN Ol.l VWLLILI VO Ul LYYV UL LW 1D WAL U ull\u\.iulvuvmlj W I WEAKRERAW S By LR AV VBRI ) WAL

The configuration of the remaining two pairs was disclosed by experiments with counterions
(ELAI" or Sn?"). The reactions with both aldehydes, performed in the presence of Li", are

unselective and yield all four aldols in similar amounts. When counterions are added, the
ve A ﬁ'o}n tha E-ennlate claarly Anmlnnfp R-R R./S.. S &, {‘Fnr ptn I*\ and
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as a 2.5 M solution in hexane. TLC was perior ued o1 Si a
chromatography on Silica Gel 230 - 400 mesh (Merck). 'H and 1°C NMR spectra were recorded

with a Varian AC-200 (200 MHz) spectrometer for solutlons in CDCI;. Signals of aromatic

protons are omitted in the description of spectra. Coupling constant Jc,p was approx. 1.3 Hz.

Hich ragahitinn macg anantra (TR _AAQ) were manaiirad wieth A ARNATY £LNA smvnca cmante~miatae 1D
ALigil IVOUIULIULL 111add apv 4 \IUNTIVIL ) WULT THIVAadUI VU Wil dil ALVIL/-UVUS HH1Aadd SpPpoLuulcivl. In
spectra were recorded on a Perkm -Elmer 1640 FT-IR spectrophotometer
CnFo/ NP NN ('Dh 2 3
P‘ (—‘\./U,“ P/ /\/v\/“ 7”0 ‘J}

o e

A solution of the acetyliron compiex 4 (45.4 g, 100 mmol) [20,21] in THF (200 mi) was
cooled to -78 °C and butyllithium (50 ml of a 2.5 M solution in hexane, 1.25 mol/eq) was added.
Aﬂer 30 min., a solution of diphenyl disulphide (27.3 g, 1.25 mol/eq) in THF (50 ml ) was added

e mixture wae otirred a QOF Fnr 2 h. The mix ture was allawad +
™ AN s ISR 1 8 (¥4 u 1. & NN/ A1LRA YWAo alivyywil L

1 VZaYaYa' 1

temperature and sat. aq. ammonium chioride solution (200 mi) was added. The solution was
extracted with dichloromethane, the extract dried, and then concentrated to approx. 200 ml. This
solution was ﬁltered through a short alumina column. The effluent was concentrated to dryness
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2 H, J 15.9 Hz, CH,). HR-MS (LSIMS): for CjHFeO,PS (M+H)" calc.: 563.0897. Found:
££2 NQON Anal Tannd 0 £&7Q7- 1T A AA O II._TaN.PQ (Cals - ARIA-H A 84
JUI. VOV, Aldldl. FUULIU. _, U /.77, I'l, 4.U%, U32IR7TEVU0D. Valv,, v, VU, U7, 1k, T.07.

(17-CsH)(CO)(PPh;Fe) COCH,S(0)Ph (5)

To a solution of diethyl tartrate (DET, 1.71 ml) in dichloromethane (50 ml) titanium(IV)
isopropoxide (1.49 mi) and water (90 : 1) were added. After 20 min of stirring 3 (2.81 g, 5 mmol)
was added, the temperature was lowered to -20 °C, and fert-butyl hydroperoxide (2.1 ml of a
2.6 M solution in toluene) was added. After 18 h at -20 °C water (2 ml) was added, the mixture

ire and then was filtered through a layer of Celite. Aq. 25%

was allowed to attain room temperature an through a lay
NaMLT cnliztins N 201\ y270c Aad nnAd tha mitvhiira sxrag indanotoala o ad far 1 h Tha Arganis
Nd\U/1 1 dDULULIVIL \LU 1 Ll} wan auuc:u a.uu Wi I1HIALUIC ad ullCllblVCl)’ DLUIUU 107 1 1. 14€ Oorgainc

layer was dried and concentrated. The residue was purified on a silica gel column with hexane-
ethyl acetate, 1:2. Unchanged 3 was recovered and the stereoisomeric sulphoxides 5a and Sb

were separated by crystallization from hexane-dichloromethane.
VIPI(‘I of Sa and Sh w ) ith h( \ NET: 2 o (48041 nronge }0"' 21 V y

teld of 5a and Sb with DET: 1.3 g (45%), proportion: 3:1.
proportion: 12:1.

5a: orange crystals, m.p. 165-167 °C. IR (KBr): 1910, 1628 cm™. '"H NMR: 8, 4.51 (d, 5 H, Cp),
443, 3.24 (ABq, 2 H, Jap 15.8 Hz, H-2.2"). Anal. Found: C, 66.70; H, 4.88. C3;H,7FeO;PS.
Calc.: C, 66.45; H, 4.70.

Ehl. epnam PR A, e 1~ 1 oM TD /T7T_\ i EeYAY S 1 L) ___A-l 11"!’ ATR AT © A "\ 7.1 z' T‘I’
JU. O1duge C y SLdlIS, 1.p. 1/U-1/ L. In (ADI). i7U0, 10UY CIN I INIVIK? 0, 4 4 (a, I,
Cp), 4.14,3.75 (ABq,ZHJABIS4HzH22)AnlFundC6672H483

The 'H NMR spectrum of recovered 3 recorded in the presence of R(-)-1-(9-anthryl)-2,2,2-
trifluoroethanol showed equal peaks of both enantiomers. Analogous spectra of 5a and of 5b
chrwrad Aanly wiranly Aiffarantintinn Afnanlba halanmaina t4 hath Anamé: Amoes

QUUwLu uviny < ullivlGiiuauvil vl pudins uciv lg 15 LU uvul CUdLIUVUILIICED

1IN mlY N8

\ THFE ¢ ml (1 28 mnl/ nf
J Hl 11ar (iv i g, Voo Ot (1.2

To a cooled (-78°C) 5 mol/eq) of
butyllithium solution was added and the resulting dark red solution was stirred at -78 °C for 15
min. Alkyl halide (0.2 ml) or D,O in THF (1:1, 0.2 m1) was added and the solution was stirred at
-78°C for 1 h. The reaction was quenched with methanol (2 ml ) and the solvent was removed in
vacuo. The residue was dissolved in dichloromethane and the solution was filtered through a
column filled with alumina {Grade V). The filirate was concentrated under diminished pressure
and the mixture of products was separated from the unreacted substrate by flash chromatography

with a mixture of ether and hexane (1 : 8) as eluent. The proportion of stereoisomers was
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determined by integration of the 'H NMR Cp signals. Crystallisation from a mixture of ethyl
mratnta amd havama affacrdad nira rmdiint o nranaga_cnlanrad rryctale
CClale and neéxanc anoraca purc proaucis as Uidiigi-Luivui v u y stais

sa
Deuteration was performed as above by addition of D,O in T
generated from 3.

‘/...5 CITNC (nm. VFal DCHSPRCH. (6 547 mo (9<<3/..\ muon.: 148-151 °C. IR (,Br):

I ‘\-’51‘ /‘bu/ A X ’ljl‘ C\./U\./‘l \aA ll/\/‘lj \V}- R = S Y

1919, 1597 cm™. LSIMS (NBA): 577 (M + H)", 520. HRMS (LSIMS): for C33H;30FeO,PS (M +
H)" calc.: 577.1054. Found: 577.1062. Anal. for Ci3H,FeO,PS Calc.: C, 68.76; H 5.07%
Found: C, 68.77; H, 5.00%.

6a.'"H NMR (CDCl;): 8 4.49 (d, S H, Cp), 4.04 (q, 1 H, />3 7.2 Hz, H-2), 1.41 (d, 3 H, H-3).
6b 'H NMR (CDCl3): § 4.46 (d, 5 H, Cp), 4.17 (q, 1 H, J/,3 6.8 Hz, H-2), 0.60 (d, 3 H, H-3).
6a:6b;3:1(-20°C),8:1(-78 °C)
(17~ CsH(CO)(PPh;) FeCOCH(SPR)CH CH; (7).
7a. 340 mg (58%), m.p. 156-158 °C. IR (KBr): 1904, 1617 cm™. LSIMS (NBA): 591(M + H)"

HRMS (LSIMS): for C3iH3,FeO,PS (M + H)* Calc.: 591.1210. Found: 591.1201. Anal. For

Cs4H3 FeO,PS Calc.: C, 69.16; H, 5.29%. Found: C, 68.96; H, 5.22%. '"H NMR (CDCL): & 4.46
(d, 5 H, Cp), Amn 1 H, J,3x/h3 5.2 Hz, H-2), 2.04, 1.72 (AB, 2 H, J55 14.4 Hz, H-3, H-3")

A Nt bt ] ,3 AT b Jy =~ MI, L LA, v ’)‘ ¥ KAy AR, 1

1Y,
Iz,
p. 1

H-4).
53-154 °C. '"H NMR (CDCl;): § 4.40 (d, 5 H, Cp), 3.95 (dd, 1 H, /53 3.7,
3,0.81 (m, 2 H, J53 14.5 Hz, H-3, H-3"), 0.55 (t, 3 H, J43 7.0 Hz, H-4).

<
e/
,':
U»)
w
(O8]

/2 3’ 9.1 HZ H- 2)

7a:7h;8:1(-20 (‘)
(17°- CsHy)(CO)(PPh3) FeCOCH(SPh)CH,CH=CH, (8):

8a. 400 mg (66%), m.p. 153 - 155 °C. IR (KBr): 1911, 1612 cm™ LSIMS (NBA): 603 (M + H)".

HRMS (LSIMS): for CysH3,FeO,PS (M + H)" Calc.: 603.1210. Found: 603.1213. Anal. For

\,3511311 cup_rS Calc.: b 69. 77 H 5.19%. Found: C 69. 51 H 5.08%. 1H NMR (CDCi;) 8 5.87
(m, 1 H, H-4), 5.00 (m, 2 H, H-5), 4.45 (d, 5 H, Cp), 4.13 (t, 1 H, Jo3x)23 5.3 Hz, H-2), 2.75,
245(m 2H,J33 15.2,.J54 6.8, J3 4 6.2 Hz, H-3, H-3).

8b. 75 mg (12%), m.p. 159-161 °C. '"H NMR (CDCL):  5.47 (m, 1 H, H-4), 4.78 (m, 2 -5)

i ol y\./l.)/ N ws e W \11’ i AR, XA /’ 7T \ALI, et LJ.’ A 4 JI,
AAD (A ST M) 200 /A4 11T 7 27 7 101 IT 1T 102 1 A1 /0 A IY T 1AQ 7T
TAVAU, J 0L WPy, 0 70 (U4, 1T, W23 007, J2 3 LVLL TZ, T1-2), 1.04, 1.41 I, 2 1, J33 14.0, J34
7.3,.]3"4 6 HZ, H-g, H-3 )

..5_1" 7. l/[’l‘n/l) DL \ L2l N ODLACYY NIT. (. &&1 sanes MN10/\ e o0 1£E8 1£0Q O TD
(/] ~CsiIgJi oy r 113}1 eIy II1uCIi; (7). ool g (717e), ILPp. 100-100 L. LN
(KBr): 1907, 1610 cm™. LSIMS (NBA): 607 (M + H)". HRMS (LSIMS): for C3;H3,FeO;PS (M
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+ H)" Calc.: 607.1159. Found: 607.1165. Anal. For C14H3 FeOsPS Calc.: C, 67.33; H, 5.16%.
Found: C, 67.41; H, 5. 24%

9a. '"H NMR (C¢Ds): 6 4.77 (dd, 1 H, J»3 3.5, 23 9.0 Hz, H-2), 4.46 (d, 5 H, Cp), 4.03 (1, 1 H,
H-3),3.57 (dd, 1 H, /53 9.3 Hz, H-3"), 3.01 (s, 3 H, OMe).

9b. '"H NMR (CDCls): § 4.44 (d, 5 H, Cp), 3.07 (s, 3 H, OMe).

9a:9b: 14 :1(-20 °C).

(17~ CsH5)(CO)(PPh;) FeCOCH(SPR)CH,Ph (10): 567 mg (87%), m.p. 143-145 °C. IR
(KBr): 1917, 1590 cm™. LSIMS (NBA): 653 (M + H)". HRMS (LSIMS): for C3sHsFeO,PS (M
+ H)* Calc.: 653.1367. Found: 653.1368. Anal. For C39H (), PS Calg (’ 71 7R H 5.10%.
Found: C, 71.72; H, 4.93%.
10a. 'H NMR (CDCL): 4.41 (dd, 1 H, J,53 6.7, J,37.4 Hz, H-2), 4.09 (d, 5
(dd, 2 H, J55 13.8 Hz, H-3, H-3").
10b. '"H NMR (CDCl;): 4.39 (d, 5 H, Cp), 4.22 (dd, 1 H, H-2).

\

H, Cp), 3.24, 2.66

-1

1Na - 1OR- 7 £ . { 0N o\
iva 1vo. /.0 01 \m4U ).

(17~ CsHs)(CO)(PPh3) FeCOCHDSPh (11): 518 mg (92%), m.p. 156-158 °C.
11a. 'H NMR (CDCls): § 4.43 (d, 5 H, Cp), 3.56 (s, | H, CHDPh).
11b. 'H NMR (CDCL): § 4.43 (d, 5 H, Cp), 4.15(s, 1 H, CHDPh).
11a: 11b; 7.5: 1 (-78 °C), 11 : 1 (-20 °C).

Aldol reactions of 3

To a cooled (-78 °C) solution of 3 (100 mg, 0.2 mmoi) in THF (2.5 mi ), 1.6 M solutior of
butyl lithium in hexane (0.4 mmol) was added. After 30 min acetaldehyde (or benzaldehyde) 1.5

mol/eq was added and the mixture was stirred for 45 min whereupon methanol (0.5 ml ) and sat.

aqueous solution of sodium-potassium tartrate (1 ml ) were added. The stirring was continued at
rt Faranm addd4i a1 2N s L JRPRY o4 VISRSIENL RS I 1. £11_ 1 1 1
.1 101 ail aQaiiofidl SV Imin. 1 10€ miXwre was iiereq u1r0ugn a short column filled with alumina

and the filtrate was concentrated to dryness. The residue was dissolved in dichloromethane,
introduced onto a silicagel column and eluted with the hexane-ethyl ether 9 : 1.

nion of
diethylaluminum chloride [0.32 ml (0.58 mmol) of a 1.8 M solution in toluene] or of tin(Il)
chloride [0.32 mi (0.58 mmol) of a 1.8 M solution in THF] were added and the solution was
stirred for 1 h before addition of the aldehyde.

=

With other counterions, after generation of the anion with BuLi for 15 min, a solution
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12): For all diastereoisomers observed
(LSIMS): For C33H3,FeQ;PS (M + H)"
3;

SIMS): 12FeO;
Calc.. 607.1159. Anal. For C34H31FeO3PS Calc C, 67.33; H, 5.15%.

12a. mp. 155-156°C. IR (KBr): 1905, 1605 cm™. HRMS (LSIMS): Found: 607.1146. Anal.
Found: C, 67.05; H, 5.25%. "H NMR (CDCls): $ 4.38 (d, 5 H, Cp), 427 (d, | H, J,5 5.2 Hz, H-
2)3.76 (dq, 1 H, H-3), 0.65 (d, 3 H, J43 7.2 Hz, H- 4)

iZb. m.p. 165-167°C. IR (KBr): 1915, 1558 cm™. HRMS (LSIMS): Found: 607.1128. Anal
Found: C, 66.94; H, 5.19%. 'H NMR (CDCl,): 6 438 (d, 5 H, Cp), 4.14 (d, 1 H, /,5 1.1 Hz, H-

z) 2.81(dq, 1 H, H-3), 0.93 (d, 3 H, J, 5 6.4 Hz, H-4).

1-163°C. IR (KBp): 1906 1588 cm’! HRMS (LSIMS): Found: 607.1159. An
Lo . . N1V (4 Wj. b . VUV LT s,

Ne LA\ AN ). v, 1JO0 1L & RLAJLIVL
'

E Y R TR Av Pt Ve

1
7.10; H, 5.19%. HNMK(L,ULh) 64.45(d,5H,Cp),433(d, 1 H, »36.

12d m.p.: 158- 159°C IR (KBr) 1906 1579 cm”’. HRMS (LSIMS): Found: 607.1140. Anal.
Found: C. 66.97: H. 5.26% IH NMR (CDCl.): 4 52 (da. 1 H. H-3). 4 51 (A SH Cn) 432(1H
A/ CEEANS \/’ VNS Ty ll’ PYSAV AV ¥ N Vikiw \V A J’. L~ \u\l i S LL 41 J} - -l.’ \Jl.’} TN ot \l-LL,
T 1 7 17— ITT M\ 1T NN £ YT T £ YT TY AN
Jo3 1.7 Hz, H-2), 1.00 (s, 3H, J43 6.2 Hz, H-4).
12a 12b 12¢ 12d Yield %
Li' 1 1.3 4.3 3.5 90
Sn** 1 10 22.5 55 82
EGAL 1 838 27.5 88 93
SRS SRR SSS SSR
(7P-C HMCO, D Fo (CPICHNVHIPE (12 Fnr all dicctaranicnmare  ~hoaroad
VA SIREJJVANIJNE & B R CUNRCARWIA SRR e AV ). 1UL all UIadIiGIVUIDULEIICEDd  UUdLIvVoU
LSIMS (NBA): 691 (M + Na)", 669 (M + H)". HRMS (LSI} MS): For CssH34FeOsPS(M + H)"

Calc.: 669.1316. Anal. For C39H33FeO;PS Calc.: C, 70 06; H, 4.98%.

13a, m.p. 157-159 °C. IR (KBr): 1916, 1564 cm™. HRMS (LSIMS): Found: 669.1326. Anal.
Found: C, 69.82; H, 4.96%. '"H NMR (CDCL): § 4.39(d. S H. Cp 433(d,1H, /3 1.1 Hz, H

NMR (CDCl3): 6 4.39 (d, 5 H, Cp), , 1 H, />3 1.1 Hz, H-
2),4.11 (1H, H-3).
13b, m.p. 154-156 °C. IR (KBr): 1906, 1575 cm™'. HRMS (LSIMS): Found: 669.1314. Anal.
Found: C, 69.88; H, 4.98%. '"H NMR (CDCl;): & 4.75 (d, 1 H, J32 9.3 Hz, H-3), 448 (d, S H,
Cp), 4.07 (d, 1 H, H-2).
13¢, m.p. 153-154 °C. IR (KBr): 1920, 1581 cm™’. HRMS (LSIMS): Found: 669.1307. Anal.
Found: C, 69.91; H, 4.99%. '"H NMR (CDCly): § 4.72 (d, 1 H, H-3), 4.56 (d, 1 H, J,3 5.3 Hz, H-
2),4.04 (d, 5 H, Cp).
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m”. HRMS (LSIMS): Found: 669.1314. Anal.

13d, m.p. 159-160 °C. IR (KBr): 1909, 1579 ¢
Found: C, 69.94; H, 4.93%. "H NMR (CDCl): 3 5.53 (d, 1 H, H-3), 4.57 (d, 1 H,J,3 3.1 Hz, H-
2),4.41(d, 5 H, Cp)
13a 13b 13¢ 13d Yield %
Lif 1.1 Lo 15 2.7 88
Sn** i - 2.2 5.0 7%
ELAL" 54 1.0 13.5 9.1 90
SRS SRR 588 SSR
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