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Summary: The acyl litands Z-(COCH-CHCH R)(R-Me,Et.c-Pr) and (COCH-CHe2) bound to the 
chiral auxiliary [(n -C5H5)Fe(CO)(PPh3T] undergo exclusive Y-deprotonation to form the 
corresponding dienolates which react with electrophiles regio- and stereoselectively at 
the a-position to give in most cases single diastereoisomers of the corresponding 
a-substituted-BY-unsaturated acyl complexes, together with in the former cases complete 
control over the B,Y-double bond geometry (El. 

Introduction 

The chiral auxiliary [(n5-C5H5)Fe(CO)(PPh3)] affords excellent stereochemical control in a 

variety of carbon-carbon bond forming reactions involving enolates derived from attached acyl 

ligands. Reactions which have been studied so Par include alkylatlons’ and aldol-type 

reactlons2*3*b. We have recently reported that the Z-crotonyl complex 1 is deprotonated by 

n-butyllithium to give the corresponding dienolate 2 which undergoes both regio- and 

stereoselective a-methylation to give the single (RS.SR) diastereoisomer of the g,Y-unsaturated 

acyl complex L5 This work has been subsequently confirmed independently by Llebeskind et.al’. -- 
We describe here the rormation of dienolates derived from Z-[(n5-C5H5)Fe(CO)(PPh3)COCH-CHCH2R] 

and their subsequent reglo- and stereoselective a-alkylations to give the corresponding 

a-substituted-E-B,Y-unsaturated acyl complexes. 

1 2 3 

Results 

a,B-Unsaturated acyl complexes of [(n5-C5H5)Fe(CO)(PPh3)] can be generated as readily 

separable mixtures of E and z isomers by the Peterson oleflnation reaction between 4 and 

aldehydes507. Thus, deprotonation of 2 with g-butyllithium followed by trapping the resultant 

enolate with butanal gave, after work up, a 2:l mixture of the E and 2 isomers 2 and 2 in 635 

yield. The g and Z isomsrs 2 and 5 were readily separable by chromatography on alumina. The 

preparation of the Z-a,)-unsaturated aoyl complexes 1 and 8 has been described previously7. 
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On addition of ;-butylllthlum oomplex 1 underwent exclusive ‘I-deprotonation to generate the 

corresponding dienolate which on quenching with methanol gave exclusively the E-6.Funsaturated 

acyl complex 2 as a single dlastereoisaner. The @,Y-double bond geometry was established from the 

‘Ii n.m.r. coupling constant ( J - 15.5 Iiz)tt between the vinyl protons. Addition of methyl iodide 

to the dienolate derived from 1 generated the a-methyl-),Y-unsaturated complex E as the exclusive 

product (d.e > 1OO:l) t as shown by 300 MHz ‘H n.m.r. spectroscopy. The relative conPigurat.lons or 

the iron to the a-centre were established from the chemical shift (6 1.02) of the a-methyl doublet 

which is characteristic of the RS,SR diastereoisomer 2, while the double bond geometry rolloved from 

the trans coupling constant (J - 16 Hz) between the vinylic protons. Similarly, alkylation of the 

dlenolate derived from 1 with ethyl iodide and benzyl bromide gave complexes E and 12 respectively 

as single dlastereoisuoers by 300 MHz ‘H n.m.r. spectroscopy. 

r 1p R=h 06% 

RX=h4d.EtI.PiKHlt fi R=Et 87% 

1-2 R=PhCH, 90% 

Complexes i and 8 also undergo exclusive Y-deprotonation with ;-butylllthium. Quenching the 

corresponding dlenolates with methanol, methyl iodide or ethyl iodide generated single diastereo- 

isomers by 300 HHz ‘H n.m.r. spectroscopy of the E-g,Y-unsaturated acyl complexes. The 

relative configuration of the iron to the a-centre and the double bond geometries were established 

as before. Trapping the dienolate derived frw 8 with benzyl brocaide or methyl dlsulphlde to give 

19 and 0 respectively resulted in somewhat less stereocontrol at the a-centre (d.e. 9O:l and 18:l 

respectively) but still canplete control over the double bond geometry. A single ~ystalliSatlOn 

gave complexes 2 and 20 dlastereoisomerioally pure (d.e. > 1OO:l) 

t Generally. the 300 MHz ‘H n.m.r. spectra were or sufficient quality that the 13C satellites 

due to the major dlastereolsaners were clearly visible, thus providing an internal standard 

for the dlastereoiscmeric purity. 

tt Deduced from computer simulation of the methyl demupled 500 UIiz ‘H n.m.r. apectrrmr. 
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RX= M.OH,Md. Et1 

0 

RX = MeOH, M.1 , 01, PhCH,L , M.SSM. 

Treatment of complex 4 with ;-butyllithiun follcued by 2-methylpropanal gave, after work up, 

a readily separable mixture (1 : 1) of the E and 2 isomers 21 and 2. Treatment of 22 with 

c-butyllithl~ followed by attempted trapping with methanol did not however , result in the isolation 

of any characterlsable products. 

r 3! ?? 

In an attempt to prepare the g,g-dimethyl-a,B-unsaturated acyl complex 2J, the enolate 

derived from complex 4 was treated with acetone. Quantitative recovery ol the starting complex 

2 indicated that enollsation was occurring in preference to nucleophilic attack. Complex 2J waa 

prepared however, using alternative methodology develop-ad previously7. Complex 2, obtalned from 

the reaction between the enolate derived from the parent acetyl complex 24 and acetone 8, was 

subjected to O-methylation. Sodlun hydride-induced elimination of methanol from the resulting 

complex 26 gave the desired complex 2J. Deprotonation of complex 2J geqerated the corresponding 

dienolate exclusively as evidenced by the isolation in quantitative yield of the B,Y-unsaturated 

acyl complex c upon addition of methanol. Trapping the dienolate derived from complex 2J with 

benzyl bromide or methyl disulphide was completely stereoselective giving only the RS,SR diistereo- 

isomers 30 and 21 respectively, whereas trapping with methyl or ethyl iodide was sanewhat less 

stereoselective, the ratios being 14:l and 17:l respectively. 
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1. +uLi 
NOWMPI 

2.MP2co 

1-7 R:ti 100% co 

28 R=MF 81% 

2I, R=E) 41% 
1. p-Buli 

9 R = PhCH, 100% 
2.9X 

z R= SM. 71% 

RX = M.0” . At.1 , EtI, PhCti2nr, M.SJM. 

Discussion 

Deprotonation of the Z-a,6-unsaturated acyl complexes 22 generates dienolates 3 whioh undergo 

stereoselective alkylations to give the corresponding RS,SR-a-substituted-E-E,Y-unsaturated 

complexes 2. a-Alkylation from the unhindered face 102Dg of 33 and the final g,Y-double bond 

geometry indicates that complexes 32 are undergoing deprotonation in the cisoid conformation with 

the R group exo to give 33. - 

The cisoid conformation of 32 is expected to be preferred due to steric interactions between 

the CH2R group and the carbon monoxide ligand that would be present in the transoid conformer. An 

X-ray crystal structure analysis of the Z-crotonyl complex 32 (R-H) shows it to adopt suoh a 

conformation in the solid state'. Dtcluslve formation of dienolates fran complexes 32 and ZJ is 

consistent with initial coordination of n-butyllithilm to th8 aoyl oxygen followed by directed 

deprotonatlon of th8 proximate q ethylene proton. Coordination to the aoyl oxygen is likely to be 

Favoured by the polar nature of the acyl carbonyl group (urnax 1615-1560 cm"), there being 
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literature precedents for coordination to oxygen directing the deprotonatlon of adjacent groups.1° 

The E-geometry of the product R,Y-double bond is consistent with the CH2R group being deprotonated 

in conformation 5 with the bulky R group s to the acyl group thus producing the dlenolate 33 

with R In the exo rather than the sterlcally dlafavoured endo position. - Complex 22 presumably does 

not form an enolate because the required conformation for deprotonation of 36 la inaccessible. 

35 

The stereoselective formation of E-R.-l-double bonds has been observed in other systems”’ 

Furthermore, there is ample precedent for dienolates undergoing electrophllic additions under 

kinetic control in the o- rather than the Y-position ” “*. 

The availability of resolved iron acyla l3 and methods for their erflcient decomplexation to 

a variety of carbonyl functlonalities (e.g. acid, eater, amide) 14 will allow the stereoselectivities 

deaoribed herein to be applied to asymmetric synthesis. 

Experimental 

All reactions and purifications were performed under a nitrogen atmosphere using standard 

vacuum line and Schlenk tube technlques15. Removal of all solvents was carried out under reduced 

pressure. Tetrahydrofuran (THF) was dried over sodium bensophenone ketyl and distilled. 

Dlchloromethane was distilled from oalclum hydride and hexane rePera to that fraction boiling 

between 67’C and 70°C. n-Butyllithlum (l.6M in hexane) was supplied by Aldrich. The complexes 

[(n5-C5H5)Fe(CO)(PPh3)(COCH2SiMe3~l i. Z-C(n5-C5H5)Fe(CO)(PPh3)(COCH-CHEt)] 1 and Z-C(n5-C5H5)Fe 

(CO)(PPh3)(COCH-CH~-Bu)I 4 were prepared according to the literature method7 as was complex 

[(n5-C5H5)Fe(CO)(PPh3)(CGMe)I z.16 Unless otherwise stated, infrared spectra were recorded as 

Nujol mulls on a Perkln-Elmer 297 instrument. N.m.r. spectra were recorded in CDC13 on Bruker NH 

300 (300.13 MHZ ‘H) and Bruker AM 250 (62.896 MRz 13C, 101.26 MHz 31P) spectrometers. Mass spectra 

were recorded on a V.G. Micrcnnass ZAB 2F instrument using FD techniques. Elemental analyses were 

performed by the University of Manchester and the Dyson Perrins Analytical Services. 

Peterson reaction between the lithium enolate derived from complex 4 and butyraldehyde 

n-Butyllithlum (5.3 ml, 8.5 ~1) was added to complex 2 (4.0 g, 7.6 vnnol) in THF (100 ml) 

at -78’C to give a deep red solution. After stirring (-78’C; lh), freshly distilled butyraldehyde 

(1.5 ml, 16.7 mmol) in THF (2 ml) was added dropwise and the mixture further stirred (-78’C ; I(h). 

Methanol (1 ml) was added and the mixture warmed to room temperature. Removal of solvent gave an 

orange oil which was extracted with dichloromethane (3 x 20 call and filtered through celite. 

Concentration and ohromatography on alumina (Grade I) gave complex 5 (0.85 g. 231) upon elution 

with diethyl ether and removal of solvent, whilst elution with dichloromethane/ethyl acetate (2:l) 

gave complex 5 (1.65 g, 44%). Both were obtained as orange needles from dichloromethane/ hexane. 
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Z-[(n5-C5H5)Fe(CO)(PPh3)(COCH-CHn-Pr)] 5. (Found: C, 70.9; H, 5.9. C30H29Fe02P requires 

C, 70.9; H, 5.75%); vmax 1925 vs (CEO), 1610 s cm-' (C-0); 'H n.m.r. 6 7.6-7.3 (15 H, m. Ph), 6.52 

(1H. d. Jc.s 11.2 Hz. COCH), 4.62 (1 H, dt, Jcis 11.2 Hz. J1,2 7.0 Hz, @X2), 4.42 (5 H, d, JpH 

1.2 Hz, C5H5).l.9-1.6 (2 H, tn. CHC3) 1.20 (2 H, q , C%CH3), 0.79 (3 H, t, J1,2 7.4 Hz. CH3); 

13C11H) n.m.r. 6 220.5 (d. Jpc 31.3 Hz. CZO), 143.6 (s, COCH) 136.7 (d, Jpc 43.1 HZ. Ph Cipso) 133.4 

(d, Jpc 9.2 Hz, Ph Cortho), 129.6 (s, Ph '&a), 128.0 (d, Jpc 9.4 Hz. Ph Cmeta), 124.9 (s, ~CH2). 

85.5 (3. C5H5), 30.8 (3, CHsH2). 23.0 (s, g2CH3), 13.8 (s. CH3); 31P tlH) n.m.r. 6 73.4: m/z 508 

CM+). 

E-[(n5-C5H5)Fe(CO)(PPh3)(CO-CHi-Pr)] 2. (Found: C, 71.2; H, 6.0. C30H29Fe02P requires C. 

70.9; H, 5.751); vmax 1920 vs (C30) 1620 s cm-' (C-0); 'H n.m.r. 6 7.6-7.3 (15 H, m. Ph), 6.47 (lH, 

d, Jtrans 15.1 Hz, COCH). 5.49 (1 H, dt, Jtrans 15.1 Hz, J1 2 6.6 Hz, Cl$i,, 4.44 (5 H, d, JpH 1.2 

Hz, C5H5), 1.89 (2H, m. CHC%), 1.37 (2 H, q , C%CH3), 0.88'(3 H, t, J1,2 7.1 Hz, CH3); 

13C (lH] n.m.r. 6 220.8 (d, Jpc 31.2 Hz. CgO), 145.0 (d, Jpc 5.0 Hz. Cog). 136.5 (d, Jpc 42.5 Hz. 

Ph Cipso), 133.4 (d, Jpc 9.5 Hz, Ph C&ho), 129.6 (3, Ph Cpara 1. 129.1 (s, flCH2), 127.9 (d, Jpc 

10.2 Hz, Ph Cmeta 1, 85.4 (s. C5H5), 33.3 (3, CHcH2), 21.8 (3, g2CH3), 13.7 (3. CH3); 3'P ('HI 

n.m.r. 6 73.4: m/z 508 (M+). -- 
Peterson reaction between the lithium enolate derived from complex 4 and isobutyraldehyde 

The prooedure used for the preparation of complexes 2 and 2 was repeated using 

[(n5-C5H5)Fe(CO)(PPh3)(COCH2SiMe3)] 5 (3.0 g, 5.7 mmol), t-butyllithium (3.9 ml, 6.2 mmol) and 

isobutyraldehyde (1.1 ml, 12.0 snnol). Chranatography on aluaina (Grade I) gave complex 2 (0.91 g, 

311) upon elution with diethyl ether/dichlorcmethane (1:l) and removal of solvent, whilst elution 

with dichloromethane/ethyl acetate (1:l) gave complex 21 (0.96 g, 33%). Both were obtained as 

orange needles from dichlorcxnethane/hexane. 

Z-[(n5-C5H5)Fe(CO)(PPh3)(COCH-CHI-Pr) 22. (Found: C, 71.1; H, 5.9. C30H29Fe02P requires C, 

70.9; H, 5.751); vmaX 1920 vs (CZO), 1610 s cm-' (C-0); 'H n.m.r. 6 7.6-7.3 (15 H. m, Ph), 6.37 

(1H, d, Jois 11.3 HZ, COCH), 4.41 (lH, dd, Jc,s 11.3 HZ, 51.2 9.6 HZ, COCH-CE), 4.41 (5 H, de JPH 

1.2 Hz, C5H5). 2.44 (lH, m, Cl$ZH3)2), 0.82 (3 H, d, J1,2 6.6 Hz, CH3), 0.72 (,3 H. d, J1,2 

6.6 Hz, CH3); '3C (lH) n.m.r. 6 220.5 (d, Jpc 31.5 Hz, CgO), 141.3 (d, Jpc 5.4 HZ, CO%), 136.7 

(d, Jpc 42.6 Hz, Ph Cipso ), 133.4 (d, Jpc 9.8 Hz, Ph Cortho ). 131.7 (3, CH=g-CH), 129.6 (.!I, Ph 

C para) 128.0 (d. Jpc 9.8 Hz, Ph Cmeta 1, 85.4 (3, C5H5), 27.3 (a. $(CH3)2), 23.3 (3, CH3), 23.0 

(3, CH3); 3r P {lH) n.m.r. 6 73.2; m/z 508 CM*). - 
E-[(n5-C5H5)Fe(CO)(PPh3)(COCH-CHI-Pr)] 2. (Found: C, 71.0; H, 5.9. C30H29Fs02P requires C. 

70.9: H, 5.751); vmax 1915 vs (CEO), 1625 s cm-' (C-0); 'H n.m.r. 6 7.6-7.3 (15 H, m, Ph), 6.42 

(1H. dd, Jtrans 15.3 Hx, J1,3 1.3 Hz, COCH). 5.40 (lH, dd, Jtrans 15.3 Hz, J1,2 6.7 Hz, COCH-CE). 

4.44 (5 H. d, JpH 1.2 Hz, C5H5), 2.15 (1 H, m, Cg(CH3)2), 0.94 (6 H, d. J1,2 6.7 Hz, CH3); 13C ('HI 

n.m.r. 6 220.8 (d, Jpc 31.5 Hz. C30). 142.0 (d, Jpc 5.4 Hz, COCH), 136.5 (d, Jpc 42.8 Hx, Ph 

Cipso), 135.2 (S. COCH-CH), 133.4 (d, Jpc 9.4 Hz, Ph Cortho). 129.6 (9. Ph Cpara), 127.9 (d, JPC 

9.3 Hz, Ph Cmeta ), 85.4 (3, C5H5), 29.8 (3, CH(CH3)2), 21.9 (3, CH3); 31P ('HI n.m.r. 6 73.1; m/z 

508 (PI+). 

General procedure for the reaction between dienolates derived from complexes 6. 1 and 8 and 

electrophiles 

;-Butyllithium (1.2 equivalents) was added to either complex 6, 1, or 8 (500 me) in THF 

(30 ml) at -78'~ to give a deep red solution. After stirring (-78'C: 2h). the electrophile 

(2 equivalents) was added and the mixture further stirred (-78'C; 2h). Warming to roas temperature 

and removal of solvent gave an orange oil which ~89 extracted with dichlormethane (3 x 10 ml) and 

filtered through almina (Grade V). The product complexes were purified by ChMDatOgraphy on 

allraina (Grade I), analysed by 'H n.m.r. spectroscopy to determine diastereoselectivities and 

obtained as orange needles fran dicNoranethane/hexane. 
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