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Summary: The acyl ligands Z-(COCH=CHCH.,R) (R=Me,Et,n-Pr) and (COCH-CMez) bound to the
chiral auxiliary [(n -CSHS)Fe(CO)(PPh3§] 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-pY-unsaturated acyl complexes, together with in the former cases complete
control over the 8,Y-double bond geometry (E).

Introduction

The chiral auxiliary [(n5-05H5)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 far include alkylations1 and aldol-type
reactions?:3+4, 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 g8,Y-unsaturated
acyl complex §;5 This work has been subsequently confirmed independently by Liebeskind 33.316.
We describe here the formation of dienolates derived from Z-[(ns—Csﬂs)Fe(CO)(PPh3)C0CH-CHCH2R]
and their subsequent regio- and stereoselective a-alkylations to give the corresponding
a-substituted-E-f,Y-unsaturated acyl complexes.
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Results

a,B-Unsaturated acyl complexes of [(n5-CSH5)Fe(CO)(PPh3)] can be generated as readily
separable mixtures of E and Z isomers by the Peterson olefination reaction between 3 and
aldehydess'7. Thus, deprotonation of 3 with n-butyllithium followed by trapping the resultant
enolate with butanal gave, after work up, a 2:1 mixture of the E and Z isomers 5 and 6 in 63%
yield. The E and Z isomers 5 and § were readily separable by chromatography on alumina. The
preparation of the Z-a,f-unsaturated acyl complexes 7 and 8 has been described previously7.
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On addition of n-butyllithium complex 7 underwent exclusive Y-deprotonation to generate the
corresponding dienolate which on quenching with methanol gave exclusively the E-8,Y~unsaturated
acyl complex 9 as a single diastereoisomer. The B,Y-double bond geometry was established from the
1H n.m.r. coupling constant ( J = 15.5 Hz)11 between the vinyl protons. Addition of methyl iodide
to the dienolate derived from 7 generated the a-methyl-g,Y-unsaturated complex 10 as the exclusive
product (d.e > 100:1)T as shown by 300 MHz ‘H n.o.r. spectroscopy. The relative configurations of
the iron to the a-centre were established from the chemical shift (8 1.02) of the a-methyl doublet
which 1s characteristic of the RS,SR diastereoisomerz, while the double bond geometry followed from
the trans coupling constant (J = 16 Hz) between the vinylic protons. Similarly, alkylation of the
dienolate derived from 7 with ethyl iodide and benzyl bromide gave complexes 11 and 12 respectively
as single diastereoisomers by 300 MHz 1H n.m.r. spectroscopy.
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Complexes _6_ and _8_ also undergo exclusive Y-deprotonation with n-butyllithium. Quenching the
corresponding dienolates with methanol, methyl iodide or ethyl iodide generated single diastereo-
isomers by 300 MHz 1l'{ 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 from § with benzyl bromide or methyl disulphide to give
19 and 20 respectively resulted in somewhat less stereocontrol at the ag-centre (d.e. 90:1 and 18:1
respectively) but still complete control over the double bond geometry. A single crystallisation
gave complexes 19 and 20 diastereoisomerically pure (d.e. > 100:1)

t Generally, the 300 MHz 1H n.m.r. spectra were of sufficient quality that the 13C satellites
due to the major diastereoisomers were clearly visible, thus providing an internal standard
for the diastereoisomeric purity.

n Deduced from computer simulation of the methyl decoupled 500 MHz 1lwl n.m.r. spectrum.
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Treatment of complex ﬂ with n-butyllithium followed by 2-methylpropanal gave, after work up,

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

n-butyllithium followed by attempted trapping with methanol did not however, result in the isolation

of any characterisable products.
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i

In an attempt to prepare the g,g-dimethyl-a,B-unsaturated acyl complex 23, the enolate
derived from complex j&_ was treated with acetone. Quantitative recovery of the starting complex
4 indicated that enolisation was occurring in preference to nucleophilic attack. Complex 23 was
prepared however, using alternative methodology developed previously7. Complex 25, obtained from
the reaction between the enolate derived from the parent acetyl complex 2_11_ and acetone 8. was
subjected to O-methylation. Sodium hydride-induced elimination of methanol from the resulting
complex 2_6_ gave the desired complex 23. Deprotonation of complex 23 generated the corresponding
dienolate exclusively as evidenced by the isolation in quantitative ylield of the 8,Y~unsaturated
acyl complex 27 upon addition of methanol. Trapping the dienolate derived from complex 23 with
benzyl bromide or methyl disulphide was completely stereoselective giving only the RS,SR diastereo-
isomers 30 and 31 respectively, whereas trapping with methyl or ethyl iodide was somewhat less

stereoselective, the ratios being 14:1 and 17:1 respectively.
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Discussion

Deprotonation of the Z-a,8-unsaturated acyl complexes 32 generates dienolates 33 which undergo
stereoselective alkylations to give the corresponding RS,SR-a-substituted~E-B,Y-unsaturated
complexes 3_". a-Alkylation from the unhindered face 1.2,9 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 gg.
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The cisoid conformation of 32 is expected to be preferred due to steric interactions between
the CHZR 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 such a
conformation in the solid state". Exclusive formation of dienolates from complexes 32 and 23 is
consistent with initial coordination of n-butyllithium to the acyl oxygen followed by directed
deprotonation of the proximate methylene proton., Coordination to the acyl oxygen is likely to be

favoured by the polar nature of the acyl carbonyl group (v, 1615-1560 cm"'), there being

max
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literature precedents for coordination to oxygen directing the deprotonation of adjacent groups.1°
The E-geometry of the product B,Y-double bond is consistent with the CHZR group being deprotonated
in conformation 35 with the bulky R group anti to the acyl group thus producing the dienolate 33
with R in the exo rather than the sterically disfavoured endo position. Complex 22 presumably does
not form an enolate because the required conformation for deprotonation of gg is inaccessible.

The stereoselective formation of E-8,Y-double bonds has been observed in other systems11'

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

kinetic control in the a- rather than the Y-position 1"12.

The availability of resolved iron acyls 13 and methods for their efficlent decomplexation to
y

)1

a variety of carbonyl functionalities (e.g. acid, ester, amide will allow the stereoselectivities

described 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 benzophenone ketyl and distilled.
Dichloromethane was distilled from calcium hydride and hexane refers to that fraction boiling
between 67°C and 70°C. n-Butyllithium (1.6M in hexane) was supplied by Aldrich. The complexes
[(n>-CgH5)Fe(CO) (PPhy) (COCH,S1Me)] 4, Z-[(nO-CgHg)Fe(CO)(PPhy)(COCH=CHEL)] T and Z-[ (n-CgHg)Fe
(CO)(PPh3)(COCH-CHg-Bu)] 8 were prepared according to the literature method’ as was complex
[(ns-CSHS)Fe(CO)(PPh3)(COMe)] gﬂ.‘s Unless otherwise stated, infrared spectra were recorded as
Nujol mulls on a Perkin-Elmer 297 instrument. N.m.r. spectra were recorded in CDCl3 on Bruker WH
300 (300.13 MHz 'H) and Bruker AM 250 (62.896 MHz 13C, 101.26 MHz 3'P) spectrometers. Mass spectra
were recorded on a V.G. Micromass 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-Butyllithium (5.3 ml, 8.5 mmol) was added to complex 4 (4.0 g, 7.6 mmol) in THF (100 ml)
at -789C to give a deep red solution. After stirring (-78°C; 1h), freshly distilled butyraldehyde
(1.5 ml, 16.7 mmol) in THF (2 ml) was added dropwise and the mixture further stirred (-78°C ; 4nh).
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 ml) and filtered through celite.
Concentration and chromatography on alumina (Grade 1) gave complex 6 (0.85 g, 23%) upon elution
with diethyl ether and removal of solvent, whilst elution with dichloromethane/ethyl acetate (2:1)
gave complex 5 (1.65 g, 44%). Both were obtalned as orange needles from dichloromethane/ hexane.
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Z-[(n5~05H5)Fe(C0)(PPh3)(COCH-CHg-Pr)] 6. (Found: C, 70.9; H, 5.9. C3glpgFe0,P requires
C, 70.9; H, 5.758); vpa, 1925 vs (CZ0), 1610 8 cw™! (C~0); 'H n.m.r. § 7.6-7.3 (15 H, m, Ph), 6.52
(1H, d, Joyq 11.2 Hz, COCH), 4.62 (1 H, dt, Joqq 11.2 Hz, Jy , 7.0 Hz, CHCHp), 4.42 (5 H, d, Jpy
1.2 Hz, CgHg),1.9-1.6 (2 H, m, CHCHy) 1.20 (2 H, m, CH)CH3), 0.79 (3 H, t, J; , T.4 Hz, CHg);
Pct'H) numor. 8 220.5 (d, Jpg 31.3 Hz, C20), 143.6 (s, COCH) 136.7 (d, Jpg 43.1 Hz, Ph Cypgy) 133.4
(d, Jpc 9.2 Hz, Ph Cynppg)s 129.6 (s, Ph Cpgpn), 128.0 (d, Jpg 9.4 Hz, Ph Cpo ), 124.9 (s, CHCH,),
85.5 (s, CgHg), 30.8 (s, CHCHp), 23.0 (s, CH,CHy), 13.8 (s, CH3); 3'P (M} n.m.r. 6 73.4; m/z 508
(M.

E-[(n5*C5H5)Fe(C0)(PPh3)(CO-CHg—Pr)] 5. (Found: C, 71.2; H, 6.0. C3°H29Fe02P requires C,
70.9; H, 5.758); vpay 1920 vs (C30) 1620 s om™! (C=0); 'H n.m.r. & 7.6-7.3 (15 H, m, Ph), 6.47 (1H,
4y Jgpang 15-1 Hz, COCH), 5.49 (1 H, dt, Jynang 15.1 Bz, Jy , 6.6 Hz, CHCHp) 4.44 (5 H, d, Jpy 1.2
T;, c?u5), 1.89 (2H, m, CHCH,), 1.37 (2 H, m, CHyCH3), 0.88 (3 H, t, Jy 5 7.1 Hz, CH3);

C {'H} n.m.r. & 220.8 (d, Jpg 31.2 Hz, C30), 145.0 (d, Jpe 5.0 Hz, COCH), 136.5 (d, Jpo 42.5 Hz,
Ph Cypgo)s 133.4 (d, Jpg 9.5 Hz, Ph Conppg)s 129.6 (s, Ph Cpppnn), 129.1 (s, CHCHp), 127.9 (d, Jpe
10.2 Hz, Ph Cpep,), 85.4 (s, CgHg), 33.3 (s, CHCHp), 21.8 (s, CH,CHy), 13.7 (s, CHy); 3'p {'m)
n.m.r. § 73.4; m/z 508 (M%).

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

The procedure used for the preparation of complexes 5 and _6_ was repeated using
[(ns-CSHS)Fe(CO)(PPh3)(COCH281Me3)] 4 (3.0 g, 5.7 mmol), n-butyllithium (3.9 ml, 6.2 mmol) and
isobutyraldehyde (1.1 ml, 12.0 mmol). Chromatography on alumina (Grade 1) gave complex 22 (0.91 g,
31%) upon elution with diethyl ether/dichloromethane (1:1) and removal of solvent, whilst elution
with dichloromethane/ethyl acetate (1:1) gave complex 21 (0.96 g, 33%). Both were obtained as
orange needles from dichloromethane/hexane.

z-[(ns-csﬂs)re(co)(PPn3)(coca-cni-Pr) 22. (Found: C, T1.1; H, 5.9. CggHygFeO,P requires C,
70.9; H, 5.75%); vpa, 1920 vs (C20), 1610 s co™' (C=0); 'H n.m.r. & 7.6-7.3 (15 H, m, Ph), 6.37
(1H, 4, Jcis 11.3 Hz, COCH), 4.41 (1H, dd, Jots 11.3 Hz, J1’2 9.6 Hz, COCH-Cﬂ). 4.4 (5 H, d, Jpy
1.2 Hz, CSHS)' 2.44 (1H, m, Cﬂ(CHa)z), 0.82 (3 H, d, J1,2 6.6 Hz, CH3), 0.72 (‘3 H, d, J1'2

6.6 Hz, CHy); '3c ('H) n.m.r. § 220.5 (d, Jpg 31.5 Hz, CZ0), 141.3 (d, Jpc 5.4 Hz, COCH), 136.7
(d, Jpg 42.6 Hz, Ph Cypg0)y 133.4 (d, Jpg 9.8 Hz, Ph Conppg)s 131.7 (s, CH=CH-CH), 129.6 (s, Ph
Cpara) 128.0 (d, Jpc 9.8 Hz, Ph Cpepa), 85.4 (s, CgHg), 27.3 (s, CH(CH3)p), 23.3 (s, CHg), 23.0
(s, Ciy): 3'p ('K} n.m.r. 6 73.2; m/z 508 (M),

E-[(nS-CSHS)Fe(CO)(PPh3)(COCH-CH_i_-Pr)] 21. (Found: C, 71.0; H, 5.9. CggHygFe0,P requires c,
70.9: H, 5.75%); vpa, 1915 vs (C20), 1625 s cm™' (C=0); 'H n.m.r. § 7.6-7.3 (15 H, m, Ph), 6.42
(MH, dd, Jypang 15-3 Hz, Jy 3 1.3 Hz, COCH), 5.40 (1H, dd, Jyngng 15.3 Hz, J; , 6.7 Hz, COCH=CH),
4.4k (5 H, d, Jpy 1.2 Hz, CgHg), 2.15 (1 H, m, CH(CH3),), 0.94 (6 H, d, Jy , 6.7 Hz, CH3): Y3 'ny
n.m.r. § 220.8 (d, JPC 31.5 Hz, C20), 142.0 (d, Jpe 5.4 Hz, COQH). 136.5 (d, JPC 42.8 Hz, Ph
Cipso)' 135.2 (s, COCH-QH), 133.4 (4, JPC 9.4 Hz, Ph cortho)' 129.6 (s, Ph cpar‘a)' 127.9 (d, JPC
9.3 Hz, Ph Cpgp,), 85.4 (s, CgHg), 29.8 (s, CH(CH3),), 21.9 (s, CHg); 3'p (MM} num.r. 6 73.1; w2
508 (M%),

General procedure for the reaction between dienolates derived from complexes 6, 7 and 8 and
electrophiles

n-Butyllithium (1.2 equivalents) was added to either complex 6, 7, or 8 (500 mg) in THF
(30 m1) at ~-78% to give a deep red solution. After stirring (-78°C; 2n), the electrophile
(2 equivalents) was added and the mixture further stirred (-78°C; 2h). Warming to room temperature

and removal of solvent gave an orange oil which was extracted with dichloromethane (3 x 10 ml) and
filtered through alumina (Grade V). The product complexes were purified by chromatography on
alumina (Grade I), analysed by 'H n.o.r. spectroscopy to determine diastereoselectivities and

obtained as orange needles from dichloromethane/hexane.
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E-[(ns-C5H5)Fe(CO)(PPh3) (COCHZCH-CHCH3)] 9. Elution with dichloromethane gave complex 9 (60%).
(Found: C, 70.4; H, S5.4; P. 6.3. CoglyqFed,P requires C, 70.5; H, 5.5; P, 6.3%); vy, 1908 vs
(C20), 1592 8 cm™' (C=0); 'H n.m.r. § 7.6-7.3 (15 H, m, Ph), 5.22 (1 H, ®, Jy,sne 15.5 HZ, Jy 3 0.5
Hz, O Hz, CHCH3), 5.25 (1 H, M, Jyoang 15.5 Hz, Jy o 7.1 Hz, 5.8 Hz, CHCH), .44 (5 H, d, Jpy 1.0
Hz, Cog), 3.54 (1 H, m, Jy 1 15.4 Mz, Jy 5 5.8 Hz, Jy 3 0.5 Hz, COCHp), 3.21 (1 H, m, Jy 4 15.4
Hz, Jy p T.1 Hz, Jy 3 OHy, COCHp), 1.59 (3 H, 4, Jy » #.5 Hz, CH3); V3¢ ('H} n.mer. 8 220.5 (4, Jpe
31.4 Hz, CZ0), 136.5 (d, Jpc 43.0 Hz, Ph Cjog0), 133.4 (d, Jpg 10.4 Hz, Ph Conppg)s 129.6 (s, Ph
Cpar‘a) 128.0 (d, Jpe 9.7 Hz, Ph cmeta)' 126.8 (s, -CH=), 126.2 (s, -CH=), 85.1 (s, CSHS)' 69.3 (d,
Jpg 5.3 Hz, COCHp), 17.9 (s, CHy)i 3'P {'H} n.m.r. § 72.8; m/z 494 (M'), W66 (M'-28), 439 (M°-55).

E-[(ns-csﬂs)Fe(CO)(PPh3)C0CH(CH3)CH-CHCH3] 10. Elution with diethyl ether gave complex 10
(86%) as a 120:1 mixture of diastereoisomers. (Found: C, 70.T; H, 5.7; P, 6.0. C3°H29F602P
requires C, 70.9; H, 5.75; P, 6.1%); vy, 1902 vs (CZ0), 1592 s ™! (C=0); 4 n.mer. 8 7.3-7.3 (15
H, m, Ph), 5.20 (1 H, dq, Jtrms 16.0 Hz, J1'2 6.3 Hz, -CECH3). 4,83 (1 H, ddq, Ju,.ans 15.2 Hz,
J1'2 8.3 Hz, J1'3 1.5 Hz, CHCﬂ-) 4,44 (5 H, d, JPH 1.0 Hz, CSHS)' 3.68 (1 H, quintet, J1,2 7.5 Hz,
COCH), 1.52 (3H, dd, J1,2 6.4 Hz, J1.3 1.6 Hz, -CHCﬂa). 1.02 (3 H, d, J1'2 6.9 Hz, COCHC§3 major
diastereoisomer), 0.38 (3 H, d, J1,2 6.8 Hz, COCHCﬂs minor diastereoisomer); 3¢ [lH} n.m.r. §
220.7 (d, Jpg 31.5 Hz, CZ0), 136.7 (d, Jpg 42.5 Hz, Ph Cqpep)s 133.5 (4, Jpg 9.5 Hz, Ph Conpng)s
132.7 (s, -CH=), 129.5 (s, Ph cpal"a)' 127.9 (d, JPC 9.5 Hz, Ph Cmeta). 128.2 (s, -CH=), B84.9 (s,
CgHg), T1.5 (4, Jpg 5.0 Hz, COCH),18.0 (s, CHg), 18.0 (s, CH3); 3'p {"H) n.m.r. § 72.6; m/z 508
M.

E-[(n5-05H5)Fe(C0)(PPh3)COCH(Bt)CH-CHCH3] 11. Elution with diethyl ether/dichloromethane
(1:1) gave complex 11 (87%) as a single diastereolsomer. (Found: C, 71.05; H, 6.1, C31H31F902P
requires C, 71.3; H, 6.08); vg,, 1900 vs (C30), 1595 s cn™' (C=0); 'H n.m.r. § 7.6-7.3 (15 H, m,
Ph), 5.17 (1H, dq, Jypang 15-3 Hz, Jy 5 6,4 Hz, CHCH3), .75 (1 H, ddd, Jypgng 15.3 Hz, 4y 5 9.5
Hz, J1’3 1.6 Hz, CE-CHCH3), 4.42 (5 H, d, JPH 1.2 Hz, Csl'{s), 3.44 (1 H, at, J1'2 9.8 Hz, 3.7 Hz,
COCH), 1.55 (3 H, dd, J1’2 6.4 Hz, J1'3 1.6 Hz, CHCE3),1.72-1.6‘3 (1 H, m, C§20H3)' 1.27-1.15 (1 H,
m, CHCH3), 0.76 (3 H, t, Jy 7.4 Hz, CH)CH3);'3c ('H} n.m.r. & 220.7 (4, Jpg 31.4 Hz, C20), 136.8
(d, Jpg 42.5 Hz, Ph Cypen), 133.5 (d, Jpg 9.4 Hz, Ph Conppg) 130.7 (3, CH=CHMe), 129.5 (s, Pn
Coara)s 127-9 (d, Jpg 9.4Hz, Ph Cpop,), 126.3 (s, CH=CHMe), 85.0 (s, Cglg), 80.3 (d, Jpc 5.3 Hz,
COCH), 24.7 (s, CHp), 18.1 (s, CH3), 11.8 (s, CHy); 3'P ('H) num.r. & 72.8; m/z 522 (M),

E-[(ns-csﬂs)Fe(CO)(PPh3)COCH(CH2Ph)CH-CHCH3] 12. Elution with dichloromethane gave complex
12 (90%) as a single diastereoisomer. (Found: C, 73.7; H, 5.65. C36H33Fe02P requires C, T4.0; H,
5.78); vgay 1910 vs (C20), 1600 s cm™' (C=0); 'H n.m.r. § 7.6-7.1 (20 H, m, Ph), 5.15 (1 H, daq,
Jirans 15-1 HZ. Jy o 6.4 Hz, CH=CHCH3), 4.67 (1 H, dda, Jynang 15.1 Hz, Jy p 9.1 Hz, Jy 3 1.6 Hz,
CH=CHCH; ), 4.21 (5 H, d, Jpy 1.2 Hz, CgHg), 3.96 (1 H, m, COCH), 2.33, 2.99 (2 H, ABX system, Jsp
13.3 Hz, CHpPh), 1.47 (3 H, dd, Jy , 6.4 Hz, J; 3 1.5 Hz, CHy); '3c {'H} n.m.r. 6 220.6 (d, Jpe
31.3 Hz, C30), 141.2 (3, CHpPh Cypo0), 136.8 (d, Jpg 41.9 Hz, Ph Cypg,), 133.6 (d, Jpg 9.7 Hz, Ph
Coptho)s 129:6 (8, CHaPh Cpgpa), 129.5 (8, Ph Cpgpa)s 127.9 (d, Jpg 9.6 Hz, Ph Cpgpn), 127.4 (s,
CHyPh Coppno)s 125.5 (s, CHaPh Cparng), 85.0 (s, CgHg), 80.5 (d, Jpg 2.5 Hz, COCH), 38.9 (s, CHpPn),
18.3 (s, CHy); 3'p ("W} nomor. 6 73.0; m/z 584 (M),

E-[(ns-CSHS)Fe(CO)(PPh3)(COCHZCH-CﬂEt)] 13. Elution with diethyl ether/dichloromethane (1:1)
gave complex 13 (95%). (Found: C, 70.9; H, 5.85. C3°H29Fe02P requires C, 70.9; H, 5.75%); vpay
1900 vs (C=0), 1615 s o™ ! (C=0); 1l"I n.n.r. § 7.6-7.3 (15 H, m, Ph), 5.26 (2 H, m, CH=CH), U.U3
(5 H, 4, JPH 1.2 Hz, C5H5), 3.20, 3.54 (2 H, ABX system, JAB t4.1 Hez, COCHZ), 1.96 (2 H, m, Cﬂz(:H3).
0.93 (3 H, t, Jy 5 7.5 Hz, CHy); '3 ("H} n.m.r. & 220.6 (4, Jpg 31.3 Hz, C20), 136.5 (d, Jpc ¥3.0
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Hz, Ph Cipa0)s 133.4 (d, Jpg 9.8 Hz, Ph Copppo)s 129.7 (s, PR C pynn), 128.0 (d, Jpe 9.9 Hz, Ph
Cpeta’s 124.5 (s, CH=CH), 85.1 (s, Cgls), 69.3 (d, Jpc 5.3 Hz. COCH,), 25.6 (s, CH,CH), 13.8 (s,
cHy); 3P (MM} n.m.r. 6 72.8;m/z 508 (M').

s-[(n5-05H5)Fe(co)(ppn3)cocu(cn3)cu-c35t] 14. Elution with diethyl ether/dichloromethane
(1:1) gave complex 14 (92%) as a single diastereosiomer. (Found: C, 71.2; H, 6.1. C31H31Fe02P
requires C, 71.3; H, 6.08); vy,, 1900 vs (CZ0), 1590 s cm™' (C=0); 'H n.m.r. & 7.6-7.3 (15 H, m,
Ph), 5.23 (1 H, dt, Jypang 15.3 Hz, Jy 5 6.3 Hz. CHeCHCH,), 4.83 (1H, dd, Jyngng 15.3 Hz, J , 8.3
Hz, CH=CHCHp), .4 (5 H, d, Jpy 1.1 Hz, CgHg), 3.67 (1 H, m, COCH), 1.86 (2 H, m, CH,CH3), 1.02
(3 H, d, 3y 5 7.1 Hz, CHCH3), 0.89 (3 H, t, J; » 7.4 Hz, CH,CH3); '3C {'H} n.m.r. § 220.8 (4, Jpg
31.5 Hz, C20), 136.7 (d, Jpc 42.6 Hz, Ph Cypay), 133.5 (d, Jpe 10.6 Hz, Ph Copnypo), 131.4 (s,
CH=CHEY), 130.5 (s, CH=CHEt), 129.6 (s, Ph Cp,.,), 127.9 (d, Jpg 10.5 Hz, Ph Cpepa), 85.0
(8, Cgll5), T1.4 (d, Jpc 5.5 Hz, COCH ), 25.7 (s, CH,CH3), 18.2 (s, CH3), 13.7 (s, CHy); 3'p
{'0) n.m.r. § 72.0; w/z S22 (M%),

E-((ns-C5H5)Fe(CO)(PPh3)COCH(Et)CH-CHEt] 15. Elution with diethyl ether/dichloromethane (1:1)
gave complex 15 (90%) as a single diastereoisomer. (Found: C, Tt.7; H, 6.3. C32H33Fe02P requires
C, 71.65; H, 6.2%); vy, 1900 vs (CZ0), 1600 s cm™' (C=0); 'H n.m.r. § 7.6-7.3 (15 H, m, Ph), 5.22
(1 H, dt, Jppang 15.3 Hz, Jy 5 6.4 Hz, CH=CHCHy), 8.75 (1 H, dd, Jy.ang 15.3 Hz, Jy 5 9.5 Hz,
CH=CHCHp), 4.42 (5 H, d, Jpyl.2 Hz, CgHg), 3.43 (1 H, dt, J; 5 3.7 Hz, 9.5 Hz, COCH), 1.91 (2 H,
da, Jy p 7.4 Hz, 6.4 Hz, CH=CHCH,), 1.68-1.64 (1H, m, COCHCH,), 1.27-1.18 (1 H, m, COCHCH,), 0.91
(3 H, &, Jy 5 7.4 Hz, CHy), 0.75 (3 H, t,Jy » T.4 Hz, CH3); '3¢ ("M} n.m.r. & 220.7 (d, Jpg 31.4 Hz,
C20), 136.8 (d, Jpg 42.5 Hz, Ph Cypg.), 133.7 (s, CHeCHEL), 133.5 (d, Jpg 10.6 Hz, Ph Copppo).
129.5 (s, Ph, Cpapy)s 128.5 (s, CH-CHEL), 127.9 (d, Jpg 10.4 Hz, Ph Cpoy.), 85.3 (s, CgHg), 80.1
(d, Jpc 5.3 Hz, COCH),25.8 (s, CHp), 24.7 (s, CHp), 13.9 (s, CHy), 11.8 (s, CH3); 3" ('H) n.m.r.

§ 73.0; m/z 536 (M%).

E-[(ns-CSHS)Fe(CO)(PPhs)(COCHZCH-CHE-Pr)] 16. Elution with diethyl ether/dichloromethane
(4:1) gave complex 16 (80%). (Found: C, 71.5; H, 6.2; P, 6.1. 031H31Fe02P requires C, 71.3; H,
5.9; P 5.9%); vp,, (CHC13) 1915 vs (C20), 1595 8 em™' (C=0); 'H n.m.r. § 7.6-7.3 (15 H, m, Ph),
5.25 (2 H, m, CH=CH), 4.44 (5 H, d, Jpy 1.3 Hz, CgHg) , 3.56 (1 H, m, COCH,), 3.20 (1 H, m, COCH,),
1.92 (2 H, m, CHCHp), 1.34 (2 H, m, CH,CH) 0.87 (3 H, t, J; 5 7.3 Kz, CHg); '3¢ ('} n.m.r. &
220.5 (d, Jpg 31.7 Kz, C30), 136.5 (d, Jpg 42.6 Hz, Ph Cype0), 133.3 (d, Jpg 9.5 Hz, Ph Coryy ),
131.8 (s, CH=CH), 129.7 (s, Ph Cy,1), 128.0 (d, Jpe 9.6 Hz, Ph Coopo), 125.6 (s, CH-CH), 85.1 (s,
CoHg)y 69.3 (d, Jpg 5.4 Hz, COCH,), 34.7 (s, CHp), 22.6 (s, CHp), 13.7 (s, CHg); 3'P ('H} n.m.r. &
72.7; m/z 522 (M%), 494 (M'- 28),

E-[(ns-Csﬂs)Fe(CO)(PPh3)COCH(CH3)CH-CHQ-Pr] 17. Elution with U40:60 petrol/diethyl ether (1:5)
gave complex 17 (94%) as a 250:1 mixture of diastereoisomers. (Found: C, 71.6; H, 6.1; P. 5.9,
C3oH33Fe0,P requires C, 71.7; H, 6.2; P, 5.8%); vy, 1905 va (C20), 1590 s cm™' (C=0); 'H n.m.r. &
7.6-7.3 (15 K, m, Ph), 5.19 (1 H, m, CH=CH), 4.84 (1 H, m, CH=CH), .44 (5 H, d, Jpy 1.0 Hz,

CoHg), 3.65 (1 H, m, COCH), 1.83 (2 H, m, CHCH,), 1.29 (2 H, m, CH)CHy), 1.03 (3 H, d, J, , 7.0 Hz,
CHCH3), 0.85 (3 H, t, J; » 7.4 Hz, CHyCH3); '3¢ ('H} n.m.r. § 220.6 (4, Jpg 31.4 Hz, CZ0), 136.7
(d, Jpg 42.5 Hz, Ph Cypg.), 133.5 (d, Jpg 9.5 Hz, Ph Copnepg), 131.6 (s, CH=CH), 129.7 (s, CH=CH),
129.5 (s, Ph Cpapy)y 127.9 (d, Jpg 9.3 Hz, Ph Cpey,), 85.0 (s, Colis), 71.5 (s, COCH), 34.8 (s, CHy)
22.5 (s, CHy), 18.3 (s, CHp), 13.7 (s, CH3); 3'P {'H} n.m.r. 6 72.8; m/z 536 (M").

E-[(ns-C5H5)Fe(C0)(PPh3)COCH(Et)CH-CHg-Pr] 18. Elution with diethyl ether gave complex 18
(90%) as a 250:1 mixture of diastereoisomers. (Found: C, 72.05; H, 6.6. C33H35FeOZP requires C,
72.0; H, 6.4%); Vpayx 1900 vs (CZ0), 1595 s em”! (C=0); i n.o.r. & 7.6-7.3 (15 H, m, Ph), 5.19
(1 H, m, CH=CH), 4.76 (1 H, m, CH-CH), 4.43 (5 H, d, Jp¢ 1.2 Hz, CgHg), 3.45 (1 H, dt, J; , 9.8 Hz,
3.5 Hz, COCH), 1.87 (2 H, m, CHCHp), 1.69 (2 H, m, CHy), 1.32 (2 H, m, CHy), 0.87 (3 K, t, J; , 7.3
Hz, CH3), 0.77 (3 H, t, Jy , 7.3 Hz, CH3); '3 (M} n.m.r. & 220.6 (4, Jpg 31.0 Hz, C20), 136.8 (a,
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Jpe ¥2.3 Hz, Ph cipao)' 133.5 (d, Jpg 9.4 Hz, Ph Cypnepy)s 131.9 (s, CH=CH), 129,7 (s, CH=CH),
129.5 (s, Ph cpara)' 127.9 {d, Jpg 9.3 Hz, Ph Cpaen), 85.0 (s, CgHg), 80.3 (d, Jpp 5.0Hz, COCH),
35.0 (3, CH,), 24.8 (S, CHp), 22.6 (s, CHy), 11.8 (s, CHy), 11.8 (s, CHg)i 3'p {'H} n.a.r. & 73.0;
m/z 550 (M%), 522 (M*-20), 439 (M'-111),

s—[(ns-csas)Fe(co)(Ppn3)coca(cnz?n)ca-cxg-Pr} 19. Elution with diethyl ether/ dichloromethane
(1:1) gave complex 19 (81%) as a 90:1 mixture of diastereoisomers increased to 170:1 upon
recrystallisation., (Found: C, T4.5; H, 6.1. CagH3yFe,P requires C, T4.5; H, 6.05%8); vy, (CHCly)
1915 vs (CZ0), 1595 8 cm ! (C=0); 'H n.m.r.8 7.8-7.3 (20 H, m, Ph), 5.32 {1 H, m, CH=CH), 4.9%

(1 H, m, CH=CH), 4,48 (5 H, d, JPH 1.3 Hz, CSH5)’ 4,15 (1 H, dt, J1,2 9.2 Hz, 9.2 Hz, COCH), 3.23

{(t B, m, C§2Ph), 2.56 (V H, m, C§2Ph). 2.00 (2 H, m, CH-CHCEZ). 1.42 (2 H, m, C§2CH3). 0.97 (3 H, ¢,
Jy,2 7.3 Hz, CHg); 3¢ ("H) n.m.r. & 220.5 (4, Jpg 31.4 Hz, C20), 141.1 (8, CHpPh Cypyo), 137.1

(d, Jpg 2.5 Hz, Ph Cy o), 133.5 (d, Jpg 10.2 Hz, Ph Copppg), 13341 (s, CHeCH), 129.5 (s, Ph
Cpara)s 128.5 (s, CH=CH), 127.9 (d, Jpc 9.2 Hz, Ph Cpeyp)s 127.9 (2, CHpPh Cpepy), 125.5 (s, CHPh
Cpara)s 85.0 (s, CgHg), 80.5 (d, Jpg 4.8 Hz, COCH), 39.0 (s, CHp), 35.0 (s, CHy), 22.4 (s, CHy),
13.7 (s, CH3); 3'P ('H} n.mor. 6 73.1; m/z 612 (M),

E-{(n5-05H5)Fe(CQ)(PPh3)COCR(SCK3)CHaCHg-Pr3 20. Elution with diethyl ether/dichloromethane
(1:4) gave complex 20 (94%) as an 18:1 mixture of diastereoisomers increased to 250:1 upon
recrystallisation, {Found: C, 67.45; H, 5.8. C32333F302Ps requires C, 67.6; H, 5.8%); vp,, 1910
vs (C0), 1595 s cm™' (C=0); 'H n.m.r. & 7.6-7.3 (15 H, m, Ph), 5.35 (1 H, m, CH=CH), 4.81 (1 H,
m, CQ-CK), .53 (5 H, 4, JPH 1.2 Hz, CSKS). 4.27 (1 K, 4, J1,2 9.6 Hz, COCH), 1.91 (2 H, m, CHZ).
1.90 (3 H, s, SCHy), 1.34 (2 H, m, CHp), 0.88 (3 H, t, Jy , 7.3 Hz, CHyCH3): '3¢ ('} n.m.r. &
220.3 (d, Jpg 31.2 Hz, C20), 136.4 (d, Jpc 42.9 Hz, Ph Cypg.). 133.5 (d, Jpe 10.0Hz, Ph Conepg)s
133.3 (s, CH=CH), 129.6 (s, Ph C para)' 127.9 (d, Jpe 9.5 Hz, Ph Cpe,), 126.4 (s, CHeCH), 85.1
(s, CgHg), 78.3 (d, Jpc 5.6 Hz, COCH), 34.7 (s, CHy), 22.6 ,(s, CHy) 13.7 (s, CHg), 13.5 (s, CH3);
3P ('H} n.mor. 6 72.7; m/z 568 (M), 540 (M'-28).

Preparation of [(n7-CgHg)Fe(CO)(PPhy)COCH=C(CH3),] 23

n-Butyllithium (9.0 ml, 14 mmol) was added to [(ns-csﬂlee(CG)(PPh3)(COCH3)] 28 in THF (100
ml) at -78°C to give a deep red solution. After stirring (-78%; 3/4 h), acetone (1.4 ml, 19 mmol)
was added dropwise, Further stirring (-78°C; 1h), addition of methanol (0.5 ml) and removal of
solvents gave an orange oil which was extracted with dichloromethane (3 x 15 ml) and filtered
through alumina (Crade V). Concentration and chromatography on alumina {Crade I) gave two orange
bands on elution with dichloromethane and dichloromethane/ethyl acetate (1:1) respectively.
Removal of solvent from the firat fraction gave an orange powder identified as starting material

24 by 'H n.m.r. spectroscopy. Removal of solvents from the second fraction gave
[(n5-CSHS)Fe(CO)(PPhs)COCHZC(OH)(083)2)1 g§8 (3.39 g, 69%) as an orange powder. 'H N.m.r. §

7.5~7.3 {15 H, m, Ph), 4.41 (5 H, d, qu 1.2 Hz, CSHS). 4,06 (1 H, s, OH), 3.17, 2.84 (2 H, AB
system, Jyn 18 Hz, COCH,), 1.02 (3 H, s, CH3), 0.69 (3 H, s, CHy). Complex 25 (2.40 g, 4.7 mmol)
and sodium hydride (0.33 g, 13.8 mmol) were combined as solids and THF {130 ml) added with
stirring. Methyl iodide (3.3 ml, 52 mmol) was added and the stirring continued (20°C; 20n).
Removal of soivent, extraction with dichloromethane (3 x 15 ml) and filtration through alumina
(Grade V) gave an orange oil which was chromatographed on alumina (Grade I). Elution with
dichloromethane/ ethyl acetate (4:1) and removal of solvent gave [(nS-CBHS)Fe(CO)(PPhB)COCHQC(OCR3)
(CH3)2] 26 (1.0 g, 41%) as an orange powder. M Nomr. & 7.6-7.3 (15 H, m, Ph), 4.40 (5 H, s,
C5H5), 3.35, 2.78 (2 H, AB system, J,g 20 Hz), 3.03 (3 H, s, OCH3). 1.04 (3 H, 9, CH3), 0.73 (3 H,
s, CH3). Complex 26 (1.0 g, 1.88 mmol) and sodium hydride (0.9 g, 3.7 mmol) were stirred together
(20%C; 60h) fn THF {150 ml). Removal of solvent, extraction with dichloromethane (3 x 15 ml) and
filtration through alumina (Grade V) was followed by chromatography on alumina {CGrade I). Elution
with dichloromethane/ ethyl acetate (1:1) and removal of solvents gave [(ns-CSHS)Fe(CD)(PPhs)-
COCR-C(CH3)2] 23 (0.50 g, 53%) as an orange powder. Orange needles of complex 23 were cbtained from

dichloromethane/hexane, (Found: C, 70.5; H, 5.5. CygH,;FeO,P requires C, 70.5; H, 5.58); vpa,
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1915 vs (C20), 1585 s em™! (C=0); ' n.o.r. & 7.5-7.3 (15 H, m, Ph), 6.58 (1 H, s, COCH), 4.42
(5 H, d, Jpy 1.1 Hz, Cglg), 1.59 (3 H, s, CHy) 1.56 (3 H, s, CHy); '3C {'H} n.m.r. § 181.7 (d, Jpg
5.5 Hz, COCH), 136.6 (d, Jpc 42.9 Hz, Ph Cy;q0), 133.4 (d, Jpc 9.7 Hz, Ph Copnepy), 129.5 (s, Ph
Cpara) 128.0 (d, Jpe 9.2 Hz, Ph Cpgea), 85.4 (s, Coly), 25.5 (s, CHg), 19.6 (s, CHg); 3'P ('H}
n.m.r. & 73.5; m/z 494 (M%), 466 (M"-28).

General procedure for the reaction between the dienolate derived from complex 23 and

electrophiles.
An identical procedure to that described for the reaction between dienolates derived from

complexes 6, 7, and 8 and electrophiles was followed.

[(n5-05H5)Fe(CO)(PPhs)COCHZC(CH3)-CH2] 27 Elution with 30:40 petrol/diethyl ether (1:1) gave
complex 27 (100%). (Found: C, 70.5; H, 5.5 CyglpyFeO,P requires C, 70.5; H, 5.5%): vgpayx 1900 vs
(C20), 1610 8 cm™' (C=0); 'K n.m.r. & 7.6-7.3 (15 H, m, Ph), 4.68 (1 H, m, C=CH,) 4.43 (5 H, d, Jpy
1.3 Hz, CgHg), 4.38 (1 H, m, C=CH,), 3.72, 3.18 (2 H, AB system, Jyp 15.2 Hz, COCHp), 1.39 (3 H, d,
Jy,3 1.1 Hz, CH3); m/z 4ok (M), 439 (M*-55).

[(nS-Csﬂs)Fe(CO)(PPh3)COCH(CH3)C(CH3)-CH2] 28. Elution with 30:40 petrol/diethyl ether (1:1)
gave complex 28 (81%) as a 14:1 mixture of diastereoisomers. (Found: C, 70.4; H, 5.7. C30H29Fe02P
requires C, 70.9; H, 5.75%); vp,, 1910 vs (C20), 1600 s cm™' (C~0); 'H n.m.r. & 7.6-7.3 (15 H, m,
Ph), 4,63 (1 H, s, C-CHZ), 4,62 (1 H, s, C-CHZ), 4,44 (5 H, 4q, Jpe 1.2 Hz, C5H5 major
diastereoisomer), 4.39 (5 H, d, Jpy 1.3 Hz, C5H5 minor diastereoisomer), 3.89 (1 H, q, J1'2 7.2 Hz,
COCH), 1.14 (3 H, d, J1'2 7.2 Hz, CHC§3 major diastereoisomer), 1.09 (3 H, s, CCHa). 0.28 (3 H, d,
Jy,2 7.2 Hz, CHCH3 minor diastereoisomer); m/z 508 (M*).

[(ns-CSHS)Fe(CO)(PPh3)COCH(Et)C(CH3)-CH2] 29. Elution with 30:40 petrol/diethyl ether (3:1)
gave complex 29 (41%) as a 17:1 mixture of diastereoisomers. (Found: C, 71.4; H, 6.0, C31H3,Fe02P
requires C, 71.3; H, 6.0%); Vmay 1905 vs (CZ0), 1605 s cn! (C=0); 'Y n.m.r. & 7.5-7.3 (15 H, m,
Pn), 4.78 (1 H, 4, J1'3 2.3 Hz, C-CHZ), 4,74 (1 H, d, J1.3 1.3 Hz, C-CHZJ. 4.43 (5 H, d, JpH 1.2
Hz, 05H5 major diastereoisomer), 4.38 (5 H, d, Jpy 1.2 Hz, CSH5 minor diastereoisomer), 3.81 (1 H,
dad, Jl,2 11.2 Hz, 3.9 Hz, COCH), 1.70-1.36 (2 H, m, C§20H3), 1,07 (3 H, s, CCH3), 0.73 (3 H, ¢t,

J]'2 7.4 Hz, CHZC§3 major diastereoisomer), 0.38 (3 H, t, J1’2 T.4 Hz, CH2C§3 minor diastereo-
tsomer); m/z 522 (M').

[(ns-CSHS)Fe(CO)(PPh3)COCH(CHzPh)C(CH3)-CH2] 30. Elution with 30:40 petrol/diethyl ether
(1:1) gave complex 30 (100%) as a single diastereoisomer. (Found: C, 73.8, H, 6.15. C36H33Fe02P
requires C, T4.0; H, 5.7%); vpa, 1920 vs (C20), 1620 s ca™' (C=0); 'H n.m.r. & 7.6-7.1 (20 K, m,
Ph), 4.75 (1 H, d, J; 3 1.7 Hz, C=CH;), 4.67 (1 H, d, Jy 3 1.4 Hz, C=CH,), 4.30 (1 H, dd, Jy
8.1 Hz, 6.6 Hz, COCH), 4.20 (5 H, d, Jpy 1.1 Hz, C5H5). 3.03, 2.51 (2 H, ABX system, J,p 13.5 Hz,
CHaPh), 1.09 (3 H, s, CCH3); m/z 584 (M) 556 (M"-28).

f(ns-CSHS)Fe(CO)(PPh3)COCH(SCH3)C(CH3)-CH2] 31. Elution with 40:60 petrol/diethyl ether (1:1)
gave complex 31 (71%) as a single diastereoisomer. (Found: C, 66.75; H, 5.5. C30H29Fe02PS requires
C, 66.7; H, 5.48); vpa, 1905 vs (CZ0), 1610 s cm™' (C=0); 'H n.m.r. § 7.6-7.3 (15 H, m, Ph), 4.88
(1 H, m, C=CH,), 4.83 (1 H, m, C=CH,), 4.63 (1 H, s, COCH), 4.55 (5 H, d, Jpy 1.2 Hz, CgHg), 1.86
(3 H, s, SCH3), 1.19 (3 H, s, CCH3); m/z 540 M),

Acknowledgements: We thank ICI Pharmaceuticals and the SERC for a CASE award (to RJCE), the SERC
for a studentship (to JCW) and financial support (to KHS), Dr. R.T. Aplin for the mass spectra and

Dr. A.E. Derome for the computer simulated 500 MHz 1H n.m.r. spectrum.



6.
7.
8.

9.
10.

13.

14,
15.
16.

Chiral dienolates 3997

References .

G.J. Baird and S.G. Davies, J.Organometal.Chem., 1983, 248, C1; G.J. Baird, J.A. Bandy,
S.G. Davies, and K. Prout,J.Chem.Soc.Chem.Commun., 1983, 1202; S.L.Brown, S.G. Davies,
D.F. Foster, J.I. Seeman, and P. Warner, Tetrahedron Lett., 1986, 27, 623.

S.G. Davies, I.M. Dordor, J.C. Walker, and P. Warner, Tetrahedron Lett., 1984, 25, 2709.
S.G. Davies, I.M. Dordor, and P. Warner, J.Chem.Soc.Chem,Commun., 1984, 956 ; S.G. Davies,
1.M. Dordor Hedgecock, and P. Warner, Tetrahedron Lett., 1985, 26, 2125; P.W. Ambler and
S.G. Davies, Tetrahedron Lett., 1985, 26, 2129; S.G. Davies, 1.M. Dordor Hedgecock,

P, Warner, R.H. Jones, and K. Prout, J.Organometal.Chem., 1985, 285, 213; L.S. Liebeskind
and M.E. Welker, Organometallics, 1983, 2, 194; L.S. Liebeskind and M.E. Welker,
Tetrahedron Lett., 1984, 25, U341,

L.S. Liebeskind, M.E. Welker, and V. Goedken, J.Am.Chem.Soc., 1984, M, 441; K. Broadley
and S.G. Davies, Tetrahedron Lett., 1984, 25, 1743.

S.G. Davies and J.C. Walker, J.Chem.Soc,Chem.Commun., 1985, 209 ; S.G, Davies, R.J.C.
Easton, K.H. Sutton, J.C. Walker, and R.,H. Jones, submitted for publication.

L.S. Liebeskind, R.W. Fengl, and M.E. Welker, Tetrahedron Lett., 1985, 26, 3075.

S.G. Davies, R.J.C. Easton, J.C. Walker, and P. Warner, Tetrahedron, 1986, 42, 175.

N. Aktogu, H. Felkin, G.J. Baird, S.G. Davies, and O. Watts, J.Organometal.Chem., 1984, 262,
49,

S.G. Davies and J.I. Seeman, Tetrahedron Lett., 1984, 25, 1845,

F.L. Harris and L. Weller, Tetrahedron Lett., 1984,25, 1333; idem, ibid, 1939; A. Bongini,
M. Orena, and S. Sandri, J.Chem.Soc.Chem,Commun., 1986, SO.

P.E., Pfeffer and L.S. Silbert, J.Org.Chem., 1971, 36, 3290 ; P.E. Pfeffer, L.S. Silbert, and
E. Kinsel, Tetrahedron Lett., 1973, 1163 ; E P. Krebs, Helv.Chim Acta., 1981, 64, 1023;
A.S. Kende and B.H. Toder, J.Org.Chem., 1982, 47, 163 ; E. Piers and

A.V.Gaval, J.Chem.Soc.Chem.Commun., 1985, 1241,

F.L. Harris and L. Weiler, J.Chem.Soc.Chem.Commun., 1985, 1124; Y. Thebtaranonth and

C. Yenjai, Tetrahedron Lett., 1985, 26, 4097; J. Durman and S. Warren, Tetrahedron Lett.,
1985, 26, 2895 ; S.G. Alcock, J.E. Baldwin, R. Bohlmann, L.M. Harwood, and J.I., Seeman,
J.Org.Chem.,1985, 50, 3526 and references therein.

H. Brunner in E.A. Koerner von Gustorf, F W. Grevels, and I. Fischler (Eds). 'The Organic
Chemistry of Iron', Academic Press, 1978, 1, 299.

J.P. Collman, Acc.Chem.Res., 1975, 8, 342.

D.F. Schriver, 'The Manipulation of Air sensitive Compounds', McGraw Hill, New York, 1969.
M. Green and D.J. Westlake, J.Chem.Soc, A, 1971, 367.




