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Abstract 

Ferrocenecarboxaldimine (1) reacted with 1,4-pentadien-3-01 (2) under Wilkinson’s catalyst (3) to give the hydroacylated product 6 
after hydrolysis of the resulting ketimine 4. Prolonged reaction time induced the isomerization of 6 to 7. When 1,5-hexadien-3-01 
(11) was used, the hydroiminoacylation of the ally1 alcohol group gave predominantly 12, which showed a remarkable hydroxy-group 
directing effect. 
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1. Introduction 

Activation of the C-H bond by transition metal 
complexes has received much interest [l], and so has 
the cleavage of the aldehydic C-H bond because of its 
relevance to organic synthesis through conversion of 
aldehyde into ketone [2]. Although decarbonylation in 
the acylmetal intermediate formed by cleavage of the 
C-H bond of the aldehyde by metal, can be utilized in 
organic synthesis [3], it also represents a serious prob- 
lem for the synthesis of ketone from aldehyde. There 
are ways of evading this problem of decarbonylation 
such as cyclometallation [4] or stabilizing the metal 
complex by pressurizing with CO gas under vigorous 
conditions [2]. For example, hydroacylation with 8- 
quinolinecarboxaldehyde proceeded catalytically [5] and 
stoichiometrically [6] through cyclometallation. Aldi- 
mine prepared by condensation of aldehyde with 2- 
amino-3-picoline, is also used for this purpose [7]. 
Carboxaldimines can be converted by cyclometallation 
into carboxketimines by cleavage of the C-H bond of 
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aldimine, followed by insertion of olefin into the Rh-H 
bond, and reductive elimination of the iminoacyl-alkyl 
group. Organometallic compounds such as fer- 
rocenecarboxaldimine can also be used for this hydro- 
iminoacylation [8]. As an olefin substrate, the phenyl 
terminated polybutadiene (polymer) with a mixture of 
internal and terminal olefins could be used as well as 
the vinyl organic derivatives [91. Another interesting 
substrate is an olefin with a hydroxy group. Simple 
w-olefinic alcohols like ally1 alcohol have been used for 
this hydroiminoacylation [lo]. The hydroxy-group di- 
recting effect has been observed in homogeneous hy- 
drogenation with several transition metal complexes 
[ll]. It is quite interesting to apply an a,w-diene with a 
hydroxy group for the hydroiminoacylation because the 
unreacted olefinic alcohol group in the resulting ke- 
timine can be converted into the ketones through iso- 
merization by transition metal catalysts. The hydroxy- 
group directing effect can be tested by using an asym- 
metrical hydroxy+,o-diene such as 1,5-hexadien-3-01. 
This report explains the hydroxy-group directing hydro- 
iminoacylation of cY,w-dien-3-01 and its derivatives, and 
the mechanism of isomerization of the olefinic alcohol 
to ketone. 

0 1994 - Elsevier Science S.A. All rights reserved 



184 C.-H. Jun et al. / Hydroiminoacylation of a,w-dien-3-01 

(route A) 4 
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Scheme 1. Mechanism of formation of 5 by hydroiminoacylation of 2 

with 1 under Wilkinson’s catalyst (3). 

2. Results and discussion 

Ferrocenecarboxaldimine 1 reacted with l,Qpenta- 
dien-3-01 (2) in toluene at 100°C for 24 h under 10 
mol% of Wilkinson’s complex (3) as a catalyst based 
upon 1. Without isolation of the resulting ketimines, 
their hydrolysis with 1 N HCI aq. solution for 10 min 
gave 4-hydroxy-hex-5enoylferrocene (6) and 4-keto- 
hexanoylferrocene (7) in a 30: 70 ratio in 40% yield 
after isolation by silica-gel choromatography. From the 
hydrolysis products of 6 and 7, the prehydrolyzed ke- 
timines, 4 and 5, were easily inferred. The mechanism 
of formation of 4 can be explained by direct hydroimi- 
noacylation of 2, while that of 5 can be explained by 
two possible routes (Scheme 1). The first is the hydro- 
iminoacylation of 2 to form 4, followed by isomeriza- 
tion of the ally1 alcohol group in 4 to give 5 (route A>. 
The other is the hydroiminoacylation of ethyl vinyl 
ketone (81, formed by isomerization of 2, with 1 to give 
5 (route B). There have been many reports of isomer- 
ization of ally1 alcohol to ketone by transition metals 
[12]. Without 1, compound 2 was completely trans- 
formed into 8 under Wilkinson’s complex 3 (0.5 mol% 

PhCH,, 1 OO’C, 24h 

1 . 
Rh(PPh3)3CI 

@$ 3 

2 

A 
H$ Fc 

H&$H-CH=CH, 

OH 
+ 4 

- 5 

based on 2) at 100°C within 6 h. To test the feasibility 
of hydroiminoacylation of vinyl ketone with 1 (8 to 5 in 
Scheme 11, a mixture of methyl vinyl ketone (9) and 2 
was allowed to react with 1 under reaction conditions 
identical to eqn. (1). Only a mixture of 6 and 7 was 
obtained after hydrolysis of the resulting reaction mix- 
tures, leaving 9 unchanged. The hydroacylated product 
10 was not obtained at all. 

The finding that with 1 no hydroiminoacylation of 9 
takes place eliminates the possibility of route B. The 
mechanism of route A is also confirmed by the time- 
dependent distribution of products. Hydroiminoacyla- 
tion of 2 with 1 is complete within 3 h to give 6 
exclusively after hydrolysis without leaving the starting 
aldimine 1 or its hydrolyzed form, the aldehyde. The 
isomerization of the ally1 alcohol 6 into the ketone 7 
starts just after completion of hydroiminoacylation of 
2, and isomerization of 6 into 7 is 70% complete within 
24 h (Fig. 1). Unfortunately, entire isomerization of 6 
to 7 has not been achieved, maybe due to decomposi- 
tion of the catalyst. 

The hydroxy group is known to direct very strongly 
compared with olefinic groups. However, since there is 
no alternative olefin in the symmetrical a,w-dien-3-01, 
in whose presence the hydroiminoacylation of 2 gener- 
ates only 4, the directing effect of the hydroxy group 
cannot be determined. Therefore this effect should be 
tested with an asymmetrical hydroxy-cu,w-diene having 
an ally1 alcohol group and a homoallyl alcohol group, 
such as 1,5-hexadien-3-01 (11). Compound 11 was al- 
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Fig. 1. Catalytic isomerization ot 4 mto 5 m totuene at 100°C after 
completion of hydroiminoacylation of 2 with 1 within 3 h under 
catalyst 3. The conversion rate of 7 based on 6, hydrolysis products of 
the resulting ketimine 4 and 5, was determined by GC-MSD. 

lowed to react with 1 at 110°C for 3 h under 10 mol% 
of Wilkinson’s catalyst based upon 1, followed by hy- 
drolysis to give a mixture of 4-hydroxy-hept-6-enoylfer- 
rocene (12) and Shydroxy-hept-6-enoylferrocene (13) 
in a 94: 6 ratio in 69% yield after chromatographic 
isolation. Under reaction conditions which were identi- 
cal except for a reaction time of 48 h, the reaction of 
11 with 1 produced a mixture of 12, 13, 14 and 15 in a 
50: 7: 36: 7 ratio in 69% yield after hydrolysis [13*]. 
This means that prolonged reaction time promotes the 
isomerization of 12 into 14. The result that the major 
product was 12 rather than 13 suggests that the most 
plausible intermediate would be a stable Smembered 

HO 

18 

metallacycle intermediate 17. The minor product distri- 
bution of 13 can be explained as follows. Compound 13 
must be formed from an intermediate 19 with a 6- 
membered metallacyclic system which is less stable 
than a Smembered one such as 17. From the ratio of 
12 to 13 of 94: 6, a strong hydroxy-group directing 
effect can be measured, which favours 17 over 19. If 
there is no such effect, a 1: 1 ratio of 12 to 13 should 
be observed in the product distribution. The above 
result explains why the hydroiminoacylation takes place 
at the ally1 alcohol group rather than at the homoallyl 
alcohol group in 1,5-hexadien-3-01. 

Although the hydroxy group is protected by the 
acetyl group, a strong directing effect was still ob- 
served. Hydroiminoacylation of 3-acetoxy-1,5-hexa- 
diene (21) under the catalyst 3 at 110°C for 24 h in 
toluene, and the hydrolysis of the resulting ketimines 
in 1 N HCl aq. solution gave 22, 12, 14 and 13 in a 
43 : 39 : 14 : 4 ratio in 61% yield after chromatographic 
isolation. Since 12 and 14 might be derived from 22, 

“FC - ” (4) 

* Reference number with asterisk indicates a note in the list of 
references. 
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PhCH3, 1 lo%, 24h H+M,C 

9 
q=o 
CH3 

22 

Rh(PPh3)3CI 

3 

+ 12 + 13 + 14 (5) 

the ally1 alcohol group directing effect for the hydro- 
iminoacylation can be deduced as 96% for 22. 

Hydroiminoacylation of 3-timethylsilyloxy-1,5-hexa- 
diene (23), and the subsequent hydrolysis of the result- 
ing ketimines produced 12, 13 and 15 in a 78: 8: 14 
ratio in 64% yield. The silicone-oxygen bond was 
easily hydrolyzed under acidic conditions [14]. Since 14, 
the isomer of 12, was not detected in the final products 
at all, it could be easily inferred that the silyl group lost 
its protection during the hydrolysis after hydroiminoa- 
cylation. In the case of 23, the directing effect of the 
allylether group was determined as 91% which is a 
little lower than in 11 (93%) and 21 (96%). The reason 
must be a steric hindrance of the bulky trimethylsilyl 
group compared with the OH group in 11 or the 
acetoxy group in 21. 

3. Conclusion 

Hydroiminoacylation of a,w-dien3-01 with 1 has 
been successfully achieved by means of Wilkinson’s 
catalyst. In the initial stages of the reaction, only the 
directly hydroiminoacylated product with an olefinic 
alcohol group has been observed, and prolonged reac- 
tion time induces the isomerization of the olefinic 
alcohol group to the ketone group. In the case of an 
asymmetrical a,w-dien3-01 such as 1,5-hexadien-3-01, 

, + /AH PhCH,, 1 lO’=C, 24h 
w 

H+M20, 

Y 
SiMe? 

Rh(PPh,),CI 

3 
23 

12 + 13 + 15 (6) 

the hydroxy-group directing effect, which favours the 
hydroiminoacylation of the ally1 alcohol group over 
that of the homoallyl alcohol group, has been observed 
to as great an extent as 94%. Even though this hydroxy 
group is protected by the acetyl group or the trimeth- 
ylsilyl group, similar directing effects were observed to 
the extent of 96% and 91%, respectively. From the 
above results, it is possible to synthesize the 4-hydroxy 
w-alkanoylferrocene selectively from ferrocenecarbox- 
aldehyde since hydroiminoacylation takes place in the 
ally1 alcohol group site. 

Further directing effects as they occur in hydroimi- 
noacylation are under study. 

4. Experimental section 

Compound 1 was prepared by the published proce- 
dure [7]. Wilkinson’s complex (3), 1,4-pentadien-3-01 
(21, 1,5-hexadien-3-01 (111, 2-amino-3-p&line, ferro- 
cenecarboxaldehyde and methyl vinyl ketone (8) were 
purchased (Aldrich) and used without further purifica- 
tion. All solvents were distilled and stored over molec- 
ular sieves (4 A>. NMR spectra were recorded with a 
Bruker AC-200 (200 MHz) spectrometer. The chemical 
shift values (6) of the ‘H NMR and 13C NMR reso- 
nances were expressed in ppm relative to internal 
Me,Si. Infrared spectra were recorded with Nicolet 
MX-S FT-IR and Bruker IFS 88 FT-IR spectropho- 
tometers. Mass spectra were obtained with a Hewlett- 
Packard HP 5971A mass spectrometer equipped with a 
HP 5890 series II Gas Chromatograph. Column chro- 
matography was performed on Merck Silica Gel 60. 

4.1. Hydroiminoacylation of 1,4-pentadien-3-01 (2) with 
1 and hydrolysis of the resulting ketimine 

A screw-capped pressure vial was charged with 
0.031 g (0.0329 mm011 of Wilkinson’s complex (3) dis- 
solved in 3 ml of toluene, the solution flushed with 
nitrogen, and 0.1 g (0.329 mmol) of 1 was added. To 
the mixture was added 0.055 g (0.658 mmol) of 2 
followed by heating at 100°C for 24 h. The reaction 
mixture was hydrolyzed with 10 ml of 1 N HCI aq. 
solution for 10 min. The products were extracted with 
20 ml of ether and purified by column-chromatography 
to give 0.0392 g (40% yield) of 4-hydroxy-hex-5-en- 
oylferrocene (6) and 4-keto-hexanoylferrocene (7) in a 
30 : 70 ratio. 6: ‘H NMR (200 MHz, CDCI,) 6 (ppm), 
5.9 (m, lH, -CH=), 5.27 (ABX system, 2H, =CH,), 4.8 
(t, J = 2.01 Hz, 2H, H-2 and H-5 in substituted Cp 
ring), 4.51 (t, J = 2.02 Hz, 2H, H-3 and H-4 in substi- 
tuted Cp ring), 4.21 (s, 5H, unsubstituted Cp ring), 4.24 
(m, lH, CH-01, 2.91 0, J= 7.0 Hz, a-CH, to CO), 
2.62 (br, lH, OH), 1.92 (m, 2H, /3-CH, to CO); 13C 
NMR (50.5 MHz, CDCl,) 6 (ppm> 205.2 (C=O), 140.8 
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(-CH=), 114.7 (=CH,), 78.7 (C-l in substituted Cp 
ring), 72.4 (C-OH), 72.1 (C-3 and C-4 in substituted Cp 
ring), 69.9 (Cs of unsubstituted Cp ring), 69.4 (C-2 and 
C-5 in substituted Cp ring), 35.4 (a-CH, to CO), 30.3 
@-CH, to CO); IR (neat) 3420 (br, OH), 3100, 2920, 
1660 (s, C==G), 1455, 1380, 1260, 1110, 1055, 1000, 925, 
825 cm-‘; mass spectrum, m/e (assignment, relative 
intensity) 281 (M + 1 - H,O, 22.1), 280 (M+- H,O, 
loo), 213 (FcCO+, 12.5), 186 (FcH, 33.7), 185 (Fc+, 24), 
121 (FcH-C,H,, 26.9); Anal. Calcd. for C,,H,,O,Fe: 
C, 64.45; H, 6.08. Found: C, 63.6; H, 6.10%. 7: ‘H 
NMR (200 MHz, CDCl,) 6 (ppm) 4.81 (t, J = 1.90 Hz, 
2H, H-3 and H-4 in substituted Cp ring), 4.50 (t, 
J = 1.91 Hz, 2H, H-2 and H-5 in substituted Cp ring), 
4.3 (s, 5H, unsubstituted Cp ring), 3.07 (t, J = 5.8 Hz, 
2H, a-CH, to CpCO), 2.8 (t, J = 5.7 Hz, 2H, P-CH, to 
CpCO), 2.6 (q, J = 7.3 Hz, 2H, CH, in ethyl group), 
1.1 (t, J = 7.3 Hz, 3H, CH,); 13C NMR (50.5 MHz, 
CDCl,) 6 (ppm) 210.4 (Cp-C=O), 202.7 ((CH,),-GO), 
77.6 (C-l in substituted Cp ring), 72.1 (C-3 and C-4 in 
substituted Cp ring), 69.9 (Cs of unsubstituted Cp 
ring), 69.2 (C-2 and C-5 in substituted Cp ring), 36.2 
((Y-CH, to CpCO), 35.3 (P-CH, to CpCO), 33.4 
(CH,CH,), 7.9 (CH,); IR (neat) 3100, 2980, 2940, 
1715 (s, (-CH,),C=O), 1670 (s, CpC=O), 1450, 1410, 
1380, 1250, 1110,1060,825 cm- ‘; mass spectrum, m/e 
(assignment, relative intensity) 299 (M++ 1, 20) 298 
(M+, loo), 241 (ll), 213 (FcCO+, 17) 186 (FcH, 83), 
185 (Fc+, 17), 121 (FcH-C,H,, 35); Anal. Calcd. for 
C,,H,,O,Fe: C, 64.45; H, 6.08. Found: C, 63.17; H, 
6.02%. 

4.2. Competitive hydroiminoacylation of 1,4-pentadien-3- 
01 (2) and methyl vinyl ketone (9) with Z and hydrolysis 
of the resulting ketimine 

A screw-capped pressure vial was charged with 0.032 
g (0.0329 mmol) of Wilkinson’s complex (3) dissolved in 
3 ml of toluene and the solution flushed with nitrogen, 
and 0.1 g (0.329 mmol) of 1 was added. To the solution 
was added 0.0274 g (0.329 mmol) of 2 and 0.023 g 
(0.329 mmol) of 9. The resulting mixtures were heated 
at 100°C for 3 h and then hydrolyzed with 10 ml of 1 N 
HCI aq. solution for 10 min. The resulting mixture was 
extracted with 20 ml of ether, and dried in vacua to 
give a dark brown residue. The residue was analyzed 
by GC-MSD, and only 6 was determined. 

4.3. Hydroiminoacyla tion of 1,4-pentadien-3-01 (2) with 
Z for 3 h and hydrolysis of the resulting ketimine 

(A). A screw-capped pressure vial was charged with 
0.031 g (0.0329 mmol) of Wilkinson’s complex (3) dis- 
solved in 3 ml of toluene and the solution flushed with 
nitrogen, and 0.1 g (0.329 mmol) of 1 was added. To 

the mixture was added 0.056 g (0.669 mmol) of 2. The 
reaction mixture was heated at 100°C for 3 h. The 
reaction mixture was hydrolyzed with 10 ml of 1 N HCl 
aq. solution for 10 min. The products were extracted 
with 20 ml of ether, and purified by column-chro- 
matography to give 0.0554 g (56% yield) of 6. 

(B). Under identical reaction conditions as those for 
(A), the reaction proceeded for 24 h. Samples were 
taken at 3 h, 6 h, 12 h and 24 h, hydrolyzed by 1 N HCl 
solution and extracted with ether. The extracted ether 
solutions were analyzed by GC-MSD, and the ratio of 
6 and 7 was calculated as 100: 0 (3 h), 56: 44 (6 h), 
42 : 58 (12 h), 30 : 70 (24 h), as shown in Fig. 1. 

4.4. Hydroiminoacylation of 1,5-hexadien-3-01 (II) with 
Z at 100°C for 3 h and hydrolysis of the resulting 
ketimine 

A screw-capped pressure vial was charged with 0.031 
g (0.0329 mmol) of Wilkinson’s complex (3) dissolved in 
3 ml of toluene and flushed with nitrogen, then 0.1 g 
(0.329 mmol) of 1 was added. To the mixture was 
added 0.0645 g (0.658 mmol) of 11 followed by heating 
at 110°C for 3 h. The reaction mixture was hydrolyzed 
with 10 ml of 1 N HCl aq. solution for 10 min. The 
products were extracted with 20 ml of ether, and 
purified by column-chromatography to give 66.4 mg 
(64.7% yield) of 4-hydroxy-hep-6-enoylferrocene (12) 
and 4.5 mg (4.2% yield) of 5-hydroxy-hep-6-enoylfer- 
rocene (13) in a 94 : 6 ratio in 69% overall yield. 12: ‘H 
NMR (200 MHz, CDCl,) 6 (ppm), 5.85 (m, lH, -CH=), 
5.16 (ABX system, 2H, =CH,), 4.8 (t, J= 1.7 Hz, 2H, 
H-2 and H-5 in substituted Cp ring), 4.51 (t, J = 1.9 
Hz, 2H, H-3 and H-4 in substituted Cp ring), 4.21 (s, 
5H, unsubstituted Cp ring), 3.74 (br, lH, CH-0), 2.92 
(t, J = 7.0 Hz, a-CH2 to CO), 2.65 (brd, lH, OH), 2.28 
(m, 2H, -CH,-C=) 1.95 (m, 2H, P-CH, to CO); 13C 
NMR (50.5 MHz, CDCl,) S (ppm) 205.1 (C=O), 134.7 
(-CH=), 117.9 (=CH,), 78.7 (C-l in substituted Cp 
ring), 72.3 (C-OH), 70.3 (C-3 and C-4 in substituted Cp 
ring), 69.8 (Cs of unsubstituted Cp ring), 69.3 (C-2 and 
C-5 in substituted Cp ring), 42.3 (-CH,-CH=), 35.9 
((r-CH, to CO), 30.7 (P-CH, to CO); IR (neat) 3420 
(br, OH), 3080, 2920, 1650 (s, C=O), 1450, 1410, 1380, 
1250, 1100, 1050, 1020, 1000,912, 890, 820 cm-‘; mass 
spectrum, m /e (assignment, relative intensity) 294 
(M+ - H *O, 100) 277 (lo), 252 (40) 228 
(FcC(=CH,)OH+), 213 (FcCO+, lo), 186 (FcH, 28) 
185 (Fc+, 18) 121 (FcH-C,H,, 56); Anal. Calcd. for 
C,,H,,O,Fe: C, 65.37; H, 6.46. Found: C, 64.10; H, 
6.54%. 13: ‘H NMR (200 MHz, CDCl,) 6 (ppm), 5.90 
(m, lH, -CH=), 5.19 (ABX system, 2H, =CH,), 4.79 (t, 
J = 1.91 Hz, 2H, H-2 and H-5 in substituted Cp ring), 
4.50 (t, J = 1.9 Hz, 2H, H-3 and H-4 in substituted Cp 
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ring), 4.19 (s, 5H, unsubstituted Cp ring), 4.18 (m, lH, 
CH-01, 2.77 (t, J = 7.1 Hz, (Y-CH, to CO), 1.9-1.4 (m, 

2H, -COC H,CH,CH(OH)), 2.77 (t, 2H, -COCH,- 

4H, p and +H, to CO); 13C NMR (50.5 MHz, 
CH,CH,CH(OH)), 2.01-1.5 (m, 6H, -CH,CH,CH- 

CDCI,) S (ppm) 141.0 (-CH=), 114.7 (=CH,), 72.8 
(OH)CH,-I; 13C NMR (50.5 MHz, CDCl,) S (ppm) 

(C-OH), 72.1 (C-3 and C-4 in substituted Cp ring), 
72.3 and 72.2 (C-3 and C-4 in substituted Cp ring on l- 

69.8 (Cs of unsubstituted Cp ring), 69.3 (C-2 and C-S in 
and 6-acylferrocenyl groups), 71.0 (CHOH), 69.9-69.3 
(Cs of unsubstituted Cp ring, C-2 and C-5 in substi- 

substituted Cp ring), 39.3 (r-CH,-1, 36.7 (a-CH, to 
CO), 29.7 c/3-CH, to CO); IR (neat) 3440 (br, OH), 

tuted Cp ring in l- and 6-acylferrocenyl groups), 39.3 
(C-l in 3-hydroxy-1,6-hexadiyl acylferrocene), 37.5 (C-6 

3100,2925,2860, 1660 (s, C=O), 1460,1383,1250, 1108, in 3-hydroxy-1,6-hexadiyl acylferrocene), 36.1 (C-2 in 
1045, 1030, 1000, 920, 890, 825 cm-‘; mass spectrum, 3-hydroxy-1,6-hexadiyl acylferrocene), 31.3 (C-4 in 3- 
m/e (assignment, relative intensity) 294 (M+- H,O, 
lOO>, 240 (30.51, 213 (FcCO+, 411, 185 (Fc+, 341, 121 

hydroxy-1,6-hexadiyl acylferrocene), 20.2 (C-5 in 3-hy- 

(FcH-C,H,, 62); Anal. Calcd. for C,,H,,O,Fe: C, 
droxy-1,6-hexadiyl acylferrocene); IR (neat) 3440 (br, 
OH), 3080,2920, 1660 (s, c--o), 1450, 1400, 1370, 1250, 

65.37; H, 6.46. Found: C, 63.26; H, 6.43%. 1100, 1045, 1020, 995, 890, 835 cm-‘. 

4.5. Hydroiminoacylation of I,5hexadien-3-01 (11) with 
I at 100°C for 48 h and hydrolysis of the resulting 
ketimine 

Under reaction conditions identical with those of 
4.4, the reaction proceeded for 48 h and the reaction 
mixture was hydrolyzed with 10 ml of 1 N HCl aq. 
solution for 10 min. After ether extraction, column- 
chromatography purification gave a mixture of 35.7 mg 
(34.8% yield) of 12, 5 mg (4.9% yield) of 13, 25.2 mg 
(24.5% yield) of 4-ketoheptanoylferrocene (14) and 8.2 
mg (5.0% yield) of 3-hydroxy-1,6-hexadiyl acylferrocene 
(15) in a 50 : 7 : 36 : 7 ratio in 69% overall yield [13]. 14: 
‘H NMR (200 MHz, CDCl,) S (ppm), 4.8 (t, J= 1.9 
Hz, 2H, H-2 and H-5 in substituted Cp ring), 4.49 (t, 
J = 1.9 Hz, 2H, H-3 and H-4 in substituted Cp ring), 
4.26 (s, 5H, unsubstituted Cp ring), 3.06 (t, J = 6.2 Hz, 
a-CHz to FcCO), 2.76 (t, J = 6.2 Hz, 2H, /3-CH, to 
FcCO), 2.53 (t, J= 7.3 Hz, 2H, COCH,CH,CH,), 1.65 
(m, 2H, COCH,CH,CH,), 0.92 (t, J= 7.3 Hz, 3H, 
CH,); i3C NMR (50.5 MHz, CDCl,) 6 (ppm) 209.9 
(FcC=O), 202.7 (-CH,COCH,-),72.1 (C-3 and C-4 in 
substituted Cp ring), 69.9 (Cs of unsubstituted Cp 
ring), 69.2 (C-2 and C-5 in substituted Cp ring), 45.0 
(FcCOCH,-1, 35.7 c/3-CH, to FcCO), 33.3 (COCH,- 
CH,CH,), 17.4 (COCH,CH,CH,), 13.8 (CH,); IR 
(neat) 3100, 2975, 2960, 2880, 1720 (s, CH,COCH,), 
1673 (s, c--o), 1460, 1400,1383, 1263,1240, 1128, 1110, 
1065, 1030, 1000, 880, 825 cm- ‘; mass spectrum, m /e 
(assignment, relative intensity) 313 CM++ 1, 20, 312 
CM+, loo), 269 CM+-C,H,, 41, 247 CM+-C5H5, 31, 
241 (M+- C,H,CO, 15), 213 (FcCO’, 181, 186 (FcH, 
991, 185 (Fc+, 211, 121 (FcH-C,H,, 42). 15: ‘H NMR 
(200 MHz, CDCI,) 6 (ppm), 4.8 (t, J = 2.0 Hz, 4H, H-2 
and H-5 in substituted Cp ring in l- and 6-acylfer- 
rocenyl groups), 4.50 (t, J = 2.0 Hz, 4H, H-3 and H-4 in 
substituted Cp ring in l- and 6-acylferrocenyl groups), 
4.21 and 4.20(s, lOH, unsubstituted Cp ring in l- and 
6-acylferrocenyl groups), 3.74 (br, lH, CH-O), 2.93 (t, 

4.6. Hydroiminoacylation of 3-acetoxy-1,Shexadien (21) 
with 1 at 100°C for 24 h and hydrolysis of the resulting 
ketimine 

A screw-capped pressure vial is charged with 0.031 g 
(0.0329 mmol) of Wilkinson’s complex (3) dissolved in 3 
ml of toluene and the solution was flushed with nitro- 
gen, and then 0.1 g (0.329 mmol) of 1 was added. To 
the mixture was added 0.068 g (0.486 mmol) of 21 
followed by heating at 110°C for 24 h. The reaction 
mixture was hydrolyzed with 10 ml of 1 N HCI aq. 
solution for 10 min. The products were extracted with 
20 ml of ether, and purified by column-chromatogra- 
phy to give a mixture of 30.1 mg (26% yield) of 3- 
acetoyl-hept-6-enoylferrocene (22), 24.5 mg (23.9% 
yield) of 12, 8.4 mg (8.2% yield) of 14 and 2.6 mg 
(2.53% yield) of 13 in a 43: 39: 14: 4 ratio in 61% 
overall yield. 22: ‘H NMR (200 MHz, CDCl,) S (ppm), 
5.77 (m, lH, -CH=), 5.12 (ABX system, 2H, =CH,I, 
4.77 (t, J = 1.8 Hz, 2H, H-2 and H-5 in substituted Cp 
ring), 4.49 (t, J = 1.7 Hz, 2H, H-3 and H-4 in substi- 
tuted Cp ring), 4.19 (s, 5H, unsubstituted Cp ring), 2.74 
(t, J= 7.6 Hz, (u-CH, to FcCO), 2.38 0, J = 6.8 Hz, 
2H, CH,-CH=), 2.05 (s, 3H, -COCH,), 2.14-1.83 (m, 
2H, P-CH, to CO); 13C NMR (50.5 MHz, CDCl,) S 
(ppm) 203.3 (FCC = 01, 133.3 (-CH=I, 118.0 (=CH,), 
72.2 (C-3 and C-4 in substituted Cp ring), 69.8 (Cs of 
unsubstituted Cp ring), 69.3 (C-2 and C-5 in substi- 
tuted Cp ring), 38.8 (FcCOCH,-1, 35.4 Q3-CH, to 
FcCO), 28.2 (CH,-C=), 21.2 (CH,CO); IR (neat) 3082, 
2927, 1734 (s, CH,COI, 1668 (s, FcCC’), 1412, 1376, 
1243, 1107, 920, 824, 721, 696 cm-‘; mass spectrum, 
m /e (assignment, relative intensity) 355 (M + + 1, 20), 
354 (M+, loo), 294 (M+ - CH,COOH, 81, 271 (Fc- 
COCH ,CH &HO + 1,6), 228 (FcC(OH)=CH 2 + + 1,8>, 
213 (FcCO+, 19), 186 (FcH+, 161, 185 (Fc+, 14); Anal. 
Calcd. for C,,H,,O,Fe: C, 64.42; H, 6.26. Found: C, 
64.50; H, 6.29%. 
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4.7. Hydroiminoacylation of 3-trimethylsilyl-1,5-hexadien 
(23) with 1 at 100°C for 24 h and hydrolysis of the 
resulting ketimine 

A screw-capped pressure vial is charged with 0.031 g 
(0.0329 mmol) of Wilkinson’s complex (3) dissolved in 3 
ml of toluene and the solution was flushed with nitro- 
gen, and then 0.1 g (0.329 mmol) of 1 was added. To 
the mixture was added 0.105 g (0.618 mmol) of 23 
followed by heat at 110°C for 24 h. The reaction 
mixture was hydrolyzed with 10 ml of 1 N HCl aq. 
solution for 10 min. The products were extracted with 
20 ml of ether, and purified by column-chromatogra- 
phy to give a mixture of 50.8 mg (50% yield) of 12, 5.5 
mg (5.4% yield) of 13 and 15.8 mg (8.7% yield) of 15 in 
a 78 : 8 : 14 ratio in 64% overall yield. 
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