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Hydroiminoacylation of Allyl Alcohol with
Ferrocenecarboxaldimine by Rh(I) catalyst

Chul-Ho Jun®*, Jung-Bu Kang and Jin-Yong Kim

Agency for Defense Development, Yuseong P.O.Box 35, Taejon 305-600, Korea

Abstract: The hydroiminoacylaction of allyl alcohol with ferrocenecarboxaldimine by Wilkinson's complex produces
4-hydroxy-1-butanoyl ferrocene and 3-ferrocenyl-2-methyl-2-propanal after hydrolysis of the resulting ketimines.

Acylferrocenes are particularly important in the synthesis of alkyl ferrocenes and of alkenyl ferrocenes'.
The major pathway for preparing acylferrocene is Friedel-Crafts acylation?, in which one of limitations is the
choice of alkyl group of acylchloride due to non-availability of hydroxyalkyl acylchloride. Already new
synthetic method of acylferrocene through hydroiminoacylation of the terminal olefins with ferrocene-
carboxaldimine has been reported®. Even poly-butadiene can be used for hydroiminoacylation substrate to
prepare polymer-supported acylferrocene*. This paper reports hydroiminoacylation of allyl alcohol with
ferrocenecarboxaldimine and elucidation of the isomerization and dehydration mechanism for hydroxyalkyl
acylferrocene during the hydrolysis process.
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(Scheme 1) a: (PPh,),RhC1 (3) (10 mol %), toluene, 110°C, 24h. b: (i) 1N HCl aq. sol.
(ii) extracted by CHCI, (iii) separated by column-chromatography

Allyl alcohol is a good candidate for hydroiminoacylation substrate because hydroacylation of allyl
alcohol with ferrocenecarboxaldimine (1) may produce an acylferrocene having a hydroxy group. Compound
1 (0.33 mmol) reacted with allyl alcohol (2) (0.66 mmol) at 110°C for 24h in 2 ml toluene under Wilkinson's
complex (3) (0.033 mmol: 10 mol% based upon 1) as catalyst (Scheme 1). Without isolation of the resulting
hydroiminoacylation products, they were hydrolyzed with 1 N HCI aq. solution for 2h to give 4-hydroxy-1-
butanoylferrocene (6) and 3-ferrocenyl-2-methyl-2-propanal (7) in a 77:23 ratio in 72 % yield after
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chromatographic isolation’,
The mechanism can be easily inferred from the above results. The first step must be the formation of the
rhodium(IIT) hydride 9 via C-H bond cleavage of aldimine 1 by Rh(F) of 8%(scheme 2).
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(Scheme 2) Mechanism for the hydroiminoacylation of 2 with 1

The hydride insertion into allyl alcohol gives two hydrometallated complexes as intermediates, 11 and 12,
according to anti-Markownikoff’s rule and Markownikoff’s rule respectively. Reductive-elimination of 11 and
12 produce two ketimines, 4 and 5. Since these ketimines were hardly isolated as pure forms due to the partial
hydrolysis during the column-chromatographic isolation, they were hydrolyzed completely by 1IN HCI aq.
solution to give the final products, 6 and 7. While compound 6 is the expected anti-Markownikoff's linear
alkyl acyferrocene product, 7 is the unexpected hydrolysis product of 5.
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Hydrolysis of the ketimine 5 must penerate the secondary alkyl acylferrocence 13 as an intermediate
(cq. 1). The enolization of acylferroccne 13 might produce vinylalcohol 14, which can be casily isomerized 0
the aldchyde 16 through 15. There scems 8o Riy(]) catalyst’s involvement in the transformation of 14 w0 15
becaase Wilkinson's complex might be decomposed or deactivated in this acidic agueons solution.  Dehydration
of 16 suppose o give 7 as a final product since a-hydroxyalkyl ferrocene is very susceptible for debydration
producing alkenyl ferrocenes’. &t has been reported that ferrocenylbutadiene can be prepared by pyrolysis of
ferrocenyl group is generated by dehydration of the o-hydroxyalkenyl ferocenc®. Formation of the stable
memmuwmmﬁmhﬂehvmgfm
for delrydration process even under the mild conditions. ﬁmﬁemmumdmmm
of anti-Markownikoff's and Markownikoff's can be measured as a 77 : 23. Usually hydroacylation of a
1-akkene like 1-pentenc produces only a lincar-alkyl acylferrocene, according to anti-Markownikoffs rule®.
The reason for the partial formation of S, Markownikoff's product, must be that allyl alcobol in 10 might
coordinate the oxygen atom as well as olefin, which make an easier hydride transfer to the terminal olefinic
carbon 0 generaie a transicnt stable metallacycie complex in allyl alcohol than in 1-afkene having a capability
of only one olefin coordination.

‘When allyl acetate (17), in which the hydroxy group of allyl alcohol is protected by the acetyl group, was
applied for this hydroiminoacyiation under the identical reaction conditions, only a lincar hydroacylated
product, 4-acetoxy-1-butanoytferrocenc (18)°, was obtained exclusively in 81 % yicld (cq.2)".

? S(1I0mol%) {1NHC ? ?
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Any acyloxy derivative of 13, 14, or 15 has not been isolated, informing that the reaction takes place according
to anti-Markownikoff's rule, differently from the results of the hydroiminoacylation of allyl alcohol. The
reason must be that allyl acctate may not act as a bidentate ligand in the olefin coordination. Vigorous acid
hydrolysis of the acctaie ester 18 in co-solvent system (1 N HCI aq. sol : acetone = 5 : 2) at 100°C for 1h
results in € in 76 % yicld afier chromasographic isolation. ’

The results indicase that allyl alcohol can be hydroiminoacylated with ferrocenecarboxaldimine to give
the anti-Markownikoff's product can be improved by protecting the hydroxy group of allyl alcobol with the
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