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Asymmetric Alkylation of Aldehydes with Dialkylzinc
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Abstract: The chiral ferrocenecarbaldehyde bearing an amino group T,ple 1. Ethylation of Aldehydes with Diethylzine Catalyzed

was used as a ligand of diethylzinc in the asymmetric alkylation of by (S,R)-2
aldehydes. It effectively catalyzed the reaction with either aromatic,™ aldehyde vield  ce config.
straight chain or branched aliphatic aldehydes to afford chiral alcohols [)2  [%]P
in good yields with high enantiomeric excess (up to 93 % ee). 1 benzaldehyde 94 91 R
2¢ benzaldehyde 92 87 S
3 4-methoxybenzaldehyde 97 93 R
Planar chiral ferrocenes are of current interest as ligands and chire 4 4-nitrobenzaldehyde 88 91 d
building blocks in asymmetric synthedisThe unique structure of 5 1-naphthaldehyde 91 88 R
ferrocenes allows one to design a variety of chiral substituted © ferrocenecarbaldehyde 20 81 R
ferrocenes. Well-designed chiral ferrocenes may produce high ’ cinnamaldehyde 85 80 R
. . . : . 8 3-phenylpropanal 88 83 R
stereoselectivities during organic reactions. Chiral 9 pentanal 85 R0 R
ferrocenecarbaldehydes have recently been reported by Kagan etal. . 1 isobutyraldehyde 73 81 R
precursors for ligands of transition metal catalysts in asymmetric 11 cyclohexanecarbaldehyde 87 82 R
organic synthesiWe would like to now report the catalytic ability of 12 pivaldehyde 55 80 R

the chiral ferrocenecarbakjehyde bearing an amino grﬁ)]mi a a]solated yield after PTLC. bDetermined by HPL.C using Daicel

chelating ligand of dialkylzinc during the alkylation of aldehydes. Chiralcel OD column (i-PrOH/hexane = 10/90) and/or by GC using
Astec Chiraldex B-PH chiral capillary column.  ¢(R,S)-2 was used as

H CHO |, the catalyst. 4Not determined
/.Me  1.5-BULITHF /e

i
NMez 2. MeoNCHO NMe,

& 3 H & product (run 2). These results suggest that both the formyl and amino
groups are required for high catalytic and high asymmetric induction
abilities. The trick of the reaction may be shown by the following
Scheme 1 experimental results. The ferrocene-carbaldeh@peds alkylated with
diethylzinc without catalyst to give the ferrocenyl alcoh8) &fter
hydrolysis with high diastereoselectivity (>99 de) (Schem2 Bhe
ferrocenyl alcohol3) also worked as an effective catalyst for the highly
enantioselective ethylation with diethylzinc (run 3). The actual catalyst,
therefore, should be the zinc ferrocenyl alkoxide. High
for the ethylation of aldehydes with diethylzinc. As shown in Table l’diastereoselective alkylation @fwith dialkylzinc was the key point of
the reaction smoothly proceeded in toluene at 0 °C to give thihe reactiorf. The advantage of this method is that the reaction can
corresponding alcohol in good to excellent yields with high convenjently be carried out usigtself as a cgtalyst without isolation
enantiomeric excess (ee) values (up to 93 % ee) (Scheme 2). TRE a diastereomerically pure ferrocenyl amino alcdhdhe use of
reaction of benzaldehyde wits,R- and R,9-(2) gave theR)- and - chiral ferrocene-carbaldehyde bearing the oxazo)2 qr acetal §)2
isomers of 1-phenyl-1-propanol, respectively (runs 1-2). A S"ghtgroup as a catalyst resulted in a low yield with a low ee value (runs 4-5).
difference in the ee values between 4-methoxy- and 4-
nitrobenzaldehyde suggests that the reaction is not be affected by &
electronic factor (runs 3-4). With either the aromatic, the straight chair - -

. . ) . run ferrocene catalyst yield ee config.
or branched aliphatic aldehyde, the stereoselective alkylation (%] (%]
successfully produced the corresponding alcohol in high optical purity.

1 2

The chiral 2-(1-dimethylaminoethyl)ferrocenecarbaldehy@® Was
readily prepared by the ortholithiation of the (2-9-
dimethylaminoethyl)ferrocenel) using s-BuLi and the subsequent
reaction with dimethylformamide (Scheme3MVe used as a catalyst

Table 2. Ethylation of Benzaldehydes with Diethylzine Catalyzed by
Ferrocene Compounds

1 ferrocenecarbaldehyde 0 -© -

o} 2 (5 mol%) OH 2 ($)-1 29 7 S
)L + EpZn — 3 3 (>99% de) 90 90 R
R™ H toluene R 4 (5,5)-4 11 30 S
5 (5,5)-5 S < -

Scheme 2 aIsolated yield after PTLC.  PDetermined by GC using Astec

Chiraldex B-PH chiral capillary column. ¢ Not determined
It is well established that asymmetric alkylation of aldehydes with
dialkylzinc needs a certain catalyst such as a Lewis acid, a sulfonamide,
and an amino alcohol including a ferrocenyl amino alc8hiol.is The general procedure for the ethylation of aldehyde with diethylzinc
interesting that the aldehyde works as a catalyst in the reaction: tloatalyzed by2 is as follows. In a two-neck 50 mL round-bottom flask
catalyst employed here was an amino aldehyde not an amino alcohabntaining a magnetic stirrer bar was pla2gd4.3 mg, 0.05 mmol, 5
We then examined the origin of the catalytic activitpoThe results of  mol %) under nitrogen. Dry toluene (5.0 mL) was then added to the
the reaction with benzaldehyde using ferrocene compounds as catalyfiessk followed by the addition of 1.0 mol/l hexane solution gZBt(1.5
are summarized in Table 2. Simple ferrocenecarbaldehyde did naotL, 1.5 mmol) at 0 °C. After 30 min, benzaldehyde (100 mg, 1.0 mmol)
catalyze the reaction (run 1). The parent aminoferrocénshpwed was added to the resulting solution at 0 °C and stirred for 15 h. The
poor catalytic activity giving a low yield (29%) and ee (7 %) value of thereaction was quenched by the addition of diluted HCI. The aqueous
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layer was extracted with two portions of diethyl ether (20 mL), washed

with brine and dried (MgSg); the ferrocenyl amino alcohoB) was

(6)

extracted into an acidic aqueous solution. The GC/MS analysis of the
ethereal solution revealed the presence of 1-phenyl-1-propanol. After
evaporation of the solvent, the product was isolated by preparative TLC

(hexane/ethyl acetate = 5/1) (127.9 mg, 0.94 mmol,

94% yield)(7)

Enantiomeric excess was determined by HPLC analysis using a Daicel

Chiralcel OD column and/or by GC with a chiral capillary column

(Astec Chiraldex B-PH, 30 m). The absolute configuration was

determined by chiroptical comparison with literature vafti&g.
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