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Synthesis of Optically Active Alcohols

Using Ferrocene Catalysts

Makoto WATANABE

Asymmetric addition of dialkylzincs to aldehydes in the presence of chiral f-amino alcohols provides a con-

venient method for the preparation of optically active secondary alcohols. The asymmetric reaction of

aldehydes and dialkylzincs has been investigated by using the following four ferrocene catalyst systems; 1)

chiral ferrocenylzincs possessing an aminoethanol auxiliary, 2) N-(ferrocenylalkyl)ephedrines, 3) chiral

polymers possessing N-(ferrocenylmethyl)ephedrines, and 4) chiral 1,2-disubstituted ferrocenyl amino

alcohols. The last catalyst was found to be most effective in ethylating benzaldehyde. In the presence of

this catalyst, aromatic aldehydes and highly branched aliphatic aldehydes were successfully alkylated in above

90% e. e., but the selectivity was only moderate for the ethylation of aliphatic aldehydes with no o—-substituent.
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Fig. 2 Chiral Iodoferrocenes Possessing an
Aminoethanol Auxiliary.

Table 1 Reaction of Diethylzinc with Benzaldehyde

PhCHO + EtzZn

catalyst (1) HO H

K

5mol% Ph T Et

11

entry iodoferrocene solvent temp./°C yield/%? %eeb config.
1¢ 6 toluene rtd 69 18 S
2 6 toluene rt 66 37 S
3 6 toluene-ether rt 60 21 S
4 7 toluene rt 65 56 R
5 7 hexane rt 77 59 R
6 9 hexane rt 50 68 R
7 8 hexane rt 74 84 S
8 8 toluene rt 65 87 S
9 8 toluene-ether rt 78 49 S
10 8 toluene 0 44 86 S
11 8 toluene 40 81 88 S
12¢ 8 toluene 40 80 88 S
13f 8 toluene 40 78 88 S
14 8 toluene 60 81 88 S
15 10 hexane rt 47 69 S

aJsolated yield. PBased on the reported value of [alp—45.45° (c 5.15, CHCl3): see, ref 5.
cn~Butyllithium and zinc chloride were not added. 9Room temperature. €10 Mol% of 8 were us-
ed. fA 1 M toluene solution of diethylzinc was used to benzaldehyde.
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Table 2 Enantioselective Addition of Diethylzinc to Aldehydes

catalyst (2) HO H
RCHO + EtyZn - (S)
5mol% R Et

entry aldehyde cat. solv. temp./°C time/h yield/%?2 %eeb

1 PhCHO 2a He rtd 8 58 47

2 PhCHO 2d H 0 10 61 84

3 PhCHO 2d H rt 7 79 93

4 PhCHO 2d H 40 3 92 95

5 PhCHO 2d Te 40 2 92 95

6 PhCHO 2e H rt 4 94 94

7 PhCHO 2e H 40 2 92 94

8 PhCHO 21 H 0 8 68 89

9 PhCHO 2 f H 40 2 91 94
10 PhCHO 2 f H rt 4 93 94
11f PhCHO 2f H rt 9 58 64
12# PhCHO 2f H rt 2 94 93
13 PhCHO 21 H-T 40 3 78 94
14 PhCHO 2 f H-T 60 2 38 91
15 PhCHO 2g H rt 3 85 99h
16 n-CgH13CHO 2d H 40 2 81 71
17 n-Ce¢H13CHO 21 H rt 3 81 80
18 n-CgH13CHO 2g H rt 3 75 78

algolated yield. YBased on the reported values of [alp—45.45° (c 5.15, CHCl3) for
(S)-1-phenylpropanol: see, ref 5; and [a]p?*+9.6° (¢ 8.3, CHCly) for (S)-3-nonanol: see, ref 8.
cHexane. 9Room temperature. ¢Toluene. 2 Mol% of catalyst per benzaldehyde were used.
£10 Mol% of catalyst per benzaldehyde were used. hThe optical yield was determined as 93%ee

by HPLC analysis using CHIRALCEL OB.
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Preparation of the Chiral Vinyl Ferrocene Monomer 13.
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HTE=NEA~ATR LI, S5IEFD (1S, 2R)-/ v
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=F4 18t L) Ziegler R D\ TR OBIEFIE L
THHEMMNMEET 22 LEPREINC B, Fries Y
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r UL (AIBN) &f# - CREAS TS5 T8 (M)
IS, PHESEN230IT, MR ) ESFED
RV E=ATzar BB oh T3, £2C, BGH
LT AIBN 2Hv*¥5 0= 7xmt (13) & ¢
=7 xat v OBREEERSLUR Y ¥ L h TOBER
FEGERF LI, FE /v - B w T -7
B, BL2OF5AKYVE=ALT7zut (3a-e) #1823
CEMNTEI, FTARY v — 3R ¥ UICER I
th, 247 =Nz X DHILBIC X > CHEEELL, HERE
Table 3 [Z7/R L7,

¥INakRy)<w— (3a-e) OILHESIICL AEZHARK
TEroBonaR)v—FlcktsaE/ v
=v bl (m/n) &, Aozt /<—tt, BIH13&
E=n7 vt DAl (m/n) i KE—F L, #
5T, 13, =07z vt oo RESELE WEIER T
THBZ EpmEh, Bohi 3ae 7 73Ry
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PlEnZ &ht, =7 ) va=y bEKY E=L
Tz rt AR OEIG CEAT S LN L -
o

(2) FINRIT—%MEE LN ITLFERD

THEIFIMERIE
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FANHEHERZTTAF e RORIGOMEBE L LTHL
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MELSEL SNE—FICLT, RYw—dizkiF stz
T FYrvazy bOBNTF FAERMEICRIF TR
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2R L7,

BUSE A REB L T 54 FCl#fTL, +C
DFEFIINKRYv— Ba-e) 1T O)-1-7==L7 v,/ —
VAL BE T, RIGHETER, hooRY ~—3E

Table 4 Asymmetric Addition of Diethylzinc to Ben-

zaldehyde
chiral polymer (3) HO lH
PhCHO + EtZn $
hexane, room temp. Ph Et
11

entry chiral polymer time/h yield/%2 Y%eeb

1 3a 9 70 55
2 3b 8 71 51
3 3c 8 85 72
4 3d 9 75 63
5 Je 15 67 58

a[solated yield. PBased on the reported value of [a]p
—45.45° (¢ 5.15, CHCI;) for (S)-1-phenylpropanol:
see, ref 5.

Table 3 Copolymerization of 13 with Vinylferrocene

—CH—CHaw~+CH—CHpw

Jo AN N\
HO-*Ph HO- Ph
13 3
monomer temp. yield elemental analysis .
entry ratio m/n /°C 3 /% C, H, N/% m/n
1b 0.101 70 3a 59 66.18 5.75 0.57 0.103 (9.34)
20 0.247 70 3b 26 67. 00 6.19 1.21 0.276 (21.6)
3b 0.479 70 3¢ 32 68.61 6.28 1.70 0.488 (32.8)
4b 1. 000 70 3d 24 66. 33 6.26 2.32 0.988 (49.7)
5¢ 0.427 80 e 34 63.63 5.76 1.66 0.466 (31.8)

“Based on the nitrogen analysis. The value in parenthesis means mol% of ephedrine unit in the
polymer. PBulk copolymerization. ¢Solution copolymerization in benzene.
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Scheme 2 Chiral 1, 2-Disubstituted Ferrocenyl Amino Alcohols.
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Table 5 Asymmetric Addition of Diethylzinc to Benzaldehyde in the Presence of R, S Catalysts 42
catalyst (5mol%) HO H
PhCHO + EtZn ¢
hexane Ph  Et
Sy — 11
entry catalyst temp/°C time/h yield/%?® [al p? (¢, CHCl3)® %eed

1 4a rte 3 95 —44.4° (5.28) 91
2 4a 0 6 80 —43.7° (4.19) 90
3 4b rt 2 96 —45.3° (4.34) 93
4 4c rt 2 95 —45.6° (4.09) 94
5 4d rt 1 95 —45.7° (3.90) 94
6 e rt 2 92 —46.5° (4.08) 94
7 4f rt 2 99 —47.0° (4.15) 97
8 4o rt 1 99 —48.5° (3.94) 99
9 4p rt 2 92 —47.5° (3.21) 98
10 4s rt 22 51 —18.4° (3.97) 36
11f 40 rt 3 95 —48.3° (3.28) 98
128 40 rt 22 72 —41.8° (2.90) 86
13¢ 40 40 8 88 —43.1° (3.49) 89
14¢ 40 60 5 78 —39.9° (3.09) 82

aUnless otherwise noted, reaction was carried out in hexane by using 5 mol% of catalyst and 1.6
equiv. of diethylzinc per benzaldehyde. b[solated yield. ¢Reported value for
(S)-1-phenylpropanol in 98%ee is [alp?2—47.6° (c 6.11, CHCly): see ref 20. dDetermined by
HPLC analysis using CHIRALCEL OB. ¢Room temperature. 2 mol% of catalyst per ben-
zaldehyde were used. £0.5 mol% of catalyst per benzaldehyde were used.
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Table 6 Asymmetric Addition of Diethylzinc to Heptanal in the Presence of Chiral 1, 2-Disubstituted Fer-

rocenyl Amino Alcohols?

catalyst (5mol%) HO H
n-CeHi:CHO + EtoZn
hexane n-CsHiys * Et
3-nonanol
entry catalyst temp/°C time/h yield/%?® Lo] p?2 (¢, CHCI3) %eed config.

1 4a rtd 3 86 +5.39° (7.84) 56 S
2¢ 4a rt 28 69 +5.09° (3.86) 53 S
3 4c rt 2 87 +5.32° (8.15) 55 S
4f 4c rt 2 84 +5.28° (6.36) 55 S
5 4c 0 6 80 +5.41° (7.44) 56 S
6 4f rt 2 87 +4.80° (7.08) 50 S
7 4g rt 2 76 +3.26° (6.44) 34 S
8 4h rt 2 86 +5.79° (7.21) 60 S
9 41 rt 5 77 +4.67° (6.11) 49 S
10 4] rt 7 50 +5.04° (3.83) 53 S
11 4k rt 6 60 +3.72° (3.77) 39 S
12 4m rt 3 70 +5.42° (5.87) 56 S
13 40 rt 3 93 +5.63° (7.64) 59 S
14 4q rt 2 72 +5.55° (5.60) 58 S
15 4s rt 20 55 0° (2.54) 0 —
16 4t rt 3 62 +4.63° (4.08) 48 S
17 4u rt 26 8¢ - — —
18 17 rt 2 94 —5.46° (7.98) 57 R

“See footnote a in Table 5. Heptanal in place of benzaldehyde was used. PIsolated yield unless otherwise
noted. “Based on the reported value of [a]p?4+9.6° (c 8.3, CHCls) for (S)-3-nonanol: see ref 8. 9Room
temperature. °¢Toluene as a solvent was used. 7 mol% of catalyst per heptanal were used. #Determined by

GC analysis of the reaction mixture.
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Table 7 Asymmetric Addition of Diethylzinc to Aldehydes in the Presence of the Catalyst 402

catalyst 40 (5mol%) HO H
RCHO + EtZn
hexane R * ot
entry  aldehyde time/h  yield/%P [a] p22 {(c, solvent) %eec config.
1 p-CIC¢H,CHO 1 100 —28.2° (5.01, CsHe) 1004 S
2 p—MeOCﬁH4CHO 4 97 —32.8° (4.14, CgHg) 90d S
3 (E)-C¢HsCH=CHCHO 3 90 —6.30° (2.70, CHCly)© 100 (72)f )
4 2-furaldehyde 1 87 —16.2° (1.06, CHCly) 87¢ S
5 2-naphtaldehyde 3 91 —26.6° (3.35, CgHe) 974 S
6 cyclo-C¢H1;CHO 2 92 —7.96° (6.64, Et,0) > 98h S
7! CyClO—C5H11CHO 4 92 —7.76° (6.64, Et:0) 97h S
g8i % cyclo-CgH1;CHO 3 91 +7.95° (7.11, Et,0) > 98h R
9 (CH;CH,),CHCHO 3 83 —0.45° (4.00, CHCly) > 98h S
10 (CH3);CCHO 3 93! —32.6° (2.38, CHCly) 98h S
11 (CH3),CHCH,CHO 2 70 +12.6° (3.70, EtOH)™ 62 S
127 PhCH,CH,CHO 4 38 —16.8° (4.96, EtOH)" 63 R

aSee footnote a in Table 5. Unless otherwise noted, the catalyst 4o was used. Plsolated yield. <Unless otherwise
noted, based on the reported values. dDetermined by HPLC analysis using CHIRALCEL OB. ¢[alp?2—5.7° (CHCly)
for (S)-1-phenylpent-1-en-3-ol in 96%ee determined by HPLC using a chiral column: see ref 20. f%Ee in paren-
thesis is based on [alp2—6.6° (c 3.2, CHCly) in 75%ee: see ref 28. #Determiined by HPLC analysis using
CHIRALCEL OB of the corresponding (S)-MTPA ester. hDetermined by GC analysis [OV-1, nonpolar 50 m
capillary column, flame ionization detector ] of the corresponding (S)-MTPA ester. iThe catalyst 4a was used. The
catalyst 18 representing the enantiomer of 40 was used. kAldehyde was added to a mixture of 18, EtzZn, and hex-
ane. Determined by GC analysis of the reaction mixture. m[ o ]p2t—20.3° (c 5.25, EtOH) for (R)-5-methyl-3-hex-
anol: see ref 29. " a]p+26.8° (c 5.0, EtOH) for (S)-1-phenyl-3-pentanol: see ref 28.
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