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Abstract: Eleven aromatic and aliihatic aldehydea have been alkylated with E!t.$!i~ in the presence of the 
homoannularly bridged hydroxyamhm fermcene I. The resulting carbinols have e.e’s varying from 66 to 97%. A 
mechanistic approach is presented to rationalize the preferred formation of the enandomer observed. 

Homoannularly disubstituted ferrocenes with different substituents R’ and R2 represent a Cl symmetrical, so 
called “planar chiral” moiety. Introduction of appropriate substituents like CRzOH, CRzNR’2, PPh2, etc. produce 
ditknctional compounds which are likely to take part in asymmeaic transformation5 as chii auxilkuies. One of the 

most valuable applications is the C-C bond formatiin under choral catalysis to produce optically active hydrocatbons 

by Ni- and Pd-catalyzed cross coupling reactions1 or alcohols by alkylation of carbonyl compounds with R2Z$. 
The latter reaction was found to proceed with good to excellent enantios&ctivity with ammatic and straight chain or 

a-b&d aldehydes, when the reaction was canied out with I3351 and aminoalcohol derivatives ti-om camphor, 
prolm, ephedrin, etc. or ferrocen es of the general structure II as chiral modifiers. Only &branched substrates gave 
unsatisfackly chemical and optical yields. 
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Table 1 

entry compound R -WC1 t ml isokyield [a]Db e.a[%] by 

I%1 (opt.rotb / HPLCc / n.m.r.) 

8 

9 

10 

11 

12 

13 

la C&5- 25 

la C&s- 40 

la G4.k 0 

lb P-CH~C&~- 25 

lc p-CH30C&- 25 

Id p-cIc(jH~- 25 

le l-flnyl- 25 

If C&15CH=CH- 25 

lg CsH11- 25 

lh KW2CH- 25 

li (~H$$HCH2- 25 

lj (CHMCHZ- 25 

lk ‘C&11CH2- 25 

12 87 -40.8 83.5 

12 90 40.4 83 

12 87 -42.3 87 I87 

4.5 93 -36.5 93 I 194d 

4.5 81 -32.4 89 /85/87d 

4.5 88 -23.1 82 /SO 

4 84 -15.4 83 / /86d 

4 86 -5.4 86 I /87d 

4 72 +7.09 74 I l7oe 

4 30 n.e. I l97f 

4 70 +20.1 85 I 18le 

4 68 +20.4 I 856 

4 50 +16.6 66 I 176e 

a) E&$n in toluene (1. lmdk) was used for entry 1 - 6 and Et$n in hexane (1 molar) for entry 7 -13. 

b) (S)-1-Fhenyl-1-propan~nol: [a]#! -47.6 (c: 6.11, CHCls), 98% e.a3a, (S)-1-(p-Tolyl)-1-pmpanol: [a]$ -20.4 

(c: 5, C&I& 52% e.e.sb, (S)-l-@-Methoxyphenyl)-1-propanol: [a]D= -17.2 (C&I,& 43% ee.sC, (S)-1-(p- 

Chlorphenyl)-1-pmpanol: [a]# -10.4 (c: 5, C&j), 43% e.e. 3d, (S)-1-&-Fury])-1-propanol: [a]5# -17.9 

(c: 1.75, CHClj), 91% e.e.w, (S)-1-Phenylpent-1-en-3-ol: [a]D 22 -5.7 (CHCl& 96% e.e.3f, (S)-3-Cktanol: 

[a]D21 9.6” (c: 1.34, CHC@, 100% e.e.3g, (S)-2-Methyl-3-butanol: [a]Dz -6.05 (neat), 62% e.e.3h, (S)-5-Methyl-3- 

hcxanol: [a]D24 22.1 (c: 4.57, EtoH), 93% e.e.3i, (R)-SJ-Dimethyl-3-butawl: no opt. mt.qorted, lCyclohexyl-2- 

butanol: [a]Dz -25.3 (c: w, EtoH), 66% e.e.Y c) HPLC: CHIFULCEL OB (4.6 x 25Omrn), 0.15ml I min, 
1-Phenyl-l-propanol: i-P&H I hexane (4:96), 42.5,54.9 min; 1-@M&oxyphenyl)-l-propanol: i-PrOH I hexane 
(10:90), 61.3,82.0 miq lQ&hlorphenyl)-l-pmpanol: i-ROH I hexane (5:95), 42.8,47.8 min. d) MTPA - ests 

tH - n_m.r. e) MTPA - es@: 19F - n.m.r. f) MTPA - ester: 13C - n.m.r. 



A h~ul~ly bridged hy~xy~no ferroccne 287 

IO111 
OH OH 

/ / 
+ Et$Zn c 

H 

R-C;i,,H f “-CTB 

EIt 

1 w2 o- 2 
major minor 

Here we report on the option of a new fmocene catalyst I4 which was used i3uCCeSSfuily to alkylate tlmn@iC 

and straight chain or branched aliphatic aldehydes to secondary alcohols with up to 97% e.e. Even with a &branched 

aliphatic substrate (entry 12) an increased optical yield than that mported for I I could be obtained. This seems to be a 
mb~ avow &XX I may become a valuable ~~1~~ to the f crrocenyl ~~~ho~ of type II. 

Reaction of the aldehydes la - k (Table 1) with E$Zn in tohtene or n-hexane and 3 - 5 mof% of 1 afforded the 

secondary alcohols Za - k in goed to excellent yield. The chemical purity of the isolated products was checked by 1H 
n.m.r. and the optical purity was determined by at least two independent methods, except fof entry 10 and 12 (see 
Table 1, footnotes b - f). The reaction proceeds smoothly with good chemical yields and without noticeable side 
reactions at ambient tempemmm, except in entry 10 where the isolated yield droppad to 30%, probably caused by 
e~on during work up (see below); an ova of the pmcedum is presently under ~v~tig~o~ The effect 
of the reaction ~eonae.wasfoundtobesmalt(entry1-3)~an~~fb.aboutOOC.Thecatalystcan 
be recovered by catchy and reused without noticenble loss of selectivity. 

A renreaentative procedure is given for 5-methyl-3-hexanol(2i~ (entry 11): A solution of 345 mg (4 mmol) of 
1 i in 4 ml of dry toluene was degassed three times. To this was added subsequently 93 mg (5 mol%) of I and 6.4 
mmol of Ft$n in hexane (1 mo!ar) with &ring at 25OC. After4 lu the reaction was quenched by addition of 5 ml of 

sat NH&t solution. The aqueous layer was separated and extracted with ether (3 x 5 ml) and the combined organic 
extracts were washed with brine and dried (MgSO,+). After removal of the solvent the crude carbin was purified by 

bulb to bulb aeon to give 325 mg ~0%~ of 2i. 
Comparison of the sense of the asymmetric mduction of I sod H (R = Cd-Is-) revealed the followhrg interesting 

feature: When (+)(R),(lS),(2R),(3R), I - same absolute configuration as depicted in the scheme - was employed 
the (S) conSgmamd carbinol was formed predominantly. The same enantiomer was obtained when 

(-)~)~(lR~~ZS)~ II was used, (R=Ph), the non bridged compound with wne cxnhw%Mi but uppv&e 
mfzallocene chhality. This clearly indicates that the m d&trams the sense of asymmetric induction while 
the ntetallocene chirahty seams to be Iess ~ This rather surpristt b&&or may have its origin in the endo 
configuration of the amino group of I. The transition state depicted below accomns for this geometric situation and 
offers a suggestion how this observation can be rationaked. Transition states of the configuration m step 

have been preaentd by Noyoris and Rutsugan*. Roth of mem propose the part&p&on of two molecniea of Et$Zn 
and the formation of a seven membered ring. This cycle adopta a &Mike confomunion with Zn bonded covakntly 
to 0 and courdinatively to N. Both substiments, the a-m&y1 group (II) or the Helene bridge (Q as well as the 
ethy1 group attached to Zn are atmnged in equatoriai positions. The Zo atom of the seven membemd ring W 
to the substrate, a second Et$n unit to the ring 0 to give a chair-like six-membered transition state resulting in 
minimmn steric repuMon. ‘IT& geometry should highly favour an attack of the ethyl group to the si - side of the 
aide&da 
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Figure 1 

Pmposed transition kates for the ethylation of benzaldehyde catalyzed by (R)c-II (left) and (R)c-I (right). 

(One Zn - ethyl group omitted) 

A- This work was supported by the Fends zur FOrderwzg der wissenschq?lichen Forschung 
(FWF), project no. P-8414. 

4. 

5. 

a. T. Hayashi and IVI. Kumada, Acc.Chem.Res., 1982,15,395. b. T. Hayashi, K. Hayashii, T. 
Kiyoi, and Y. Ito, J&.Chem.Soc., 1988,1X),8153. 
a. M. Watanabe, S, Araki, andY. Butsugan, J.Org.Chem., 1991,56,2218. 
For general reviewvdealiig with akylations with R2Zn see: b. K. Soai and S. Niwa, Chem.Rev., 1992, 
92,833. c. R Noyti and M. Kitamura, Angew.Chem., 1991,103,34. d. R. Noyori, S. Suga, S. 
Okada, and M. Kitamm, Pure and Appl. Chem., 19&I&$60,1597. 
a. M. Kitamura, S. Suga, K. Kawai, and R Noyori, J.Am.ChemSoc., 1986,108,6071. 

b. J. Capillon and 1. Gue-tte, Tetrahedron, 1979,35,1817. 
c. see 3b. 

d. see 3b. 
e. A. V. Oeveren, W. Menge, and B. L. F-a, Teaahedmn Lea_, 1989,30,6427. 
f. see 3a 
g. S. Chaaopadhyap,V.R Mamdapur, andUS. Chadha, J.Chem.Resarch, 1!90,1819. 

h. ICR Varma and a Caspi, Tetrahedron, 1968,24,6365. 
i. K. Soai and S. Ypkoyama, J.ChemSoc. (Chem.Comm.), 1987,16!% 
j. P. Leone and P S#evans, J.biol.Chem.l930,87,375. 
H. Wally, M. Widlkalm, W. Weissensteiner, C. Kratky, and K. SchlBgl, J.Organomet.Chem. in press. 
M. K.itamm, S. Okada, and R Noyori, J.Am.Chem.Soc., 1989,111, -8. 


