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The aldehydes 1 and 5 were converted to the corresponding
SAMP hydrazones 2 and 6, respectively. Subsequent nucle-
ophilic 1,2-addition of organolithium reagents to the C—N
double bonds and cleavage of the N—N hydrazine bond
using an excess of BH3- THF afforded (1-ferrocenylalkyl)ami-

nes (N-protection — 4) and 1,1'-bis(1-aminoalkyl)ferrocenes
(N-protection — 8) in good overall yields (32—88%), with
very high enantiomeric excesses (ee = 90—98 %) and dI/meso
ratios of up to 95:5.

Introduction

In the last few years chiral (I1-ferrocenylalkyl)amine de-
rivatives have developed into a class of compounds of extra-
ordinary importance. (1-Ferrocenylalkyl)amines A have
been employed as chiral auxiliaries in the Ugi four-compo-
nent condensation!'! and in the asymmetric synthesis of the
alkaloids (+)- and (—)-corynoline!?). In addition, there is a
steadily increasing interest in these compounds because of
their important role as chiral ligands in homogeneous
asymmetric catalysis[l.

Due to nucleophilic substitution reactions, which take
place under complete retention of the configuration, a
broad variety of ligands can be synthesized based on (1-
ferrocenylalkyl)amines¥. These ferrocenylamines have been
conveniently prepared through the diastereoselective ortho-
lithiation of optically active N,N-dimethyl-(1-ferrocenyl-
ethyl)amine (e.g. Kumada ligand B), which was obtained by
resolution of the racemic aminel®). There have only been
a few reports on convenient methods for the asymmetric
synthesis of optically active (1-ferrocenylalkyl)amines. Pyne
et al.[ have published a method for preparing (1-ferroce-
nylethyl)amine by the diastereoselective hydride reduction
of an optically active imine. Several groups have used ami-
noalcohols as chiral additives in the 1,2-addition of dialkyl-
zinc reagents to ferrocenecarbaldehyde, but this synthesis
is limited so far to dimethyl- and diethylzinc”). Another
disadvantage of this method is the additional steps to con-
vert the resulting (1-ferrocenylalkyl)alcohols into the corre-
sponding amines®l. Soai et al.’l synthesized directly (1-
ferrocenylalkyl)amines using ferrocenyldiphenylphosphany-
limine as starting material in a similar addition reaction.
Reeves et al.['% have reported the enantioselective reduction
of acyl ferrocenes using Corey’s chiral oxazaborolidine
catalyst.

[*] Present address: BASF AG, D-67056 Ludwigshafen, Germany.
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(1-Ferrocenylalkyl)amine derivatives have been used in
asymmetric catalytic hydrogenation, allylic substitution,
Grignard cross coupling and aldol reactionsl.
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The Ciba (S)-Metolachlor process and a biotin process
at Lonza are two industrial applications of (1-ferrocenylalk-
yl)amine-based catalysts C, which demonstrates the impor-
tance of this class of ligands for asymmetric catalysis/'!].
The production of the herbicide (S)-Metolachlor is the larg-
est process using asymmetric hydrogenation catalysts, gen-
erating more than 10,000 tons of (S)-Metolachlor per year.

Hayashi et al.l'?! reported the first C,-symmetric tetra-
substituted ferrocene ligand, 2,2'-bis[l-(N,N-dimethyl-
amino)ethyl]-1,1’-bis(diphenylphosphanyl)ferrocene (D),
which was prepared by ortho-lithiation and phosphanyl-
ation of 1,1’-bis[1-(V,N-dimethylamino)ethyl]ferrocene.
However, for the preparation of this ligand a resolution
procedure was required. The asymmetric synthesis of 1,1'-
bis(1-aminoalkyl)ferrocene-type ligands E has been exten-
sively studied during the last few years. Analogously to the
(1-ferrocenylalkyl)amines these diamines are derived from
their corresponding alcohols. (1S,2R)-N,N-dialkylnore-
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phedrines[!? and ferrocenylamino alcohols!!*! were used in
the asymmetric 1,2-addition of dialkylzinc to ferrocene-
1,1’-dicarbaldehyde. Again the scope of the method is lim-
ited. 1,1’-Ferrocenyl diketones can also be reduced with Co-
rey’s chiral oxazaborolidine catalyst!'>l. New approaches
have been presented by Togni et al.l'® and Knochel et
al.l'”), who synthesized 1,1’-bis(1-aminoalkyl)ferrocene de-
rivatives from chiral fulvenes. 1,1’-Bis(1-aminoalkyl)ferro-
cene derivatives have been used as chiral catalyst in the re-
duction of acetophenone and 1-acetylnaphthalenel!8],

We now like to report in detail our work on the asymmet-
ric synthesis of (1-ferrocenylalkyl)amines and 1,1’-bis(1-
aminoalkyl)ferrocenes, in which the nucleophilic 1,2-ad-
dition of organolithium compounds to a SAMP or RAMP
hydrazone is the key reaction step!!°].

Results and Discussion
(1-Ferrocenylalkyl)amine Derivatives

The commercially available ferrocenecarbaldehyde (1)
was converted to the corresponding SAMP hydrazone (S)-
2 in almost quantitative yield (Scheme 1). Nucleophilic 1,2-
addition of organolithium compounds to the hydrazone
C—N double bond was subsequently carried out at —100°C
in diethyl ether. The use of three equivalents of the alkyllith-
ium reagent was necessary to obtain very good yields
(96—99%). The addition reactions occurred with virtually
complete asymmetric induction. The 1,2-addition of phen-
yllithium gave the corresponding hydrazine 3f in 96% yield
and with 84% ee. After work up, the air-sensitive hydrazines
3a—f were obtained as yellow brown oils and were imme-
diatly employed in the N—N bond cleavage without
further purification.

Scheme 1. Asymmetric synthesis of protected (1-ferrocenylalkyl)-

amines
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R = Me, Et, n-Bu, tert-Bu, n-Hex

Common N—N bond-cleavage methods include lithium
in liquid ammonia®® and samarium diiodide'1. To use
these cleavage reagents, the non-activated hydrazines 3 were
in situ protected with acetyl chloride. This protecting reac-
tion gave only moderate yields (34%) and the cleavage reac-
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tions gave ethylferrocene (33%, using Li/NH3) and vinylfer-
rocene (90%, using Sml,), respectively, as main products.
The N—N bond cleavage of the non-activated hydrazines
3a—f was accomplished by hydrogenolysis in the presence
of a catalyst. Platinum dioxide*?! gave in the case of (1-
ferrocenylethyl)amine low yields (29%) and significant loss
of optical purity (ee = 75%). With other hydrazines, e.g. 3e,
side products, like (1-ferrocenylheptyl) methyl ether, became
main products. The Raney nickell>! promoted hydro-
genolysis of the hydrazines 3a—e afforded the (1-ferrocenyl-
alkyl)amines in overall yields of 30—54% and enantiomeric
excesses of 85—94%. This N—N bond-cleavage protocol
suffers from a number of disadvantages. The reaction con-
ditions are rather harsh (10 bar H,, 60°C), the preparation
of the Raney nickel catalyst is very tedious, hydrogenation
of aromatic residues can become competitive and the par-
tial epimerization or racemization during the cleavage reac-
tion could not be avoided even by variation of the hydro-
genolysis conditions. In order to cleave the N—N bond of
the hydrazines 3a—e we explored a new reductive cleavage
method using BH3-THF as novel reducing reagent. When
hydrazines 3a—e were treated with a large excess of borane
(10 equivalents) in refluxing THF the (1-ferrocenylalkyl)-
amines could be isolated as their acetamide derivatives
4a—e in good yields (up to §9%) and very good enantiom-
eric excesses (ee = 91—98%). The moderate yield of the
tert-butyl derivative 4d is probably due to steric hinderance.
(1-Ferrocenyl-1-phenylmethyl)amide 4f could be isolated in
71% yield and with an enantiomeric excess of 76%. The
advantages of this new protocol are the compatibility with
aryl derivatives in the starting hydrazine and the easy and
fast general procedure giving better yields and inductions
than common N—N cleavage methods.

The enantiomeric excesses of the (1-ferrocenylalkyl)-
amides 4a—e and (1-ferrocenyl-1-phenylmethyl)amide 4f
were determined by HPLC analysis employing chiral
stationary phases. The racemic compounds rac-4a—f re-
quired for comparison were synthesized from the corre-
sponding achiral N,N-dimethylhydrazones. Of course, both
enantiomers of the amides 4a—f can be obtained as desired
by use of SAMP or RAMP as chiral auxiliaries, which is
shown for product (R)- and (S)-4c.

The absolute configurations were determined by X-ray
structure analysis of the hydrazine (S,R)-3d (Figure 1)P4]
and by NOE-NMR experiments. Suitable orange crystals
were obtained by recrystallization from petroleum ether.
From the structure analysis, the absolute configuration of
the stereogenic center generated by the 1,2-addition is es-
tablished as (R) when SAMP was used as auxiliary, which is
in agreement with the diastereofacial selectivities previously
observed for 1,2-additions of organometallic compounds to
the C—N double bond of aldehyde SAMP hydrazones!?3.

1,1'-Bis(1-aminoalkyl)ferrocene Derivatives

Analogous to the presented synthesis of (1-ferrocenylalk-
yl)amines, an aldehyde is the starting material for the syn-
thesis of 1,1’-bis(1-aminoalkyl)ferrocene derivatives. Ferro-
cene-1,1'-dicarbaldehyde (5) could be synthesized in good
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Table 1. Enantioselective synthesis of (R)-N-(1-ferrocenylalkyl)amides (R)-4a—e by 1,2-addition of organolithium compounds to ferroce-
necarbaldehyde SAMP hydrazone [(S)-2], followed by reductive cleavage of the N—N bond of hydrazines (S,R)-3a—e

3,4 R yield2—3 de(3)1 [a]p?? BH;  THF T yield 3 — 4 eel’] a]p?? config.
[7] (c =1, CHCL) [equiv] [°q [7] [] (¢ = 1, CsHoe)
a Me 99 =98 —126.6 10 RT 89 95 —83.7 R
b Et 96 =98 —164.5 10 60 72 98 —25.8[ R
c nBu 98 =98 —165.7 20 60 82 95 —44.8 R
c nBu 98 =98 — 10 60 64 94 +42.5 Stdl
d tBu 96 =98 —222.4 10 60 33 91 +89.7 R
e nHex 99 =98 —149.5 20 60 80 93 =21.5 R
f Ph 96 =84 - 10 60 71 76 —35.10 R

[2l Determined by 'H- and '*C-NMR spectroscopy. — [®! Enantiomeric excesses were determined on the acetyl derivatives of the amines
by HPLC (Chiralcel® OD). — [ (¢ = 0.5, CHCl;). — 19 Ferrocenecarbaldehyde RAMP hydrazone [(R)-2] was used as starting material.

— el (¢ = 0.25, CHCL,).

Figure 1. X-ray structure of the hydrazine (S,R)-3d in the solid state
(ORTEP plot)

Cis

yield from inexpensive ferrocene using the dilithiation
method according to Widdowson et al.[>’]. The ferrocene-
1,1’-dicarbaldehyde (5) was treated with 2.5 equivalents of
the auxiliary SAMP in diethyl ether at 0°C in the presence
of molecular sieves (Scheme 2) to give the bishydrazone
(S,5)-6 in almost quantitative yield.

For achieving high yields in the subsequent double 1,2-
addition of organolithium compounds to the C—N double
bonds of the bishydrazone (S,5)-6, a large excess (10 equiv-
alents) of the lithium reagent was required (Table 2). The
large excess of the alkyllithium compounds did not appear
to have any effect on the stereoselectivities. The best results
were obtained by the use of small alkyllithium compounds
(R = Mg, Et) at —100°C in diethyl ether, whereas the bulky
tert-butyl derivative 7d was isolated in only moderate yield,
probably due to steric hindrance. In comparison with the
synthesis of the racemic 1,1’-bis(1-aminoalkyl)ferrocenes
from their corresponding bis(N,N-dimethylhydrazones),
where 6.3 equivalents of the organolithium compound were
used, a larger amount of the lithium reagent in the asym-
metric case could be explained by additional complexation
opportunities due to the methoxy groups.
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Scheme 2. Asymmetric synthesis of protected 1,1’-bis(1-aminoal-

kyl)ferrocenes
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R = Me, Et, n-Bu, tert-Bu, n-Hex

The N—N bond cleavage of the bishydrazines 7a—e was
first accomplished by hydrogenolysis in the presence of sev-
eral modified Raney nickel catalysts. After reductive cleav-
age of the N—N bonds, the desired air-sensitive primary
diamines were directly converted into their corresponding
bisacetamide derivatives (R,R)-8a—e. Good yields (71%)
and stereoselectivities (ee = 96%, dllmeso = 91:9) could
only be obtained in the case of bishydrazine 7a. For com-
parison, Raney nickel promoted hydrogenolysis of the tert-
butyl derivative 7d afforded the diamide 8d in only moder-
ate yield (31%), an enantiomeric excess of 91% and a disap-
pointing dl/meso ratio of 51:49. To avoid the partial epimer-
ization and to simplify the reaction sequence, our new
BH; - THF cleavage method was applied to the bishydra-
zines. As shown in Table 2, the use of a large excess (20
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Table 2. Diastereo- and enantioselective synthesis of 1,1’-bis(1-acetaminoalkyl)ferrocenes 8a—e by 1,2-addition of alkyllithium compounds
to ferrocene-1,1’-dicarbaldehyde bis(SAMP hydrazone) [(S,S)-6], followed by reductive N—N bond cleavage of bishydrazines 7a—e

7,8 R yield 6 — 7 [a]p22(7) yield 7 — 8 ee(8)! dllmeso [a]n2%(8) config.
[%] (c, CHCly) [%] [%] 8ib] (¢, CHCly)

a Me 82 —194 (0.26) 69 96 92:8 -30.8(0.25)  R.RY

b Et 92 —152 (0.25) 70 94 90:10 ~227(026)  R.R©

c nBu 72 —94 (0.10) 69 98 95:5 —24.0(0.25)  R.RH

d 1Bu 65 +212 (0.25) 58 93 80:20 ~354(1.30)  S.S¢

e nHex 71 —101 (0.25) 53 90 90:10 ~20.0 (0.35)  R.RH

[al Optical rotations were determined on the crude bishydrazines 7a—

e. — [ Enantiomeric excesses and dl/meso ratios were determined

on MTPA amides of the amines by 'H-, 1*C-, and "?’F-NMR spectroscopy. — [ Ferrocene-1,1’-dicarbaldehyde bistcRAMP hydrazone)

[(R,R)-6] was used as starting material.

equivalents) of the cleavage reagent was necessary to ob-
tained good yields of the protected 1,1’-bis(1-aminoalkyl)-
ferrocenes (53—70%). The stereoselectivities are in the
range of ee = 90—98% and dl/meso ratios up to 95:5126],
The ee and dl/meso values of the diamine derivatives 8a—e
were determined by 'H-, 3C-, and ""F-NMR spectroscopy
performed on the corresponding Mosher amides (MTPA
amides)?’l. The absolute configurations were determined
by NOE-NMR experiments on the bishydrazines and are in
agreement with the observed results for the monohydra-
zines.

Conclusion

In summary, an efficient C—C connective asymmetric
synthesis of protected (I-ferrocenylalkyl)amines and 1,1'-
bis(1-aminoalkyl)ferrocenes starting from readily available
substrates has been developed. In order to cleave the N—N
bonds of SAMP hydrazines we have worked out a novel
reductive cleavage method. The ferrocene derivatives ob-
tained could find application as novel ligands in asymmet-
ric catalysis.

This work was supported by the Fonds der Chemischen Industrie
and the Deutsche Forschungsgemeinschaft (Leibniz award). We are
obliged to the BASF AG, the Degussa AG, the Bayer AG, and the
Hoechst AG for the generous donation of chemicals.

Experimental Section

All solvents were dried and distilled before use. — Column chro-
matography: Merck silica gel 60, 0.040—0.063 mm (230—400 mesh)
(flash). — Optical rotation values: Perkin-Elmer P 241, solvent
UVASOL-quality. — Melting points (uncorrected): Biichi 510. —
IR: Perkin-Elmer FT 1750. — NMR: Varian VXR 300 and Gemini
300 (300 and 75 MHz for 'H and '3 © respectively), Varian Unity
500 (500 and 125 MHz for 'H and '3 & respectively), CDCl; or
C¢Dg as solvent, TMS as internal standard. — MS: Finnigan MAT
(70 eV) and Finnigan SSQ 7000 (70 eV). — Elemental analyses
(C,H,N): Elementar vario EL. — High-resolution MS: Finnigan
MAT, MAT 95. — The diastereomeric and enantiomeric excess of
a reaction was determined by HPLC analysis employing chiral
stationary phases or NMR spectroscopy.

L. General Procedure for the Preparation of the SAMP Hydra-
zones (GP 1): A mixture of aldehyde, molecular sieves (4 A), and
1.0 or 2.5 equivalents of SAMP/RAMP in dry diethyl ether or di-
ethyl ether/dichloromethane (4:1) was stirred overnight and then
diluted with diethyl ether, dried with MgSO,4 and concentrated in
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vacuo. The crude products were purified by flash column chroma-
tography.

2. General Procedure for the Nucleophilic 1,2-Addition to the Hy-
drazone C— N Double Bonds (GP 2): The hydrazones were dissolved
in dry ether (12 ml/mmol) and cooled to —100°C. At this tempera-
ture 3 or 10 equivalents, respectively, of organolithium reagent (1.6
M in pentane, ether, or n-hexane) were added dropwise into the
solution (20 ml/h) under argon. Upon warming to room tempera-
ture overnight, the solution was quenched at 0°C with water (2
ml/mmol). The reaction mixture was then washed with saturated
aqueous NaCl (3 X 20 ml/mmol) and dried with MgSO, and con-
centrated in vacuo. The air-sensitive (bis)hydrazines were used
without further purification.

3. General Procedure for the Hydrazine N— N Bond Cleavage (GP
3): The hydrazines were dissolved in dry THF (20 ml/mmol). After
adding 10 or 20 equivalents of BH3 - THF (1.0 M in THF), respec-
tively, the mixture was heated under reflux for 5 h. The reaction
was cooled to —5°C and quenched with 4 N hydrochloric acid and
stirred for 1.5 h. The THF was evaporated under reduced presure
and the aqueous solution was basified with solid sodium hydroxide.
After stirring for 0.5 h, the amines or diamines were extracted with
Et,O/CH,Cl, (3:1, 3 X 40 ml/mmol) and concentrated to dryness.
The air-sensitive yellow-orange amines and diamines were con-
verted into their corresponding acetamides. Therefore, the crude
products were treated at —78°C under argon with 10—20 equiva-
lents of Et;N and 1.25—4 equivalents of AcCl in dry CH,Cl,. After
warming to room temperature overnight, the reaction mixture was
washed with saturated aqueous NH4Cl (3 X 20 ml/mmol), satu-
rated aqueous NaCl (3 X 20 ml/mmol) and dried with MgSO,.
The crude products were purified by flash column chromatography
(Si0,, pentane or petroleum ether/ethyl acetate, 1:1).

Ferrocenecarbaldehyde SAMP Hydrazone [(S)-2]*%: A mixture
of ferrocenecarbaldehyde (15 g, 70 mmol), 15 g of molecular sieves
(4 A), and SAMP (10 g, 77 mmol) in dry diethyl ether (70 ml) was
stirred at 0°C overnight and then diluted with diethyl ether (130
ml), dried with MgSQO,, and concentrated in vacuo. The crude
product was purified by flash column chromatography (SiO,, ether/
petroleum ether, 2:1), to yield 22.6 g of (S)-2 (99%) as orange crys-
tals. — M.p. = 59°C. — [a]p?? = +14.5 (¢ = 1.0, CHCl;). — IR
(KBr): v = 1581 cm™! (s, C=N). — 'H NMR (300 MHz, C¢Dy):

= 1.47—-1.83 (m, 4 H, CH,CH,), 2.70 (m, 1 H, NCHH), 3.14 (m,
1 H, NCHH), 3.16 (s, 3 H, OCH3), 3.46 (m, 1 H, CH,0), 3.64—3.74
(m, 2 H, CH,0, NCHCH,), 4.07 (s, 5 H, CsHs), 4.11 (m, 2 H,
CsHy), 4.62 (m, 2 H, CsH,), 7.01 (s, 1 H, NCH). — 3C NMR (75
MHz, C¢Dg): 8 = 22.51 (CH,), 27.39 (CH,), 49.54 (NCH,), 59.04
(OCHs3) 63.63 (CH), 66.72 (CsHy), 66.75 (CsH,), 68.91 (CsHy),
69.49 (CsHs), 75.57 (CH,0), 84.70 (ipso-CsHy), 131.82 (C=N). —
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MS (70 eV); m/z (%): 326.1 (72) [M*], 212.1 (100) [M* —
CsH|,NO], 184.9 (82) [Fc*]. — C;HFeN,O (326.2): caled. C
62.59, H 6.80, N 8.59; found C 62.54, H 6.92, N 8.43.

(I1R,2'S)-(1-Ferrocenylethyl) [2'-(methoxymethyl)-1'-pyrroli-
dinyl Jamine [(1R,2'S)-3a]: 17.7 ml of a 1.6 M methyllithium solution
in diethyl ether and 3.08 g (9.44 mmol) of ferrocenecarbaldehyde
SAMP hydrazone [(S)-2] were allowed to react in 60 ml of dry
diethyl ether according to GP2, yielding 3.19 g of (1R,2'S)-3a
(99%) as a yellow-brown oil. — [0]p?? = —126.6 (¢ = 1.03, CHCl5).
— IR (KBr): ¥ = 3097 cm~' (w, NH). — 'H NMR (500 MHz,
CsDg): & = 147 (d, J = 6 Hz, 3 H, CH3), 1.52 (m, 1 H,
NCH,CHH), 1.62 (m, 1 H, NCH,CHH), 1.71 (m, 1 H, CHCHH),
1.89 (m, 1 H, NCHH), 1.94 (m, 1 H, CHCHH), 2.44 (br. s, 1 H,
NH), 2.74 (d/q, J = 4/8 Hz, 1 H, NCH ring), 3.23 (s, 3 H, OCH,),
3.35 (m, 1 H, NCHH), 3.40 (d/d, J = 8/9 Hz, 1 H, OCHH), 3.72
(q, J = 6 Hz, 1 H, CHCH3), 3.87 (d/d, J = 4/9 Hz, | H, OCHH),
3.97 (m, 1 H, B-CsHy), 3.99 (m, 1 H, B-CsH,), 4.05 (s, 5 H, CsHs),
4.07 (m, 1 H, a-CsH,), 422 (m, 1 H, a-CsH,). — 3C NMR (125
MHz, C¢Dg): 8 = 21.45 (CH,), 22.35 (CHj3), 27.31 (CH,), 53.07
(CHCH;) 56.93 (NCH,), 58.91 (OCH,), 65.78 (NCH), 66.76
(CsHy), 66.83 (CsHy), 67.65 (CsHy), 67.68 (CsHy), 68.77 (CsHs),
76.24 (CH,0), 93.06 (ipso-CsHy). — MS (70 eV); mlz (%): 342.0
(8) [M™], 212.9 (100) [M* — C¢H3N,0]. — C;gH,cFeN,O (342.2):
caled. C 63.17, H 7.66, N 8.19; found C 63.21, H 7.49, N 8.03.

(1R,2'S)-(1-Ferrocenylpropyl) [2'-(methoxymethyl)-1'-pyrro-
lidinyl Jamine [(1R,2'S)-3b]: Ethyllithium (2.08 g EtI, 17.6 ml of 1.6
M tBuLi)®l and 1.30 g (4 mmol) of ferrocenecarbaldehyde SAMP
hydrazone [(S)-2] were allowed to react in 24 ml of dry diethyl ether
according to GP2, yielding 1.37 g of (1R,2'S)-3b (96%) as a yellow-
brown oil. — [a]p>? = —164.5 (¢ = 1.0, CHCl3). — IR (KBr): vV =
3095 cm~ ! (w, NH). — 'H NMR (300 MHz, C¢D¢): 8 = 0.92 (t,
J=17Hz, 3 H, CH;), 1.49-2.12 (m, 7 H, CH,, CH,CH;, NCHH),
2.80 (d/q, J = 4/8 Hz, 1 H, NCH), 2.85 (br. s, 1 H, NH), 3.25 (s,
3 H, OCH;), 3.44 (m, 2 H, NCHH, NCH), 3.50 (m, 1 H, OCHH),
3.92 (m, 1 H, OCHH), 3.96 (m, 1 H, CsH,), 3.98 (m, 1 H, CsH,),
4.00 (m, 4 H, CsHy), 4.05 (s, S H, CsHs), 4.27 (m, 1 H, CsHy). —
13C NMR (75 MHz, C¢Dg): 8 = 10.10 (CH3), 21.40 (NCH,CH,),
27.29 (NCHCH,), 28.92 (CH,CH3) 56.81 (NCH,), 58.65 (CH),
58.89 (OCH3), 66.02 (NCH), 66.15 (CsH,), 67.29 (CsHy), 67.58
(CsHy), 67.98 (CsHy), 68.68 (CsHs), 76.12 (CH,0), 91.88 (ipso-
CsHy). — MS (70 eV); m/z (%): 356.0 (8) [M*], 227.0 (100) [M* —
CsH3N,0]. — CgHxFeN,O (356.3): caled. C 64.05, H 7.92, N
7.86; found C 64.07, H 7.68, N 7.95.

(IR,2'S)-(1-Ferrocenylpentyl) [2'-(methoxymethyl)-1"-pyrro-
lidinyl Jamine [(1R,2'S)-3c]: 17.3 ml of a 1.6 M n-BulLi solution in
n-hexane and 3.00 g (9.20 mmol) of ferrocenecarbaldehyde SAMP
hydrazone [(S)-2] were allowed to react in 75 ml of dry diethyl ether
according to GP2, yielding 3.46 g of (1R,2'S)-3¢ (98%) as a yellow-
brown oil. — [a]p?> = —165.7 (¢ = 1.05, CHCl;). — IR (KBr): v =
3094 cm~ ! (w, NH). — 'H NMR (300 MHz, C¢D¢): 8 = 0.89 (t,
J=7Hz, 3 H, CH;), 1.24—2.12 [m, 11 H, CH,, (CH,);, NCHH],
2.81 (d/q, J = 3/8 Hz, | H, NCH), 2.88 (br. s, 1 H, NH), 3.26 (s,
3 H, OCH;), 343 (m, 1 H, NCHH), 347 (t, J = 8 Hz, 1 H,
CHnBu), 3.58 (d/d, J = 4/7 Hz, 1 H, OCHH), 3.92 (d/d, J = 4/9
Hz, 1 H, OCHH), 3.98 (m, 2 H, CsH,), 4.04 (m, 1 H, CsH,), 4.07
(s, 5H, CsHs), 4.29 (m, 1 H, CsH,). — 1*C NMR (75 MHz, C¢Dy):
8 = 1459 (CH;), 21.56 (NCH,CH,), 23.56 (CH,), 27.34
(NCHCH,), 28.26 (CH,), 36.22 (CH,), 57.02 (NCH,), 57.59 (CH),
59.01 (OCH3;), 66.23 (CsHy), 66.36 (CsH,), 67.41 (NCH), 67.76
(CsHy), 68.05 (CsHy), 68.84 (CsHs), 76.18 (CH,0), 92.60 (ipso-
CsHy). — MS (70 eV); miz (%): 384.0 (15) [M*], 254.9 (100) [M*
— C¢H3N,0]. — C5H3,FeN,O (384.4): caled. C 65.63, H 8.39, N
7.29; found C 65.29, H 8.41, N 7.54.
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(IR2'S)-(1-Ferrocenyl-2,2-dimethylpropyl) [2'-(methoxy-
methyl)-1"-pyrrolidinyl Jamine [(1R,2'S)-3d]: 8.1 ml of a 1.6 m rBuLi
solution in pentane and 1.40 g (4.3 mmol) of ferrocenecarbaldehyde
SAMP hydrazone [(S)-2] were allowed to react in 10 ml of dry
diethyl ether according to GP2, yielding 1.58 g of (1R,2'S)-3d
(96%) as a yellow-brown oil. — [a]p??> = —222.4 (¢ = 1.0, CHCly).
— IR (KBr): ¥ = 3086 cm™! (m, NH). — '"H NMR (300 MHz,
Cg¢Dg): & = 1.08 [s, 9 H, C(CH3)3], 1.49-2.01 [m, 6 H, (CH,),,
NCHH, NH], 2.68 (d/q, J = 3/8 Hz, 1 H, NCH), 3.25 (s, 3 H,
OCH,), 3.30 [s, 1 H, CH(CHj;);], 3.48—3.60 (m, 2 H, NCHH,
OCHH), 3.91-3.95 (m, 2 H, OCHH, C;sH,), 3.98 (m, 1 H, CsH,),
4.05 (s, 5 H, CsHs), 4.16 (m, 2 H, CsH,). — '3C NMR (75 MHz,
CgDg): 6 = 21.12 (NCH,CH,), 27.18 (NCHCH,), 28.37 [C(CH3)3],
35.50 [C(CH3)3], 55.80 (NCH,), 58.84 (OCH3), 64.03 (CH), 66.25
(CsHy), 66.87 (CsHy), 66.95 (CsHy), 67.37 (CsHy), 68.95 (CsHs),
70.12 (NCH), 75.72 (CH,0), 91.82 (ipso-CsH,). — MS (70 eV);
mlz (%): 384.1 (9) [M™], 327.0 (19) [M* — C(CHs)3], 185.9 (100)
[Fe(CsHs),]. — CyH3,FeN,O (384.4): caled. C 65.63, H 8.39, N
7.29; found C 65.94, H 8.43, N 7.23.

(1R,2'S)-(1-Ferrocenylheptyl) [2'-(methoxymethyl)-1'"-pyrro-
lidinyl Jamine [(1R,2'S)-3e]: 6.0 ml of a 2.0 m nHexLi solution in
n-hexane and 1.31 g (4.0 mmol) of ferrocenecarbaldehyde SAMP
hydrazone [(S)-2] were allowed to react in 35 ml of dry diethyl ether
according to GP2, yielding 1.64 g of (1R,2'S)-3e (99%) as a yellow-
brown oil. — [a]p?? = —149.5 (¢ = 1.05, CHCI;). — IR (KBr): ¥ =
3094 cm~! (m, NH). — 'H NMR (300 MHz, C¢Dg): & = 0.85 (t,
J = 7 Hz, 3 H, CH;), 1.20-2.12 [m, 15 H, (CH,)s, (CH,),,
NCHH], 2.80 (d/d/d, J = 3/3/8 Hz, 1 H, NCH), 2.81 (br. s, 1 H,
NH), 3.27 (s, 3 H, OCH3), 3.47 (m, 2 H, NCHH, NCH), 3.59 (d/
d, J = 4/7, 1 H, OCHH), 3.93 (d/d, J = 3/9, 1 H, OCHH), 3.97
(m, 1 H, CsH,), 4.00 (m, 1 H, CsH,), 4.05 (m, 1 H, CsH,), 4.07 (s,
5 H, CsHs), 430 (m, 1 H, CsH,). — '3C NMR (75 MHz, C¢Dy):
6 = 14.33 (CH3), 21.44 (NCH,CH,), 23.08 (CH,), 25.96 (CH,),
27.26 (NCHCH,), 30.13 (CH,), 32.42 (CH,), 36.44 (CH,), 56.92
(NCH,), 57.51 (CH), 58.91 (OCHj;), 66.13 (NCH), 66.24 (CsH,),
67.31 (CsHy), 67.63 (CsHy), 67.93 (CsHy), 68.73 (CsHs), 76.12
(CH,0), 92.50 (ipso-CsH,). — MS (70 eV); miz (%): 412.1 (12)
[M*], 283.0 (100) [MH* — SAMP]. — CyH3cFeN,O (412.4):
caled. C 66.99, H 8.80, N 6.79; found C 67.04, H 8.79, N 7.02.

(1S,2'R)-(1-Ferrocenyl-1-phenylmethyl) [2'-(methoxymethyl )-
1'-pyrrolidinyl Jamine [(1S,2' R)-3f]: 5.0 ml of a 1.8 M phenyllithium
solution in cyclohexane/diethyl ether (70:30) and 0.98 g (3.0 mmol)
of ferrocenecarbaldehyde SAMP hydrazone [(S)-2] were allowed to
react in 30 ml of dry diethyl ether according to GP2, yielding 1.17
g of (1R,2'S)-3f (96%) as brown crystals. — IR (KBr): ¥ = 3086
cm~! (m, NH). — '"H NMR (300 MHz, C¢Dg): & = 1.30—2.08 [m,
6 H, (CH,),, NCHH, NH], 2.78 (d/q, J = 4/7 Hz, 1 H, NCH), 2.95
(d/d, J = 8/9 Hz, OCHH), 3.03 (s, 3 H, OCH;), 3.48 (m, 1 H,
NCHH), 3.61 (d/d, J = 4/9 Hz, 1 H, OCHH), 3.92 (m. 1 H, CsH,),
3.96 (m, 2 H, CsHy), 4.03 (s, 5 H, CsHs), 4.32 (m, 1 H, CsH,), 4.74
(s, 1 H, aromatic H), 7.06—7.56 (m, 5 H, aromatic H). — '*C NMR
(75 MHz, C¢Dg): 6 = 21.41 (NCH,CH,), 27.33 (NCHCH,), 56.65
(NCH,), 58.74 (OCH3), 62.99 (CH), 65.75 (NCH), 66.64 (CsH,),
67.68 (CsHy), 67.70 (CsHy), 68.05 (CsHy), 68.97 (CsHs), 75.97
(CH,0), 92.13 (ipso-CsH,), 127.00 (C¢Hs), 127.92 (C¢Hs), 128.62
(CgHs), 145.30 (ipso-CsHs). — MS (70 eV); m/z (%): 403.9 (6) [M '],
274.9 (100) [M* — C¢H;3N,0]. — HRMS Cy3H,4 °FeN,0: caled.
402.1394; found 402.1398.

(1R)-N-(1-Ferrocenylethyl)acetamide [(1R)-4a]: 154 mg (0.45
mmol) of hydrazine (1R,2'S)-3a was cleaved according to GP3. The
resulting (1-ferrocenylethyl)amine was in situ protected with 0.042
ml of AcCl in the presence of Et;N (2.5 equiv.) yielding 109 mg of
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(1R)-4a (89%) as yellow crystals. — [0]p?? = —83.7 (¢ = 1.0, C¢Hy).
— IR (KBr): v = 1650 cm™! (s, CO). — 'H NMR (300 MHz,
CeDg): 6 = 1.30 (d, J = 7 Hz, 3 H, CH3), 1.58 (s, 3 H, CH3), 3.93
(m, 3 H, CsHy), 3.98 (5, 5 H, CsHs), 4.11 (m, 1 H, CsHy), 5.12 (q,
J =7Hz | H, NCH), 5.16 (br. s, | H, NH). — '3C NMR (75
MHz, C¢De): 8 = 20.97 (CHs), 23.07 (COCHs), 43.92 (CH), 66.01
(CsH,), 67.64 (CsH,), 67.83 (CsHy), 68.19 (CsH,), 68.93 (CsHs),
91.96 (ipso-CsHy), 167.67 (CO). — MS (70 eV); m/z (%): 271.0 (100)
[M*], 206.0 (58) [M* — CsHs]. — C14H,;,FeNO (271.14): caled. C
62.03, H 6.32, N 5.17; found C 61.50, H 6.50, N 5.24.

(1R)-N-(1-Ferrocenylpropyl)acetamide [(1R)-4b]: 214 mg (0.60
mmol) of hydrazine (1R,2’S)-3b was cleaved according to GP3. The
resulting (1-ferrocenylpropyl)amine was in situ protected with 0.058
ml of AcCl in the presence of Et;N (2.5 equiv.) yielding 123 mg of
(IR)-4b (72%) as yellow crystals. — [a]p?> = —25.8 (¢ = 0.5,
CHCI3). — IR (KBr): ¥ = 1645 cm™! (s, CO). — 'H NMR (300
MHz, C¢Dg): & = 0.92 (t, J = 7 Hz, 3 H, CH;), 1.45 (d/d/q, J =
2/5/7 Hz, 1 H, CHH), 1.71 (s, 3 H, CH3), 1.75 (d/d/q, J = 2/5/7
Hz, 1 H, CHH), 3.96 (m, 3 H, CsH,), 4.06 (s, 5 H, CsHs), 4.11 (m,
1 H, CsH,), 5.01 (m, 1 H, NCH), 5.46 (br. d, J = 9 Hz, | H, NH).
— 13C NMR (75 MHz, C¢Dg): 8 = 11.06 (CHj3), 23.11 (COCH3),
29.68 (CH,), 49.48 (CH), 66.73 (CsH,), 66.90 (CsH,), 67.59 (CsHy),
67.87 (CsHy), 69.63 (CsHs), 91.91 (ipso-CsHy), 168.30 (CO). — MS
(70 eV); mlz (%): 285.1 (100) [M™*], 220.1 (43) [M* — CsHs]. —
CsH oFeNO (285.17): caled. C 63.18, H 6.72, N 4.91; found C
63.05, H 6.79, N 4.90.

(1R)-N-(1-Ferrocenylpentyl)acetamide [(1R)-4c]: 160 mg (0.42
mmol) of hydrazine (1R,2'S)-3¢ was cleaved according to GP3. The
resulting (1-ferrocenylpentyl)amine was in situ protected with 0.072
ml of AcCl in the presence of Et;N (2.5 equiv.) yielding 107 mg of
(1R)-4c (82%) as yellow crystals. — [a]p?? = —44.8 (¢ = 1.0, C¢Hy).
— IR (KBr): v = 1641 cm~! (s, CO). — 'H NMR (300 MHz,
CDCl3): 8 = 091 (t, J = 7 Hz, 3 H, CH3), 1.25-1.47 [m, 1 H,
(CH>),], 1.58 (m, 1 H, CHCHH), 1.79 (m, 1 H, CHCHH), 1.84 (s,
3 H, CH3), 3.98 (m, 1 H, CsH,), 4.01 (m, 1 H, CsH,), 4.05 (m, 1
H, CsH,), 4.13 (s, S H, CsHs), 4.27 (m, 1 H, CsH,), 5.14 (m, 1 H,
NCH), 6.26 (br. d, J = 10 Hz, 1 H, NH). — '3C NMR (75 MHz,
CDCl;): 6 = 14.36 (CH;), 22.98 (CH,), 23.17 (COCH3), 28.92
(CH,), 36.80 (CH,), 48.06 (CH), 66.74 (CsHy,), 66.99 (CsHy,), 67.56
(CDCly), 67.88 (CsHy), 69.06 (CsHs), 92.37 (ipso-CsH,), 168.58
(CO). — MS (70 eV); mlz (%): 313.1 (100) [M*], 248.0 (32) [M* —
CsHs). — C7Hy3FeNO (313.11): caled. C 65.19, H 7.40, N 4.47,
found C 65.19, H 7.64, N 4.58.

(1R)-N-(1-Ferrocenyl-2,2-dimethylpropyl)acetamide  [(1R)-4d]:
230 mg (0.60 mmol) of hydrazine (1R,2'S)-3d was cleaved accord-
ing to GP3. The resulting (1-ferrocenyl-2,2-dimethylpropyl)amine
was in situ protected with 0.11 ml of AcCl in the presence of Et;N
(2.5 equiv.) yielding 126 mg of (1R)-4d (67%) as yellow crystals. —
[a]p?? = +89.7 (¢ = 1.0, C¢Hg). — IR (KBr): ¥ = 1643 cm™! (s,
CO). — 'H NMR (300 MHz, CDCl;): § = 0.81 [s, 9 H, C(CHs3)3),
2.16 (s, 3 H, CH3), 3.93 (m, 1 H, CsH,), 4.09 (m, | H, CsH,), 4.12
(m, 1 H, CsHy), 4.13 (s, 5 H, CsHs), 4.19 (m, 1 H, CsHy), 4.68 (d,
J =10 Hz, 1 H, NCH), 5.90 (br. d, J = 10 Hz, 1 H, NH). — 13C
NMR (75 MHz, CDCly): 8 = 23.67 (CHs), 26.47 [C(CH3)3], 35.79
[C(CHj3)3], 56.68 (CH), 64.95 (CsHy), 66.62 (CsHy), 67.26 (CsHy),
70.31 (CsHy), 68.64 (CsHs), 88.35 (ipso-CsH,), 168.73 (CO). — MS
(70 eV); miz (%): 313.0 (74) [M*], 256.0 (91) [M* — C,Hg], 214.0
(100) [C H|,FeN*]. — C;;H»;FeNO (313.23): caled. C 65.19, H
7.40, N 4.47; found C 65.49, H 7.39, N 4.37.

(1R)-N-(1-Ferrocenylheptyl)acetamide [(1R)-4e]: 160 mg (0.39
mmol) of hydrazine (1R,2’S)-3e was cleaved according to GP3. The
resulting (1-ferrocenylheptyl)amine was in situ protected with 0.069
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ml of AcCl in the presence of Et;N (2.5 equiv.) yielding 106 mg of
(1R)-de (80%) as yellow crystals. — [a]p?? = —21.5 (¢ = 1.0, CsHy).
— IR (KBr): ¥ = 1642 cm~! (s, CO). — '"H NMR (300 MHz,
CDCl;): 6 = 0.88 (t, J = 7 Hz, 3 H, CH3), 1.26—1.40 [m, 8 H,
(CHb),], 1.58 (m, 1 H, CHCHH), 1.81 (m, 1 H, CHCHH), 2.02 (s,
3 H, CHs), 4.09—4.18 (m, 4 H, CsH,), 4.15 (s, 5 H, CsHs), 4.83
(m, 1 H, NCH), 5.63 (br. d, J = 9 Hz, 1 H, NH). — 3C NMR (75
MHz, CDCls): § = 14.10 (CH3), 22.63 (CH,), 23.56 (COCH,),
26.20 (CH,), 29.24 (CH,), 31.81 (CH,), 36.11 (CH.), 47.94 (CH),
66.90 (CsHy), 67.39 (CsHy), 67.78 (CsH,), 68.62 (CsHs), 91.30
(ipso-CsH,), 168.90 (CO). — MS (70 eV); milz (%): 341.0 (100)
[M*], 276.0 (16) [M* — CsHs]. — C,oH,,FeNO (341.28): caled. C
66.87, H 7.97, N 4.10; found C 66.71, H 7.63, N 4.05.

(1S )-N-(1-Ferrocenyl-1-phenylmethyl)acetamide [(1S)-4f]: 204
mg (0.50 mmol) of hydrazine (15,2’ R)-3f was cleaved according to
GP3. The resulting (1-ferrocenyl-1-phenylmethyl)amine was in situ
protected with 0.43 ml of AcCl in the presence of Et;N (2.5 equiv.)
yielding 117 mg of (15)-4f (71%) as yellow crystals. — [a]p?? =
+34.6 (¢ = 1.0, C¢Hg). — IR (KBr): ¥ = 1636 cm™! (s, CO). — 'H
NMR (300 MHz, CDCly): 6 = 2.01 (s, 3 H, CH3), 4.02 (m, 1 H,
CsHy), 4.09 (m, 1 H, CsH,), 4.13 (m, 1 H, CsH,), 4.14 (s, 5 H,
CsHs), 4.15 (m, 1 H, CsH,), 5.96 (d, J = 9 Hz, 1 H, NCH), 6.42
(br. d, J = 9 Hz, 1 H, NH), 7.21-7.33 (m, 5 H, aromatic H). —
13C NMR (75 MHz, CDCls): § = 23.37 (CH3), 52.22 (CH), 66.98
(CsHy), 67.59 (CsHy), 67.94 (CsHy), 68.79 (CsHs), 90.48 (ipso-
CsHy), 127.02 (aromatic C), 127.28 (aromatic C), 128.31 (aromatic
C), 142.08 (aromatic C), 168.54 (CO). — MS (70 eV); m/z (%):
333.2 (100) [M*], 268.1 (28) [M* — CsHs]. — CjoH;9’°FeNO:
caled. 333.0816; found 333.0816 (HRMS).

(2''S)-1,1'-Bis{[ (2" -methoxymethylpyrrolidin-1'"-yl)imino J-
methyl}ferrocene [(S,5)-6]: A mixture of ferrocene-1,1’-dicarbal-
dehyde (1.69 g, 6.98 mmol), 2 g of molecular sieves (4 A), and
SAMP (2.28 g, 17.5 mmol) in 40 ml of dry diethyl ether and 12 ml
of dichloromethane was stirred at 0°C overnight and then diluted
with ether (130 ml), dried with MgSO,, and concentrated in vacuo.
The crude product was purified by flash column chromatography
(SiO,, ether/petroleum ether, 1:6), yielding 3.23 g of (S,S)-6 (99%)
as a brown oil. — [a]p??> = +307.7 (¢ = 1.0, CHCI5). — IR (CDCls):
Vv = 1582 cm™! (s, C=N). — 'H NMR (300 MHz, C¢Dy): § =
1.52—1.85 (m, 8 H, CH,CH,), 2.71 (m, 2 H, NCHH), 3.18 (s, 6 H,
OCH3), 3.26 (m, 1 H, NCHH), 3.46 (d/d, J = 7/9 Hz, 2 H, CH,0),
3.67 (m, 2 H, NCHCH,), 3.75 (d/d, J = 3/9 Hz, 2 H, CH,0), 4.11
(m, 4 H, CsH,), 4.61 (m, 2 H, CsH,), 4.71 (m, 2 H, CsH,), 7.05 (s,
2 H, NCH). — 3C NMR (75 MHz, C¢Dg): § = 22.38 (CH,), 27.30
(CH,), 49.22 (NCH,), 58.90 (OCHj;), 63.51 (CH), 67.23 (CsH,),
67.84 (CsHy), 69.53 (CsHy), 69.58 (CsHy), 75.45 (CH,0), 85.27
(ipso-CsHy), 132.10 (C=N). — MS (70 eV); m/z (%): 466.1 (100)
[M*], 223.9 (63) [C|,H gFeN"]. — C;;H3,FeN,O, (466.41): calcd.
C 61.81, H 7.35, N 12.01; found C 62.05, H 7.65, N 11.59.

(1'""R2""'S)-1,1"-Bis{l1"'-[ (2" -methoxymethylpyrrolidin-1"""-
yl)amino Jethyl }ferrocene [(1R,2'S)-7a]: 14.4 ml of a 1.6 M meth-
yllithium solution (23 mmol) in diethyl ether and 1.03 g (2.21
mmol) of ferrocene-1,1'-dicarbaldehyde bis(SAMP hydrazone)
[(S,S)-6] were allowed to react in 50 ml of dry diethyl ether accord-
ing to GP2, yielding 904 mg of (1R,2'S)-7a (82%) as a brown oil.
— [a]p?? = —174.0 (¢ = 0.25, CHCl;). — IR (film): v = 3089 cm ™!
(m, NH). — "H NMR (300 MHz, C¢Dg): 8 = 1.49 (d, J = 6 Hz,
6 H, CH3), 1.40—2.05 (m, 10 H, NCH,CH,, NCHH), 2.52 (br. s,
2 H, NH), 2.77 (d/q, J = 4/8 Hz, 2 H, NCH), 3.23 (s, 6 H, OCHs),
3.35—-3.43 (m, 3 H, OCHH, NCHH), 3.78 (q, J = 6 Hz, 2 H,
CHCH,), 3.87 (d/d, J = 4/9 Hz, 2 H, OCHH), 4.01 (m, 2 H, CsH,),
4.03 (m, 2 H, CsHy), 4.10 (m, 2 H, CsH,), 4.26 (m, 2 H, CsH,). —
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13C NMR (75 MHz, C¢Dy): 8 = 21.50 (CH3), 22.51 (CH,), 27.32
(CH,), 53.08 (NCH,), 56.97 (CHCHj), 58.90 (OCHs;), 65.79
(NCH), 67.25 (CsHy), 67.36 (CsHy), 68.07 (CsHy), 68.27 (CsHy),
76.26 (CH,0), 93.28 (ipso-CsHy). — MS (70 eV); m/z (%): 498.0
(8) [M*], 239.2 (100) [C;3H3NFe*]. — CysH4>°FeN,O,: caled.
498.2657; found 498.2657 (HRMS).

(1'""R2"'S)-1,1"-Bis{l"'-[ (2" -methoxymethylpyrrolidin-1"""-
yl)amino Jpropyl}ferrocene [(1R,2'S)-7b]: Ethyllithium (1.32 ml of
Etl, 22.0 ml of 1.6 M tBuLi)[l and 1.12 g (2.4 mmol) of ferrocene-
1,1’-dicarbaldehyde bis(SAMP hydrazone) [(S,S)-6] were allowed
to react in 75 ml of dry diethyl ether according to GP2, yielding
1.16 g of (1R,2'S)-7b (92%) as a brown oil. — [a]p??> = —152.4
(¢ = 0.25, CHCl;). — IR (film): ¥ = 3087 cm™! (w, NH). — 'H
NMR (300 MHz, CDCl;): § = 0.73 (t, / = 7 Hz, 6 H, CH,),
0.80—2.22 (m, 14 H, CH,, CH,CH;, NCHH), 2.64 (d/q, J = 3/8
Hz, 2 H, NCH), 2.76 (br. s, 2 H, NH), 3.38 (s, 6 H, OCH),
3.35—-3.45 (m, 4 H, NCHH, NCH), 3.57 (m, 2 H, OCHH), 3.62
(d/d, J = 3/9, 2 H, OCHH), 4.02 (m, 2 H, CsH,), 4.06 (m, 2 H,
CsH,), 4.09 (m, 2 H, CsHy), 4.16 (m, 2 H, CsH,). — 3C NMR (75
MHz, CDCl): & = 9.86 (CH;), 21.01 (NCH,CH,), 25.93
(NCHCH,), 28.57 (CH,CH;) 57.00 (NCH,), 58.44 (CH), 59.12
(OCH3;), 65.84 (NCH), 65.97 (CsHy), 67.44 (CsHy), 67.78 (CsH,),
68.35 (CsHy), 74.70 (CH,0), 91.69 (ipso-CsHy). — MS (70 eV);
mlz  (%): 5262 (4) [M*], 266.9 (100) [C¢HoFe*]. —
CrgH 46> °FeN,O,: caled. 526.2970; found 526.2971 (HRMS).

(1'""R2"'S)-1,1'-Bis{l1"'-[ (2" -methoxymethylpyrrolidin-1"""-
yl)amino Jbutyl}ferrocene [(1R,2'S)-7c]: 20.3 ml of a 1.6 M nBuLi
solution in n-hexane and 1.81 g (3.88 mmol) of ferrocene-1,1’-di-
carbaldehyde bis(SAMP hydrazone) [(S,S)-6] were allowed to react
in 80 ml of dry diethyl ether according to GP2, yielding 1.63 g of
(1R,2'S)-Tc (72%) as a brown oil. — [a]p?? = —94.0 (¢ = 0.10,
CHCl,). — IR (film): ¥ = 3090 cm™! (w, NH). — 'H NMR (300
MHz, C4Dg): 8 = 0.90 (t, J/ = 7 Hz, 6 H, CH3), 1.20—2.14 [m, 22
H, CH,, (CH,);, NCHH], 2.83 (d/q, J = 3/8 Hz, 2 H, NCH), 2.92
(br. s, 2 H, NH), 3.25 (s, 6 H, OCH,), 3.46 (m, 2 H, NCHH), 3.47
(d/d, J = 8/9 Hz, 2 H, CHnBu), 3.64 (d/d, J = 4/7 Hz, 2 H,
OCHH), 3.89 (d/d, J = 3/9 Hz, 2 H, OCHH), 4.01 (m, 2 H, CsH,),
4.06 (m, 2 H, CsHy), 4.09 (s, 2 H, CsHy), 4.36 (m, 2 H, CsHy). —
13C NMR (75 MHz, C¢Dy): & = 14.46 (CH;), 21.47 (NCH,CH,),
23.45 (CH,), 27.15 (NCHCH,), 28.17 (CH,), 36.14 (CH,), 56.92
(NCH,), 57.55 (CH), 58.88 (OCHj;), 66.04 (NCH), 66.73 (CsH,),
67.89 (CsHy), 68.16 (CsHy), 68.50 (CsHy), 76.00 (CH,0), 92.64
(ipso-CsHy). — MS (70 eV); m/z (%): 582.3 (3) [M™], 323.0 (100)
[CooHa7Fe™]. —  CsHsg°FeN4O,:  caled.  582.3596; found
582.3597 (HRMS).

(1''S,2"""R)-1,1'-Bis{1''-[ (2"""-methoxymethylpyrrolidin-1-yl -
amino J-2"",2"" -dimethylpropyl}ferrocene [(1S,2' R)-7d]: 20 ml of a
1.6 M ¢BulLi solution in pentane and 1.79 g (3.84 mmol) of ferro-
cene-1,1-dicarbaldehyde bis(RAMP hydrazone) [(R,R)-6] were al-
lowed to react in 80 ml of dry diethyl ether according to GP2,
yielding 1.45 g of (15,2’ R)-7d (65%) as a brown oil. — [0]p?? =
—202.1 (¢ = 0.34, CHCl3). — IR (CHCl3): v = 3090 cm™! (m,
NH). — 'H NMR (300 MHz, C¢Dg): 8 = 1.10 [s, 18 H, C(CH3)s],
1.50—-2.00 [m, 12 H, (CH,),, NCHH, NH], 2.67 (m, 2 H, NCH),
3.25 (s, 6 H, OCHs), 3.36 [s, 2 H, CH(CH3)3], 3.51—3.60 (m, 4 H,
NCHH, OCHH), 3.95 (m, 2 H, OCHH), 3.98 (m, 4 H, CsH,), 4.06
(m, 2 H, CsHy), 4.11 (m, 2 H, CsH,). — 3C NMR (75 MHz,
Cg¢Dg): & = 21.16 (NCH,CH,), 26.95 (NCHCH,), 28.42 [C(CH;)s],
35.63 [C(CH3)3], 55.94 (NCH,), 58.82 (OCH3;), 64.19 (CH), 66.95
(CsHy), 67.35 (CsHy), 67.76 (CsHy), 68.43 (CsHy), 70.86 (NCH),
75.45 (CH,0), 92.04 (ipso-CsHy). — MS (70 eV); miz (%): 582.6
(14) [M*], 525.5 (1) [M* — C(CHzy)3], 319.2 (100) [C;¢H5,FeN,O*].
— C3,Hs4°°FeN,4O,: caled. 582.3596; found 582.3596 (HRMS).
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(I''R2"'S)-1,1"-Bis{1''-[ (2" -methoxymethylpyrrolidin-1'""-
yl)amino Jhexyl}ferrocene [(1R,2'S)-7e]: 10.2 ml of a 2.0 m nHexLi
solution in n-hexane and 946 mg (2.03 mmol) of ferrocene-1,1'-
dicarbaldehyde bis(SAMP hydrazone) [(S,S)-6] were allowed to re-
act in 50 ml of dry diethyl ether according to GP2, yielding 922
mg of (1R,2'S)-7e (71%) as a brown oil. — [0]p*?> = —101.2 (¢ =
0.25, CHCl3). — IR (film): ¥ = 3091 cm™! (w, NH). — 'H NMR
(300 MHz, C¢Dg): 6 = 0.85 (t, J = 7 Hz, 6 H, CH3), 1.18-2.14
[m, 30 H, (CH,)s, (CH,),, NCHH], 2.84 (d/q, J = 4/8 Hz, 2 H,
NCH), 2.98 (br. s, 2 H, NH), 3.27 (s, 6 H, OCH3), 3.46 (m, 2 H,
NCHH), 3.48 (d/d, J = 7/9, 2 H, CH), 3.66 (d/d, J = 4/7, 2 H,
OCHH), 3.90 (d/d, J = 3/9, 2 H, OCHH), 3.98—4.18 (m, 8 H,
CsHy). — 3C NMR (75 MHz, C¢Dy): 8 = 14.33 (CH3), 21.47
(NCH,CH,), 23.10 (CH,), 26.00 (CH,), 27.19 (NCHCH,), 30.15
(CH,), 32.45 (CH,), 36.48 (CH,), 56.97 (NCH,), 57.61 (CH), 58.92
(OCH3), 66.07 (NCH), 66.76 (CsHy), 67.92 (CsH,), 68.19 (CsHy),
68.54 (CsHy), 76.08 (CH,0), 92.69 (ipso-CsHy). — MS (70 eV);
mlz (%): 6379 (0.4) [M*], 3453 (100) [C,yHzsFe']. —
C30H47°°FeN,O™": calcd. 507.3038; found 507.3036 (HRMS).

(R,R)-1,1'-Bis( 1-acetaminoethyl)ferrocene [(R,R)-8a]: 365 mg
(0.73 mmol) of hydrazine (1R,2'S)-7a was cleaved according to
GP3. The resulting (R,R)-1,1'-bis-(1-aminoethyl)ferrocene was in
situ protected with 0.26 ml of AcCl in the presence of Et;N (2.5
equiv.) yielding 178 mg of (R,R)-8a (69%) as yellow oil. — [a]p?? =
—30.8 (¢ = 0.25, CHCl;). — IR (CHCl3): v = 1649 cm™! (s, CO).
— 'H NMR (300 MHz, CDCl,): § = 1.44 (d, J = 7 Hz, 6 H, CH3),
1.99 (s, 6 H, CH3), 4.12 (m, 2 H, CsH,), 4.13 (m, 2 H, CsH,), 4.14
(m, 2 H, CsHy), 4.21 (m, 2 H, CsH,), 4.92 (d/q, J = 7/8 Hz, 2 H,
NCH), 5.83 (br. d, J = 8 Hz, 2 H, NH). — 3C NMR (75 MHz,
CDCl3): § = 21.08 (CH;), 23.48 (COCH3;), 43.80 (CH), 66.33
(CsHy), 67.91 (CsHy), 68.31 (CsHy), 68.89 (CsH,), 91.79 (ipso-
CsHy), 168.90 (CO). — MS (70 eV); m/z (%): 356.2 (74) [M*]. —
C1sH,4°°FeN,O,: caled. 356.1187; found 356.1185 (HRMS).

(R,R)-1,1'-Bis( 1-acetaminopropyl) ferrocene [(R,R)-8b]: 269 mg
(0.51 mmol) of hydrazine (1R,2’S)-7b was cleaved according to
GP3. The resulting (R, R)-1,1'-bis(1-aminopropyl)ferrocene was in
situ protected with 0.17 ml of AcCl in the presence of Et;N (2.5
equiv.) yielding 137 mg of (R,R)-8b (70%) as yellow oil. — [a]p?* =
—22.7 (¢ = 0.25, CHCl3). — IR (film): ¥ = 1651 cm™! (s, CO). —
'H NMR (300 MHz, CDCl,): § = 0.95 (t, J = 7 Hz, 6 H, CH,),
1.60 (m, 2 H, CHH), 1.86 (m, 2 H, CHH), 2.05 (s, 6 H, CH,),
4.04—4.17 (m, 8 H, CsHy), 4.78 (d/tr, J = 5/9 Hz, 2 H, NCH), 5.71
(br. d, J = 9 Hz, 2 H, NH). — 3C NMR (75 MHz, CDCl;): § =
10.76 (CHs3), 23.52 (COCH3), 29.23 (CH,), 49.38 (CH), 66.95
(CsHy), 67.32 (CsHy), 68.23 (CsHy), 68.66 (CsH,), 91.45 (ipso-
CsHy), 169.30 (CO). — MS (70 eV); m/z (%): 384.1 (27) [M*]. —
CyoHa5% FeN,0,: 384.1500; found 384.1496 (HRMS).

(R,R)-1,1'-Bis( 1-acetaminobutyl)ferrocene [(R,R)-8¢]: 259 mg
(0.45 mmol) of hydrazine (1R,2'S)-7¢ was cleaved according to
GP3. The resulting (R, R)-1,1'-bis(1-aminobutyl)ferrocene was in
situ protected with 0.26 ml of AcCl in the presence of Et;N (2.5
equiv.) yielding 136 mg of (R,R)-8c (69%) as yellow oil. — [a]p?? =
—24.0 (¢ = 0.25, CHCl3). — IR (film): ¥ = 1643 cm™! (s, CO). —
'"H NMR (300 MHz, CDCl;): § = 0.90 (t, J = 7 Hz, 6 H, CH3),
1.27-1.40 [m, 8 H, (CH>),], 1.59 (m, 2 H, CHCHH), 1.77 (m, 2
H, CHCHH), 2.03 (s, 6 H, CH3), 4.08 (m, 6 H, CsH,), 4.16 (m, 2
H, CsH,), 4.84 (d/tr, J = 5/9 Hz, 2 H, CH), 6.15 (br. d, J = 9 Hz,
2 H, NH). — 3C NMR (75 MHz, CDCl): § = 14.07 (CH3), 22.59
(CH,), 23.41 (COCH3;), 28.43 (CH,), 36.20 (CH,), 47.88 (CH),
66.86 (CsHy), 67.33 (CsHy), 68.16 (CsHy), 68.56 (CsHy,), 91.86
(ipso-CsHy), 169.29 (CO). — MS (70 eV); miz (%): 440.0 (78) [M™*].
— CyyH;36°°FeN,0,: caled. 440.2126; found 440.2127 (HRMS).
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(S,S)-1,1'-Bis( 1-acetamino-2,2-dimethylpropyl) ferrocene [(S,S)-
8d]: 100 mg (0.17 mmol) of hydrazine (15,2’ R)-7d was cleaved ac-
cording to GP3. The resulting (R, R)-1,1'-bis(1-amino-2,2-dimeth-
ylpropyDferrocene was in situ protected with 0.06 ml of AcCl in
the presence of Et;N (2.5 equiv.) yielding 44 mg of (S,S)-8d (58%)
as yellow oil. — [a]p?*> = —35.4 (¢ = 1.30, CHCI;). — IR (KBr):
vV =1646 cm™! (s, CO). — '"H NMR (300 MHz, CDCls): § = 0.79
[s, 18 H, C(CH3);), 2.15 (s, 6 H, CHj3), 3.84 (m, 2 H, CsH,), 4.06
(m, 4 H, CsHy), 422 (m, 2 H, CsH,), 4.67 (d, J = 10 Hz, 2 H,
CH), 6.12 (br. d, J = 10 Hz, 2 H, NH). — 13C NMR (75 MHz,
CDCl3): 8 = 23.68 (CHj3), 26.45 [C(CH;);], 35.77 [C(CH;)5], 56.58
(CH), 65.08 (CsHy), 68.24 (CsHy), 68.47 (CsHy), 71.46 (CsHy),
88.74 (ipso-CsHy), 168.50 (CO). — MS (70 eV); m/z (%): 440.4 (86)
[M*], 383.3 (53) [M™ — C4Ho]. — Cy4H36°°FeN,O,: caled.
440.2126; found 440.2127 (HRMS).

(R,R)-1,1'-Bis( 1-acetaminoheptyl) ferrocene [(R,R)-8¢]: 307 mg
(0.48 mmol) of bishydrazine (1R,2'S)-7e was cleaved according to
GP3. The resulting (R, R)-1,1'-bis-(1-aminoheptyl)ferrocene was in
situ protected with 0.22 ml of AcCl in the presence of Et;N (2.5
equiv.) yielding 125 mg of (R,R)-8e (53%) as yellow oil. — [a]p?* =
—20.0 (¢ = 0.35, CHCl3). — IR (CHCl3): ¥ = 1646 cm ™! (s, CO).
— 'H NMR (300 MHz, CDCls): § = 0.88 (t, J = 7 Hz, 6 H, CH3),
1.24—1.37 [m, 16 H, (CH,)4], 1.58 (m, 2 H, CHCHH), 1.78 (m, 2
H, CHCHH), 2.04 (s, 6 H, CH;), 4.10 (m, 6 H, CsH,), 4.13 (m, 2
H, CsH,), 4.85 (d/tr, J = 5/9 Hz, 2 H, CH), 5.79 (br. d, J = 9 Hz,
2 H, NH). — 3C NMR (75 MHz, CDCl;): § = 14.09 (CH3), 22.63
(CH,), 23.50 (COCH3;), 26.21 (CH,), 29.23 (CH,), 31.81 (CH,),
36.40 (CH,), 47.94 (CH), 66.97 (CsH,), 67.27 (CsH,), 68.19 (CsH,),
68.65 (CsHy), 91.77 (ipso-CsH,), 169.24 (CO). — MS (70 eV); miz
(%): 496.0 (7) [M*]. — C,3H44*°FeN,O,: caled. 496.2752; found
496.2754 (HRMS).
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