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Synthesis and application of new (threo)- and (erythro)-amino
alcohols based on the octahydro-cyclopenta[b]pyrrole system in the
catalytic enantioselective addition of diethylzinc to benzaldehyde

Jorg Wilken, Harald Groger, Michael Kossenjans and Jiirgen Martens *
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Abstract: Asymmetric catalytic ethylation of benzaldehyde utilizing a series of
new, artificial B-amino alcohols based on the octahydro-cyclopenta[b]pyrrole system is
presented. A systematic investigation on the inductive correlation of up to four catalyst-
internal stereogenic centers and on steric aspects of these structures has been conducted
with diastereomerically pure, bicyclic (erythro)- and (threo)-compounds 2-13. Chiral
ligands have been developed reaching excellent enantioselectivities, e.g. enantiomeric
excesses up to 91% with a favored (R)-induction. © 1997 Elsevier Science Ltd

Introduction

New artificial auxiliaries with catalytic efficiency suitably designed for the catalyst-controlled,
enantioselective addition of diethylzinc to benzaldehyde! have been synthesized based on the enan-
tiomerically pure (2R,3aR,6aR)-octahydro-cyclopenta[b]pyrrole system starting from the industrial
waste material (all-R)-1a (Scheme 1).2
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Scheme 1. Derivatives of the (2R,3aR,6aR)-octahydro-cyclopenta[b]pyrrole system.

Diastereomerically pure, bicyclic (erythro)- and (threo)-sec-amino-sec-alcohols 2-8 and the cor-
responding tert-amino-sec-alcohols 9-13, e.g. frameworks with four spatial packed stereogenic cen-
ters — including four diastereomeric configurations with (&R, BR)-, (&S, BR)-, (xS, BS)-, and (xR, BS)-
stereochemistry — were tested concerning their catalytic and inductive ability at room temperature.

A systematic empirical investigation changing the stereochemical properties of the sec- and tert-
amino alcohol structures has been conducted. Concentration was focussed on the stereochemical
correlation of the (ligand-) internal stereogenic centers in addition to steric aspects of the catalyst
structure (Scheme 2: additional N-methylation, variation of the substitution pattern in x-position) to
improve the enantioselective and catalytic efficiency.

For comparison, related structures with various &-bis-substitution patterns including cycloalkanol
fragments have also been tested as auxiliaries in this reaction.?

Synthesis of catalysts

In the context of our studies on the utilization of industrial waste materials? we used the
enantiomerically pure, bicyclic (all-R)-1a,> -1b or -1d?? as starting materials for the synthesis of
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Scheme 2. Description of the general structure of amino alcohols 2~13 (for R! and R? see Tables | and 2).

new B-amino alcohol structures employing different methods: The diastereo- and regioselective x-
hydroxyalkylation of the N-nitroso derivative of (all-R)-1d%8 or Grignard additions to diastereomeric
(2R,3aR,6aR)- and (25,3aR, 6aR)-x-amino aldehydes? of 1a.

The previously published preparation of (threo)- and (erythro)-sec-amino-sec-alcohols 2,4,5
by the diastereodivergent conversion of octahydro-cyclopenta[b]pyrrole-based (2R,3aR,6aR)- and
(25,3aR,6aR)-amino aldehydes with aromatic Grignard reagents? was extended by the LiAlH,4 reduc-
tion of the N-Boc-protected intermediates (Scheme 3, reaction step 3b) yielding the corresponding
N-methylated structures (R, BR)-9, (S, BR)-9,10,12,13, (oS, B5)-9,11 and (xR, BS5)-9,10,13 with a
secondary alcohol function (the respective aryl substituent and the stereochemistry of these products
are given in Table 2).

H 1. Grignard-reaction a H
2. separation of diastereomers 2
3. [a]: 4N HC), etc.; or R!
N * CHO [b): LiAIH/THF N5 &
H I o H | OH
Boc R?
(2R,3aR, 6aR)- or (25,3aR,6aR)-amino aldehyde 2i 1-3a:  compounds 2,4,5, see table 1:

(R! = aryl; R2 = H)

1-3b:  compounds 9-13, see table 2:
(R = aryl; R? = CHg)

Scheme 3. Synthesis of catalysts 2,4,5 and 9-13.

Several (R,BS)-configurated sec-amino systems (R,BS)-3,6-8 were prepared by an alternative
synthetic approach using the enantiomerically pure heterocyclic amine (all-R)-1d? as starting material
in a diastereoselective o-hydroxyalkylation with aromatic aldehydes.2#

Results and discussion

The stereodifferentiating ability of selected (erythro)- and (threo)-amino-sec-alcohols— combining
an ephedrine-analogue building block and a highly rigid, five-membered prolinol fragment — with a
secondary or tertiary amino function have been tested in the enantioselective addition of diethylzinc
to benzaldehyde at room temperature (Scheme 4). For these series of S-amino alcohols (Tables 1
and 2) concentration was focussed on the systematic modification of stereochemical properties, e.g.
the inductive correlation between the fixed stereogenic centers in the bridged C3a- and C6a-positions
of the octahydro-cyclopenta(b]pyrrole-basis and the newly generated sterogenic center in -position.
Furthermore, the correlation between the stereogenic centers in - and B-position (on the “ethylene”
bridge between the N and O-coordination centers of the ligand) were changed.
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Scheme 4. Enantioselective catalytic ethylation of benzaldehyde in the presence of optical active catalysts (Cat*): 2-13 (the
results are summarized in Tables | and 2).

Table 1. Enantioselective addition of diethylzinc to benzaldehyde, product: 1-phenylpropan-1-ol

Catalyst*  N-substituent substituent conc. temp. yield e.e. config.
R? R! [mol %] ['C] %] (%]

(aR,BR)-2 H 4-methyl- 5 20 67 8 S
phenyl

(aS.BR)2 H 4-methyl- 10 22 83 5 S
phenyl

(0S.BS)-2 H 4-methyl- 5 23 74 13 R
phenyl

(aR,35)2 H 4-methyl- 10 24 71 43 R
phenyl

(R, BS)-3 H 4-(i-propyl)- 10 24 67 35 R
phenyl

(0R,f5)4 H 1-naphthyl 5 22 73 75 R

(0, fR)4 H 1-naphthyl 10 21 74 13 S

(aR,fBS)-5 H 2,5-dimethyl- 5 20 68 70 R
phenyl

(aR.BS)6 H 2,4-dichloro- 5 22 71 46 R
phenyl

(aR,BS)-7 H 4-methoxy- 10 20 64 70 R
phenyl

(aR.BS)8 H benzy! 5 25 68 16 R

a. Enantiomeric excess determined by GC analysis (SGE Cydec-B, chiral). Absolute configuration determined by optical rotation.

First experiments?” utilizing various sec-amino-sec-alcohols gave — independent of the stereochem-
ical properties — only poor to mediocre enantioselectivities ranging between 5 and 75% e.e. [selected
results with these &-mono-ary! ligands are given in Table 1: (&R,BR)-catalyst: 8% e.e.; (&S,BR)-
catalysts: 5-13% e.e., (&S,BS)-catalyst: 13% e.e. and (R, BS)-catalysts: 16-75% e.e.].

Best results are obtained with (erythro)-(&R,BS)-compounds. Generally the bulkier the -
substituent, the more (R)-selectivity is favored (Table 1: R'=benzyl: 16% e.e.; R'=4-methyl-phenyl:
43% and R'=1-naphthyl: 75%). Consequently, the corresponding N-methylated structures 9-13 were
employed for this asymmetric process (Table 2).

With each N-methylated &-mono-aryl structure the &-stereochemistry determines the absolute
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Table 2. Enantioselective addition of diethylzinc to benzaldehyde, product: 1-phenylpropan-1-ol

Catalyst*  N-substituent substituent conc. temp. yield e.e. config.
RZ R! fmol %]  ['C] %] [%)?

(aR,BR)-9 CHj 4-methyl- 2 23 81 83 R
phenyl

(aR.BR)-9 CHj 4-methyl- 5 21 86 91 R
phenyl

(aR,BS)9 CHj 4-methyl- 5 23 76 83 R
phenyl

(aR.BS)9 CHj3 4-methyl- 10 20 78 77 R
phenyl

(aS,BR)-9 CHj; 4-methyl- 5 25 69 51 S
phenyl

(asS.B5)9 CH3 4-methyl- 5 22 72 54 N
pheny!

(R, B5)-10 CH; 2,5-dimethyl- 5 20 70 62 R
phenyl

(aS,fR)-10 CH; 2,5-dimethyl- 5 24 73 61 N
phenyl

(as,B5)-11 CHj phenyl 5 24 69 61 )

(aS,pR)-12 CH; 2,4,6-tri- 5 20 76 35 R

methyl-phenyl
(oR, B5)-13 CH3 1-naphthy! 5 20 71 50 R
(S, BR)-13 CHj» 1-naphthyl 5 21 67 88 R

a. Enantiomeric excess determined by GC analysis (SGE Cydec-B, chiral). Absolute configuration determined by optical rotation.

configuration of the predominately formed enantiomer, regardless of other stereogenic centers in C3a-,
C6a- or C2-position: (aS)-configurated B-amino alcohols preferentially yield the (S)-enantiomer of
1-phenylpropan-1-ol whereas with (&R)-ligands the (R)-addition product is preferred (for comparison,
with the sec-amino-sec-alcohols the B-located stereogenic center dominates the sense of asymmetric
induction, see Table 1). An exception to this rule are the results with the homochiral (xS,B8R)-
configurated amino alcohols (aS,BR)-12 and -13: For these compounds with a sterically demanding
«-substitution (Table 2: R'=2,4,6-trimethyl-phenyl and 1-naphthyl) the formation of (R)-configurated
product alcohols is observed instead of the expected (S)-ethylation product as obtained with (xS, BR)-9
and (xS, BR)-10 (Table 2: R'=4-methyl-phenyl and 2,5-dimethyl-pheny!). Therefore the stereochernical
course of this reaction utilizing (oS, BR)-catalysts is not generally predictable but dependent on the
steric properties of the o-substituent.

Remarkable for this series of tert-amino-sec-alcohols is the inconsistency of the enantioselectivities
obtained with homochiral catalysts dependent on generally small changes of the steric demand in the
o-position (Table 2, for example catalysts (S,B8R)-9, -10, -12, -13: e.e. ranging between 88 and 35%).

The (all-R)-configurated (threo)-compound (&R,BR)-9 (R!=4-methyl-phenyl, Table 2) with an
enantiomeric excess of 83% (catalyst concentration: 2 mol %) and 91% (catalyst concentration: 5
mol %), respectively, gives the best results. In case of suitable steric information provided by the -
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substituent — independent of an (R)- or (xS)-configuration—a highly efficient stereoselection of
the product formation is possible (Table 2, ligand (xS, BR)-13: 88% e.e., again the catalyst is based
on a (2R,3aR,6aR)-backbone).

The additional N-methylation generally leads to a significant improvement in the enantioselectivity
of the ethylation step (see Tables 1 and 2). In some cases a drastic increase is observed (for example,
see compounds (R, BR)-2 and (R, BR)-9 or (&S, BR)-4 and (&S, BR)-13 with an increase from 8 to
91% and from 13 to 88% e.e., respectively). One exception is ligand (R, BS)-13: Compared to the
corresponding sec-amino-sec-alcohol (xR, B5)-4 the stereocontrol is diminished (50 and 75% e.e.).

Scheme 5 gives a survey of the stereochemical variation of the «-(4-methyl-phenyl)-mono-
substituted compounds (R, BR)-2, (S, BR)-2, (S, BS)-2 and (&R, B5)-2 as well as the corresponding
N-methylated structures (&R, BR)-9, (S, BR)-9, (&S, BS)-9 and (xR, BS)-9. For this particular stere-
oselective transformation the tert-amino-sec-alcohol (R, BR)-9 is— concerning the stereochemical
properties — the most effective catalyst structure based on the octahydro-cyclopentalb]pyrrole system:
The N-methyl compound (aR,BR)-9 with its (1'R,2R,3aR,6aR)-configuration provides the most
favourable inductive correlation between the four ligand-internal stereogenic centers. With catalysts 2
and 9 the distinct influence of the N-alkylation can be observed: whereas the reaction of benzaldehyde
and diethylzinc in the presence of catalyst (&R, BR)-9 leads to the (R)-enantiomeric product in high
e.e., the secondary amine, e.g. catalyst (xR, SR)-2 gives the corresponding (S)-enantiomer with a very
low enantioselectivity.

CH,

(aR,BS)-2 (RZ = H): 43 % e.e. (0S,85)-2 (R2=H): 13% ee.
(GR.BS)9 (R2=CH3z): 77 % ee. (oS, fS)-9 (R2 = CHa): 54 % e.e.

H
CH, H CH;
N
H L o
(RPR}2 R2=H): 8% ee. (0, BR)2 (R2 = H): 5% ee.
(OCR,ﬂR)-g (R2 =CHj3): 91 % e.e. (aS,ﬁR)-9 (R2=CH3)2 51 % e.e.

Scheme 5. Schematic survey on results obtained with stereoisomeric (threo)- and (erythro)-amino alcohols in the
enantioselective catalyzed addition of diethylzinc to benzaldehyde.

Apparently a sterically demanding «-bis-substitution (for comparison see previously published
results:2° analogous &-bis-substituted compounds gave e.e. values between 91 and 96%*) seems to be
more important for the enhancement of the stereocontrol originating from the (2R,3aR,6aR)-fragment
than additional &-located chiral information.

This is demonstrated by the results obtained with the (2R,3aR,6aR)-systems (&R, BR)-9 and (S, BR)-
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13 (Table 2): in spite of a reversed ot-configuration both are equally effective catalysts, both with
an (R)-induction for the formation of l-phenylpropan-1-ol. This observation is further confirmed by
the results of sec-amino-sec-alcohols containing an &X-mono-aryl-substituent (xR,BR)-2 (Table 1: 8%
e.e.), (0S,BR)-2 (Table 1: 5% e.e.) and the related x-bis-phenyl-system (BR)-1d? (in this case without
an additional &-located stereogenic center, results: 96% e.e. and 97% e.e. using 5 and 10 mol % of
(all-R)-1d, respectively?).

In conclusion, Scheme 6 shows the most efficient catalyst precursors based on the (all-R)-
octahydro-cyclopenta[b]pyrrole-2-carboxylic acid benzyl ester (all-R)-1a. Noteworthy is the significant
importance of the (2R,3aR,6aR)-framework, the tertiary amino function as well as the influence of
a bulky &-hydroxy-substitution on the inductive efficiency of these auxiliaries. By comparison with
earlier results,?° additional chiral information in the -position and the configuration of this stereogenic
center — as discussed above — seem to play a less important role.

(aR,BR)-9: 91 % e.e. (aS,BR)-13 : 88 % e.e.

Scheme 6.

These (R)-inducing structures are similarly highly efficient, complementary catalysts with regard to
several (S)-proline-derived catalysts with favored (S)-induction reported by Soai et al. (for example:
(8)-diphenyl-(1-methylpyrrolidin-2-yl)-methanol).’

Experimental section

All reactions were carried out in oven-dried glassware under an argon atmosphere using anhydrous
solvents. Melting points were taken on a melting point apparatus according to Dr Linstrém and are
uncorrected. Optical rotations were measured on a Perkin-Elmer automatic polarimeter. IR spectra
were recorded on a Philips PU 9706 spectrophotometer. The 'H-NMR and '*C-NMR spectra were
registrated on a Bruker AM 300 spectrometer using TMS as the internal standard. Mass spectra were
recorded on a Finnigan-MAT 212 (data system 300; CI, isobutane). Elemental analyses (C, H, N)
were performed on a Carlo Erba Stumentalione (MOD 1104) analyzer. Gas chromatography (GC) was
performed using a Shimadzu (GC-15A) instument, 25 m column: SGE Cydex-B (chiral), w;=0.25 mm,
film thickness 0.25 pm, 1pl product in n-hexane, detection: FID, carrier gas: nitrogen. Commercially
available chemicals were used. The N-Boc-protected amino alcohols, e.g. the starting materials for
the synthesis of compounds 9-13 were prepared according to a previously published procedure. 28220
Furthermore, structures 2-87221:27 were also tested in the enantioselective ethylation of benzaldehyde.

General procedure |

Reduction of N-Boc-protected amino alcohol structures with LiAlHy affording the corresponding
N-methylated tert-amino alcohols 9-13.

To a suspension of 1.1 g (29.4 mmol) lithium aluminium hydride in 70 m! THF — stirred for 1 h under
reflux then cooled down to room temperature— 3.0 mmol of the respective N-tert-butoxycarbonyl
derivative (dissolved in 10 ml of THF) are added dropwise within 30 min at room temperature
under argon atmosphere. Then the reaction mixture is heated under reflux for 18 h. The heating bath
is removed and 5% aqueous KOH is added cautiously at room temperature to destroy the excess
reducing reagent. After two additional hours under reflux, the resulting white suspension is filtered,
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the solids are intensively washed with additional solvent (THF or MTBE) and the combined organic
phases are concentrated in vacuo after drying with MgSO, to afford colourless or slightly yellow oils
as crude products. In all cases further purification of the crude products is accomplished by flash-
chromatography or shortway distillation (“bulb-to-bulb” distillation utilizing a Biichi GKR-51 system)
under reduced pressure. A more detailed description of the individual work-up is given below under the
name of each compound. According to this general procedure the following products were prepared.

(R, BR)-(I-Methyl-octahydro-cyclopentafb Jpyrrol-2-yl)-1'-(4-methyl-phenyl)-methanol (&R,BR)-9

Starting material: 1.0 g (3.0 mmol) (&R, BR)-(1-tert-butoxycarbonyl-octahydro-cyclopenta[b]pyrrol-
2-yl)-1'-(4-methyl-phenyl)-methanol;* work-up: purification by flash-chromatography (silica gel 60,
eluents: n-hexane/EtOAc 2:8, addition of 40 ml triethylamine per liter of the solvent mixture, TLC:
R¢-value: 0.40); yield: 0.57 g (77%), product: colourless oil; [(x]%0 = —22.9 (¢=0.88, CH,Cl;). IR
(NaCl): v=3600-3210 cm™! (OH), 'H-NMR (CDCl3): 8=1.17-1.68 (m, 7H, H3a, 2xH4, 2xHS,
2xH6), 1.94 (s, 3H, ArCHsj), 2.03-2.14 (m, 1H, 1xXH3), 2.27 (s, 3H, NCH3), 2.33-2.46 (m, 1H,
1xH3), 2.72-2.90 (m, 2H, H6a, H2), 3.86 (s, br.,, 1H, ArCHOH), 4.49 (s, 1H, ArCHOH), 7.07 (d,
J=7.7 Hz, 2H, aromat.-H), 7.23 (d, /=8.2 Hz, 2H, aromat.-H); 3C-NMR (CDCl;): 6=21.02 (1C,
ArCH3), 24.08, 32.98, 33.48, 37.98 (4C, C3, C4, C5, C6), 39.73 (1C, C3a), 41.59 (1C, NCH3), 72.17,
72.33 (2C, C6a, C2), 74.09 (1C, ArCHOH), 125.15, 128.72 (4C, aromat.-C), 135.97, 141.95 (2C, q.
aromat.-C); MS (CI, i-butane); 246 (MH*, 100%), 121 (CgHoO*, 23%); Anal. calc. for CisH3;NO
(245.2): C, 78.31; H, 9.45; N, 5.71; found: C, 78.22; H, 9.38; N, 5.73.

(S,BR)-(1-Methyl-octahydro-cyclopenta[b Jpyrrol-2-yl)-1'-(4-methyl-phenyl)-methanol (&S,BR)-9

Starting material: 0.75 g (2.26 mmol) (&S, BR)-(1-tert-butoxycarbonyl-octahydro-cyclopenta-
[b]pyrrol-2-yl)-1'-(4-methyl-phenyl)-methanol;? work-up: purification by flash-chromatography (sil-
ica gel 60, eluents: n-hexane/EtOAc 2:8, addition of 10 ml triethylamine per liter of the solvent
mixture, TLC: Ry-value: 0.65); yield: 0.43 g (78%), product: colourless oil; [x]¥ = +67.8 (c=0.35,
CH,Cl,); IR (NaCl): v=3610-3180cm™' (OH); 'H-NMR (CDCl3): 6=1.26-1.74 (m, 9H, H3a, 2x H4,
2xHS5, 2xH6, 2xH3), 2.33 (s, 3H, ArCHj3), 2.40 (s, 3H, NCH3), 2.51-2.62 (m, 1H, H6a), 2.94-3.03
(m, 1H, H2), 3.69 (s, br., 1H, ArCHOH), 4.81 (d, /=3.3 Hz, 1H, ArCHOH), 7.14 (d, J=7.7 Hz, 2H,
aromat.-H), 7.23 (d, J=8.2 Hz, 2H, aromat.-H); 3C-NMR (CDCl3): 8§=21.06 (1C, ArCH3), 24.04,
31.34, 32.87, 33.49 (4C, C3, C4, C5, C6), 38.64 (1C, C3a), 38.91 (1C, NCH3), 68.79, 72.05 (2C, Cé6a,
C2), 72.84 (1C, ArCHOH), 125.23, 128.66 (4C, aromat.-C), 136.16, 138.67 (2C, q. aromat.-C); MS
(Cl, i-butane): 246 (MH*, 100%), 121 (CsHoO™", 45%); Anal. calc. for C;¢H23NO (245.2): C, 78€.31;
H, 9.45; N, 5.71; found: C, 78.22; H, 9.40; N, 5.68.

(&S, BS)-(1-Methyl-octahydro-cyclopenta[b[pyrrol-2-yl)-1'-(4-methyl-phenyl)-methanol (S, BS)-9

Starting material: 0.80 g (2.4 mmol) (&S,BS)-(1-tert-butoxycarbonyl-octahydro-cyclopenta-
[b]pyrrol-2-yl)-1’-(4-methyl-phenyl)-methanol;? work-up: purification by flash-chromatography
(silica gel 60, eluents: petrol ether/EtOAc 7:3, addition of 15 ml triethylamine per liter of the solvent
mixture, TLC: Rs-value: 0.41); yield: 0.50 g (85%), product: colourless solid (slow crystallization
at +4°C in the fridge); [ ]® = —46.0 (¢=3.67, CH,Cl,); IR (KBr): v=3600-3180 cm™! (OH); 'H-
NMR (CDCl3): 8=0.82-0.96, 1.08-1.28, 1.38~1.79 (m, 7H, H3a, 2xXH4, 2xHS5, 2xH6), 1.85-2.04
(m, 1H, 1xH3), 1.80-1.95 (m, 1H, 1xH3), 2.34 (s, 3H, ArCH3), 2.43 (s, 3H, NCH3), 2.72-2.84 (m,
1H, Héa), 3.68 (s, 1H, ArCHOH), 3.76-3.84 (m, 1H, H2), 4.83 (d, /=2.7 Hz, 1H, ArCHOH), 7.12
(d, J=8.2 Hz, 2H, aromat.-H), 7.25 (d, J=7.7 Hz, 2H, aromat.-H); '*C-NMR (CDCl;): =21.05 (1C,
ArCH,3), 25.71, 26.74, 31.86, 34.02 (4C, C3, C4, C5, C6), 34.62 (1C, C3a), 39.02 (1C, NCH3), 67.60,
68.89 (2C, Cé6a, C2), 70.53 (1C, ArCHOH), 125.34, 128.66 (4C, aromat.-C), 136.15, 138.88 (2C, q.
aromat.-C); MS (CI, i-butane): 246 (MH"*, 100%), 121 (CgHsO%, 34%); Anal. calc. for C\¢H;3;NO
(245.2): C, 78.31; H, 9.45; N, 5.71; found: C, 78.12; H, 9.52; N, 5.75.
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(&R,BS)-(1-Methyl-octahydro-cyclopenta{b]pyrrol-2-yl)-1'-(4-methyl-phenyl)-methanol (0R,BS)-9

Starting material: 0.96 g (2.9 mmol) (&R, BS)-(1-tert-butoxycarbonyl-octahydro-cyclopenta-
[b]pyrrol-2-yl)-1’-(4-methyl-phenyl)-methanol;? work-up: purification by flash-chromatography
(silica gel 60, eluents: n-hexane/EtOAc 1:9, addition of 50 ml triethylamine per liter of the solvent
mixture, TLC: R¢-value: 0.51); yield: 0.59 g (83%), product: colourless, viscous oil; [0(],230 = —40.2
(¢=0.46, CH,Cly); IR (NaCl): v=3620-3180cm™~! (OH); 'H-NMR (CDCl): §=0.71-0.80, 0.96-1.09,
1.17-1.60 (m, 7H, H3a, 2xH4, 2xXHS5, 2XH6), 1.60~1.74 (m, 1H, 1xXH3), 1.80-1.95 (m, 1H, 1 xH3),
2.28 (s, 3H, ArCH3), 2.37 (s, 3H, NCH3), 2.63-2.74 (ddd, J=9.4 Hz, 6.6 Hz, 3.3 Hz, 1H, H6a), 3.57
(s, 1H, ArCHOH), 3.66-3.74 (m, 1H, H2), 4.74 (d, J=3.3 Hz, 1H, ArCHOH), 7.07 (d, J=8.2 Hz, 2H,
aromat.-H), 7.18 (d, J=8.4 Hz, 2H, aromat.-H); 1*C-NMR (CDCl;): 8=21.06 (1C, ArCH3), 25.72,
26.72, 31.82, 34,02 (4C, C3, C4, C5, C6), 34.63 (1C, C3a), 38.96 (1C, NCH3), 67.56, 68.86 (2C,
Cé6a, C2), 70.47 (1C, ArCHOH), 125.32, 128.66 (4C, aromat.-C), 136.18, 138.82 (2C, q. aromat.-C);
MS (CI, i-butane): 246 (MH*, 100%), 121 (CgHoO*, 45%); Anal. calc. for C;sHy3NO (245.2): C,
78.31; H, 9.45; N, 5.71; found: C, 78.40; H, 9.49; N, 5.72.

(S,BR)-1"-(2,5-Dimethyl-phenyl)-( 1-methyl-octahydro-cyclopenta[b]pyrrol-2-yl)methanol (4S,BR)-
10

Starting material: 0.80 g (2.32 mmol) work-up: (&S, BR)-(1-tert-butoxycarbonyl-octahydro-
cyclopenta-[b]pyrrol-2-yl)-1'-(2,5-dimethy!l-phenyl)-methanol;? purification by flash-chromatography
(silica gel 60, eluents: petrol ether/EtOAc 7:3, addition of 15 ml triethylamine per liter of the solvent
mixture, TLC: R¢-value: 0.54); yield: 0.53 g (88%), product: colourless oil; [0(]]2)0 = 4+36.3 (¢=0.69,
CH,Cl,); IR (NaCl): v=3620-3100cm™! (OH); 'H-NMR (CDCl;): 8=1.34-1.79 (m, 8H, H3a, 2xH4,
2xHS5, 2xH6, 1xH3), 2.29 (s, 3H, ArCHj3), 2.36 (s, 3H, ArCHs;), 2.41 (s, 3H, NCH3), 2.24-2.46
(m, 1H, 1xH3), 2.53-2.64 (m, 1H, Héa), 2.92-2.98 (m, 1H, H2), 3.68 (s, br, 1H, ArCHOH), 5.06
(d, J=3.3 Hz, 1H, ArCHOH), 6.94 (m, 2H, aromat.-H), 7.37 (s, 1H, aromat.-H); '*C-NMR (CDCl;):
6=18.41, 21.19 (2C, 2xArCHs), 24.11, 31.37, 32.91, 33.53 (4C, C3, C4, C5, C6), 38.65 (1C, C3a),
39.03 (1C, NCH3), 66.15, 69.17 (2C, C6a, C2), 72.91 (1C, ArCHOH), 126.35, 127.23, 129.79 (3C,
aromat.-C), 130.49, 135.13, 139.03 (3C, q. aromat.-C); MS (CI, i-butane): 260 (MH*, 100%), 135
(CgHy, 0%, 42%); Anal. calc. for C;7HasNO (259.2): C, 78.71; H, 9.72; N, 5.40; found: C, 78.67; H,
9.65; N, 5.42.

(R, BS)-1’-(2,5-Dimethyl-phenyl)-( 1-methyl-octahydro-cyclopenta[b [pyrrol-2-yl)methanol (xR, BS)-
10

Starting material: 0.73 g (2.11 mmol) (&R,BS)-(1-tert-butoxycarbonyl-octahydro-cyclopenta-
[b)pyrrol-2-y1)-1'-(2,5-dimethyl-phenyl)-methanol;® work-up: purification by flash-chromatography
(silica gel 60, eluent: petrol ether/EtOAc 7:3, addition of 15 ml triethylamine per liter of the solvent
mixture, TLC: R¢-value: 0.46); yield: 0.41 g (75%), product: colourless, viscous oil; [a]%o = -17.1
(¢=1.12, CH,Cl,); IR (NaCl): v=3600-3140cm~' (OH); 'H-NMR (CDCls): 6=0.83-0.91, 1.04-1.21,
1.41-1.84 (m, 7H, H3a, 2XH4, 2xHS, 2xHS6), 2.02-2.16 (m, 1H, 1xH3), 2.24 (s, 3H, ArCH3), 2.31
(s, 3H, ArCH3), 2.40~2.54 (m, 1H, 1xH3), 2.46 (s, 3H, NCH3), 2.78-2.86 (m, 1H, H6a), 3.51 (s, IH,
ArCHOH), 3.73-3.86 (m, 1H, H2), 5.10 (d, J=2.8 Hz, 1H, ArCHOH), 6.96-7.03 (m, 2H, aromat.-H),
7.43 (s, 1H, aromat.-H); 3C-NMR (CDCl;): 8=18.48, 21.15 (2C, 2xArCH3), 25.69, 26.77, 31.80,
33.97 (4C, C3, C4, C5, C6), 34.56 (1C, C3a), 39.14 (1C, NCH3), 64.65, 66.12 (2C, Céa, C2), 70.46
(1C, ArCHOH), 126.45, 127.20, 129.81 (3C, aromat.-C), 130.51, 135.06, 139.24 (3C, q. aromat.-C);
MS (CI, i-butane): 260 (MH*, 100%); Anal. calc. for Cj7HysNO (259.2): C, 78.71; H, 9.72; N, 5.40;
found: C, 78.86; H, 9.78; N, 5.38.
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(S,BS)-(I-Methyl-octahydro-cyclopenta[b]pyrrol-2-yl)-1'-phenyl-methanol (&S,BS)-11

Starting material: 0.45 g (1.4 mmol) («S,BS)-(1-tert-butoxycarbonyl-octahydro-cyclopenta-
[b]pyrrol-2-yl)-1’-phenyl-methanol;? yield: 0.27 g (82%), product: colourless oil; [a]® = —44.8
(¢=0.56, CH,Cl,); IR (NaCl): v=3620-3120 cm~! (OH); '"H-NMR (CDCl;): 8=1.22-1.93 (m, 8H,
H3a, 2xH4, 2xHS, 2xH6, 1xH3), 2.21 (s, 3H, NCH3), 2.41-2.58 (m, 1H, 1xH3), 2.93-3.11 (m,
1H, H6a), 3.48 (s, 1H, ArCHOH), 3.58-3.72 (m, 1H, H2), 4.56 (d, J=3.9 Hz, 1H, ArCHOH),
7.18-7.42 (m, SH, aromat.-H); *C-NMR (CDCls): §=25.30, 27.29, 33.26, 37.50 (4C, C3, C4, C5,
C6), 37.72 (1C, C3a), 39.99 (1C, NCH3), 68.45, 71.06 (2C, C6a, C2), 73.99 (1C, ArCHOH), 125.70,
126.78, 128.04 (5C, aromat.-C), 144.49 (1C, q. aromat.-C); MS (CI, i-butane): 232 (MH*, 100%),
107 (C;H;0%, 35%); Anal. calc. for C;sH,NO (231.2): C, 77.87; H, 9.16; N, 6.06; found: C, 77.69;
H, 9.05; N, 5.94.

(S,BR)-(1-Methyl-octahydro-cyclopentafb Jpyrrol-2-yl)-I'-(2,4,6-trimethyl-phenyl)-methanol
(xS,BR)-12

Starting material: 1.0 g (2.78 mmol) (&S, BR)-(1-tert-butoxycarbonyl-octahydro-cyclopenta-
[b)pyrrol-2-yl)-1"-(2,4,6-trimethyl-phenyl)-methanol; work-up:  purification by flash-
chromatography (silica gel 60, eluents: n-hexane/EtOAc 8:2, addition of 15 ml triethylamine per
liter of the solvent mixture, TLC: R¢-value: 0.51); yield: 0.73 g (96%), product: colourless oil;
[x]® = +50.5 (c=0.95, CH,Cly); IR (NaCl): v=3610-3170 cm~! (OH); 'H-NMR (CDCl5):
6=1.36-1.77 (m, 8H, H3a, 2xH4, 2xHS, 2xH6, 1xH3), 2.20 (s, 3H, ArCHj3), 2.36 (s, 3H, NCH3),
2.38-2.47 (m, 1H, 1xH3), 2.44 (s, 6H, 2XArCHj3), 2.51-2.66 (m, 1H, H6a), 2.89-2.99 (m, 1H,
H2), 3.32 (s, 1H, ArCHOH), 5.24 (d, J=3.3 Hz, 1H, ArCHOH), 6.94 (s, 2H, aromat.-H); *C-NMR
(CDCl3): 8=21.25, 23.97 (3C, 3xArCHs), 29.66, 32.77, 33.00, 33.47 (4C, C3, C4, C5, C6), 38.99
(1C, C3a), 39.16 (1C, NCH;), 69.63, 70.56 (2C, C6a, C2), 72.61 (1C, ArCHOH), 130.32 (2C,
aromat.-C), 133.57, 135.66, 136.05 (4C, q. aromat.-C); MS (CI, i-butane): 274 (MH*, 100%); Anal.
calc. for C;gH27NO (273.2): C, 79.06; H, 9.96; N, 5.13; found: C, 79.21; H, 9.89; N, 5.08.

(&S, BR)-( 1-Methyl-octahydro-cyclopenta(b Jpyrrol-2-yl)-1'-(1-naphthyl)-methanol (&S,BR)-13

Starting material: 1.0 g (2.72 mmol) (&S,BR)-(1-tert-butoxycarbonyl-octahydro-cyclopenta-
[b)pyrrol-2-yl)-1'-(1-naphthyl)-methanol;* work-up: purification by flash-chromatography (silica gel
60, cluents: n-hexane/EtOAc 8:2, addition of 15 ml triethylamine per liter of the solvent mixture,
TLC: R¢-value: 0.42); yield: 0.51 g (67%), product: colourless solid; mp: 106°C, [0(]‘2)0 = —55.2
(¢=0.52, CH,Cly); IR (KBr): v=3620-3260 cm™! (OH); 'H-NMR (CDCl3): 8=1.34-1.91 (m, 7H,
H3a, 2xH4, 2xHS, 2xH6), 2.08 (s, 3H, NCH3), 2.38-2.59 (m, 2H, 2xH3), 2.88-2.94 (m, 1H,
H6a), 3.08-3.14 (m, 1H, H2), 4.67 (s, 1H, ArCHOH), 5.32 (s, 1H, ArCHOH), 7.42-7.55 (m, 3H,
aromat.-H), 7.76-7.80 (m, 1H, aromat.-H), 7.85-7.96 (m, 3H, aromat.-H); BC-NMR (CDCl3):
8=24.07, 33.05, 33.45, 38.54 (4C, C3, C4, C5, C6), 39.69 (1C, C3a), 41.80 (1C, NCH3), 70.26, 70.94
(2C, C6a, C2), 74.42 (1C, ArCHOH), 122.96, 123.04, 125.17, 125.50, 126.12, 127.18, 128.94 (7C,
aromat.-C), 129.99, 133.80, 140.37 (3C, g. aromat.-C); MS (CI, i-butane): 282 (MH*, 100%); Anal.
calc. for C1oH»3NO (281.2): C, 81.09; H, 8.2; N, 4.98; found: C, 80.95; H, 8.17; N, 4.87.

(oR,BS )-( 1-Methyl-octahydro-cyclopenta[b]pyrrol-2-yl)-1’-(1-naphthyl)-methanol (&R, BS)-13
Starting material: 1.0 g (2.72 mmol) (&R,BS)-(1-tert-butoxycarbonyl-octahydro-cyclopenta-
{b)pyrrol-2-yl)-1'-(1-naphthyl)-methanol;® work-up: purification by flash-chromatography (silica gel
60, eluent: n-hexane/EtOAc 8:2, addition of 15 ml triethylamine per liter of the solvent mixture,
TLC: R¢-value: 0.42); yield: 0.71 g (93%), product: colourless, viscous oil; [0(]]2)0 = —129.5 (¢=2.37,
CH,Cl,); IR (NaCl): v=3590-3100 cm~! (OH); 'H-NMR (CDCl;3): 8=0.62-0.74, 1.02-1.16,
1.31-1.79 (m, 7H, H3a, 2xH4, 2xHS5, 2xH6), 1.98-2.17 (m, 1H, 1xH3), 2.40-2.59 (m, 1H,
1xH3), 2.66 (s, 3H, NCH3), 3.11-3.22 (m, 1H, H6a), 3.83-3.94 (m, 1H, H2), 5.71 (d, /=2.8 Hz,
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1H, ArCHOH), 7.44-7.58 (m, 3H, aromat.-H), 7.78-7.96 (m, 4H, aromat.-H); '*C-NMR (CDCl;):
6=25.65, 26.82, 32.17, 33.90 (4C, C3, C4, C5, C6), 34.74 (1C, C3a), 39.12 (1C, NCHz), 65.64, 65.83
(2C, Cé6a, C2), 70.66 (1C, ArCHOH), 122.46, 123.07, 125.12, 125.53, 125.63, 127.17, 128.92 (7C,
aromat.-C), 130.16, 133.55, 137.02 (3C, q. aromat.-C); MS (CI, i-butane): 282 (MH*, 100%); Anal.
calc. for C;9H3NO (281.2): C, 81.09; H, 8.24; N, 4.98; found: C, 81.21; H, 8.29; N, 4.90.

General procedure 2

Enantiocontrolled addition of diethylzinc to benzaldehyde in the presence of catalytic amounts of
amino alcohols 2-13 generally based on the octahydro-cyclopenta[b]pyrrole system (the results are
summarized in Tables 1 and 2).

Under an argon atmosphere a solution of 0.5 mmol of the respective catalyst precursor (alternatively
0.2 or 1 mmol, e.g. utilizing 2, 5 or 10 mol % of amino alcohols 2-13) in 20 ml of anhydrous toluene
is prepared. After cooling to —40°C (with ethanolliquid nitrogen) 18.2 ml (20 mmol) of a 1.1 M
diethyl zinc solution in toluene are added within 10 minutes. After 30 minutes with stirring at constant
temperature the clear solution is allowed to warm to room temperature. Then 1.06 g (10 mmol) of
freshly distilled benzaldehyde, dissolved in 20 ml of anhydrous toluene, are added over a 30 min
period. The mixture is stirred for an additional 40 h (at least 16 h) and quenched at 0°C by the addition
of 60 ml 2 N aqueous HCl. After separation of the layers the water phase is extracted with diethyl
ether (3X40 ml) and the combined organic extracts are subsequently washed with 3.9% NaHSO;
solution (3xX40 mL), saturated aqueous NaHCO; solution and finally with brine. After drying with
MgSO, solvents are removed under reduced pressure and the residual oil is purified by distillation in
vacuo (chemical yields: between 86 and 64%). The enatiomeric excess was determined by chiral GC
analysis (SGE Cydec-B, chiral).
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