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Homogenous catalysis

New, chiral f-sec-amino alcohols (aR,fR)-11a—13a, (oS,BR)-
11b—-17b, (aS,BS)-11c, 12¢, 15¢, 17c¢ and (aR,BS)-11d, 12d,
15d, 17d have been synthesized from the enantiomerically
pure amine (all-R)-1a via diastereomeric, N-tert-butoxycar-
bonyl-protected aldehydes 3. Grignard additions proceed in
fair yields with a high degree of diastereofacial stereoselec-
tion (diastereomeric ratios dr up to = 95:5) with non-chela-

tion control, generally in favor of the anti-(erythro) structures.
A mechanistic interpretation of the stereochemical course of
this reaction is presented. The stereodifferentiating ability of
selected stereoisomeric (erythro)- and (threo)-amino alcohol
structures were tested in homogeneous catalysis, e.g. in two
model reactions (optical purities up to 95%).

We previously reported the synthesis of (erythro)-
(aR,BS)-amino alcohols based on the diastereo- and re-
gioselective a-hydroxyalkylation of the N-nitroso derivative
of (all-R)-2-azabicyclo[3.3.0]octane (all-R)-1c "™, Due to
the high diastereoselectivity (up to 90% and 93%, respec-
tively, for the newly generated stereogenic centers in ¢ and
B position) for the formation of two contiguous chiral cen-
ters on the framework, only the major diastereomers — the
(aR,BS) compounds (aR,35)-11d, 12d, 17d (among others)
— have been isolated.

An efficient, alternative synthetic pathway with less stere-
ochemical restriction was needed to have access to the cor-
responding diastereomeric (aS,BS)-, (0R,BR)- and (oS, R)-
amino alcohol structures. Furthermore, concentration was
focussed on the stereochemical correlation of the internal
stereogenic centers concerning their sense of induction and
the enantioselective-catalytic efficiency of these systems in
several asymmetric, homogeneous catalytic reactions. A
first short summary of these investigations is given at the
end of this report.

In context with our studies on the utilization of industrial
waste materials!!! the non-recyclable, enantiomerically pure
(all-R)-2-azabicyclo[3.3.0]octane-3-carboxylic acid benzyl
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ester (all-R)-1a (a waste material which is obtained in the
process of synthesizing the ACE-inhibitor ramipril® by
Hoechst AG), respectively the corresponding (a//-R)-2-aza-
bicyclo[3.3.0]octane-3-carboxylic acid (all-R)-1b was used
as starting material for the synthesis of B-amino alcohol
frameworks based on the diastereoselective conversion of
N-protected o-amino aldehydes (1R, 3R,5R)- and
(1R,3S,5R)-3 with aromatic Grignard reagents.

H
1R
SR H a | CO,CHPh
1R 3R b | COH
N c H
d | cH,on
H H e | COWPh,

For the preparation of the diastereomeric (1R,3R,5R)
systems, e.g. the (BR)-configured (threo)-(0.R,pR)-11a—13a
and (erythro)-(a.S,pR)-11b—17b amino alcohols (configura-
tions 1 and 2, marked with the letters a and b, respectively),
the N-Boc-protected a-amino aldehyde (1R,3R,5R)-3, ob-
tained in 94% yield by Swern-oxidation of the correspond-
ing bicyclic N-Boc-amino alcohol (all-R)-2, is the key com-
pound (Scheme 1). In spite of the generally ease of epime-
rization using the Boc protecting group? handling of this
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Scheme 1
H
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(allR)-1a _(a_)_> W
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(b) (allR)2
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H R! (c) H
2 ~lf———
" AL CHO
N o H N
| OH |
Boc Boc
(oRBR)4a-6a (R'=H,R2=aryl, sec table 1) (allR)3

(0S,BR)4b-10b (R! =aryl,R?=H, see table 1)

(d)

aryl-substituent:

1la,b | phenyl
12a,b | 4-methylphenyl
13a,b | 3-methoxyphenyl

i4b 2-methylphenyl

15b 2,5-dimethylphenyl
16b 2,4,6-trimethylphenyl
17b 1-naphthyl

(@RPRY11a-13a R'=H,R’=aryl)
(0S.BR)11b-17b (R' =aryl, R =H)

(a): 1. LiAlH4 in THFM, 2. (Boc),O/triethylamine in THF at — 5
to 0 °C. — (b): abs. DMSO, oxalyl chloride in abs. CH,Cl, at —65
to —80 °C. — (c): 1. RMgBr in anhyd. THF (for experimental de-
tails see Tables 1 and 2), 2. separation of diastereomers by flash
chromatography. — (d): (10 equiv.) p-toluenesulfonic acid/(1 equiv.)
anisole at room temp. or 4 N aqueous HCI at room temp.

chiral aldehyde (1 R,3R,5R)-3 caused no detectable epimeri-
zation[3#l,

The aldehyde (1 R,3R,5R)-3 is treated with various aro-
matic Grignard reagents affording the diastereomeric, N-
Boc-protected amino alcohols 4a—6a and 4b—10b (the sep-
aration is performed by flash chromatography on silica gel).
The stereocontrol observed originates from internal asym-
metric induction regulating the introduction of the ad-
ditional chiral center on the framework. A more detailed
description of the results (stereochemical aspects and ana-
Iytical data) is given in Tables 1 and 2.

Noteworthy is the changing correlation between the dia-
stereofacial stereoselection and the reaction temperature
(see Tables 1 and 2: reaction temperature between —5 and
—17 °C and between 2240 °C, respectively) as well as the
high level of the o diastereoselectivity. Extent and direction
of the internal, substrate-induced diastereodivergence are
highly dependent on the steric bulkiness of the nucleophilic
component. The re-side attack is suppressed with increasing
steric demand of R2, The internal asymmetric induction of
(1R,3R,5R)-3 in favor of a significant — although not com-
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plete — syn, respectively (threo) selectivity (93%, Table 2,
R?: phenyl) with the formation of the (o.R)-configured ad-
ducts inverts at a certain crucial bulkiness of the Grignard
reagent to an anti-(erythro) selectivity with (a.S):(aR)-dia-
stereomeric ratios = 95:5 (Tables 1 and 2, R?: all ortho-
substituted phenyl systems). The systematic variation of the
R2-substituent, e.g. substitution pattern of the phenyl ring
leads to the following results:

Compared to the unsubstituted phenyl system the intro-
duction of an additional substituent, e.g. methyl group in
para position has — as expected — no significant influence
on the stereochemical course of the reaction: the (threo) se-
lectivity is almost unchanged with (o.R)-diastereoselectivi-
ties of 70 (Table 1) and 92% (Table 2).

A comparable meta-located phenyl substitution (R2% 3-
methoxyphenyl) reveals a decisive effect on the observed
antilsyn-selectivities: with a moderate stereopreference, the
anti-(erythro) adduct is obtained as the major diastereomer.
Furthermore, all ortho-substituted phenyl systems (R?: 2-
methyl-, 2,5-dimethyl-, 2,4,6-trimethylphenyl and 1-naph-
thyl) show — independent of the reaction temperature —
a highly diastereoselective anti-(erythro) orientation of the
addition products (dr values in all cases = 95:5).

The stereochemistry on the ethylenic bridge between the
N,O heteroatoms, ¢.g. the configuration of the new, a-lo-
cated chiral center was assigned on the basis of the respec-
tive "H-NMR data, e.g. on the relative value of the vicinal
coupling observed for the single benzylic proton: the
(threo)-(0R,BR) isomers 11a-13a display a larger vicinal
coupling constant appearing at a less downfield region
compared to the diastereomeric (erythro)-(aS,pR) struc-
tures 11b-13b in analogy to related literature known com-
pounds®. Due to the high diastereoselectivities and the ex-
clusive formation of only one diastereomer this method is
not applicable for compounds 14—17.

Considering the Ry characteristics, we assumed for the
ortho-substituted phenyl systems 14—17 (and the corre-
sponding N-Boc protected structures 7—10) a syn-(erythro)-
stereochemistry, e.g. a (S)-configured chiral center in o po-
sition®l. These attributions have been confirmed by a X-ray
analysis for one of these N-Boc-protected B-amino alcohols
— (aS,BR)9b (R? = 2.4 6-trimethylphenyl) — displaying
the expected (erythro)-situation between the N,O func-
tionalities (Figure 1).

The synthesis of the complementary (BS)-configured
(threo)- and (erythro) systems (diastereomeric configura-
tions 3 and 4, assigned by the letters ¢ and d) has been
accomplished by the following sequence consisting of two
distinct diastereoselective reaction steps. First the (R)
stereochemistry in C-3 position of (1R,3R,5R)-1b had to
be changed by the salicyl aldehyde-catalyzed epimerization
affording a crude mixture of diastereomers [(1R,3S,5R)-1b
and (1R.3R,5R)-1b] with a dr value of 66:34 in favor of the
(IR,3S,5R)-configured product. This crude reaction mix-
ture is reduced with LiAlH, to afford sec-amino alcohols
which are N-protected by conversion into the carbamates
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Table 1. Experimental and analytical data of compounds 4a, b, 5a, b, 6a, b, 7Tb—10b: diastereoselective addition of aromatic Grignard
reagents to (@/l-R)-3 (reaction temperature between —5 and —17 °C; solvent: THF)

Compound Substituent R? Temp. Overall gfield Yield [%] inf! dr [Yo)ldl
[°C] [%o]*] (aR)Y(0uS) (aR):(aS)

(0R,BR)-4a phenyl —17 68 38/30 69:31

(oS, BR)-4b

(oLR,BR)-52 4-methyl phenyl -16 55 36/19 70:30

(aS,BR)-5b

(aR,BR)-6a 3-methoxy phenyl -5 74 35/39 40.60

(0uS,BR)-6b

(oS, BR)-Tb 2-methyl phenyl -9 38 —e/38 <5>095

(oS, BR)-8b 2,5-dimethyl phenyl -12 39 —e/39 <5>95

(oS, BR)-9b 2,4,6-tri methylphenyl —14 34 —ef/34 <5>095

(ouS,BR)-10b 1-naphthyl —11 44 —efd4 <5>095

@] [solated compounds; for each of these compounds the diastereomeric purity after chromatographic separation is = 95:5.— ! Qverall
P/ields referred to the mixture of diastereomers.— ! Yields after separation of the diastereomers given as (0.R BR)/(oS,PR) ratio. —
41 Determination by 'H- and '*C-NMR spectroscopy using a sample of the crude product; diastereomeric ratio: (R, BR)/(0.S,BR). —

iel Not isolated and not identified by spectroscopic methods.

Table 2. Experimental and analytical data of compounds 4a, 5a, Tb—10b: diastercoselective addition of Grignard reagents to (a/l-R)-3

(reaction temperatures between 22 and 40 °C; solvent: THF)

Compound® Substituent R2 Temp. Overall yield Yield in [%] dr [Yo)i¢l
°q R (aR)/(0S) (oR):(0uS)
(o.R,BR)-4a pheny! 24 62 62/~ 93:7
(aR,BR)-5a 4-methylpheny! 26 68 68/— 92:8
(oS, BR)-Tb 2-methylphenyl 23 42 —ef42 < 5> 95
(oS, BR)-8b 2,5-dimethyl phenyl 35 40 —el40 < 5:> 95
(a.S,BR)-9b 2.,4,6-trimethyl phenyl 22 37 —e/37 < 5:>95
(oS, BR)-10b I-naphthyl 40 41 ~ef41 < 5:>95

2l [solated compounds; the diastereomeric purity after chromatographic separation is = 95:5. — ) Overall yields referred to the mixture
of diastereomers. — ¢! Yields after separation of the diastereomers given as (R, BRY/(ouS,BR) ratio. — I Determination by 'H- and '*C-
NMR spectroscopy using a sample of the crude product; diastereomeric ratio: (R, BR)/(e.S,BR). — ) Not isolated and not identified by

spectroscopic methods.

Figure 1. Crystal structure of (aS,fR)-9b (the numbers of the
atoms do not correspond to those used in the nomenclature)

024)
7,

C(22)

using di-ferr-butyl dicarbonate/triethylamine in tetrahydro-
furan (overall yield after three steps: 63%). Separation of
epimers is performed by column chromatography affording
the N-Boc amino alcohol (1R,35,5R)-2 in 54% yield.

The following steps including the Swern-oxidation of
(1R,3S,5R)-2, the diastereodivergent Grignard addition to
(1R,3S,5R)-3 and finally the deprotection to give the (BS)-
sec-amino-sec-alcohols 11,12,15,17 follow the reaction
pathway described in Scheme 2 (a summary of these results
is shown in Table 3).
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Significant for the second diastereoselective step in this
sequence are the uniformly low (aR,BS)/(aS,S) pro-
portions with o diastereoselectivities up to 59% in favor of
the (R)-(erythro)-configured adducts. The changing steric
demand of the substituent R?, e.g. the size of the Grignard
reagent is not relevant for the stereochemical outcome of
this reaction indicated by the almost unchanged (aR,S)
(auS,BS) ratios (the diastereomeric ratios for the N-Boc-sec-
amino-sec-alcohols are only ranging between 59:4]1 and
54:46, the yields are between 65 and 83%). The dia-
stereomeric ratios as well as the respective configurations
were assigned by '"H-NMR spectroscopy — as described
above — using samples of the crude reaction mixtures.

The conformational stability, rigidity of the carbanionic
intermediate is essential in order to turn the efficient chiral
recognition operating in the transition state to highly dia-
stereoenriched products. The stereochemical aspect of the
Grignard addition to (@/l-R)-3 — considering the changing
sense of internal asymmetric induction (dependent on the
steric bulkiness of the nucleophilic component) ~ can be
explained on the basis of ground state arguments(®l,

For the (3R)-configured N-Boc-amino aldehyde
(1R,3R,5R)-3 the conformation analysis by MM2-force
field calculations!”! provides the conformational arrange-
ment depicted in Figure 2. Noteworthy is the antiperiplanar
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Scheme 2
(b)
(allR)1a
(@IRMb (a) >
Boc
1R35,5R)2
(¢) ( )
H
H
Boc ° Boc
(0S,B8)4¢,5¢,8¢,10¢ (R =aryl, R% = H, see table 3) (1R35,5R)3

(R BS)4d,5d,8d,10d (R =H , RZ = aryl , see table 3)

(e)

| aryl-substituent:

11c,d | phenyl

12¢,d | 4-methylphenyl
15¢,d | 2,5-dimethylphenyl
17¢,d | 1-naphthyl

(0S,pS)-11c,12¢,15¢,17¢ (R! =aryl, R®=H)
(0R BS)11d,12d,15d,17d R' = H, R? = aryl)

(a): PA/C, cyclohexene!"ll. — (b): 1. (0.5 equiv.) salicylic aldehyde in
conc. acetic acid 4 h under reflux'; 2. LiAlH, in THF; 3. (Boc),O/
triethylamine in THF at —5 to 0 °C. — (c): abs. DMSO, oxalyl
chloride in abs. CH,Cl, at —65 to —80 °C.— (d): 1. RMgBr in
anhyd. THF (for experimental details see Table 3); 2. separation of
diastereomers by flash chromatography. — (e): (10 equiv.) p-tolu-
enesulfonic acid/(1 equiv.) anisole at room temp. or 4 N aqueous
HCI at room temp.

orientation of the carbonyl function and the urethane moi-
ety resulting in a large distance between these electronega-
tive groups. This kind of additional polar or stereoelec-
tronic interaction seems to be the vital element for confor-
mational control. Earlier studies!!¥! provide experimental
support for this assumption according to the proposal in

Figure 2: the reaction of the corresponding (1R,3R,5R)-N-
benzyl amino aldehyde (e.g. no polar heteroatom moiety
as substituent on the nitrogen, but compared to the Boc
protecting group with a similar steric bulkiness) with ortho-
substituted, aromatic Grignard reagents reveals a reversed
sense of induction with a significant preference for the
(aR)-configured syn-(threo) products and diastereomeric
ratios between 55:45 and 78:22 [for comparison see Tables
1 and 2: using N-Boc amino aldehyde (1R,3R,5R)-3 as sub-
strate a predominant formation of the (a.S)-(erythro) prod-
ucts with dr values = 95:5 is observed].

Figure 2. MM2 force field calculations: Proposed conformation of
amino aldehyde (1R,3R,5R)-3

Furthermore an almost parallel, “cis-endo”-formation
between the aldehyde function and the sterically de-
manding, cis-connected cyclopentyl-subunit of the (all-R)-
azabicyclo[3.3.0]system has to be considered (resulting in a
low steric accessibility with only a small opening angle be-
tween the planes of these two groups, e.g. the angle for the
nucleophilic, re-side attack is significantly diminished). Ac-
cording to this formal picture a direct steric hindrance from
the N-Boc protective group towards the reactive center does
not exist. This is in contrast to results published by M. Re-
etz[%: the conversion of N-bis-protected, acyclic N-bis(ben-
zyl) amino aldehydes reflect an almost completely sup-
pressed, chelate-controlled reaction pathway and the forma-
tion of syn-(threo)-addition products obviously due to the
steric bulkiness of the N-located substituents. With the as-
sumption that the ground state conformation is the state of
the reacting molecule (1R,3R,5R)-3 (“substrate-like”-tran-
sition state), the highly diastereoselective anti-(erythro) ad-

Table 3. Experimental and analytical data of compounds 4¢, d, 5S¢, d, 8¢, d and 10¢, d: diastereoselective addition of Grignard reagents
to (1R,3S,5R)-3 (reaction temperatures between —15 and —18 °C, solvent: THF)

Compound® Substituent R? Temp. Overall %/ield Yield in [%]¢] dr [Yo]1 4l
[°Cl [ (oRY(01S) (oR):(0uS)

(R, BS)-4d phenyl -15 83 46/37 54:46

(oS BS)-4e

(R, BR)-5d 4-methyl phenyl —-18 75 39/36 57:43

(05, BS)-5¢

(oS, BR)-8d 2,5-dimethyl phenyl —-16 65 35/30 59:41

(oS, B.S)-8¢

(oS, BR)-10d 1-naphthyl -18 80 45/35 58:42

(oS BS)-10¢

(@l Tsolated compounds; for each of these compounds the diastereomeric purity after chromatographic separation is = 95:5. — ! Overall
P/ields referred to the mixture of diastereomers. — ! Yields after separation of the diastereomers given as (oR,BS)/(ouS,BS) ratios.—
4 Determination by 'H- and *C-NMR spectroscopy using a sample of the crude product; diastereomeric ratio: (R, BS)/(S, B.S).
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dition, especially in cases of larger steric hindrance might
be understandable.

At a certain, critical steric demand of the Grignard com-
ponent (all ortho-substituted aromatic systems) the reaction
takes exclusively place in only one of the two diastereotopic
hemispheres. This proposed mode of addition accounts for
the subsequently obtained configuration of the (aS)-ad-
dition products 7b—10b: the nucleophilic attack occurs ster-
eospecific on the less hindered side-face of the aldehyde
function which is the opposite side of the condensed sec-
ond ring.

In cases of lower steric interaction the observed favored
formation of (oR)-configured products (Tables 1 and 2,
R? = phenyl, 4-methylphenyl) is more difficult to explain
in the context of this model. In general polar substituents,
such as the urethane subunit, stabilize transition states in
which the incoming nucleophile and the polar group (e.g.
the tert-butoxycarbonyl group) are remote — in this case —
consequently leading to the predominant formation of syn-
(threo) adducts by a re-side approach.

Even if this simple, formal picture does not reflect the
mechanistic course of the reaction, it allows to predict the
major diastereomer formed in a multitude of addition reac-
tions, where the stereochemistry is determined only by steric
and presumably by stereoelectronic interactions.

In contrast the corresponding diastereomeric a-amino al-
dehyde (1R,3S,5R)-3 with its “trans-exo” arrangement of
the aldehyde function and the cyclopentane moeity and an
obviously much higher steric accessibility of the reactive
center furnishes the expected loss of stereocontrol in the
diastereodivergent C—C bond formation resulting in low
anti/syn diastercoselectivities (as shown in Table 3) in ad-
dition to slightly higher yields.

An extensive study on the variation of the catalyst (e.g.
catalyst precursor) structure was conducted to allow a com-
prehensive investigation on the stereodifferiating ability in
homogenous asymmetric catalysis. Therefore a systematic
modification of the stereochemical properties, e.g the stere-
ochemical correlation between the internal chiral centers of
the bicyclic p-amino alcohols (configurations a—d) was
chosen.

The reactions of choice for this comparison include the
enantioselective reduction of prochiral ketones in the pres-
ence of catalytic amounts of in situ-formed, chiral oxaza-
borolidines, the enantioselective catalytic addition of di-
ethylzinc to prochiral aldehydes and the palladium-me-
diated, enantioselective catalytic formation of optically ac-
tive 2-alkyl-indan-l-ones (and -tetral-l-ones) from the
corresponding racemic P-ketoesters or prochiral enol car-
bonates!®l.

The graphical survey on some of the results obtained so
far are given in Scheme 3 (for more detailed information
concerning reaction conditions, work-up, determination of
the optical yield or enantiomeric excess, etc. see experimen-
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Scheme 3. Survey on results obtained in the enantioselective reduc-
tion of prochiral ketones in the presence of catalytic
amounts of in situ-formed chiral oxazaborolidines (re-
action 1) and the enantioselective catalytic addition of
diethylzinc to prochiral ketones (reaction 2)

(o]
©)kCH3 BH;THFkat*
—— -
cat*: 8 mol % (aS,BR)17b: 91 % op
further results: 12a; 86%, 12b: 33%, 12¢: 67%, 12d: 19%
(for 12a-d: 5 mol % were used)
OH
(o]
H
CoH.
H ZnEt,feat® 5
——————————

cat*: Smol % (oR,pR)N-methyld2a: 95 % op
further results: 12a: 9%, 12b: 6%, 12¢: 14%, 12d: 45%

tal part; studies aimed to improve the enantioselectivity and
catalytic efficiency are under investigation at present).

By empiric improvement of the correlation between the
chiral centers in o and B position (on the “ethylen” bridge
between the N- and O-coordination centers of the ligand
structure) and subsequently by the variation of the substi-
tution pattern in ¢ position (e.g. the aryl substituent), the
development of artificial chiral auxiliaries — suitably de-
signed for each of these asymmetric processes — has been
accomplished. For each of these examples an optical purity
(op) higher than 90% could be reached.

For both catalyzed processes (Scheme 3: reactions | and
2) a (1R3R,5R)-configured, bicyclic backbone, e.g. a
“trans-exo” substitution at the pyrrolidine ring provides the
best results. The results obtained with the four dia-
stereomers 12a—d are given below the respective reaction
to underline the importance of the ligand stereochemistry
for the catalytic efficiency.

For the stereoselective addition of diethylzinc to benzal-
dehyde the N-methylated ligand N-methyl-(aR,pR)-12a —
synthesized by LiAlH,4 reduction of the N-Boc-compound
(aR,BR)-4a — gives the best result with an optical purity
for the product alcohol 1-phenylpropan-1-ol of 95% (result
of the corresponding, homochiral sec-amino-sec-alcohol
12a: 9% op).

For the stereoselective conversion 1 the results using the
(threo)- or (erythro)-mono-arylhydroxymethyl systems were
found to be significantly better than those obtained with
the corresponding ligand based on the azabicyclo[3.3.0]oc-
tane system (a/l-R)-1e (reaction 1: 63% op) featuring a bis-
arylhydroxymethyl subunit('°l,

We express our thanks to Degussa AG, Hoechst AG, En-
gelhard Company and the Fonds der Chemischen Industrie
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pagne-Ardenne for a Ph.D. studentship.

Experimental Section

Melting points (uncorrected) were determined in an apparatus
according to Linstrdm. — Infrared spectra were recorded with a
Beckman IR 4220 spectrometer as films between NaCl plates for
liquids and KBr discs for solids. — 'H- and '*C-NMR spectra were
recorded with a Bruker AM 300 (300 MHz) and Bruker ARX 500
(500 MHz). CDCl; was used as solvent and tetramethylsilane
(TMS) as internal reference. — Optical rotations were measured
with a Perkin-Elmer polarimeter 241 MC. — Mass spectra were
measured with a Finnigan-MAT 212 (datasystem SS 300) spec-
trometer.

General Procedure GPI. — Synthesis of N-Protected N-tert-But-
oxycarbonylimino Alcohols: 40 mmol of the amino alcohol com-
ponent (1R,3R,5R)-1d!"I'™]  respectively the corresponding
(1R,3RS,5R)-system!!" were dissolved in 120 ml of anhyd. THF
and 8.1 g (80 mmol) of triethylamine were added with stirring.
After cooling the resulting clear reaction mixture to —10 °C a solu-
tion of di-tert-butyl dicarbonate (8.93 g, 39.7 mmol), dissolved in
60 ml of dry THF, was added dropwise within 30 min. To complete
the reaction stirring was continued for 18 h at room temp. After
the solvents were removed under reduced pressure in a rotary evap-
orator the oily residue was dissolved in 100 ml of diethyl ether and
80 ml of dist. H,O. After separation of the layers the aqueous phase
was extracted with diethyl ether (2 X 50 ml). The combined organic
phases were washed with 2 N HCI solution (40 ml), dist. H,O (60
ml), saturated NaHCOQO; solution (2 X 50 ml), brine (1 X 40 ml)
and subsequently dried with anhydrous MgSO,, filtered and con-
centrated in vacuo. The resulting colourless oil was NMR spectro-
scopically and microanalytically pure. The oil of compound
(1R,3R,5R)-2 solidified immediately on standing at room temp.

General Procedure GP2. — Synthesis of N-Protected, Bicyclic o-
Amino Aldehydes 3 of the (all-R)-Azabicyclo[3.3.0 ]octane-3-car-
boxylic Acid by Swern-Oxidation: In a 500 ml three-necked flask
3.8 ml (44 mmol) of oxalyl chloride in 100 ml of abs. dichlorometh-
ane were placed under argon atmosphere. The clear solution was
cooled to —70 °C (ethanol/liquid nitogen bath). A solution of 6.4
ml (88 mmol) abs. DMSO in 10 ml of abs. dichloromethane was
added dropwise (during the addition the temp. should be constantly
lower than —60 °C). The reaction proceeded with evolution of gas.
After the addition was completed the reaction mixture was stirred
for further 45 min at —70 °C. Then 40 mmol of the respective N-
protected amino alcohol (1R,3R,5R)-2 or (1R,35,5R)-2, dissolved
in 40 ml of abs. dichloromethane, were added dropwise over 30
min (again reaction temperatures below —60 °C). After 1.5—2 h of
continiously stirring at a constant temperature of —70 °C the reac-
tion mixture was quenched with 28 m! (200 mmol) of triethylamine.
Then the cooling bath was removed and the reaction mixture was
allowed to warm to room temp. After addition of 200 ml of dist.
H-O layers were separated and the aqueous phase was extracted
twice with 120 ml of dichloromethane. The combined organic ex-
tracts were dried with MgSO,. The solvent and triethylamine were
evaporated in vacuo (temperatures below 30 °C). To remove tri-
ethylamine hydrochloride the residue was taken up in 100 ml of
diethyl ether. After filtration the filtrate was concentrated under
reduced pressure. Without any further work-up the N-protected o.-
amino aldehydes (1R,3R,5R)-3 and (1R,3S,5R)-3 were obtained as
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colourless or slightly yellow oils. A further purification (not neces-
sary for the subsequent conversion according to GP3) of com-
pounds (1R,3R,5R)-3 and (1R,3S,5R)-3 by flash chromatography
gives NMR spectroscopically and microanalytically pure, colour-
less oils [(1R,3R,5R)-3: eluent: n-hexane/EtOAc 8:2, TLC: Ry =
0.44; (1R,3S,5R)-3: eluent: n-hexane/EtOAc 8:2, TLC: Ry = 0.48].
An epimerization during their chromatographic purification has
never been observed (intramolecular control of the diastereomeric
purity of the azabicyclo[3.3.0]octane systems by 'H- and *C-
NMR spectroscopy).

General Procedure GP3. — Conversion of N-Boc-Protected o-
Amino Aldehydes (1R,3R,5R)-3 and (1R,38,5R)-3 with Aromatic
Grignard Reagents to Provide the Corresponding N-Boc-Amino sec-
Alcohols 4—10: To a freshly prepared solution of the respective
Grignard reagent consisting of 0.96 g (40.0 mmol) of magnesium
and 38.5 mmol of aryl halogenide (bromobenzene, 4-bromotoluene,
3-bromoanisole, 2-bromotoluene, 2-bromomesitylene, 2-bromo-p-
xylene and l-bromonaphthalene) in 120 ml of dry THF, 4.2 g
(17.56 mmol) of the N-Boc-amino aldehyde (1R,3R,5R)-3 or
(1R,3S5,5R)-3, dissolved in 40 ml of dry THF, were added dropwise
over 30 min (for the respective reaction temperatures see Tables 1,
2 and 3). After the addition was completed the reaction mixture
was stirred for 3 h at constant temp. and then allowed to warm to
room temp. (overall reaction time: 16 h). For the hydrolytic work-
up, 120 ml sat. NH,4Cl solution were added and after stirring for 1
h at room temp. phases were separated. The aqueous layer was
extracted with methyl #-butyl ether (2 X 40 ml), the combined or-
ganic phases were dried (MgSO,) and the solvents evaporated un-
der reduced pressure. In all cases the diastereomeric ratio was de-
termined by 'H-NMR analysis using samples of the resulting oily
crude products. Further details concerning the diastereoselectivity,
reaction temp. and isolated yields were given in Tables 1, 2 and 3,
the individual chromatographic work-up was described under the
name of each compound.

General Procedure GP4. — Cleavage of the tert-Butoxycarbonyl
Protecting Group, Synthesis of p-Amino Alcohols with Secondary
Amino and Alcohol Function — GP4, Method A: To remove the tert-
butoxycarbonyl protecting group 1.0 mmol of the respective N-
Boc-amino alcohol derivative was dissolved in 10 ml of methanol
[(or in methanol and acetic acid or just acetic acid). Under stirring
15 ml of aqueous 4 N HCI were added at 0 °C. After 3—4 h at
room temp. solvents were removed at 40 °C in a rotary evaporator
under reduced pressure. After extraction with diethyl ether (3 X 40
ml) the aqueous layer was basified by slow addition of 5% aqueous
NaOH under stirring at 0 °C until a pH value of 10 was reached.
Dichloromethane was added and after 45 min. at room temp.
phases were separated. After extraction of the water phase with
dichloromethane (5 X 30 ml) the combined organic extracts were
dried (MgSQ,), solvents were removed in vacuo and the sec-amino
alcohol was obtained as colourless or slightly yellow solid (yields
generally between 75 and 96%).

GP4, Method B: To remove the fert-butoxycarbonyl protecting
group 1.0 mmol of the respective N-Boc-amino alcohol derivative
was dissolved in 15 ml CH,Cl, and under stirring 3 ml of trifluoro-
acetic acid were added at 0 °C. After 30 min. the reaction mixture
was allowed to warm to room temp. and stirring was continued for
further 90 min. After basification with 5% aq. NaOH the aqueous
phase was saturated with NaCl and then cxtracted with CH,Cl, or
CH,CL/CHCI; (5 X 40 ml). The combined organic extracts were
dried (MgSO,) and concentrated in vacuo. Further purification of
the products involves an additional recrystallization with small
amounts of n-hexane or CH,Cl,/n-hexane (in some cases a partial
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epimerization of the amino alcohols was observed by NMR spec-
troscopy, after recrystallization the major diastereomer was ob-
tained).

GP4, Method C: The removal of the tert-butoxycarbonyl protect-
ing group was accomplished with p-toluenesulfonic acid (10.0
mmol for 1 mmol of the N-Boc-amino alcohol derivative dissolved
in 30 ml of dioxane) and anisole (1.0 mmol). The course and the
end of the reaction was monitored by TLC. Then 10 ml of aqueous
2 N HCl were added and after 20 minutes stirring at room temp.
the water/dioxane layer was extracted with diethyl ether (3 X 40
ml) to remove the rest of the starting material. The aqueous phase
was was basified to pH = 10 by slow addition of 5% aqueous
NaOH at 0 °C followed by extraction with CH,Cl; or diethyl ether
(4 X 40 ml). After drying with MgSO, the combined organic layers
were evaporated in vacuo to give the sec-amino alcohols as colour-
less or slightly yellow solids. Purification of the crude products —
in most cases not necessary — by recrystallization with small
amounts of n-hexane (or CH,Cly/n-hexane) or by shortway distil-
lation (“bulb-to-bulb” distillation under reduced pressure using an
Biichi GKR-51 apparatus) affords the analytically pure com-
pounds.

(all-R)-( 1-tert-Butyloxycarbonyloctahydrocyclopenta[b [pyrrol-2-
yl)methanol [(all-R)-2]: Reaction: GPI. Yield 9.4 g (97%), colour-
less solid, m.p. 83 °C. — [a]*’p = —39.0 (¢ = 1.47, CH,Cl,). — IR
(KBr): ¥ = 3680—3230 (OH), 1720—1650 cm™~! (-C=0). — 'H
NMR (CDCl,): § = 1.13-2.00 (m, 7 H, 5-H, 6-H,, 7-H,, 8-H,),
1.43 [s, 9 H, OC(CH3)3], 2.06—2.26 (m, 1 H, 4-H), 2.44—2.63 (m,
1 H, 4-H), 3.41-3.66 (m, 2 H, CH,OH), 3.77—4.00 (m, 1 H, 1-H),
4.00-4.17 (m, 1 H, 3-H), 5.29 (s, 1 H, CH,OH). — *C NMR
(CDCly): & = 28.41 [OC(CH;)3], 24.15, 32.16, 34.46, 34.55 (C-4,
C-6, C-7, C-8), 40.97 (C-5), 65.43 (CH,OH), 62.85, 68.22 (C-1, C-
3), 80.17 [OC(CHs)3], 151.15 (R;NCO,R). — MS (CI, isobutane);
miz (%): 242 (100) [MH*]. — C3H»3NO; (241.2): caled. C 64.69,
H 9.61, N 5.81; found C 64.62, H 9.54, N 5.76.

(1R,38,5R)-(1-tert-Butyloxycarbonyloctahydrocyclopenta[b Jpyr-
rol-2-yl)methanol [(1R,3S,5R)-2]: Preparation of the starting mate-
rial (1R,3RS,5R)-1d: Conversion of (1R,3R,5R)-1b by the salicyl
aldehyde-catalyzed epimerization (reaction conditions!': 0.5 equiv.
of salicyl aldehyde in conc. acetic acid, 4 h under reflux, removal
of the solvent under reduced pressure followed by the extractive
workup with water/dichloromethane) affording a crude mixture of
diastereomers [(1R,3S,5R)-1b and (1R,3R,5R)-1b] with a dr value
of 66:34 in favor of the (1R,3S,5R)-configured product. This crude
reaction mixture was reduced by treatment with LiAlH, (3 equiv.)
in THF under reflux for 4 h. The epimerized amino alcohol
(1R,3RS,5R)-1d was isolated by shortway distillation under re-
duced pressure (yield of this two-step-procedure 68%)U". Reaction:
GP1. — Starting material: 7.2 g (51.1 mmol) of (1R,3RS,5R)-1d. —
Diastereomeric ratio (after column chromatography) = 95:5 (elu-
ent: n-hexane/EtOAc 6.5:3.5, TLC: Ry = 0.38), minor diastereomer:
(all-R)-29 (TLC: R; = 0.46). Yield 6.6 g (54%, after separation of
diastereomers, overall yield: 11.4 g, 93%), colourless oil. —[a]*°p =
—98.3 (¢ = 0.84, CH,Cl,). — IR (NaCl): ¥ = 3660—3200 c¢m™!
(OH), 1730—1640 (C=0). — 'H NMR (CDCl,): 8 = 1.29—1.80,
1.86—2.02 2 m, 7 H, 5-H, 6-H,, 7-H,, 8-H,), 1.44 [s, 9 H,
OC(CH3)3], 2.49-2.68 (m, 1 H, 4-H), 3.48—3.67 (m, 2 H, CH,OH),
3.86—4.03 (m, | H, 4-H), 4.03—4.14 (m, | H, 1-H), 4.77-4.86 (m,
1 H, 3-H), 4.77-4.86 (s, 1 H, CH,OH). — *C NMR (CDCl;): § =
28.42 [OC(CH,)5], 24.69, 31.71, 33.95, 34.49 (C-4, C-6, C-7, C-8),
4097 (C-3), 61.36, 64.16 (C-1, C-3), 66.66 (CH,OH), 79.90
[OC(CH3)3], 156.28 (R,NCO,R). — MS (CI, isobutane); m/z (%o):
242 (100) [MH*]. — C;3H»;NO; (241.2): caled. C 64.69, H 9.61, N
5.81; found C 64.34, H 9.57, N 5.62.
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(all-R)-1-(tert-Butyloxycarbonyl)octahydrocyclopenta[b]-
pyrrole2-carbaldehyde [(all-R)-3]: Reaction: GP2. — Starting mate-
rial: 9.4 g (38.9 mmol) of (a/l-R)-2, 3.7 ml (42.8 mmol) of oxalyl
chloride, 6.2 ml (85.5 mmol) of abs. DMSO. Yield 8.7 g (94%, crude
product), 7.8 g (84%, after flash chromatography). — [a]*’p = +
4.9 (¢ = 2.0, CH,Cly). — IR (NaCl): ¥ = 1720—1660 cm™!' (-C=
0). — 'H NMR (CDCl;): & (rotamers) = 1.27—2.00 (m, 16 H,
OC(CH;);, 5-H, 6-H,, 7-H,, 8-H,), 2.11-2.32 (m, 1 H, 4-H),
2.49-2.74 (m, 1 H, 4-H), 3.83—4.28 (m, 2 H, 1-H, 3-H), 9.48 (d,
J=26Hz,1H, CHO). — *C NMR (CDCly): 8 = major rotamer:
28.22 [OC(CHj;);], 24.20, 31.85, 32.67, 34.29 (C4, C-6, C-7, C-
8), 41.76 (C-5), 64.39, 67.03 (C-1, C-3), 80.12 [OC(CH;);], 155.16
(RoNCO5R), 201.10 (CHO); minor rotamer: 28.34 [OC(CH,)4],
27.31, 31.48, 33.47, 34.48 (C-4, C-6, C-7, C-8), 42.86 (C-5), 63.97,
65.36 (C-1, C-3), 80.62 [OC(CH3)3], 154.16 (R,NCO,R), 200.82
(CHO). — MS (CI, isobutane);, m/z (%) 240 (100) [MH*]. —
C,3H,NO; (239.2): caled. C 65.23, H 8.85, N 5.86; found C 65.10,
H 8.67, N 5.78.

{1R,3S,5R)-1-(tert-Butyloxycarbonyl joctahydrocyclopenta[b |-
pyrrol-2-carbaldehyde [(1R,3S,5R)-3]: Reaction: GP2. — Starting
material: 4.8 g (20.0 mmol) of (1R,3S,5R)-2. Yield 3.9 g (82%, after
flash chromatography, eluent: n-hexane/EtOAc 8:2, TLC: Ry =
0.48), colourless oil. — [0’y = —158.3 (¢ = 0.24, CH,CL,). — IR
(NaCD): v = 1730—1680 (C=0, aldehyde). — "H NMR (CDCls):
& (rotamers) = 1.42 [s, 4.5 H, 0.5 X OC(CH»),], 147 [s,4.5H, 0.5
X OC(CH3),), 1.34-1.92 (3 m, 7 H, 5-H, 6-H,, 7-H,, 8-H,),
1.92-2.09 (m, 1 H, 4-H), 2.54—2.73 (m, 1 H, 4-H), 4.09-4.31 (2
m, 2 H, 1-H, 3-H), 9.37 (d, / = 3.2 Hz, 0.5 H, 0.5 X CHO), 9.46
(d, J = 2.8 Hz, 0.5 H, 0.5 X CHO). — '3C NMR (CDCly): §
(rotamers) = major rotamer: 28.16 [OC(CHs),], 24.69, 31.89, 32.30,
34.22 (C-4, C-6, C-7, C-8), 41.31 (C-5), 64.07, 66.28 (C-1, C-3),
80.55 [OC(CHj;);], 154.66 (R,NCO,R), 199.34 (CHO); minor rot-
amer: 28.33 [OC(CHa)s), 24.56, 31.26, 33.17, 33.46 (C-4, C-6, C-7,
C-8), 42.37 (C-5), 63.56, 66.05 (C-1, C-3), 80.11 [OC(CHjy);], 153.54
(R,NCO5R), 199.24 (CHO). — MS (CI, isobutane); m/z (%): 240
(100) [MH™*]. — C3H,NO; (239.2): caled. C 65.23, H 8.85, N
5.86; found C 65.11, H 8.76, N 5.71.

('R, IR, 3R 5R)-(1-tert-Butyloxycarbonyloctahydrocyclopenta-
[b]pyrrol-2-yl)-1'-phenyimethanol [(0R,BR)-4a]: Reaction: GP3. —
Starting material: 2.4 g (9.9 mmol) of (all-R)-3, Grignard reagent
prepared from bromobenzene. — Diastereomeric ratio (crude prod-
uct) 69:31 (reaction temp. —17 °C); diastereomeric ratio (after flash
chromatography) = 95:5 (eluent: n-hexane/triethylamine 7:3, TLC:
R¢ = 0.46), second flash chromatography (eluent: #n-hexane/EtOAc
7:3, TLC: Ry = 0.38). Yield 1.2 g (38%, overall yield, e.g. both
diastereomers 68%), colourless oil. — [a]*’y = —31.8 (¢ = 0.50,
CH,Cl,). — IR {NaCl): ¥ = 3630-3210 cm™' (OH). — 'H NMR
(CDCly): & = 1.21-1.34, 1.40—1.66, 1.66—2.00 (3 m, 8 H, 5-H. 6-
H,, 7-H,, 8-H,, 4-H), 1.54 [s, 9 H, OC(CH3)], 2.39—2.57 (m, 1 H,
4-H), 4.09—-4.28 2 m, 2 H, 1I-H, 3-H), 4.61 (d, J = 8.3 Hz, 1 H,
PhCHOH), 7.22—7.40 (m, 5 H, aromatic H). — 3C NMR
(CDCl3): 8 = 28.41 [OC(CH,),), 24.69, 32.55, 34.11, 34.53 (C-4,
C-6, C-7, C-8), 41.24 (C-5), 65.79, 66.33 (C-1, C-3), 80.19, 80.72
[PhCHOH, OC(CH;);], 127.49, 127.55, 128.23 (aromatic C), 142.84
(quat. aromatic C), 154.32 (R,NCO,R). — MS (CI, isobutane); m/z
(%0): 318 (100) [MH*]. — C;oH,;NO; (317.2): caled. C 71.88, H
8.58, N 4.41; found C 71.79, H 8.51, N 4.38.

(1'S, 1R, 3R 5R)-(1-tert-Butyloxycarbonyloctahydrocyclopenta-
[b]pyrrol-2-yl)-1'-phenylmethanol [(ouS,BR )-4b]: Reaction: GP3. —
Starting material: 2.4 g (9.9 mmol) of (all-R)-3, Grignard reagent
prepared from bromobenzene. — Diastereomeric ratio (crude prod-
uct) 31:69 (reaction temp. —17 °C); diastereomeric ratio (after flash
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chromatography) = 95:5 (eluent: n-hexane/triethylamine 7:3, TLC:
R¢ = 0.57). Yield 0.94 g (30%, overall yield: 68%), colourless oil.
- [e*p = + 531 (¢ = 0.60, CH,CL). — IR (NaCl): v =
3620—3210 cm ™! (OH). — '"H NMR (CDCl3): 8 = 1.20—1.83 (2
m, 7 H, 5-H, 6-H,, 7-H,, 8-H,), 1.51 [s, 9 H, OC(CH3),], 1.91-2.09
(m, 1 H, 4-H), 2.37-2.58 (m, 1 H, 4-H), 4.04—4.31 2 m, 2 H, 1-
H, 3-H), 4.89—5.03 (s, | H, Ph\CHOH), 7.18—7.40 (m, S H, aro-
matic H).— *C NMR (CDCly): & = 28.45 [OC(CH3)3], 11.53,
23.56, 30.99, 32.65 (C-4, C-6, C-7, C-8), 40.27 (C-5), 46.19, 65.71
(C-1, C-3), 66.44 (PhCOH), 80.09 [OC(CH3)5], 127.10, 127.71,
128.68 (aromatic C), 140.91 (quat. aromatic C), 155.10
(R,NCO,R). — MS (CI, isoutane): m/z (%): 318 (100) [MH™"]. —
C1oH27NO; (317.2): caled. C 71.88, H 8.58, N 4.41; found C 71.6,
H 8.61, N 4.36.

(1'S,1R,3S,5R)-(1-tert-Butyloxycarbonyloctahydrocyclopenta-
[bJpyrrol-2-yl)-1'-phenylmethano! [(o.S,p.S)-4c]: Reaction: GP3. —
Starting material: 3.75 g (15.7 mmol) of (1R,3S,5R)-3, Grignard
reagent bromobenzene. — Diastereomeric ratio (crude product)
46:54 (reaction temp. —15 °C); diastereomeric ratio (after flash
chromatography) = 95:5 (eluent: n-hexane/triethylamine 8:2, TLC:
Ry = 0.55). Yield 1.82 g (37%, over all yield: 83%), colourless solid,
m.p. 98 °C. — [0]*’p = — 52.5 (¢ = 0.68, CH,Cl,). — IR (KBr):
¥ = 3680—3200 cm™! (OH), 1690—1650 (—C=0). — 'H NMR
(CDCly): 8 = 1.51 [s, 9 H, OC(CH3)3], 1.20—1.61 (3 m, 7 H, 5-H,
6-H,, 7-H,, 8-H,), 1.66—2.02 (m, 1 H, 4-H), 2.39-2.54 (m, 1 H,
4-H), 3.93-4.06 (m, 1 H, 1-H), 4.14-4.29 (m, 1 H, 3-H), 4.77 (d,
J = 8.8 Hz, 1 H, PhCHOH), 5.34 (s, | H, Ph\CHOH), 7.20—7.44
(m, S H, aromatic H). — 3C NMR (CDCl): & = 2847
[OC(CH;)3], 23.95, 30.57, 32.43, 32.87 (C-4, C-6, C-7, C-8), 41.26
(C-5), 63.81, 6575 (C-1, C-3), 77.80 (PhCHOH), 80.32
[OC(CH,);), 127.01, 127.59, 128.23 (aromatic C), 142.58 (quat. aro-
matic C), 157.28 (R,NCO,R). — MS (CI, isobutane); m/z (%): 318
(100) [MH*]. — C,gH»NO; (317.2): caled. C 71.88, H 8.58, N
4.41; found C 71.96, H 8.60, N 4.45.

('R, IR 38 5R)-(1-tert-Butyloxycarbonyloctahydrocyclopenta-
[b]pyrrol-2-yl)-1'-phenylmethanol [(o.R, S)-4d]: Reaction: GP3. —
Starting material: 3.75 g (15.7 mmol) of (1R,3S,5R)-3, Grignard
reagent: bromobenzene. — Diastereomeric ratio (crude product)
54:46 (reaction temp. —15 °C); diastereomeric ratio (after flash
chromatography) = 95:5 (eluent: n-hexane/triethylamine 8:2, TLC:
Ry = 0.72). Yield 2.3 g (46%, overall yield: 83%), colourless solid,
m.p. 81 °C. — [0]®*p = —129.3 (¢ = 0.57, CH,Cly). — IR (KBr):
¥ = 3600—3170 cm~' (OH), 1690—-1650 (—C=0). — 'H NMR
(CDCly) : & = 1.51 [s, 9 H, OC(CH;);], 1.12-2.09 (3 m, 9 H, 5-H,
6-H,, 7-H,, 8-H,, 4-H,), 3.54-3.69 (m, 1 H, 1-H), 445—-4.54 (m,
1 H, 3-H), 491 (s, 1 H, PhCHOH), 5.13 (s, 1 H, PhiCHOH),
7.20—7.38 (m, 5 H, aromatic H). — '*C NMR (CDCl;): § = 28.53
[OC(CH;),], 23.88, 31.39, 32.93, 33.73 (C-4, C-6, C-7, C-8), 41.35
(C-5), 64.69, 6549 (C-1, C-3), 77.54 (PhCHOH), 80.03
[OC(CH5)3], 126.72, 127.20, 127.98 (aromatic C), 141.72 (quat. aro-
matic C), 153.31 (R,NCO,R). — MS (CI, isobutane); m/z (%): 318
(100) [MH*]. — C;9H;NO; (317.2): caled. C 71.88, H 8.58, N
4.41; found C 71.79, H 8.52, N 4.32.

('R IR,3R,5R)-(1-tert-Butyloxycarbonyloctahydrocyclopenta-
[b]pyrrol-2-yl)-1'-(4-methyl-phenyl)methanol [(0.R,BR)-5a]: Reac-
tion: GP3. — Starting material: 4.9 g (20.7 mmol) of (all-R)-3,
Grignard reagent prepared from 4-bromotoluene. — Dia-
stereomeric ratio (crude product) 70:30 (reaction temp. —16 °C);
diastereomeric ratio (after flash chromatography) = 95:5 (eluent:
n-hexane/EtOAc 9:1, TLC: R; = 0.21); subsequent flash chroma-
tography (eluent: n-hexane/triethylamine 9:1, TLC: Ry = 0.35).
Yield 2.5 g (36%, over all yield, e.g. both diastereomers: 55%),
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colourless oil. — [0]*°p = —38.6 (¢ = 0.72, CH,Cl,). — IR (NaCl):
¥ = 3680—3220 cm~! (OH), 1710—1650 (—C=0). — 'H NMR
(CDCly): 8 = 1.21-1.37, 1.40~1.97 (3 m, 8 H, 5-H, 6-H,, 7-H,,
8-H,, 4-H), 1.51 [s, 9 H, OC(CH,);], 2.32 (s, 3 H, ArCHs),
2.41-2.59 (m, 1 H, 4-H), 4.09—4.30 (m, 2 H, 1-H, 3-H), 4.57 (d,
J = 8.8Hz 1 H, ArCHOH), 6.31 (s, 1 H, ArCHOH), 7.14 (d, J =
7.7 Hz, 2 H, aromatic H), 7.24 (d, J = 7.7 Hz, 2 H, aromatic H).
— I3C NMR (CDCl,): 8 = 28.44 [OC(CH,)3], 21.10, 24.77, 32.65,
34.14, 34.59 (C-4, C-6, C-7, C-8, CH,), 41.28 (C-5), 65.77, 66.33
(C-1, C-3), 80.11 (ArCHOH), 80.69 [OC(CH3);], 127.37, 128.94
(aromatic C), 137.16, 139.96 (quat. aromatic C), 155.10
(RoNCO,R). — MS (CI, isobutane); m/z (%): 332 (100) [MH*]. —
CogH29NO; (331.2): caled. C 72.46, H 8.82, N 4.23; found C 72.27,
H 8.79, N 4.28.

(1'S,1R,3R 5R)-(1-tert-Butyloxycarbonyloctahydrocyclopenta-
[b]pyrrol-2-yl)-1'-( 4-methyl-phenyl) methanol [(o.S,BR)-5b]: Reac-
tion: GP3. — Starting material: 4.9 g (20.7 mmol) of (all-R)-3,
Grignard reagent prepared from 4-bromotoluene. — Dia-
stereomeric ratio (crude product) 30:70 (reaction temp. —16 °C);
diastereomeric ratio (after flash chromatography) = 95:5 (eluent:
n-hexane/EtOAc 9:1, TLC: Ry = 0.33). Yield 1.3 g (19%, overall
yield, both diastereomers: 55%), colourless oil. — [0]*°p = + 5.28
(¢ = 0.84, CH,Cl,). — IR (NaCl): ¥ = 3600—3150 cm™! (OH),
1730—1660 (—C=0). — 'H NMR (CDCL): § = 0.83-0.97,
1.20-2.09 (3 m, 8 H, 5-H, 6-H,, 7-H,, 8-H,, 4-H), 1.50 (s, 9 H,
OC(CHs)3], 2.34 (s, 3 H, ArCHy), 2.38—2.54 (m, 1 H, 4-H),
4.03—4.24 (m, 2 H, 1-H, 3-H), 491 (s, | H, ArtCHOH), 6.20 (s, 1
H, ArCHOH), 7.11 (d, J = 7.7 Hz, 2 H, aromatic H), 7.19 (d,
J = 7.7 Hz, 2 H, aromatic H). — 3C NMR (CDCl;): § = 28.41
(OC(CH;)3}, 21.02, 23.52, 30.97, 32.64, 33.59 (C-4, C-6, C-7, C-8,
CH3), 40.20 (C-5), 65.65, 66.40 (C-1, C-3), 74.37 (ArCHOH), 80.00
(OC(CHs3)3), 126.92, 128.36 (aromatic C), 136.53, 137.75 (quat. aro-
matic C), 154.10 (R,NCO,R). — MS (Cl, isobutane); m/z (%): 332
(100) [MH*]. — CyH39NO; (331.2): caled. C 72.46, H 8.82, N
4.23; found C 72.37, H 8.89, N 4.32.

(1'S,1R,3S,5R)-(1-tert-Butyloxycarbonyloctahydrocyclopenta-
[b [pyrrol-2-yl)-1'-(4-methyl-phenyl)methanol [(o.S,BS)-5¢]: Reac-
tion: GP3. — Starting material: 3.5 g (14.7 mmol) of (1R,35,5R)-3,
Grignard reagent: 4-bromotoluene. — Diastereomeric ratio (crude
product) 43:57 (reaction temp. —18 °C); diastereomeric ratio (after
flash chromatography) = 95:5 (eluent: #-hexane/triethylamine 9:1,
TLC: Ry = 0.23). Yield 1.74 g (36%, overall yield: 75%), colourless
solid, m.p. 122 °C. — [a]*°p = — 54.7 (¢ = 2.74, CH,Cl,). — IR
(KBr): ¥ = 3600—3100 cm ™! (OH), 1720—1660 (—-C=0). — 'H
NMR (CDCl;): 6 = 1.23—1.42, 1.47—-1.67, 1.86—1.97 (3 m, 8 H,
5-H, 6-H,, 7-H,, 8-H,, 4-H), 1.51 (s, 9 H, OC(CHj;);], 2.33 (s, 3 H,
ArCHs), 2.42—-2.53 (m, 1 H, 4-H), 3.94—4.05 (s, 1 H, ArCHOH),
4.17-4.29 (m, 1 H, 1-H), 4.61-4.68 (m, 1 H, 3-H), 524 (d, J =
8.4 Hz, 1 H, ArCHOH), 7.11 (d, J = 7.7 Hz, 2 H, aromatic H),
7.21(d, J = 7.7 Hz, 2 H, aromatic H). — '3C NMR (CDCl;): § =
28.48 (OC(CH;)5), 21.11, 23.96, 30.60, 32.91, 33.54 (C-4, C-6, C-7,
C-8, CHj;), 41.27 (C-5), 63.79, 65.76 (C-1, C-3), 77.58 (ArCHOH),
80.26 (OC(CHas);), 126.89, 128.90 (aromatic C), 137.16, 139.64
(quat. aromatic C), 157.26 (R,NCO,R). — MS (CI, isobutane); m/z
(%): 332 (100) [MH™]. — CyHy9NO; (331.2): caled. C 72.46, H
8.82, N 4.23; found C 72.28, H 8.78, N 4.19.

(1'R,IR 38 5R)-(1-tert-Butyloxycarbonyloctahydrocyclopenta-
[b]pyrrol-2-yl)-1"-(4-methyl-phenyl)methanol [(oR,BS)-5d]. Reac-
tion: GP3. — Starting material: 3.5 g (14.7 mmol) of (1R,3S,5R)-3,
Grignard reagent: 4-bromotoluene. — Diastereomeric ratio (crude
product) 57:43 (reaction temp. —18°C); diastereomeric ratio (after
flash chromatography) = 95:5 (eluent: n-hexane/triethylamine 9:1,
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TLC: Ry = 0.49). Yield 1.90 g (5.73 mmol, 39%, overall yield: 75%),
colourless solid, m.p. 129°C. — [0, = — 149.6 (¢ = 1.28,
CH,Cl,). — IR (KBr): ¥ = 3620—3160 cm~! (OH), 1730—1680
(—C=0). — 'H NMR (CDCl,): § = 1.22—1.88 3 m, 8 H, 5-H, 6-
H,, 7-H,, 8-H,, 4-H), 1.51 (s, 9 H, OC(CH3)3], 1.94—2.11 (m, I H,
4-H), 2.32 (s, 3 H, ArCH3), 3.58 (m, 1 H, 1-H), 4.41-4.51 (m, 1
H, 3-H), 4.86 (s, 1 H, ArCHOH), 5.09 (s, 1 H, ArCHOH), 7.12 (d,
J = 7.7 Hz, 2 H, aromatic H), 7.21 (d, J = 7.8 Hz, 2 H, aromatic
H). — 3C NMR (CDCly): § = 28.54 [OC(CH;)3], 21.13, 23.88,
31.39, 32.98, 33.71 (C-4, C-6, C-7, C-8, CH3), 41.33 (C-5), 64.66,
65.50 (C-1, C-3), 74.69 (ArCHOH), 80.01 [OC(CH;);], 126.62,
128.70 (aromatic C), 136.74, 138.61 (quat. aromatic C), 156.77
(R;NCO,R). — MS (CI, isobutane); m/z (%): 332 (100) [MH*]. —
C0H9NO; (331.2): caled. C 72.46, H 8.82, N 4.23; found C 72.24,
H 8.76, N 4.19.

('R, IR3R SR)-(1-tert-Butyloxycarbonyloctahydrocyclopenta-
[b]pyrrol-2-yl)-1'-(3-methoxy-phenyl)methanol(oR,BR )-6a): Re-
action: GP3. — Starting material: 4.2 g (17.6 mmol) of (afl-R)-3,
Grignard reagent prepared from 3-bromoanisole. — Diastereomeric
ratio (crude product) 47:53 (reaction temp. —5 °C); diastereomeric
ratio (after flash chromatography) = 95:5 (eluent: n-hexane/tri-
ethylamine 8:2, DC: Ry = 0.60). Yield 2.40 g (39%, overall yield,
both diastereomers: 74%), colourless oil. — [0]®°p = — 21.0 (¢ =
0.37, CH,Cl,). — IR (NaCl): v = 3362 cm™! (OH), 1660 (—C=0).
— TH NMR (CDCl3): 8 = 1.22—-2.05 (m, 9 H, 5-H, 6-H,, 7-H,, 8-
H,, 4-H,), 1.51 (s, 9 H, OC(CHs)3], 3.82 (s, 3 H, ArOCHj,),
4.08—4.34 (m,2 H, 1-H, 3-H), 4.56 (d, J = 9.2 Hz, 1 H, ArCHOH),
6.26 (s, 1 H, ArCHOH), 6.76—7.35 (m, 4 H, aromatic H). — '*C
NMR (CDCly): 8§ = 28.44 [OC(CHs)s], 24.10, 32.65, 34.04, 34.59
(C4, C-6, C-7, C-8), 41.28 (C-5), 55.12 [OCHy), 65.42, 65.82 (C-1,
C-3), 66.33 (ArCHOH), 80.81 [OC(CH,),], 112.73, 113.32, 120.05,
129.23 (aromatic C), 144.42, 159.64 (quat. aromatic C). — MS (CI,
isobutane);, m/z (%): 348 (18) [MH™], 155 (100), 110 (98). —
CyoHy9NO, (347.2).

(1'S,1R,3R,5R)-(1-tert-Butyloxycarbonyloctahydrocyclopenta-
[b]pyrrol-2-yl)-1'-(3-methoxy-phenyl)methanol [(a.S,BR)-6b]: Re-
action: GP3. — Starting material: 4.2 g (17.6 mmol) of (all-R)-3,
Grignard reagent prepared from 3-bromoanisole. — Diastereomeric
ratio (crude product) 53:47 (reaction temp. —5 °C); diastereomeric
ratio (after flash chromatography): = 95:5 (eluent: n-hexane/tri-
ethylamine 8:2, DC: Ry = 0.27). Yield 2.15 g (35%, overall yield,
e.g. both diastereomers: 74%), colourless oil. — [0]°; = + 22.0
(¢ = 3.3, CH,Cl,). — IR (NaCl): ¥ = 3387 cm™' (OH), 1667 (—~C=
0). — 'H NMR (CDCLy): 8 = 1.21-2.05 (m, 8 H, 5-H, 6-H,, 7-
Ha, 8-Ha, 4-H), 1.53 (s, 9 H, OC(CHs)s], 2.37—2.58 (m, 1 H, 4-H),
3.79 (s, 3 H, ArOCH>), 4.01-4.29 (m, 2 H, 1-H, 3-H), 4.97 (s, |
H, ArtCHOH), 6.12 (s, 1 H, ArCHOH), 6.71-7.29 (m, 4 H, aro-
matic H). — *C NMR (CDCly): & = 28.51 [OC(CH,)s], 27.05,
31.15, 32.64, 32.91 (C-4, C-6, C-7, C-8), 40.32 (C-5), 55.24 (OCH,),
65.82, 66.41 (C-1, C-3), 74.23 (ArCHOH), 80.12 [OC(CH;)3],
112.71, 113.36, 119.54, 128.74 (aromatic C), 142.75, 159.43 (quat.
aromatic C). — MS (CI, isobutane); m/z (%): 348 (94) [MH*], 347
(74), 110 (100).

(1'S,1R,3R,5R)-(1-tert-Butyloxycarbonyloctahydrocyclopenta-
[b]pyrrol-2-yl)-1'-( 2-methyl-phenyl)methanol [(auS,BR)-Tb]: Reac-
tion: GP3. — Starting material: 4.9 g (20.7 mmol) of (a//-R)-3,
Grignard reagent prepared from 2-bromotoluene. — Dia-
stereomeric ratio (crude product) = 95:5 (reaction temp. —9 °C);
diastereomeric ratio (after flash chromatography) = 95:5 (eluent:
n-hexane/triethylamine 9:1, TLC: Ry = 0.54); subsequent second
flash chromatography (eluents: n-hexane/triethylamine 7:3, DC:
Re = 0.77). Yield 2.6 g (38%), colourless oil. — [e]*’p = —19.7
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(c = 1.37, CH,Cl,). — IR (NaCl): ¥ = 3670—3210 cm~! (OH),
1690—1645 (—-C=0). — 'H NMR (CDCLy): 8§ = 1.09—1.23,
1.40-2.02 (m, 8 H, 5-H, 6-H,, 7-H,, 8-H,, 4-H), 1.51 [s, 9 H,
OC(CHy);], 2.45 (s, 3 H, ArCH,), 2.40—2.58 (m, 1 H, 4-H),
4.18-442 2 m, 2 H, 1-H, 3-H), 487 (d, J = 9.4 Hz, | H, Ar-
CHOH), 6.42 (s, | H, ArCHOH), 7.08—7.25 (m, 3 H, aromatic H),
7.34-7.43 (m, 1 H, aromatic H). — 13C NMR (CDCL): § = 19.97
(ArCHS,), 28.45 [OC(CH,)s], 24.69, 32.55, 34.21, 34.61 (C-4, C-6,
C-7, C-8), 41.10 (C-5), 65.80, 66.12 (C-1, C-3), 75.42 (ArCHOH),
80.77 [OC(CH,)s], 12622, 127.28, 127.82 (aromatic C), 130.58,
135.33, 140.90 (quat. aromatic C), 153.87 (R,NCO,R). — MS (CIL,
isobutane); m/z (%): 332 (100) [MH™*]. — C30HasNO; (331.2): caled.
C 72.46, H 8.82, N 4.23; found C 72.50, H 8.65, N 4.31.

(1'S,1R,3R,5R)-(1-tert-Butyloxycarbonyloctahydrocyclopenta-
[b]pyrrol-2-yl)-1'-(2,5-dimethylphenyl)methanol [(o.S,BR )-8b]: Re-
action: GP3. — Starting material: 4.9 g (20.7 mmol) of (all-R)-3,
Grignard reagent prepared from 2-bromo-p-xylene. — Dia-
stereomeric ratio (crude product) = 95:5 (reaction temp. —12 °C);
diastereomeric ratio (after flash chromatography) = 95:5 (eluent:
n-hexane/triethylamine 8:2, TLC: Ry = 0.68). Yield 2.8 g (39%),
colourless oil. — [0 = —32.1 (¢ = 0.36, CH,Cl,). — IR (NaCl):
v = 3630—3220 cm~! (OH), 1690—1650 (—C=0). — 'H NMR
(CDCly): 6 = 1.38—-2.03 (m, 8 H, 5-H, 6-H,, 7-H,, 8-H,, 4-H), 1.54
[s, 9 H, OC(CHs3)3], 2.31 (s, 3 H, ArCHj;), 2.40 (s, 3 H, ArCHj),
2.47-2.56 (m, 1 H, 4-H), 4.21-4.42 (2 m, 2 H, 1-H, 3-H), 4.83 (d,
J = 9.2 Hz, 1 H, ArCHOH), 6.37 (s, | H, ArtCHOH), 6.94—7.07
(m, 2 H, aromatic H), 7.23 (s, 1 H, aromatic H). — '*C NMR
(CDCLy): & = 28.46 [OC(CHs)s], 19.47, 21.00, 24.74, 32.61, 34.14,
34.65 (2 X ArCHs;, C-4, C-6, C-7, C-8), 41.16 (C-5), 65.81, 66.26
(C-1, C-3), 76.47 (ArCHOH), 80.74 [OC(CH3;);], 128.07, 128.27,
130.41 (aromatic C), 132.09, 135.58, 140.73 (quat. aromatic C),
154.32 (R,NCO,R).—MS (CI, isobutane); m/z (%): 346 (100)
[MH™]. — C;;H;NO; (345.2): caled. C 72.9, H 9.05, N 4.06; found
C 72.83, H 9.01, N 4.10.

(1'S,1R,3S,5R)-(1-tert-Butyloxycarbonyloctahydrocyclopenta-
[b]pyrrol-2-yl)-1'-(2,5-dimethylphenyl )methanol {(0.S,pS)-8¢]: Re-
action: GP3. — Starting material: 3.4 g (14.2 mmol) of (1R,3S,5R)-
3, Grignard reagent: 2-bromo-p-xylene. ~ Diastereomeric ratio
(crude product) 41:59 (reaction temp. ~16 °C); diastereomeric ra-
tio (after flash chromatography) = 95:5 (eluent: n-hexane/tricthyl-
amine 9:1, TLC: R; = 0.48). Yield 1.47 g (30%, overall yield: 65%),
colourless oil. — [0’ = —14.6 (¢ = 0.41, CH,CL,). — IR (NaCl):
¥ = 37003230 em ™! (OH), 1690—1660 (-C=0). — 'H NMR
(CDCLy): & = 1.34—1.75 (m, 7 H, 5-H, 6-H,, 7-Ha, 8-H,), 1.51 [s,
9 H, OC(CH,)3], 1.91-2.06 (m, 1 H, 4-H), 2.29 (s, 3 H, ArCH,),
2.34 (s, 3 H, ArCH,), 2.54—2.77 (m, 1 H, 4-H), 4.06—4.20 (m, 1
H, 1-H), 4.31-4.42 (m, 1 H, 3-H), 4.89 (d, / = 3.8 Hz, 1 H, Ar-
CHOH), 5.48 (s, | H, ArCHOH), 6.91—7.06 (m, 2 H, aromatic H),
7.25 (s, 1 H, aromatic H). — '3C NMR (CDCly): & = 28.47
[OC(CHs)s], 19.25, 20.99, 23.99, 30.44, 33.04, 33.49 (2 X ArCHa,
C-4, C-6, C-7, C-8), 41.93 (C-5), 63.81, 65.95 (C-1, C-3), 74.79
(ArCHOH), 80.47 [OC(CHs3)3], 127.84, 128.06, 130.25 (aromatic
C), 132.12, 135.64, 140.73 (quat. aromatic C), 157.74 (R,NCO,R).
— MS (CI, isobutane); m/z (%): 346 (100) [MH*]. — C,;H3;NO;
(345.2): caled. C 72.99, H 9.05, N 4.06; found C 72.78, H 9.12,
N 4.09.

(1'R,1R,38,5R)-(1-tert-Butyloxycarbonyloctahydrcyclopenta[b |-
pyrrol-2-yl)-1'-(2,5-dimethyl-phenyl )methanol [(R,BS)-8d): Reac-
tion: GP3. — Starting material: 3.4 g (14.2 mmol) of (1R,3S,5R)-3,
Grignard reagent: 2-bromo-p-xylene. — Diastereomeric ratio (crude
product) 59:41 (reaction temp. —16 °C); diastereomeric ratio (after
flash chromatography) = 95:5 (eluent: n-hexane/triethylamine 9:1,
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TLC: Ry = 0.69). Yield 1.70 g (35%, overall yield, both dia-
stereomers: 65%), colourless oil. — [0}, = — 73.3 (¢ = 0.24,
CH,CL,). — IR (KBr): ¥ = 3630—3220 cm~! (OH), 1690—1650
(—C=0). — 'H NMR (CDCl,): & = 1.23—1.69 (m, 7 H, 5-H, 6-
H,, 7-H,, 8-H,), 1.52 [s, 9 H, OC(CH,),], 1.74—191 (m, | H, 4-
H), 1.93-2.11 (m, 1 H, 4-H), 2.32 (s, 3 H, ArCHy), 2.38 (s, 3 H,
ArCH;), 3.67 (s, 1 H, ArCHOH), 3.82—3.94 (m, 1 H, 1-H),
427-4.40 (m, 1 H, 3-H), 5.34 (s, | H, ArCHOH), 6.94—7.03 (m,
2 H, aromatic H), 7.26 (s, 1 H, aromatic H). — '*C NMR (CDCls):
& = 28.60 [OC(CH;)3], 19.03, 21.15, 23.95, 31.45, 33.93, 41.70 (2
X ArCH;, C-4, C-6, C-7, C-8), 41.95 (C-5), 64.01, 64.68 (C-1, C-
3), 71.75 (ArCHOH), 79.56 [OC(CH;);], 127.15, 127.66, 130.07
(aromatic C), 131.71, 134.94, 139.57 (quat. aromatic C), 155.76
(R,NCO5R). — MS (CI, isobutane); m/z (%): 346 (100) [MH*]. —
C, H3NO; (345.2): caled. C 72.99, H 9.05, N 4.06; found C 73.12,
H 9.16, N 4.00.

(1'S,1R,3R,5R)-(I-tert-Butyloxycarbonyloctahydrocyclopenta-
[b]pyrrol-2-yl)-1'-(2,4,6-trimethyl-phenyl )methanol  [(a.S,BR)-9b]:
Reaction: GP3. — Starting material: 4.9 g (20.7 mmol) of (all-R)-
3, Grignard reagent prepared from 2-bromomesitylene. — Dia-
stereomeric ratio (crude product) = 95:5 (reaction temp. —14 °C);
diastereomeric ratio (after flash chromatography) = 95:5, eluent:
n-hexane/triethylamine 9:1, TLC: Ry = 0.55). Yield 2.5 g (34%),
colourless solid, m.p. 52 °C. - [o]®p = + 9.4 (¢ = 0.52, CH,CL,).
— IR (KBr): ¥ = 3700—3210 em™! (OH), 1690—1650 (-C=0). —
'H NMR (CDCly): 8 = 142 [s, 9 H, OC(CH3)3], 1.31-1.80,
1.88—2.07 (2 m, 8 H, 5-H, 6-H,, 7-H,, 8-H,, 4-H), 2.24 (s, 3 H,
ArCH;), 2.42-2.58 (m, 1 H, 4-H), 2.45 (s, 6 H, 2 X ArCHy),
4.16—4.37 (m, 2 H, 1-H, 3-H), 549 (d, J = 3.0 Hz, | H, ArCHOH),
6.78 (s, 2 H, aromatic H). — '*C NMR (CDCl): § = 20.59
(ArCH;), 21.51 (2 X ArCHj,), 28.27 [OC(CHs)s), 24.62, 31.52,
31.95, 33.64 (C-4, C-6, C-7, C-8), 41.07 (C-5), 64.08, 65.79 (C-1,
C-3), 72.19 (ArCHOH), 79.54 [OC(CHs3);], 130.20 (aromatic C),
134.53, 136.06, 136.63 (quat. aromatic C), 156.07 (R,NCO,R). —
MS (CI, isobutane); m/z (%): 360 (100) [MH*]. — C5,H33NO;
(359.2): caled. C 73.49, H 9.26, N 3.90; found C 73.34, H 9.32,
N 3.98.

Further details concerning the crystal structure analysis of
(auS,BR)-9b were available on request from the Fachinformations-
zentrum Karlsruhe, D-76344 Eggenstein-Leopoldshafen, on quot-

Table 4. Crystallographic data of compound (oS, R)-9b

Compound (eS,BR)-9b

Molecular formula CHaNO,

Molecular mass 359.49

Crystal system orthorhombic

Space group P2,2,2,

Cell parameters:

a [pm] 1026.50 (10), & = 90°
b [pm] 1281.20 (10), B = 90°
¢ [pm] 1552.10 (10), y = 90°
z 4

Volume [106-pm’] 20412 (3)

d [gem’] 1.170

Absorption coefficient [mm'l] 0.077

Reflections collected 2520

Independent reflections 2520 (Ryy = 0.0000)
Observed reflections [I>2.0 o ()] 1762

Final R indices [/> 2.0 o ()] R =0.0621 , wR, = 0.1582
Diffractometer used Siemens STOE AED2
Radiation Mo-K, (A =0.71073 A)
Temperature (K) 296(2)

Monochromator Graphit

System used Siemens SHELXTL PLUS
Solution Direct methods
Goodness-of-fit 1.050

26 range (°) 2.06 10 27.02

2142
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(1'S,1R,3R,5R)-(1-tert-Butyloxycarbonyloctahydrocyclopenta-
[b]pyrrol-2-yl)-1'-( 1-naphthyl)methanol [(a.S,pPR)-10b]: Reaction:
GP3. — Starting material: 4.9 g (20.7 mmol) of (@/l-R)-3, Grignard
reagent prepared from 1-bromonaphthalene. — Diastereomeric ra-
tio (crude product) = 95:5 (reaction temp. — 11 °C); diastereomeric
ratio (after flash chromatography) = 95:5, eluent: n-hexane/tri-
ethylamine 8:2, TLC: Ry = 0.51). Yield 3.3 g (44%), slightly yellow
oil. — [0]*°p = —50.1 (¢ = 0.36, CH,Cl,). — IR (NaCl): v =
3600—3230 cm~! (OH), 1710—1660 (—C=0). — 'H NMR
(CDCly): 6 = 1.07-2.00 (4 m, 8 H, 5-H, 6-H,, 7-H,, §-H,, 4-H),
1.57 [s, 9 H, OC(CH3);), 2.38—2.53 (m, | H, 4-H), 4.02-4.36 (m,
1 H, 1-H), 4.57-4.69 (m, { H, 3-H), 5.28 (s, 1 H, ArCHOH), 6.67
(s, 1 H, ArCHOH), 7.42—7.60 (m, 4 H, aromatic H), 7.84 (m, 2 H,
aromatic H), 8.47 (d, J = 8.0 Hz, 1 H, aromatic H). — *C NMR
(CDCl3): 8 = 28.50 [OC(CH,);], 24.63, 32.29, 34.41, 34.60 (C-4,
C-6, C-7, C-8), 41.13 (C-5), 65.91, 66.31 (C-1, C-3), 79.41 (Ar-
CHOH), 80.87 [OC(CHs)], 124.54, 125.23, 125.38, 125.83, 126.32,
128.29, 128.76 (aromatic C), 131.94, 134.04, 138.16 (quat. aromatic
C), 156.22 (R,NCO,R). — MS (CI, isobutane); m/z (%): 368 (100)
[MH*]. — Cy3HaNO; (367.2): caled. C 75.16, H 7.96, N 3.81;
found C 75.22, H 8.04, N 3.76.

(1'S.1R,35,5R)-(1-tert-Butyloxycarbonyloctahydrocyclopenta-
[b]pyrrol-2-yl)-1'-(1-naphthyl)methanol [(0.S,pS)-10¢c]: Reaction:
GP3. — Starting material: 3.4 g (14.2 mmol) of (1R,3S,5R)-3, Grig-
nard reagent: 1-bromonaphthalene. — Diastereomeric ratio (crude
product) 42:58 (reaction temp. —18 °C); diastereomeric ratio (after
flash chromatography) = 95:5 (eluent: n-hexane/ triethylamine 9:1,
TLC: R; = 0.34). Yield 1.81 g (35%, overall yield: 80%), colourless,
viscous oil. — [0]*"p = — 5.5 (¢ = 4.01, CH,Cl,). — IR (NaCl):
¥ = 3680—3200 cm™! (OH), 1690—1650 (—C=0). — 'H NMR
(CDCly): & = 1.20—1.71 (m, 7 H, 5-H, 6-H,, 7-H,, 8-H,), 1.51 [s,
9 H, OC(CHs>)3}, 1.88—2.05 (m, 1 H, 4-H), 2.46—2.60 (m, 1 H, 4-
H), 3.98—4.09 (m, 1 H, 1-H), 4.57-4.69 (m, 1 H, 3-H), 5.44 (d,
J =84 Hz | H, AtCHOH), 5.66 (s, | H, ArCHOH), 7.40—7.54,
7.55—7.60 (2 m, 4 H, aromatic H), 7.78 (d, / = 7.8 Hz, 1 H, aro-
matic H), 7.95 (d, J = 7.8 Hz, 1 H, aromatic H), 8.31 (d, J = 8.0
Hz, 1 H, aromatic H). — 3C NMR (CDCly): § = 28.53
[OC(CHs,)3}, 24.01, 30.55, 33.16, 33.60 (C-4, C-6, C-7, C-8), 41.59
(C-5), 63.82, 6594 (C-1, C-3), 7748 (ArCHOH), 80.51
[OC(CH;)5], 125.38—138.48 (aromatic C), 177.57 (R,NCO,R). —
MS (CI, isobutane); m/z (%): 368 (100) [MH*]. — Cy3Hy»NO;
(367.2): caled. C 75.16, H 7.96, N 3.81, found C 75.20, H 7.92,
N 3.85.

(1'R IR 3S,5R)-(1-tert-Butyloxycarbonyloctahydrocyclopenta-
[b]pyrrol-2-yl)-1'-(1-naphthyl)methanol [(o.R,pS)-10d]: Reaction:
GP3. — Starting material: 3.4 g (14.2 mmol) of (1R,3S,5R)-3, Grig-
nard reagent: 1-bromonaphthalene. — Diastereomeric ratio (crude
product) 58:42 (reaction temp. —18 °C); diastereomeric ratio (after
flash chromatography) = 95:5 (eluent: n-hexane/triethylamine 9:1,
TLC: Ry = 0.63). Yield 2.36 g (45%, overall yield, both dia-
stereomers: 80%), colourless, viscous oil. — [0]?’; = —7.0 (¢ =
0.53, CH,Cly). — IR (NaCl): v = 3610-3100 ¢cm~' (OH),
1690—1660 (—C=0). — 'H NMR (CDCly): 8§ (rotamers) =
1.11-2.09 (4 m, 8 H, 5-H, 6-H,, 7-H,, 8-H,, 4-H), 1.56 [s, 6 H,
0.67 X OC(CHs3)3}, 1.66 [s, 3 H, 0.33 X OC(CH3)3], 2.54—2.72 (m,
1 H, 4-H), 2.96 (s, 0.33 H, 0.33 X ArCHOH), 3.20 (s, 0.67 H, 0.67
X ArCHOH), 4.00—4.11, 4.39-4.40, 4.40~4.51 3 m, 2 H, [-H, 3-
H), 5.93 (s, 0.33 H, 0.33 X ArCHOH), 6.09 (s, 0.67 H, 0.67 X
ArCHOH), 7.40—7.61 (m, 3 H, aromatic H), 7.71-7.90 (m, 3 H,
aromatic H), 8.23 (d, J = 7.8 Hz, 0.31 H, aromatic H), 8.46 (d,
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J = 8.0 Hz, 0.69 H, aromatic H). — '>C NMR (CDCl;): § (rota-
mers) = major rotamer: 28.62 [OC(CHs)s], 23.97, 30.82, 31.75,
34.12 (C-4, C-6, C-7, C-8), 42.32 (C-5), 63.92, 64.75 (C-1, C-3),
70.43 (ArCHOH), 79.36 [OC(CHs);], 123.43—137.88 (aromatic C),
155.29 (RyNCO;R); minor rotamer: 28.85 [OC(CH;3);], 23.93,
31.54, 31.96, 33.03 (C-4, C-6, C-7, C-8), 41.76 (C-5), 62.99, 65.39
(C-1, C-3), 71.43 (ArCHOH), 80.51 [OC(CH,)s], 123.43—137.88
(aromatic C), 154.34 (R,NCO,R). — MS (CI, isobutane); m/z (%):
368 (100) [IMH™]. — C3H»9NO; (367.2): caled. C 75.16, H 7.96, N
3.81; found C 75.09, H 7.87, N 3.77.

(1'R,1R,3R 5R)-( Octahydrocyclopenta[b [pyrrol-2-yl)-1'-phenyl-
methano! [(0.R,BR)-11a]: Reaction: GP4, method A or C. — Start-
ing material: 0.19 g (0.6 mmol) of (aR,BR)-4a. Yield 0.11 g (84%),
colourless solid, m.p. 38—43 °C. — [0]°p = — 26.6 (¢ = 0.49,
CH,CL). — IR (KBr): v = 3600—3210 cm~' (OH, NH). — 'H
NMR (CDCl): & = 0.74—1.00, 1.00—1.94 (3 m, 9 H, 5-H, 6-H,,
7-H,, 8-H,, NH, 4-H), 2.41-2.62 (m, 1 H, 4-H), 3.12-3.31 (m, 1
H, 1-H), 3.40 (s, 1 H, PhCHOH), 3.55—-3.74 (m, 1 H, 3-H), 4.51
(d, J = 4.0Hz 1 H, PhnCHOH), 7.14—7.46 (m, 5 H, aromatic H).-
13C NMR (CDClLy): § = 23.71, 32.93, 34.78, 36.26 (C-4, C-6, C-7,
C-8), 42.11 (C-5), 62.53, 65.96 (C-1, C-3), 74.46 (PhCHOH),
125.72, 127.06, 128.15 (aromatic C), 144.04 (quat. aromatic C). —
MS (CI, isobutane); m/z (%): 218 (100) [MH™*], 200 (17) [MH* —
H,0], 107 (46) [C;H,0™]. — C4H oNO (217.2): caled. C 77.37, H
8.82, N 6.45; found C 77.44, H 8.94, N 6.33,

(1'S,1R,3R,5R)-( Octahydrocyclopenta[b |pyrrol-2-yl)-1'-phenyl-
methanol [(aS,BR)-11b]: Reaction: GP4, method A or C. — Start-
ing material: 0.2 (0.62 mmol) of (oS, BR)-4b. Yield 0.13 g (96%),
colourless solid, m.p. 71-74 °C. — [e]*’s = + 97.7 (¢ = 0.51,
CH,Cly). — IR (KBr): ¥ = 3550—3140 cm~! (OH, NH), 3090
cm~ !, (=C-H). — '"H NMR (CDCly): 8 = 1.20—1.34, 1.34-1.93
(2 m, 9 H, 5-H, 6-H,, 7-H,, 8-H,, NH, 4-H), 2.37-2.56 (m, 1 H,
4-H), 3.06 (s, 1 H, PhCHOH), 3.22—3.38 (m, 1 H, 1-H), 3.61-3.73
(m, 1 H, 3-H), 474 (d, J = 3.7 Hz, 1 H, PhCHOH), 7.17-7.40
(m, 5 H, aromatic H).- 3C NMR (CDCl3): § = 23.63, 31.99, 33.03,
34.89 (C-4, C-6, C-7, C-8), 41.79 (C-5), 62.61, 65.19 (C-1, C-3),
72.41 (PhCHOH), 125.55, 126.91, 128.03 (aromatic C), 142.17
(quat. aromatic C). — MS (CI, isobutane); m/z (%) 218 (100)
[MH™*], 107 (40) [C;H,07]. — C14HgNO (217.2): caled. C 77.37,
H 8.82, N 6.45; found C 77.43, H 8.86, N 6.38.

(1'S I1R,3S 5R)-( Octahydrocyclopenta[b [pyrrol-2-yl )-1'-phenyl-
methanol [(0.S,pS)-11c]: Reaction: GP4, method B. — Starting ma-
terial: 0.5 g (1.57 mmol) of (oS, B.S)-de. Yield 0.30 g (88%), colour-
less solid, m.p. 54 °C. — [0]*°p = + 37.7 (¢ = 0.43, CH,Cl,). —
IR (KBr): ¥ = 3670—3140 cm™ ' (OH, NH). — 'H NMR (CDCl,):
8 = 1.14—1.89 3 m, 9 H, 5-H, 6-H,, 7-H,, 8-H,, NH, 4-H),
2.46—2.64 (m, 1 H, 4-H), 3.03 (s, 1 H, PhCHOH), 3.24—3.36 (m,
1 H, 1-H), 3.61-3.80 (m, 1 H, 3-H), 425 (d, J = 7.2 Hz, 1 H,
PhCHOH), 7.14—7.35 (m, 5 H, aromatic H). — 3C NMR
(CDCly): § = 25.12, 33.54, 35.58, 36.21 (C-4, C-6, C-7, C-8), 42.88
(C-5), 62.93, 65.38 (C-1, C-3), 74.55 (PhCHOH), 126.43, 127.35,
128.24 (aromatic C), 143.23 (quat. aromatic C). — MS (CI, isobut-
ane); m/z (%): 218 (100) [MH™], 200 (12) [MH* - H,0], 107 (64)
[C;H,0%]. — C14H oNO (217.2): caled. C 77.37, H 8.82, N 6.45;
found C 77.1, H 8.64, N 6.38.

(1'R,1R,3S,5R)-( Octahydrocyclopenta[b [pyrrol-2-yl)-1'-phenyl-
methanol [(0.R,BS)-11d[1M): Reaction: GP4, method B. — Starting
material: 0.6 g (1.89 mmol) of (aR,BS)-4d. Yield 0.34 g (83%), al-
most colourless solid, m.p. 118 °C. — [a]*’p = — 33.7 (¢ = 0.41,
CH,CL). — IR (KBr): ¥ = 3670—3210 em™! (OH, NH). — 'H
NMR (CDCly): 6 = 1.03—-1.91 (4 m, 9 H, 5-H, 6-H,, 7-H,, 8-H,,
NH, 4-H), 2.37-2.58 (m, 1 H, 4-H), 3.29-3.43 (m, 1 H, 1-H),
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3.62—3.77 (m, 1 H, 3-H), 3.98 (s, | H, PhCHOH), 4.69 (d, / = 44
Hz, 1 H, PhCHOH), 7.11-7.33 (m, 5 H, aromatic H). — 3C NMR
(CDCly): & = 25.83, 32.61, 33.60, 35.62 (C-4, C-6, C-7, C-8), 42.11
(C-5), 63.20, 63.53 (C-1, C-3), 72.48 (PhCHOH), 125.79, 127.14,
128.15 (aromatic C), 142.32 (quat. aromatic C). — MS (CI, isobut-
ane); m/z (%): 218 (100) [MH*], 200 (12) [MH* — H,0], 107 (40)
[C;H,0*]. — Ci4HoNO (217.2): caled. C 77.37, H 8.82, N 6.45;
found C 77.4, H 8.89, N 6.43.

(I'R,IR,3R,5R)-(Octahydrocyclopenta[b [pyrrol-2-yl)-1'-(4-
methyl-phenyl)methanol [(0.R,BR)-12a)]: Reaction: GP4, method C.
— Starting material: 1.7 g (5.0 mmol) of (R BR)-5a. Yield 091 g
(79%), colourless solid, m.p. 74 °C. — [a]*’p = — 50.9 (¢ = 0.34,
CH,Cl,). — IR (KBr): ¥ = 3690—3220 cm™! (OH, NH). — 'H
NMR (CDCl;): 8 = 1.16—1.97 (4 m, 9 H, 5-H, 6-H,, 7-H,, 8-H.,
NH, 4-H), 2.34 (s, 3 H, ArCH3), 2.44—2.62 (m, 1 H, 4-H), 3.03 (s,
1 H, ArCHOH), 3.16—3.32 (m, 1 H, 1-H), 3.54-3.60 (m, | H, 3-
H), 4.50 (d, J = 4.1 Hz, 1 H, ArCHOH), 7.01-7.31 (m, 4 H,
aromatic H). — 3C NMR (CDCls): & = 21.07 (ArCHj), 23.72,
33.03, 35.01, 36.27 (C-4, C-6, C-7, C-8), 42.10 (C-5), 62.49, 65.90
(C-1, C-3), 74.23 (ArCHOH), 125.61, 128.89 (aromatic C), 136.66,
141.19 (quat. aromatic C). — MS (CI, isobutane); m/z (%): 232
(100) [MH*], 214 (12) [MH* — H,0], 121 (57) [CsHsO"]. —
C1sH,,NO (231.2): caled. C 77.87, H 9.16, N 6.06; found C 77.65,
H 9.12, N 6.10.

('R, IR3R5R)-(1-Methyloctahydrocyclopenta[b [pyrrol-2-yl)-
1'-(4-methyl-phenyl )methano! [(0R,pR)-N-methyl-12a]: To a sus-
pension of 1.1 g (29.4 mmol) lithium aluminiumhydride in 70 ml
THF - stirred for 1 h under reflux then cooled down to room
temp. — 3.0 mmol of the N-rert-butoxycarbonyl derivative
(0.R,BR)-5a (dissolved in 10 ml of THF) were added dropwise
within 30 min at room temp. under argon atmosphere. Then the
reaction mixture was heated under reflux for 18 h. The heating
bath was removed and 5% aqueous KOH was added cautiously at
room temp. to destroy the excess reducing reagent. After two ad-
ditional hours under reflux, the resulting white suspension was fil-
tered, the solids intensively washed with additional solvent and the
combined organic phases were concentrated in vacuo after drying
with MgSO, to afford a slightly yellow oil as crude product.
Further purification of the crude product was accomplished by
flash chromatography. — Starting materal: 1.0 g (3.0 mmol) of
(otR,BR)-5a. — Work-up: purification by flash chromatography (sil-
ica gel 60, eluent; n-hexane/EtOAc 2:8, addition of 40 ml triethyl-
amine per liter of the solvent mixture; TLC: Ry = 0.40). Yield 0.57
g (77%), colourless oil. — [0}’ = — 22.9 (¢ = 0.88, CH,Cl,). —
IR (NaCl): ¥ = 3600—3210 cm ! (OH). — '"H NMR (CDCl): § =
1.17-1.68 (m, 7 H, 5-H, 6-H,, 7-H,, 8-H,), 1.94 (s, 3 H, ArCH3),
2.03-2.14 (m, | H, 4-H), 2.27 (s, 3 H, NCH3), 2.33-2.46 (m, | H,
4-H), 2.72-2.90 (m, 2 H, 1-H, 3-H), 3.86 (s, br., | H, ArCHOH),
449 (s, 1 H, ArCHOH), 7.07 (d, J = 7.7 Hz, 2 H, aromat.-H), 7.23
(d, J = 8.2 Hz, 2 H, aromat.-H). — *C NMR (CDCl3): § = 21.02
(ArCH3), 24.08, 32.98, 33.48, 37.98 (C-4, C-6, C-7, C-8), 39.73 (C-
5), 41.59 (NCHs), 72.17, 72.33 (C-1, C-3), 74.09 (ArCHOH),
125.15, 128.72 (aromat.-C), 135.97, 141.95 (quat. aromat.-C). —
MS (CI, isobutane); 246 (100) [MH™], 121 (23) [CgHyO*]. —
C16H»3NO (245.2): caled. C 78.31, H 9.45, N 5.71; found: C 78.22,
H 9.38, N 5.73.

(I'S,IR,3R,5R)-{ Octahydrocyclopenta[b |pyrrol-2-yl)-1'-(4-
methyl-phenyl )methanol [(a.S,BR)-12b]: Reaction: GP4, method C.
— Starting material: 0.75 g (2.26 mmol) of (oS, BR)-5b. Yield 0.49
g (94%), colourless solid, m.p. 106 °C. — [a]*p = + 96.8 (¢ =
0.50, CH,Cl,). — IR (KBr): ¥ = 3600—3100 cm~! (OH, NH). —
'"H NMR (CDCl,): 8 = 1.20—1.81 (m, 9 H, 5-H, 6-H,, 7-H,, 8-
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H,, NH, 4-H), 2.34 (s, 3 H, ArCH3), 2.39—2.54 (m, 1 H, 4-H), 3.00
(s, 1 H, ArtCHOH), 3.20—3.34 (m, 1 H, 1-H), 3.63—3.76 (m, 1 H,
3-H), 472 (d, J = 3.8 Hz, 1 H, ArCHOH), 7.11 (d, J = 8.2 Hz, 2
H, aromatic H), 7.23 (d, / = 7.9 Hz, 2 H, aromatic H). — 3C
NMR (CDCls): 6 = 21.08 (ArCHj), 23.61, 32.09, 33.04, 34.86 (C-
4, C-6, C-7, C-8), 41.79 (C-5), 62.59, 65.24 (C-1, C-3), 72.35 (Ar-
CHOH), 125.50, 128.73 (aromatic C), 136.47, 139.19 (quat. aro-
matic C). — MS (CL, isobutane); m/z (%): 232 (100) [MH"], 121
(61) [CsHoO']. — C,sHyNO (231.2): caled. C 77.87, H 9.16, N
6.06.; found C 77.90, H 9.18, N 6.00.

(1'S,1R,38,5R}-( Octahydrocyclopenta[b [pyrrol-2-yl)-1'-(4-
methyl-phenyl)methanol [(a.S,pS)-12¢]: Reaction: GP4, method C.
— Starting material: 1.1 g (3.3 mmol), (aS,BS)-Sc. Yield 0.67 g
(88%), colourless solid, m.p. 86 °C. — [0]*°p = + 33.8 (¢ = 0.50,
CH,Cl,). — IR (KBr): ¥ = 3600—3100 cm~! (OH, NH). — 'H
NMR (CDCly): 8 = 1.23-1.88 (3 m, 9 H, 5-H, 6-H,, 7-H,, 8-H,,
NH, 4-H), 2.34 (s, 3 H, ArCH3), 2.54—2.69 (m, 1 H, 4-H), 3.08 (s,
1 H, ArCHOH), 3.31-343 (m, 1 H, 1-H), 3.71-3.82 (m, 1 H, 3-
H), 428 (d, J = 6.9 Hz, 1 H, ArCHOH), 7.14 (d, J = 7.7 Hz, 2
H, aromatic H), 7.21 (d, J = 7.8 Hz, 2 H, aromatic H). — ’C
NMR (CDCl3): 8 = 21.08 (ArCHsy), 25.07, 33.51, 35.41, 36.18 (C-
4, C-6, C-7, C-8), 42.88 (C-5), 62.96, 65.44 (C-1, C-3), 74.34 (Ar-
CHOH), 126.36, 128.92 (aromatic C), 136.98, 140.10 (quat. aro-
matic C). — MS (CI, isobutane); m/z (%): 232 (100) [MH™], 214
(8) (MH™ — H,0], 121 (54) [CgH,O*]. — CysH,;NO (231.2): caled.
C 77.87, H 9.16, N 6.06; found C 77.66, H 9.21, N 6.01.

(I'R IR 3S 5R)-(Octahydrocyclopenta[b [pyrrol-2-yl)-1"-(4-
methyl-phenyl )methanol [(wR,S)-12d1"]: Reaction: GP4, method
C. — Starting material: 0.8 g (2.4 mmol) of (a.R,BS)-5d. Yield 0.43
g (78%), colourless solid, m.p. 128 °C. — [0]*’p = — 44.1 (¢ =
0.61, CH,ClL,). — IR (KBr): ¥ = 3610—3100 cm™! (OH). — 'H
NMR (CDCl): 8 = 1.12—-1.94 (3 m, 9 H, 5-H, 6-H,, 7-H,, 8-Ho,
NH, 4-H), 2.33 (s, 3 H, ArCH3), 2.44—2.57 (m, 1 H, 4-H), 3.08 (s,
| H, ArCHOH), 3.30—3.43 (m, 1 H, 1-H), 3.66—3.81 (m, 1 H, 3-
H), 4.64 (d, J = 49 Hz, 1 H, ArCHOH), 7.06 (d, J = 7.9 Hz, 2
H, aromatic H), 7.29 (d, J = 7.7 Hz, 2 H, aromatic H). — 13C
NMR (CDCly): § = 21.08 (ArCHs), 25.85, 33.19, 33.71, 36.28 (C-
4, C-6, C-7, C-8), 42.16 (C-5), 63.10, 63.54 (C-1, C-3), 73.17 (Ar-
CHOH), 125.82, 128.83 (aromatic C), 136.67, 139.61 (quat. aro-
matic C). — MS (CI, isobutane); m/z (%): 232 (100) [MH*], 214
(22) [MH* — H,0], 121 (58) [CsHyO"]. — C,sH,NO (231.2):
caled. C 77.87, H 9.16, N 6.06; found C 77.76, H 9.19, N 6.11.

(1I'R,IR,3R,5R)-( Octahydrocyclopenta[b |pyrrol-2-yl)-1'-(3-
methoxy-phenyl)methanol [(R,pR)-13a]: Reaction: GP4, method
C. — Starting material: 1.02 g (2.94 mmol) of (R,BR)-6a. Yield
0.62 g (95%), colourless oil. — [a]*’p = —25.9 (¢ = 0.88, CH,Cl).
— IR (KBr): ¥ = 3318 cm™! (OH, NH). — "H NMR (CDCl;): § =
1.19-2.05 (m, 9 H, 5-H, 6-H,, 7-H,, 8-H,, NH, 4-H), 2.44-2.62
(m, 1 H, 4-H), 2.97 (s, | H, ArCHOH), 3.20—-3.32 (m, 1 H, 1-H),
3.58—3.60 (m, 1 H, 3-H), 3.80 (s, 3 H, ArOCH,), 447 (d, J = 4.0
Hz, | H, ArCHOH), 6.74—7.28 (m, 4 H, aromatic H). — *C NMR
(CDCly): 8 = 23.72, 33.03, 35.01, 36.27 (C-4, C-6, C-7, C-8), 42.10
(C-5), 55.12 (ArOCH3), 62.44, 65.70 (C-1, C-3), 73.94 (ArCHOH),
111.21, 112.49, 117.95, 123.43 (aromatic C), 146.19, 159.63 (quat.
aromatic C). — MS (CI, isobutane); m/z (%): 248 (13) [MH ], 247
(53), 110 (100). — C;sH;NO, (247.2): caled. C 72.87, H 8.50, N
5.67; found C 72.35, H 8.85, N 5.57.

(1’S,1R,3R,5R )-( Octahydrocyclopenta[b [pyrrol-2-yl)-1"-(3-
methoxy-phenyl)methanol [(a.S,BR)-13b]: Reaction: GP4, method
C. — Starting material: 0.72 g (2.09 mmol) of (aS,pR)-6b. Yield
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0.27 g (52%). — [0]*°p = + 92.5 (¢ = 0.24, CH,Cl,). — IR (KBr):
¥ = 3289 cm ! (OH, NH). — 'H NMR (CDCl3): § = 1.20—1.80
(m, 9 H, 5-H, 6-H,, 7-H,, 8-H,, NH, 4-H), 2.36—2.54 (m, 1 H, 4-
H), 3.01 (s, | H, ArCHOH), 3.23—3.34 (m, 1 H, 1-H), 3.65-3.74
(m, 1 H, 3-H), 3.80 (s, 3 H, ArOCH;), 4.69 (d, J = 3.8 Hz, | H,
ArCHOB), 6.71-7.27 (m, 4 H, aromatic H). — 3C NMR
(CDCls): 8 = 23.70, 32.08, 33.12, 34.94 (C-4, C-6, C-7, C-8), 41.83
(C-5), 55.16 (ArOCHy3), 62.73, 65.23 (C-1, C-3), 72.34 (ArCHOH),
111.15, 112.54, 117.99, 129.03 (aromatic C), 144.04, 159.63 (quat.
aromatic C). — MS (CI, isobutane); m/z (%): 248 (13) [MH "], 247
(53), 110 (100). ~ CsH; NO, (247.2): calcd. C 72.87, H 8.50, N
5.67; found C 72.38, H 8.71, N 5.56.

(1'S, IR,3R,5R)-( Octahydrocyclopenta[b [pyrrol-2-yl)-1"-(2-
methyl-phenyl)methanol [(o.S, BR )-14b]: Reaction: GP4, method B.
— Starting material: 1.8 g (5.4 mmol) of (a.S,pR)-7b. Yield 1.18 g
(94%), colourless solid, m.p. 58—69 °C. — [0}’ = — 51.0 (¢ =
0.63, CH,Cly). — IR (KBr): v = 3600—3210 cm™! (OH, NH). —
'H NMR (CDCls): § = 1.29-2.08 3 m, 9 H, 5-H, 6-H,, 7-H., 8-
H,, NH, 4-H), 2.33 (s, 3 H, ArCH,), 2.48—2.69 (m, | H, 4-H),
3.27-345 (m, 1 H, 1-H), 3.60—-3.77 (m, 1 H, 3-H), 4.74-5.06 (s,
1 H, ArCHOH), 4.89 (d, J = 4.2 Hz, 1 H, ArCHOH), 7.07—7.31
(m, 3 H, aromatic H), 7.37—7.51 (m, 1 H, aromatic C).—'3C NMR
(CDCLy): & = 19.14 (ArCH3), 23.70, 24.59, 32.78, 34.16 (C-4, C-6,
C-7, C-8), 42.10 (C-5), 62.41, 64.53 (C-1, C-3), 76.62 (ArCHOH),
125.23, 126.07, 126.99, 130.36 (aromatic C), 134.44, 141.69 (quat.
aromatic C). — MS (CI, isobutane); m/z (%): 232 (100) [MH*], 121
(34) [C4HyO™]. — C;sH5 NO (231.2): caled. C 77.87, H 9.16, N
6.06; found C 77.63, H 9.10, N 5.98.

(1'S,1R,3R,5R)-( Octahydrocyclopenta[b Jpyrrol-2-yl)-1'-(2,5-
dimethyl-phenyl)methanol [(oS,BR)-15b): Reaction: GP4, method
A. — Starting material: 1.15 g (3.3 mmol) of (a.S,fR)-8b. Yield 0.78
g (96%), colourless solid, m.p. 99 °C. — [0]*°p = —54.1 (c = 0.48,
CH,Cl,). — IR (KBr): ¥ = 3610—3220 cm™! (OH, NH). — 'H
NMR (CDCl;): 8 = 1.31-1.86, 1.92-2.11 (4 m, 9 H, 5-H, 6-H,,
7-H,, 8-H,, NH, 4-H), 2.26 (s, 3 H, ArCH,), 2.34 (s, 3 H, ArCHz),
2.49-2.66 (m, | H, 4-H), 3.18—3.33 (m, 1 H, 1-H), 3.57-3.71 (m,
1 H, 3-H), 473 (d, J = 2.3 Hz, 1 H, ArCHOH), 6.91-7.09 (m, 2
H, aromat.-H), 7.20—7.31 (s, 1 H, aromatic H).—"*C NMR
(CDCls): 6 = 18.57, 21.16 (2 X ArCH,), 23.71, 33.03, 35.21, 36.21
(C-4, C-6, C-7, C-8), 41.99 (C-5), 62.24, 63.84 (C-1, C-3), 69.66
(ArCHOH), 125.57, 127.39, 130.23 (aromatic C), 130.87, 135.33,
142.27 (quat. aromatic C). — MS (CI, isobutane); m/z (%): 246
(100) [MH*]. — CsH»;3NO (245.2): caled. C 78.31, H 9.45, N 5.71;
found C 78.16, H 9.37, N 5.67.

(1I'S,1R,38,5R)-(Octahydrocyclopenta[b |pyrrol-2-yl)-1'-(2,5-
dimethyl-phenyl )methanol [(0.S,BS)-15¢]: Reaction: GP4, method C.
— Starting material: 1.15 g (3.3 mmol) of (oS, p.S)-8¢. Yield 0.71 g
(88%), almost colourless oil. — [0’y = + 9.4 (¢ = 0.33, CH,Cl,).
— IR (NaCl): ¥ = 3690—-3220 cm~! (OH, NH). — 'H NMR
(CDClLy): 6 = 1.25-1.89 (4 m, 9 H, 5-H, 6-H,, 7-H,, 8-H,, NH, 4-
H), 2.31 (s, 3 H, ArCH3), 2.34 (s, 3 H, ArCH,), 2.54—2.71 (m, 1
H, 4-H), 326 (s, 1 H, ArCHOH), 340-3.51 (m, 1 H, 1-H),
3.78—3.87 (m, 1 H, 3-H), 4.62 (d, J = 6.6 Hz, 1 H, ArCHOH),
6.94—7.06 (m, 2 H, aromatic H), 7.21 (s, 1 H, aromatic H). — 13C
NMR (CDCL): & = 18.91, 21.06 (2 X ArCHj;), 25.18, 33.54, 35.61,
36.15 (C-4, C-6, C-7, C-8), 42.94 (C-5), 62.90, 64.34 (C-1, C-3),
69.92 (ArCHOH), 126.51, 127.69, 130.14 (aromatic C), 131.67,
135.39, 141.08 (quat. aromatic C). — MS (CI, isobutane); m/z (%):
246 (100) [IMH™], 135 (34) [CoH, 0], — C6H23NO (245.2): caled.
C 78.31, H 9.45, N 5.71; found C 78.11, H 9.33, N 5.69.

(1'R,IR,3S,5R)-( Octahydrocyclopenta[b Jpyrrol-2-yl)-1'-(2,5-
dimethyl-phenyl)methanol [(0.R,3S)-15d): Reaction: GP4, method
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C. — Starting material: 0.8 g (2.3 mmol) of (aR,BS)-8d. Yield 0.47
g (83%), colourless soild, m.p. 118 °C. — [0]*°p = — 30.2 (¢ =
0.22, CH,CL,). — IR (KBr): ¥ = 3700—3210 cm~' (OH, NH). —
'"H NMR (CDCl;): 8 = 1.08—1.29, 1.34-2.02 3 m, 9 H, 5-H, 6-
H,, 7-H,, 8-H,, NH, 4-H), 2.28 (s, 3 H, ArCHj;), 2.31 (s, 3 H,
ArCHj3), 2.49-2.62 (m, 1 H, 4-H), 291 (s, 1 H, ArCHOH),
3.40-3.51 (m, 1 H, 1-H), 3.73~3.82 (m, 1 H, 3-H), 494 (d, J =
4.9 Hz, 1 H, ArCHOH), 6.91—7.06 (m, 2 H, aromatic H), 7.31 (s,
1 H, aromatic H). — 3C NMR (CDCly): § = 18.72, 21.13 (2 X
ArCH,), 25.89, 32.69, 33.67, 36.53 (C-4, C-6, C-7, C-8), 42.25 (C-
5), 61.16, 63.21 (C-1, C-3), 69.67 (ArCHOH), 126.41, 127.54,
129.99 (aromatic C), 131.19, 135.26, 139.91 (quat. aromatic C). —
MS (CI, isobutane); m/z (%): 246 (100) [MH*], 135 (39)
[CoH, 0], — C6H;NO (245.2): caled. C 78.31, H 945, N 5.71;
found C 78.42, H 9.49, N 5.67.

(1'S, 1R, 3R,5R)-( Octahydrocyclopenta[b Jpyrrol-2-yl)-1'-(2,4,6-
trimethyl-phenyl )methanol [(0.S,pR)-16b]: Reaction: GP4, method
B. — Starting material: 1.7 g (4.7 mmol) of (a.S,pR)-9b. Yield 0.8
g (66%), colourless solid, m.p. 115—-119 °C. — [0]*°p = + 5.2 (¢ =
0.27, CH,Cl,). — IR (KBr): ¥ = 3680—3140 cm ™! (OH, NH). —
'"H NMR (CDCl,): 6 = 0.94—1.11, 1.34—1.78 (3 m, 9 H, 5-H, 6-
H,, 7-H,, 8-H,, NH, 4-H), 2.26 (s, 3 H, ArCH3), 2.45(s, 6 H, 2 X
ArCH;), 2.37-2.54 (m, | H, H-4), 3.04 (s, | H, ArCHOH),
3.44--3.61 (m, 1 H, 1-H), 3.61-3.73 (m,  H, 3-H), 493 (d, J =
7.6 Hz, 1 H, AtCHOH), 7.07-7.31 (m, | H, aromatic H),
7.37-7.51 (m, 1 H, aromatic H). — 3C NMR (CDCl,): § = 20.72
(ArCH3), 21.33 (2 X ArCH,), 23.70, 32.87, 34.87, 36.58 (C-4, C-6,
C-7, C-8), 42.35 (C-5), 62.65, 64.04 (C-1, C-3), 74.15 (ArCHOH),
130.10 (aromatic C), 135.64, 136.23, 136.61 (quat. aromatic C). —
MS (CI, isobutane); m/z (%): 260 (100) [MH*]. — C,;H,sNO
(259.2): caled. C 78.71, H 9.72, N 5.40; found C 78.83, H 9.76,
N 5.37.

(1'S, 1R, 3R 5R)-(Octahydrocyclopenta[b [pyrrol-2-yl)-1"-naph-
thylmethanol [(o.S,pR)-17b]: Reaction: GP4, method A. — Starting
material: 1.7 g (4.7 mmol) of (aS,BR)-10b. Yield 0.9 g (72%),
colourless solid, m.p. 84 °C. — [¢e]’p = — 109.6 (¢ = 0.50,
CH,Cly). — IR (KBr): ¥ = 3600—3140 cm~! (OH, NH). — 'H
NMR (CDCly): § = 1.34—-1.89 (2 m, 8 H, 5-H, 6-H,, 7-H,, 8-H,,
NH), 2.05-2.21 (m, 1 H, 4-H), 2.47-2.66 (m, 1 H, 4-H), 3.31 (s,
1 H, ArCHOH), 3.47-3.68 2 m, 2 H, 1-H, 3-H), 5.38 (d, J = 2.2
Hz, 1 H, ArCHOH), 7.19-8.02 (5 m, 7 H, aromatic H). — '3C
NMR (CDCl,): 6 = 23.72, 32.98, 35.06, 36.08 (C-4, C-6, C-7, C-
8), 42.05 (C-5), 62.18, 64.03 (C-1, C-3), 69.38 (ArCHOH), 122.35,
122.79, 125.36, 125.40, 125.77, 127.44, 128.86 (aromatic C), 130.13,
133.76, 139.95 (quat. aromatic C). — MS (CI, isobutane); m/z (%):
268 (100) [MH"]. — CgH,NO (267.2): caled. C 80.85, H 7.92, N
5.24; found C 80.78, H 7.87, N 5.20.

(1'S,1R,3S,5R)-( Octahydrocyclopenta[b Jpyrrol-2-yl)-1"-(1-
naphthyl)methanol [(aS,$S)-17¢]: Reaction: GP4, method C. —
Starting material: 1.5 g (4.1 mmol) of (aS,3S5)-10c. Yield 1.05 g
(96%), slightly yellow oil. — [0]*°, = + 81.1 (¢ = 0.74, CH,Cl,).
— IR (NaCl): ¥ = 3640—3220 cm™' (OH, NH). — 'H NMR
(CDCly): 6 = 1.20—1.34, 1.37-1.98 (3 m, 9 H, 5-H, 6-H,, 7-H,,
8-H,, NH, 4-H), 2.57~2.71 (m, 1 H, 4-H), 3.66—3.77 (m, 1 H, 1-
H), 3.83—3.92 (m, 1 H, 3-H), 3.94 (s, 1 H, ArCHOH), 5.25(d, J =
6.1 Hz, 1 H, ArCHOH), 7.42~7.54 (2 m, 3 H, aromatic H), 7.61
(d,J = 7.7 Hz, 1 H, aromatic H), 7.77 (d, J = 8.2 Hz, | H, aromatic
H), 7.83-7.91 (m, 1 H, aromatic H), 8.12 (d, J/ = 8.8 Hz, 1 H,
aromatic H). — *C NMR (CDCls): § = 25.33, 33.47, 35.41, 36.21
(C-4, C-6, C-7, C-8), 42.81 (C3a), 63.01, 64.03 (Cé6a, C2), 70.36
(ArCHOH), 123.26, 123.66, 125.35, 125.39, 125.86, 127.80, 128.78
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(aromat.-C), 130.77, 133.75, 138.94 (quat. aromat.-C). — MS (CI,
isobutane); m/z (%): 268 (100) [MH*]. — C3sH;;NO (267.2): calcd.
C 80.85, H 7.92, N 5.24; found C 80.78, H 7.89, N 5.20.

(I'R,IR,3S,5R)-( Octahydrocyclopenta[b [pyrrol-2-yl)-1'-(1-
naphthyl)methanol [(aR, BS)-17d1M]: Reaction: GP4, method C. —
Starting material: 0.87 g (2.4 mmol) of (aR,BS)-10d. Yield 0.51 g
(79%), colourless solid, m.p. 124—130 °C. — [o)*°p = — 1333 (¢ =
0.29, CH,CL). — IR (KBr): ¥ = 3690-3210 cm™! (OH, NH). —
'"H NMR (CDCls): & = 0.89—-0.98, 1.00—1.14, 1.32-2.00 3 m, 9
H, 5-H, 6-H,, 7-H,, 8-H,, NH, 4-H), 2.46-2.59 (m, 1 H, 4-H),
3.21 (s, | H, ArCHOH), 3.66—3.75, 3.77~3.86 2 m, 2 H, 1-H, 3-
H), 558 (d, J = 39 Hz, 1 H, ArCHOH), 7.34-753 2 m, 3 H,
aromatic H), 7.76 (d, J = 7.7 Hz, 2 H, aromatic H), 7.76 (d, J =
8.2 Hz, 1 H, aromatic H), 7.76 (d, J = 8.8 Hz, 1 H, aromatic H).
— BC NMR (CDCly): 8 = 25.94, 32.73, 33.65, 36.54 (C-4, C-6, C-
7, C-8), 42.29 (C-5), 61.66, 63.51 (C-1, C-3), 69.31 (ArCHOH),
122.86, 123.16, 125.26, 125.49, 125.81, 127.48, 128.83 (aromatic C),
130.32, 133.56, 137.89 (quat. aromatic C). — MS (CI, isobutane);
miz (%): 268 (100) [MH*]. — C3sH, NO (267.2): caled. C 80.85, H
7.92, N 5.24; found C 80.76, H 7.91, N 5.12.

Reaction 1. — General Procedure for the Reduction of Aceto-
phenone (GP5): The reactions were run under argon atmosphere
in oven-dried three-necked, round-bottomed reaction flasks each
equipped with a magnetic stirrer, a pressure equalizing dropping
funnel and a thermometer. To the reaction flask containing a solu-
tion of the respective catalyst (0.5 mmol, 5 mol% or 0.8 mmol, 8
mol%) in 10 ml of anhyd. THF was added at —40 °C a BH;- THF
solution (11 ml, 1.0 M in THF, 11 mmol). The resulting mixture
was stirred at constant temp. for 15 minutes, at room temp. for 45
minutes and finally warmed to the reaction temp. (30—35 °C). A
solution of acetophenone (1.20 g, 10 mmol) in anhyd. THF (15
ml) was added dropwise via the pressure equalizing addition funnel
within 30 min. After the addition was completed, the mixture was
stirred for 16 h at constant reaction temp.. The reaction was then
quenched at 0 °C with 40 ml 2 n HCI, the layers were separated.
After extraction of the aqueous layer with diethyl ether (3 X 50
ml), the combined organic phases were washed with 2 N aqueous
NaOH. Then washed with brine, subsequently dried with anhy-
drous MgSQ,, filtered and concentrated in vacuo. The reduction
product was isolated and purified by distillation (chemical yields
between 65 and 84%, 99.4% pure by GC). The optical purity was
determined by optical rotation analysis: [0]*°p = + 43.1 (¢ = 7.19,
cyclopentane) for (R)-1-phenylethanol®).

Reaction 2. — General Procedure for the Ethylation of Benzal-
dehyde (GP6): The amino alcohol catalyst precursor (0.5 mmol, 5
mol%) was dissolved in 20 ml of anhyd. toluene and cooled to —40
°C under argon atmosphere. Diethylzinc (18.2 ml of 1.1 M solution
in toluene, 20 mmol) was added dropwise over a period of 10 min.
After the addition was completed the mixture was allowed to reach
room temp. After 15 min. 1.06 g (10 mmol) of freshly distilled
benzaldehyde in 20 ml of anhyd. toluene were added dropwise
within 30 min. The reaction mixture was stirred for 40 h at room
temp. The reaction was then quenched at 0 °C with 40 ml 2 ~ HCl,
the layers were separated and the aqueous layer was extracted three
times with diethyl ether (3 X 40 ml). The combined organic phases
were extracted with 3.9% aqueous sodium hydrogen sulfite (3 X 40
ml) and washed with saturated sodium hydrogen carbonate solu-
tion and brine, then dried with MgSQy, filtered and concentrated
in vacuo. The reduction product was isolated and purified by distil-
lation (chemical yields between 64 and 86%). The optical purity
was determined by optical rotation analysis: [0}’ = + 4545 (¢ =
5.15, chloroform) for (R)-1-phenylpropan-1-olt!%l,
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* Dedicated to Professor Dieter Seebach on the occasion of his
60th birthday.
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