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A highly diastereoselective addition of chiral N-Boc-pyrroli-
din-2-yllithium to optically active bicyclic ketimines has been
developed. For this purpose alkyl- and aryl-substituted chiral
N-Boc-amino ketones 2 have been synthesized by addition
of various Grignard reagents to an N-Boc-protected lactam
1. The resulting N-Boc-amino ketones 2 have been converted
into bicyclic ketimines 3 after deprotection and intramolecu-
lar cyclization. A kinetic resolution of the racemic organoli-

Introduction

Because of their widespread utility in different fields of
chemistry, for example medicinal chemistry and especially
as catalysts and chiral auxiliaries in stereoselective syn-
theses, optically active vicinal diamines are of great import-
ance and interest.[1] Thus, different routes have been de-
veloped in order to synthesize these compounds. One of
them, among others, is the addition of organometallic re-
agents to chiral 1,2-bisimines derived from glyoxal.[224] An-
other possible method is the use of α-amino carbanions as
organometallic agents in the nucleophilic addition to pro-
chiral imines, and subsequent hydrolysis of the initially ob-
tained 1,3-imidazolidin-2-ones to the corresponding di-
amines.[5] Beak et al. found that this methodology could be
performed in an enantioselective manner by the use of (2)-
sparteine in the deprotonation of the N-Boc-protected
benzylamine derivative.[6] Katritzky has described very re-
cently the reaction of a benzotriazole-stabilized N-Boc-pro-
tected benzylmethylamine carbanion to give prochiral ald-
imines.[7] The addition of dipole-stabilized α-amino car-
banions to chiral ketimines has not been reported so far
although this synthetic pathway would give the possibility
of forming vicinal diamines with a nitrogen-substituted
quaternary stereogenic carbon centre.[8] In this paper we
wish to report the addition of N-Boc-pyrrolidin-2-yllithium
to optically active chiral bicyclic ketimines.
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thium compound by the chiral substrate is discussed based
on X-ray crystal structure analysis and experimental results.
The influence of the substituent of the ketimine has been
studied. Some of the obtained tetracyclic 1,3-imidazolidin-2-
ones 4 have been converted into tetracyclic aminals 5 and
these compounds have been hydrolysed to the desired di-
amines 6.

Results and Discussion

The requisite ketimines 3a2k for this study were synthe-
sized starting from the bicyclic N-Boc-protected lactam 1
by addition of aliphatic or aromatic Grignard reagents and
subsequent intramolecular dehydration of the resulting am-
ino ketones 2a2k after deprotection with trifluoroacetic
acid, in a similar manner to a procedure described in the
literature (Scheme 1).[9] Lactam 1 is available in three steps
from the enantiomerically pure unnatural α-amino acid oc-
tahydrocyclopenta[b]pyrrol-2-carboxylic acid,[10,11] and its
synthesis has already been described elsewhere.[12]

Scheme 1. i) RMgX, THF, room temperature; ii) 1. trifluoroacetic
acid, CH2Cl2, room temperature; 2. NaOH; for yields see Exp. Sect.
and for description of the substituents a2k see Table 1

With these ketimines 3a2k at hand we next studied their
behaviour in the reaction with N-Boc-pyrrolidin-2-ylli-
thium (Scheme 2).

Reaction of one equivalent of N-Boc-pyrrolidin-2-ylli-
thium, generated by deprotonation with sec-butyllithium in
the presence of TMEDA at 278 °C, with chiral ketimine
3a for 12 h at 278 °C gave, after extractive and chromato-
graphic workup, the expected tetracyclic 1,3-imidazolidin-
2-one 4a (Table 1, entry 1). The 1H NMR spectrum of the
crude product showed the absence of other diastereomers.
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Scheme 2. i) N-Boc-pyrrolidine, diamine, sec-butyllithium, Et2O,
278 °C, 12 h; for yields and description of the substituents a2k
see Table 1

This result is amazing as the organometallic compound was
formed as a racemate and therefore it appeared that only
one enantiomer of the racemic N-Boc-pyrrolidin-2-ylli-
thium had reacted with the enantiomerically pure imine 3a
in the nucleophilic addition reaction. To confirm this theory
we carried out a further experiment. Use of the Beak pro-
cedure[13,14] for deprotonation of the N-Boc-pyrrolidine
[sec-butyllithium and (2)-sparteine as the chelating di-
amine], which is known to produce the 2-substituted N-
Boc-pyrrolidines in high ee9s up to 96% after addition of
an electrophile and subsequent hydrolysis, increased the
yield of 4a to 31% (entry 2). As shown by comparison of
the spectroscopic and analytical data of the two products
the same 1,3-imidazolidin-2-one was produced in both reac-
tions. The use of a slight excess of N-Boc-pyrrolidin-2-ylli-
thium [generated in the presence of (2)-sparteine] resulted
in an improved yield of 48% (entry 3). In the case of the 4-
methylphenylketimine 4b reaction of the imine with a two-
fold excess of N-Boc-pyrrolidinyl-2-lithium gave 27% yield
in the presence of TMEDA as chelating agent (entry 4);
despite a reduction of the substrate/nucleophile ratio to
1:1.16, the use of (2)-sparteine for the deprotonation also
increased the yield to 47% (entry 5).

From 1,3-imidazolidin-2-one (4b) we were able to get
suitable crystals for an X-ray-crystal structure analysis.[15]

As shown in Figure 1, the newly generated stereogenic
centres both have an (R)-configuration, meaning that the
dipole-stabilized α-amino carbanion that has added to the
C5N double bond must have been (S)-configured. This in-
termediate was reported by Beak et al. as being generated

Table 1. Results of the addition of N-Boc-pyrrolidin-2-yllithium to optically active ketimines 3a2k; all reactions were carried out with a
substrate/N-Boc-pyrrolidine ratio of 1:1.16

[a] Substrate/N-Boc-pyrrolidine ratio of 1:1.16. [b] Substrate/N-Boc-pyrrolidine ratio of 1:1.16. [c] No reaction.
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almost exclusively upon deprotonation of N-Boc-pyrrolid-
ine with sec-butyllithium in the presence of (2)-spart-
eine.[14] With this information we were able to make some
mechanistic considerations about the stereochemical results
of the reaction (Figure 2).

Figure 1. ORTEP diagram of 4b

Figure 2. Possible interactions between optically active ketimine 3a
and the two enantiomeric forms of N-Boc-pyrrolidin-2-yllithium

A nucleophilic attack from the bottom side of the bicyclic
ketimine 3a is less probable because of strong shielding by
the second five-membered ring. More plausible is the addi-
tion of the nucleophile from the sterically less-crowded top
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side of the bicyclic molecule, in accordance with the results
of the X-ray crystal structure analysis. For this direction of
nucleophilic attack different diastereomeric interactions of
the optically active imine 4a with the two enantiomeric or-
ganolithium compounds are possible. For the (R)-config-
ured N-Boc-pyrrolidin-2-yllithium strong interactions with
the exposed bridgehead hydrogen atoms of the bicyclic sys-
tem can be expected. Because there is no possibility for nu-
cleophilic attack to the C5N double bond, side-reactions
such as enolisation and metalloenamine formation can oc-
cur, resulting in recovery of the starting material after hy-
drolysis.[16] These interactions and complications are
avoided by the use of the (S)-configured organolithium
compound, which is manifested in the higher yields of the
reaction.

After this preliminary work on optimization of the reac-
tion conditions we tested different substituted bicyclic keti-
mines 3c2k as substrates for the nucleophilic addition reac-
tion in order to get more information about the scope and
limitation of this synthetic procedure (entry 6214). The
methyl- and the tert-butyl-substituted ketimines 3j and 3k
gave no reaction at all, probably because of formation of
the corresponding metalloenamine with the methylimine
and the steric bulkiness of the tert-butyl derivative; only
the starting materials could be isolated from the reaction
mixture. In order to avoid enolisation, and for increased
reactivity of the C5N double bond, BF3·Et2O was ad-
ded.[17] However, no positive effect of the Lewis acid was
detected. Similar results were observed with the 2-methyl-
phenyl ketimine 3d and the ketimine 3i with a sterically de-
manding 1-naphthyl subunit as substrate. The other aro-
matic-substituted ketimines reacted with N-Boc-pyrrolidin-
2-yllithium with isolated yields of between 6 and 56%. In
all cases where an addition of the nucleophile took place,
only one diastereomer was detected by NMR spectroscopy
of the crude reaction products.

The substitution pattern of the aromatic ring system
seems to have an important influence on the yields obtained
with aromatic ketimines 3a2i. The experimental results, if
compared to each other, cannot be explained only by steric
factors without taking into account mesomeric canonical
structures and inductive field effects of the substituents in
the aromatic ring. For example, the addition of N-Boc-pyr-
rolidine-2-yllithium to the 4-methoxyphenyl-ketimine 3e
takes place in a low yield of only 6%, compared to the 47%
obtained with the 4-methylphenyl ketimine 3b. Similar ob-
servations were made with the 2-methylphenyl-substituted
imine 3d, where no reaction was achieved, and the 2-me-
thoxyphenyl imine 3g, which gave 42% of the expected 1,3-
imidazolidin-2-one 4g.

The next step to be examined was the conversion of the
1,3-imidazolidin-2-one system 4 into the desired diamines
6. Simple hydrolysis of 4a under acidic[18] or basic[19] condi-
tions either at room temperature or with heating was unsuc-
cessful. We therefore decided to convert the 1,3-imidazoli-
din-2-ones 4a,b,f,g into a compound that could be hydro-
lysed more easily. Reduction of the 1,3-imidazolidin-2-ones
4a,b and 4f,g with LiAlH4 in refluxing THF furnished, after

Eur. J. Org. Chem. 2002, 3012308 303

12 h, the aminals 5a,b and 5f,g in good yields (86289%).
Treatment with dilute aqueous hydrochloric acid at room
temperature or at reflux gave the desired diamines 6a,b and
6g (Scheme 3). In the case of the 3-methoxyphenyl-substi-
tuted aminal 5f total decomposition of the starting material
was observed, giving a complex mixture that could not be
separated into single compounds.

Scheme 3. i) LiAlH4, THF, reflux, 12 h, yields: 86289%; ii) 3 
HCl, room temperature or reflux, yields: 72296%

Conclusion

A highly diastereoselective addition of N-Boc-pyrrolidin-
2-yllithium to optically active ketimines 3 was demon-
strated. A kinetic resolution of the racemic organometallic
compound by the optically active substrate during the reac-
tion was observed, as confirmed by an X-ray crystal struc-
ture analysis of 1,3-imidazolidin-2-one (4b) and variation of
the reaction conditions of the addition of the chiral organ-
olithium reagent to the ketimines 3a and 3b. The conversion
into diamines 6a,b and 6g was achieved by reduction of
the tetracyclic 1,3-imidazolidin-2-ones 4a,b and 4f,g to the
aminals 5a,b and 5f,g with LiAlH4 and subsequent hydro-
lysis with dilute HCl. Further investigations on the use of
the synthesized diamines in enantioselective catalysis are
in progress.

Experimental Section

General Remarks: Experiments involving organometallic reagents
were carried out in oven-dried, evacuated glassware under a posit-
ive pressure of dry argon. THF and Et2O were distilled from so-
dium/benzophenone ketyl. Dichloromethane was distilled from cal-
cium chloride. Analytical thin layer chromatography (TLC) was
performed using Merck silica gel 60 F254 aluminium sheets. TLC
spots were detected with UV light and iodine. Column chromato-
graphy was performed using silica gel 60 (particle size
0.04020.063 mm) from Merck. Melting points (uncorrected) were
determined in open capillaries using an apparatus according to Dr.
Lindström. Infrared spectra were recorded using a Beckman IR
4220 spectrometer as KBr discs for solids or as films between NaCl
plates for liquids. The 1H and 13C NMR spectra were recorded on
a Bruker AM 300 or a Bruker ARX 500 spectrometer. The chem-
ical shifts are reported in ppm relative to residual nondeuterated
solvent or tetramethylsilane (TMS) in CDCl3 as solvent. Coupling
constants, J, are given in Hz. Optical rotations were measured with
a Perkin2Elmer polarimeter 241 MC and mass spectra were meas-
ured with a Finnigan-MAT 212 (datasystem SS 300) spectrometer.
Elemental analyses were performed with a C,H,N Analyser EA
1108 from Fisons Instruments.
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Typical Procedure for the Synthesis of the N-Boc-amino Ketones 2:
A solution of the N-Boc-protected lactam 1[12] (5.62 g, 25 mmol)
in THF (90 mL) at room temperature was added to a solution of
the appropriate Grignard reagent, prepared from the alkyl or aryl
halide (27 mmol) and Mg (30 mmol) in THF (90 mL). The mixture
was stirred until TLC showed no more starting material (normally
24 to 72 h). After hydrolysis with satd. NH4Cl (50 mL) at 0 °C the
phases were separated and the aqueous layer was extracted with
ether (3 3 30 mL). After washing the combined organic extracts
with brine (50 mL) the organic layer was dried (MgSO4) and con-
centrated in vacuo. The resulting crude Boc-protected amino ke-
tones 2 were obtained as yellow viscous oils and were purified by
column chromatography.

(all-R)-tert-Butyl-2-(2-oxo-2-phenylethyl)cyclopentyl Carbamate
(2a): Purification by column chromatography (n-hexane/ethyl acet-
ate 6:1) gave 3.18 g (42%) of 2a as a colourless oil. [α]D20 5 116.7
(c 5 1.00, CH2Cl2). IR (NaCl): ν̃ 5 3450, 2990, 1690, 750 cm21.
1H NMR: δ 5 1.1522.01 (m, 6 H), 1.45 (s, 9 H), 2.51 (m, 1 H),
2.72 (m, 1 H), 3.21 (m, 1 H), 4.05 (m, 1 H), 4.45 (s, 1 H), 7.3327.49
(m, 3 H), 7.99 (d, J 5 7.7 Hz, 2 H). 13C NMR: δ 5 21.7, 27.9,
28.2, 29.1, 31.9, 38.9, 54.2, 79.0, 127.5, 128.0, 132.7, 137.0, 155.5,
199.8. MS (CI, i-butane): m/z (%) 5 304 (80), 248 (100).
C18H25NO3 (303.2): calcd. C 71.26, H 8.31, N 4.62; found C 71.01,
H 8.25, N 4.34.

(all-R)-tert-Butyl-2-[2-(4-methylphenyl)ethyl-2-oxo]cyclopentyl Car-
bamate (2b): Purification by column chromatography (n-hexane/
ethyl acetate 9:1) gave 1.32 g (42%) of 2b as a colourless solid from
2.25 g of lactam 1. M.p. 65269 °C. [α]D20 5 115.8 (c 5 3.69,
CH2Cl2). IR (KBr): ν̃ 5 3450, 2950, 1760, 1660, 750 cm21. 1H
NMR: δ 5 1.1922.09 (m, 6 H), 1.43 (s, 9 H), 2.39 (s, 3 H), 2.62
(m, 1 H), 2.68 (m, 1 H), 3.29 (d, J 5 14.7 Hz, 1 H), 4.10 (m, 1 H),
4.46 (s, 1 H), 7.21 (d, J 5 7.9 Hz, 2 H), 7.82 (d, J 5 7.9 Hz, 2 H).
13C NMR: δ 5 21.7, 21.8, 28.0, 29.2, 32.1, 38.9, 39.4, 54.4, 79.3,
128.3, 129.2, 134.7, 143.6, 155.6, 199.6. MS (CI, i-butane): m/z
(%) 5 262 (100), 318 (75). C19H27NO3 (317.2): calcd. C 71.89, H
8.57, N 4.41; found C 71.85, H 8.61, N 4.21.

(all-R)-tert-Butyl-2-[2-(3-methylphenyl)ethyl-2-oxo]cyclopentyl Car-
bamate (2c): Purification by column chromatography (n-hexane/
ethyl acetate 9:1, with 1% Et3N) gave 4.50 g (57%) of 2c as a colour-
less viscous oil which solidified on standing in a refrigerator. M.p.
slow melting at room temperature. [α]D20 5 118.9 (c 5 0.87,
CH2Cl2). IR (NaCl): ν̃ 5 3400, 2950, 1680, 750 cm21. 1H NMR:
δ 5 1.1922.05 (m, 6 H), 1.44 (s, 9 H), 2.39 (s, 3 H), 2.65 (m, 1 H),
2.74 (m, 1 H), 3.32 (m, 1 H), 4.11 (m, 1 H), 4.50 (s, 1 H), 7.32 (m,
2 H), 7.82 (m, 2 H). 13C NMR: δ 5 21.2, 21.7, 28.3, 29.1, 32.0,
38.9, 39.3, 54.3, 79.1, 125.3, 128.3, 128.6, 133.5, 137.2, 138.2, 155.6,
199.9. MS (CI, i-butane): m/z (%) 5 318 (80), 262 (100).
C19H27NO3 (317.2): calcd. C 71.89, H 8.57, N 4.41; found C 71.65,
H 8.63, N 4.32.

(all-R)-tert-Butyl-2-[2-(2-methylphenyl)ethyl-2-oxo]cyclopentyl Car-
bamate (2d): Purification by column chromatography (n-hexane/
ethyl acetate 4:1, with 2% Et3N) gave 2.80 g (35%) of 2d as a col-
ourless oil which solidified on standing. M.p. 60261 °C. [α]D20 5

18.0 (c 5 1.28, CH2Cl2). IR (KBr): ν̃ 5 3370, 2950, 1750, 1680,
750 cm21. 1H NMR: δ 5 1.2122.09 (m, 6 H), 1.41 (s, 9 H), 2.49
(s, 3 H), 2.53 (m, 1 H), 2.71 (dd, J 5 17.5, J 5 8.8, 1 H), 3.19 (dd,
J 5 17.5, 5.1 Hz, 1 H), 4.09 (m, 1 H), 4.48 (s, 1 H), 7.1827.39 (m,
3 H), 7.61 (d, J 5 7.7 Hz, 1 H). 13C NMR (CDCl3): δ 5 21.0, 21.7,
28.2, 29.2, 32.1, 39.2, 41.9, 54.0, 79.0, 125.5, 128.3, 130.9, 131.7,
137.8, 138.3, 155.5, 203.9. MS (CI, i-butane): m/z (%) 5 318 (65),
262 (100). C19H27NO3 (317.2): calcd. C 71.89, H 8.57, N 4.41;
found C 71.76, H 8.51, N 4.37.
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(all-R)-tert-Butyl-2-[2-(4-methoxyphenyl)ethyl-2-oxo]cyclopentyl
Carbamate (2e): Purification by column chromatography (n-hex-
ane/ethyl acetate 4:1, with 2% Et3N) gave 4.56 g (54%) of 2e as a
colourless solid. M.p. 74275 °C. [α]D20 5 123.9 (c 5 1.00, CH2Cl2).
IR (KBr): ν̃ 5 3380, 2950, 1680, 1280, 830 cm21. 1H NMR: δ 5

1.2122.05 (m, 6 H), 1.40 (s, 9 H), 2.52 (m, 1 H), 2.67 (m, 1 H),
3.29 (d, J 5 17.0 Hz, 1 H), 3.85 (s, 3 H), 4.09 (m, 1 H), 4.61 (s, 1
H), 6.89 (d, J 5 7.9 Hz, 2 H), 7.92 (d, J 5 7.9 Hz, 2 H). 13C NMR:
δ 5 21.7, 28.3, 29.2, 32.0, 38.5, 39.4, 54.3, 55.3, 79.0, 113.6, 130.2,
130.3, 155.6, 163.2, 198.5. MS (CI, i-butane): m/z (%) 5 278 (100),
234 (43), 334 (59). C19H27NO4 (333.2): calcd. C 68.44, H 8.16, N
4.20; found C 68.39, H 8.20, N 4.13.

(all-R)-tert-Butyl-2-[2-(3-methoxyphenyl)ethyl-2-oxo]cyclopentyl
Carbamate (2f): Purification by column chromatography (n-hexane/
ethyl acetate 4:1, with 2% Et3N) gave 4.84 g (58%) of 2e as a colour-
less solid. M.p. 52253 °C. [α]D20 5 118.0 (c 5 1.57, CH2Cl2). IR
(KBr): ν̃ 5 3350, 2950, 1760, 1660, 780 cm21. 1H NMR: δ 5

1.2122.08 (m, 6 H), 1.39 (s, 9 H), 2.52 (m, 1 H), 2.72 (m, 1 H),
3.29 (d, J 5 14.7 Hz, 1 H), 3.84 (s, 3 H), 4.09 (m, 1 H), 4.49 (s, 1
H), 7.08 (d, J 5 9.8 Hz, 1 H), 7.31 (m, 1 H), 7.51 (m, 2 H). 13C
NMR: δ 5 21.7, 28.3, 29.2, 32.1, 39.0, 39.3, 54.3, 55.4, 79.1, 112.3,
119.4, 120.7, 129.4, 138.5, 155.6, 159.8, 199.6. MS (CI, i-butane):
m/z (%) 5 234 (100), 278 (86), 334 (25). C19H27NO4 (333.2): calcd.
C 68.44, H 8.16, N 4.20; found C 68.35, H 8.22, N 4.15.

(all-R)-tert-Butyl-2-[2-(2-methoxyphenyl)ethyl-2-oxo]cyclopentyl
Carbamate (2g): Workup by column chromatography (n-hexane/
ethyl acetate 4:1, with 1% Et3N) gave 5.30 g (64%) of 2g as an
impure colourless solid, which was used without characterization
in the next step.

(all-R)-tert-Butyl-2-[2-(2-naphthyl)ethyl-2-oxo]cyclopentyl Carba-
mate (2h): Purification by column chromatography (n-hexane/ethyl
acetate 4:1, with 1% Et3N) gave 5.24 g (59%) of 2h as a colourless
crystalline solid. M.p. 126 °C. [α]D20 5 134.8 (c 5 1.00, CH2Cl2).
IR (KBr): ν̃ 5 3400, 2950, 1700, 850, 760 cm21. 1H NMR: δ 5

1.1922.09 (m, 6 H), 1.48 (s, 9 H), 2.59 (m, 1 H), 2.81 (m, 1 H),
3.45 (m, 1 H), 4.15 (m, 1 H), 4.52 (s, 1 H), 7.52, 7.7228.01 (2m, 6
H), 8.46 (s, 1 H). 13C NMR: δ 5 21.8, 28.3, 29.10, 32.0, 39.0, 39.5,
54.3, 79.1, 123.9, 126.6, 127.7, 128.3, 129.5, 129.7, 132.5, 134.4,
135.4, 155.6, 199.8. MS (CI, i-butane): m/z (%) 5 254 (100).
C22H27NO3 (353.2): calcd. C 74.76, H 7.70, N 3.96; found C 74.81,
H 7.62, N 3.85.

(all-R)-tert-Butyl-2-[2-(1-naphthyl)ethyl-2-oxo]cyclopentyl Carba-
mate (2i): Purification by column chromatography (n-hexane/ethyl
acetate 15:1, with 1% Et3N) gave 1.45 g (42%) of 2i as a colourless
solid from 2.21 g of lactam 1. M.p. 92295 °C. [α]D20 5 19.9 (c 5

1.00, CH2Cl2). IR (KBr): ν̃ 5 3390, 2950, 1690, 780 cm21. 1H
NMR: δ 5 1.33 (s, 9 H), 1.1721.97 (m, 6 H), 2.58 (m, 1 H), 2.84
(dd, J 5 16.5, 8.8 Hz, 1 H), 3.35 (dd, J 5 16.5, 5.5 Hz, 1 H), 4.16
(m, 1 H), 4.54 (s, 1 H), 7.4127.60 (m, 3 H), 7.84 (m, 2 H), 7.94 (d,
J 5 8.3, 1 H), 8.55 (d, J 5 8.3 Hz, 1 H). 13C NMR: δ 5 21.7, 28.3,
29.2, 32.2, 39.5, 42.6, 54.1, 79.1, 124.3, 125.8, 126.3, 127.2, 127.6,
128.3, 130.1, 132.2, 133.9, 136.4, 155.6, 204.2. MS (i-butane): m/z
(%) 5 354 (81), 298 (100). C22H27NO3 (353.20): calcd. C 74.76, H
7.70, N 3.96; found C 74.70, H 7.74, N 3.91.

(all-R)-tert-Butyl-2-[2-methylethyl-2-oxo]cyclopentyl Carbamate
(2j): Extractive workup gave 4.79 g (80%) of 2j as a colourless solid
which was used without characterization in the next step.

(all-R)-tert-Butyl-2-[2-tert-butylethyl-2-oxo]cyclopentyl Carbamate
(2k): Purification by column chromatography (n-hexane/ethyl acet-
ate 5:1, with 1% Et3N) gave 1.09 g (15%) of 2k as a colourless solid.



Synthesis of Enantiomerically Pure 1,3-Imidazolidin-2-ones and Diamines FULL PAPER
M.p. 74276 °C. [α]D20 5 113.1 (c 5 1.00, CH2Cl2). IR (KBr): ν̃ 5

3350, 2950, 1680 cm21. 1H NMR: δ 5 1.0121.97 (m, 6 H), 1.08
(s, 9 H), 1.41 (s, 9 H), 2.33 (m, 2 H), 2.69 (m, 1 H), 4.00 (m, 1 H),
4.40 (s, 1 H). 13C NMR: δ 5 21.7, 26.4, 28.3, 29.2, 32.3, 36.7, 38.6,
44.2, 53.9, 77.4, 155.5, 215.2. MS (CI, i-butane): m/z (%) 5 228
(100), 284 (72), 184 (29). C16H29NO3 (283.2): calcd. C 67.81, H
10.31, N 4.94; found C 67.70, H 10.25, N 4.81.

Typical Procedure for the Synthesis of the Ketimines 3: Trifluo-
roacetic acid (30 mL) was added dropwise at 0 °C to a stirred solu-
tion of the N-Boc-amino ketone 2 (12 mmol) in CH2Cl2 (35 mL).
After complete addition the reaction mixture was allowed to warm
to room temperature and stirring was continued for a further 3 h.
The reaction flask was cooled again to 0 °C and the mixture was
then basified by addition of aqueous NaOH (35% solution). The
phases were separated and the aqueous layer was extracted with
ether (3 3 30 mL). The combined organic extracts were washed
with brine (50 mL), dried (MgSO4) and concentrated in vacuo. The
resulting yellow or brown oils were purified by column chromato-
graphy.

(all-R)-2-Phenyl-3,3a,4,5,6,6a-hexahydrocyclopenta[b]pyrrole
(3a):[20] Purification by column chromatography (n-hexane/ethyl
acetate 4:1, with 2% Et3N) gave 0.39 g (69%) of 3a as a pale yellow
oil from 0.91 g of amino ketone 2a. [α]D20 5 135.7 (c 5 1.00,
CH2Cl2). IR (NaCl): ν̃ 5 2950, 1610, 750 cm21. 1H NMR: δ 5

1.2421.99 (m, 6 H), 2.71 (dd, J 5 17.1, 5.4 Hz, 1 H), 2.81 (m, 1
H), 3.20 (dd, J 5 17.1, 9.3 Hz, 1 H), 4.77 (m, 1 H), 7.35 (m, 3 H),
7.81 (m, 2 H). 13C NMR: δ 5 24.0, 33.2, 34.9, 39.0, 43.9, 79.4,
127.6, 128.2, 130.1, 134.5, 171.3. MS (i-butane): m/z (%) 5 186
(100). C13H15N (185.1): calcd. C 84.28, H 8.16, N 7.56; found C
84.36, H 8.06, N 7.49.

(all-R)-2-(4-Methylphenyl)-3,3a,4,5,6,6a-hexahydrocyclopenta-
[b]pyrrole (3b): Purification by column chromatography (n-hexane/
ethyl acetate 3:1, with 1% Et3N) gave 2.72 g (55%) of 3b as a col-
ourless solid from 6.31 g of crude amino ketone 2b. M.p. 39240
°C. [α]D20 5 135.6 (c 5 1.49, CH2Cl2). IR (KBr): ν̃ 5 2950, 1620,
800 cm21. 1H NMR: δ 5 1.3221.95 (m, 6 H), 2.36 (s, 3 H), 2.69
(dd, J 5 17.5, 2.8 Hz, 1 H), 2.79 (m, 1 H), 3.19 (dd, J 5 17.5, 9.9
Hz, 1 H), 4.75 (m, 1 H), 7.20 (d, J 5 7.8 Hz, 2 H), 7.70 (d, J 5

7.8 Hz, 2 H). 13C NMR: δ 5 21.3, 24.1, 33.3, 34.9, 39.0, 44.0, 79.4,
127.6, 129.0, 131.9, 140.3, 171.1. MS (i-butane): m/z (%) 5 200
(100). C14H17N (199.1): calcd. C 84.37, H 8.60, N 7.03; found C
84.12, H 8.72, N 6.95.

(all-R)-2-(3-Methylphenyl)-3,3a,4,5,6,6a-hexahydrocyclopenta-
[b]pyrrole (3c): Purification by column chromatography (n-hexane/
ethyl acetate 4:1) gave 2.16 g (65%) of 3b as a yellow oil from 5.32 g
of crude amino ketone 2c. [α]D20 5 129.1 (c 5 1.48, CH2Cl2). IR
(NaCl): ν̃ 5 2950, 1620, 750 cm21. 1H NMR: δ 5 1.3121.99 (m,
6 H), 2.36 (s, 3 H), 2.70 (dd, J 5 17.1, 2.5 Hz, 1 H), 2.79 (m, 1 H),
3.28 (dd, J 5 17.1, 9.7 Hz, 1 H), 4.78 (m, 1 H), 7.22 (m, 2 H), 7.53
(d, J 5 7.8 Hz, 1 H), 7.68 (s, 1 H). 13C NMR: δ 5 22.3, 25.2, 34.4,
36.0, 40.1, 45.1, 80.5, 126.0, 129.26, 129.27, 132.0, 135.6, 139.1,
172.6. MS (i-butane): m/z (%) 5 200 (100). C14H17N (199.1): calcd.
C 84.37, H 8.60, N 7.03; found C 84.22, H 8.73, N 7.09.

(all-R)-2-(2-Methylphenyl)-3,3a,4,5,6,6a-hexahydrocyclopenta-
[b]pyrrole (3d): Purification by column chromatography (n-hexane/
ethyl acetate 1:1, with 1% Et3N) gave 1.40 g (75%) of 3b as a pale
yellow oil from 2.95 g of amino ketone 2d. [α]D20 5 124.1 (c 5 0.64,
CH2Cl2). IR (NaCl): ν̃ 5 2950, 1620, 750 cm21. 1H NMR: δ 5

1.3322.01 (m, 6 H), 2.48 (s, 3 H), 2.62 (dd, J 5 17.6, 2.7 Hz, 1 H),
2.73 (m, 1 H), 3.20 (dd, J 5 17.6, 9.9 Hz, 1 H), 4.78 (m, 1 H), 7.19
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(m, 3 H), 7.32 (d, J 5 7.7 Hz, 1 H). 13C NMR: δ 5 21.2, 24.0,
33.3, 34.9, 38.8, 47.6, 80.0, 125.4, 128.5, 128.7, 131.0, 135.3, 136.7,
173.3. MS (CI, i-butane): m/z (%) 5 200 (100). C14H17N (199.1):
calcd. C 84.37, H 8.60, N 7.03; found C 84.33, H 8.72, N 6.98.

(all-R)-2-(4-Methoxyphenyl)-3,3a,4,5,6,6a-hexahydrocyclopenta-
[b]pyrrole (3e): Purification by column chromatography (n-hexane/
ethyl acetate 2:1, with 1% Et3N) gave 1.68 g (91%) of 3e as a col-
ourless solid from 3.00 g of amino ketone 2e. M.p. 45246 °C.
[α]D20 5 131.1 (c 5 1.00, CH2Cl2). IR (KBr): ν̃ 5 2950, 1630, 1270,
850 cm21. 1H NMR: δ 5 1.2921.95 (m, 6 H), 2.67 (d, J 5 17.3 Hz,
1 H), 2.76 (m, 1 H), 3.15 (dd, J 5 17.3, J 5 9.8, 1 H), 3.79 (s, 3
H), 4.71 (m, 1 H), 6.85 (d, J 5 8.7 Hz, 2 H), 7.74 (d, J 5 8.7 Hz,
2 H). 13C NMR: δ 5 23.9, 33.2, 34.7, 38.9, 43.7, 55.1, 79.1, 113.4,
127.2, 129.1, 161.0, 170.4. MS (CI, i-butane): m/z (%) 5 216 (100).
C14H17NO (215.3): calcd. C 78.10, H 7.96, N 6.51; found C 77.96,
H 7.88, N 6.47.

(all-R)-2-(3-Methoxyphenyl)-3,3a,4,5,6,6a-hexahydrocyclopenta-
[b]pyrrole (3f): Purification by column chromatography (n-hexane/
ethyl acetate 1:1) gave 2.23 g (81%) of 3f as a pale yellow oil from
4.28 g of amino ketone 2f. [α]D20 5 125.8 (c 5 0.79, CH2Cl2). IR
(NaCl): ν̃ 5 2950, 1600, 1260, 750 cm21. 1H NMR: δ 5 1.3221.98
(m, 6 H), 2.79 (dd, J 5 17.7, 2.6 Hz, 1 H), 2.80 (m, 1 H), 3.20 (dd,
J 5 17.7, 9.8 Hz, 1 H), 3.83 (s, 3 H), 4.78 (m, 1 H), 6.95 (d, J 5

7.9 Hz, 1 H), 7.29 (m, 2 H), 7.52 (s, 1 H). 13C NMR: δ 5 24.1, 33.2,
34.9, 39.0, 44.1, 55.3, 79.5, 112.0, 116.7, 120.4, 129.2, 136.0, 159.6,
171.2. MS (CI, i-butane): m/z (%) 5 216 (100). C14H17NO (215.3):
calcd. C 78.10, H 7.96, N 6.51; found C 78.01, H 7.89, N 6.60.

(all-R)-2-(2-Methoxyphenyl)-3,3a,4,5,6,6a-hexahydrocyclopenta-
[b]pyrrole (3g): Purification by column chromatography (n-hexane/
ethyl acetate 1:1, with 1% Et3N) gave 2.30 g (80%) of 3g as a col-
ourless solid from 4.42 g of amino ketone 2g. M.p. 45 °C. [α]D20 5

161.1 (c 5 1.56, CH2Cl2). IR (KBr): ν̃ 5 2950, 1600, 1230, 760
cm21. 1H NMR: δ 5 1.3021.98 (m, 6 H), 2.75 (m, 2 H), 3.25 (dd,
J 5 13.2, 9.8 Hz, 1 H), 3.82 (s, 3 H), 4.67 (m, 1 H), 6.89 (m, 2 H),
7.29 (m, 1 H), 7.71 (d, J 5 7.7 Hz, 1 H). 13C NMR: δ 5 24.0, 33.3,
34.9, 39.4, 47.4, 55.4, 78.2, 111.2, 120.6, 130.0, 130.8, 125.01, 158.0,
172.0. MS (CI, i-butane): m/z (%) 5 216 (100). C14H17NO (215.3):
calcd. C 78.10, H 7.96, N 6.51; found C 78.03, H 7.71, N 6.42.

(all-R)-2-(2-Naphthyl)-3,3a,4,5,6,6a-hexahydrocyclopenta[b]pyrrole
(3h): Purification by column chromatography (n-hexane/ethyl acet-
ate 1:1, with 1% Et3N) gave 1.52 g (57%) of 3h as a pale yellow
solid from 3.04 g of amino ketone 2h. M.p. 94295 °C. [α]D20 5

179.7 (c 5 0.50, CH2Cl2). IR (KBr): ν̃ 5 2950, 1600, 820, 750
cm21. 1H NMR: δ 5 1.3022.01 (m, 6 H), 2.79 (m, 2 H), 3.29 (dd,
J 5 13.4, 8.7 Hz, 1 H), 4.82 (m, 1 H), 7.46, 7.81, 8.03 (3m, 6 H),
8.10 (s, 1 H). 13C NMR: δ 5 24.6, 33.8, 35.4, 39.6, 44.4, 83.1,
125.2, 126.7, 127.4, 128.1, 128.4, 128.5, 129.1, 132.6, 133.4, 134.7,
171.8. MS (CI, i-butane): m/z (%) 5 236 (100). C17H17N (235.1):
calcd. C 86.77, H 7.28, N 5.95; found C 86.53, H 7.21, N 5.89.

(all-R)-2-(1-Naphthyl)-3,3a,4,5,6,6a-hexahydrocyclopenta[b]pyrrole
(3i): Purification by column chromatography (n-hexane/ethyl acet-
ate 1:2) gave 0.73 g (73%) of 3h as a yellow solid from 1.45 g of
amino ketone 2i. M.p. 58260 °C. [α]D20 5 228.4 (c 5 1.00, CH2Cl2).
IR (KBr): ν̃ 5 2950, 1600, 750 cm21. 1H NMR: δ 5 1.3922.14
(m, 6 H), 2.71 (m, 1 H), 2.78 (dd, J 5 18.1, 5.5 Hz, 1 H), 3.35 (dd,
J 5 18.1, 10.45 Hz, 1 H), 4.94 (m, 1 H), 7.3727.59 (m, 4 H), 7.82
(d, J 5 8.3 Hz, 2 H), 8.88 (d, J 5 8.3 Hz, 1 H). 13C NMR: δ 5

24.1, 33.4, 34.9, 38.5, 47.8, 80.6, 124.6, 125.9, 126.4, 126.88, 126.94,
128.2, 129.9, 131.0, 132.5, 133.9, 172.4. MS (CI, i-butane): m/z
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(%) 5 236 (100). C17H17N (235.1): calcd. C 86.77, H 7.28, N 5.95;
found C 86.65, H 7.22, N 5.86.

(all-R)-2-Methyl-3,3a,4,5,6,6a-hexahydrocyclopenta[b]pyrrole (3j):
Extractive workup gave 1.10 g (45%) of the crude imine 3j from
4.79 g of amino ketone 2j. Purification was achieved by distillation
with significant loss of product, so the crude imine was used in the
next step. B.p. 130 °C (150 mbar). [α]D20 5 1116.8 (c 5 1.50,
CH2Cl2). IR (KBr): ν̃ 5 2950, 1600 cm21. 1H NMR: δ 5

1.2621.83 (m, 6 H), 1.97 (s, 3 H), 2.20 (d, J 5 17.6 Hz, 1 H), 2.66
(m, 1 H), 2.78 (dd, J 5 17.6, 9.9 Hz, 1 H), 4.51 (m, 1 H). 13C
NMR: δ 5 19.3, 23.8, 32.9, 34.7, 39.4, 47.8, 78.8, 173.3. MS (CI,
i-butane): m/z (%) 5 124 (100). C8H13N (123.1): calcd. C 77.99, H
10.64, N 11.37; found C 77.61, H 10.45, N 11.42.

(all-R)-2-tert-Butyl-3,3a,4,5,6,6a-hexahydrocyclopenta[b]pyrrole
(3k): Extractive workup gave 0.37 g (57%) of the crude imine 3k
from 1.23 g of amino ketone 2k. [α]D20 5 127.0 (c 5 1.06, CH2Cl2).
IR (KBr): ν̃ 5 2950, 1600 cm21. 1H NMR: δ 5 1.0121.82 (m, 6
H), 1.15 (s, 9 H), 2.30 (d, J 5 17.5 Hz, 1 H), 2.63 (m, 1 H), 2.81
(dd, J 5 17.5, 9.7 Hz, 1 H), 4.52 (m, 1 H). 13C NMR: δ 5 23.9,
28.3, 33.3, 34.9, 35.5, 39.0, 42.3, 78.6, 183.0. MS (CI, i-butane):
m/z (%) 5 166 (100). C11H19N (165.2): calcd. C 79.94, H 11.59, N
8.47; found C 79.88, H 11.42, N 8.62.

Typical Procedure for the Preparation of the 1,3-Imidazolidin-2-ones
4: sec-butyllithium (5.8 mL, 7.54 mmol of a 1.3  solution in cyclo-
hexane) was added at 278 °C to a stirred solution of N-Boc-pyrrol-
idine (0.99 g, 5.8 mmol) and diamine [(2)-sparteine or TMEDA),
7.54 mmol] in ether (16 mL). The resulting clear, pale-yellow solu-
tion was left for 4 h at constant temperature before the ketimine 3
(5 mmol) in ether (4 mL) was added by syringe at 278 °C. After
further stirring at constant temperature for 12 h the reaction was
allowed to reach 230 °C and was then hydrolysed by addition of
water (20 mL). Warming to room temperature was followed by
phase separation. The aqueous layer was extracted with ether (3 3

15 mL) and the combined organic extracts were subsequently
washed with 2  HCl (3 3 30 mL), satd. NaHCO3 (2 3 30 mL)
and once with brine (30 mL). After drying over MgSO4 the solvent
was removed in vacuo and the resulting oil or solid was purified
by column chromatography or by recrystallisation.

(3aR,7aR,7bR,8aR)-7b-Phenyldecahydro-3b,4a-diazadicyclo-
penta[a,e]pentalen-4-one (4a): Purification by column chromato-
graphy (n-hexane/ethyl acetate 1:1, with 2% Et3N) gave 0.68 g
(48%) of 4a as a colourless solid from ketimine 3a. M.p. 1592160
°C. [α]D20 5 22.9 (c 5 1.06, CH2Cl2). IR (KBr): ν̃ 5 2950, 1680,
750 cm21. 1H NMR: δ 5 0.9622.03 (m, 10 H), 2.20 (dd, J 5 13.4,
2.6 Hz, 1 H), 2.35 (dd, J 5 13.4, 9.6 Hz, 1 H), 2.72 (m, 1 H), 2.92
(ddd, J 5 12.7, 8.9, 3.8 Hz, 1 H); 3.44 (dd, J 5 9.5, 5.7 Hz, 1 H),
3.72 (ddd, J 5 12.7, 8.9, 3.8 Hz, 1 H), 4.53 (m, 1 H), 7.2127.49
(m, 5 H). 13C NMR: δ 5 24.5, 25.3, 27.5, 32.0, 33.2, 39.5, 44.2,
44.6, 63.3, 72.5, 72.7, 125.0, 126.7, 128.3, 148.1, 165.8. MS (CI, i-
butane): m/z (%) 5 283 (100). C18H22N2O (282.2): calcd. C 76.56,
H 7.85, N 9.92; found C 76.49, H 7.83, N 9.90.

(3aR,7aR,7bR,8aR)-7b-(4-Methylphenyl)decahydro-3b,4a-diazadi-
cyolopenta[a,e]pentalen-4-one (4b): Recrystallisation from ethyl
acetate/n-hexane gave 0.70 g (47%) of 4b as colourless needles from
ketimine 3b. M.p. 1302132 °C. [α]D20 5 254.2 (c 5 1.03, CH2Cl2).
IR (KBr): ν̃ 5 2950, 1660, 750 cm21. 1H NMR: δ 5 0.9921.98
(m, 10 H), 2.18 (dd, J 5 13.3, 2.8 Hz, 1 H), 2.32 (dd, J 5 13.3, 7.3
Hz, 1 H), 2.35 (s, 3 H), 2.72 (m, 1 H), 2.91 (m, 1 H), 3.42 (dd, J 5

9.7, 5.7 Hz, 1 H), 3.71 (m, 1 H), 4.51 (m,1 H), 7.13 (d, J 5 7.9 Hz,
2 H), 7.34 (d, J 5 7.9 Hz, 2 H). 13C NMR: δ 5 20.9, 24.7, 25.5,
27.6, 32.2, 33.3, 39.5, 44.3, 44.7, 63.3, 72.6, 72.7, 125.1, 129.1,
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136.4, 145.3, 165.9. MS (CI, i-butane): m/z (%) 5 297 (100).
C19H24N2O (296.2): calcd. C 76.99, H 8.16, N 9.45; found C 76.87,
H 8.12, N 9.34.

(3aR,7aR,7bR,8aR)-7b-(3-Methylphenyl)decahydro-3b,4a-diazadi-
cyclopenta[a,e]pentalen-4-one (4c): Recrystallisation from ethyl
acetate/n-hexane gave 0.23 g (26%) of 4c as colourless needles from
0.60 g of ketimine 3c. M.p. 1692171 °C. [α]D20 5 261.2 (c 5 1.00,
CH2Cl2). IR (KBr): ν̃ 5 2950, 1660, 750 cm21. 1H NMR: δ 5

0.9721.99 (m, 10 H), 2.19 (dd, J 5 13.3, 2.9 Hz, 1 H), 2.32 (dd,
J 5 13.3, 9.5 Hz, 1 H), 2.35 (s, 3 H), 2.74 (m, 1 H), 2.92 (ddd, J 5

11.3, 9.1, 3.8 Hz, 1 H), 3.49 (dd, J 5 9.8, 5.6 Hz, 1 H), 3.72 (m, 1
H), 4.51 (m, 1 H), 7.02 (d, J 5 6.9 Hz, 1 H), 7.25 (m, 3 H). 13C
NMR: δ 5 21.5, 24.6, 25.4, 27.6, 32.1, 33.2, 39.7, 44.3, 44.7, 63.4,
72.6, 72.7, 122.2, 125.8, 127.5, 128.3, 138.0, 148.3, 166.0. MS (CI,
i-butane): m/z (%) 5 297 (100). C19H24N2O (296.2): calcd. C 76.99,
H 8.16, N 9.45; found C 76.89, H 8.11, N 9.52.

(3aR,7aR,7bR,8aR)-7b-(4-Methoxyphenyl)decahydro-3b,4a-diazadi-
cyclopenta[a,e]pentalen-4-one (4e): Purification by column chroma-
tography (n-hexane/ethyl acetate 1:1, with 2% Et3N) gave 0.10 g
(6%) of 4e as a yellow viscous oil from 3e. [α]D20 5 242.4 (c 5 0.53,
CH2Cl2). IR (NaCl): ν̃ 5 2950, 1680, 750 cm21. 1H NMR: δ 5

0.9521.95 (m, 10 H), 2.18 (dd, J 5 13.2, 2.6 Hz, 1 H), 2.29 (dd,
J 5 13.2, 9.4 Hz, 1 H), 2.72 (m, 1 H), 2.90 (m, 1 H), 3.40 (dd, J 5

9.4, 5.3 Hz, 1 H), 3.71 (m, 1 H), 3.79 (s, 3 H), 4.50 (m, 1 H), 6.88
(d, J 5 8.7 Hz, 2 H), 7.36 (d, J 5 8.7 Hz, 2 H). 13C NMR: δ 5

24.7, 25.4, 27.5, 32.1, 33.3, 39.4, 44.3, 44.6, 55.1, 63.3, 72.4, 72.7,
113.6, 126.2, 140.2, 158.4, 165.9. MS (CI, i-butane): m/z (%) 5 313
(100). C19H24N2O2 (312.2): calcd. C 73.05, H 7.74, N 8.97; found
C 72.95, H 7.61, N 9.05.

(3aR,7aR,7bR,8aR)-7b-(3-Methoxyphenyl)decahydro-3b,4a-diazadi-
cyclopenta[a,e]pentalen-4-one (4f): Purification by column chroma-
tography (n-hexane/ethyl acetate 1:1, with 2% Et3N) gave 0.88 g
(56%) of 4f as a colourless oil which solidified on standing. M.p.
110 °C. [α]D20 5 258.1 (c 5 1.14, CH2Cl2). IR (KBr): ν̃ 5 2950,
1670, 750 cm21. 1H NMR: δ 5 0.9821.97 (m, 10 H), 2.19 (dd, J 5

13.2, 2.8 Hz, 1 H), 2.32 (dd, J 5 13.2, 9.3 Hz, 1 H), 2.73 (m, 1 H),
2.93 (ddd, J 5 11.0, 8.8, 3.3 Hz, 1 H), 3.46 (dd, J 5 9.9, 5.5 Hz, 1
H), 3.71 (m, 1 H), 3.81 (s, 3 H), 4.53 (m, 1 H), 6.78 (dd, J 5 7.7,
2.7, 1 H), 7.03, 7.26 (2 m, 3 H). 13C NMR: δ 5 24.7, 25.5, 27.6,
32.1, 33.3, 39.5, 44.3, 44.6, 55.2, 63.4, 72.3, 73.0, 111.1, 112.0,
117.5, 129.5, 150.1, 159.7, 166.0. MS (CI, i-butane): m/z (%) 5 313
(100). C19H24N2O2 (312.2): calcd. C 73.05, H 7.74, N 8.97; found
C 72.98, H 7.69, N 9.03.

(3aR,7aR,7bR,8aR)-7b-(2-Methoxyphenyl)decahydro-3b,4a-diazadi-
cyclopenta[a,e]pentalen-4-one (4g): Purification by column chroma-
tography (n-hexane/ethyl acetate 1:1, with 2% Et3N) gave 0.97 g
(42%) 4g as colourless crystals from 1.59 g of imine 3g. M.p.
1152116 °C. [α]D20 5 287.8 (c 5 1.00, CH2Cl2). IR (KBr): ν̃ 5

2950, 1660, 750 cm21. 1H NMR: δ 5 1.1221.99 (m, 11 H), 2.67
(m, 2 H), 2.89 (ddd, J 5 11.5, 9.9, 3.3 Hz, 1 H), 3.47 (dd, J 5 11.0,
4.9 Hz, 1 H), 3.73 (ddd, J 5 11.5, 8.3, 2.8 Hz, 1 H), 3.85 (s, 3 H),
4.52 (m, 1 H), 6.91 (m, 2 H), 7.25 (dt, J 5 7.7, 1.7 Hz, 1 H), 7.59
(dd, J 5 7.7, 1.7 Hz, 1 H). 13C NMR: δ 5 23.9, 25.0, 28.0, 32.4,
32.8, 42.2, 44.4, 44.5, 55.1, 63.9, 71.1, 72.3, 110.8, 120.1, 125.1,
128.1, 136.9, 155.7, 166.7. MS (CI, i-butane): m/z (%) 5 313 (100).
C19H24N2O2 (312.2): calcd. C 73.05, H 7.74, N 8.97; found C 73.00,
H 7.70, N 8.92.

(3aR,7aR,7bR,8aR)-7b-(2-Naphthyl)decahydro-3b,4a-diazadicyclo-
penta[a,e]pentalen-4-one (4h): Purification by column chromato-
graphy (n-hexane/ethyl acetate 1:1) gave 0.46 g (14%) of 4h as a
pale-yellow solid from 2.35 g of imine 3h. M.p. 1212122 °C. [α]D20 5
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231.8 (c 5 1.13, CH2Cl2). IR (KBr): ν̃ 5 2950, 1660, 750 cm21.
1H NMR: δ 5 0.9522.01 (m, 10 H), 2.28 (dd, J 5 13.2, 3.0 Hz, 1
H), 2.41 (dd, J 5 13.2, 9.4 Hz, 1 H), 2.75 (m, 1 H), 2.91 (m, 1 H),
3.45 (dd, J 5 9.8, 5.7 Hz, 1 H), 3.71 (m, 1 H), 4.57 (m, 1 H), 7.45
(m, 3 H), 7.81 (m, 3 H), 7.92 (s, 1 H). 13C NMR: δ 5 24.6, 25.4,
27.6, 32.2, 33.3, 39.6, 44.3, 44.7, 63.5, 72.4, 73.0, 123.3, 124.0,
125.8, 126.2, 127.5, 128.1, 128.5, 132.4, 133.0, 145.4, 166.0. MS
(CI, i-butane): m/z (%) 5 333 (100). C22H24N2O (332.2): calcd. C
79.48, H 7.28, N 8.43; found C 79.39, H 7.19, N 8.39.

Typical Procedure for the Synthesis of the Tetracyclic Aminals 5:
The tetracyclic 1,3-imidazolidin-2-one 4 (1.59 mmol) in THF
(10 mL) was added to a suspension of LiAlH4 (0.49 g, 13 mmol) in
THF (30 mL). The mixture was refluxed for 12 h until TLC showed
no more starting material. For workup the reaction mixture was
carefully hydrolysed with aqueous KOH (0.65 mL, 10% solution)
and water (0.8 mL). After complete addition stirring was continued
for 2 h. After filtration the precipitate was refluxed for 1 h with
ethyl acetate (30 mL) and then the solid was filtered off again. The
combined filtrates were dried and concentrated in vacuo. The re-
sulting nearly colourless oil was then submitted to column chroma-
tography.

(3aR,7aR,7bR,8aR)-7b-Phenyldecahydro-3b,4a-diazadicyclo-
penta[a,e]pentalene (5a) Purification by column chromatography
(ethyl acetate, with 5% Et3N) gave 0.38 g (89%) of 5a as a pale-
yellow solid from 0.49 g of 1,3-imidazolidin-2-one 4a. M.p. 62263
°C. [α]D20 5 122.5 (c 5 1.05, CH2Cl2). IR (KBr): ν̃ 5 2950, 750
cm21. 1H NMR: δ 5 1.1822.08 (m, 11 H), 2.65 (m, 2 H), 2.94 (m,
1 H), 3.19 (m, 1 H), 3.59 (m, 1 H), 3.74 (m, 1 H), 3.81 (d, J 5

9.9 Hz, 1 H), 3.98 (d, J 5 9.9 Hz, 1 H), 7.0927.47 (m, 5 H). 13C
NMR: δ 5 23.9, 27.0, 29.4, 33.7, 36.2, 43.4, 45.4, 56.1, 73.9, 75.59,
75.64, 79.7, 124.8, 125.8, 128.0, 149.6. MS (CI, i-butane): m/z
(%) 5 269 (100). C18H24N2 (268.2): calcd. C 80.55, H 9.01, N 10.44;
found C 80.50, H 8.98, N 10.37.

(3aR,7aR,7bR,8aR)-7b-(4-Methylphenyl)decahydro-3b,4a-diazadi-
cyclopenta[a,e]pentalene (5b): Purification by column chromato-
graphy (ethyl acetate, with 5% Et3N) gave 0.55 g (88%) of 5b as a
colourless oil from 0.70 g of 1,3-imidazolidin-2-one 4b. [α]D20 5

125.8 (c 5 0.68, CH2Cl2). IR (NaCl): ν̃ 5 2950, 800 cm21. 1H
NMR: δ 5 1.1522.09 (m, 11 H), 2.27 (s, 3 H), 2.59 (m, 2 H), 2.92
(m, 1 H), 3.17 (m, 1 H), 3.55 (m, 1 H), 3.74 (m, 1 H), 3.78 (d, J 5

9.8 Hz, 1 H), 3.99 (d, J 5 9.8 Hz, 1 H), 7.06 (d, J 5 7.9 Hz, 2 H),
7.34 (d, J 5 7.9 Hz, 2 H). 13C NMR: δ 5 20.9, 24.0, 26.9, 29.4,
33.8, 36.2, 43.6, 45.3, 56.0, 74.1, 75.9, 76.0, 79.6, 124.8, 128.7,
135.1, 147.3. MS (CI, i-butane): m/z (%) 5 283 (100). C19H26N2

(282.2): calcd. C 80.80, H 9.28, N 9.92; found C 80.65, H 9.12,
N 9.81.

(3aR,7aR,7bR,8aR)-7b-(3-Methoxyphenyl)decahydro-3b,4a-diazadi-
cyclopenta[a,e]pentalene (5f): Purification by column chromato-
graphy (ethyl acetate, with 5% Et3N) gave 0.62 g (89%) of 5f as a
pale-yellow oil, which solidified on standing, from 0.73 g of 1,3-imid-
azolidin-2-one 4f. M.p. 31232 °C. [α]D20 5 115.3 (c 5 1.17, CH2Cl2).
IR (KBr): ν̃ 5 2950, 800 cm21. 1H NMR: δ 5 1.1822.08 (m, 11
H), 2.61 (m, 2 H), 2.94 (m, 1 H), 3.17 (m, 1 H), 3.56 (m, 1 H), 3.76
(m, 2 H), 3.79 (s, 3 H), 4.00 (d, J 5 9.4 Hz, 1 H), 6.68 (dd, J 5 7.9,
1.5 Hz, 1 H), 6.98 (d, J 5 7.9 Hz, 1 H), 7.11 (s, 1 H), 7.17 (m, 1 H).
13C NMR: δ 5 24.0, 26.9, 29.3, 33.7, 36.2, 43.7, 45.2, 55.1, 55.9,
74.2, 75.7, 76.0, 79.9, 110.7, 110.9, 117.7, 129.0, 152.2, 159.5. MS
(CI, i-butane): m/z (%) 5 299 (100). C19H26N2O (298.2): calcd. C
76.47, H 8.78, N 9.39; found C 76.36, H 8.62, N 9.43.

(3aR,7aR,7bR,8aR)-7b-(2-Methoxyphenyl)decahydro-3b,4a-diazadi-
cyclopenta[a,e]pentalene (5g): Purification by column chromato-
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graphy (ethyl acetate, with 5% Et3N) gave 0.80 g (86%) of 5g as a
pale-yellow oil, which solidified on standing, from 0.99 g of 1,3-
imidazolidin-2-one 4g. M.p. 55256 °C. [α]D20 5 118.9 (c 5 1.15,
CH2Cl2). IR (KBr): ν̃ 5 2950, 800 cm21. 1H NMR: δ 5 1.1922.11
(m, 11 H), 2.59 (m, 1 H), 2.92 (m, 2 H), 3.17 (m, 1 H), 3.47 (m, 1
H), 3.75 (m, 1 H), 3.78 (s, 3 H), 3.86 (d, J 5 10.2 Hz, 1 H), 3.95
(d, J 5 10.2 Hz, 1 H), 6.94 (m, 2 H), 7.13 (m, 1 H), 7.69 (d, J 5

7.5 Hz, 1 H). 13C NMR: δ 5 23.9, 26.9, 29.8, 33.8, 36.3, 43.3, 43.5,
55.0, 56.2, 73.6, 74.7, 74.9, 78.6, 110.7, 120.1, 124.8, 127.0, 138.6,
156.5. MS (CI, i-butane): m/z (%) 5 299 (100). C19H26N2O (298.2):
calcd. C 76.47, H 8.78, N 9.39; found C 76.38, H 8.69, N 9.29.

Typical Procedure for the Hydrolysis of the Tetracyclic Aminals 5:
The aminal 5 (1.4 mmol) was suspended in 3  HCl (10 mL). The
mixture was either stirred without heating until a clear solution
was obtained or it was refluxed for 3 h and subsequently stirred for
12 h at room temperature (the exact procedure used is described
under the name of each compound). The acidic solution was con-
centrated to dryness in vacuo and the colourless solid residue was
suspended in a mixture of 2  NaOH (10 mL) and ether (10 mL).
After a clear solution had been obtained the phases were separated
and the aqueous layer was extracted with CH2Cl2 (3 3 10 mL). The
combined organic extracts were dried and concentrated in vacuo to
give the crude diamine 6 as a pale-yellow oil which was purified by
column chromatography.

(all-R)-2-Phenyl-2-pyrrolidin-29-yloctahydrocyclopenta[b]pyrrole
(6a): The reaction mixture was stirred for 30 min at room temper-
ature. Purification by column chromatography (n-hexane/ethyl
acetate 1:2, with 3% Et3N) gave 0.25 g (72%) of 6a as a pale-yellow
oil from 0.38 g of aminal 5a. [α]D20 5 127.0 (c 5 1.00, CH2Cl2). IR
(NaCl): ν̃ 5 3310, 2950, 750 cm21. 1H NMR: δ 5 1.3121.95 (m,
13 H), 2.72 (m, 4 H), 2.61 (m, 1 H), 3.85 (m, 1 H), 7.1127.46 (m,
5 H). 13C NMR: δ 5 23.7, 25.5, 26.9, 33.2, 35.2, 43.1, 44.8, 46.6,
63.9, 66.1, 71.7, 126.1, 127.0, 127.6, 146.5. MS (CI, i-butane): m/z
(%) 5 257 (100). C17H24N2 (256.2): calcd. C 79.64, H 9.44, N 10.93;
found C 79.53, H 9.39, N 10.90.

(all-R)-2-(4-Methylphenyl)-2-pyrrolidin-29-yloctahydrocyclo-
penta[b]pyrrole (6b): The reaction mixture was heated for 3 h under
reflux and then stirring was continued for 12 h. Purification by col-
umn chromatography (ethyl acetate/Et3N 9:1) gave 0.48 g (96%) of
6b as a colourless oil from 0.52 g of aminal 5b. [α]D20 5 124.5 (c 5

0.83, CH2Cl2). IR (NaCl): ν̃ 5 3300, 2950, 750 cm21. 1H NMR:
δ 5 1.2321.93 (m, 13 H), 2.32 (s, 3 H), 2.72 (m, 4 H), 3.23 (m, 1
H), 3.84 (m, 1 H), 7.10 (d, J 5 7.9 Hz, 2 H), 7.32 (d, J 5 7.9 Hz,
2 H). 13C NMR: δ 5 20.9, 23.8, 25.6, 27.0, 33.3, 35.2, 43.4, 44.9,
46.8, 64.1, 66.2, 71.7, 127.0, 128.3, 135.6, 143.6. MS (CI, i-butane):
m/z (%) 5 271 (100). C18H26N2 (270.2): calcd. C 79.95, H 9.69, N
10.36; found C 79.83, H 9.52, N 10.25.

(all-R)-2-(2-Methoxyphenyl)-2-pyrrolidin-29-yloctahydro-
cyclopenta[b]pyrrole (6g): The reaction mixture was heated for 3 h
under reflux and then stirring was continued for 12 h. Purification
by column chromatography (ethyl acetate/ Et3N 9:1, with 1%
MeOH) gave 0.57 g (89%) of 6g as a colourless oil, which solidified
on standing, from 0.67 g of aminal 5g. M.p. 53254 °C. [α]D20 5

21.1 (c 5 0.82, CH2Cl2). IR (KBr): ν̃ 5 3330, 2950, 750 cm21. 1H
NMR: δ 5 1.1821.87 (m, 13 H), 2.75 (m, 4 H), 3.52 (m, 1 H), 3.78
(s, 3 H), 3.89 (m, 1 H), 6.83 (d, J 5 7.9 Hz, 1 H), 6.90 (m, 1 H),
7.17 (m, 1 H), 7.66 (d, J 5 7.5 Hz, 1 H). 13C NMR: δ 5 23.6, 25.3,
26.9, 33.6, 36.4, 42.7, 44.1, 46.3, 55.2, 63.4, 65.2, 70.5, 111.1, 120.2,
127.3, 129.0, 136.4, 156.6. MS (CI, i-butane): m/z (%) 5 287 (100).
C18H26N2O (286.2): calcd. C 75.48, H 9.15, N 9.78; found C 75.39,
H 9.09, N 9.80.
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