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A convenient method for the synthesis and resolution of Tröger base
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Abstract—Racemic Tröger base 1 can be readily obtained by the condensation of 4-toluidine and paraformaldehyde in the presence of
Lewis acids and easily resolved via the preparation of diastereomeric aggregates using chiral dibenzoyl-LL-tartaric acid 2.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Tröger base 1,1 a molecule containing chiral nitrogen cen-
tres exists in two enantiomeric forms. Due to its rigid and
concave shape, it has attracted a large amount of research
over the last several decades.2 Its chiral nature was first
identified by Prelog and Wieland in 1944. These authors
separated the two enantiomers through chromatographic
resolution on a DD-lactose hydrate column followed by frac-
tional crystallization.3 Most of the hitherto reported meth-
ods of resolution of 1 are based on such chromatographic
separation techniques.4 It was thought that the accessibility
of the enantiomers of 1 in preparative quantities might lead
to substantial increases in the utility of this interesting chi-
ral base for synthetic applications. During our research
efforts on the development of new resolution procedures
to access important chiral diols,5 amino alcohols6 and
diamines,6,7 we herein report a simple and high yielding
synthesis and resolution of Tröger base 1 (Fig. 1).
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2. Results and discussion

The 2,8-dimethyl-6H,12H-5,11-methanodibenzo[b,f][1,5]-
dazocine, Tröger base 1, was first prepared by Tröger in
1887 and it was structurally characterized by Spielman in
1935. Generally, the Tröger base was prepared by the con-
densation of 4-toluidine and formaldehyde in dilute aque-
ous acids.8 Other synthetic methods have also been
developed, but most of them are low yielding and involve
tedious extraction procedures.9 Since the formation of Trö-
ger base goes through an electrophilic substitution reac-
tion, Lewis acids should also promote the reaction.
Accordingly, we examined the reaction of 4-toluidine and
paraformaldehyde as a methylene group equivalent in the
presence of TiCl4. The Tröger base was obtained in 63%
yield in this reaction (Scheme 1). The reaction was also car-
ried out using various other Lewis acids and the results are
summarized in Table 1.

It has been reported that the resolution of 1 via the forma-
tion of diastereomeric salt is not feasible when using chiral
acids as it is a weak base.10 However, we have observed
that the Tröger base can be readily resolved via the prepa-
ration of hydrogen bonded aggregates by using dibenzoyl-
LL-tartaric acid (DBTA). We examined the resolution in var-
ious solvents such as CH2Cl2, ethyl acetate, acetonitrile and
THF. In all cases, the partially resolved Tröger base was
readily obtained when racemic 1 and resolving agent 2
are used in a 1:2 ratio. Optimum results were obtained in
acetone when the racemic Tröger base 1 and dibenzoyl-LL-
tartaric acid 2 were used in a 1:3 ratio (Scheme 2). After
digestion of the precipitate fraction, the (R,R)-isomer of
the Tröger base was obtained in 91% ee while from the fil-
trate fraction, the (S,S)-isomer was obtained in 41% ee.
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Table 1. Synthesis of 1 using various Lewis acidsa

Entry Lewis acid Time (h) Yieldb 1 (%)

1 TiCl4 12 63
2 AlCl3 8 73
3 SnCl4 12 58
4 ZnCl2 12 43
5 ZrCl4 36 38

a All the reactions were carried out using 4-toluidine (10 mmol), parafor-
maldehyde (20 mmol) and Lewis acid (10 mmol) in CH2Cl2 (40 mL).

b The product was identified by spectral data (IR, 1H NMR, 13C NMR);
the yields are of isolated products.
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The (R,R)-isomer was obtained in 98% ee by crystallization
of the sample of 91% ee. The (S,S) isomer was easily en-
riched by repeating the experiment using dibenzoyl-DD-tar-
taric acid. The results are summarized in Table 2.

The precipitated diastereomeric complex 3 [(�)-1Æ(�)-2]
(Table 2, entry 3) was crystallized from methanol solvent
and the X-ray structure analysis was then carried out
(Fig. 2).11 The asymmetric unit of the crystal structure con-
tains one molecule of Tröger base and one molecule of di-
rac.Tröger base
   1

(-)-O,O'-DBTA 2

Acetone, 25˚C , 12 h

Precipitate

Filtrate
2M Na2CO3

CH2Cl2

2M Na2CO3

CH2Cl2

Scheme 2.

Table 2. Resolution of racemic Tröger base 1 using dibenzoyl-LL-tartaric acid

Entry Tröger base 1 mmol (% ee) Chiral acid 2 (mmol) Aceton

1 2 (00) 4 6
2 2 (00) 6 6
3 2 (00) 8 6
4d 2 (39) 8 6
5 5 (00) 15 15
6d 5 (41) 15 15

a The enantiomeric purities were based on the HPLC analysis by using a CHI
b The yields are of isolated products.
c These ee’s are after one recrystallization from acetone and hexane mixture.
d In these experiments, dibenzoyl-DD-tartaric acid was used as a resolving agent
benzoyl-LL-tartaric acid (1:1). The carboxylic acid moieties
of the (�)-DBTA donate the protons to nitrogen acceptors
of the Tröger base, making two separate strong O–H� � �N
interactions. The bond lengths of the carboxylic acid
groups in the (�)-DBTA–Tröger base complex 3
are C26–O3 = 1.197 Å, C26–O4 = 1.312 Å; C28–O6 =
1.195 Å, and C28–O5 = 1.321 Å, indicating the presence
of C@O and C–OH groups in the complex. Hence, it is
clear from the X-ray data11 that the diastereomeric com-
plex formed is not a salt but a hydrogen bonded aggregate
(Fig. 3). Thus, the precipitation occurred because of
aggregation due to strong O–H� � �N hydrogen bonding
interactions (O4–H4� � �N1, 2.678(2) Å, 179�; O5–H5� � � N2,
2.646(2) Å, 164�) between the Tröger base and the resolv-
ing agent. The configuration of (�)-1 was determined
relative to the chiral acid (R,R)-(�)-2 used, as (5R,11R).12
3. Conclusion

In conclusion, we have developed a convenient method to
readily access racemic Tröger base and devised a method
for the resolution of the racemic Tröger base by using the
(S,S)-(+)-1

(R,R)-(-)-1

41% ee
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after crystallization
(R,R)-(-)-1
98% ee
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2

e (mL) Tröger’s base 1 obtained from

Precipitate Filtrate

% eea/conf. Yieldb (%) % eea/conf. Yieldb (%)

81 (R,R) 32 28 (S,S) 64
86 (R,R) 34 18 (S,S) 64

>98c (R,R) 31 39 (S,S) 62
99c (S,S) 42 6 (R,R) 56
98c (R,R) 39 41 (S,S) 58
99c (S,S) 62 12 (R,R) 45

RALCEL OJ-H column.18

.



Figure 2. ORTEP representation of the crystal structure of complex 3 [(�)-1Æ(�)-2]. (Thermal ellipsoids are drawn at 35% probability and all the hydrogen
atoms are unlabelled for clarity.)

Figure 3. Packing diagram of complex 3 [(�)-1Æ(�)-2], indicating the
strong O–H� � �N hydrogen bonding interactions.
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readily available and recoverable dibenzoyl-LL-tartaric acid.
In recent years, this interesting chiral molecule has been
used as a ligand in asymmetric catalysis,13 as a chiral sol-
vating agent12 and in molecular replication studies.14 Fur-
thermore, it has been used to design hosts in the
molecular recognition phenomenon,15 biomimetic sys-
tems16 and chiral molecular tweezers.17 The enantiomers
of the Tröger base are commercially available but some-
what expensive. However, the enantiopure Tröger base
can now be easily accessed via the method described herein,
and has considerable potential for further exploitation.
4. Experimental

4.1. Preparation of racemic Tröger’s base 1

To a solution of 4-toluidine (1.07 g, 10 mmol) and parafor-
maldehyde (0.60 g, 20 mmol) in CH2Cl2 (40 mL) was added
TiCl4 (10 mmol) under a N2 atmosphere. The reaction mix-
ture was allowed to stir for 12 h at 25 �C and quenched
with saturated K2CO3 solution (10 mL). The reaction mix-
ture was extracted in CH2Cl2 (50 mL) and the combined
organic extracts were successively washed with water, brine
solution and dried over anhydrous Na2SO4. After removal
of the solvent, the residue was subjected to chromatogra-
phy on alumina (basic) column using 10% ethyl acetate in
hexane to elute the desired Tröger base 1, yield: 790 mg
(63%); mp 135–137 �C (lit.8 mp 135–136); IR (KBr):
3150, 1493, 1431, 1325, 1207, 1095, 960, 896, 829 cm�1;
1H NMR (CDCl3) d 7.02 (d, 2H, J = 8.2 Hz), 6.95 (d,
2H, J = 8.1 Hz), 6.70 (s, 1H), 4.64 (d, 2H, J = 16.6 Hz),
4.30 (s, 2H), 4.10 (d, 2H, J = 16.6 Hz), 2.21 (s, 6H); 13C
NMR (CDCl3) d 145.4, 133.3, 128.0, 127.4, 127.2, 124.7,
67.0, 58.6, 20.7. A similar experimental procedure was also
followed using other Lewis acids (Table 1).

4.2. Resolution of Tröger’s base 1 using dibenzoyl-LL-tartaric
acid

The dibenzoyl-LL-(+)-tartaric acid (5.37 g, 15 mmol) and
racemic Tröger base 1 (1.25 g, 5 mmol) were taken in ace-
tone (15 mL) and the contents stirred at 25 �C for 12 h.
The precipitate was collected and suspended in a mixture
of CH2Cl2 (20 mL) and 2 M Na2CO3 and stirred until the
dissolution occurred. The organic layer was separated
and the aqueous layer extracted with CH2Cl2 (2 · 15
mL). The combined organic extracts were washed with
brine (10 mL), dried over anhydrous Na2SO4 and evapo-
rated to obtain the product (R,R)-1 enantiomer (0.485g,
39% yield, 91% ee). The filtrate was concentrated and the
residue was treated as outlined above to obtain the (S,S)-
1 enantiomer (0.725g, 58% yield, 41% ee). The (R,R)-1 iso-
mer (91% ee) was recrystallized from an acetone and hex-
ane mixture to obtain a sample of 98% ee ½a�25

D ¼ �301
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(c 0.22, hexane), lit.12 ½a�25
D ¼ �307 (c 0.31, hexane). The

(S,S)-1 isomer with 41% ee was further enriched by repeat-
ing the resolution experiment using dibenzoyl-DD-tartaric
acid to obtain the sample of 99% ee. ½a�25

D ¼ þ279 (c 0.22,
hexane), lit.12 ½a�25

D ¼ þ287� 7 (c 0.281, hexane). The
samples were also analyzed by HPLC using a chiral column
to assess the enantiomeric purities.18
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