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Abstract—It was discovered that bis-methylation of methano-Tröger base is smooth in pure dimethylsulfate, providing new, configura-
tionally stable, bis-methylate 3a. Mono- and bis-methylates 2b and 3b of ethano-Tröger base were synthesized. The crystal structures of
racemic ethano-Tröger base and of its enantiopure methiodide (+)-(5R,11R)-2b benzene clathrate are also reported.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

The crystal structure of the racemic Tröger’s base 1a (TB)
methiodide 2a dioxane clathrate was reported by Vögtle
et al. as a new promising chiral inclusion host.1 However,
easy racemization of this compound through a ring-opened
iminium intermediate2 is an obstacle for its intended use.
However, the synthesis of configurationally stable eth-
ano-TB (2,8-dimethyl-6H,12H-5,11-(1,2-ethano)dibenzo
[b,f][1,5]diazocine) 1b3 opened up new possibilities in the
chemistry of these bicyclic molecules. Thus, quaternary
ammonium salts of the types 2b and 3b will have a much
higher configurational stability, due to the fact that the
aforementioned racemization mechanism will not be possi-
ble. Another opportunity to enhance the configurational
stability of the chiral TB-derived cationic species is bis-
alkylation of the parent compound 1a to produce structure
3a. Enantiopure ammonium salts are necessary for differ-
ent enantioselective applications, such as the preparation
of inclusion complexes,4 ion exchangers,5 ionic liquids6 or
phase transfer catalysts.7 Achiral quaternary diammonium
cations similar to 3a and 3b are efficient DNA compaction
reagents.8
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2. Results and discussion

It has been stated previously that bis-alkylation of TB 1a is
not possible.1 Therefore, we attempted to methylate 1a and
1b in dimethylsulfate—a strongly polar solvent with a high
alkylating power.

We have discovered that bis-methylation of parent 1a is
smooth in pure dimethylsulfate, yielding N,N 0-dimethyl
bis-methylsulfate 3a.9 The structure of the C2-symmetric
cation 3a in solution was unequivocally proven by NMR
spectroscopic data, including NOESY and C–H correla-
tion. Such an ion is stabilized with respect to racemization,
and its signals in the 1H NMR spectrum were doubled in
the presence of chiral 2,2 0-dihydroxy-1,1 0-binaphthyl
(BINOL).9

We have reproduced the synthesis and enantioresolution of
1b, according to published procedures,3 and synthesized its
enantiopure methiodide (+)-2b from (+)-1b and methyl io-
dide.9 The reaction of (�)-1b with dimethylsulfate yielded
bis-methylate (�)-3b.9 We herein report the crystal struc-
tures of the free base (±)-1b and of the methiodide (+)-
2b (inclusion compound with benzene) (see Table 1 for
crystallographic data).10

In the crystal structure of the racemic compound 1b the
molecule has a non-crystallographic C2-symmetry with
the twin-twist chair conformation, previously found for
similar ring systems.11 A peculiarity of the molecular
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Table 1. Crystal data and structure refinement parameters for (±)-1b and
(+)-2b

Compound

(±)-1b (+)-2b

Empirical formula C18H20N2 C25H29IN2

Formula weight 264.36 484.40
Crystal colour, habit colourless prism yellow prism
Temperature (K) 120(1) 120(1)
Crystal system Monoclinic Monoclinic
Space group P21/c P21

a (Å) 11.610(3) 8.853(2)
b (Å) 13.891(4) 25.596(6)
c (Å) 8.6705(18) 10.737(3)
b (�) 91.422(16) 114.322(5)
V (Å3) 1397.8(6) 2217.0(10)
Z(Z 0) 4(1) 4(2)
F(000) 568 984
Dcalc (g cm�1) 1.256 1.451
Linear absorption, l (cm�1) 0.74 14.57
Scan type x x
h Range (�) 2.20–28.0 2.22–29.00
Flack parameter — 0.01(2)
Reflections measured 6477 24240
Independent reflections 3264 [0.0538] 11406 [0.0538]
Observed reflections [I > 2r(I)] 2206 9407
Parameters 261 512
Final R(Fhkl):R1 0.0552 0.0550
wR2 0.1261 0.1335
GOF 1.032 1.0590
Dqmax, Dqmin (e Å�3) 0.282; �0.319 0.848, �0.666
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Figure 1. The molecular structure of (±)-1b in the crystal.

Figure 2. The molecular structure of (+)-(5R,11R)-2b in the crystal.
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structure is the larger angle between the axes of the lone
electron pairs of the N atoms in comparison to the parent
1a (106� in 1a and 151� in 1b). The dihedral angle between
the RMS planes of the aromatic rings was equal to 89�,
while the dihedral angle D(N(1)C(19)C(20)N(10)) in the
ethylene bridge was equal to 38� (Fig. 1).

The crystal structure of methiodide (+)-2b (inclusion com-
pound with C6H6) is characterized by two independent
molecules of the salt and of the solvent. The conformation
of the molecules is similar to that of 1b, with dihedral an-
gles between the planes of the aromatic rings equal to 75�
and 72�, the dihedral angle D(N(1)C(19)C(20)N(9)) in the
ethylene bridge equal to �49.7�. Refinement of the Flack
parameter yielded (+)-(5R,11R) absolute configuration
(AC) of the molecules (Fig. 2). The scheme of crystal pack-
ing of the inclusion compound is shown in Figure 3.
The CD spectrum of (�)-1b (Fig. 4) was used previously to
assign the AC based on its ‘similarity’ with the CD spec-
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Scheme 1. Desmethylation of (�)-2b.

Figure 5. CD spectra changes during the reaction of desmethylation of
(�)-2b in DMF at 100 �C.

Figure 3. Crystal packing in the inclusion compound of (+)-(5R,11R)-2b with C6H6.

Figure 4. The CD-spectra of (�)-1b (MeCN), (�)-2b (MeOH), (�)-3b

(H2O).
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trum of (�)-(5R,11R)-1a.3 However, according to the X-
ray structure determination, the AC of methiodide 2b is
(+)-(5R,11R), and therefore, by chemical correlation, (�)-
1b is (5S,11S). Moreover, the long-wavelength band in
the CD spectrum of (�)-1b is negative, whereas for (�)-
1a it is positive,12 meaning that there is no real similarity
in their CD spectra. The CD spectra of 2b and 3b
(Fig. 4) at room temperature are shown to illustrate their
configurational stability.

There are examples in the literature of epimerizations of
benzylic ammonium salts on heating.13 We heated com-
pound (�)-2b in DMF at 100 �C to study its possible race-
mization. To our surprise, we obtained desmethylated free
base (�)-1b (quantitative isolated yield, identity proven by
NMR and CD) with retention of (5S,11S) configuration
(Scheme 1). In Figure 5 the change in the CD spectrum
of the reaction mixture with time is depicted. The appear-
ance of the isosbestic point at 285 nm shows that racemiza-
tion does not occur. A similar desmethylation was
observed in MeCN and BuiOH, and probably occurs due
to equilibration to methyl iodide and free base. Similarly,
we observed smooth desmethylation of 3a to 2a [3 h in
DMSO at 120 �C, quantitative yield (NMR)], and of 3b
to 2b (90% yield under the same conditions). We observed
MeOH signals in the reaction mixtures and a significant
downfield shift of a residual water signal, probably due
to the liberation of the acid. Thus, our compounds might
serve as mild chiral methylating reagents.
3. Conclusion

In conclusion, we have obtained several synthetic chiral
configurationally stable ammonium salts, which might be
used for different enantioselective applications.
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