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Tris(2-((pyrid-2-ylmethyl)uredio)ethyl)amine (2) and its perchlorate salt, 2‚HClO4, bind with Li+

in nitromethane in a 1:1 fashion. The stability constants of K(Li+) and KH(Li+) were found to be
112 ( 25 and 130 ( 30 M-1 in CD3NO2, respectively. Formation of the 1:1 complexes were further
evidenced by electrospray ionization mass spectrometry (ESI-MS). The slight increase, or at least
the same order of magnitude, of KH(Li+) compared to K(Li+) points to a remarkable preorganization
of the protonated podand in 2‚HClO4, that essentially overcomes the increased Columbic repulsion
occurring on complexation to Li+.

Because of the actual and potential applications of Li+

in science, medicine, and technology, there is growing
interest in designing artificial lithium ionophores.1 Since
Li+ is a typical hard Lewis acid, Li+ complexation would
be predominately controlled by electrostatic interactions
if hard donors such as O- or N-donor ligands are involved.
Our current interest is to design various kinds of host
that bind guest molecules or ions cooperatively through
electrostatic interactions. The proton-sensitive lithium
hosts are of particular interest because their binding
behavior is controlled by the acidity of the environment.
Podand 1 intrigues several organic research teams
because of its ability in binding with a variety of cations
as well as anions.2-11 Since ureas and cyclic derivatives
thereof are known to possess powerful ligating abilities

that are due primarily to their highly polarized carbonyl
groups, macrocycles and podands incorporating ureas as
the ligands have been extensively studied. However,
ureas as ligands have still received much less atten-
tion2-11,13-32 compared to their polyoxa, polyoxo, and
polyaza congeners. In our study, we are interested in
using podand 1 as a host for Li+. This type of podand
has been developed as a host for K+ and Na+ binding.3
According to the results of previous studies,10,18,26 we
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believe that protonation at the locus would establish an
electrostatic attraction, gathering the dipolar sidearms
together to form a new cavity for binding. To form a
cavity for Li+ cation, we introduce a pyridyl ligand on
each of the sidearms. It has been known that pyridine-
containing macrocycles are good hosts for Li+ complex-
ation.33,34 In this paper, we report an interesting proton-
lithium binding behavior of 2.

To examine the aforementioned design, podands 2 and
3 and a model of the sidearm 435 were prepared through
two-step thiocarbamate synthetic sequences (Scheme 1).36

Single crystal X-ray crystallographic analysis clearly
demonstrated that 3 possesses an extended conformation
in the crystal lattice with the dipolar groups pointing
away from the axial nitrogen (Figure 1). The distances
between the axial nitrogen N(1) and the carbonyl oxygen
atoms O(1), O(2), and O(3) are 4.591 (54), 4.953 (37), and
3.431 (41) Å, respectively. This conformation is particu-
larly favored because the offending lone-pair dipole
repulsion could be reduced. A three-dimensional network
of 3 through intramolecular and intermolecular hydrogen
bonds is formed in the crystal lattice. As shown in Figure
1, the carbonyl oxygen O(1) is hydrogen-bonded to N(5′)H
with a distance of 2.062 (3) Å. In addition, O(3) is

hydrogen-bonded asymmetrically to N(2)H and N(3)H
with a distance of 2.025 (3) and 2.558 (12), respectively.
Furthermore, the third set of hydrogen bond between
N(6")H and O(2′) with a distance of 1.953 (3) Å is
observed. Hydrogen bonds between the ureyleno groups
and H2O in the crystal lattice have also been evidenced.

In contrast, 3‚HClO4 possesses a contracted form with
the axial proton being closely surrounded by the ureyleno
groups (Figure 2). A propeller-like arrangement for the
sidearms is shown in Figure 2b when viewed down the
“C3” axis. Relatively short distances between the axial
nitrogen N(3) and the carbonyl oxygen atoms O(1), O(2),
and O(3) are obtained with distances of 3.312 (7), 4.326
(7), and 2.677 (5) Å, respectively. This conformation with
shorter NLO distances optimizes the cation-dipole at-
tractions between the central positive charge and the
dipolar sidearms. Unlike the cases of tripodal proton-

(23) Shi, Z.; Thummel, R. P. J. Org. Chem. 1995, 60, 5935.
(24) Molina, P.; Alajarı́n, M.; Sánchez-Andrada P. Tetrahedron Lett.

1995, 36, 9405.
(25) Bryant, J. A.; Ho, S. P.; Knobler. C. B.; Cram, D. J. J. Am.

Chem. Soc. 1990, 112, 5837.
(26) Potvin, P. G.; Wong, M. H. Can. J. Chem. 1988, 66, 2914.
(27) Smeets, J. W. H.; Sijbesma, R. P.; van Dalen, L.; Spek, A. L.;

Smeets, W. J. J.; Nolte, R. J. M. J. Org. Chem. 1989, 54, 3710.
(28) Cram, D. J. Angew. Chem., Int. Ed. Engl. 1986, 25, 1039 and

references therein.
(29) (a) Htay, M. M.; Meth-Cohn, O. Tetrahedron Lett. 1976, 79. (b)

Htay, M. M.; Meth-Cohn, O. Tetrahedron Lett. 1976, 469.
(30) Al-Sayah, M. H.; Branda, N. R. Angew. Chem., Int. Ed. 2000,

39, 945.
(31) Nishizawa, S.; Shigemor, K.; Teramae, N. Chem. Lett. 2999,

1185.
(32) For recent related reviews, see: (A) Schmidychen, F. P.; Berger,

M. Chem. Rev. 1997, 97, 1609. (b) Conn. M. M.; Rebek, J., Jr. Chem.
Rev. 1997, 97, 1647. (c) Linton, B.; Hamilton, A. D. Chem. Rev. 1997,
97, 1669. (d) Ikeda, A.; Shinkai, S. Chem. Rev. 1997, 97, 1713.

(33) (a) Takemura, H.; Osada, S.; Shinmyozu, T.; Inazu, T. J. Chem.
Soc., Perkin Trans. 1 1996, 277. (b) Takemura, H.; Shinmyozu, T.;
Inazu, T. J. Am. Chem. Soc. 1991, 113, 1323.

(34) Ogawa, S.; Tsuchiya, S. Chem. Lett. 1996, 709.
(35) Estep, K. G.; Neipp, C. E.; Stephens Stramiello, L. M.; Adam,

M. D.; Allen, M. P.; Robinson, S.; Roskamp, E. J. J. Org. Chem. 1998,
63, 5300.

(36) Leung, M.-k; Lai, J.-L.; Lau, H.-H.; Yu, H.-h; Hsiao, H.-J J.
Org. Chem. 1996, 61, 4175.

Scheme 1

Figure 1. ORTEP drawing of podand 3.
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metal co-complexes reported in the literature,10,11 the
axial proton in this case is not symmetically trifurcated
with the CdO groups. Examination of the crystal struc-
ture revealed that a hydrogen-bonded dimeric pair of 3‚
H+ is formed in the crystal lattice. The ureyleno oxygen
O(1) on the first sidearm is hydrogen-bonded to N(4)H
with a distance of 1.991 (3) Å while O(6) of perchlorate
ions are hydrogen bonded to N(1′)H and N(5)H with a
distance of 2.475 (4) and 2.398 (4) Å, respectively. On the
other hand, intermolecular hydrogen bonds are formed
between O(2) and N(6′)H and N(7′)H with a distance of
2.040 (3) and 2.338 (3) Å. Finally, a relatively strong
intramolecular hydrogen bond is observed between O(3′)
and the axial proton N(3′)H with a short distance of 1.813
(2) Å. Hydrogen-bond arrays derived from urea functional
groups have been discussed extensively in recent litera-
ture.37

Although 1H and 7Li NMR are commonly used as tools
for complexation study,38 13C NMR spectroscopy is adapted
in our experiments because it could provide more struc-
tural information about the complexes. The unambiguous
assignments for the 13C signals of 2, 2‚HClO4, and 4 were
achieved on the basis of their 2D-COSY, HMBC, and
HMQC spectra. To reduce the interference arising from
LiClO4 ion-pair formation39 as well as hydrogen-bonded
aggregation,40 dilute solutions of 2, 2‚HClO4, and 4 (about
0.02 M) in CD3NO2 were used in the titration experi-
ments. The results of the titration of 4 by gradually
addition of LiClO4 indicated that 4 favors to bind Li+ ion
in a 1:1 fashion (Figure 3, curve a). During the titration,
the δ value of the carbonyl carbon was gradually shifted
toward downfield region while the δ values of the pyridyl
carbons were gradually shifted either toward upfield or
downfield regions (Table 1). Limiting chemical shifts were
reached at 1:1 4/Li+ mole-ratio. It is noteworthy to
mention that signals of the alkyl portion remain almost
unchanged (less than 0.5 ppm) during titration. These
observations suggest a 1:1 4/Li+ complex formation with
the Li+ ion coincidentally binds with the pyridyl and the
carbonyl groups.

Significant changes in the chemical shifts of 2‚HClO4

were also observed on addition of Li+ (Table 2). The Job

(37) MacDonald, J. C.; Whitesides, G. M. Chem. Rev. 1994, 94, 2383.

(38) (a) Cahen, Y. M.; Dye, J. L.; Popov, A. I. J. Phys. Chem. 1975,
79, 1289, 1292. (b) Gerhard, A.; Cobranchi, D. P.; Garland, B. A.;
Highley, A. M.; Huang, Y. H.; Konya, G.; Zahl, A.; van Eldik, R.;
Petrucci, S.; Eyring, E. M. J. Phys. Chem. 1994, 98, 7923.

Figure 2. ORTEP drawings of the protonated podand 3 (3‚
HClO4): (a) side view; (b) top view along the C3 axis.

Figure 3. Titration curves of 2 (2, curve b), 2‚HClO4 (9, curve
c), and 4 (b, curve a) with LiClO4 at 24.0 °C. The concentra-
tions of 2, 2‚HClO4, and 4 were kept at (2.1 ( 0.1) × 10-2 M.

Table 1. Lithium Complexation Induced 13C NMR
Upfield and Downfield Shifts of 4

∆δ (ppm)

Li+/4 C6 C4 C10 C8 C9 C7 C5 C3 C2 C1

0.23 -0.32 0.81 0.11 0.83 0.55 1.02 -0.05 0.06 -0.17 -0.04
0.57 -0.46 1.42 0.21 1.54 1.03 1.87 -0.03 0.08 -0.28 -0.07
0.95 -0.62 1.89 0.28 2.18 1.40 2.67 0.01 0.13 -0.41 -0.12
1.90 -0.72 1.90 0.26 2.28 1.43 2.76 -0.18 0.14 -0.46 -0.14
2.91 -0.66 1.94 0.30 2.28 1.45 2.75 -0.13 0.13 -0.43 -0.14
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plot41 using a resonance of the carbonyl carbon for
complexation between 2‚HClO4 and Li+ has a maximum
at mole fraction of 0.5 indicative of formation of a 1:1
complex 5 (Figure 4). A nonlinear least-squares analysis
of the 13C NMR titration curve (Figure 3, curve c) gave
the stability constant, KH(Li+) of 130 ( 30 M-1 in CD3-
NO2. The infinite complexation-induced shift (CIS) value
calculated is 1.6 ( 0.1 ppm.

In comparison to the binding behavior of 2‚HClO4,
podand 2 shows a similar trend in the titration (Figure
3, curve b), indicating the formation of a 1:1 complex 6.
The possibility of accommodating the Li+ in the inner
cavity was eliminated because the chemical shifts of the
-CH2CH2- groups remains almost unchanged (less than
0.4 ppm) during titration, in comparison to the large CIS
of the carbonyl carbon as well as the pyridyl carbons
(Table 3). A nonlinear least-squares analysis of the 13C
NMR titration curve (Figure 3, curve b) gave the stability
constant, K(Li+), of 112 ( 25 M-1 in CD3NO2. The infinite
CIS value calculated for the carbonyl carbon is 2.1 ( 0.1
ppm.

The slight increase, or at least the same order of
magnitude, of KH(Li+) compared to K(Li+) points to a
remarkable preorganization of the protonated podand in
2‚HClO4, that essentially overcomes the increased Colum-
bic repulsion occurring on complexation to Li+.10,18,26,42,43

More interesting is the fact that the Job plot (Figure 4)
for the formation of 6 has a maximum slightly deviated
from the mole fraction of 0.5 indicative of formation of
higher complexes. One of the possible explanations for
this observation is that the weak strength complex 6
partially disintegrates in the presence of large excess of
Li+ to form higher complexes at the later stage of the
Job-plot experiment. In contrast, prealigned and held by
the extra attractions between the central ammonium
group and the ureyleno sidearms, complex 5 is relatively
stable and the integrity of the complex could be main-
tained even in the presence of excess amounts of Li+.
Moreover, the higher Columbic repulsion arising from the
doubly charged 5 would also prevent it from binding with
additional Li+.

(39) According to the literature, less than 10% of LiClO4 contact ion-
pair would be formed under our conditions. For references see: (a)
Cahen, Y. M.; Handy, P. R.; Roach, E. T.; Popov, A. I. J. Phys. Chem.
1975, 79, 80. (b) Berman, H. A.; Stengle, T. R. J. Phys. Chem. 1975,
79, 1001.

(40) Within our dilute concentration range, the pattern of the 1H
NMR spectra is concentration independent, indicating that the pos-
sibility of intermolecular hydrogen-bonding aggregate formation has
been eliminated.

(41) Homer J.; Perry, M. C. J. Chem., Soc., Faraday Trans. 1 1986,
82, 533.

Table 2. Lithium Complexation Induced 13C NMR
Upfield and Downfield Shifts of 2‚HClO4

∆δ (ppm)

Li+/2‚H+ C3 C5 C9 C7 C8 C6 C1 C4 C2

0.07 0.09 -0.06 0.01 0.10 0.07 0.10 0.02 0.02 -0.01
0.30 0.23 -0.21 -0.01 0.31 0.20 0.30 0.20 0.08 -0.03
0.35 0.35 -0.22 0.10 0.33 0.24 0.39 0.11 0.14 0.00
0.70 0.68 -0.35 0.27 0.61 0.46 0.81 0.29 0.29 -0.02
0.83 0.81 -0.46 0.31 0.80 0.58 1.01 0.53 0.39 0.00
1.15 1.06 -0.52 0.51 1.02 0.76 1.36 0.74 0.53 -0.02
1.59 1.20 -0.65 0.52 1.32 0.95 1.72 0.79 0.54 0.05
2.37 1.35 -0.77 0.55 1.62 1.14 2.05 0.77 0.54 0.11
2.35 1.31 -0.71 0.62 1.50 1.07 1.97 0.61 0.52 0.17
3.52 1.45 -0.81 0.69 1.78 1.21 2.20 0.65 0.44 0.14

Figure 4. Job plot of 2‚HClO4 (•) and 2 ([) with LiClO4 at
21.0 °C in CD3NO2, using the chemical shift of the CdO carbon
as an index for complexation. The total concentration of 2‚
HClO4 is (2.0 ( 0.1) × 10-2 M. The total concentration of 2 is
(1.9 ( 0.1) × 10-2 M.

Table 3. Lithium Complexation Induced 13C NMR
Upfield and Downfield Shifts of 2

∆δ (ppm)

Li+/2 C5 C3 C9 C7 C6 C8 C1a C4 C2a

0.27 -0.45 0.42 0.10 0.39 0.30 0.41 -0.18 0.17 0.09
0.29 -0.43 0.40 0.12 0.39 0.30 0.43 -0.08 0.31 0.15
0.49 -0.70 0.71 0.18 0.67 0.52 0.75 -0.20 0.30 0.26
0.51 -0.70 0.63 0.15 0.66 0.49 0.71 -0.24 0.21 0.08
0.73 -0.92 0.91 0.24 0.92 0.70 1.03 -0.30 0.36 0.38
0.73 -0.92 0.85 0.16 0.92 0.68 1.00 -0.30 0.18 0.29
0.96 -0.97 1.05 0.30 1.23 0.91 1.39 0.42 0.35
1.02 -1.02 1.01 0.27 1.25 0.91 1.40 0.35 -0.01
1.47 -1.15 1.24 0.31 1.62 1.16 1.78 0.38 0.02
1.60 -1.11 1.36 0.36 1.63 1.24 2.01 0.48 0.35
1.97 -1.18 1.50 0.39 1.89 1.34 2.20 0.47
2.53 -1.30 1.63 0.43 2.02 1.42 2.35 0.46
2.98 -1.47 1.78 0.48 2.14 1.50 2.50 0.39

a Due to the line-broadening effect, the chemical shift could not
be further followed.
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The Li+ complexation behavior of 2 and 2‚HClO4 was
also evaluated by electrospray ionization mass spectro-
scopy (ESI-MS).44 Although mass spectrometry only
reflects the properties of gas-phase species, it has been
known that the correlation between gas phase and
solution is often good for ESI-MS.45 Under the conditions
we selected for our experiments, the concentration de-
pendent complexation behavior could be clearly observed.
According to the spectrum of a 1:1 2/LiClO4 solution,
formation of [2‚Li]+ is clearly demonstrated on the basis
of the peak at m/z ) 555 (100). When the stoichiometry
of Li+/2 increased from a ratio of 1:1 to 3:1, the relative
signal intensity at m/z ) 661 for [2 + Li + LiClO4]+

increased from 1% to 12%. This result is consistent with
the proposal of higher complex formation in the presence
of excess lithium ions.

In comparison, the spectrum of a 1:1 2‚HClO4/LiClO4

solution is more complicated and shows a strong peak at
m/z ) [2‚H]+ (77) along with a base peak at m/z ) [2‚
Li]+. When the stoichiometry of Li+/2‚HClO4 increased
from a ratio of 1:1 to 3:1, the relative signal intensity for
[2‚H]+ decreased from 77% to 9% while the signal for [2‚
Li]+ remains as the base peak. Probably due to the
relatively lower stability of [2‚Li‚H]2+ in gas phase and
further fragmentation may occur in the ionization pro-
cess, the signal for [2 + Li + HClO4]+ (about 20%) is not
the most intense as expected. Nevertheless, the formation
of [2‚Li‚H]2+ is undoubtedly evidenced. Indeed further
investigation of the fragmentation behavior of [2 + Li +
HClO4]+ byproduct-ion mass spectrometry (PIMS) re-
vealed that [2 + Li + HClO4]+ fragments exclusively to
give [2‚Li]+ in the MS. Furthermore, the constant inten-
sity-ratio of [2‚Li]+/[2 + Li + HClO4]+ in the MS,
independent of the original stoichiometry of Li+/2‚HClO4,
clearly explains the origin of [2‚Li]+. Since the complex
of [2‚Li‚H]2+ would be favorably formed in nitromethane-
d3 but not in the gas phase, we tentatively suggest the
necessity of a polar environment that is essential for the
stabilization of the doubly charged [2‚Li‚H]2+ complex.
Again, significant amounts of higher complexes such as
[2 + H + 2LiClO4]+ were also observed in the presence
of excess lithium ions in the ESI-MS.

In summary, our note reports unusual lithium com-
plexation of 2 to give 2‚Li+ in nitromethane. Since the
columbic repulsion between the proton and lithium ion
is partially compensated by the ion-dipole interactions,
along with an entropically favored cavity-preorganiza-
tion, the [2‚Li‚H]2+ complex could also be formed ef-
fectively in solution.

Experimental Section

Materials. Amines were commercially available and used
as received. S,S-Dimethyl dithiocarbonate (DMDTC) was
prepared according to the procedures reported literatures.36

Tris(2-((pyrid-2-ylmethyl)uredio)ethyl)amine (2). To a
solution of 2-aminomethylpyridine (21.0 g, 195 mmol) and

1,1,1,3,3,3-hexamethyldisilazane (32.4 g, 201 mmol) in THF
(125 mL) at -78 °C was added n-BuLi (248 mL, 1.6 M in
hexane, 400 mmol) under N2. After addition, the solution was
stirred at -78 °C for 0.5 h, followed by addition of a solution
of DMDTC (23.8 g, 195 mmol) in THF (35 mL). The solution
was then allowed to warmed gradually to room temperature
and further reacted for 17 h. The reaction was quenched by
pouring into ice-water. The crude product was extracted with
CHCl3 for three times, washed with brine, dried over anhy-
drous MgSO4, concentrated under reduced pressure to provide
crude solid. The crude solid was purified through a silica gel
column, using a mixture of MeOH and CH2Cl2 (1:20) as the
eluent to afford S-methyl (N-pyrid-2-ylmethyl)thiocarbamate
as colorless crystals (9.8 g, 54 mmol, 28%): mp 100-101 °C;
1H NMR (300 MHz, CDCl3) δ 8.47 (d, J ) 4.5 Hz, 1H), 7.60
(m, 1H), 7.42 (bs, 1H), 7.24 (m, 1H), 7.13 (m, 1H), 4.52 (d, J )
5.4 Hz, 2H), 2.29 (s, 3H); 13C NMR (75 MHz, d6-DMSO) 166.8,
158.2, 148.9, 136.7, 122.2, 120.9, 45.9, 11.6; IR (KBr) cm-1

3165, 2929, 1672; MS (EI, 20 eV) m/z 183 (M+ + H, 22). Anal.
Calcd for C8H10N2OS: C, 52.75; H, 5.49; N 15.38. Found: C,
52.64; H, 5.52; N 15.38.

To a solution of S-methyl (N-pyrid-2-ylmethyl)thiocarbam-
ate (8.0 g, 44 mmol) in MeOH (96 mL) was added tris(2-
aminoethyl)amine (1.84 g, 12.4 mmol). The reaction mixture
was heated at reflux temperature for 48 h and then concen-
trated under reduced pressure to provide a crude solid. The
crude solid was washed with EtOAc and further purified by
recrystallization from nitromethane to afford 2 as a colorless
solid (6.48 g, 11.8 mmol, 94%). Noteworthy to mention is that
recrystallization of 2 from nitromethane gives colorless a gel-
like solid that holds up certain amounts of solvent. Removal
of the solvent under vacuum affords a slightly hygroscopic
rock-like solid. Therefore, samples prepared for NMR mea-
surements have to be dried under vacuum at 70 °C for 24 h
before use: mp 210-211 °C; 1H NMR (200 MHz, d6-DMSO) δ
8.45 (d, J ) 3.7 Hz, 3H), 7.69 (m, 3H), 7.19-7.26 (m, 6H), 6.56
(bt, 3H), 5.94 (bt, 3H), 4.28 (d, J ) 5.4 Hz, 6H), 3.08 (m, 6H),
2.49 (m, 6H); 13C NMR (100 MHz, CD3NO2) δ 158.7, 158.4 (Cd
O), 148.0, 135.9, 121.1, 120.5, 53.8, 44.1, 37.3; IR (KBr) cm-1

3331, 1628, 1585; FAB (NBA) 549.3 (M+ + H). Anal. Calcd for
C27H36N10O3: C, 59.11; H, 6.61; N, 25.53. Found: C, 57.74; H,
6.73; N, 24.95.

Tris((2-(pyrid-2-ylmethyl)uredio)ethyl)amine Hydro-
gen Perchlorate (2‚HClO4). To a solution of 2 (1 g, 1.82
mmol) in MeOH (26 mL) was added HClO4 (70%, 11.2 M, 0.163
mL, 0.27 g). After the mixture was stirred overnight, MeOH
was removed under reduced pressure to provide a glassy solid.
We conclude that protonation occurs on the central tertiary
amine on the basis of the significant ∆δ of the ethano groups
before and after protonation. Since the compound is slightly
hygroscopic, samples prepared for NMR measurements were
dried under vacuum at 70 °C for 24 h before use: 1H NMR
(300 MHz, DMSO) δ 8.46 (d, J ) 3.6 Hz, 3H), 7.72 (t, J ) 7.8
Hz, 3H), 7.21-7.23 (m, 6H), 6.83 (bt, 3H), 6.46 (bt, 3H), 4.31
(d, J ) 5.7 Hz, 6H), 3.35 (m, 6H), 3.22 (m, 6H); 13C NMR (100
MHz, CD3NO2) δ 158.8 (CdO), 157.7, 147.7, 136.5, 121.5,
121.0, 55.1, 44.0, 35.2. FAB (NBA) 549.3 (M+ + H).

Tris(2-(methyluredio)ethyl)amine (3). To a solution of
tris(2-aminoethyl)amine (3.2 g, 22 mmol) and 1,1,1,3,3,3-
hexamethyldisilazane (10.6 g, 66 mmol) in THF (70 mL) at
-78 °C was added n-BuLi (81 mL, 1.6 M in hexane, 130 mmol)
under N2. After addition, the solution was stirred at -78 °C
for 0.5 h, followed by addition of a solution of DMDTC (8.1 g,
66 mmol) in THF (20 mL). The solution was then allowed to
react at room temperature for 6 h. The reaction was quenched
by pouring it into ice-water. The crude product was extracted
with CH2Cl2, washed with brine, dried over anhydrous MgSO4,
and concentrated under reduced pressure to provide crude
solid. The crude solid was purified through a silica gel column,
using a mixture of MeOH and CH2Cl2 (1:10) as the eluent to
afford tris(2-(methylthiocarbonylamino)ethyl)amine (TMT-
CEA) as colorless crystals (4.0 g, 50%): mp 116-118 °C; 1H
NMR (300 MHz, CDCl3) δ 6.37(s, 3H), 3.30-3.33 (m, 6H),
2.53-2.55 (m, 6H), 2.35 (s, 9H); 13C NMR (75 MHz, CDCl3) δ
168.8, 54.04, 39.2, 12.5; IR (KBr) cm-1 3263, 1651, 1637; MS

(42) Lambert, T. N.; Dasaradhi, L., Huber, V. J.; Gopalan, A. S. J.
Org. Chem. 1999, 64, 6097.

(43) For examples of preorganication effects, see: (a) Zimmerman,
S. C.; Mrksich, M.; Baloga, M. J. Am. Chem. Soc. 1989, 111, 8528-
8530. (b) Cram. D. J.; Trueblood, K. N. In Host-Guest Chemistry,
Macrocycles; Vogtle, F., Weber, E., Eds.; Springer-Verlag: New York,
1985; pp 125-188

(44) Cole, R. B. Electrospray Ionization Mass Spectrometry; Wiley:
New York, 1997,

(45) For example, see Schalley, C. A.; Rivera, J. M.; Martin, T.;
Santamaria, J.; Siuzdak, G.; Rebek, J., Jr. Eur. J. Org. Chem. 1999,
1325.
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FAB (NBA) 369 (M+ + H). Anal. Calcd for C4H24N4O3S3: C,
39.10; H, 6.56; N, 15.20. Found: C, 38.98; H, 6.56; N, 15.21.

To a solution of TMTCEA (280 mg, 0.76 mmol) in MeOH (5
mL) was added methylamine (2 M in MeOH, 2 mL, 4 mmol).
The solution was allowed to heat at reflux temperature for 12
h. The reaction mixture was then concentrated under reduced
pressure to provide a crude solid. The crude solid was purified
by recrystallization, using MeOH-CH2Cl2 as a solvent to
afford 3 as colorless crystals (209 mg, 0.66 mmol, 87%): mp
191-193 °C; 1H NMR (200 MHz, D2O) δ 2.99 (t, J ) 6 Hz, 6
H), 2.46 (s, 9H), 2.42 (t, J ) 6 Hz, 6 H); 13C NMR (100 MHz,
D2O, CH3CN as the internal standard: δ 1.00, 118.25) δ 160.4,
52.4, 36.7, 25.5; IR (KBr) cm-1 3352, 1630, 1593; FAB (NBA)
318.3 (M+ + H). Anal. Calcd for C12H27N7O3: C, 45.41; H, 8.57;
N, 30.89. Found: C, 45.25; H, 85.3; N, 30.74.

N-(Pyrid-2-ylmethyl)-N′-propylurea (4).35 To a solution
of S-methyl (N-pyrid-2-ylmethyl)-thiocarbamate (0.48 g, 2.6
mmol) in MeOH (2 mL) was added 1-propylamine (1.6 g, 26
mmol). The solution was allowed reacted at 60 °C for 9 h. The
reaction mixture was then concentrated under reduced pres-
sure to provide a crude solid. The crude solid was purified by
recrystallization, using CHCl3-EtOAc as a solvent to afford
colorless crystals (0.3 g, 1.6 mmol, 59%): mp 90-91 °C; 1H
NMR (200 MHz, CDCl3) δ 8.48 (m, 1H), 7.63 (m, 1H), 7.26 (d,
J ) 8.0 Hz, 1H), 7.15 (m, 1H), 5.61 (bs, 1H), 4.86 (bs, 1H),
4.46 (d, J ) 5.4 Hz, 2H), 3.13 (q, J ) 6.5 Hz, 2H), 1.40-1.58
(m, 2H), 0.89 (t, J ) 7.4 Hz, 3H); 13C NMR (100 MHz, CD3-
NO2) δ 158.6, 157.5, 148.0, 135.7, 121.0, 120.2, 44.4, 40.9, 22.3,
9.4; IR (KBr) cm-1 3332, 2955, 1626, 1588; MS (EI, 20 eV) m/z

193 (M+, 38), 135 (93), 92 (100); HMRS (EI, 70 eV) calcd for
C10H15N3O 193.1215, obsd 193.1209. Anal. Calcd for
C10H15N3O: C, 62.14; H, 7.83; N, 21.75. Found: C, 62.00; H,
7.69; N, 21.56.

Preparation of Single Crystals of Tris(2-(methylure-
dio)ethyl)amine (3). Vapor diffusion of diethyl ether into a
solution of 3 in methanol-H2O (95:5) affords colorless crystals
which are suitable for X-ray crystallographic analysis.

Preparation of Single Crystals of Tris(2-(methylure-
dio)ethyl)amine Hydrogen Perchlorate (3‚HClO4). To a
stirred solution of 3 (33 mg, 0.10 mmol) in methanol was added
hydrogen perchlorate (70%) (11.2 M, 15 mg, 0.10 mmol). The
mixture was concentrated under reduced pressure to afford a
colorless solid. Vapor diffusion of diethyl ether into a solution
of 3 in MeOH affords colorless crystals that are suitable for
X-ray crystallographic analysis.
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