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4,10-Diaza-15-crown-5, 4,10-diaza-18-crown-6, 4,13-diaza-21-crown-7, and 4,16-diaza-24-crown-8
were prepared by an improved method from the appropriate oligothylene glycol diiodides and diamines.
The thermodynamic values of log K, AH and AS for the interaction of 4,10-diaza-18-crown-6 with Pbh2+
and Ag* were determined by a calorimetric titration method and compared with thermodynamic values for
interactions of 4,13-diaza-18-crown-6 with the same cations. The thermodynamic values were found to be
different for the two diaza-crown ligands. 4,10-Diaza-18-crown-6 and its 4,13-diaza-crown analog formed
precipitates when treated with Co2+, Cd2+, Cu2+, and NiZ* so that no thermodynamic data are reported for

these interactions.
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Introduction.

There is a continuing interest in the synthesis and
metal ion complexing properties of diaza-crown ethers
[1]. The diaza-crowns have complexation properties that
are intermediate between those of the all-oxygen crowns,
which strongly complex alkali and alkaline earth metal
ions, and those of the all-nitrogen cyclams, which
strongly complex heavy-metal cations [2]. These mixed
complexation propertics make the diaza-crowns interest-
ing to researchers in many areas. For example, the diaza-
crowns have important uses as molecular receptors [3],
as well as being valuable intermediates for the synthesis
of cryptands [1,4], lariat ethers (5] and macrotricyclic lig-
ands [2,4¢,6]. Diaza-crowns have been incorporated into
polymers [1b,7], attached to synthetic polymers as the
diaza-crown or in the form of a cryptand [8] or attached
to silica gel [9].

From the many methods reported for the preparation
of diaza-crown ethers [1], the high-dilution process of
reacting a diamine with a diacid dichloride [4a,10], the
templated ring closure procedure using a diamine and a
dihalogen compound or a ditosylate [11], cyclization of
o,m-diesters with o, ®-diamines [12] and the Richman-
Atkins [13] method using a ditosylamide and a ditosy-
late are the most useful. Among these methods, the
high-dilution technique is most commonly used.
However, this process is inconvenient because the
cyclization step requires a simultaneous addition of the
diamine and diacid dichloride to a large volume of a dry
solvent over an extended period of time. The Richman-
Atkins method, the second most used procedure, has
many steps and it is inconvenient to remove the protect-
ing N-tosyl groups in the last step. The most convenient
(and inexpensive) method to prepare the diaza-crowns

in the laboratory is the one-step template procedure. Up
to now, only two diaza-crowns have been prepared by
the template procedure. Kulstad and Malmsten [11]
reported that diaza-crown ethers could be prepared by
reacting a diaminoether with a diiodoether using sodium
or potassium carbonate as the base. Their yield was
only 17% for 4,10-diaza-15-crown-5 (1) but 44% for
4,13-diaza-18-crown-6 (3). The metal ion binding prop-
erties of 3 have been reported with over 30 different ref-
erences and over 250 log K values measured under vari-
ous conditions [2]. Surprisingly, only one study of the
thermodynamic properties of 4,10-diaza-18-crown-6 (2)
has been reported. This latter investigation reported the
log K values for the interaction of 2 with four metal
ions [14].

We report here the preparation of other diaza-crown
ethers using this convenient one-step template procedure
from available and inexpensive starting materials. 4,13-
Diaza-21-crown-7 (4) and 4,10-diaza-18-crown-6 (2)
(Figure 1) were prepared in good yields (41% and 43%,
respectively). 4,16-Diaza-24-crown-8 (5) was prepared
in only a 14% yield, but this method is still useful in the
laboratory when small amounts of this large diaza-crown
are needed in a short time. Diaza-crowns 1, 3 and 4 are
available commercially. Also reported here arc the ther-
modynamic values of log K, AH, and AS for the interac-
tion of 2 with Ag+ and Pb2+, The interactions of 2 and 3
with CoZ+, Cd?+, Cu?+, and Ni2+ gave precipitates.
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Figure 1. Diaza-crown Ethers
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Results and Discussion.

o, m-Diaminoethers 1,5-diamino-3-oxapentane (6), 1,8-
diamino-3,6-dioxaoctane (7) or 1,11-diamino-3,6,9-tri-
oxaundecane (8) were treated with o,w-diiodoethers 1,8-
diiodo-3,6-dioxaoctane (9) or 1,11 diiodo-3,6,9-trioxaun-
decane (10) in acetonitrile in the presence of sodium or
potassium carbonate to form the diaza-crowns (see
Scheme 1). Macrocycle 1 was prepared previously [11],
but we obtained a yield of 28% instead of the reported
17%. A yield of 43% was obtained for diaza-crown 2
which was purified in the same manner as 1 using silica
gel column chromatography. Diaza-crown 4 was prepared
using both potassium and cesium carbonates as the base
giving similar yields. The product was separated by distil-
lation under vacuum. Using this procedure, 4,13-diaza-
21-crown-7 (4), would cost less than $5/gram to prepare.
This is much cheaper than the commercial cost of over
$730/gram. 4,16-Diaza-24-crown-8 (5) was the most dif-
ficult to obtain. In this case, diamine 8 was treated with
diiodide analog 10 to give 5 in only a 14% yield. Ligand $
was also obtained using the ditosylate derivative of
tetraethylene glycol instead of diiodo 10 in about the
same yield. 4,13-Diaza-18-crown-6 (3) was prepared from
7 and 9 as reported [11]. After purification, diaza-crown 3
exhibited a higher mp than that reported and only one ¢
spot was observed (silica gel, methanol/ammonium
hydroxide:10/1). Commercial diaza-crown 3 exhibited
two spots on tlc and had a lower mp. This procedure
would also be useful for the preparation of diaza-crown
ethers containing alkyl substituents.

Scheme 1
Preparation of Diaza-crowns 1-5
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The starting materials were commercially available
except for diiodide 10 which was prepared from 1,11-
dichloro-3,6,9-trioxaundecane using sodium iodide in
acetone. The physical properties of diaza-crowns 1-5 were
the same as those reported for 1-5 prepared by other
methods [4a,13c].

The thermodynamic values of log K, AH, and AS for the
interaction Ag*+ and Pb2+ with 2, as determined by a titra-
tion calorimetric technique, are shown in Table 1. Table 2
shows the ionic radii of these metal ions and the log X
values for the interaction of the metal ions with diaza-
crown 3 under the same conditions.

The interaction Co?*+ with 2 and 3 resulted in precipi-
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Table 1

Thermodynamic Values of Log K, AH, and AS for the Interaction of
4,10-Diaza-18-Crown-6 (2) with Pb2* and Ag* in Water at 25°

Cation lLog K AH (kJ/mole) AS (J/K mole) Anion
Pb* 4.50 +0.08 25815 -0.37 NO;~
Agt 5.26 + 0.06 -18.7+£0.5 38.0 NO;~

Table 2

Ionic Radii [a] Thermodynamic Values of Log K [b] for the Interaction
of 4,13-Diaza-18-crown-6 (3) with Pb2* and Ag* in Water at 25°

Cation Log X Tonic Radii
Pb2+ 6.9 1.19A
Ag* 7.8 1.15A

[a] Ref 15. [b] Ref 1.

tates. The solution also changed from a rose-pink color to
blue. This suggests that the nitrogen donor atoms are
involved in the complexation since the final pH of the
solution was slightly acidic. The interaction of Cd?+,
Cu?+, and Ni2+ with 2 and 3 also gave precipitates.
However, Cd?+, Cu2+, and Ni2+ complexes with 2 and 3
do not undergo color changes so visual inspections gave
no structural information. Due to the formation of the pre-
cipitates, no thermodynamic values are reported.

The highest log K value measured was for the interac-
tion of Ag* with 2. However, this value is over 2 log K
units lower than the value for the interaction of Ag+ with
3. Although Ag* forms strong complexes with nitrogen
donor atoms, it also strongly prefers linear coordination.
Certainly, 2 is less able than 3 to meet this requirement.

The interaction of Pb2+ with 2 is also more than 2 log K
units less than the value for the interaction of Pb2+ with 3.
Pb2+ usually forms octahedral complexes [16] and has
approximately the same radius as that of the ligand cavity.
The difference must arise from the inability of 3 to satisfy
the geometric preference of Pb2+.

Thus, it is evident that the interactions of 2 with some
transition metal ions do not mimic the interactions of 3
with those same metal ions as the previous study may
have suggested [14]. Especially affected are metal ions
which prefer nitrogen donor atoms over oxygen donor
atoms and have rigid complex geometry requirements.

EXPERIMENTAL

Compounds 6-8 were obtained from the Texaco Chemical
Company. Compounds 6 and 7 are also available from Aldrich
and Fluka Chemical Companies. Compound 9 and 1,11-
dichloro-3,6,9-trioxaundecane were purchased from Aldrich and
Parish Chemical Companies. The purity of 2 for the calorimetric
titrations was determined to be greater than 98% by titration



Jan-Feb 1994

with a standard salt solution. Cadmium nitrate (Allied Chemical,
AR), cobaltous nitrate (Spectrum, A.C.S.), cupric nitrate (Fisher
A.C.S)), lead nitrate (Allied Chemical, AR), and silver nitrate
(EM Science, GR) were used as purchased.

Preparation of Diaza-crowns 1, 2, 4 and § (Scheme 1).

Diiodo compounds 9 and 10 (0.01 mole) and 0.01 mole of
diamine 6, 7 or 8 were added to 200 ml of acetonitrile contain-
ing 0.1 mole of the appropriate metal carbonate (see Table 3).
The mixture was stirred and refluxed for 48 hours or, for the
preparation of 5, 7 days. The solvent was evaporated and the
residue was mixed with 100 ml of a mixture of water and meth-
ylene chloride or chloroform. The aqueous layer was exiracted
four times with 50 ml portions of methylene chloride or chloro-
form. The combined organic layers were dried over anhydrous
magnesium sulfate and filtered. The solvent was evaporated and
1, 2, and § were purified by column chromatography on silica
gel using methanol/ammonium hydroxide as the eluent with a
gradient mixture from 40/1 to 5/1. The solvents werc evaporated
and a small amount of toluene or methylene chloride was added
to the residue. The solution was filtered through a glass filter (to
remove silica compounds). In the case of 1 and 2, white solids
were obtained when the solvent was removed; mp for 1, 87-90°
(lit mp 88-91° [4a]) and for 2, 95-98° (lit mp 96-98°[13c]).
Diaza-crown 4 was obtained by distillation, bp 162-164°/0.07
mm Hg. Diaza-crown 5 was an oil which could be distilled using
a vacuum greater than 0.02 mm Hg. These macrocycles had the
same spectral and physical properties as reported [4a,13c]. The
yields are given in Table 3.

Table 3

Reactants, Base, and Yields for the Preparation of
Some Diaza-crown Ethers

Reactants  Product Base Yield (%) Name of Product
6+9 1 Na,CO,4 28 4,10-diaza-15-crown-5
6+ 10 2 Na,CO5 43 4,10-diaza-18-crown-6
7+10 4 K,CO3 45 4,13-diaza-21-crown-7
7+10 4 Cs,CO, 40 4,13-diaza-21-crown-7
8+9 4 K,CO4 41 4,13-djaza-21-crown-7
8+ 10 5 K,CO4 14 4,16-diaza-24-crown-8

Thermodynamic Properties for the Interaction of 2 with Ag*
and Pb+.

Thermodynamic measurements were done using a Tronac
model 450 isoperibol calorimeter. The measurements were made
in distilled, deionized water. The heats of dilution were averaged
and subtracted. The volume of the titrate was 20 ml. The volume
of the titrant was 1.76 ml. The final molar ratio of metal ion to
ligand was approximately 2:1. For each titration, 20 lead points,
100 titration points and 20 trail points were taken. For each sys-
tem, a minimum of 3 titrations were done with each metal ion.
The calculation of log K, AH, and AS values was done on a VAX
11/780 computer using programs developed earlier [17]. The
accuracy of the instrument was tested by determining the ther-
modynamic quantities in methanol for the interaction of sodium
nitrate with 18-crown-6. The values of log K (4.31 + 0.02) and
AH (-33.1 = 0.1 kJ/mole) for the latter interaction are in excel-
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lent agreement with literature values [1a].
Acknowledgement.

This work was supported by the Department of Energy, Basic
Energy Sciences Grant No. DE-FG02-86ER13463.

REFERENCES AND NOTES

[1a] K. E. Krakowiak, J. S. Bradshaw, and D. J. Zamecka-
Krakowiak, Chent. Rev., 89, 929 (1989); [b] J. S. Bradshaw, K. E.
Krakowiak, and R. M. Izatt, Aza-crown Macrocycles, in Chemistry of
Heterocyclic Compounds, Vol 51, J. Wiley & Sons, Inc., New York, 1993.

[2a] R. M. Izatt, J. S. Bradshaw, S. A. Nielsen, J. D. Lamb, J. J.
Christensen, and D. Sen, Chem. Rev., 85, 271 (1985); [b] R. M. Izatt, K.
Pawlak, J. S. Bradshaw, and R. L. Bruening, Chem. Rev., 91, 1721 (1991).

[3] I O. Sutherland, Chem. Soc. Rev., 15, 63 (1986).

[4a] B. Dietrich, J.-M. Lehn, J.-P. Sauvage, and J. Blanzat,
Tetrahedron, 29, 1629 (1973); [b] J.-M. Lehn, Struct. Bond., 16, 1
(1973); [c] J.-M. Lehn, Acc. Chem. Res., 11, 49 (1978); [d] K. E.
Krakowiak and J. S. Bradshaw, Israel J. Chem., 32, 3 (1992).

[5a] G. W. Gokel, Chem. Soc. Rev., 21, 39 (1992); [b] H. Tsukube,
J. Coord. Chem., 16, 101 (1987); [c] R. M. lzatt, X.-X. Zhang, A.-Y. An,
C.Y.Zhu, and J. S. Bradshaw, Inorg. Chem., 33, 1007 (1994).

[6a] E. Graf and J.-M. Lehn, Helv. Chim. Acta, 64, 1038 (1981);
[b] H.-Y. An, J. S. Bradshaw, K. E. Krakowiak, C.-Y1 Zhu, N. K.
Dalley, and R. M. Izatt, J. Org. Chem., 57, 4998 (1992); [c] H.-Y. An, J.
S. Bradshaw, and R. M. Izatt, Chem. Rev., 92, 543 (1992).

[7] M. Takagi and H. Nakamura, J. Coord. Chem., 15, 53 (1986).

[8a] H. Kakiuchi and M. Tomoi, Kenkyu Hokoku-Asahi Garasu
Kogyu Gijutsa Shoreikai, 38, 37 (1981); [b] F. Montanari and P. Tundo,
J. Org. Chem., 46, 2125 (1981); [c] F. Montanari and P. Tundo, J. Org.
Chem., 47, 1298 (1982); [d] M. Tomoi, K. Kihara, and H. Kakiuchi,
Tetrahedron Letters, 3485 (1979).

[9a] J. S. Bradshaw, K. E. Krakowiak, R. L. Bruening, B. J.
Tarbet, P. B. Savage, and R. M. Izatt, J. Org. Chem., 53, 3190 (1988);
[b] J. S. Bradshaw, R. L. Bruening, K. E. Krakowiak, B. J. Tarbet, M. L.
Bruening, R. M. Izatt, and J. J. Christensen, J. Chem. Soc., Chem.
Conmun., 812 (1988); [c] R. M. Izatt, R. L. Bruening, M. L. Bruening,
B. . Tarbet, K. E. Krakowiak, J. S. Bradshaw, and J. J. Christensen,
Anal. Chem., 60, 1825 (1988).

[10a] H. Stetter and J. Marx, Liebigs Ann. Chem., 607, 59 (1957);
[b] J. M. G. Cowie and H. H. Wu, Macromolecules, 21, 2116 (1988); [c]
P. Knobs, N. Sendhoff, H. B. Mekelburger, and F. Vogtle, Top. Curr.
Chem., 161, 1 (1992).

[11a] S.Kulstad and L. A. Malmsten, Acta Chem. Scand., B33, 469
(1979); [b] S. Kulstad and L. A. Malmsten, Tetrahedron, 35, 521 (1980).

[12a] J. Jurczak, S. Kasprzyk, P. Salanski, and T. Stankiewicz, J.
Chem. Soc., Chem. Commun., 956 (1991); [b] J. Jurczak, T.
Stankiewicz, P. Salanski, S. Kasprzyk, and P. Lipkowski, Tetrahedron,
49, 1478 (1993).

[13a] J. E. Richman and T. J. Atkins, J. Am. Chem. Soc., 96, 2268
(1974); [b] A. V. Bogatsky, N. G. Lukyanenko, S. S. Basok, and L. K.
Ostrovskaya, Synthesis, 138 (1984); [c] N. G. Lukyanenko, S. S. Basok,
and L. K. Filonova, J. Chem. Soc., Perkin Trans. 1, 3141 (1988).

[14] E. Luboch, A. Cygan, and J. F. Biernat, Inorg. Chim. Acta,
68, 201 (1983).

[15] R.D. Shannon, Acta Cryst., A32,751 (1976).

[16] F. A. Cotton and G. Wilkinson, Advanced Inorganic
Chemistry, 5th Ed, John Wiley and Sons, New York, 1990, p 298.

[17] D. J. Eatough, J. J. Christensen, and R. M. lzau,
Thermochim. Acta, 219 (1972).



