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Library Preparation of Derivatives of
1,4,10,13-Tetraoxa-7,16-diaza-cycloctadecane and Their Fluorescence
Behavior for Signaling Purposes

l. A. Rivero,*" T. GonzaleZ, G. Pina-Luis! and M. E. Diaz-Garcia

Graduate Center & Research, Technological Institute of Tijuana, P.O. 1166,
Tijuana, 22000 B.C. Mdco, and Department of Physical and Analytical Chemistry,
Faculty of Chemistry, Uniersity of Quiedo, Av. Julian Claveria 8, 33006 Spain

Receied June 16, 2004

In the present work, we report the library preparation on solid supports of 20 derivatives of 1,4,10,13-
tetraoxa-7,15-diaza-cycloctadecatéa—e)(w,x,y,z) carrying a fluorescent dansyl group. The sensing
fluorescence behavior of these materials toward alkali and alkali earth metal ions was studied by packing
the beads into a conventional flow-through cell in a FIA (flow injection analysis) approach. The fluorescence
emission of these materials’ responses shows a fluorescence increase MatiK*, NH,", Ca&*, and

Mg?* with maximum sensitivity for Mg" over the rest of the ions. The analytical potential of these materials

is outlined, and the sensing response mechanism, based on a photoinduced electron-transfer process, is
proposed.

Introduction its great scope for the development of luminescent chemosen-

The development of supramolecular systems able to bindSOrs, has been scarcely exploited, and only few examples of
selectively and reversibly an ion or a molecule with a Sensor applications of immobilized PET chemosensors have
concomitant change in their spectral properties is an impor- been reported so faf-*° We describe here our recent work
tant area of current sensing researchThe design of the 0N the synthesis of fluorescent chemosensors for alkali/
mu]ticomponent or modular approach represents a Straightalka"ne earth cations in water. Our deSign was based on 1,4,-
and rational way to the design of a molecular sensor for any 10,13—tetra0xa—7,lB—diaza—cycIooctadecane derivative recep-
kind of analyte. According to this approach, a three-module tors to which a dansyl fluorophore was covalently linked
format, “lumophore-spacer-receptor”, results in an inter- and generated via solid-phase library synth&sighe
component process which may be established or interruptedstructural, fluorescence, and metal ion binding properties of
between the receptor subunit and the luminescent moiety inthese chemosensors are described.
such a way that the light emission is quenched or revived
upon the recognition event. The luminescent mechanism that Results and Discussion
has yielded the greatest harvest so far for sensing applications
is photoinduced electron transfer (PET). The principle of
luminescent PET sensing is illustrated in Figure 1. In this
context, the use of supramolecular hegtiest interactions
may provide the basic recognition function (e.g., the well-
known affinity between a crown ether and alkali/alkaline
earth cations) acting as electron donor and the fluorophore
playing the role of an acceptéiThe design and synthesis
of a wide variety of PET chemosensors based on macrocyclic . . . )
ethers as receptors for ionic and nonionic species carryingB procedure. The F:o_mmer_clal_resm PS—trlsam_m, was
different fluorophores is an area of intense activity and of used throughout this .|nvest|gat|on for comparative purpqses.
tremendous potential significanée2 Immobilization of The 4(wxy,z) resins were then coupled to the high
fluorescent chemosensors on solid supports would result induantum yield fluorescent molecule dansyl chiorilec-
improved analytical properties, such as continuous readout,Cord'”g to the route outlined in Scheme 2. The resins were
increased sensitivity, lower reagent consumption, and the Suspended in Cil, with dansyl chloride to form dansylated
possibility of using the sensor in solvents in which the free "€Sins6(w,x,y,z). Upon reactiong(w,x,y,z) were swelled in

molecule may display low solubility. This concept, despite dry CHsCN and reacted with 1,2-bis(2-iodoethoxy)ethane in
CH3CN solution containing anhydrous MzOs; to build up

*To whom correspondence should be addressed. E-mail: irivero@ the arms of the crown ether structure on the primary amine
tectijuana.mx. . . . .

t Technological Institute of Tijuana. group available. The resulting resingv,x,y,z) were finally

*University of Oviedo. treated with the corresponding alkyl- or arylamine (aniline,

Lariat Ether Dansyl Immobilization. Three representa-
tive resins, Wang, Argopore, and Argogel were chlorinated
with BTC/PPhP!® to obtain the respective chlorinated
resing® 3(x,y,z), which were converted to the trisamine-based
derivatives4(x,y,z) (Scheme 1). Different protocols (A, B,

C, D, vide infra) were assayed to introduce the trisamine
group, and results demonstrated that the conversion yield
was optimal using KCO4/KI, the reaction conditions of the

10.1021/cc049897¢c CCC: $30.25 © 2005 American Chemical Society
Published on Web 11/06/2004
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Figure 1. (a) Schematic representation of the thermodynamic conditions for PET sensing; (b) orbital diagram illustrating the occurrence

of the PET process.

Scheme 1.Preparation of PS-Trisamine Resin
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benzylamine, 4-penylbutylamine, butylamine, and pentyl-  Fluorimetric Characterization. Constant monitoring of
amine) to obtain the resirk the different synthesis steps was carried out by on-bead
The different reaction steps were monitored by IR and fluorescence. Resins were transferred to a conventional flow-
fluorescense spectroscopy. In addition, a simple methodthrough fluorescence cell, and spectra were obtained directly
based on direct-insertion mass spectrometry with electronicfrom the dry resin beads. In Figure 2, the fluorescence
impact, developed in our grodp,was also used for the emission spectra of the intermediates (PS-trisamine resin),
analysis of polymer-supported species. The instrument waséw (PS trisamine dansyl resin), and the final prodilowv
operated at high temperature and high vacuum, which (PS-trisamine dansyl crown ether resin) are shown. The
resulted in the thermal cleavage of the benzylic position in remaining library PS intermediates and final products for
the resins, thus liberating the substrate attached to the resinthe above synthesis steps showed a similar spectral lumi-
The mass spectra gave information about the productsnescence pattern.
without degradation, which was very useful for characterizing  As can be seen, incorporation of the dansyl probe onto
intermediates in the overall synthetic proc&she library the resirdw is evidenced by a drastic red shift in the spectral
design shown in Table 1 represents & 4 array of Lariat characteristics 06w, indicating the presence of the dansyl
ether beads with diversity achieved by variations in the solid sulfonamide on the solid support. In fact, the excitation and
support and the amine substituents. fluorescence emission bands&f are consistent with those
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Figure 2. Excitation and emission spectra of dry resin beads of the intermediatedw, and the final productlbw.

Scheme 2.Reaction Sequence for the Synthesis of PS-Trisamine Dansyl Lariat Ether-(Alkyl/arylamine) Resins
\.N/

g s 94

CH,Cly 0,

/_/NH
N
N~ * — = J'!:IH
H H2 EtsMN: /
i 0,Cl N~

H —
W= PS-Trisamine 5 Wiz

X=Wang-Trisamine 6
Y=Argogel-Trizamine
Z=Argopore-Trisamine
SN N
NazCO4f dry CHaCN

@G 2 I{GH,CH;0),CH,CH,l ge

50, i
NH NH

/_/
N R-NH3 N
O/(jA :’“\’ (\O’ﬁoj Ma,CO3/CH4CN d©/\ n/\/ EO\(\O/\))>

G

(o JR (o]
1 7
R:
a}©/ u1©/\c:©/\/\/d}/\/\ &) AN
Table 1. Library Design obtained in the range 34363 and 403423 nm, respec-

R-group/resin PS-trisamine Wang resin  ArgoGel ArgoPore tively, while for dansylated resins6x,y,z) fluorescence
maximums were observed at 43602 and 538596 nm,

phenyl law lax lay laz )

benzyl 1lbw 1bx 1by 1bz respectively. Fluorescence spectral data for all products
4-phenylbutyl lew lex lcy lcz 1(a—e)(w,x,y,z) are summarized in Table 2.

butyl ldw ldx 1ldy 1ldz . . L
amyl lew lex ley lez It was noteworthy that several interactions, working in

cooperation, resulted in a low fluorescence intensity of all

of 1-(dimethylamino)-5-naphthalenesulfonamide in organic derivativesl(a—€)(w.xy,z), as compared to that of dansy-

solvents, such as DMF, DMSO, GEN, or 2-propanol, with lated resin®(w,x,y,z), with a remarkable lower intensity for

a maximum emission at530 nm?21.22 resins1(a,b,c) (R = arylamine). The dansyl group and the
Similar results were observed for those materials preparedsubstituted crown ether are appended to the resin through

from Argogel, Argopore, and Merrifield resins. With the ethylene-amine linkages which bring them into proximity;

starting @x.,y,z) resins, excitation and emission bands were thus, fluorescence from the dansyl fluorochrome is quenched
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Table 2. Spectral Data of Library Materials(a—e)(x—w) Metal lon Recognition Properties of Crown Ether
item (low)  IF,au  excmax emmax Stokes shit ~ Dansyl Resins.Evaluation of the final materiald(a—e)-

law 332 127 516 89 (w,x,y,2) as fluor_escent signaling receptors for alkali/alkaline
1ax 254 409 511 102 earth cations Lfi, Na*, K*, Ca&*, Mg?", and NH;" was
lay 301 413 528 115 achieved by packing the corresponding beads into a con-
13\7\/ gzg ggg gfg 133 ventional flow-through fluorescence cell and using a continu-
1bx 437 396 547 151 ous flow injection setup (Figure 4).
lby 506 394 538 144 In the absence of cationic metal guests, luminescence from
1bz 624 397 539 142 the 1bw derivative was low due to the PET process (Figure
lcw 542 428 508 80 EA d ibed ab Cati | ti lted i
Tox 117 433 545 112 ), as described above. Cation complexation resulted in
1cy 453 414 552 138 large increases in luminescence intensity. These results
lcz 598 421 556 135 seemed to indicate that the sensing materials worked as a
Ldw 767 389 500 111 result of conformational changes upon metal complexafon.
1dx fot- 398 219 123 In the ab f a metal ion, the dansyl and th th
1dy 623 203 501 118 n the absence of a metal ion, the dansyl and the crown ether
1dz 797 392 535 143 units can adopt a more or less cofacial orientation, which is
lew 852 431 522 91 favorable for electron transfer to the HOMO orbital of the
lex 761 427 539 112 dansyl. Complexation of cations forced the crown ether unit
ley 834 446 553 107 I
lez 916 440 548 108 away from the dansyl lumophore, thereby destabilizing

putative cofacial configurations of the componett3he

by photoelectron transfer (PET) from its crown ether change in conformation prevented intramolecular electron
counterpart (see Figure 1). The nature of the substituent Rtransfer from the crown ether to the dansyl fragment and
group on the crown ether proved to be important in the ability "estored the luminescence of the latter (Figure 1). The
to quench dansyl fluorescence. The quenching efficiency of Photophysical changes upon cation binding can also be
the alkyl substituents was of similar magnitude for bdth ~ described in terms of orbital energies (see right side Figure
ande substituents, while a higher quenching efficiency was 1). Upon excitation of the dansyl fluorophore, an electron
observed for the aryl substituens,b, andc. Furthermore, ~ Of the highest occupied molecular orbital (HOMO) is
upon increasing the distance between the aryl group and thePromoted to the lowest unoccupied molecular orbital (LUMO),
crown ether, quenching by photoelectron transfer becameWwhich allows PET from the HOMO of the donor (free cation
less efficient, and a concomitant increase in the overall receptor) to that of the fluorophore, thus quenching the
fluorescence emission was observed. This behavior can befluorescence of the latter. Upon cation binding, the redox
attributed to the flexible nature of the functionalized tetra- potential of the donor is raised so that the HOMO becomes
mine, which may result in the formation of a coplanar lower in energy than that of the fluorophore. As result, PET
structure that promotes-stacking interactions between the is no longer possible, and fluorescence quenching is sup-
aryl substituent (R) and the fluorophore (dansyl), and thus, pressed. This mechanism is illustrated in the molecular orbital
the probability of the PET process is enhanéeBigure 3 scheme in Figure 1. The increase in luminescence intensity
illustrates the influence of R groups on the fluorescence was observed to scale with the nature of the metal ior?:",Ca
intensity of1(a—e)(w) final products, and similar results were  Li*, Na*, K*, and NH," gave~36% increase in fluorescence
also observed in the case of Wang-, Argogel-, and Argopore- intensity, while exposure to Mg yielded 200% fluorescence

based products. increase, calculated according to the expresaitv = Iy
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Figure 3. Fluorescence spectra of dry resin beads of final products with different amine substifif@nt(w).
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Figure 5. (A) Fluorescence emission spectral changes of PS-
trisamine dansyl crown ethébw with (0.1 M) and without metal
cations and (B) successive response and recovery cycles Oithe
derivative sensing material exposed to alkali metals g21®l) in

a flow injection approach (Tsi1l M buffer pH 8, fexc = 390 nm,

Aem = 511 nm).

— I{/ly x 100, in which It and I, corresponded to the

Waste

Table 3. lonic Radii, Softness ParametersSurface Charge
Densities, and EntropieAS® of Hydration of Some Alkali
and Alkali-Earth Metal Catiors

ionic softness surface charge density —AS
cation radius(A) (o) ZA)(@Z=10r2) (e.u)
Lit 0.78 0.247 0.13 25.5
Na* 0.98 0.211 0.085 17.5
K+ 1.33 0.232 0.045 9.5
NH4*™ 1.48 0.229
cat 1.06 0.180 0.14 50
Mg+ 0.78 0.167 0.26 64

attributed to the separation distance between the lumophore
and the crown ether being varied due to Coulombic effects,
which are stronger for the small, high-charge density metal
ion Mg?t, and from the larger gain in entropy on removal
of the solvation shell for Mg, as compared to the other
metal ions (see Table 3).

In Figure 5B, the flow responsdime profile of thelbw
material as signaling phase of metal ion standards, each
injected in triplicate, is shown. Reaction of the different
1(a—e)(w) materials with the selected metal ions demon-
strated that the restoration of fluorescence was not dependent
on the nature of the crown ether substituent, and the
fluorescence enhancement followed a similar trend with all
the metal ions assayed. See Figure 6, in which the fluores-
cence intensity of th&(a—e)(w) materials was normalized
with respect to that of the magnesium-bound material.

The reversibility and reproducibility of the response are
adequate enough to consider these simple systems as efficient
fluorosensors for alkali and alkaline-earth cations. It is
gratifying to note that metalfluorophore communication
through a PET process can be directly developed on solid
phase, which could lead to a practically useful sensing device.
Having established the basic requisite of building blocks
needed for the potential sensing of magnesium, work is

fluorescence intensity of the free and to the metal-bound currently underway in our laboratory, and results will be

receptor, respectively. Qualitatively, this behavior could be

reported in due course.



1,4,10,13-Tetraoxa-7,16-diaza-cycloctadecane Derivatives Journal of Combinatorial Chemistry, 2005, Vol. 7, No. 31

Normalized 100 ®Mg
fluorescence o C_a
intensity 80 |Li
HNa
oK
60 ENH4

40

20

1aw 1bw 1cw 1dw 1ew

Signaling materials
Figure 6. Normalized fluorescence response of flfe—e)(w) library toward alkali- and alkali-earth metal ions.

In conclusion, Lariat ether dansyl resins were synthesized, method described elsewhéfale applied some modification
and their sensing properties for alkali and alkaline-earth to the original procedure as follows: triphosgene (1.46 g)
cations were evaluated. The results demonstrate our mairwas added with constant stirring to a solution of triphen-
design principle that chemosensors based on the PET procesglphosphine (3.472 g) dissolved in GEl, at 0 °C (1:2.7
can be developed on solid supports and that recognition canstoichiometric molar ratio). Then the mixture was stirred for
be fine-tuned by screening libraries that contain a variable 20 min at 20°C, after which the solvent was removed in a
recognition domain. The development of these types of vacuum. The crude white solid obtained was dissolved in
sensing systems on solid supports will no doubt produce 20 mL of CHCI, to obtain the chlorination reagent solution.
novel prototype fluorescent chemosensor devices of thePS Wang, Argopore Wang, and Argogel Wang resins (150
future. mg), placed in parallel reactors, were swollen in CH (5
mL) and agitated for at least 30 min, then the vessels were
drained, and the chlorination reagent solution (1 mL1

Materials. Wang-OH @x), ArgoGel-OH @y), ArgoPore- equiv chlorination solution) was added to the resins. Parallel
OH (22), and PS-trisamined(v) resins used in this work were ~ Chemistry was carried out in a reactor, Quest Argonaut
purchased from Argonaut Technologies Inc. and have model SLN-210. Operation parameters in the equipment were
loadings of 1.06, 0.47, 0.96, and 1.4 mmol/g. All other as follows. Agitation parameters: mix event, 4.0 s; up stroke,
reagents, unless specified otherwise, were purchased fronB8.0 s; % upward, 80%. Temperature, ZD. Volume, 5 mL.
Aldrich. All other chemicals, buffers, and solvents were of Automated solvent wash, GBI, (3 x 5 mL), methanol (3
analytical reagent grade and were used without further x 5 mL), and finally CHCI, (3 x 5 mL). Agitation, 5 min;
purification. All aqueous solutions were prepared using and drain time, 25 s. The resins were removed from the

Experimental Section

deionized water. Standards working solutions of Niai ™, corresponding vessels and were dried off under high vacuum
K*, Mg?*, and NH" (as chloride salts) at different concen- for 18 h. Quantitative recoveries of the resins were obtained
trations were prepared in the buffer solution. as white solids, and the conversion (%) was evaluated by

Instrumentation. Melting points were obtained on an the Volhard method®
Electrochermal 88629 apparatus and are uncorrected. Infrared Chlorinated Products. Wang-Cl (2x).1.38 g (recovery
(IR) spectra were recorded on a Perkin-Elmer FT-IR 1600 92%), conversion 95%. IR (KBr): 3025, 2923, 1602, 1509,
spectrometetH and®3C nuclear magnetic resonance spectra 1491, 1446, 1238, 1024 cth
were recorded on a Varian Mercury 200 spectrometer in  Argogel-Cl (2y). 1.42 g (recovery 95%), conversion 91%.
CDCl; with TMS as internal standard, at 200 and 50.289 IR (KBr): 3024, 2870, 1458, 1351, 1292, 1247, 1107 é¢m
MHz, respectively. Mass spectra were obtained on a Hewlett-  Argopore-Cl (2z). 1.35 g (recovery 90%), conversion
Packard 5989 MS spectrometer at 70 ev by direct insertion. 93%. IR (KBr): 3018, 2929, 1605, 1494, 1454, 1266, 1181,
All fluorescence intensity measurements were made with a1100 cnt?.
Shimadzu RF-5301 PC spectrometer. A single flow injection ~ General Methods for the Synthesis of PS-Trisamine
system equipped with a Hellma model 176.52 flow cell (25 Based on Merrifield, Argopore, Argogel, and Wang
uL) was used for assays. Beads were washed free of anyResins.ArgoPore-Cl, ArgoGel-Cl, and Wang-Cl resins were
starting materials and solvent and were placed into the flow- used under different reaction conditions to support trisamine.
through cell. Measures of fluorescence intensity were Method A. Portions (350 mg) of the resins ArgoGel-Cl
obtained directly from the resin beads. All experiments were (0.165 mmol), ArgoPore-Cl (0.336 mmol), and Wang-Cl
carried out at 2Gt 2°. (0.352 mmol) were placed in the reaction tubes of the
Chlorination Method. Conversion of hydroxyl resins into  equipment and suspended in DMF (10 mL). TheilCR; (5
chlorinated ones was carried out according to the chlorination equiv) and trisamine (1.1 equiv) were added, and the mixture
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was left to react at room temperature for 3 h, after which
the resin was filtered and washed with® (3 x 5 mL),
DMF (3 x 5mL), CH;OH (3 x 5mL), and CHCI, (3 x 5

mL). Finally, the resin was dried under reduced pressure.

Method B. Portions (350 mg) of the resins ArgoGel-Cl
(0.1265 mmol), ArgoPore-Cl (0.336 mmol), and Wang-Cl
(0.352 mmol) were placed in the reaction tubes of the
equipment and suspended in DMF (10 mL). ThesCR;
(2.5 equiv), KI (2.5 equiv), and trisamine were added (1.1

equiv), and the mixture was left to react at room temperature

for 3 h, after which the resin was filtered and washed with
H.O (3 x 5 mL), DMF (3 x 5 mL), CH;OH (3 x 5 mL),
and CHCI, (3 x 5 mL). Finally, the resin was dried under
reduced pressure.

Method C. Portions (350 mg) of the resins ArgoGel-Cl
(0.165 mmol), ArgoPore-CI (0.336 mmol), and Wang-ClI
(0.352 mmol) were placed in the reaction tubes of the
equipment and suspended in NMP (10 mL). Then TMG

Rivero et al.

for 1 h. The mixture was filtered, and the residue was washed
with MeOH/water (1:1) (3x 10 mL), MeOH (3x 10 mL),
and CHCI; (3 x 10 mL). The resins were dried under high
vacuum. Polymer-supporting yields were calculated by the
consumption of dansyl chlorid€.The mass spectral data
were obtained using a direct meth®dResults demonstrated
an overall yield of 92% for the conversion 4into 6, which
corresponds to a yield lower than 10% for byproducts (e.g.,
bis-dansylated resins) or unreactéd

PS-Trisamine Dansyl (6w).456 mg (88%), conversion
96%. IR (KBr): 3416, 2918, 1652, 1400, 1309 (Naph-50
1133 cntl. FI = 972 au,Eem = 538 nm, Eex = 436 nm).
EI-MS (m/2): M* 362 (5%), 250 (25%), 235 (21%).

Wang-Trisamine Dansyl (6x).270 mg (93%), conversion
98%. IR (KBr): 3420, 2920, 1653, 1383, 1313 (Naph,50
1140 cnmtl. Fl = 436 au,Eem = 577 nm, Eex = 486 nm).
EI-MS (m/2): M* 362 (7%), 250 (29%), 235 (35%).

Argogel-Trisamine Dansyl (6y).263 mg (96%), conver-

(1 equiv) and trisamine were added (1.1 equiv), and the sion 93%. IR (KBr): 3440, 2920, 1653, 1383, 1300 (Naph-

mixture was left to react at room temperature for 3 h, after
which the resin was filtered and washed withQH(3 x 5
mL), NMP (3 x 5 mL), DMF (3 x 5 mL), CHOH (3 x 5
mL), and CHCI, (3 x 5 mL). Finally, the resin was dried
under reduced pressure.

Method D. In the reaction tubes of the equipment were
placed 350 mg of the resin ArgoGel-Cl (0.165 mmol),
ArgoPore-Cl (0.336 mmol), and Wang-Cl (0.352 mmol), and
they were suspended in NMP (10 mL). Later, TMG (2 equiv)

SQOy), 1106 cml. FI = 495 au,Eem = 583 nm, Ecx = 494
nm). EI-MS (W2): M* 362 (10%), 250 (32%), 235 (24%).
ArgoPore-Trisamine Dansyl (62).274 g (91%), conver-
sion 95%. IR (KBr): 3440, 2926, 1656, 1383, 1323 (Naph-
SG,), 1146 cm. Fl = 217 au,Eey = 596 Nm, Eex = 502
nm). EI-MS (W2): M* 362 (4%), 250 (21%), 235 (19%).
General Method for the Synthesis of Library of
Trisamine Dansyl-Lariat Ether Supported Materials
Based on Merrifield, Wang, Argogel, and Argopore

and trisamine were added (1.1 equiv), and the mixture was Resins. PS-Trisamine Dansyl-Lariat Ether (1).The resin

left to react at room temperature for 3 h, after which the
resin was filtered and washed with® (3 x 5 mL), NMP

(3 x 5mL), DMF (3 x 5 mL), CH;OH (3 x 5 mL), and
CH.CI; (3 x 5 mL). Finally, the resin was dried under

6w (250 mg, 0.5 mmol, 1 NbJ, 6x (250 mg, 0.18 mmol, 1
NH,), 6y (250 mg, 0.1 mmol, NB, and6z (250 mg, 0.18
mmol, 1 NH) were allowed to swell in dry CECN (10 mL)

for 15 min under constant stirring in an argon atmosphere.

vacuum. The percentage of conversion was determinated bya solution of 1,2-bis(2-iodoethoxy)ethane (2.2 equiv) in dry

the Volhard method? To get the mass spectral data, the
resins were treated with TFA/GBI, (1:1) for 30 min.

Wang-Trisamine (4x). 0.36 g (92%), conversion 95%.
IR (KBr): 3424, 3025, 2915, 1601, 1222, 1447, 1107, &m
ESI-MS (W2): 147 [M + H]*, 130 [M — NHj]*, 113 [M
— 2NH] .

ArgoGel-Trisamine (4y). 0.34 g (92%), conversion 93%.
IR (KBr): 3446, 3011, 2922, 2870, 1598, 1450, 1255, 1104
cm . ESI-MS (W2): 147 [M+ H]', 130 [M — NH]*, 113
[M — 2NHg]".

ArgoPore-Trisamine (4z).0.37 g (96%), conversion 97%.
IR (KBr): 3439, 3025, 2922, 1601, 1454, 1250, 1104 ¢m
ESI-MS (W2): 147 [M + H]*, 130 [M — NHj]*, 113 [M
— 2NH]*.

General Method for the Synthesis of Trisamine-Dansyl-
Supported Materials Based on Merrifield, Wang,
Argopore, and Argogel Resins. PS-Trisamine-Dansyl

CH3CN (10 mL) and NaCO; (5 equiv) was added to the
mixture. The reaction was heated at*®3at constant stirring
and continued to reflux for 24 h to give rise to the bis(iodo)
derivative7. Compound’ was cyclized with various primary
amines using Naas the template to keep the chains together
during the reaction. Using dry sodium carbonate in aceto-
nitrile (2—3% solution), aniline, benzylamine, 4-phenylbu-
tylamine, amylamine, or butylamine (1.1 equiv) were added,
and the mixture was heated to reflux for 24 h. The suspension
was filtered and washed with GAN (1 x 10 mL), MeOH

(1 x 10 mL), CHCI; (1 x 10 mL), water (3x 10 mL),
MeOH (3 x 10 mL), and CHCI; (3 x 10 mL). The solids
1(a—e€)(w,x,y,z) were recovered after drying under high
vacuum. To get the mass spectra data, the resins were treated
with TFA/CH,Cl, (1:1) for 30 min. Results demonstrated
an overall yield of 93% for the conversion dinto 1, which
corresponded to a yield lower than 8% fobyproducts.

(6w,x,y,z). In separate reaction vessels, PS-trisamine (250 PS-Trisamine Dansyl-Lariat Ether Aniline (1aw). (re-

mg, 1.15 mmol, 1 Nk), ArgoGel-trisamine (250 mg, 0.11
mmol, 1 NH,), ArgoPore-trisamine (250 mg, 0.22 mmol, 1
NH,), and Wang-trisamine (250 mg, 0.22 mmol, 1}iiere

covery 90%, conversion 97%). IR (KBr): 3422, 2929, 1654,
1579, 1458, 1321, 1133 crh FI = 332 au,Eem = 516 nm,
(Eex = 427 nm). ESI-MS 1(¥2): 657 [M — C;H,—NH; +

suspended in dichloromethane (10 mL) under constantH]*.

stirring for 30 min. TEA (1 equiv) was then added the
mixture. A solution of dansyl chloride (1.1 equiv) in GH
Cl, (10 mL) was slowly added, and the mixture was refluxed

PS-Trisamine Dansyl-Lariat Ether Benzylamine (1bw).
(recovery 90%, conversion 98%). IR (KBr): 3022, 2918,
1599, 1451, 1104 cm. FI = 518 auEem= 510 nm, Eex =



1,4,10,13-Tetraoxa-7,16-diaza-cycloctadecane Derivatives

388 nm). EI-MS (W/z): MT 424 (1%), 91 (GH;)* (100%).
ESI-MS (W2): 685 [M — CH.NH, + H]™.

PS-Trisamine Dansyl-Lariat Ether 4-Phenylbutylamine
(1cw). (recovery 94%, conversion 96%). IR (KBr): 3018,
2923, 1576, 1458, 1137 crh FI = 542 au,Ec, = 508 nm,
(Eex = 428 nm). ESI-MS 1fv2): 769 [M — H + 2Li]*.

PS-Trisamine Dansyl-Lariat Ether Butylamine (1dw).
(recovery 93%, conversion 98%). IR(KBr): 3025, 2923,
1577, 1451, 1317, 1140, cth Fl = 767 auEem = 500 nm,
(Eex= 389 nm). ESI-MS{V2): 579 [M — C;Hs—NH,—R]™.

PS-Trisamine Dansyl-Lariat Ether Amylamine (1ew).
(recovery 93%, conversion 96%). IR (KBr): 3018, 2923,
1577, 1457, 1319, 1140 crth FI = 852 au,Ee, = 522 nm,
(Eex = 431 nm). ESI-MS 1{v2): 685 [M — NH, + Li] .
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