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Abstract: Hydrogen-bonded tapes comprised of monomeric molecular precursors are used to define
structural parameters for the design of related oligomers encoded with predetermined modes of assembly.
Application of this “covalent casting” strategy vis-a-vis the one-dimensional H-bonding motif expressed by
2-amino-4,6-dichlorotriazine has enabled the design of high-affinity duplex molecular strands. Dimeric,
trimeric, and tetrameric duplex oligomers are prepared through an iterative synthetic protocol involving
sequential homologation of the oligo(aminotriazine). The mode of assembly and interstrand affinity of
homologous oligomers are established in solution by *H NMR dilution experiments, isothermal titration
calorimetry (ITC), vapor pressure osmometry (VPO), cross-hybridization experiments involving the analysis
of dye-labeled strands via thin-layer chromatography (TLC), and in the solid state by X-ray crystallographic
analysis. Binding free energy per unimer (—AG°/n) increases significantly upon extension from monomer
to dimer to trimer, signifying a strong positive cooperative effect. Nanomolar binding affinity (K¢ = 1.44 +
0.50 nM) was determined for the duplex trimer by ITC in 1,2-dichloroethane at 20 °C. In-register duplex
formation is not observed for the tetramer, which appears to adopt an alternative binding mode. These
data give insight into the structural and interactional features of the oligomers required for high-affinity,
high-specificity binding and define a platform for the design of second-generation systems and related
duplex strands for use in nanoscale assembly.

Introduction structure, for example, the formation of phase-separated and
liquid-crystalline domains via solvophobically and sterically
driven assembly of block copolymet§, dendronized poly-
mers?10 and dendritic macromoleculés!? In comparison to
solvophobic forces, hydrogen bond interactions possess greater

The capability of defining structure carries with it the potential
to engineer functionality. As demonstrated by naturally occurring
macromolecules, the precise control of structure confers ex-
ceptional mechanical properties (e.g., arachnid silk fibkts),
remarkable catalytic functions (e.g., cytochrome-p45ahd
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strength and directionalif§f:13 Consequently, hydrogen bonds Rg/fh??eo é- _Coc\j/alent CSantigg of ﬂ;,? Orfl(f\;lDimensiolnarll H-Bgnﬂing
R H oti tained upon Self-Assembly o onomer 1 through the

may be utilized to enforce_ more localized order. Moreover, the | -- . <. Linking Groups (Resulting Duplex Strand Il Is

recurrent structure of oligomers and polymers makes such pesigned To Exist in Equilibrium with the Single-Stranded

systems well suited to the periodic presentation of hydrogen Oligomer Il)

bond donor/acceptor sites. O Cl\ff‘ Kc‘ C‘T\N KCI CI,\E\N WCI CIT\N KCI

To address the assembly of molecular strands, we have intro- == L e e e
duced a molecular casting strategy whereby the supramolecular Wi ) g Y iNL “NJ“\ iNP
connectivities of monomeric molecular components are used LHBomdeaTape e
to define structural parameters for the design of related oligo- %“;;:!f,‘;‘“ Y o
mers encoded with predefined modes of assertl¥y This e R - o :H2 o
strategy has been successfully applied to the design of high- phweSmnd 0N 0N

.. . . . . Yo N__O. N_ _N__O. N N_O. N__N_Y
affinity dimeric duplex oligomers based on the 2-amino-4,6- O R R |
dichlorotriazine hydrogen-bonding mof#1417 Here, a ho- HIHTH]{H’:HIHTH[H‘:HIHTHIH':HKH?HIH
mologous series of oligomers is investigated¥aNMR spec- PSS
troscopy, vapor pressure osmometry (VPO), isothermal titration o Ngj " u " u v
calorimetry (ITC), and cross-hybridization experiments involv- RTR RTTR RTTR
ing the analysis of dye-labeled strands via thin-layer chroma- Ko L
tography (TLC). Whereas the programmable self-association L Single Strand
characteristics of DNA have led to its successful application as Rﬁ{ %R Rﬁ{
a template for the spontaneous organization of nanostructured e R I LV R e
organic-inorganic hybrid material array$ the results reported S e e "
herein are aimed at definingyntheticoligomers for use in mn e e e
nanoscale assembly and patterning (Scheme 1). lecular precursor for the expression of a one-dimensional

H-bonding motif23 An identical presentation of H-bond donor/

Design acceptor sites is found in 2-amino-4,6-dichlorotriazinevhich

For hydrogen bond interactions, individual binding free readily participates in stepwise chloro-substitution reactions with
energies are generally smaller than the energies required for'St€roatom nucleophiles. Crystals of 4,6-dichlorotriazimesre
discrimination between different assembly manifolds. Conse- grown from carbon tetrachloride, revealing t_he anticipated mode
quently, to bias the formation of a given ensemble under equi- °f @5sémbly. From the crystal structurelofideal parameters
librium conditions, it is essential to incorporate structural fea- were obtained for the design of an architecturally feasible

tures that confer an energetic advantage to the target constructf.COVaIent :lnkage. S_p_emﬂgally_, asllntr(;)dugzlnonhlof the go‘_’a"?m
Preorganization facilitates binding through the reduction of 'rameworkwas envisioned to involve double chloro-substitution

entropic terms. We have found that an effective method for PY @ bifunctional heteroatom nucleophile, it was critical to
achieving high levels of preorganization involves the superposi- preserve the preferred interchlorine distance of 3.28 A between

tion of conformationally constrained covalent frameworks upon adjgcent tr|a2|nes.' This distance is roughly commensurate with
the molecular precursors defining a noncovalent enseprie the Interoxygen _dlstances Of_2'7 and 34 A observed for 1’3,',
to assembly such that the distances and geometries of thediols upon_adopnon of §yn-per|plana_r a_md staggerec_i-perlpla_nar
covalent and noncovalent architectures are commensurate. Sucﬁonformanons,_respectlvely. A_ppfec'a“”g the prescribed peripla-
casting of noncovalent ensembles is distinguished from “co- nar conformation could be induced via the“ '.I'ho1=mgold- »
valent capture” schemes, which involve the covalent fixing of effect; neppgntyl glygols Werel selected as flrst-genergtlon
discreté? or polymeri@2 noncovalent objectafter their for- cqvalent linking moieties. The S|mplest neopentyl glycol-linked
mation, representing a template-directed synth&sis. ollgom(_er 2 was prepared, and its mode of asse_mbly was
To apply this design toward the synthesis of a duplex determined in the solid state by X-ray_ c_r_ystallqgraphlc analysis.
oligomer required selection of a parent one-dimensional hydrog en-Notably, the supramolecular connectivities evident in the parent

bonding motif. 2-Aminopyrimidine is a well-established mo- motif persist upon introduction of covalent scaffolding, validat-
' ing the selection of 1,3-diols as linking groups. An identical

(10) For selected reviews, see: (a) Frey,Atigew. Chem., Int. EA.998 37, motif is observed in the solid-state structuredfFigure 1)*>16
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94, 63. (c) Prins, L. J.; Reinhoudt, D. N.; Timmerman,Ahgew. Chem., (e) Mohr, B.; Weck, M.; Sauvage, J.-P.; Grubbs, RAdgew. Chem., Int.

Int. Ed. 2001, 40, 2382. Ed. Engl.1997, 36, 1308. (f) Marsella, M. J.; Maynard, H. D.; Grubbs, R.
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Soc.200Q 122 5006. (20) For selected examples, see: (a) Zubarov, E. R.; Pralle, M. U.; Li, L.; Stupp,
(15) Archer, E. A.; Sochia, A. E.; Krische, M. Ghem-:Eur. J.2001, 10, 2059. S. I. Sciencel999 283 523. (b) Gray, D. H.; Gin, D. LChem. Mater.
(16) Archer, E. A.; Cauble, D. F.; Lynch, V.; Krische, M.Tetrahedror2001, 1998 10, 1827. (c) de Loos, M.; van Esch, J.; Stokroos, I.; Kellogg, R.

58, 721. M.; Feringa, B. LJ. Am. Chem. S0d.997, 119, 12675. Chen, J.; Cao, W.
(17) For other duplex oligomers, see: (a) Bisson, A. P.; Carver, F. J.; Eggleston, J. Chem. Soc., Chem. Comma999 1711.

D. S.; Haltiwanger, R. C.; Hunter, C. A.; Livingstone, D. L.; McCabe, J.  (21) For reviews, see: (a) O’'Brian, D. F.; Armitage, B.; Benedicto, A.; Bennet,
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Figure 1. Top: X-ray crystal structure df. Bottom: X-ray crystal structure

of 2, revealing persistence of the supramolecular connectivities upon
introduction of covalent scaffolding.

Table 1. Interatomic Distances Taken from Crystallographic Data?
| de-c ‘ ‘ dec doc
Cl N‘ N\N [oe] N| \N Cl (;’N‘ N\\N(CI Cl N| N\N O-R-0 N‘ N\NLS
)’ Y Y ¥ 7
NH, NH, NH, NH, . NH;
dnn } dun 0 A I
1 2and 3
cmpd dy—pn (R) dn-n (d'n-n)(A) de-c(d'c—c) () do-ar(A)
1 322 8.459 6.273 3.283
2 3.083+0.145 7.90%0.001 6.25%-0.001 3.450+ 0.003

(8.066-+ 0.003) (5.320k 0.002)
3 3.062+0.111 8.018:0.014 6.276:0.104 3.416:0.173
(7.91340.019) (5.285¢ 0.024)

aFor 2 and3, R = neopentyl glycol linkage.

The goodness-of-fit of the covalent linkage may be ap-
proximated by comparing the geometries and interatomic
distances found in the crystal structures2adnd 3 with those
of the parent motif expressed ly For 2 and3, there are three
unique molecules in the unit cell, each differing slightly in
conformation, resulting in multiple unigue NHN hydrogen
bonds. The average NHN hydrogen bond lengths in the solid-
state structures & and3, 3.08 and 3.06 A, respectively, are
significantly shorter than the NN hydrogen bond length
found in the parent motif, 3.22 A, suggesting a slightly

noncommensurate relationship between the covalent and non

covalent frameworks. Indeed, for bothand 3 the distance

d._c between triazine carbon atoms bearing oxygen averages
5.3 A, while the carbon atoms bearing chlorine are further apart,

dc-c 6.3 A, a value nearly identical to the uniform
intertriazine spacing of, dc—c = 6.273 A. These data suggest
that 1,3-diol linkages enforce an intertriazine distance ap-
proximatey 1 A shorter than that intrinsically preferred.

Consequently, accumulated strain may contribute to significant
backbone curvature and unfavorable geometries for duplex

binding in higher oligomers. This analysis does not account for
the contribution of long-range crystal packing forces (Table 1).
The identification of neopentyl glycols as viable intertriazine

linkages enabled the design of refined second-generation

covalent scaffolding. Neopentyl amino alcohol-based linking
groups doubly stabilize the effective binding conformation via
the Thorpe-Ingold effect and the presence of an intramolecular
NH---O hydrogen bond. Owing to increased preorganization of
the backbone, oligomers incorporating neopentyl amino alcoho

linkages were anticipated to display enhanced duplex binding

affinities. Indeed, the neopentyl amino alcohol-linked amino-
triazine dimer5b exhibits an association constant 3 orders of

5076 J. AM. CHEM. SOC. = VOL. 124, NO. 18, 2002

magnitude greater than its neopentyl glycol-linked counterpart
4 (vide supra)-®

Synthesis

The results obtained for the neopentyl amino alcohol-linked
dimer justified efforts toward the preparation of longer oligo-
mers. An iterative method for the preparation of sequentially
homologated oligo(aminotriazines) has been devised, whereby
the condensation of three components, mono-aminotriaines
7, and 8a, yields dimeric, trimeric, and tetrameric oligo-
aminotriazine®b, 9c, and9d.

The oligomer building blockd, 7, and8a are all derived
from cyanuric chloride. Amino-dichlorotriazing is prepared
via aminolysis of cyanuric chloride according to the literature
procedure? Intermediated is prepared via dialkylation of ethyl
cyanoacetate, followed by LiAlireduction to afford the amino
alcohol and, finally, BOC-protection of the amine. Monorier
is prepared via triazinylation of the BOC-protected neopentyl
amino alcohol 6 with cyanuric chloride, with subsequent
aminolysis. Finally, chloro-substitution af with morpholine
yields 8a (Scheme 2).

Monomeric aminotriazinda contains a latent nucleophilic
terminus in the form of the BOC-protected amine. Exposure of
8ato trifluoroacetic acid unmasks the amine nucleophile, which
is subject to capture by to yield dimeric aminotriazineb,
which retains the latent nucleophilic terminus. Ding&rmay,
in turn, be deprotected and condensed witho afford the
homologous trimeB8c, which again retains the latent nucleo-
philic terminus. Finally, the monomeric, dimeric, and trimeric
intermediatesBa, 8b, and8c may be “capped” by reaction of

the N-terminus with amino-dichlorotriazing. In this way,

dimeric, trimeric, and tetrameric oligo-aminotriazin@s, 9c,
and 9d were prepared in good yield (Scheme 3).

Dimeric aminotriazine2—4 and monomeric aminotriazine
5a were prepared in accord to our previously described pro-
tocol13-15 Monomeric aminotriazine9a was prepared via
chloro-substitution of5a with morpholine. Dansyl-labeled
monomerl0a was prepared vi@-triazinylation of N-dansyl
1,3-aminopropanol with cyanuric chloride followed by ami-
nolysis of the resulting dichloroalkoxy triazine (Figure 2).

Dimeric and trimeric dye-labeled strand®b and 10¢
required for cross-hybridization experiments, were readily
prepared through a variation of the aforementioned homologa-
tion protocol, whereby capping of tié-Boc-terminated inter-
mediates8a and 8b is performed with the dansyl-labeled
monomerlOa rather than dichloroaminotriazirig(Scheme 4).

IH NMR Dilution Studies. The association of monomeric

| aminotriazine$a, 9a, dimeric aminotriazined, 5b, 9b, trimeric

aminotriazinedc, and tetrameric aminotriazird were inves-

(24) Zerkowski, J. A.; MacDonald, J. C.; Seto, C. S.; Wierda, D. A.; Whitesides,
G. M. J. Am. Chem. So0d.994 116 2382.
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Scheme 3. Synthesis of Amino Alcohol-Linked
Oligo(aminotriazines) 9b, 9¢, and 9d (Ri; = N-morpholine, R, =
4-decyloxybenzyl)a

Raw R
AN O HN__OBu a,c Rin Mg Onp N N C
DA S SRR
NN °e 9% Y Y
NH, NH_ NH,
8a 9b
76%l a,b
R
Ry \\I/ﬁ omt  ac Ry IN\ O N |N‘ 0., N |N\ cl
N ZN o i N N NN N\rN
77 % Y Y
NH2 2 NH, NH, NH;
8b 9c
87%J a,b
Rﬂ o NN C
Ry IN\YO HNL__oBu! a,c A, IN\ 0., -N ‘N\ O N lN\ Oy N
NN > NN NN NN NN
Y ° 99% Y e Y Y
NH, 3 NH NH NH, NH,
8¢ 9d

@Reagents: (a) 10% TFA-GRI;, 25°C; (b) 7, PNEt, CHCB, reflux;
(c) 1, 'PrNEt, CHCE, reflux.

OC1oHz

NMe,
. [
oSty S ()
R N__.C Ry N.__.O X__N__Cl Cl N_ O HN s

0y F I S Gl
T T T
NH, NH, NH, NHy
2,R; =CLR;=CH;,X=0
5a,R=Cl 3,R; =Cl,Ry=benzyl, X=0 10a

9a, R = N-morpholine 4, Ry =Cl, Ry = 3,5-bis(decyloxy)benzyl, X =0

5b, R} = CI. R = 3,5-bis(decyloxy)benzyl, X =NH

Figure 2. Related monomeric and dimeric aminotriazines.

Scheme 4. Synthesis of Dye-Labeled Oligo(aminotriazines) 10b
and 10c (R; = N-morpholine, Rz, = 4-decyloxybenzyl)?

NMe,
N0 HN__ o8B b Rio Ny 0. NN O HNy O
Ry s o 2, ' Y H WN\’ T &%
~
Mt © 61% Y Y
NHz NH, NH,
8a 10b
76 %Ja.c

aReagents: (a) 10% TFA-Gl, 25 °C; (b) 103 PRNEL, CHCE,
reflux; (c) 7, 'PLNEt, CHCE, reflux.

tigated by'H NMR dilution studies at 300 MHZ2526 Associa-

analogous amino alcohol-linked dimésb under identical
conditions, suggesting persistence of the duplex at the limits of
IH NMR detection. The addition afc-DMSO provides a more
competitive medium for hydrogen bond formation, causing
dissociation to occur in a higher concentration raffglel NMR
dilution experiments performed &b in 5% ds-DMSO:CDC}
yield aKj of 28 000 M? (log K = 4.5 & 0.57). Notably, this
value is ca. 3000 times greater than that of the diol-linked dimer
4 in the same mediunky = 9.2 M1, log K = 0.964 0.065).

As previously described, the superior binding affinity displayed
by 5b is attributed to enhanced preorganization conferred by
the neopentyl amino alcohol linkage. In 1@%DMSO:CDCE,

the morpholine-substituted dim8b exhibits aK, of 980 (log

K = 3.0 &+ 0.26), which approximates that of its chloro-
substituted counterpabb. The proposed effects oK match-

ing, such as seen in the case of mononterand9a, were not
apparent for the dimer series by NMR.

The dependence &, on DMSO concentration for the diol-
linked versus amino alcohol-linked dimefsand5b provides
further evidence for existence of the intramolecular hydrogen
bond proposed for the amino alcohol-linked series. Increasing
the proportion ofd-DMSO from 5% to 10% reduces the
strength of binding for amino alcohol-linked dimelo consider-
ably more than for the diol-linked analogd€K, changes from
28 000 to 1100 M! versus 9.2 to 2.0 M, respectively).
Competition for the intramolecular ANH---O bond by the
exogenous H-bond acceptor DMSO diminishes its preorganizing
effect. As such, changes in DMSO content influence binding
of the amino alcohol-linked dimer more profoundly.

In comparison to the dimeric amino alcohol-linked amino-
triazine 5b, the IH NMR signals for longer oligomers were
significantly broadened. Alkylaminotriazines exhibit rotational
isomerism similar to amides (15 kcal mérotational barriery?
and, for an oligomer ofi repeat units, 1 rotamers is possible.

IH NMR spectra oBc and9d recorded at 100C in ds-toluene
display appreciable sharpening of the spectral signals. At
ambient temperature, the dilution data obtained for triSer

in 10% de-DMSO were amenable to interpretation. However,
dissociation of the duplex could not be observed untildge
DMSO content was increased to 50%, whereupon an association
constant of 1500 M! (log K = 3.24 0.19) was measured. For
tetramer9d, broadened spectral lines precluded analysis of
dilution data taken at ambient temperature (Table 2).

Isothermal Titration Calorimetry (ITC). An assessment
of the effects of cooperativity in the assembly process required
that association constants be obtained for a series of oligomers

tion constants were calculated by fitting the observed data to aj, 3 common mediumiH NMR studies dictate a limited concen-
2-fold self-association model using an iterative minimization {yation range, precluding use of this technique for the evaluation

protocol. Analyses of monomeric aminotriazirfsesand9awere
performed in neat CDGI Association constants of 2.9 M(log

K = 0.46 + 0.026) and 5.4 M! (log K = 0.73 4 0.57) were

of cooperative effects. Isothermal titration calorimetry (ITC)
permits characterization of subnanomolar binding phenomena.
Though typically applied toward heteromeric heguest sys-

obtained, respectively. The difference in association constantioms “a model for homomeric binding has been descfibed.

for monomer$baand9amay arise from [, matching effects’

whereby amino-substitution i®a enhances the basicity of the

endocyclic triazine nitrogens.
Whereas the diol-linked aminotriazine dimé&rexhibits an

association constant of 100 M(log K = 2.0+ 0.10) in neat
CDCl;, no changes in chemical shift were observed for the

(25) Chen, J.-S.; Shirts, R. B. Phys. Chem1985 89, 1643.
(26) For a review, see: Chen, J.-S.; Rosenbergef,effrahedron Lett199Q
31, 3975.

(27) (a) Garcia-Viloca, M.; Gonzales-LaFont, A.; Lluch, J. 81.Phys. Chem.

A 1997 101, 3880. (b) Chen, J.; McAllister, M. A.; Lee, J. K.; Houk, K.

N. J. Org. Chem1998 63, 4611.

(28) Beijer, F. H.; Sijbesma, R. P.; Kooijman, H.; Spek, A. L.; Meijer, E.J\V.
Am. Chem. Sod 998 120 6761.

(29) (a) Amm, M.; Platzer, N.; Guilhem, J.; Bouchet, J. P.; Volland, J&gn.
Reson. Chen1.998 36, 587. (b) Birkett, H. E.; Harris, R. K.; Hodgkinson,
P.; Carr, K.; Charlton, M. H.; Cherryman, J. C.; Chippendale, A. M.; Glover,
R. P.Magn. Reson. Chen200Q 38, 504.

(30) Burrows, S. D.; Doyle, M. L.; Murphy, K. P.; Franklin, S. G.; White, J.
R.; Brooks, I|.; McNulty, D. E.; Scott, M. O.; Knutson, J. R.; Porter, D.;
Young, P. R.; Hensley, Biochemistryl994 33, 12741.
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Table 2. Association Constants (Ka, M~*) Determined by 'H in CHCls. The ratio of observed molar masdd,9 to molecular
NMR* weight (MW) was calculated. As VPO measurements can vary
percent ds-DMSO in CDCI; (v.v) considerably in response to the choice of calibration standard,
cmpd 0% 1% 5% 10% 50% two standards were employed: sucrose octaacetate (SO; MW
5a 29 678.6) and low-polydispersity polystyrene (A%, = 4288, PD
9a 5.4 = 1.04). In the former caséop,dMW values consistent with
4 100 66 9.2 2.0 the intended mode of aggregation were observed for trner
5b n.db 28 000 1100 . .
o9b ndb 980 and tetrame®d; that is,Mq,dMW equaled approximately two,
9c n.db 1500 suggesting formation of a 1:1 complex in solution. However,
for dimer5b, Mopd MW was somewhat low. Recalibration using
aDimerization constants were obtained fréthNMR dilution data (300 low-polydispersity polystyrene gave results consistent with 1:1

MHz) using the computer program ChemEquili developed by Dr. Vitaly . " ° .
Solov'ev. For a detailed description, see: Solov'ev, V. P.; Baulin, V. E.; binding, in the case o8b alone (Table 4).

\S/gl"?(lg\]/(;\/?f 2‘-_ \’/\lv'i; f'éfgafhgﬂgg% \slbcP';PS:ﬂi\kyr’raYﬁ, fg;géliinszkb ﬁ(-) A For dimer5b and trimer9c, the correlation coefficienR2
dissociation was F())b’SEI:Véd at the limits of NMR detection (F;;dno (from the linear regression used to analyze VPO data) is high,
dissociation). but in the case of the tetram@d, R?2 = 0.704 due to curvature
rather than scatter. This deviation from linearity suggests that
the tetramer’s aggregation state varies over the concentration
range studied.

Cross-Hybridization Experiments. The use of fluorescent

labels in conjunction with thin-layer chromatographic (TLC)

ITC experiments were performed in 1,2-dichloroethane rather
than in chloroform to circumvent error incurred by evaporation.
The dipole moment of CDGu = 1.1 D) is lower than that of
1,2-DCE {t = 1.8 D). Consequently, hydrogen bond interactions
are stronger in CHGlhan in 1,2-dichloroetharf Concentrated analysis provides a qualitative test for duplex formation.

analyte solutions were injected into a reservoir initially contain- T T L
. . . Fluorophore-tagged dimeric and trimeric oligo(aminotriazines)
ing neat 1,2-dichloroethane, and enthalpy changes were moni- . h .
. S 10b and10cwere analyzed by TLC (Sistationary phase) in
tored. A nonlinear least-squares minimization protocol was used
i ) o the presence and absence of analogous nonlabeled s@nds
to fit the experimental curve to a 2-fold self-association model. -
Experiments were repeated a minimum of three times to ensureandgc The TLC experiment shown on the left corresponds to
P o P . N the analysis of triazine dime8b and10b. The TLC experiment
reproducibility. The average values obtained Kgrand AH . . o .
were used to calculate binding free energy() and enthal shown on the right corresponds to the analysis of triazine trimers
g Py 9cand10c In each experiment, the left track was spotted with

(TAS). . . s unlabeled oligomer, the center track was cospotted with both
ITC analysis of monomeric aminotriazindaand9arevealed dve-labeled and unlabeled oli d the riah K
association constants of 1.9 M(Kq = 530 4+ 415 mM) and ye-labeled and un'abeied 01gomers, an t € ng t track was
' spotted with dye-labeled oligomer. Upon elution of the TLC

1 _ . .
4.'7 M (K.d.. 214 & 38.1 mM), respectlvely. The relative plates, comigration of the trimeric strands is observed, whereas
binding affinities of5a and9a are consistent with those values .~ " . o

dimeric strands do not comigrate. Comigration corroborates

gg;a;nf?gn?)}H ’:‘n'\giﬁ?]alyes;fzgpsd’j Sopr:es\,/t'gﬂyelgiﬁzig’ fr:)?r)]/ cross-hybridization of labeled and unlabeled triazine trimers,
Ka Y - P underscoring the high interstrand affinity of the oligotriazine

cr:]rcc;gcr)smoirrrtl(; dr:iTuedré ?Snolgscéi?:g gﬁg‘ggﬂfg;‘g;&;ggr 3 trimers. Streaking observed upon elution of the dimers and
ol magn ) 1 9 dansyl labeled trimer can be explained upon consideration of
9b exhibit binding constants of 5.0 10®* M1 (Kq = 1994 87 . . . .
the effect of duplex formation on the polarity of the oligomeric

-1 — .

ﬂM)_and 2.3x 10'M (Kd. 44'4# 1'4”.M)’ respectwely. components. In the bound state, polar binding residues are

Again, the enhanced binding affinity &b in relation to5b : L . .
masked in the core of the duplex, minimizing interaction with

may be attributed toko, matching effectsStrand extension from . . .
dimers5b and9b to trimer 9¢ further incr binding affinit the polar chromatographic support. Therefore, oligomers migrate
ersoba 0 ersciurther increases g amniy: ¢aster in the bound state, which is favored at the center of the

by 4- and 5-orders of magnitudeor trimer9c, an association applied sample spot where concentration is highest. Unlabeled
constant of 6.9« 10° M~1 (Kq = 1.44+ 0.50 nM) is observed. pp ple sp . 9 )
- o . trimer 9c does not streak, suggesting that the duplex form
Finally, tetramer9d exhibits a binding constant of 1.& 10° . o ;
Al o . . dominates. The fluorescent tag is highly polar, caugidigand
M~L This association constant is below that observed for trimer . . o
10cto interact strongly with the polar silica support. Though

'?’?1 223 gzstzrzglese\guft(a)lsdzbje:;egsfglrf ?;5::( g:z:raz’gnﬁ'on' tagged trimedOclikely exists predominantly in the duplex form,
99 P PUNG g polarity is too great to permit migration whedt is not

an in-register mode of duplex binding. Modeling of the pos- L .

. L . resent for cross-hybridization (Figur .
sible folded states suggests association of the terminal sub-p esent for cross-hybridization (Figure 3)
units, leaving the two interior aminotriazine residues available piscussion
for intermolecular complexation. This interpretation is consistent ) _ o ) o
Wlth the observance of b|nd|ng energies Comparable to duplex FOI’ eaCh Slng|e-Stranded 0|IgOtI’IaZIne, thl’ee ISOMeric b|nd|ng
dimer formation (Table 3). modes are possible, each bound by an equivalent number of

Vapor Pressure Osmometry (VPO).To corroborate the hydrogen bonds: a head-to-head binding mode and two frame-
dimeric, trimeric, and tetrameric oligo(aminotriazin&), 9c, apparent association constant for each oligomer suggests the
and gd was |nvest|ga‘ted by Vapor pressure Osmometry (VPO) ISsomeric b|nd|ng mOdes are rOUgh|y equ|energet|c (Flgure 4)

(31) (a) Spencer, J. N.; Sweigart, J. R.; Brown, M. E.; Bensing, R. L.; Hassinger, (32) (a) Seto, C. T.; Whitesides, G. M. Am. Chem. S0d.993 115 905. (b)
T. L.; Kelly, W.; Housel, D. L.; Reisinger, G. WJ. Phys. Chem1976 Mathias, J. P.; Seto, C. T.; Simanek, E. E.; Whitesides, Gl.Mm. Chem.
80, 811. (b) Olofsson, G.; Ingeborg, Wcta Chem. Scand 971, 25, 1408. Soc.1994 116, 1725.
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Table 3. Thermodynamic Parameters of Duplex Binding As Determined by ITC in 1,2-Dichloroethane at 20 °C@

cmpd n HB Kq Ka (M1 AG® AH° TAS® AGE/n AG°/HB
5a 1 2 5304 415 mM 1.9 —-0.376 —7.80+ 4.48 -7.42 —-0.376 —-0.19
9a 1 2 214+ 38.1 mM 47 —-0.912 —2.50+ 0.227 —-1.59 —-0.912 —0.46
5b 2 6 199+ 87 uM 5.0x 10° —5.05 —14.4+ 3.14 —-9.35 —2.53 —-0.84
9b 2 6 44.4+ 1.4uM 2.3 x 10¢ —5.93 —13.6+0.41 —7.67 —-2.97 —0.99
9c 3 10 1.44+ 0.50 nM 6.9x 108 —12.1 —-95.0+ 11.3 —-82.9 —-4.03 -1.21
ad 4 925+ 52uM 1.1x 108 —4.14 —15.0+1.78 -10.9 -1.04

an = oligomer length; HB= number of H-bonds per dupleXq = dissociation constan, = 1/Kq; AG/n = binding free energy per aminotriazine;
AG/HB = binding free energy per H-bond. Units &fG°, AH°, andTAS’ are in kcal mot?.

Table 4. Vapor Pressure Osmometry: Results Based on
Calibration with Sucrose Octaacetate (SO) and Polystyrene (PS)?2

calibrated with SO calibrated with PS

concentration
cmpd  range (mM) MW R? Mops ~ Mops/MW  Mgps  Mgp/MW
5b 3.2-17 1137.4 0.973 1711 1.50 2223 1.95
9c 1.5-21 1535.1 0.999 3006 1.96 3906 2.54
9d 6.2-28 2195.45 0.704 4106 1.87 5535 2.52

aVPO analysis was conducted at 4D in anhydrous, ethanol-free CHCI

Figure 3. Cross-hybridization experiment involving the analysis of dye-
labeled strands via thin-layer chromatography (TLG)=RN-morpholine,

R. = 4-decyloxybenzyl. Approximately equimolar amounts of analyte were
employed in TLC binding experiments. Eluant: 25% acetone-hexanes.
Stationary phase: silica gel 60 TLC plates. Visualization: short-wave
(254 nm) and long-wave (365 nm) handheld UV lamps.

Ry “Rp
(9¢c);, Head-to-Tail A

Ry
(9¢)2, Head-to-Tail B

Re

Figure 4. 1someric duplex binding modes as illustrated for trirer

[3b);],

Figure 5. Higher-order aggregated¢),]..

The extranuclear chloro- antl-morpholinyl substituents
modulate the basicity of the endocyclic triazine nitrogens; for
example, 2-chloro-4,6-diamino[1,3,5]triazineK{p= 1.00—
1.85) are substantially poorer bases than their electron-rich
2-methoxy counterparts Kp = 4.0—4.5)32 Significant K,
matching effects for the chloro- versus morpholine-terminated
monomers and dimers are revealed by ITC analysis and are
corroborated, in part, byH NMR analysis?® The relative
binding energies of chloro-terminated mononer(K, = 2.9
M~1) and morpholine-terminated mononga (K, = 5.4 M™1),
as determined byH NMR, are consistent with those deter-
mined by ITC for5a (Ko = 1.9 M) and9a (K, = 4.7 M™1).

ITC reveals an analogous trend for diméfis and 9b. The
chloro-terminated dimebb exhibits a lower binding constant
(Kq = 5.0 x 10® M™1) than does the morpholine-terminated
dimer9b (K, = 2.3 x 10* M~1). TheK, values determined for
dimers5b and9b by 'H NMR appear to contradict the apparent
pKa matching trends. However, in the case of dim&bsand

9b, the relative margin of error for thi€, values obtained by
IH NMR is substantially greater than that of those obtained by
ITC.

Duplex binding is enthalpically driven. The binding free
energy per unimer {AG°/n) increases significantly upon
extension from monomer to dimer to trimer, indicating a strong
positive cooperative effect. On the basis of the analysis of the
crystallographic data for monomérand dimers2 and 3, this
result is surprising as the amino alcohol linkage is estimated to
enforce an intertriazine distance approximateR shorter than
that required. Presumably, the flexibility of the oligomer
backbone compensates for the noncommensurate relationship
between the covalent and noncovalent connectivities. However,
beyond the stage of the trimer, it is likely such noncommensurate

Unsatisfied hydrogen bond donor/acceptor sites that resige9eometries, along with the flexibility inherent to the oligomer

at the termini of each isomeric duplex give rise to the possibility
of higher-order aggregation as imdfi,],. However, the low
binding energy of ditopic aminotriazine associatil € 1.9—

4.7 M1, as determined fdsa and9a), coupled with the limited
solubility of these high molecular weight oligomers, precluded

analyses in a concentration range suitable for the observation(33)

of higher-order binding phenomena (Figure 5).

backbone, promote intramolecular folding of tetrameric oligo-
(aminotriazine)9d in favor of in-register duplex formation.
Further rigidification of the linking moiety should overcome
this limitation.

(a) Weber, J. BSpectrochim. Actd967 23A 458-461. (b) Colombini,
M. P.; Fuoco, R.; Giannarelli, S.; Pospisil, L.; Trskova,NRcrochem. J.
1998 59, 239.
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Conclusion where AH® is the molar enthalpy of bindingjos{i) is the integrated

Th lent fi f lent bles has b heat observed at injectidnn(i) is the moles of analyte after injection
€ covalent casting of noncovaient ensembies has eeni, n(i — 1) is the moles of analyte prior to injectidn n(inj) is the

introduced as a rational §trategy_f0r the preparation of oligpmeric moles of analyte ifViy, Syr is the concentration of analyte in syringe,
constructs encoded witpredefinedmodes of aggregation. v, is the injection volume, anl, is the sample cell volume.
Through covalent casting, the intrinsic predisposition of small  sypstitution of eqs 1 and 2 into eq 3 yields an expression from which
molecular precursors to adopt targeted modes of assembly isk; and AH, were computed from raw ITC data by nonlinear least
amplified through their attachment to rigid covalent scaffolding squares curve fitting in th®rigin software package.
in their effective binding conformation. In this fashion, the self- NMR Dilution Experiments. Dilution studies were carried out by
assembly characteristics of small molecules are parlayed into aincrementally diluting concentrated analyte samples while obtaining
high-affinity high-specificity interactional algorithm for oligomer ~ *H NMR spectra. For each experiment, if significant concentration-
assembly. The casting of alternative one-dimensional hydrogen_dependent shifting of spectral signals was observed, the data were
; ; ; ; analyzed in terms of a 2-fold self-association model to obtain a value
bonding motifs should enable the preparation of diverse duplexf | ; |
oligomers that embody orthogonal modes of association. Ulti- " 109(K). For5a data from NH and benzyl protons were processed
. . . .. simultaneously. FoBa, NH, benzyl, and CH (o to oxygen), signals
mately, conjugation of orthogonal strand segments will permit

th ti finf fi ich oli ble of were processed simultaneously. FhrNH and CH (o to oxygen)
€ creation of information-rich oligomers capable of sequence signals were processed simultaneously. Btmand9b, the CH (a to

specific hybridization for use in nanoscale patterning schemes, oy qen) signal was processed. R aryl and CH (a to nitrogen)

and the design of polymer-based architectures en route tOsjgnals were processed simultaneously.

functional supramolecular materidfs. General Method A. Boc-protected oligomeBa, 8b, or 8¢ (1 mmol)

is dissolved in a 10% (v:v) solution of trifluoroacetic acid (14 mL, 18

mmol) in CHCI, at ambient temperature, and stirred under an
General. Reagents were purchased from Aldrich and used as atmosphere of Ar until consumption of starting material is complete

received unless otherwise indicated. All reactions were carried out under (2—6 h), as judged by TLC analysis (10®rOH-CHCls, ninhydrin

an atmosphere of dry Nunless otherwise indicated. Anhydrous THF  stain). The reaction mixture is then diluted with &H, (15 mL) and

was prepared by distillation from sodium/benzophenone. Anhydrous carefully neutralized by washing with saturated aqueous Na{CaD

CHCI; was obtained by distillation from,Bs. All other solvents were mL). The resulting organic phase is separated, dried over MgSO

Experimental Section

of technical grade unless noted. Silica gel (Si6D A 32-63um) for filtered, and evaporated to dryness in vacuo af@0The product, a
column chromatography was oven-dried prior to use. Thin-layer white waxy solid, is used immediately.
chromatography (TLC) was performed on 20 layer silica gel 60 General Method B. Boc-protected monomeBa or dimer 8b (1

Fas4 aluminum-backed plates. NMR spectra were recorded on either a mmol) is deprotected according to general method A. The resulting
Varian Unity Plus or a Bruker AMX-500 spectrometer. Chemical shifts material is taken up in CHE{20 mL), then charged witf (1 mmol)

are reported in parts per million (ppm) relative to solvent residual signal. andiPr,NEt (3 mmol). After refluxing the mixture for 6 h, it is diluted
Deuterated solvents were purchased from Cambridge Isotope Labora-ith CHCI; (20 mL), washed with aqueous citric acid (15% w:v, 50
tories, Inc., and used as received. IR spectra were recorded on a NicoleinL), dried over MgSQ@ and evaporated to dryness. Purification by
Impact 410 spectrometer. Melting points were obtained on a Themas  column chromatography (S 100 cn#/g of crude product, 10%

Hoover UniMelt apparatus and are uncorrected. acetone-hexanes) affords the- 1 homologue of the starting material
Vapor Pressure Osmometry (VPO).Sucrose octaacetate used for  (dimer 8b or trimer 80).
VPO calibration was obtained from Jupiter Instrument Co., Inc. General Method C. Boc-terminated monomeBa, dimer 8b, or

Polystyrene used for VPO calibration was obtained from Polysciences, timer 8¢ (1 mmol) is deprotected according to general method A. The
Inc. (cat. no. 08280). Analyses were performed on a Jupiter 833 Vapor resulting material is taken up in CHO[20 mL), then charged witth
Pressure Osmometer thermostated to®@0 Chloroform was freshly (1.1 mmol) andPrNEt (3 mmol). After refluxing the mixture for 1 h,
distilled from BOs prior to use. Polystyrene was characterized by it js diluted with CHC} (20 mL), and washed with aqueous citric acid
analytical GPC prior to use as a molecular weight standard. VPO data (15% w:v, 50 mL), then dried over MgS@Qand evaporated to dryness.
were analyzed by linear regression usidgmomasoftware. Reported Purification by column chromatography (SiOL00 cn#/g of crude

results represent single experimental runs. product, 10% acetone-hexanes) affords the chlorotriazine-capped strand
Isothermal Titration Calorimetry (ITC). Analyses were performed (dimer 9b, trimer 9¢, or tetramer9d).

on a MicroCal VP-ITC instrument thermostated to 20. Reported General Method D. Boc-terminated monome8a or dimer8b (1
results represent the average of three or more runs. 1,2-Dichloroethanemm0|) is deprotected according to general method A. The resulting
(EM Science AR Grade) was prepared by distillation fro/@4storage material is taken up in CHE(20 mL), then charged withOa (1 mmol)
over molecular sieves, and filtration through a_ O'AM nylon . and'Pr,NEt (3 mmol). After refluxing the mixture for 16 h underN
membrane. The solvent was degassed by sonication in vacuo prior Oy ijted with CHC (20 mL), washed with aqueous citric acid (15%
each run. Following is a summary of the mathematical model used for w:v, 40 mL), dried over MgS@ filtered, and evaporated to dryness in

data analysis. vacuo. Purification by column chromatography (&i@00 cn¥g of

f i =1 crude product) affords dansyl-tagged dini®b or trimer 10c

monomer dimer . . .
4-(3,5-Bis-decyloxy-benzyloxy)-6-chloro-[1,3,5]triazin-2-yl-

fmer= 1 — K (1 + 8A0/Kd)1’2 — 1)/4A, @ amine (5a).(3,5-Bis-decyloxy-phenyl)-methar#®(1.00 g, 2.38 mmol),

2,6-lutidine (0.28 mL, 2.38 mmol), and cyanuric chloride (0.400 g,

where fgimer is the mole fraction in the associated stafg, is the ) — o | @
H ot B : 34) For selected reviews on supramolecular materials, see: (a) Kazmaier, P.;
dissociation constant (mol/L), ani} is the analyte concentration Chopra, N.MRS Bull.200Q 25, 30. (b) Mio, M. J.. Moore, J. SMRS
i . Bull. 200Q 25, 36. (c) Stupp, S. I.; Pralle, M. U.; Tew, G. N,; Li, L.;
Ayi — 1) = Ag(i) — (syr x Viy)[(Vin; + Vo) @) Zubarev, E. RMRS Bull.200Q 25, 42. (d) Brunsveld, L.; Folmer, B. J.
B.; Meijer, E. W.MRS Bull.200Q 25, 49. (e) Hawker, C. J.; Hedrick, J.
L.; Miller, R. D.; Volksen, W.MRS Bull.200Q 25, 54. (f) Kato, T.Struct.

Qobdi) = 1/2AH°[n(i)fdimer(i) = (i = Dfgimedi — 1) — Bonding200Q 96, 95.
iniVf inil (3 (35) Prepared in analogy to a published procedure: Johansson, G.; Percec, V.;
n(inj)fgimedini)l (3) Ungar, G.; Abramic, DJ. Chem. Soc., Perkin Trans.1D94 447.
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2.16 mmol) were dissolved in GBI, (20 mL). The red-orange mixture 1600, 1494, 1452, 1062, 1030, 752, 702 énmp (capillary) 109-
was refluxed under Nfor 1 h, then cooled to ambient temperature. 113°C.

After addition of anhydrous N§(0.5 M in 1,4-dioxane, 10 mL, 5.0 [2,2-Bis-(4-decyloxy-benzyl)-3-hydroxy-proply]-carbamic Acid
mmol), stirring was continued for an additional 10 h. The resulting tert-Butyl Ester (6). A solution of 3-amino-2,2-bis-(4-decyloxy-benzyl)-
cloudy mixture was washed with aqueous citric acid (15% w:v, 20 propan-1-ol (46.7 g, 82.3 mmol) in GBI, was added portionwise to
mL), dried over MgSQ filtered, and evaporated to dryness in vacuo. di-tert-butyl pyrocarbonate (20.8 mL, 90.5 mmol) with stirring at

Purification by column chromatography (SiL10 cnf, 10%— 20% ambient temperature. After gas evolution subsided, the vessel was
acetone in hexanes) affordéd as a white solid (0.276 g, 23%} = maintained under an atmosphere of fr 16 h. The solvent was
0.2 (10% acetone-hexane¥i NMR (300 MHz, CDC}): ¢ 6.51 (m, removed in vacuo, and the residue thus obtained was purified by column

2H), 6.38 (m, 1H), 5.79 (br s, 1H), 5.59 (br s, 2H), 5.30 (s, 2H), 3.90 chromatography (Si©1200 cni, 5%— 10% ethyl acetate in hexanes),
(t, J= 6.6, 4H), 1.73 (quinte) = 6.6, 4H), 1.25-1.43 (m, 28H), 0.86 yielding6 as a colorless oil (50.1 g, 91%% = 0.35 (10% ethyl acetate
(t, J= 6.6, 6H).2*C NMR (75 MHz, CDC}): 6 171.2,170.7, 168.2,  in hexanes)!H NMR (300 MHz, CDC}): 6 7.10 (d, 4H,J = 8.7 Hz),
160.4, 137.1, 106.2, 101.2, 69.7, 68.0, 31.8, 29.6, 29.5, 29.3, 29.2, 29.1,6 81 (d, 4H,J = 8.7 Hz), 4.36 (t, 1HJ = 6.9 Hz), 3.91 (t, 4HJ = 6.7
25.9, 22.6, 14.1. MS (G, CHs) m/z (relative intensity): 577 (12),  Hz), 3.34 (s, 2H), 3.03 (d, 2H,= 6.7 Hz), 2.62 (A part of AB system,
552 (10), 551 (30), 550 (23), 549 (M 1, 100), 548 (15), 547 (15),  2H,J = 13.8 Hz), 2.40 (B part of AB system, 2H,= 13.8 Hz), 1.76
513 (13), 421 (8), 287 (22). HRMS calcd fogdBscCINAOs: 549.3571. (quintet, 4H,J = 6.7 Hz), 1.43-1.26 (m, 28H), 1.37 (s, 9H), 0.87 (t,
Found: 549.3561. IR (neat): 3506, 3324, 3188, 2922, 2844, 1662, 1604,6H, J = 6.7 Hz).23C NMR (75 MHz, CDC}): 6 157.7, 157.5, 131.3,
1565, 1533, 1468, 1422, 1344, 1305, 1247, 1156, 1059, 1000, 935,129.6, 114.3, 79.7, 67.9, 64.1, 45.1, 44.0, 38.9, 31.9, 31.6, 29.6, 29.5,
812, 728, 676 cm'. mp (capillary) 7174 °C. 29.4, 29.3, 28.2, 26.1, 22.7, 14.1. MS {1 CH,) m/z (relative
Cyano-bis-(4-decyloxy-benzyl)-acetic Acid Ethyl EsterA solution intensity): 671 (7), 670 (32), 669 (M- 1, 88), 668 (35), 667 (16),
of 1-chloromethyl-4-decyloxybenzeti€58.7 g, 207 mmol) and ethyl 641 (16), 614 (34), 613 (100), 612 (15), 610 (25), 597 (19), 594 (17),
cyanoacetate (10.0 mL, 94.3 mmol) in anhydrous DMF (200 mL) was 570 (16), 569 (41). IR (neat): 2925, 2854, 1692, 1611, 1510, 1468,
prepared. 1,8-Diazabicyclo[5.4.0Jundec-7-ene (31.0 mL, 207 mmol) was 1391, 1366, 1297, 1246, 1175, 1035, 836 énmp (capillary) 64-66
added with stirring, causing a moderate exotherm. After the exotherm °C.
subsided, the mixture was heated to°8under an atmosphere of Ar [3-(4-Amino-6-chloro-[1,3,5]triazin-2-yloxy)-2,2-bis-(4-decyloxy-
for 1 h. The reaction mixture was then poured into a mixture gdH benzyl)-propyl]-carbamic Acid tert-Butyl Ester (7). To a solution
(1000 mL) and brine (150 mL), and the resulting suspension was of 6 (26.5 g, 39.7 mmol) in toluene (200 mL) was added 2,6-lutidine
extracted with EO (300 mL). The ethereal layer was washed with  (10.2 mL, 87.2 mmol) and cyanuric chloride (14.6 g, 79.3 mmol). The
H20 (1000 mL) and brine (2x 100 mL), then dried over MgSQ resulting orange mixture was heated to°@under N for 16 h, then
filtered, and concentrated to dryness in vacuo, giving the title compound diluted with toluene (200 mL) and washed sequentially wit©H2
as a beige solid (52.5 g, 92%3.= 0.5 (10% ethyl acetate in hexanes).  x 600 mL), aqueous citric acid (15% w:v, 120 mL), and brine (50
'H NMR (300 MHz, CDC}): 6 7.17 (d, 4H,J = 8.7 Hz), 6.81 (d, 4H, mL). The organic phase was separated, then treated simultaneously with
J=8.7 Hz), 4.01 (q, 2H) = 7.2 Hz), 3.91 (t, 4H,) = 6.7 Hz), 3.22 activated carbon and MgSO After filtration, the solution was
(part A of AB system, 2H,) = 13.6 Hz), 3.00 (part B of AB system,  concentrated to an amber oil in vacuo (41.9 g). This material was
2H,J=13.8 Hz), 1.75 (quintet, 4H} = 6.7 Hz), 1.42-1.25 (m, 28H), redissolved in CkCl, (250 mL), and a solution of anhydrous N2
1.01 (1, 3H,J = 7.2 Hz), 0.86 (t, 6H,) = 6.5 Hz).1*C NMR (75 MHz, M in 'PrOH, 90 mL, 180 mmol) was added. After 3 h, the reaction
CDCly): 6 168.3, 158.8, 131.0, 125.9, 118.8, 114.4, 67.9, 62.5, 53.8, mixture was washed with 4D (2 x 750 mL), causing emulsification,
42.4, 31.9, 29.5, 29.4, 29.3, 29.2, 26.0, 22.6, 14.1, 13.8. MS-(Cl  which was remedied upon suction filtration through a pad of Celite.
CH,) m/z (relative intensity): 609 (13), 608 (44), 607 (M 1, 100), The filtrate was washed with 40 (750 mL), the organic phase was
606 (15), 605 (15), 360 (19), 248 (10), 247 (45). IR (neat): 2925, 2854, separated, dried over b&Q,, and concentrated in vacuo to a viscous
1738, 1612, 1512, 1468, 1301, 1248, 1178, 1117, 1050, 831 cnp tawny oil (36.5 g). Purification by column chromatography (Sif200
(capillary) 53-55°C. cm?, 20% acetone in hexanes) yieldeds a yellow wax (29.6 g, 93%).
3-Amino-2,2-bis-(4-decyloxy-benzyl)-propan-1-olA suspension of 'H NMR (300 MHz, CDC}): 6 7.05 (d, 4H,J = 7.2), 6.81 (d, 4H)
LiAIH 4 (4.54 g, 119 mmol) in THF (100 mL) was cooled in an external = 7.2), 6.47 (br s, 1H), 6.32 (br s, 1H), 4.68 (s, 1H), 4.03 (s, 2H), 3.93
wet ice bath and stirred, while a solution of cyano-bis-(4-decyloxy- (t, J = 6.2, 4H), 3.13 (s, 2H), 2.74 (AB system, 4Ay 4 Hz,J =
benzyl)-acetic acid ethyl ester (51.8 g, 85.5 mmol) in THF (200 mL) 14.6), 1.93 (s, 1H), 1.78 (m, 4H), 1.29 (s, 9H), 1.45 (s, 28H), 0.90 (t,
was delivered in by cannulation undep Btmosphere. After addition 6H, J = 7.1). 1°C NMR (75 MHz, CDC}): ¢ 171.2, 170.7, 168.1,
was completed, the vessel was equipped with a water-jacketed 157.8, 155.9, 131.3, 128.2, 114.3, 79.5, 67.9, 42.1, 38.9, 31.8, 31.5,
condenser and refluxed for 14 h undey, then quenched by cautious  29.5, 29.4, 29.3, 28.3, 26.0, 22.6, 14.1. MS (CI, LHvz (relative
addition of HO (10 mL) while cooling in a wet ice bath. The gray- intensity): 797 (M+ 1, 100), 769 (5), 741 (16), 669 (57), 613 (15),
white solids thereby formed were removed by filtration through a 595 (12), 391 (18), 247 (22), 167 (25), 165 (37). HRMS calcd for
medium porosity glass frit under suction. The filtrand was washed with CssH71CINsOs: 796.5144. Found: 796.5137. IR (neat): 3326, 3206,
Et,O (3 x 100 mL), and the combined filtrate was concentrated in 2924, 2854, 1699, 1650, 1611, 1564, 1511, 1468, 1420, 1363, 1301,
vacuo, yielding the title compound as a colorless oil which solidified 1246, 1175, 1015, 892, 810, 673 cinmp (capillary) 69-75 °C.
to a white wax (97.3 g, 97%) upon further vacuum-dryiRg= 0.2— [3-(4-Amino)-6-morpholin-4-yl-[1,3,5]triazin-2-yloxy)-2,2-bis-(4-
0.5 (10%'PrOH in hexanes)H NMR (CDCl): 6 7.06 (d, 4H,J = decyloxy-benzyl)-propyl]-carbamic Acid tert-Butyl Ester (8a). Mor-
8.7 Hz), 6.78 (d, 4HJ = 8.5 Hz), 3.91 (t, 4HJ = 6.7 Hz), 3.54 (s, pholine (1.41 mL, 16.1 mmol) was added to a solutio7q6.27 g,
2H), 2.77 (s, 2H), 2.71 (part A of AB system, 2Bi= 13.8 Hz), 2.43 7.87 mmol) in CHCJ (50 mL), and the mixture was refluxed undes N
(part B of AB system, 2H,) = 13.6 Hz), 1.75 (quintet, 4H] = 6.7 for 1 h, then washed with aqueous citric acid (15% w:v, 100 mL),
Hz), 1.45-1.25 (m, 28H), 0.86 (t, 6HJ = 6.5 Hz).3C NMR (75 H,O (2 x 150 mL), dried over Nz8Q;, and filtered. Concentration of
MHz, CDCl): 6 157.6, 131.4, 129.4, 113.9, 68.5, 67.9, 49.2, 41.8, the filtrate to dryness in vacuo yield&h as a glassy foam (6.29 g,
39.4, 31.9, 29.6, 29.5, 29.4, 29.3, 26.0, 22.6, 14.1. MSHQIH,) 94%).R: = 0.3 (33% ethyl acetate in hexane®). NMR (300 MHz,
m'z (relative intensity): 598 (6), 597 (13), 571 (7), 570 (28), 569 (M  CDCly): ¢ 7.02 (d, 4H,J = 8.5 Hz), 6.76 (d, 4H,) = 8.5 Hz), 5.42
+ 1, 100), 568 (22), 567 (28), 553 (6). IR (neat): 3025, 2917, 2856, (brs, 2H), 4.81 (s, 1H), 3.96 (s, 2H), 3.88 (t, 4H= 6.4 Hz), 3.69 (s,
4H), 3.66 (s, 4H), 3.08 (d, 2H = 4.6 Hz), 2.69-2.75 (m, 4H), 1.73
(36) Leu, Yi-Fun; Lai, Chung KJ. Chin. Chem. Sod.997, 44(2), 89—91. (m, 4H), 1.41 (s, 9H), 1.24 (s, 28H), 0.85 (t, 6Bl= 6.5 Hz).13C
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NMR (75 MHz, CDCE): 6 170.8, 168.2, 166.0, 157.7, 155.9, 131.5,

29.3, 26.0, 22.6, 14.1. HRMS calcd for#&7:N1004Cl: 875.5423.

128.6, 114.1, 67.9, 66.6, 43.6, 41.9, 38.9, 31.8, 29.6, 29.5, 29.4, 29.3,Found: 875.5439. IR (neat): 3425, 3156, 2924, 2854, 1687, 1637, 1574,

28.3, 26.0, 22.6, 14.1. HRMS calcd forsdH79NeOs: 847.6061.

1510, 1408, 1362, 1294, 1247, 1176, 1118, 1013, 989, 810.anp

Found: 847.6070. IR (neat): 2924, 2854, 1714, 1537, 1510, 1442, 1410,(capillary) 89-93 °C.

1365, 1302, 1246, 1175, 1117, 1069, 1013, 886, 836, 813, 738 cm
mp (capillary) 47-50 °C.

Boc-Protected Dimer (8b).This was prepared fror@a according
to general method B. Yield 76% = 0.5 (25% acetone-hexane¥j
NMR (300 MHz, CDC}): ¢ 7.04 (d, 4H,J = 8.5 Hz), 6.96 (d, 4H)
= 8.5 Hz), 6.78 (d, 4HJ) = 8.2 Hz), 6.70 (d, 4HJ = 8.5 Hz), 5.94
(s, 1H), 4.96 (s, 1H), 4.11 (s, 2H), 3.98 (s, 2H), 3.83 (m, 8H), 3.70 (m,
8H), 3.49 (s, 2H), 3.23 (s, 2H), 2.52.80 (m, 8H), 1.70 (s, 8H), 1.48
(s, 9H), 1.24 (m, 56H), 0.854 (t, 12H, = 6.9 Hz).'3C NMR (75

MHz, CDCL): ¢ 168.4, 166.8, 157.8, 156.2, 131.5, 128.6, 128.2, 114.2,

Trimer (9c). This was prepared fromb according to general method
C. Yield 77%.R = 0.5 (25% acetone-hexanedi NMR (500 MHz,
16 mM in dg-toluene, 100C): ¢ 9.80 (br s, 3H), 7.08 (d] = 8.6 Hz,
4H), 7.03 (d,J = 8.6 Hz, 4H), 6.82 (dJ) = 8.6 Hz, 4H), 6.78 (dJ =
8.6 Hz, 4H), 6.30 (br s, 1H), 6.10 (br s, 1H), 4.28 (s, 2H), 4.21 (s, 2H),
3.78 (m, 8H), 3.61 (m, 8H), 3.48 (m, 4H), 2.88.71 (m, 8H), 1.66
(m, 8H), 1.37 (br m, 8H), 1.26 (br m, 48H), 0.87 (m, 12C NMR
(125 MHz, 16 mM indg-toluene, 100°C): ¢ 171.17, 171.09, 169.58,
169.36, 168.04, 167.01, 166.93, 159.16, 132.29, 132.22, 115.34, 115.38,
68.84, 68.81, 66.88, 44.68, 41.59, 40.84, 40.31, 32.46, 30.16, 30.14,

114.0, 79.7, 67.9, 66.7, 43.7, 41.3, 40.5, 39.4, 32.2, 31.8, 29.6, 29.4,30.04, 29.85, 26.75, 23.13, 14.18. HRMS calcd feiHzzaN150,Cl:

29.3, 28,5, 26.1, 26.0, 22.6, 14.1. MS (€I CH,) m/z (relative
intensity): 1507 (M-, 45), 1466 (8), 1464 (10), 1422 (10), 1392 (7),

1364 (23), 1336 (56), 1322 (12), 1292 (14), 1263 (31), 1236 (100),
1222 (5), 1206 (5), 1162 (6), 1002 (9). IR (neat): 3434, 3154, 2925,
2854, 1690, 1650, 1573, 1510, 1471, 1428, 1409, 1357, 1302, 1246,

1176, 1117, 1069, 1015, 887, 835, 813, 738 tmp (capillary) 119-
121°C.

Boc Trimer (8c). This was prepared fror@b according to general
method B. Yield 87%!H NMR (300 MHz, 34 mM in CDCJ): 6 9.54
(brs, 1H), 9.31 (br m, 2H), 6.987.07 (m, 12H), 6.7%46.81 (m, 12H),
6.07 (brs, 1.5H), 4.99 (br s, 0.7H), 4.13 (br s, 4H), 3.99 (s, 2H),-3.70
3.85 (m, 20H), 3.53 (br s, 2H), 3.48 (br s, 2H), 3.24 (br s, 2H), 2.57
2.76 (m, 12H), 1.70 (m, 12H), 1.23..54 (m, 99H), 0.85 () = 6.9
Hz, 18H).1%C NMR (75 MHz, 34 mM in CDCJ): ¢ 157.8, 131.5,

1535.0200. Found: 1535.0222. IR (neat): 3500, 3424, 3117, 2924,
2854, 1691, 1639, 1567, 1511, 1471, 1440, 1408, 1356, 1297, 1247,
1176, 1117, 1086, 1015, 989, 921, 885, 810, 704, 5941cmp
(capillary) 17+175°C.

Tetramer (9d). This was prepared frorBc according to general
method C. Yield 99%R; = 0.6 (25% acetone-hexane¥)l NMR (500
MHz, 11 mM in ds-toluene, 100°C): 6 9.85 (br s, 4H), 7.18 (d] =
8.4 Hz, 4H), 7.10 (dJ = 8.4 Hz, 4H), 6.84 (m, 8H), 6.80 (d,= 8.6
Hz, 4H), 6.45 (br s, 2H), 6.18 (br s, 1H), 4.34 (s, 2H), 4.32 (s, 2H),
4.23 (s, 2H), 3.80 (m, 12H), 3.64 (m, 8H), 3.48 (m, 4H), 2:2778
(m, 12H), 1.68 (m, 12H), 1.38 (br m, 12H), 1.27 (br s, 78H), 0.87 (m,
18H), 0.45 (s, 2H)13C NMR (125 MHz, 11 mM indg-toluene, 100
°C): 0171.29, 171.24, 169.73, 168.17, 159.27, 132.48, 132.45, 132.39,
129.78, 129.61, 129.57, 115.45, 115.40, 69.02, 68.99, 68.94, 67.04,

114.0, 67.9, 31.8, 29.6, 29.4, 29.3, 28.5, 26.0, 22.6, 14.1. HRMS calcd 44.79, 42.04, 41.73, 40.91, 40.42, 40.27, 32.59, 30.31, 30.25, 30.20,

for CiadH201N16012: 2166.5650. Found: 2166.5610. MS (FAB, NBA)
m/z (relative intensity): 2167 (M, 2.7), 1516 (1.4), 1310 (3.5), 1179

29.99, 26.90, 23.26, 14.33. MS (EStyz (relative intensity): 2211
(5), 2195 (M, 20), 2194 (95), 2193 (100), 2192 (85), 2164 (25), 2037

(1.9), 857 (5), 717 (5), 694 (9), 660 (100), 605 (10), 551 (15), 533 (4), 1997 (5), 1534 (5), 1517 (12), 1516 (20), 1099 (25), 1085 (8). IR
(17), 520 (27). IR (neat): 3429, 3120, 2924, 2854, 1691, 1649, 1570, (neat): 3424, 3119, 2924, 2854, 1691, 1638, 1566, 1511, 1470, 1426,
1510, 1470, 1423, 1356, 1301, 1246, 1175, 1118, 1080, 1014, 993,1408, 1355, 1298, 1247, 1176, 1144, 1117, 1081, 1015, 991, 968, 922,

811, 711, 539 cmt. mp (capillary) 173-179°C.
4-(3,5-Bis-decyloxy-benzyloxy)-6-morpholin-4-yl-[1,3,5]triazin-2-
ylamine (9a).To a solution of5a (0.100 g, 0.182 mmol) in CHEK3

810, 707 cm?. mp (capillary) 226-224 °C.
5-Dimethylamino-naphthalene-1-sulfonic Acid (3-Hydroxy-pro-
pyl)-amide. A solution of 5-(dimethylamino)-naphthalene-1-sulfonyl

mL, 60mM) was added morpholine (0.050 mL, 0.573 mmol), and the chloride (1.50 g, 5.56 mmol) in Ci€l, (50 mL) was combined with

mixture was refluxed under air for 45 min. The reaction mixture was

a solution of 3-aminopropan-1-ol (0.64 mL, 8.34 mmalRiM aqueous

then washed with aqueous citric acid (15% w:v, 5 mL), and the organic N&CQO; (30 mL), and the resulting biphasic, yellow mixture was

layer which separated was dried over,8@, filtered through cotton,

vigorously stirred for 1 h. The reaction mixture was acidified cautiously

and evaporated to dryness in vacuo. Purification by column chroma- with 100 mL of 15% aqueous citric acid and shaken. The organic phase

tography (SG60, 15 cin2:3:5 ethyl acetate-CHghexanes) yielded
9a (0.080 g, 73%) as a white soli® = 0.3 (33% ethyl acetate in
hexanes)*H NMR (300 MHz, CDC}): 6 6.52 (m, 2H), 6.35 (m, 1H),
5.23 (s, 2H), 5.02 (s, 2H), 3.89 (t, 48 = 6.5 Hz), 3.77 (m, 4H), 3.67
(m, 4H), 1.73 (quintet, 4H) = 6.8 Hz), 1.46-1.24 (m, 28H), 0.86 (t,
6H, J = 6.4). °C NMR (75 MHz, CDC}): ¢ 170.8, 168.1, 166.2,

was separated, dried over 22, decanted, and evaporated to dryness
in vacuo, yielding the title compound as a pale yellow solid (1.58 g,
92%).Rs = 0.4 (66% ethyl acetate-hexane¥). NMR (300 MHz, de-
DMSO): ¢ 8.44 (d, 1H,J = 8.7 Hz), 8.29 (d, 1H,) = 8.7 Hz), 8.09
(dd, 1H,J = 1.1, 7.4 Hz), 7.80 (br s, 1H), 7.59 (m, 2H), 7.24 (d, 1H,
J = 7.4 Hz), 4.37 (s, 1H), 3.29 (s, 2H), 2.82.79 (m, 8H), 1.47

160.3, 138.6, 106.2, 100.8, 68.3, 68.0, 66.7, 43.8, 31.9, 29.6, 29.4, 29.3,(quintet, 2H,J = 7.0 Hz).**C NMR (75 MHz, d;-DMSO): 6 151.3,

29.2, 26.0, 22.7, 14.1. MS (ES) 'z (relative intensity): 602.4 (8),
601.5 (30), 600.5 (M-, 100), 403.7 (7). HRMS calcd forsgHssNsOx:

136.0, 129.3, 129.1, 129.0, 128.3, 127.8, 123.6, 119.1, 115.1, 58.0,
45.1, 39.9, 32.5. MS (G, CH,) m/z (relative intensity): 349 (3), 337

600.4489. Found: 600.4494. IR (neat): 2954, 2923, 2853, 1649, 1600, (14), 311 (7), 310 (16), 309 (M- 1, 100), 308 (7). IR (neat): 3503,
1573, 1541, 1479, 1437, 1412, 1351, 1303, 1281, 1266, 1177, 1120,3297, 2944, 2873, 2833, 1587, 1574, 1477, 1312, 1142, 1073, 944,

1069, 1015, 811 crt. mp (capillary) 119-122 °C.
N-[3-(4-Amino-6-morpholin-4-yl-[1,3,5]triazin-2-yloxy)-2,2-bis-
(4-decyloxy-benzyl)-propyl]-6-chloro-[1,3,5]triazine-2,4-diamine (9b).
This was prepared froBa according to general method C. Yield 97%.
R = 0.4 (25% acetone in hexanedf NMR (300 MHz, CDC}): 6
6.97 (d, 4H,J = 8.5 Hz), 6.75 (d, 4HJ = 8.5 Hz), 6.08 (t, 1HJ =
5.9 Hz), 4.13 (s, 2H), 3.89 (t, 4H,= 6.2 Hz), 3.71 (s, 8H), 3.54 (d,
2H,J = 5.4 Hz), 2.77 (part A of AB system, 2H,= 14.1 Hz), 2.60
(part B of AB system, 2HJ = 13.6 Hz), 1.74 (quintet, 4H] = 7.2,
6.4 Hz), 1.42-1.24 (m, 28H), 0.85 (t, 6H]) = 6.2 Hz).23C NMR (75

MHz, CDCk): ¢ 169.8, 169.4, 168.0, 166.4, 165.6, 165.4, 157.9, 131.6,

790, 625 cm®. mp (capillary) 117119 °C.
5-Dimethylamino-naphthalene-1-sulfonic Acid [3-(4,6-Dichloro-
[1,3,5]triazin-2-yloxy)-propyl]-amide. 5-Dimethylamino-naphthalene-
1-sulfonic acid (3-hydroxy-propyl)-amide (1.58 g, 5.12 mmol) was
dissolved in CHG (50 mL), followed by 2,6-lutidine (1.31 mL, 11.3
mmol) and cyanuric chloride (1.88 g, 10.2 mmol). The resulting pale
orange solution was refluxed for 6 h, and allowed to cool. After washing
the reaction mixture with 15% aqueous citric acid (100 mL), the organic
layer was separated dried overJS&y, decanted, and evaporated to
dryness in vacuo. Purification was achieved by column chromatography
(SiO;, 60 cn¥/g crude product), eluting with 1:1:2 CHg3thyl acetate:

128.0, 114.1, 73.0, 67.9, 66.6, 43.7, 40.3, 39.8, 31.8, 29.6, 29.5, 29.4,hexanes, followed by 2:1:1 CH@Eéthyl acetate:hexanes, affording the
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titte compound as a yellow solid (1.68 g, 72%) NMR (300 MHz,
CDCly): 6 8.50 (d, 1H,J = 8.5 Hz), 8.24 (m, 2H), 7.51 (q, 2H,=
8.5, 7.2 Hz), 7.12 (d, 1H) = 7.8 Hz), 4.94 (t, 1H,) = 6.4 Hz), 4.36
(t, 2H,J=5.8 Hz), 3.07 (q, 2HJ = 6.4 Hz), 2.86 (s, 6H), 1.90 (quintet,
2H,J = 6.1 Hz).*3C NMR (75 MHz, CDC}): 6 172.4, 170.6, 152.1,

29.3, 26.1, 22.7, 14.1. HRMS calcd forBeiN120:S: 1147.6854.
Found: 1147.6899. IR (neat): 2923, 2854, 1577, 1509, 1432, 1414,
1334, 1247, 1140, 1115, 1071, 1020, 809, 788 trmp (capillary)
165-169 °C.

Dansyl Trimer (10c). This was prepared fror@b (0.326 g, 0.216

134.0, 130.7, 130.1, 129.8, 129.4, 128.5, 123.1, 118.3, 115.1, 67.1,mmol) according to general method D. The crude product was purified

45.3, 39.5, 28.4. HRMS calcd for1§H,0Cl-NsO3S: 456.0664. Found:

by column chromatography (S¥%% MeOH in CHCY), affording10c

456.0668. IR (neat): 1541, 1508, 1442, 1304, 1252, 1162, 1146, 1054, 35 4 pale yellow solid (0.288 g, 74%) NMR (500 MHz, d-toluene,

1040, 789 cm. mp (capillary) 166-169 °C.
5-Dimethylamino-naphthalene-1-sulfonic Acid [3-(4-Amino-6-
chloro-[1,3,5]triazin-2-yloxy)-propyl]-amide (10a). Anhydrous NH
(0.5 M in dioxane, 16.0 mL, 8.00 mmol) was added to a solution of
5-(dimethylamino)-naphthalene-1-sulfonic acid [3-(4,6-dichloro-[1,3,5]-
triazin-2-yloxy)-propyl]-amide (1.61 g, 3.52 mmol) in GEl, (50 mL).

100°C): 6 8.70 (br s, 1H), 8.39 (d, 1H] = 8.5 Hz), 8.29 (d, 1H,

= 6.9 Hz), 7.43 (t, 1HJ) = 8.1 Hz), 7.22-7.12 (m, 9H), 6.93 (d, 1H,
J= 7.6 Hz), 6.82 (d, 4HJ = 7.3 Hz), 6.76 (M, 4H), 4.40 (br s, 2H),
4.33 (br s, 2H), 4.17 (br s, 2H), 3.78.75 (m, 12H), 3.62 (s, 4H),
3.50 (s, 4H), 3.00 (d, 2H] = 5.6 Hz), 2.89-2.73 (m, 8H), 2.59 (s,
6H), 1.68-1.62 (m, 10H), 1.38 (t, 8H) = 6.6 Hz), 1.28 (s, 48H),

The mixture was stirred at ambient temperature for 18 h, during which g7 (m, 12H).13C NMR (125 MHz, de-toluene, 100°C): & 171.7,
time a precipitate developed. The precipitate was collected by suction 171.2, 169.6, 168.0, 159.0, 137.8, 132.5, 132.4, 131.1, 131.0, 123.5,

filtration and dried in vacuo, affordinj0aas a yellow solid (1.42 g,
92%).H NMR (300 MHz, d--DMSO0): 6 8.42 (d, 1H,J = 8.5 Hz),
8.27 (d, 1H,J = 8.7 Hz), 8.08 (d, 1HJ = 7.4 Hz), 8.03 (t, 1HJ =
5.7 Hz), 7.93 (d, 2HJ = 20 Hz), 7.56 (m, 3H), 7.40 (s, 1H), 7.20 (m,
1H), 4.12 (t, 2H,J = 6.1 Hz), 2.88 (g, 2H,) = 6.1, 6.4 Hz), 1.71
(quintet, 2H,J = 6.4, 6.1 Hz).13C NMR (75 MHz, d:-DMSO): d

170.1, 169.7, 167.9, 151.3, 135.7, 129.4, 129.0, 128.4, 127.8, 123.5,

119.0, 115.1, 64.6, 45.1, 28.3. MS (EICH,) nVz (relative intensity):
465 (10), 440 (8), 439 (36), 438 (21), 437 (M1, 100), 436 (15), 329
(7), 327 (18), 291 (10). HRMS calcd for §1,2CINgO3sS: 437.1163.

Found: 437.116. IR (neat): 3362, 3134, 1667, 1574, 1529, 1417, 1313,

1297, 1136, 1067, 783 crh mp (capillary) 198-202 °C.
Dansyl Dimer (10b). This was prepared frorBa (0.193 g, 0.228

mmol) according to general method D. The crude material was purified

by column chromatography (Si06% — 10% 'PrOH in CHC}). The
combined pure fractions yieldelDb as a pale yellow solid (0.177 g,
67%).'™H NMR (300 MHz, CDC}): ¢ 8.47 (d, 1HJ = 8.2 Hz), 8.24
(m, 2H), 7.47 (m, 2H), 7.09 (d, 1H,= 7.2 Hz), 6.97 (d, 4HJ) = 8.2
Hz), 6.71 (d, 4HJ = 8.2 Hz), 5.97 (s, 1H), 4.22 (m, 2H), 4.11 (s,
2H), 3.85 (t, 4H,J = 6.7 Hz), 3.67 (s, 8H), 3.51 (d, 2H,= 4 Hz),
2.99 (m, 2H), 2.80 (s, 6H), 2.74 (s, 1H), 2.59 (d, 2H= 13.3 Hz),
1.84 (m, 2H), 1.69 (m, 10H), 1.461.24 (m, 32H), 0.85 (t, 6H) =
6.5).2°C NMR (75 MHz, CDC}): ¢ 170.6, 169.9, 168.5, 167.7, 166.8,

165.8, 157.8, 151.8, 134.8, 131.6, 130.3, 129.8, 129.6, 128.3, 123.1,

115.9,115.2,115.1, 68.9, 68.8, 66.9, 45.4, 44.9, 41.9, 32.5, 30.2, 30.1,
29.9, 26.8, 23.2, 14.2. MS (FAB)Vz (relative intensity): 1809 (3),
1808 (M+ 1, 5), 1807 (4), 951 (15), 674 (8), 661 (100). HRMS calcd
for CyoH152N17010S: 1807.1629. Found: 1807.1596. IR (neat): 3429,
3128, 2923, 2854, 1684, 1583, 1510, 1426, 1353, 1246, 1176, 1141,
1115, 1072, 810 cmt. mp (capillary) 21+215°C.
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