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Abstract: Constitutional dynamics, self-assembly, and helical-folding control are brought together in the
efficient Sc(OTf)s/microwave-catalyzed transimination of helical oligohydrazone strands, yielding highly
diverse dynamic libraries of interconverting constituents through assembly, dissociation, and exchange of
components. The transimination-type mechanism of the Sc'"-promoted exchange, as well as its regio-
selectivity, occurring only at the extremities of the helical strands, allow one to perform directional terminal
polymerization/depolymerization processes when starting with dissymmetric strands. A particular library is
subsequently brought to express quantitatively [2 x 2] gridlike metallosupramolecular arrays in the presence
of Zn"ions by component recombination generating the correct ligand from the dynamic set of interconverting
strands. This behavior represents a process of driven evolution of a constitutional dynamic chemical system
under the pressure (coordination interaction) of an external effector (metal ions).

Introduction strands;® or on noncovalent interactions such as hydrogen
bonding'1°or metal-ligand coordinatio®®11In particular, the

| construction of helical strands by condensation of suitably
designed hydrazino and carbonyl components into reversible
hydrazone type bonds gives access to dynamic libraries of
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Constitutional dynamic chemistry (CD&EY encompasses the

of suitable external triggers to pH22bmetal ions?? tempera-

study of the dynamic features presented by the constitution of ture2! the formation of a stable hydrogé? or of a solid23b

moleculat>%as well as supramoleculdentities linked through

application of an electric fiel& and by tuning the physical

reversible connections. The generation of constitutional diversity properties of dynamic polymers, dynam&25upon controlling
by exchange and reshuffling of components is by essencetheir constitution with external stimui?

subjected to evolution under the pressure of molecular informa-

The key to the generation of dynamic constitutional diversity

tion and recognition processes. This seminal concept has beerfor both biological and materials science purposes resides in
implemented in particular in the recently developed dynamic the availability of chemical connections displaying efficient

combinatorial/covalent chemistry (DC&).Basically, in dy-
namic combinatorial/covalent libraries (DCLSs), the thermody-
namic equilibrium may be shifted toward the amplification of
the substrate best-fitted for a given receptor through-hgsest

reversibility in a given set of (mild) conditions. The=@ unit,
present in imines, hydrazones, and oximes, offers in principle
highly attractive potentialities to CDC, provided fast reversibility
in organic solvents is achieved. We have recently described the

recognition. Numerous investigations have been pursued onlLewis acid catalysis of self-sufficient transimination reactions
DCC by different research groups over the past decade,using Sc(OTf) in organic solvents with accelerations of over

highlighting its potentialities in the field of drug discové¥as
well as in the self-assembly of molecular recept®?¥Pand
of metallosupramolecular architectuf€sn recent years, work

1CP as compared to the uncatalyzed path@fayhis methodol-
ogy was applied to the generation of a constitutional dynamic
library of helical strands incorporating hydrazone bonds and

from our laboratory has shown that these basic principles cancapable of assembling, dissociating, and exchanging compo-
be implemented in materials science and has extended the rang@ents. We also demonstrated that this library can undergo driven
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evolution in the presence of suitable metal ions, that is, Zn(Il)
salts, to express preferentially {22] grid-type metal complexes
from the mixture of helices. These combined processes are
illustrated schematically in Figure?.

We here present a detailed account of these preliminary
results. First, we show that the exchanges promoted By Sc
ions can be highly accelerated upon microwave activation due
to a local heating of the catalyst. Second, we point out that the
mechanism of the constitutional exchange involves interesting
directionally polarized polymerization/depolymerization pro-
cesses. Finally, we highlight an optimized DCC system in which
a library of helices can be driven to full reorganization toward
the formation of [2x 2] grid-type complexes.

Results and Discussion

I. Synthesis and Conformational Analysis of the Building
Blocks. Previous investigations in our laboratory have estab-
lished the helical structure of molecular strands based on
pyrimidine—pyridine—pyrimidine (pym—py—pymn) sequences
(Scheme 1A).78In these units, the helicity is enforced by the
programmed intramolecular self-organization carried out by
three encoding features: (1) an alternatipgm—py—pym
sequence, (2) linkages at specific positions, and (3) the strong
preference for the transoid conformation around the single bonds
between thex,a’-linked heterocyclic units. Nevertheless, syn-
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Figure 1. Schematic representation of the constitutional dynamic processes undergone by the present system: (left) Lewis acid-catalyzed generation of
dynamic constitutional diversity in helical molecular strands, involving compotratglA, with 1 shown in its preferred helical folding; (right) evolution
of the dynamic library toward the formation of a [2 2] grid driven by the coordination of suitable metal id#s.

Scheme 1. Schematic Representation of the Isomorphic Correspondence between the Helicity Codons pym—py—pym (Sequence A), and
pym—hyz—pym (Sequence B), Represented in Their Transoid Form?
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a0ne helical turn is constituted of three of the represented Bné&sdB and enforced by (1) the electrostatic repulsion between the nitrogen dipoles, (2)
the steric repulsion between the CH's in the cisoid conformation, and (3) the presence of week Bydirogen bondings in the transoid fof#h.
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Figure 2. Schematic representation of the conformational dynamic folding/unfoldinyafpymbased chains, triggered by metal ion bind#fg.

thetic access to such helicity codons necessitates extensiveadvanced intermediates that may be involved in the generation
synthetic efforts. The isomorphic correspondence between theof combinatorial diversity through dynamic reshuffling (Figure
py group of thepym-py—pymsequence and a hydrazoitng?) 3). The general synthetic pathways to access these monomeric
group provides a powerful alternative approach and greatly and oligomeric entities have been published elsewkéfand
simplifies the connection of building blocks by making use of the new compounds are described in the Experimental Section.
the hydrazone condensation reaction (Scheme 1, right). Molec- ||, Generation of Dynamic Constitutional Diversity. He-
ular strands built on several hydrazergyrimidine (yz-pym licity-encoded oligomeric and polymeric molecular strands based
units indeed undergo self-organization into helices both in gn hydrazone connections have been found to resist many
solution and in the solid state, as has been shown by NMR attempts to perform component exchaAgfandicating a high
spectroscopy and X-ray crystallograpHy. stability even at an elevated temperature and/or in the presence

In addition to their easy accessibility from simple condensa- of acid. As model systems for the exploration of potential
tion of the corresponding hydrazine and aldehyde moieties andexchange catalysts, crossover experiments between the dihy-
to their preferential helical folding, theyz—pym sequences  drazone compoun8 and the dihydraziné in chloroform at
present two types of dynamic features: motional dynamic 60 °C were performed first (Figure 4). In these conditions and
processes, conformational changes triggered by metal-ion bind-without a catalyst, only 7% d had been consumed after 48 h
ing and allowing contraction/extension motions, that is, revers- and slow degradation of constituents of the mixture had taken
ible folding/unfolding into helical/linear shapes (Figure?2nd place. Under acid catalysis (20 mol % £F,H), extensive
constitutional dynamic processes resulting from the well- decomposition into unidentified compounds other tBa, B
established reversibility of the hydrazéheconnection and  occurred. In contrast, addition of 20 mol % of Zn(BFH,0220
involving component exchange, reorganization, incorporation, led to complete exchange with a half-life time of 10 h without
and decorporation as well as chain lengthening or shortening observable degradation (Figure 4a). With Sc(Q@@&8§ a catalyst,
(Figure 1). the exchange is very efficient and the equilibrium is reached

To study the constitution of the dynamic libraries of helical Wwith a half-life time of only 20 min (30 times faster) (Figure
strands and to accurately identify their members, we first 4b). The statistical distribution of the products at equilibrium
synthesized a series of building blocks as well as some moreindicates the nonspecific interaction of the metal ions with the
different compounds and the isoenergetic nature of the liBfary.
(28) Stadler, A.-M.; Kyritsakas, N.; Graff, R.; Lehn, J.-Khem.-Eur. J2006 As in the case of other€N bonds under 3¢ catalysis’® the

12, 4503. ) ) reaction proceeds via a transimination process; indeed, in similar

(29) Katritzky, A. R.; Meth-Cohn, O.; Rees, C. WComprehensie Organic . L .
Functional Group Transformation®ergamon: New York, 1995; Vol. 3, conditions, the pyrimidine 4,6-biscarboxaldehyde analogue of

p 404. . . .
(30) In all structural formulas, the molecules are shown, for clarity, in a linear, B and d|hydrazon6 did not yleld any deteCtab_le amount Of_
extended representation rather than in the correct helical form. exchange after 3 days. Moreover, for the lanthanide triflate series
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Figure 3. Structures of the compounds contained in the dynamlc libraries investigated. Comgetfd®, 13, 20, 29—43, 49-57, as well as the two grid
structures [2x 2]Zns54 and [2 x 2]Zn443, were synthesized and characterized as desctiéd?33

(Sc, Yb, Y, Sm, and La), the results indicated that the activity  To test the efficiency and generality of the process, we moved
was directly correlated with the ionic radius of the trivalent to compound., a 1-turn helical strand containing four hydrazone
metallic ions assayed, with scandium being the most powerful groups, which was expected to be much more reluctant to
Lewis acid catalyst for hydrazone scrambling, in agreement with undergo component exchange (Figure 5, equilibrium (a)) than
earlier resultg® the shorter related structurea<5, Figure 3), due to its folding
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Figure 4. Evolution with time of the composition of the hydrazone/hydrazine mixgj#& as model reaction for component exchange (top): followed by
1H NMR (a) under ZH catalysis and (b) under 8ccatalysis;c(5) = ¢(A) = 50 mm30°

and the resulting lesser accessibility of its hydrazone sites (videa catalyst, the microwave irradiation at 120 produces only
infra). CompoundL nevertheless underwent exchange of its two 5% of conversion aftel h (measured ifH NMR by the
bis-hydrazine components with bis-hydrazifheén 48 h when decrease 086). The graphical representation of the systematic
mixed in a stoichiometric ratio in the presence of 20 mol % comparison between classical heating (Figure 6, bottom right,

(i.e., 5 mol % per hydrazone site bf of Sc(OTfy in chloroform squares) and microwave heating (dots) for various temperatures
at 60 °C. The equilibrium was reached after about 48 h as between 60 and 208C shows the linear dependence of both
indicated by the stabilized pattern of the complek NMR processes on the temperature. Besides, the steep slope observed

spectra (Figure 5, top right). Even with only 4% catalyst (i.e., under microwave irradiation could be indication for a very
1% per site), extensive exchange had taken place after 48 hefficient local heating of the metal center, leading to an
although the reaction was much slower. The constituents of theimprovement of its efficiency as a catalyst.

mixture could be separated and identified by HPLC/ESMS  Finally, microwave activation does not generate detectable
(Figure 5, bottom). The data analysis demonstrated that full degradation products even in more complex systems, and the
recombination betweed and A had taken place, with the  equilibrium involving helices described in Figure 5 can be
generation of the set of compounds-28, containing even reached in only 30 min at 14T in C,D,Cls, as compared to
expanded helices of up to 10 hydrazone sites (more than 3the 48 h necessary previously. It should also be pointed out
helical turns). Moreover, all of the possible cross-combinations that the use of microwaves is compatible with grid-type metal
with components bearing phenyl and/or methoxyphenyl moieties complexes, as it does not disrupt their coordination structures
were statistically generated for each size of helical strand (vide infra).

(Gaussian distribution), highlighting the efficiency of the IV. Mechanistic Aspects of the Exchange Process-
reorganization process. Toward Directionally Polarized Polymerization/Depolym-

I1l. Activation by Microwave Heating. To further improve erization ProcessesThe mechanism of catalyzed transimination
the efficiency of the St scrambling catalysis, we investigated in organic solvents was investigated previously, and, in most
the potential effect of activation by microwave heating on the cases, rate accelerations were higher with Bos as compared
equilibration rate of another model system involving hydrazone to those with protond? It was, however, unexpected that for
36 and bis-hydrazinopyrimidiné\ in deuterated tetrachloro- the equilibration described in Figure 5 and undefrizted acid
ethane (Figure 6, top). In this mixture, the application of catalysis (20 mol % CJO,H) after 48 h, only traces df had
microwave heating at a constant temperature of’Zlenables been converted solely into compouridsand3 and degradation
one to reach the equilibrium after only 4 min, while it requires of the dihydrazineA had set in (as shown by NMR and LC/
12 min under oil bath heating (Figure 6, bottom left). Without MS).3! Therefore, in the particular case bfyz—pymbased
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Figure 5. Generation of a highly diverse recombination library of helicity-encoded molecular strands from the 1-turn/4-sites helical cdnfpcarsd
mm) and the dihydrazin& (c = 50 mm) using Sc(OT$)(20%) as catalyst in CDght 60°C; IH NMR spectra show the evolution of the equilibrium with
time and its stabilization after 48 h (top right); 28 constituents have been identified by LC/MS (bottom left) and direct introduction ESI/T@Fc@rato
mass spectrometry, as indicated (bottom right).

helical strands, 3t acts as an efficient promoter of the 1, although the resolution of the structure was of low quality
exchange. Insight into this specific behavior can be gained from (data not shown). On the other hand, it is known that Znd
the crystal structures of protonated and non-protonayest PB' ions are able to fully unfold helical strands basedhgz—
pymsequences of various lengths (Figure 7). pymsequences and produce racks of linear shape (see Figure

The solid-state molecular structure of compow®] a 4 2)28 Therefore, it seems conceivable that catalytic amounts of
hydrazone sites/1-turn helical strand, shows that access to thesd!' jons allow the partial opening/activation of the helical
exchangeable €N bonds is hindered by wrapping of the strands and facilitate as well their subsequent exchange with
molecule around them, thus leading to a low reactivity for the free hydrazines (Figure 8, top). To obtain information about
transimination reaction (Figure 7). The activation of the hydra- {hege mechanistic aspects, we performed the paHidiMR
zone sites would require an unfolding via a change obtirans titration of helix 1 with increasing amounts of Sc(O¥f)etween
to t.he.s-us conformation through, for_ example, chelation to a 0 and 0.5 equiv (Figure 8, bottom). The observed changes are
cat|on!c center. However, protonation does not lead to an in agreement with a partial unfolding at the pyridine termini,
unfolding of such structures. Indeed, the crystal structure of the __ .~ . S

. . as indicated by the marked deshielding of the protons located
diprotonated form ofi3 (Figure 7) shows that the two protons . . . .

in this pym—hyz-pyr moiety (c-f), while the protons of the

are located on the pyridine moieties and do not lead to the
desireds-cislinear strand. A similar observation was also made tcﬁ ntfral tptahrt ;flthe jtgr)and a:;]e *}?‘“f'{ affecte dd (etl a?d [? ) fMore%lver,
for the crystal structure of the bis-protonated helical strand of € fact thatlL ands are the first two products to be formed,
as a function of time, appearing during the equilibration
(31) In all our attempts involving crossover reactions, the use of the metallic described in Figure 5, supports the hypothesis that, not
salts Zn(Bh),-8H,O or Sc(OTf} avoided the degradation of the library unexpectedly, the helical strands react first by their more

constituents, whereas uncatalyzed and, to a larger extent, proton-catalyzed | . R .
reactions always underwent extensive side reactions. accessible extremities and not by their core hydrazone sites.
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strand, despite the presence of exchangeable sites inside the
strand. This loss of the exchange and reshuffling capabilities
can be directly related to the requirement to partially unfold
the strands to activate the first accessible hydrazone site,
depending on the nature of the extremities. The unfolding
energies have been calculated for the 2-turns helldes30,
and29, respectively (Figure 10), and it was confirmed that this
energy increases with the use of more “static” capping moieties.
Thus, these observations point to the regioselectivity of the
exchange, starting at the termini of the strands due to their
folding, and leading to a directional polymerization/depolym-
erization process. The feasibility of an oriented constitutional
elongation/shrinkage process using dissymmetric helices having
a single static ending was tested by first synthesizing compound
57, which can then react witA to produce, as a function of
time, the various structures described in Figure 11 by reaction
at one end only. The reaction was set up in relatively mild
conditions (60°C, [57] = 5.7 mm) to keep a slow rate of
exchange, which allows the analysis of new crossover products

To confirm that the crossover exchange starts at the ends ofbydLC/ MS asba fungtlog of ime. The first s$tlof adducf:]@(
the strands, nonexchangeable capping-agents were introduced"” 3)(;Nas observe ader af reactlohn time ?jf O(il i), (the
into the helices. To this end, we synthesized both 1-turn (4 sites) second one3d, 6, 7, and4) after 28 h (), and finally 59 was

and 2-turns (6 sites) helical strands incorporating a non-dynamic detected after 60 ftg) together with longer strands such &
terminal pyrimidine-pyridine moiety (single non-reversible (and others up to 3 turns). These experimental facts, together

connection: “static” capping) at each extremity (ttpaelices with the absence at any time of crossover products resulting

31 and 30, respectively, Figure 3), as well as their analogues from the addition of a free hydrazine to an inner hydrazone,
incorporating a pyrimidinebipyridine moiety, containing two ~ 29ree with the occurrence of an oriented constitutional motional

Figure 7. X-ray structures of compound, bis-protonated3, and 1-turn
helix 42 (sticks and space-filling representations).

terminal non-reversible connections (typkelices32 (see X-ray
in Figure 9) and29; “double static” capping). The results of

process in this system (see Figure 11, top right).
V. Driven Evolutions of Helical Libraries Toward Met-

the attempts to perform transimination reactions on these allosupramolecular [2 x 2] Gridlike Arrays. The dynamic

compounds in the presence of bis-hydrazinopyrimidiria the
presence of 5 mol % of 8t catalyst per chelating site are
summed in Table 1.

library of helical structures under equilibrating conditions,
represented in Figure 5, was treated with Zn(QTf) equiv
with respect to the initial amount of compoudyl Zn'" ions

It appears clearly that the presence of nonexchangeableare known to self-assemble with two-site ligands suctb,as
endings “freezes” the constitutional dynamics of the whole yielding [2 x 2] grid-type complexes in acetonitrile (Figure 12,
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a terminals-cishydrazone bond, thus activated for transimination reactions
by increasing amounts of Sc(O%fbetween 0 and 0.5 equiv in CDLCI

Figure 9. X-ray structure of the 1-turn helical strai¥2 containing two
non-reversible connections, pyrimidinpyridine—pyridine (top and side
views).

equilibrium (b))32 The formation of Zg5, as a major tetra-
nuclear grid species, together with the 24 and Zn5x4,

(top); sefettiVIR spectra of the titration of helical stradd(c = 25 mm)

Table 1. Effect of the Presence of Different Capping Agents for
the Constitutional Dynamics of the 1-Turn/4-Sites and 2-Turns/
6-Sites Helicity-Encoded Molecular Strands upon Sc'" Catalysis

crossover reactions with

bis-hydrazinopyrimidine A2 4 sites/1 turn 6 sites/2 turns

typeahelices

(“dynamic” capping)
typeb helices

(“static” capping)
typec helices

(“double static” capping)

1, exchange 17, exchange

31, exchange 30, no exchange

32,no exchange 29 no exchange

aChecked by!H NMR and LC/MS after 24 h of heating at 6T in
CDCl; in the presence of 5 mol % of Sc(O%fper chelating site.

resulting from the dissociation of the complexes on the column)
and the ESMS data indicated a marked increase of the amount
of 5, which forms the [2x 2] grid structure, accompanied by

a decrease of the larger helical species, as compared to the initial
equilibrium (a). Moreover, Zhions favored5 over 4, which

analogues, was observed by ESI/TOF mass spectroscopy Usingontains a more bulky central group that hinders the formation

direct injection. The HPLC trace (b) (displaying the ligands

(32) Ruben, M.; Lehn, J.-M.; Vaughan, &.Chem. Soc., Chem. Commg@a03
1338.

of the homoleptic grid complex ZdA,. These observations
indicate that the addition of Zndrives the evolution of the
dynamic set toward the expression of lig&hahder the pressure
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Figure 11. Various structures (and corresponding observed exact masses) obtained by addition of colnpoue dissymmetric helical stragd (ratio:

1/1) under S¥ catalysis (20 mol %) and as a function of increasing times of reactipn.(ts) :

C57=5.7mmT=60°C,tp=0,t =1 h 40 min,t; =

28 h,t3 = 60 h. Each period is the time necessary to generate a new set of compounds, and the drawn structures, until the fourth generation, are limited to

the one observed by LC/MS and resulting from the addition of a free hydrazino group to o

ne exchangeable extremity of the library of strands (see dashed

and bold plain arrows). (Top right) Schematic directional polymerization/depolymerization process occurring from the re&gtimmda for the strands

bearing the terminal bipyridine urif.

of the formation of the (least bulky) grid-type complex by equilibrium (c)). As shown by the HPLC trace as well as by
dissociation and recombination of the subunits of the helical the direct introduction ESI/TOF mass spectroscopy, when 3

strands to form the corresponding ligaBdThe process was
also found to depend on the Zrtoncentration (Figure 10,
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Figure 12. Driven evolution of the dynamic library (a), produced initially from strdn¢see Figure 5), toward the generation of the2] grid complex
Zn454 (bottom left: HPLC traces) by addition of 1 (b) or 3 (c) equiv of Zn(QTIEDsCN; 60 °C; 24 h) to the library (a), pre-equilibrated as in Figure 4
(20% Sc(OTf); CDCls; 60 °C; 48 h), and then evaporated and redissolved in@\D the equilibrium was not significantly affected by the change in
solvent; (bottom right) comparison between the reference (no metal ion), Zr(@mf Co(BF4), for the generation of ligandé and5 as induced by the
amplification of the grid-type complex after heating in §&IN at 60°C for 24 h (bottom right: expanded HPLC tracés).

the formation of mononuclear 2 Zn23, and Zr8, complexes, the spectrum, before exchange=0), of ligand43 mixed with
leading to a large amplification of the single site ligardsnd 0.5 equiv of bis-hydrazinopyrimidiné (to allow generation
3in the library, as compared to the equilibria (a) and (b). This of a library of helical strands) in the presence of only 10 mol
observation may be accounted for as resulting from the 9% Scé'. The equilibrium was reached after 18 min upon
adaptation of the system to generate the ligands providing themicrowave heating at 14%C in CDCk with the unambiguous
sites required for more complete zinc coordination. formation of a mixture of helical entities, as seen in spectrum
We also compared the effect of different metal salts [Zn- b (characteristic triplets below 6.9 ppm). The subsequent
(OTf)2, Co(BF4), Hg(OAC), Pb(OAc), and Fe(BR)] for the treatment of this library with 1 equiv of Zn(OEfjn CD:CN
amplification of short ligands through the formation of the |eq to a dramatic evolution of thtH NMR pattern toward
corresponding [2< 2] grids® Whereas Zhions led to a light  gpectrumc, which is almost superimposable to that of the

yellow solution, the addition of 1 equiv of &pHg", PH', or independently prepared genuine grid complex{2]Zns43,

Fe! yields light orange, dark red, dark red, and dark green (4 Moreover, the opposite evolution from the grid (d) to the
solutions, respectively. The analysis of the HPLC traces Showedlibrary of helices (b) is also possible by adding 1 equiv of

that P, Hg', and Fé& gave some supplementary gr_lidentified hexamethylhexacyclene to trap 'Zions and release fre43.
products, whereas G@ppeared to be the most efficient metal . . . . .
ion for the amplification o6 (increase by a factor 2 as compared This spectacular evolut|o_n of the I|bra_1ry IS _a!so _conflrmed
to Zn', in line with the expected relative stabilities of the grids by I_E,SMS spgctroscopy (Flgure 14). Direct |njec.t|.on of the
formed with Zd' and Cd ions) (Figure 12, bottom right). gqqlllbrated mixture (b in Flgurg 13) before the.a.lddmon pf' Zn
Next, to set up a system that would be capable of highly |r?d|cates the presence of various helical entities of different
selective amplification, we used as starting material the slightly SiZ€S, Up 10 2 turns/6 sites (Figure 14, spectrum a). An almost
different helical library generated from the 2 sites ligad®l guantitative shift in the composition of helices via the formation
(Figure 3), in which the positions of the hydrazone sites are Of the grid array is observed in the presence of 1 equiv of Zn-
reversed as compared to ligaBdThis connection was chosen  (OTf)z after 3 h at 140°C (Figure 14, trace c). In the latter
as it may be expected to produce in situ, during the library spectrum, the assignment of the grid fragments was given by
formation, the nucleophilic hydrazinopyridine capping entities Superimposition with the spectrum of the purex22]Zn.,43,
41, with the correct stoichiometry for converting the set of [see also the HRMS extension of the doubly charged grigl [2
helices into the ligand necessary for the quantitative formation 2]Zns43,(OTf)e?" (e) as well as its theoretical isotopic pattern
of the gridlike complex [2x 2]Zn,43,. (f)]. Moreover, spectrum b shows that the grid is kinetically
These assumptions were verified experimentally firstidy formed from the corner intermediate Zi3,(OTf)s*, which was
NMR studies, as described in Figure 13. Spectrum (a) showsthe major component after 0.5 h (see extension of spectrum d
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Figure 13. Generation of a library of helicity-encoded molecular strands from the 2-sites comg8wuarttl bis-hydrazinopyrimidind (0.5 equiv) upon
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h in presence of Zn(ll) ions (c), and of the separately prepared grid 22Zns43, as reference (d).

showing the mono-charged corner together with some emergingremove any trace of acid. Yields refer to purified spectroscopically

doubly charged grid). (*H NMR) homogeneous materials. Thin layer chromatographies were
] performed with TLC silica plastic sheets (Polygram SIL GAgyY
Conclusion Macherey-Nagel) or TLC alox plastic sheets (Polygram Alox N/LV

The data reported here provide a general and efficient Macherey-Nagel). In most cases, irradiation using a Bioblock VL-4C
procedure for the generation of dynamic libraries of constituents, YV-amp (6 W, 254 nm and/or 365 nm) apdanisaldehyde staining
discrete molecules of helical shapes, undergoing assemblyWere used for visualization. Preparative adsorption flash column
dissociation, and exchange processes, induced bycslysis chromatographies were performed using silica gel (Geduran, silica gel

e . o L 60 (230-400 mesh, 4663 um, Merck)) and aluminum oxide 90
and facilitated by microwave activation. The transimination-

. - (Merck; 70-230 mesh, standardized activity Il). High-pressure liquid
type mechanism of the Sepromoted exchange, as well as its  ¢nromatography (HPLC) was carried out on a Hewlett-Packard HP 1100

regioselectivity, occurring at the extremities of the strands, allow apparatus equipped with a diode array detector, using a reverse phase
one to perform directional terminal polymerization/depolym-  column (Thermo, hypersil £5 cmx 4.6 mm 5um). *H NMR spectra
erization processes. These libraries can subsequently be driververe recorded on a Bruker Avance 400 spectrometer at 400 MHz and
by interaction with metal ions (such as'Zand Cd) toward 13C spectra at 100 MHz in CDglinless stated otherwise. The spectra
the amplification of specific ligand constituents, under the were internally referenced to the residual proton solvent signal. In the
pressure of the formation of stable $22] gridlike coordination 'H NMR assignments, the chemical shifts are given in ppm. The
architectures (Figure 1). Furthermore, suitable design of thesecoupling constantd are listed in Hz. The following notation is used
libraries in terms of chemical structures and stoichiometry for the *H NMR spectral splitting patterns: singlet (s), doublet (d),
enables one to make this evolution from helices to grids trlplet_(t),.multlplet (m), large (I)_. The temperatu_res that are given for
quantitative. In a broader perspective, the results illustrate thethe kinetic and thermodynamic data were directly measured and

ability of constitutional dvnamic svstems to respond to envi- regulated in the NMR probe using a thermocouple. Electrospray (ESI-
y y Y . P . TOF) studies were performed on a Bruker MicroTOF mass spectrometer
ronmental parameters and to perform internally (folding) and

: . . ) (sample solutions were introduced into the mass spectrometer source
externally (metal ions) driven evolution toward the fittest it 4 syringe pump with a flow rate of 46 min-2). Melting points
constltuent, an essential feature characterizing the a_daptlve angmp) were recorded on a Kofler Heizblock and on &cBuMelting
evolutive nature of CDC under the pressure of environmental point B-540 apparatus and are uncorrected. Microanalyses were
factors. performed by the Service de Microanalyse, Institut de Chimie,
Universite Louis Pasteur. X-ray crystallography: The crystals were
placed in oil, and a single crystal was selected, mounted on a glass
General Aspects All reagents and solvents were purchased at the fiber, and placed in a low-temperature $iream. The X-ray diffraction
highest commercial quality and used without further purification unless data were collected on a Nonius-Kappa-CCD diffractometer with
otherwise noted. Deuterated chloroform used for the kinetic measure- graphite monochromatized Mo,Kadiation ¢ = 0.71071 A)¢ scans,
ments was flashed through basic alumina immediately prior to use, to using a ‘% scan” type scan mode. The structures were solved using

Experimental Section
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Figure 14. Driven evolution of the dynamic library derived frod8 and A (Figure 13, top) toward the generation of the22] grid complex Zn43;.
ESMS direct injection spectra: (a) of the library of the molecular strands after 20 min under microwave activatiofhG{dete products are ionized with
protonated compoundl); (b) of the equilibrated library after 0.5 h at 14Q in the presence of Zn(ll) ions; (c) of the equilibrated library m&é at 140

°C in the presence of Zn(ll) ions; (d) and (e) are the expansions of the corresponding sets of peaks in spectra b and c, respectively; spectrum f is the

calculated isotopic pattern of the grid [2 2] Zns43,(OTf)e2". Spectra ac were obtained using the same spectroscopic/ionization conditions and are

directly comparable in terms of intensities.

direct methods and refined (based Bhusing all independent data)

Figures 13 and 14).Compound43 (21.15 mg, 5x 102 mmol) and

by full-matrix least-squares methods (OpenMolen Package). CCDC bis-hydrazinopyrimidiné\ (8.3 mg, 2.5x 10-3 mmol) were dissolved
620827620830 contain the supplementary crystallographic data for in 2 mL of CDCk. The catalyst (10%) was added via a microsyringe
this paper. These data can be obtained free of charge from (15uL) from of a solution of Sc(OTHin CDsCN (90 mg in 0.5 mL).
the Cambridge Crystallographic Data Center via www.ccdc.ac.uk/ The yellow solution was heated in a closed vial adapted to the
data_request/cif. All molecular representations (Stick, CPK) and 3D- microwave apparatus at 14€ for 18 min. Next, the solvent was

images in this Article were created using WebLabViewer Pro (ver.

5, evaporated to almost dryness under reduced pressure, and the residue

2002, Accelrys). Microwave heating was performed using a CEM was dissolved using a solution of Zn(O7{L8 mg, 5x 102 mmol)

discover with closed vessels filled with—2 mL solutions. The

in 1 mL of CD;CN. After 3 h of heating under microwaves at 140,

regulation of the heating was done by fixing the temperature and without the solution turned dark red/brown, the characteristic color of grid [2
regulation of the power or the pressure. LC/MS was performed by x 2]Zns43..

coupling a Hewlett-Packard HP 1100 chromatography apparatus and Procedures for the Syntheses and Characterizations of the
either a Thermo Finnigan Surveyor MSQ mass spectrometer or a BrukerProducts. ProductsA, B, 1, 2, 4—6, 20, 41, 43 are described in ref
MicroTOF mass spectrometer. The samples were prepared from an12b, product89 and40 are in ref 12a, and grids [® 2]Zns54 and [2

aliquot of the mixtures under equilibration, diluted 1000 times in
solution of CHCYMeOH (2/3:1/3).
General Procedure for Crossover Experiments and Determina-

tions of Kinetic Data. A typical protocol is realized by the preparation

of a fresh CD{ solution containing the compounds to exchange in

a x 2]Zn,43, are described in ref 33.

Pyridine-2-carboxaldehyde Methyl[6-(1-methylhydrazino)-2-
(3,4,5-trimethoxyphenyl)pyrimidin-4-yllhydrazone (3). To a solution
of 4,6-bis(N\-methylhydrazino)-2-(3,4,5-trimethoxyphenyl)pyrimidine

a A!?(250 mg, 74x 1072 mmol) in a mixture of absolute ethanol (20

NMR tube (0.6 mL, 22.6 mM in hydrazone) or avial (2 mL,22.6 mM mL) and CHC} (13 mL) was added a solution of pyridine-2-
in hydrazone). The desired amounts of catalyst were immediately addedcarboxaldehyde (80 mg, 4 10-2 mmol) in 20 mL of absolute ethanol.

to this mixture from a CBCN solution (5-50 uL, 45 mM, 0.2-8.0

vol % of CD;CN in CDCE), prior to NMR measurements. The first

The solution was stirred at room temperature for 24 h under an
atmosphere of argon. All of the solvents were then removed under

spectrum was usually recorded 30 s after addition without spinning in reduced pressure, and the residue was purified by flash chromatography
the probe. The NMR tubes were topped with Teflon caps to keep a (Al.Os, AcOEt/Hex, 1/1) to give3 (170 mg, 51%) as a white solid.

constant concentration upon heating.
Procedure for the Driven Evolutions of Helical Libraries Toward
Metallosupramolecular [2 x 2] Gridlike Arrays (Examples of

(33) Barboiu, M.; Ruben, M.; Blasen, G.; Kyritsakas, N.; Chacko, E.; Dutta,
M.; Radekovich, O.; Lenton, K.; Brook, D. J. R.; Lehn, J.-Bur. J. Inorg.
Chem.2006 784.
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Mp 162-165°C. H NMR: 8.57 (d,3J = 4.8 Hz, 2H), 8.0 2 (d%) = 7.56 (s, 2H), 7.43 (s, 4H), 7.32 @) = 6.8 Hz, 4H), 7.20 (t3J = 6.8

5.4 Hz, 2H), 7.54 (s, 1H), 7.73 (m, 3H), 7.21 #, = 5.4 Hz, 1H), Hz, 4H), 7.17-7.15 (m, 2H), 7.14 (s, 2H), 4.01 (s, 6H), 3.92 (s, 12H),
6.95 (s, 1H), 3.96 (s, 6H), 3.90 (s, 3H), 3.77 (s, 3H), 3.42 (s, 31).  3.79 (s, 6H), 3.39 (s, 6H}3C NMR: 164.25, 163.70, 162.10, 161.90,
NMR: 163.1, 155.1, 153.0, 149.3, 140.3, 137.0, 136.6, 136.4, 136.1, 161.85, 160.85, 154.35, 152.55, 149.00, 139.95, 138.10, 137.15, 136.25,
122.9, 119.9, 105.3, 86.8, 60.9, 56.1, 29.8, 29.7. HRMS (ESi-TOF- 134.95, 133.10, 130.55, 130.20, 128.65, 128.15, 127.90, 127.80, 124.80,
MS) miz (%): calcd for GiHzsN,Os 446.1916 [M+ H]*; found 120.95, 105.10, 88.20, 60.85, 55.95, 30.10, 29.25. HRMS (ESi-TOF-

446.1750 (100) [M+ NaJ*. MS) m/z (%): calcd for GsHe/N200s 1331.5547 [M+ H]*; found
2-Phenylpyrimidine-4,6-dicarboxaldehyde 4,4-Bigmethyl{ 6-[1- 1331.5512 (100) [M+ HJ*.

methyl-2-(pyridin-2-ylmethylene)hydrazino]-2-(3,4,5-trimethoxy- 6,6-(6,6-(1E,1'E)-(2,2-(2-(3,4,5-Trimethoxyphenyl)pyrimidine-

phenyl)pyrimidin-4-yl } hydrazone} 6,6{[2-(3,4,5-Trimethoxyphen- 4,6-diyl)bis(2-methylhydrazin-2-yl-1-ylidene))bis(methan-1-yl-1-

yl)pyrimidine-4,6-diyl]bis(methylhydrazone)} (17).To a solution of ylidene)bis(2-phenylpyrimidine-6,4-diyl))di-2,2-pyridine (31). To a
4,6-bis(N-methylhydrazino)-2-(3,4,5-trimethoxyphenyl)pyrimidiaé? solution of 2-phenyl-6-(pyridin-2-yl)pyrimidine-4-carbaldehysi(94

(5 mg, 1.49x 102 mmol) in a CHC}4 solution (0.8 mL) was adde8b mg, 2.77 x 107 mmol) in CHCE (2 mL) was added 4,6-bis¢
(18.5 mg, 2.99x 102 mmol). The solution was stirred at 61C methylhydrazino)-2-(3,4,5-trimethoxyphenyl)pyrimidiAé? (46.4 mg,
overnight under an atmosphere of argon. All of the solvent was then 1.38 x 10~* mmol). The solution was stirred at room temperature
removed under reduced pressure, and the residue was purified by flashovernight under an atmosphere of argon. All of the solvent was then

chromatography (silica gel, gradient of solvents: CHt CHCL/ removed under reduced pressure, and the residue was purified by flash
MeOH (95/5)) to givel7 (22 mg, 96%) as a yellow powder. Mp chromatography (silica gel, CHgIto give a mixture of31 (top spot,

250 °C (decomposition)*H NMR: 8.39 (s, 2H), 8.20 (ddJ = 8.6 62 mg, 55%, yellow powder) and of the corresponding monohydrazine
Hz,3) = 1.2 Hz, 4H), 8.03 (d3J = 4.3 Hz, 2H), 7.69 (d3J = 7.8 Hz, 33 (bottom spot, 38 mg, yellow powder3l, Mp > 250 °C

2H), 7.64 (d3J = 5.8 Hz, 4H), 7.60 (s, 2H), 7.57 (s, 2H), 7.45 (s, 4H), (decomposition)!H NMR: 8.95 (s, 2H), 8.738.63 (m, 4H), 8.22 (s,

7.42 (s, 2H), 7.35 (83 = 7.4 Hz, 2H), 7.22 (3 = 7.0 Hz, 4H), 7.22  1H), 8.14 (d;3 = 7.9 Hz, 2H), 8.00 (s, 2H), 7.85 (s, 2H), 7:60.50

(s, 1H), 6.98 (t3] = 7.4 Hz, 2H), 6.64 (dd%) = 6.2 Hz,3) = 1.2 Hz, (m, 8H), 7.55 (td3J = 7.6 Hz,3J = 1.7 Hz, 2H), 6.96 (ddJ = 7.3

2H), 4.10 (s, 6H), 4.02 (s, 3H), 4.00 (s, 6H), 3.89 (s, 12H), 3.80 (s, Hz,3J = 4.7 Hz,3] = 1.2 Hz, 2H), 4.06 (s, 6H), 3.99 (s, 3H), 3.94 (s,
6H), 3.68 (s, 12H}3C NMR: 164.45, 162.45, 162.00, 161.45, 161.30, 6H).3C NMR: 164.00, 163.25, 162.80, 161.95, 153.85, 153.10, 153.00,
161.20, 161.05, 160.75, 153.75, 153.05, 152.60, 140.30, 140.05, 137.05148.50, 137.95, 136.05, 135.25, 133.40, 130.60, 128.55, 128.20, 124.55,
135.50, 135.25, 135.15, 133.50, 133.10, 130.30, 127.95, 127.90, 122.00120.80, 110.25, 105.45, 101.95, 89.10, 61.00, 56.20, 30.15. HRMS (ESi-
119.30, 106.95, 105.40, 105.15, 89.00, 87.30, 61.00, 60.85, 56.30, 55.95TOF-MS)nz (%): calcd for GHaN1,05 [M + H]+ 821.3419; found
30.15, 30.05, 29.80. HRMS (ESi-TOF-MSjiz (%): calcd for  821.3453 (100) [M+ H]*. 33, 'H NMR: 8.84 (s, 1H), 8.76 (d%) =

CgiHg1N2409 1533.6618 [M+ H]*; found 1533.6625 (100) [M- H]*. 3.9 Hz, 1H), 8.70 (d3J = 8.2 Hz, 1H), 8.64 (m, 2H), 7.92 (td) =
(1E,1'E)-(2,2-(6,6-(2E,2 E)-2,2-(2-Phenylpyrimidine-4,6-diyl)bis- 7.8 Hz,% = 1.6 Hz, 2H), 7.85 (s, 1H), 7.76 (s, 2H), 7:58.55 (m,
(methan-1-yl-1-ylidene)bis(1-methylhydrazin-1-yl-2-ylidene)bis(2- ~ 2H), 7.44 (ddd3J = 7.0 Hz,3) = 4.7 Hz,%) = 1.2 Hz, 1H), 7.11 (s,
(3,4,5-trimethoxyphenyl)pyrimidine-6,4-diyl))bis(2-methylhydrazin- 1H), 4.00 (s, 6H), 3.95 (s, 3H), 3.82 (s, 3H), 3.48 (s, 3HE NMR:
2_y|_]_-y||dene))b|5(methan_1.y|_1-y||dene)b|5(2-pheny|pyr|m|d|ne_ 165.40, 164.35, 163.25, 162.70, 162.50, 161.75, 154.60, 152.95, 149.40,
6,4-diyl))di-2,2-bipyridine (29). 6-(2,2-Bipyridin-6-yl)-2-phenylpyrimi- 140.20, 137.75, 137.10, 134.55, 133.85, 130.65, 128.50, 128.25, 125.20,

dine-4-carbaldehyd&3 (30 mg, 8.9x 102 mmol) and 4,6-bis(1- 121.95, 109.90, 105.35, 83.35, 60.95, 56.15, 39.70, 30.10, 28.25. HRMS
methylhydrazinyl)-2-(3,4,5-trimethoxyphenyl)pyrimidine (30 mg, 0.089 (ESi-TOF-MS)m/z (%): calcd for GiHz2NeOs 578.2623 [M+ H]*;
mmol) were stirred in 2 mL of chloroform at 4@ for 2 h under an ~ found 578.2625 (100) [M- H]*.

atmosphere of argon. 4,6-Diformyl-2-phenyl-pyrimidine (9.5 mg, 0.045 6,6-(6,6-(1E,1'E)-(2,2-(2-(3,4,5-Trimethoxyphenyl)pyrimidine-
mmol) was then added and stirred at4Dfor 12 h. After the solvent 4,6-diyl)bis(2-methylhydrazin-2-yl-1-ylidene))bis(methan-1-yl-1-

was removed under reduced pressure, the residue was purified byylidene)bis(2-phenylpyrimidine-6,4-diyl))di-2,2-bipyridine (32). 6-(2,2-
chromatography (ADs;, CHCL) to give 29 (15 mg, 23%) as a yellow Bipyridin-6-yl)-2-phenylpyrimidine-4-carbaldehyds (30 mg, 8.9x

solid. Mp > 250°C (decomposition)H NMR: 8.88 (s, 1H), 8,57 (d, 1072 mmol) and 4,6-bis(1-methylhydrazinyl)-2-(3,4,5-trimethoxyphen-

3J = 8.0 Hz, 2H), 8.40 (d3J = 7.2 Hz, 2H), 8.31 (d3) = 7.2 Hz, 4H), yl)pyrimidine (14.5 mg, 4.5x 1072 mmol) were stirred in 2 mL of
8.08 (m, 5H), 7.97 (t8J = 8.0 Hz, 2H), 7.74 (s, 2H), 7.54 (&) = 6 chloroform at 40°C for 12 h under an atmosphere of argon. The solvent
Hz, 4H), 7.50 (s, 2H), 7.45 (s, 4H), 7.26 (m, 4H), 7.23%0t= 8 Hz, was then removed under reduced pressure, and the residue was purified

2H), 7.05 (s, 2H), 6.85 (s, 2H), 6.71 (m, 2H), 4.01 (s, 6H), 3.93 (s, by chromatography (AD;, CHCL) to give32 (30 mg, 69%) as a yellow
12H), 3.82 (s, 6H), 3.42 (s, 6H)3C NMR: 164.04, 162.62, 162.49,  solid. Mp > 250°C (decomposition)H NMR: 8.82 (s, 2H), 8.40 (m,
162.33, 161.348, 160.75, 155.693, 154.86, 153.83, 152.96, 148.62,4H), 8.19 (m, 7H), 8.08 (*J = 8.2 Hz, 2H), 7.86 (s, 2H), 7.80 (s,
140.50, 138.41, 137.60, 137.41, 135.96, 135.62, 133.44, 130.59, 128.912H), 7.64 (t,*J = 8.0 Hz, 2H), 7.55 (m, 6H), 7.36 (td) = 8.2 Hz,%J
128.62, 128.29, 123.67, 122.47, 121.39, 120.91, 109.44, 105.57, 87.65,= 1.2 Hz, 2H), 6.93 (t3J = 5.4 Hz, 2H), 4.09 (s, 6H), 4.01 (s, 3H),
61.20, 56.34, 34.24, 32.24. HRMS (ESi-TOF-M8&/¢ (%): calcd for 3.90 (s, 6H)*C NMR: 163.78, 163.30, 162.29, 162.23, 154.72, 154.53,

CaaH73N220s 1485.6078 [M+ H]*; found 1485.6279 (100) [M- H]*. 153.13, 152.80, 148.33, 137.78, 137.21, 136.32, 135.68, 132.91, 132.13,
(1E,1E)-(2,2-(6,6-(2E,2 E)-2,2-(2-Phenylpyrimidine-4,6-diyl)bis- 132.04, 131.95, 130.34, 128.54, 128.42, 128.33, 128.28, 123.42, 121.91,

(methan-1-yl-1-ylidene)bis(1-methylhydrazin-1-yl-2-ylidene)bis(2- 121.27,120.28, 109.53, 105.51, 87.22, 60.99, 56.24, 30.25. HRMS (ESi-

(3,4,5-trimethoxyphenyl)pyrimidine-6,4-diyl))bis(2-methylhydrazin- TOF-MS)mz (%): calcd for G7HaeN1aNayO; 997.3770 [M+ NaJ*;

2-yl-1-ylidene))bis(methan-1-yl-1-ylidene)bis(2-phenylpyrimidine- found 997.3771 (100) [M+ NaJ*.

6,4-diyl))di-2,2-pyridine (30). A solution 0f33(30.8 mg, 4.7x 1072 Crystal Structure of 32 (CCDC 620830).A suitable crystal o2

mmol) and 2-phenylpyrimidine-4,6-dicarboxaldehi®dg5 mg, 2.35 was obtained by diffusionrecrystallization from CHGI (solvent).
x 1072 mmol) in 1.2 mL of CHC} was stirred at room temperature  Diffraction data were collected at 173 K. Formulaso&4gClgN140:=
for 12 h under an argon atmosphere. Chloroform was then removed CsH1gN1405:3CHCL. Molecular weight: 1333.18. Yellow crystal;
under reduced pressure, and the residue was purified by flash chro-crystal size (mm): 0.18< 0.14 x 0.10. Unit cell parametersa =
matography (silica gel, CH@)l to afford 30 (30 mg, 96%) as a pale  13.8400 (3) Ab = 15.0840(3) Ac = 16.3080(4) A,o. = 82.84(5Y,

yellow powder. Mp> 250°C (decompositionfH NMR: 8.75 (I, 2H), B = 70.59(5), y = 75.03(5}; crystal system, triclinic; space group
8.55 (d,%J = 7.8 Hz, 4H), 8.47 (s, 1H), 8.29 (&) = 7.4 Hz, 4H), 7.96 P-1; V = 3099.2(1) &; F(000)= 1368;Z = 2; calculated density=
(I, 2H), 7.86 (1,3 = 6.4 Hz, 2H), 7.65 (s, 2H), 7.647.50 (m, 3H), 1.43 g cm?; linear absorption coefficient = 0.464 mnt. Of 21 844
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reflections measured, 14 155 reflections were unidue 8o(l)); 877 (6-(1-Methylhydrazino)-2-phenylpyrimidin-4-yl)methanol (38).
refined variables. Thé range for data collection was 1.327.50 To a solution of (6-chloro-2-phenylpyrimidin-4-yl)methan'?2 (3.6
with hkllimits: —19 to 19,—19 to 21, and-19 to 22. The final indices g, 16.3 mmol) in ethanol (50 mL) was added methylhydrazine (3 mL,
wereR = 0.0866 andr, = 0.2108, with a goodness-of-fit (GOF) of  56.4 mmol). The mixture was then heated to reflux for 48 h under an

1.031. The largest peak in final difference was 0.83178&. A argon atmosphere. Upon subsequent cooling &€ 0crystallization
(E)-6-(6-((2-Methyl-2-(6-(1-methylhydrazinyl)-2-(3,4,5-trimethoxy- occurred. The crystals were filtered, washed with ethanol, and air-dried
phenylpyrimidin-4-yl)hydrazono)methyl)-2-phenylpyrimidin-4-yl)-2,2"-bi- to afford 38 as a white powder (2.8 g, 74%). Mp 13138 °C. 'H

pyridine (34). 6-(2,2-Bipyridin-6-yl)-2-phenylpyrimidine-4-carbalde- ~ NMR (DMSO-de): 8.34 (m, 2H), 7.45 (m, 3H), 5.38 (s, 1H), 4.83 (s,
hyde53 (30 mg, 8.9x 102 mmol) and 4,6-bis(1-methylhydrazinyl)- ~ 2H), 445 (d, 2H), 3.39 (s, 3H}’C NMR (DMSO): 169.9, 165.3,
2-(3,4,5-trimethoxyphenyl)pyrimidine (29 mg, ® 10-2 mmol) were 161.7, 138.7, 130.3, 128.6, 128.0, 97.75, 64.2, 39.4. Anal. Calcd for
stirred in 2 mL of chloroform at 40C for 12 h under an atmosphere ~ C12H1NO: C, 62.59; H, 6.13; N, 24.33. Found: C, 62.63; H, 5.89;
of argon. The solvent was then removed under reduced pressure, and\, 24.44. ESI-TOF-MSwz (%): 231.1 (100) [M+ H]".

the residue was purified by chromatography @4, CHCk) to give 2-Phenylpyrimidine-4,6-dicarboxaldehyde Mong methyl{ 6-[1-

34 (30 mg, 50%) as a yellow solidH NMR: 8.99 (s, 1H), 8.78 (m,  Methyl-2-(pyridin-2-ylmethylene)hydrazino]-2-phenylpyrimidin-4-

2H), 8.68 (m, 3H), 8.60 (d?J = 6.8 Hz, 1H), 8.08 (t3J = 8.0 Hz, yl}hydrazone (42). A solution of 3 (10 mg, 2.6x 1072 mmol) and
1H), 7.96 (s, 1H), 7.88 (8] = 8.0 Hz, 1H), 7.79 (s, 2H), 7.57 (m,  4.6-diformyl-2-(3,4,5-trimethoxyphenyl)-pyrimidifi (3.5 mg, 1.3x

3H), 7.36 (t,3] = 8.0 Hz, 1H), 7.15 (s, 1H), 4.03 (s, 6H), 3.96 (s, 3H), 1072 mmol) in 0.7 mL of CDC} was stirred at 50C for 12 h. The
3.91 (s, 3H)3C NMR: 165.37, 164.20, 162.95, 162.41, 161.74, 157.04, reaction mixture was then concentrated under reduced pressure and
156.01, 155.63, 153.95, 152.96, 149.30, 137.90, 136.57, 135.17, 130.69purified by flash chromatography (&D;, CHCL) to give 42 (9 mg,
128.51, 128.27, 123.84, 122.65, 122.03, 120.76, 105.40, 83.14, 79.17,60%). Mp> 250°C (decomposition)H NMR: 8.64 (s, 1H), 8.10 (d,

60.93, 56.17, 39.96, 39.85, 29.70. HRMS (ESi-TOF-M8} (%): ) =4.8Hz, 2H),7.97 (s, 2H), 7.91 (s, 2H), 7.85 td = 8.0 Hz, 2H),
calcd for GeHasN1Os 655.2888 [M+ H]*; found 655.2977 (100) M /-71 (S, 4H), 7.45 (s, 2H), 7.16 () = 8.0 Hz, 2H), 6.76 (t}J = 4.8
T HI, Hz, 2H), 3.84 (s, 6H), 3.61 (s, 6HJXC NMR: 162.5, 162.1, 161.3,

153.8, 153.1, 149.3, 140.6, 136.1, 135.6, 135.3, 133.4, 132.9, 122.9,
122.1, 119.5, 119.3, 105.5, 87.7, 60.95, 56.3, 55.9, 55.8, 30.2, 29.8.
ESI-TOF-MSm/z (%): 1113.5 (100) [M+ H]*.

Crystal Structure of 42 (CCDC 620827).A suitable crystal o2
was obtained by diffusionrecrystallization from CHGI (solvent)/
MeOH (nonsolvent). Diffraction data were collected at 173 K.
Formula: QOH65C|6N15010=C72H52N24'2CHCI3'CH3OH. Molecular
weight: 1384.01. Yellow crystal; crystal size (mm): 0.200.10 x
0.10. Unit cell parametersa = 14.0332 (3) Ab = 15.6497(3) Ac
= 16.0239(4) A,a. = 87.837(5}, B = 74.86F(5), y = 75.625(5);
crystal system, triclinic; space group1; V = 3289.2(1) &; F(000)
= 1440;Z = 2; calculated density= 1.40 g cm?3; linear absorption
coefficientu = 0.331 mmL. Of 27 295 reflections measured, 10 961
reflections were uniqud ¢ 30(1)); 829 refined variables. Thrange
for data collection was 2:530.05 with hkl limits: —19 to 19,—19 to

2-Phenylpyrimidine-4,6-dicarboxaldehyde Mondg methyl{ 6-[1-
methyl-2-(pyridin-2-ylmethylene)hydrazino]-2-(3,4,5-trimethoxy-
phenyl)pyrimidin-4-yl } hydrazone} (35). A solution of 3 (120 mg,
0.28 mmol) and 2-phenylpyrimidine-4,6-dicarboxalderyeés6 mg,
0.28 mmol) in 25 mL of CHCI, was stirred at room temperature for
2 h under an argon atmosphere. The reaction mixture was then cooled
to 0°C and filtered to give35 as a yellow powder (104 mg, 60%). Mp
249°C.H NMR: 10.22 (s, 1H), 8.66 (fJ = 4.4 Hz, 2H), 8.61 (m,
2H), 8.39 (s, 1H), 8.34 (] = 8.0 Hz, 1H), 8.20 (t3J = 8.0 Hz, 1H),

8.01 (s, 1H), 7.92 (s, 1H), 7.80 (m, 4H), 7.58 (m, 4H), 7.321t=
8.0 Hz, 1H), 4.02 (s, 6H), 3.98 (s, 3H), 3.91 (s, 3H), 3.86 (s, 3fD.
NMR: 193.4, 165.8, 164.2, 163.4, 162.7, 161.8, 158.3, 154.4, 153.2,
149.2, 138.9, 137.6, 136.7, 134.5, 133.26, 131.3, 128.6, 123.3, 119.8,
87.2, 60.8, 56.2, 30.4, 29.9. Anal. Calcd fogz851NgOs: C, 64.17; H,

5.06;N, 20.41. Found: C, 63.54; H, 4.99; N, 19.98. ESI-TOFME  5) 504 55 t 22, The final indices wer@ = 0.093 ancR, = 0.124,

(%): 618.2 (100) [M+ H]". with a goodness-of-fit (GOF) of 1.068. The largest peak in final
1-(6-(Methoxymethyl)-2-phenylpyrimidin-4-yl)-1-methyl-2-(py- difference was 0.776 e &.

ridin-2-ylmethylene)hydrazine (36). A solution of37 (0.3 mg, 1.23 Crystal Structure of 43(HOTf) , (CCDC 620829) A suitable crystal

mmol) and pyridine-2-carboxaldehyde (133 mg, 1.23 mmol) in 8 ML 4f 43yas obtained by diffusionrecrystallization from CHGITfOH

of absolute ethanol was stirred at room temperaturetfb under an 955 (solvent)/MeOH (nonsolvent). Diffraction data were collected at

argon atmosphere. The solution was then concentrated under reduced 73 k. Formula: GeH24FsN3OsS,. Molecular weight; 722.65. Colorless
pressure and filtered to givé6 (333 mg, 81%) as a white solid. Mp  ¢rystal; crystal size (mm): 0.2 0.20 x 0.20. Unit cell parameters:

134-136°C.*H NMR: 8.55 (d,%) = 4.8 Hz, 1H), 8.44 (m, 2H), 8.10 5 = 905800 (10) Ab = 11.4700 (2) Ac = 29.730 (4) Ao = 90°,

(d, %)= 8.0 Hz, 1H), 7.93 (s, 1H), 7.77 (1) = 8.0 Hz, 1H), 7.65 (s, p =90, y = 90°; crystal system, orthorhombic; space grd®a.12i

1H), 7.47 (m, 3H), 7.26 (£J = 8.0 Hz, 1H), 4.60 (s, 2H), 3.83 (s, v =3089.12 (8) & F(000)= 1480;Z = 4; calculated density: 1.554

3H), 3.57 (s, 3H)!*C NMR: 166.7, 163.1, 163.0, 154.5, 149.3, 138.3, g cnr3; linear absorption coefficient = 0.264 mnT’. Of 8890

137.9, 136.5, 130.4, 128.3, 127.1, 123.27, 119.8, 100.6, 74.9, 59.0, reflections measured, 6574 reflections were unidue Qo(l)); 433

29.4. Anal. Calcd for GHiNsO: C, 68.45; H, 5.74; N, 21.01. Found:  yefined variables. The range for data collection was 2.330.04

C, 68.41; H, 6.14; N, 20.60. ESI-TOF-M%z (%): 334.2 (100) [M with hkl limits: —12 to 12,—16 to 16, and-41 to 41. The final indices

+ H]™ wereR = 0.0807 andR, = 0.1128, with a goodness-of-fit (GOF) of
1-(6-(Methoxymethyl)-2-phenylpyrimidin-4-yl)-1-methylhydra- 1.008. The largest peak in final difference was 0.31678.A

zine (37). Methylhydrazine (0.3 mL, 5.64 mmol) was added to a 4-(Methoxymethyl)-2-phenyl-6-(pyridin-2-yl)pyrimidine (49). A

solution of 4-chloro-6-methoxymethyl-2-phenylpyrimidig&*? (0.5 mixture of 4-chloro-6-(methoxymethyl)-2-phenylpyrimidiag?2 (173

g, 2.15 mmol) in ethanol (6 mL). The mixture was then heated to reflux mg, 62.6x 102 mmol), 2-(trimethylstannyl)pyridine (152 mg, 62.6

for 48 h under an atmosphere of argon. Upon subsequent cooling to 0x 1072 mmol), and Pd(PRJy (36.2 mg, 5 mol %) was heated to reflux

°C, crystallization occurred. The crystals were filtered, washed with for 12 h in 6 mL of degassed toluene. After cooling at room temperature,

ethanol, and air-dried to affor87 (0.42 g, 80%) as a white powder.  the suspension was dissolved in £ and washed consecutively with

Mp 101-102°C. H NMR: 8.39 (m, 2H), 7.43 (m, 3H), 6.87 (s, 1H),  a saturated solution of potassium fluoride and water, and the organic

4.52 (s, 2H), 3.52 (s, 3H), 3.42 (s, 3HYC NMR: 165.7, 163.2, 138.4, layers were dried over MgSand purified by flash chromatography

130.1, 128.2, 128.1, 97.14, 93.4, 74.9, 58.9, 39.6. ESI-TOFAMIS (Si0,, CHCL/MeOH: 95/5) to givet9 (120 mg, 70%) as a white solid.

(%): 245.1 (100) [M+ H]*. Anal. Calcd for GsH1eN4O: C, 63.91; Mp 94—96 °C. *H NMR: 8.75 (d,%J = 4.0 Hz,1H), 8.70 (d3J = 8.0

H, 6.60; N, 22.93. Found: C, 63.58; H, 6.62; N, 23.13. Hz, 1H), 8.58 (m, 2H), 8.40 (s, 1H), 7.91 ¥ = 8 Hz, 1H), 7.51 (m,
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3H), 7.41 (t,3) = 4.8 Hz 1H), 4.70 (s, 2H), 3.58 (s, 3HFC NMR:

nol 52 (55 mg, 16x 102 mmol) in CH,Cl, (20 mL) was added Dess

168.93, 163.88, 163.46, 154.55, 149.73, 137.73, 136.99, 130.62, 128.45Martin reagent (140 mg, 32 102 mmol). After 6 h of stirring, the

128.30, 125.24, 121.89, 11.85, 74.82, 59.14. Anal. Calcd fht:@N3Os-
0.15CHC}: C, 69.77; H, 5.17; N, 14.23. Found: C, 69.34; H, 5.07;
N, 14.97. HRMS (ESi-TOF-MSz (%): calcd for G7H1eN3O
278.1288 [M+ H]*; found 278.1282 (100) [M+ H]*.
6-(6-(Methoxymethyl)-2-phenylpyrimidin-4-yl)-2,2-bipyridine (50).
A mixture of 4-chloro-6-(methoxymethyl)-2-phenylpyrimidirggt?2
(220 mg, 62.6< 102 mmol), 6-(trimethylstannyl)-2;2bipyridine* (200
mg, 62.6x 1072 mmol), and Pd(PRJu (36.2 mg, 5 mol %) was heated
to reflux for 12 h in 6 mL of degassed toluene. After cooling at room
temperature, the suspension was dissolved inGHand washed

reaction mixture was quenched using 50 mL of a saturated solution of
NaHCG; (50 mL). The organic layer was dried over 188, filtered,

and concentrated. The crude material was purified by flash chroma-
tography (SiQ, CHCL/MeOH: 96/4) to give53 (45 mg, 83%) as a
yellow solid. Mp 182-184°C. H NMR: 10.23 (s, 1H), 8.87 (s, 1H),
8.68 (m, 5H), 8.61 (d3J = 7.2 Hz, 1H), 8.04 (t3J = 8 Hz, 1H), 7.91

(td, 3 = 8 Hz,3J = 2 Hz, 1H), 7.56 (m, 3H), 7.37 (dd) = 7.6 Hz,

8J = 1.2 Hz, 1H).*3C NMR: 193.46, 165.32, 165.14, 159.25, 155.87,
155.24, 152.54, 148.98, 137.92, 136.88, 136.65, 131.18, 128.53, 128.28,
123.95, 122.98, 121.66, 121.17, 110.70. HRMS (ESi-TOF-M)

consecutively with a saturated solution of potassium fluoride and water, (%): calcd for GiH14LiiN4O; 345.1322 [M+ Li] *; found 345.1322

and the organic layers were dried over MgSddd purified by flash
chromatography (Si§ CHCL/MeOH: 95/5) to afford50 (135 mg,
61%) as a white solid. Mp 162104°C. *H NMR: 8.71 (m, 2H), 8.64
(d, 3J = 8.8 Hz, 1H), 8.61 (d3J = 2.4 Hz, 2H), 8.55 (d3J = 8.8 Hz,
1H), 8.52 (s, 1H), 8.00 (8J = 8.0 Hz, 1H), 7.87 (dt,J = 7.6 Hz,3J
=1.6 Hz, 1H), 7.52 (m, 3H), 7.34 (d&) = 7.6 Hz,3] = 1.2 Hz, 1H),
4.73 (s, 2H), 3.60 (s, 3H}3C NMR: 168.65, 163.79, 163,47, 155.73,

(100) [M + Li] ™.
2-Phenyl-6-(pyridin-2-yl)pyrimidine-4-carbaldehyde (54).To a
solution of (2-phenyl-6-(pyridin-2-yl)pyrimidin-4-yl)methanéll (25
mg, 0.095 mmol) in CkCl, (6 mL) was added DesdMartin reagent
(80 mg, 1.9 mmol). Afte 6 h of stirring, the reaction mixture was
quenched using 50 mL of a saturated solution of NakCZD mL).
The organic layer was dried over p&O;, filtered, and concentrated.

155.66, 153.69, 149.08, 137.88, 137.69, 136.88, 130.59, 128.45, 128.28 The crude material was purified by flash chromatography £SBBICL/
122.51, 123.89, 122.50, 121.80, 121.25, 111.74, 74.91, 59.09. Anal. MeOH: 96/4) to giveb4 (12 mg, 48%) as a white solid. Mp 12931

Calcd for G7H16N3O5:0.2CHCE: C, 70.49; H, 4.85; N, 14.81. Found:

C, 70.56; H, 5.01; N, 14.81. HRMS (ESi-TOF-M8)z (%): calcd

for Cy12H19N4O1 355.1553 [M+ H]*; found 355.1551 (100) [M- H] ™.
(2-Phenyl-6-(pyridin-2-yl)pyrimidin-4-yl)methanol (51). A solu-

tion of BBr3 (1 M, 5 mL, in CHCl,) was added dropwise to a solution

of 4-(methoxymethyl)-2-phenyl-6-(pyridin-2-yl)pyrimidirk9 (48 mg,

16.9 x 1072 mmol) in CH,CI, (6 mL) at 25°C. The solution was stirred

at the same temperature for 16 h, then cooled16 @nd quenched by

a slow addition of diethyl ether (1 mL), MeOH (1 mL), and® (1

mL). The mixture was stirred at room temperature for 1 more hour

and then extracted with GBI, (2 x 15 mL). The combined organic

layers were washed with (10 mL) and brine (10 mL), dried over

NaSQ,, filtered, and concentrated to givel (40 mg, 90% of crude

product). The crude material was used without further purification for

the next step. Mp 141143°C. *H NMR: 8.53 (d,%J = 4 Hz, 1H),

8.50 (d,2J = 7.6 Hz, 1H), 8.38 (m, 2H), 8.13 (s, 1H), 7.794,= 7.6

Hz, 1H), 7.35 (m, 4H), 4.70 (s, 2HyC NMR: 168.90, 163.88, 163.46,

°C.*H NMR: 10.22 (s, 1H), 8.78 (8] = 4.8 Hz, 1H), 8.87 (s, 1H),

8.04 (d,3J = 7.2 Hz, 1H), 8.66 (m, 3H), 7.37 (8J = 7.6 Hz, 1H),

7.57 (m, 3H), 7.37 (t3J = 7.2 Hz, 1H).*C NMR: 193.28, 165.53,

15955, 149.76, 137.13, 136.81, 131.37, 128.73, 128.48, 125.86, 121.96,

111.18. HRMS (ESi-TOF-MS)Vz (%): calcd for GeH12N3O1 262.0975

[M + H]*; found 262.0968 (100) [M+ H]*.
(1-Methyl-2-(pyridin-2-ylmethylene)hydrazinyl)-2-phenylpyrimi-

dine-4-methanol (55).A solution of 38 (50 mg, 0.22 mmol) and

pyridine-2-carboxaldehyde (23.3 mg, 0.22 mmol) was stirred in 5 mL

of absolute ethanol at room temperature # h under an argon

atmosphere. The solution was then concentrated under reduced pressure

and filtered to givet0 (56 mg, 80%) as a white soli#iHH NMR (DMSO-

de): 8.64 (d,3) = 4.4 Hz, 1H), 8.43 (m, 2H), 8.04 (d) = 8.0 Hz,

1H), 8.00 (s, 1H), 7.71 (s, 1H), 7.52 (m, 3H), 7.40%¢~= 8 Hz 1H),

7.71 (t,33 = 4.4 Hz,1H), 4.60 (d, 2H), 3.82 (s, 3HFC NMR (DMSO-

dg): 171.2, 163.12, 162.17, 154.4, 149.9, 139.4, 137.8, 137.2, 130.9,

128.8, 128.2, 124.0, 119.9, 100.1, 64.30, 29.89. Anal. Calcd for

154.44,149.47,137.73, 136.99, 130.62, 128.48, 128.30, 125.24, 121.89C1gH17/NsO: C, 67.70; H, 5.37; N, 21.93. Found: C, 67.59; H, 5.15;

111.85, 74.82. HRMS (ESIi-TOF-M®)z (%): calcd for GeH1sLiiNzO1
270.1213 [M+ Li]*; found 270.1211 (100) [Mk Li]*.
(6-(2,2-Bipyridin-6-yl)-2-phenylpyrimidin-4-yl)methanol (52). A
solution of BBg (1 M, 5 mL, in CHCl,) was added by syringe to a
solution of 6-(6-(methoxymethyl)-2-phenylpyrimidin-4-yl)-2Ripy-
ridine 50 (60 mg, 16.9x 1072 mmol) in CH:Cl, (6 mL) at 25°C. The
solution was stirred at 2%5C for 16 h, and was then cooled t6G and
guenched by slow addition of diethyl ether (1 mL), MeOH (1 mL),
and HO (1 mL). The mixture was stirred at room temperature for 1
more hour and then extracted with @E; (2 x 15 mL). The combined
organic layers were washed with,® (10 mL) and brine (10 mL),
dried over NaSQ,, filtered, and concentrated to gi¥2 (55 mg, 95%)
as a white solid. The crude material was used without further
purification for the next stegH NMR: 8.71 (m, 2H), 8.58 (m, 4H),
8.35 (s, 1H), 8.01 (83 = 8 Hz, 1H), 7.88 (td3J = 7, 6 Hz,3J = 2 Hz,
1H), 7.53 (m, 3H), 7.35 (deBJ = 8 Hz,3J = 1.2 Hz, 1H), 4.94 (s,

2H).3C NMR: 169.02, 163.37, 162.89, 155.59, 155.53, 153.20, 149.08,

N, 22.15. ESI-TOF-MS1z (%): 320.14(100) [M+ H]".

Crystal Structure of 55 (CCDC 620828).A suitable crystal ob5
was obtained by diffusionrecrystallization from CHGI (solvent).
Diffraction data were collected at 173 K. Formula:g@:7NsO.
Molecular weight: 319.37. Yellow crystal; crystal size (mm): 0:20
0.10 x 0.10. Unit cell parametersa = 8.3996 (3) Ab = 13.3132 (3)
A, ¢ =14.1796 (4) A,o. = 90(5¥, B = 90(5YF, y = 90(5Y; crystal
system, orthorhombic; space groBg21.; V = 1585.64(1) &; F(000)
= 672;Z = 4; calculated density= 1.34 g cm3; linear absorption
coefficient x4 = 0.088 mm. Of 4581 reflections measured, 2981
reflections were uniqud ¢ 30(l)); 217 refined variables. Th2range
for data collection was 2:530.02 with hkl limits: —11 to 11,—18 to
18, and—19 to 19. The final indices werie = 0.042 andr,, = 0.055,
with a goodness-of-fit (GOF) of 1.037. The largest peak in final
difference was 0.831 e &R

(1-Methyl-2-(pyridin-2-ylmethylene)hydrazinyl)-2-phenylpyrimi-
dine-4-carbaldehyde (56)A solution of Dess-Martin reagent (15%

137.89, 137.18, 136.90, 130.82, 128.46, 128.24, 123.93, 122.64, 121.81jn CHJ.Cl,, 7.1 g) was added to a solution 56 (800 mg, 2.51 mm0|)

121.20, 111.10, 63.98. Anal. Calcd fop:H16N40-0.2CHC}: C, 69.90;

H, 4.48; N, 15.38. Found: C, 70.23; H, 4.74; N, 15.49. HRMS (ESi-

TOF-MS)m/z (%): calcd for GiH17N4O; 341.1397 [M+ H]*; found

341.1391 (100) [MH+ H]*.
6-(2,2-Bipyridin-6-yl)-2-phenylpyrimidine-4-carbaldehyde (53).

To a solution of (6-(2,2bipyridin-6-yl)-2-phenylpyrimidin-4-yl)metha-

(34) Cardenas, D. J.; Sauvage, JSynlett1996 916.

16762 J. AM. CHEM. SOC. = VOL. 128, NO. 51, 2006

in CH.CIl, (60 mL), and the reaction was stirred for 6 h. Dichlo-
romethane (100 mL) and a saturated aqueous solution of NgBRO
mL) were added, and the aqueous layer was extracted witiCIgkR

x 50 mL). The combined organic layers were dried overS@,
filtered, and concentrated under vacuum. The crude material was
purified by flash chromatography (SiOCHCkL/MeOH: 96/4) to give

56 (220 mg, 30%) as a yellow solitkHH NMR: 10.14 (s, 1H), 8.66 (d,

3) = 4.4 Hz, 1H), 8.55 (m, 2H), 8.19 (&] = 8.0 Hz, 1H), 8.06 (s,
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1H), 8.05 (s, 1H), 7.84 (] = 8.0 Hz, 1H), 7.55 (m, 3H), 7.31 (dd) 4.01 (s, 3H), 3.94 (s, 3H), 3.92 (s, 6H), 3.83 (s, 3H), 3.74 (s, 3H), 3.40
= 4.4 Hz,3] = 4.4 Hz, 1H), 2.89 (s, 3H)}3C NMR: 193.9, 164.6, (s, 3H).13C NMR: 161.40, 160.95, 160.90, 155.30, 154.80, 153.55,
163.7, 158.3, 153.9, 149.2, 139.6, 136.9, 131.1, 128.5, 128.2, 123.7,153.15, 152.55, 148.50, 140.50, 140.00, 137.75, 137.35, 137.00, 136.55,
120.2, 112.6, 110.0, 101.3, 29.7. FAB-M$z (%): 318.1 (100) [M 136.05, 135.75, 134.85, 133.35, 133.10, 130.40, 130.25, 128.50, 128.25,

+ H]™ 127.90, 127.80, 123.50, 122.25, 122.05, 121.15, 120.65, 109.05, 107.05,
6-(6-((E)-(2-Methyl-2-(6-((E)-1-methyl-2-((6-(E)-(2-methyl-2-(6- 105.45, 105.05, 97.95, 88.05, 86.95, 61.00, 60.85, 56.30, 55.90, 30.30,

((E)-1-methyl-2-(pyridin-2-ylmethylene)hydrazinyl)-2-(3,4,5-tri- 30.00, 29.40. HRMS (ESi-TOF-MSyVz (%): calcd for GaHeoN1607

methoxyphenyl)pyrimidin-4-yl)hydrazono)methyl)-2-phenylpyrimidin- 1254.5281 [M+ H]": found 1254.5079 (100) [M- H]*.

4-yl)methylene)hydrazinyl)-2-(3,4,5-trimethoxyphenyl)pyrimidin-4-

yl)hydrazono)methyl)-2-phenylpyrimidin-4-yl)-2,2'-bipyridine (57). . )
A solution of34 (60 mg, 0.091 mmol) an@5 (56.6 mg, 0.091 mmol) Acknowledgment. We thank Dr. Patrick Wehrung for as

in 1.5 mL of CDC was stirred at 30C for 1 h. The solution was ~ S'Stance with mass spectroscopy and also Dr. Amh.i!’@la_n
then concentrated under reduced pressure and purified by flashand Dr. Augustin Madalan for help with X-ray diffraction
chromatography (ADs, CHCL) to give 55 (40 mg, 35%) as a yellow  radiocrystallography.

powder. Mp> 250 °C (decomposition)!H NMR: 8.96 (s, 1H), 8.64

(d,33=7.6 Hz, 2H), 8.50 (aBJ = 7.2 Hz, 2H), 8.37 (m, 2H), 8.30 (m, Supporting Information Available: Crystallographic data
3H), 8.24 (s, 1H), 8.18 () = 3.8 Hz, 1H), 8.12 (I, 1H), 8.05 (8] (CIF). This material is available free of charge via the Internet
= 7.8 Hz, 1H), 7.96-7.50 (m, 5H), 7.66 (s, 1H), 7.637.58 (m, 3H), at http://pubs.acs.org.

7.41 (s, 2H), 7.397.25 (m, 4H), 7.20 (t3J = 7.8 Hz, 2H), 7.07 (s,
1H), 6.93 (3] = 4.7 Hz, 1H), 6.73 (I, 1H), 4.11 (s, 6H), 4.02 (s, 3H), JA0666452

J. AM. CHEM. SOC. = VOL. 128, NO. 51, 2006 16763





