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Abstract: A new building block is constructed with one pyridine and two kinetically inert complexed Pd(Il)
ions, for the controlled assembly of metallodendrimers following eitheoraergentor a divergentroute.

The double pincer liganl was cyclopalladated with PA[GBN]4(BF4)2 and subsequently converted into the
neutral bis-palladium chloride compl&x The pyridine moiety oB, that is covalently attached to the spacer
bridging the two pincer complexes, coordinates to activated palladium centers. Via a combination of pyridine-
(3) and cyano-base®) building blocks, dendrons up to generation three were assembled and characterized
with IH NMR and FT-IR spectroscopy and MALDI-TOF mass spectrometry. These dendrons can coordinate
through a cyano ligand to an activated nucleéugorming corvergently assembled metallodendrimers.
Alternatively, building blocks3 were used in thdivergentassembly of more stable metallodendrimers, because
of the stronger coordination of pyridine compared to cyano ligands. The formation of metallodendrimers is
evidenced by IR andH NMR spectroscopy and electro spray and MALDI-TOF mass spectrometry.

Introduction rings!/ We have used coordination chemistry to synthesize
metallodendrimers.

Dendrimers are attractive nanosize model compounds because
of their globular architecture and their highly functionalized

Nanochemistry is a rapidly expanding field that is concerned
with the synthesis, characterization, and properties of structures

OL naQCJtS|ze d|rT_1ens_|oris.The ulsei %f cpnventlc?tr_latl covaltint surface2 These hyperbranched compounds are synthesized in
chemistry requires incréasingly 1aborious multistep Syntneses. repetitive reaction sequence of nearly quantitative reactions.

Therefore,_supramol_ec_ular chemistry h_as exploited self-assembly.l-he synthetic route can either bievergent? starting from the
to synthesize large, finite structures using a range of noncovalentnucleus toward the surface, convergent® where “dendrons”
|ntera}ctlon52. There_ are two main approacheg which are oa “wedges” are covalently linked to a polyfunctional nucleus.
certain extent inspired by nature. One epr0|ts. the formation Compared to dendrimers that are fully organic in nature, the
of hydrogen bonds between complementary uhifsne other number of metallodendrimers is still limitéd. Metalloden-

is the use of (reversible) coordination chemistry as the driving drimers can have a metal in the core, in every generation, or
force in the assembly process. Sauvage and co-workers were

. . T only at the outside.
the first to synthesize catenanes and knots using iGos as y .
the assemblers. The use of metal ions has also led to the Rece.”“y' we have_developed a noncovalent, divergent
formation of double and triple helices, grids, and ladders synthesis toward nanosize metallodendrim&rghe “controlled
Another type of structures that can be constructed via coordina- ?éﬁi?t]bll); (E(I)%L:;(ienilr? 'Stﬁzseedp(zgl th?ngg?vgg%n I(:e fxggcllka)us
tion chemistry are metallocages and capséildsast but not LD ng. . p P e
least, the square planar coordination aroundRahd P#" has removing the (_:h_londe lon .W'th AgBF Subsequ_ent ado!mon
been extensively exploited by Fujita and Stang and their co- of 3 equiv of nitrile-containing building block® yields a first
workers in the formation of metallosquares and large metallo- 7y Fujita, M. In Comprehensie Supramolecular Chemistry.ehn, J.-
M., Ed. in chief, Pergamon Press: Oxford, New York, Seoul, Tokyo, 1996;
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Synthesis of Metallodendrimers
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ligands is described. Furthermore, because of the stronger

coordination of pyridine ligands to Pd centétsnore stable
metallodendrimers are obtained.

Synthesis of Building Blocks

2)3eq.2
The synthesis of the pyridine-containing building blocks
1 (Scheme 1) is similar to the bis-P€I complexe< described
” pincer ligand previously. The two pincer ligand”’ are coupled to a spacer
of i that introduces branching and allows introduction of a pyridine
anion

group. Spaceb was synthesized by reactinga,a''-tribro-

momesitylen& with potassium phthalimide. The coupling of
4 with 5 in acetonitrile with KCO3 as base gave the benzylic
ether6 in 70% vyield. Subsequently, the phthalimido group of

A ~CH,CN ligand

Figure 1. Schematic representation of the controlled assembly of a
first generation metallodendrimer.

generation metallodendrimer by coordination of the nitrile

(14) Serroni, S.; Denti, G.; Campagna, S.; Juris, A.; Ciamo, M.; Balzani,

ligands to the palladium centers. Using controlled assembly V. Angew. Chem,, Int. Ed. Engl992 31, 1493-1495. Campagna, S.; Denti,

we were able to synthesize metallodendrimers up to generation

five.1213

In this article we describe the combination of two different
ligands to construct metallodendrimers not only vidi:@rgent
but also via acorvergentroute. To our knowledge only the

G.; Serroni, S.; Juris, A.; Venturi, M.; Ricevuto, V.; Balzani, €hem.
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every generation have been reported in the literat@irelhe
synthesis of building block8 with pyridine instead of nitrile
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G, pyr
6 was reduced quantitatively to the amieusing hydrazine Three different building blocks,'” 2,2 and3 (Chart 1), are
monohydrate. available to assemble dendritic structures. Because of the large

The pyridine moiety was introduced in high yields by reacting size of these assemblies it is convenient to introduce schematic
amine7 with isonicotinoyl chloride. The cyclopalladation of representations for the building blocks. Dendrimers composed
8 was quantitative using Pd[GEBN]4(BF4)2 in CHsCN. The entirely of 3 are all given the suffix “pyr” (.9.G1pyr). The
IH NMR spectrum of the complex shows a broad signad at  absence of this suffix indicates the exclusive use of cyano-
4.6 ppm for the CHS protons in the five-membered palladium- containing building blocks.
containing rings. No signal ai 6.76 ppm corresponding to
the two aromatic protonsrtho to both thiomethyl groups of ) ) )
the starting material is observed, indicating complete cyclo- ~ The three PetCl centers ofl were “activated” with 3 equiv
metalation. The cyclopalladation reaction generates 2 equiv of of AgBFa. Subsequently, 3 equiv &were added, and a first
HBF,, and consequently the pyridine moiety is protonated. The generation dendrime®, p,r was formed. Via a repetition of
last step is the introduction of a strongly coordinating chloride the activation and assembly step, generations @) and
anion to obtain the overall neutral PGl complexes. The  three Gapy) were assembled (Scheme 2). _
reaction with brine failed to introduce the chioride ligand  *H NMR spectroscopy provides valuable information on the
because insoluble products were formed immediately upon formation of the metallodendrimers. THil NMR spectra of
addition of water. The synthesis 8fwas achieved by adding Gipyr Gapyr, and Gapyr are shown in Figure 2. The
a few drops of pyridine to an acetonitritelichloromethane metallodendrimers are not soluble in most organic solvgnts. The
solution of the cationic comple, before introducing the  ‘H NMR spectra of5yp,r andGz,pyr Were recorded in a mixture
chloride via M@N*CI~. After column chromatography and Of CD:Cl> and CRNO, at 35°C. The'H NMR spectrum of
trituration with MeOH, the pure building blockwas obtained ~ Gspyr Was measured in GO, at 80°C.
in 60% yield. The IH NMR data unequivocally show that the pyridine

(19) The pyridine ligand is deprotonated in aqueous environments and group_s_are Coordinat(-ad 0 the Pd center as the signal for the
probably forr?ﬁ)g a(hyp(gerbranched':; polymer by co%rdinating to the activated a-pyridine protons shifts upfield from 8.69 tod 8.30 ppm.

Pd centers. The addition of pyridine causes the polymers to break down. The shift of thes-pyridine protons is not significant. Another
See for similar hyperbranched polymers: Huck, W. T. S.; van Veggel, F. indication for the coordination of pyridine to the Pd centers is

C. J. M,; Kropman, B. L.; Blank, D. H. A.; Keim, E. G.; Smithers, M. M. i ; i i
A.; Reinhoudt, D. NJ. Am. Chem. Sod995 117, 8293-8294. Huck, W. ghe grpadenlnghqf the S'%n%lf fgr thep;;]r_ldéne p:jrotons_ n thf N
T. S.; Snellink-Riig B. A.; van Veggel, F. C. J. M.; Lichtenbelt, J. W. endrimers. IS Is probably due to hindered rotation of the

Th.; Reinhoudt, D. NChem. Commuri.997, 9—10. pyridine ligands with respect to the plane of coordination.

Divergent Assembly




Synthesis of Metallodendrimers J. Am. Chem. Soc., Vol. 120, No. 25, 293

QHNO,
CH,NO,
CH,CL T &
AnH CHO .
CH,CL,
CH,S
CH,8
AnH CH0 |CHN
pyrg YTy
PYT,
U LU . i
T T T T T 1 — T T — T 77T
8 7 6 5 4 ppm 8 7 6 5 4 ppm
3 G
CH,NO, CHS CH,NO,
CH,CL, 4 CH,0
4 |Ar, H
CH,N/
CH,S
AnH CHO oy
J A Jmu 1
___A/\/}\}\-/L_JL__._/ . L\*J_’J
YTy
'""l-v-v|----|--/--|,..L.-A~I L A L R B A LU SO S S AL S |
8 7 6 [ 4 ppm 8 7 6 5 4 ppm
G
2,Pyr GSW

Figure 2. Part of the 400 MHZH NMR spectra of3, G1,pyr, G2,pyr, @nd G pyr.

Two different signals 46 0.05 ppm) for the ChlD protons not give signals at highn/z values. The low solubility of the
are present in the spectrum@f py,. In theH NMR spectrum assemblies might render ionization of separate metallodendri-
of G pyr, the second signal is present as a shoulder, and in themers difficult. The MALDI-TOF spectra 061 pyr and G pyr
case ofGzpyr, two sharp singlets can clearly be seen upon show peaks at 5205.7 and 12684, respectively, which are
magnification. One signal corresponds to the ,OHprotons assigned to [M— BF4]™.
of the chloride protected Pd complexes on the surface and the As mentioned above, dendrime@; py-Gzpyr are poorly
other to the Pée-pyridine complexes. The ratio of the peaks is soluble in nitromethane in contrast to the dendrim@ksGs
roughly equal to the theoretically expected ratio. This difference described previousliz To increase the solubility different
in shift is caused by the large electronic effect of the pyridine noncoordinating anions were introduced. By activating the Pd

Iiga_nql on the pir_lcer Iigand system especiall_y on pwa Cl complexes silver tosylate, analogous metallodendrimers with
position. The ratios of the intensities of the signals arodnd  more lipophilic anions were obtained. Unfortunately, initial
6.7 ppm for the aromatic protons of the palladated ring-gAy experiments did not seem to yield more soluble assemblies.

and around) 7.6 for thef-pyridine protons are in agreement  sypsequently, the coordination strength of the-Byridine
with the values expected @1 pyr t0 Gspyr. This shows that  hond was compared with the Pdyano bond. The PeCl
the assembly of these metallodendrimers is a quantitative centers ofl were activated with AgBE To this activated core
process. 3 equiv of3 and 3 equiv oR were added simultaneously. The
The ES-MS spectrum By pyr shows the formation of the 14 NMR spectrum shows that onig p, is formed. Hence, it
metallodendrimer. In the spectrum a signal is presemat  can be concluded thatdoes not coordinate in competition with
1679.9 corresponding t@} pyr — 3BF4]*". The loss of anions 3. |n principle this can still be a kinetic effect. Therefore,
has been observed for other metallodendrimers and is preceitration experiments were carried out to study the stability of
dented in the literaturg:2° Other signals that are present in  the Pd-cyano and Pepyridine bond in the presence of the
the ES-MS spectrum atz 1161.0 and 1516.4 correspond to  competing ligands. Solutions 6, ,,r Were prepared containing
[3—CII" and [L — CI]". The signal for the building blocks 0, 1,3, 6, and 12 equiv of benzylcyanide, respectivély.NMR
originates most likely from disassembly Gfi pyr in the mass  measurements of these mixtures indicated that only coordinated
spectrometer. ES-MS experiments with other generations did pyridine was present, since only one signal for thpyridine
(20) Leize, E.; van Dorsselaer, A.. Krer, R.; Lehn, J-MJ. Chem. protons atd 8.30 ppm was visible. This means that the
Soc., Chem. Commuf993 990-993. —CH,CN ligand cannot displace coordinated pyridine. An
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Scheme 3

DG,

analogous experiment was carried out with a mixtureGef
containing 0, 1, 3, 6, and 12 equiv of isonicotinoyl benzylamide,
an analogue 08. 'H NMR measurements showed a very fast
substitution of the-CH,CN ligand by the pyridine, since in all
cases only the signals of coordinated pyridine were present.

Convergent Assembly

The pyridine ligand in3 coordinates much stronger to
activated palladium centers than the nitrile ligand2jrwhich
makes acorwergentapproach possible. The convergent route
starts with the synthesis of “dendrons” or “dendritic wedges”
which can be coupled to a polyfunctional nucleus to form the
dendrimer structure. A dendritic weddge®,) was constructed

via controlled assembly as shown in Scheme 3. Activation of §

2 with AgBF, and subsequent addition of 2 equiv ®fgave
DG; after coordination of the pyridine ligands. The IR spectrum
of this wedge only shows a signal at 2252 ¢nfor the
noncoordinated cyano groups.TheH NMR spectrum oDG,
confirms the coordination of the pyridine moieties as only one
signal ato 8.30 ppm is present for the-pyridine protons. As
was observed foGy pyr two signals for the CBD protons are
present ab 5.07 andd 5.03 ppm; one for the Pd complex with
the pyridine ligand and one for the P&l complex. The
MALDI-TOF MS spectrum (Figure 3) shows a signal ratz
3498.2, corresponding t®G, — BF4]™, (calcd 3502.8).

Upon the addition of 3 equiv dDG; to the activated nucleus

1, a second generation dendrimer was constructed via the
The IR spectrum

convergent assembly route (Scheme 3).
confirms the connection to the nucleus via coordination of the
~CH,CN ligands as the characteristic signal at 2290 tis
visible?! TheH NMR spectrum ofG; cony Shows the signals
for the pyridine, the~CH,CN ligands, and the C}D protons

in the correct ratiog?

To show the possibility of constructing larger wedges, the
four Pd centers of the previously described dendd@» were
deprotected and 4 equiv & were added. ThéH NMR
spectrum shows the coordination of the pyridine ligands. In
the IR spectrum a signal at 2252 cthcorresponding to
noncoordinated cyano ligands is present. The MALDI-TOF MS

(21) storhoff, B. N.; Lewis, H. CCoord. Chem. Re 1977, 23, 1-23.
(22) The MALDI-TOF spectrum of &cony Obtained from a mixture of
polypropylene glycol and the UV matrix indole-acrylic acid, shows a small,
but significant signal at anvz value of 12 194, that can be assigned to [M

— BF4]™. However, also weak signals at highefz ratios are observed.
This might be an effect of the matrix and/or applied technique, which is
currently under investigation.

Huck et al.
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Figure 3. MALDI-TOF spectra ofDG; (top) andDGg; (bottom).

spectrum (Figure 3) clearly shows the formation of webDgs;.
The signal at/z 8490.3 corresponds t®Gs — BF4] ™, (calcd
8490.7).

Conclusions

The combination of pyridine- with cyano-based building
blocks allowed the assembly of dendrons up to the third
generation. It has been possible to attach these dendrons to an
activated nucleus. This is an example of the assembly of
metallodendrimers via eorwergentroute. This is a substantial
broadening of the scope of the controlled assembly process
which also allows theélivergentassembly of metallodendrimers.
The pyridine-based building blocks will be used to introduce
functionality in large, noncovalent assemblies.

Experimental Section

Melting points were determined with a Reichert melting point
apparatus and are uncorrectetd NMR and**C NMR spectra were
recorded in CDGl(unless indicated otherwise) with V& as internal
standard on a Bruker AC 250 spectrometer. FAB-MS spectra were
recorded with a Finnigan MAT 90 spectrometer usmgNBA as a
matrix. THF was freshly distilled from Na/benzophenone, hexane
(referring to petroleum ether with bp 6@0 °C), and CHCI, from
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K2CGQs. Nitromethane was washed it N HCI and water and distilled (s, 4H), 4.80 (s, 4H), 3.90 (s, 8H), 3.76 (s, 2M3C NMR 6 158.9,

from CaCh. NaH was a 50% dispersion in mineral oil and was used 143.5, 139.2, 137.5, 136.2, 129.9, 128.9, 126.4, 126.0, 125.3, 122.1,
after washing with hexane. Other chemicals were of reagent grade 114.1, 69.8, 46.1, 39.0; EI-MSwz 807.231 (M, calcd for

and were used as received. Column chromatography was performedCsgHss0.S:N: 807.233).

with silica gel 60H (0.0050.040 mm) from Merck. Pd[CECN]s- o,0'-Bis-(3,5-bis(phenylthiamethyl)phenyloxy)e.-(4-pyridinecar-
(BF4)2%® and compound4'’” were prepared according to literature boxamido)mesitylene (8). Isonicotinoyl chloride hydrochloride (115
procedures. mg, 0.65 mmol) was added to a solution {260 mg, 0.32 mmol)

Electrospray ionization mass spectrometry (ES-MS) was carried out and E¢N (0.18 mL, 1.29 mmol) in CBCl, (50 mL). The mixture was
using a Micromass Platform quadrupole mass spectrometer, coupledstirred overnight at room temperature and subsequently washed with 1
to a Micromass Masslynx data system. The samples were introducedN HCI (100 mL), NaHCQ (100 mL), and brine (100 mL). After drying
into the source by constant infusion or direct injection via a valve- over NaSQ, the solvent was evaporated under reduced pressure.
loop system. Constant infusions were made by loading the samplesColumn chromatography (silica gel, eluent: H:MeOH 99:1) was
(dissolved in nittomethane or chloroform) into a 10 mL gastight SGE used to purify the product and after drying under vacuum comp8und
syringe. The sample was presented to the source at a rateydf/10 ~ was obtained as a white solid: (0.23 g, 79%). Mp 4157 °C; 'H
min of nitromethane or chloroform solution via a Cole Palmer Model NMR 6 8.65 (d, 2H,J = 6.0 Hz), 7.49 (d, 2HJ = 6.0 Hz), 7.30 (s,
74900 syringe pump. Loop injection was accomplished by using a 1H), 7.26 (s, 2H), 7.267.07 (m, 20H), 6.76 (s, 2H), 6.73 (s, 4H),
Rheodyne 7125 injector valve with a 14 loop. 4.88 (s, 4H), 4.59 (d, 2HI = 6.4 Hz), 3.94 (s, 8H$*C NMR 0 165.4,

Matrix Assisted Laser Desorption lonization Time-of-Flight (MALDI- ~ 158.7, 150.6, 141.2, 139.3, 138.3, 138.0, 136.2, 129.8, 128.9, 126.7,
TOF) mass spectrometry was carried out using a PerSeptive Biosystemsl26.4, 126.1, 122.2, 120.9, 114.0, 69.5, 44.0, 38.9; FAB-MS 913.3
Voyager-DE-RP MALDI-TOF mass spectrometer. A 337 nm Uv (M, calcd 913.2). Anal. Calcd fordgHsgOaN2Ss-H-0: C, 70.94; H,
Nitrogen laser producing 3 ns pulses was used in the linear and 5-41; N, 3.01. Found: C, 70.73; H, 5.26; N, 2.97.
reflectron mode. The samples were prepared by mixingl®f a Bis-Palladium Chloride Complex 3. Ligand 8 (70.0 mg, 0.077
50% nitromethane/chloroform solution of the sample with.20of a mmol) was dissolved in a mixture of GBI, (25 mL) and CHCN (75
solution of 3 mg/L 2-(4-hydroxyphenylazo)benzoic acid (matrix 1) or ML), and PA[CHCN]4(BF4). (68.2 mg, 0.15 mmol) was added. After
a mixture of 2,5-dihydroxybenzoic acid and 2-(4-hydroxyphenylazo)- stirring for 1 h atroom temperature the solvents were evaporated, and
benzoic acid (ratio 2:1, matrix 2) in nitromethane. Of this solution 1 the cationic complex was used without further purification to prepare
uL was loaded on the gold sample plate, giving approximately;a0 3. The bis-palladium complex was dissolved in a mixture of,CH
of sample. (25 mL) and CHCN (25 mL). After the addition of some droplets of

o,o-Dibromo-a’-phthalimidomesitylene (5). A mixture of oo’ o~ pyridine, tetramethyla_mmonium ghloride_ (4.04q, 36 mmql) was added
tribromomesitylene (8.0 g, 22.42 mmol) and potassium phthalimide whereupon the solu_tlon was st_lrred vigorously overnight at room
(4.63 g, 25.0 mmol) in DMF (100 mL) was stirred for 10 h at 4D tempere}ture. Thg mixture was f!ltered to remove excess tetramethyl-
DMF was evaporated and GEl, (100 mL) was added. Subsequently, &mmonium chloride. The solution was evaporated to dryness and
the organic layer was washed with a saturated aqueous solution ofSubjected to column chromatography (silica gel, elueni@#MeOH
NH,+CI- (250 mL), 1 N HCI (100 mL), NaHC®(100 mL), and brine gradient 99:1 to 97:3) to giv@ as a yellow solid (56.0 mg, 61%). Mp
(50 mL). The organic layer was dried over MgsS&nd evaporated to ~ 158-160°C. *H NMR 8,54 (d, 2H,J = 6.0 Hz), 7.74-7.71 (m, 8H),
dryness. Purification by column chromatography (silica, eluent: 7.65 (d, 2H,J = 6.0 Hz), 7.42-7.22 (m, 15H), 6.56 (S, 4H), 4.87 (s,

CH,Cl,/hexane 90/10) gaveas a white solid (4.41 g, 47%). Mp 181  4H), 4.55(d, 2HJ = 6.4 Hz), 4.43 (s, 8H), 3.48 (s, 3H}IC NMR 6
183°C: ' NMR 0 7.88-7.83 (m, 2H), 7.757.70 (m. 2H), 7.38 (s, 1654, 156.6, 151.3, 150.4, 150.1, 140.9, 139.4, 137.5, 132.2, 131.3,

2H). 7.35 (s, 1H), 5.2 (s, 1H), 4.82 (s 2H). 4.43 (s, 4HT, NMR & 129.9, 129.7, 127.2, 121.3, 109.1, 69.8, 51.7, 43.8; FAB-MS 1194.2
168.1, 139.0, 137.8, 134.1, 131.8, 129.8, 129.3, 123.5, 40.1, 32.4: EI-(M", calcd 1193.8). Anal. Calcd for 58Hs60sS:N2Cl:Pdh CHOH:
MS m/iz 420.932 (M, calcd 420.931). Anal. Calcd for C,54.82; H, 4.11; N, 2.28. Found: C, 54.25; H, 4.09; N, 2.20.

Ci17H130:NBr»0.5CHCl,; C, 46.05; H, 3.00; N, 2.98. Found: C, To make comparison with the dendritic structures possiblas
45.81: H, 2.95: N, 2.78. also measured in a 1:1 solution of gL, and CQNO,. This resulted

in the following spectrum:'H NMR (400 MHz, CQCl,:CDsNO; =
1:1, 35°C): 6 8.69 (d, 2H,J = 6.0 Hz), 7.9%7.82 (m, 8H), 7.65 (d,
2H,J = 6.0 Hz), 7.45-7.39 (m, 15H), 6.72 (s, 4H), 5.00 (s, 4H), 4.65
t(bs, 10H).

o,a’-Bis-(3,5-bis(phenylthiamethyl)phenyloxy)ed’-phthalimidomes-
itylene (6). After a mixture of4 (1.23 g, 3.64 mmol) and ¥CO; (0.60
g, 4.34 mmol) in CHCN (75 mL) had been stirred for 1 h, compound
5(0.78 g, 1.82 mmol) was added. The suspension was stirred overnigh . .
at room temperature. After evaporation of DMF £&Hp (100 mL) Gupyr- T0 a solution o0fl (10.0 mg, 6.44umol) in CH.CL, (5 mL)_
was added to the remaining solid. Subsequently, the organic layer wasVas addeq 119.8L (19.32umol) of a fre_shly prepare_d stock solut.|0n
washed with a saturated solution of WKI~ (250 mL) and water (50 of AgBF, in water (0.1611:M). _The mixture was stirred for 5 min,

and the color changed from bright to pale yellow. Subseque8tly,

mL). After drying over MgSQ, the solvent was evaporated, and g )
compounds was obtained as a white foam after column chromatography (2_3'0 mg, 19.3{4mol) was added, and the m_lxture was stirred for 5
min after which all solvent was evaporated in vacuo. To remove all

silica gel, eluent: CkCl,) (1.20 g, 70%).H NMR 6 7.73-7.68 (m, ) : . .
(2H) 7958—7 53 (m ZbCH)Z)g 33 (g 2H)0)7 27 (s, 1H), 7:19.01 gm water from the sample the residue was dissolved in dry nitromethane

20H), 6.75 (s, 2H), 6.68 (s, 4H), 4.79 (s, 4H), 4.76 (s, 2H), 3.91 (s, (_5 mL) an_d evaporat_ed to dryness again under reduced pressure (three
8H): 1C NMR 0 167.9, 158.8, 139.2, 137.8, 137.0, 136.2, 134.1, 132.1, times). Finally, dry nitromethane (5 mL) was added, and the suspension
130"0, 128.9,127.4. 126.4, 126.2, 123.4, 122.0, 114.1, 69.6, 41.4, 39.0.WaS filtered through Hyflo/cotton to remove AgCI. After evaporation
FAB-MS mz 937.2 (M, caled 937.2). Anal. Caled for of the solventG; was obtained as a yellow solid (30.7 mg, 90%). Mp
CsHaO:SIN-2H,0: C, 70.27; H, 5.28; N, 1.44. Found: C, 70.1: H, 168-172°C;*H NMR (400 MHz, CDCI:CDsNO, = 1:1, 35°C) 0
5.20: N, 1.51. 8.30 (bs, 6H), 7.75 (bs, 36H), 7.67 (bs, 6H), #5032 (m, 66H), 6.73
o,a'-Bis-(3,5-bis(phenylthiamethyl)phenyloxy)e' -aminomesit- (12’715 g)[’(ls\s/l.-OSiaB(é)’;Z?;ic%OlZGgS?’ gr )M?A_Zglsgo(rgl\jg?mgtixlwzmi
ylene (7). To a solution of6 (1.13 g, 1.21 mmol) in THF (25 mL) 5205'7 G _’ BF)* cal.cd‘ 5204.00* Anal. Calcd for
and ethanol (25 mL) was added hydrazine monohydrate (13 mL, 0.3 C 4Hl O S;py'\rl PABF 4-3beNO - C 5'4 'lo, H '391_ N. 240
mol). The mixture was stirred overnight at 30. The reaction was F?)suncli? Clz 52 gO' H331283' N, 2 326 PO Th IS T ST
qguenched usip 1 N HCI (50 mL) and subsequently extracted with G ’ 'i'o a'soyluti’on. ofi (5’ O'm' 3.22umol) in CHCl (5 mL)
CH,Cl, (100 mL). The organic layer was washed with NaHG00 Zpyr. 5 mg, o 20
mL) and brine (100 mL), followed by drying over MgSGand was added 60.0L (9.66 umol) qfafreshly prepared stock so_lutlon of
evaporation to dryness. Compounas obtained as a slightly yellow AgBFs (0.1611 uM). The mixture was stirred for 5 min, and

oil (0.96 g, 99%). *H NMR ¢ 7.19-7.00 (m, 23H), 6.74 (s, 2H), 6.71 (24) Due to a too low resolution the isotope pattern was not observed.
However, the calculated isotope pattern with the experimental resolution
(23) Sen, A.; TaWang, L.J. Am. Chem. S0d.981, 103 4627-4629. was in good agreement with the measured signals.




6246 J. Am. Chem. Soc., Vol. 120, No. 25, 1998

subsequenthy8 (11.5 mg, 9.65«mol) was added. The mixture was

Huck et al.

(bs, 4H), 7.56-7.32 (m, 45H), 6.78 (s, 4H), 6.75 (s, 8H), 5.07 (s, 8H)

evaporated to dryness, and the residue dissolved in nitromethane (55.03 (s, 4H), 4.754.53 (m, 28H), 3.86 (s, 2H); IR (KBr) 2252 crh

mL). After assembly of5, y all solvent was evaporated; the residue

(C=N). MALDI-TOF MS (matrix 1)m/z3498.2 [DG, — BF4)™", calcd

dissolved in dry nitromethane and evaporated to dryness again (three3502.8]. Anal. Calcd for @dH1380sS12NsP&ClsBoFs:2CHNO,: C,

times). Crudés, p, was dissolved in nitromethane (5 mL), and AgBF
(119.9uL, 19.32umol) was added again. After stirring for 5 mi
(23.0 mg, 19.3umol) was added to assemb&. The solvent was

52.84; H, 3.80; N, 2.66. Found: C, 52.44; H, 3.80; N, 2.91.
Gz.con TO a solution ofl (3.58 mg, 2.3.umol) in a 1:1 mixture of
CH,Cl, and CHNO; (15 mL) was added AgBH1.35 mg, 6.93:mol).

evaporated after which the residue was dissolved in dry nitromethane After stirring for 15 minDG, (24.85 mg, 6.93tmol) was added. The

and evaporated to dryness again (three times). After filtration through dendrimerG, ., was obtained after standard workup (solvation and

Hyflo/cotton G, pyr Was obtained as a yellow solid (40.8 mg, 95%).
Mp 165-167°C; *H NMR (400 MHz, CDCl;:CDsNO, = 1:1, 35°C)

0 8.26 (bs, 18H), 7.77 (bs, 84H), 7.67 (bs, 18H), #5183 (m, 156H),
6.75 (s, 42H), 5.03 (bs, 42H), 4.74.53 (bs, 102H); MALDI-TOF
MS (matrix 2)nVz 12684 [G2,pyr — BF4)™, calcd 12682F* Anal. Calcd
for C564H471030542N13C|12P@189F35’2C|'bN02: C, 52.74; H, 373, N,
2.17. Found: C, 52.54; H, 3.83; N, 2.50.

Gs,pyr- Similar procedure as fdB, pyr; dark yellow solid; mp 164
167°C. 'H NMR (400 MHz, CDQCl;:CDsNO, = 1:1, 35°C) 6 8.56
(bs, 42H),6 7.82 (bs, 180H), 7.66 (bs, 42H), 748.35 (m, 336H),
6.73 (s, 90H), 5.03 (bs, 90H), 4.74.58 (bs, 222H). Anal. Calcd for
Ci122H100066S90N 42C 24P thsB21Fear4CHNO,: C, 52.73; H, 3.73; N,
2.30. Found: C, 52.84; H, 3.72; N, 2.69.

Dendron DG,. Cyano building block (7.50 mg, 6.82«mol) was
dissolved in a 1:1:1 mixture of Gi&l,, CHsNO,, and CHCN (10 mL).
AgBF, (2.66 mg, 13.64:mol) was added, and the mixture was stirred
for 15 min before pyridine building blocB (16.3 mg, 13.63:mol)

evaporation (%), filtration over Hyflo) as a yellow solid?> Mp 144—
148°C. H NMR (400 MHz, CQCl,»:CDsNO,=1:1, 35°C) ¢ 8.30
(bs, 12H), 7.82 (bs, 84H), 7.64 (bs, 12H), 7-4830 (m, 156H), 6.73
(s, 42H), 5.07 (s, 30H), 5.03 (s, 12H), 4:68.53 (m, 96H), 3.86 (s,
6H); IR (KBr) 2290 cm! (C=N). Anal. Calcd for
C549H456027S42N15C|12PC&189F36'2CH;N02: C,52.37; H, 3.68; N, 1.88.
Found: C, 52.25; H, 3.77; N, 2.10.

Dendron DG;. WedgeDG; (9.32 mg, 2.5%mol) was dissolved
in a 1:1:1 mixture of CHCIl,, CHsNO,;, and CHCN (15 mL).
Deprotection with AgBE(2.02 mg, 10.3@&mol), after 15 min followed
by the addition of3 (12.40 mg, 10.3@&mol). After standard workup
(solvation in CHCI,/CHsNO, and evaporation (3) subsequent filtra-
tion over Hyflo)DG3; was obtained as a yellow/brown solid. Mp 138
140°C: *H NMR (400 MHz, CQCl;:CDsNO; = 1:1, 35°C) 4 8.04
(bs, 12H), 7.86 (bs, 56H), 7.64 (d, 12Bi= 6.0 Hz), 7.46-7.35 (m,

105H), 6.73 (s, 28H), 5.02 (s, 28H), 4.61 (bs, 68H), 3.82 (s, 2H); IR

(KBr) 2250 cntt (C=N). MALDI-TOF MS (matrix 1) m/z 8490.3

was added. After stirring for 5 min the solution was evaporated t0 [(DG; — BF,)*, calcd 8490.7]. Anal. Calcd for &oHs1/020Szs
dryness under reduced pressure. The crude product was subsequently], ClgPdh ,BsF24-5CHNO,: C, 52.06; H, 3.77; N, 2.84. Found: C,

dissolved in a 1:1 mixture of Ci€l, and CHNO, and evaporated.

This was repeated two times. After dissolving the wedge again in

CHCI; and CHNO; the solution was filtered over Hyflo, followed by
evaporation of the solvents and drying under high vaculb, was
obtained as a yellow solid. Mp 14246 °C. 'H NMR (400 MHz,
CD,Cl;:CD3NO; = 1:1, 35°C) 6 8.32 (bs, 4H), 7.85 (bs, 24H), 7.67

51.84; H, 3.48; N, 2.73.
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