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New Dendrimers with Multi Arm
1,2,3-Thiadiazoles as a Nucleus
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New dendrimers 1c-4c with multi-arm 1,2,3-thiadiazole
systems la-4a have been prepared and characterized. Alka-
line cleavage of 1a-4aled tothe corresponding alkynethiolate
1b-4b, which were trapped by electrophiles such as
Fréchet's| G-3]-Br to furnish the third-generation dendrimers.
The advantage of the use of la-4a as nucleophilic core
reagents lies in the linear alkyne groups that emanate from
the benzene nucleus, thus allowing the construction of high
molecular weight dendrimers.
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INTRODUCTION

Dendrimers are considered to be aclass between |ow molecular weight
compoundsand polymersand therefore they show a series of distinguished
properties®. They consist of acentral polyfunctional corefromwhich arise
successive branched layers, called generations. Each subsequent genera-
tion brings about a doubling of these end groups and a change of confor-
mation until the dendrimer adopts a spherical shape. At this stage, the
interior zone and the exterior surface region alow for unusua physical
and chemical properties (endo- and exo-receptors). The volumeinsidethis
dendrimer isshielded from relatively large moleculeswhile still remaining
accessible to small ones (host-guest recognition). The chains ends at the
outer surface, on the other hand, can be functionalized and used in many
applications™. This globular shape of large dendrimers contrasts sharply
with the heavily entangled structure of conventional high polymers and
their accurate control of molecular architecture suggests many potential
applications, such as synthetic models for biologica structures (enzymes,
globular proteins), selective catalysts and template reagents, biosensors,
drug carriersand transporters, genetransfer vehicles, unimolecular micelles
and reverse micelles, synthetic membranes, molecular electronic devices,
etc. For example, dendrimer 3c (Scheme-l) illustrates a third generation
dendrimer with acore multiplicity N. = 4, abranch multiplicity N, = 2 and
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having a peripheral number of termina groups Z = 32. In most reported
cases, the reactive functions at the core template were amine, hydroxyl or
activated carboxyl. The structure and properties of dendrimers can be al-
tered by changing the anchoring core multiplicity N, the degree of branch-
ing Ny, the length of the branch segments and the surface groups. As stated
by Tomalia', the selection of the reactive core is of great importance since
it determines the size, shape, multiplicity and specific functions of the
dendrimer. In thiswork, new multifunctional core reagentsfor dendrimers
synthesis have been described.
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Scheme-
Multiple [(1,2,3-thiadiazol-4-yl)phenoxymethyl]benzene derivatives
la-4a™ are stable compounds that decompose above 180°C. They are
insoluble in most common solvents, but lose nitrogen at 0°C when a
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suspension of them in THF, CHsCN, DMF or DM SO is treated with a
strong base (t-BuOK or NaH) to give the soluble thiolate intermediates
in high yield. These intermediates can be used as a suitable core template
for the synthesis of dendrimers following the divergent or convergent
strategies’. Dendrones[G-3]-Br of the Fréchet-type® were coupled with the
thiolate intermediates at room temperature to produce the third-generation
dendrimers.

The advantage of the thiolate over other nucleophilic core reagents
lies in the linear alkyne groups that emanate from the benzene nucleus,
thus allowing the construction of high molecular weight dendrimers
beforethe critical dense-packet stage, predicted by de Gennes", isreached.

EXPERIMENTAL

Diethyl ether, tetrahydrofuran (THF) and petroleum ether were dried
by refluxing over sodium/benzophenone. Acetone, dichloromethane and
chloroform were dried over P,Os. All the solvents were distilled just prior
to use. The following chemicals were used as received. Potassium
t-butoxide, potassium iodide, magnesium sulfate and aliquate 336 (Fluka),
potassium carbonate (Acros). The starting compounds 1a-4a'**2 and 3,5-
bis-dodecyloxybenzylbromide™*** were prepared according to procedures
described in the literature.

IR spectra: Nicolet-Impact 410 FT-IR spectrometer; in cm™. *H, °C
NMR spectra: Bruker AC 200 or AM 400 spectrometers; in ppm. MS:
Finnigan MAT 95 (FD and FAB). Elemental analysis: Microanalytical labo-
ratory of the Institute of Organic Chemistry of the University of Mainz,
Germany. M.p. : Thomas Hoover Capillary melting point apparatus and
are uncorrected.

General procedure for the preparation of the dendrimers 1c-4c:
(500 mg, 0.41 mmol) of the corresponding 1,2,3-thiadiazoles 1la-4a was
suspended under nitrogen in dry THF (70 mL) and treated dropwise at
-20°C with equivalent amount of potassium tert-butoxide dissolvedin THF
(70 mL). After stirring the mixture for 6 h at thistemperature, a solution of
Fréchet[G-3]-Br dendrones in dry THF (70 mL) was added dropwise and
stirring was continued overnight. The reaction mixture was then diluted
with water (100 mL) and extracted with chloroform (3 x 150 mL). The
combined extracts were washed with water (300 mL), dried with MgSO,
and the solvent was evaporated. The crude product was chromatographed
on a column of silica gel (60 x 2 cm) with chloroform as the eluent to
afford the dendrimers 1c-4c in good yields.

Dendrimer 1c: m.p. 167°C. IR (KBr, cm™, Vma) 2961, 2253,1575,
1473, 1430, 1235, 1120, 1008, 833. HRMS-FAB (m/z): [M + H] " calcd. for
C120H102014Sz, 183227, found, 1832.32. Anal. Calcd. for C120H102014SQ :C
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78.66, H 5.61, S 3.50. Found: C 78.70, H 5.59, S 3.89.

Dendrimer 2c: m.p. 186°C. IR (KBr, cm™, vina) 3040, 2915, 2170,1595,
1560, 1500, 1448, 1365, 1280, 1230, 1170, 1005, 880, 832. HRMS-FAB
(m/z): [M + H]* calcd. for Ci77H15002Ss, 2707.10; found, 2707.32. Anal.
Calcd. for Ci77H150021S; : C 78.16, H 5.59, S 3.55. Found: C 78.58, H 5.69,
S3.76.

Dendrimer 3c: m.p. glass. IR (KBr, cm™, vina) 3065, 2925, 2188,1587,
1564, 1503, 1445, 1375, 1286, 1231, 1008, 886, 834. HRMS-FAB (m/2):
[M + H]" calcd. for CasHi10026Ss, 3586.42; found, 3586.61. Anal. Calcd.
for CozaH1002Ss: C 78.37, H 5.56, S 3.58. Found: C 78.48, H 5.68, S3.72.

Dendrimer 4c: m.p. glass. IR (KBr, cm'™, vina) 3055, 2918, 2208,1577,
1569, 1493, 1455, 1370, 1289, 1227, 1018, 832. HRMS-FAB (m/z): [M +
H]" calcd. for CausH20404Ss, 5361.67; found, 5361.81. Anal. Calcd. for
CassH2040.Ss 1 C 77.96, H 9.85, S 3.59. Found: C 78.23, H 9.61, S 3.52.

1,2,3,4,5,6-Hexakig[4-((3,5-didodecyloxy)benzylthioethynyl)-
phenoxymethyl]-benzene (4d): Compound 4c (400 mg, 0.33 mmol) was
suspended under nitrogen in dry THF (70 mL) and treated dropwise at
-20°C with 6.6 equiv. of potassium tert-butoxide (260 mg, 2.32 mmol)
dissolved in THF (70 mL). After stirring the mixture for 6 h at this
temperature, a solution of 3,5-bisdodecyloxybenzylbromide (1.45 g, 2.01
mmol) indry THF (70 mL) was added dropwise and stirring was continued
overnight. The reaction mixture was then diluted with water (200 mL) and
extracted with chloroform (3 x 150 mL). The combined extracts were
washed with water (300 mL ), dried with MgSO, and the sol vent was evapo-
rated. The crude product was separated from the excess of 3,5-bis-
dodecyloxybenzylbromide by chromatography on acolumn of silicagel (8
x 20 cm) with petroleum ether/chloroform (8/2 ratio). The product was
separated as the last fraction using chloroform/petroleum ether/ethyl
acetate (2/1/0.1 ratio) as brown oil 460 mg (71%). IR (KBr, cm™, Vi)
2915, 2240, 1585, 1495, 1458, 1430, 1230, 1110, 1003, 831. HRMS-FAB
(m/z): [M + H]* calcd. for CosHze0015Ss, 3797.98; found, 3798.20. Anal.
Calcd. for C245H36001385 :C 7780, H 955, S5.07. Found C 7765, H 961,
S5.09.

RESULTSAND DISCUSSION

The synthesis of the compounds la-4a was successfully carried out
through amuiltistep sequence from the appropriate ketones with the help of
the Hurd and Mori method™.

Theaction of strong bases such as potassium t-butoxide resultsin cleav-
ageof (4-substituted) 1,2,3-thiadiazoles. Extrusion of nitrogen and deproto-
nation leadsto alkynethiolates 1b-4b. Trapping of the alkynethiolateswith
halogenalkanes leads to the formation of a star form structures with
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akinylthioether units. Fréchet type dendrones are selected in order to pre-
pare a new dendrimers with benzene core. For comparison, two-, three-,
four- and six-arm systems bearing 1,2,3-thiadiazol e rings are successfully
used to prepare dendrimerswith core multiplicity N. = 2, 3, 4, 6 and branch
multiplicity N, = 2 and having a peripheral number of terminal groupsZ =
8, 12, 16 and 24, respectively.

The dendrimers are fully charachterized using IR, NM R spectroscopy
and elementa analysis. The'H , *C NMR data are shown in Tables 1 and
2. They are mostly similar in valuesfor different dendrimers, especially in
case of the chemical shift for the OCH,-groups (3 to 8, Scheme-I and
Tables 1 and 2). According to the 3-value, it can be observed that in the *H
NMR-scale: a > & >y > 3; while in the *C NMR-scale, the opposite is
correct, such that the 3-OCH,-group has the highest value where asthe a-
OCH,-group has the lowest chemical shift. The photochemical reactivity
of the dendrimers 1c-4c may be studied later.
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