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ABSTRACT

A method allowing for an unprecedented controllable functionalization of oligoamines via N,N-bis-sulfonylation with various sulfonyl chlorides
has been developed. Depending on the nature of the sufonyl chloride and reaction conditions such as base, time of reaction, and temperature,
each amino group can be selectively mono- or bis-sufonylated. The procedure was investigated in detail with the model substance tris(2-
aminoethyl)amine and applied for the preparation of dumbbell-shaped coupled dendrons and second-generation sulfonimide-decorated
dendrimers.

Dendritic molecules are defined as repeatedly oligo- or thatleads to many vivid changes in their physical propetties.
polybranched compounds with a certain degree of perfectionOne of the most stunning areas of dendrimer research is
that is related to the symmetry and dispersity of the species.associated with their applications in diagnostics and healing,
Dendritic molecules can be divided into low- and high- e.g., as in vivo contrast agents in X-ray and magnetic
molecular weight species. The former category encompassesesonance imaging} as gene delivery agentsand as
multifunctional compounds that can be used as central materials for antibodies and for repairing corneal wouhds.
branching points (cores) and dendrinterat are composed Selective mono- or oligo-functionalization of the low-
of a core unit and dendrons radiating out of it, while the weight dendritic species at a core, periphery, or at the
latter class includes hyperbranched and dendronized poly-branching points between has been highlighted by many
mers? The interest in studying dendritic molecules is based -

on the fact that they are inherently different from their linear Anggv\(,’?‘)ci‘;%‘f}el{]’t.A'Egao%?gg” géffggg' g,;engg%%géii’ gf’g;g%r

(polymer) analogues, and it is this constitutional difference Science and Technolog$rd ed.; Kroschwitz, J., Ed.; Wiley: New York,
2001. (c) Sheiko, S. S.; Méller, Mlop. Curr. Chem2001,212, 138. (d)

(1) (a) Definitions of dendrimers, dendrons, and branched polymers were Muscat, D.; van Benthem, R. A. T. Mlop. Curr. Chem2001,212, 41.
discussed by numerous experts during the 3rd International Dendrimer  (3) Krause, W.; Hackmann-Schlichter, N.; Maier, F. K.; Muller, TRp.
Symposium, September 17—20, Berlin, Germany. The term “dendritic Curr. Chem.2000,210, 261.
molecules” seems to be suitable for all types of branched species. (b) (4) (a) Platzek, J. Lecture at the 3rd International Dendrimer Symposium,

Newkome, G. R.; Moorefield, C. N.; Vogtle, FDendritic Molecules: September 17—20, 2003, Berlin, Germany. (b) Schering AG patents: EP
Concepts, Syntheses, Perspeedi VCH: Weinheim, 1996. (c) Newkome, 430863, WO 97/02051, WO 98/24775, WO 98/24774, US 5911971.
G. R.; Moorefield, C. N.; Vogtle, FDendrimers and Dendrons: Concepts, (5) (a) Dennig, JTop. Curr. Chem2003,228, 227—236. (b) Joester,

Syntheses, Applications; Wiley-VCH: New York, 2001. @&ndrimers D.; Walter, E.; Losson, M.; Pugin, R.; Merkle, H. P.; DiederichARgew.
and Other Dendritic Polymers; Frechet, J. M. J., Tomalia, D. A., Eds.; Chem.2003,115, 1524—1528Angew. Chem., Int. E®003,42, 1486—
Wiley: New York, 2001. 1490.
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the properties of the target material. Preparation of den-
drong-8for a convergent synthesis of more elaborate dendritic
species is also inevitably associated with a need for a

selective monofunctionalization. NH,
25é6)(é?)g6}rqaguc'f&i, I-FL.; H?(radg, AFE'OF;{I CurLr. EhemIZOI\C/JIl,ZZA& %A37_— Oligo-amines and POPAMand PAMAM dendrimers
. uintana, A.; Raczka, t&.; Flenler, L.; Lee, I.; MycC, A.; MaJoros, f . . .
I.; Patri, A. K.; Thomas, T.; Mule, J.; Baker, J. R., Bharmaceut. Res. have often b_ee_n decora_ted at th_elr perlphery_ _Wlth d“_/erse
2002,19, 1310—1316. (c) Grinstaff, M. WChem. Eur. J2002,8, 2838— group$112aiming at the introduction of a specific function
2846. i ; ; }
(7) (a) Brettreich, M.; Burghart, S.; Béttcher, C.; Bayerl, T.; Hirsch, A. a”fj consecutive dendrimer ngOWth.. ThIS was usually re
Angew. Chem2000, 112, 1915—1918Angew. Chem., int. E®000,39, stricted to the complete functionalization at each of the
1845—1848. (b) Nierengarten, J.-Fop. Curr. Chem2003,228, 87-110. peripheral amino groups, e.g., a Michael-type additios,

(c) Ashton, P. R.; Boyd, S. E.; Brown, C. L.; Jayaraman, N.; Nepogodiev, . " .
S. A.; Stoddart J. FChem. Eur. J1996,2, 1115-1128. (d) Lindhorst, T. DY isocyanate additidfior by acylation’***The drawbacks

K. Top. Curr. Chem2002 218 201-235. (e) Vosch, T.; Hofkens, J.; Cotlet, ~ of such functionalization often lie in the lack of both

M.; Kéhn, F.; Fujiwara, H.; Gronheid, R.; Van Der Biest, K.; Weil, T.; i ;
Herrmann, A.; Mdllen, K.; Mukamel, S.; Van der Auweraer, M.; De select|V|ty and a monOdISperse pI’OdUCt.

Schryver, F. CAngew. Chen2001,113, 4779—4784Angew. Chem., Int.

Ed. 2001,40, 4643—4648. (f) Devadoss, C.; Bharathi, P.; Moore, J1.S. (9) de Brabander-van den Berg, E. M. M.; Meijer, E. Whgew. Chem.

Am. Chem. Socl996,118, 9635—9644. (g) Choi, M.-S.; Aida, T.; Luo,  1993,105, 1370—1373Angew. Chem., Int. EA 993,32, 1308—1311.

H.; Araki, Y.; Ito, O.Angew. ChenR003,115, 4194-4197;Angew. Chem., (10) Tomalia, D. A.; Backer, H.; Dewald, J.; Hall, M.; Kallos, G.; Martin,

Int. Ed. 2003,42, 4060—4063. (h) Hirsch, A. Lecture at 3rd International  S.; Roeck, J.; Ryder, J.; Smith, Macromoleculed986,19, 2466—2468.

Dendrimer Symposium, September-120, 2003, Berlin, Germany. (i) (11) (a) Buhleier, E.; Wehner, W.; Vdgtle, Bynthesid4978, 155—158.

Ferguson, G.; Gallagher, J. F.; McKervey, M. A.; Madigan JEChem. (b) Wérner, C.; Mihlhaupt, RAngew. Chem1993 105 1367-1369;

Soc., Perkin Trans. 1996, 599-602. (j) Recker, J.; Muller, W. M.; Miller, Angew. Chem. Int. EdL993,32, 1306—1308.

U.; Kubota, T.; Okamoto, Y.; Nieger, M.; Vogtle, Ehem. Eur. J2002, (12) Baars, M. W. P. L.; Karlsson, A. J.; Sorokin, V.; de Waal, B. F.

8, 4434—4442. W.; Meijer, E. W.Angew. Chem2000,112, 4432—4436Angew. Chem.,
(8) (a) Hawker, C.; Fréchet, J. M. Chem. Comm1990, 1010—1013. Int. Ed. 2000,39, 4262—4266.

(b) Wooley, K. L.; Hawker, C.; Fréchet, J. M. J. Am. Chem. Sod991, (13) (a) Stephan, H.; Spies, H.; Johannsen, B.; Kauffmann, C.; Vdgtle.

113, 4252—4261. (c) Miller, T. M.; Neenan, T. Xhem. Mater1990,2, F.Org. Lett.200Q 2, 2343-2346. (b) Ballester, P.; Gomila, R. M.; Hunter,

346—349. (d) Chapter 5 in ref 1c. C. A; King, A. S. H.; Twyman, L. JChem. Commur2003, 38-39.
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Here we report an N,N-bis-functionalization that has
advantages of being sequence-specific and regioselective anc
in addition, represents a novel and efficient2 branching
method* of dendrimer growth. The reaction sequences based
on the consecutive series of amine sulfonylation have been
worked out and tested for their sufficiency by using tris(2-
aminoethyl)aminel as a model starting material and also
applied for the preparation of second-generation sulfonimide
dendrimers.

Reaction ofl with different arylsulfonyl chlorides in CH
Cl; or CHCE in the presence of Etl at room temperature
as depicted in Scheme 1 gives rise to sulfonamides of type
2 in which each nitrogen is monosulfonylated. Yields of this
1—1 branching step range from 27 to 96%. If cesium
carbonate is used as a base, tris(2-aminoethyl)-afhzan
also be persulfonylated, resulting in sulfonimi@as-e with
12 to 80% yields depending on the sulfonyl chloride nature.
Further sulfonylation of sulfonamid€a—din the presence
of cesium carbonate (Scheme 1) with other arylsulfonyl
chlorides affords (7298%) sulfonimidegla—d bearing pairs
of two different arylsufonyl groups at each nitrogen.

This interesting possibility of new sulfonimide-type-2
branching prompted us to attempt sulfonylation of higher
oligoamines. For this purpose we prepared hexaaimg
alkylating 2a'®> with p-nitrobenzyl bromide followed by
reduction of the intermediate hexanitro compo&ri&cheme

(14) Nomenclature of-+n branching was suggested by G. R. Newkome.
See ref 1b,c for details.

Org. Lett., Vol. 6, No. 7, 2004

2). Scheme 3 shows that sulfonylationGofith tosyl chloride
andp-t-Bu-benzenesulfonyl chloride in the presence aiNEt
unexpectedly led to a one-step N,N-bis-sulfonylation of outer
amino groups resulting in second-generation dendritic sul-
fonimides 7 and 8, respectively. The enhanced acidity of
amino group protons in aromatic hexaaméeompared to
that of 1 seems to be responsible for its lack of stepwise
sulfonylation. Despite the fact that only persulfonylation of
6 can be carried out, it represents a novel convenient
technique of the-+>2 branching of dendritic aromatic amines
producing chemically stable and conformationally robust
sulfonimide branches.
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We have been intrigued by how small structural and
electronic effects govern the selectivity of the persulfony-
lation of oligoamines. Our next step was, therefore, the
detailed study of the persulfonylation df as a model
substance. First we repeated series of persulfonylation
reactions ofl as shown in Scheme 1 leading to sulfonimides
3a—e. This time the reactions were performed at room
temperature and continuously followed by TLC analysis. It
turned out that, in most cases, reaction proceeds quickly,
resulting in the corresponding hexasulfonylated products and
no products of partial substitution that can be easily detected
or isolated. However, an interesting exception was found for

(15) (a) Archut, A.; Gestermann, S.; Hesse, R.; Kauffmann, C.; Vogtle,
F. Synlett, 1998, 546—548. (b) Vogtle, F.; Gestermann, S.; Hesse, R.;
Schwierz, H.; Windisch, BProg. Polym. Sci2000,25, 987—1041.
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the reaction ofL with p-methoxybenzene-sulfonyl chloride. attachment of the second unit 6f Similar reaction of0

In the latter case, the introduction of the last sulfonyl unit with 4,4-biphenyldisulfonyl chloride readily yields a dumb-
proceeds very slowly, and a mixture of equal amounts of bell-shapetf product of couplingl3.

hexasulfonylated3c and pentasulfonylate® derivatives In summary, the described methods of complete and
could be isolated and easily separated on silica gel. Evenselective sulfonylation of oligoamines offer new reliable
more interesting results were found controlling the persu- approaches for controlled branching and preparation of
fonylation of sulfonamide®a—d in the presence of cesium constitutionally novel dendritic species, e.g., sulfonimide
carbonate. Like in the previous case, the hexasulfonylateddendrimers such a§ and 8 and core-linked dendritic
products were formed quickly from sulfonamid2a, 2b, assemblies such d$8. The reported studies outline a good
and 2d. However, sulfonylation ofc with p-cyanobenze-  starting point for exploring the functionalization selectivity
nesulfonyl chloride was found to proceed smoothly at room on the periphery of POPAM dendrimers of higher genera-
temperature and only mono- and bis-sulfonimid€sand tions. Moreover, the synthetic strategy can also be of
11 were isolated, with yields of 41 and 21%, respectively, advantage for the selective branching of linear polyamines.
while the complete persulfonylation dfc could be ac-

complished in boiling acetonitrile. Acknowledgment. Our planned Graduiertenkolleg net-
Selectively functionalized compoun@s-11, which con- work is acknowledged for stimulating discussions. O.L.
tain different functional groups (NH, CN, OGH could all thanks Alexander von Humboldt Foundation for a fellowship.

be reacted under certain conditions in a controlled way. These _ _ _ _

species are undoubtedly suitable dendrons or cores for Supporting Information Available: Experimental pro-

preparation of a diversity of dendritic architectures possessingcedures and full characterization for compouBes 3. This

selectively functionalized branches. To demonstrate to somematerial is available free of charge via the Internet at

extent the potential of the selectively persulfonylated specieshttp://pubs.acs.org.

we attempted.cou.pling .of twq units of monosulfon{:.lmﬁje OL030130N

via reaction with bifunctional linkers such as 1,10-diiodode-

cane and 4,4'-biphenyldisulfonyl chloride. The reaction of  (16) For dumbbell-shaped dendritic species, see: (a) Newkome, G. R.;

9 with 1,10-diiododecane (taken in a 2:1 molar ratio) in the ?alléer,BG. !ﬁ_.; Salténjdeésﬁ M. JS Rusa, P. Sc GUpﬁég\;/é K7-;5\2(ac;,523.; E\t/l);ller,
. . . e . E.; bouithon, K. J. em. S0cC., em. Commuiso, - .

presence of cesium carbonate in boiling acetonitrile led 0 \ye,' [ "L Zinger, B+ Schiechte, J. Chem. Mater1999, 11, 2313—

dendronl2, reflecting an insufficient spacer length for the 2315,
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