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ABSTRACT

oy O oo

Benzyl aryl ether dendrimers containing photosensitive, veratryl-based o-nitrobenzyl AB linkages (bold bonds) were prepared to the third
generation and shown to undergo site-specific degradation when irradiated with ultraviolet light.

Dendritic macromolecules with a variety of functions have nitrobenzyl ether moiety, well known as a versatile protecting
been prepared by precise synthetic placement of groupsgroup in organic synthesfsas a readily cleavable linker for
within the structural interior or periphefyWith several solid-phase synthestsas a masking group for “caged”
discrete structural regions within dendritic architecture, biological molecules and prodrugsnd as cleavable units
simple incorporation of photolabile linkages into dendrimers in host—guestand materials chemistr?
could provide a wide range of materials with many potential  Racemic secondary alcohtlwas used to prepare a series
functions including light-assisted drug delivery, polymer- of photolabile dendrimers containing-substituted-o-ni-
supported organic synthesis, or other applications wheretrobenzyl®linkages. Alkylation ofl with first-, second-, and
selective degradation of material is necesgary. third-generation benzyl aryl ether dendrons in the presence
In this paper we present the installation of photolabile Of K2COs in acetone yielded photolabile dendropa—c.
linkages proximal to the core unit of benzyl aryl ether Dendrimers3a—c were obtained directly fron2a—c and

stereomers (homo- and heterochiral) in racemic form (i.e.,

RRR,SSSRRSRSS) in moderate yields (Schemé1)he

T Current address: Department of Chemistry, Katholieke Universiteit
Leuven, BE-3001 Heverlee, Belgium.

(1) (@ Newkome, G. R.; Moorefield, C. N.; Vogtle, Pendritic (4) (a) James, I. WTetrahedronl1999,55, 4855—4946. (b) Osborn, H.
Molecules. Concepts, Syntheses, Perspegti/CH: Cambridge, 1996. (b) M. I.; Khan, T. H. Tetrahedron1999,55, 1807—1850. (c) Blackburn, C.
Zeng, F.; Zimmerman, S. ©@hem. Rez1997,97, 1681-1712. (c) Archut, Biopolymers1998,47, 311—351.

A.; Vogtle, F.Chem. Soc. Re998,27, 233—240. (d) Matthews, O. A; (5) For leading references, see: Reinhard, R.; Schmidt, B. Brg.
Shipway, A. N.; Stoddart, J. Prog. Polym. Sci1998 23, 1-56. (e) Smith, Chem.1998,63, 2434—2441.

D. K.; Diederich, F.Chem. Eur. J1998,4, 1353—1361. (f) Fischer, M.; (6) (a) Piatniski, E. L.; Deshayes, K. Bngew. Cheml998 110, 1022—
Vogtle, F. Angew. Chem1999, 111, 934—955Angew. Chem., Intl. Ed. 1024;Angew. Chem., Int. EA998,37, 970—972. (b) Grell, E.; Warmuth,
1999,38, 885—905. R. Pure Appl. Cheml1993 65, 373—-379. (c) Warmuth, R.; Grell, E.; Lehn,

(2) (a) Enzymatically degradable dendrimers have been prepared andJ.-M.; Quinkert, G.Helv. Chim. Actal991,74, 671—681.
promoted as possible drug carriers: Seebach, D.; Herrmann, G. F.; (7) Folmer, B. J. B.; Cavini, E.; Sijpbesma, R. P.; Meijer, E. @hem.
Lengweiler, U. D.; Bachmann, B. M.; Amrein, WAngew. Chem1996, Commun.1998, 1847—1848.
108, 2969—2972Angew. Chem., Int. Ed. Endl996,35, 2795—2797. (b) (8) Hong, S. I,; Joo, S. Y.; Kang, D. W. Besk Reference of Functional
Photolabile and thermally labile hyperbranched polyesters have been PolymersArshady, R., Ed.; American Chemical Society: Washington, DC,
reported by Voit, B., et al., at the 13th Biennial Carl S. Marvel Symposium, 1997; pp 293—310.

Tucson, AZ, March 1416, 1999. (9) Teague, S. Jletrahedron Lett1996,37, 5751—5754.

(3) (a) Kocie'nski, P. JProtecting Groups; Thieme: New York, 1994. (10) For leading references om-substituted-o-nitrobenzyl linkages,
(b) Green, T. W.Protective Groups in Organic SynthesM/iley: New see: Holmes, C. P.; Jones, D. &.0Org. Chem.1995, 60, 2318—2319.
York, 1981. (c) Pillai, V. N. R.Synthesis980, 1-26. Holmes, C. PJ. Org. Chem1997,62, 2370—2380.

10.1021/01991373b CCC: $19.00  © 2000 American Chemical Society
Published on Web 01/29/2000



Scheme 1

GO NO,
(a) ()
RO N02 \ :

0.0
ON O[G]
1T.R=H
0. O,
i [ 26 = fa.] jjgiocm Mac J
2b: R = [G-2] 0 0 30 min
2¢: R = [G-3] )
NO.
? JLM— 20 min
CH{0 3a:n=1
3b:n=2
[G-ri = O OG- ac n=3 10 min
Ph
1"'&/_ 2N 0 min
e} ) ! " [ [ ——
300 400 76 41 40 39
Alnm ~— §
211

Figure 1. Photolysis experimentson (a) dendrimeBc (CHClg,
2(a) [G-n]Br, K,COs, 18-crown-6, acetone, reflux, 86, 83, and 40 uM) irradiated for 0, 2, 5, 8, 11, and 17 min monitored by
42%, respectively; (b) benzene-1,3,5-tricarbonyl chloride, DMAP, absorption spectroscopy (detail) and (b) dendri@&(CDCl;, 5
CH_Cl,, 48, 43, and 50%, respectively. mM) monitored by'H NMR.

presence and approximate ratio of the stereoisomers wasTheir presence is actually extremely beneficial in the analysis
confirmed by the appearance of certain key resonances inof the photodegradation process (vide infra).

the'H NMR spectrum. For example, the resonances for the  ppotolabile dendrimer8a—c were thermally stable (ac-
methoxy group of the photolabile linker Baappeared asa  etone, 55°C, overnight; solid state, rt, 6 months), yet
set of three singlets in a 1:2:1 ratio at 3.91 ppm (Figure 1b, photodegradation occurred upon irradiation with 350 nm
0 min)1? Similar patterns were observed for both aromatic light.23 Photolysis proceeded cleanly, and all evidence was

protons of the photolabile linker at 7.59 and 7.10 ppm. No jn accord with photocleavage according to Scheme 2.
attempt was made to separate the diastereomeric mixtures.

(11) Satisfactory characterization data were obtained for all new com- _

pounds reported (see Supporting Information). Scheme 2
(12) This 1:2:1 ratio of peaks is consistent with a statistical mixture of
1:3 homochiral/heterochiral diastereomers. The ratio of the same peaks in CH, CH,
3b was closer to 2:4:3, consistent with a 1:2 ratio of diastereomers. The | CHO. -~ . hv
stereoisomer ratio foBc was again 1:3. Despite the apparent implication | 2 o — 3 A0 | SN0 4 l [Ho%—o
for stereoselectivity in the formation &b, we must note that these peaks [G-O” ‘“///“NOQ L g

are barely resolved, so the ratios are at best approximate (see Figure 1b)| (G0 NO

Any conclusions regarding inherent stereoselectivity in the coupling
reactions leading tBa—care unfortunately precluded until such time that
these ratios can be more accurately determined. For an example of

stereoselectivity in the preparation of chiral dendrimers see: Murer, P. K.; . . . . . .
Lapierre, J.-M.; Greiveldinger, G.; Seebach, lely. Chim. Actal997, Apparent isosbestic points were evident in the absorption

80’(113?)4§h_1t6?1' rormed und . . . spectra (approximately 255, 288, and 237 nm), and discrete
otolyses were performed under argon at room temperature on .
CHCl; (3a—c) solutions with dendrimer concentrations that resulted in an photoproducts were observed b'y NMR (F|gure 1a)- For

optical density of 0.5—1.0 at the ca. 345 nm band. The prepared samplesexample, in théH NMR, the mixture of methyl doublets at

were irradiated for successive intervals using a Spectroline 36-380 miniature VT PR et

UV quartz pencil lamp (365 nm). Photolyses monitoredHyNMR were 1'77_ ppm, decreased _Steaqlly In intensity in a first-order

performed on 5 mM solutions in CD@With irradiation from a high-pressure  fashion with excellent linearity and were eventually replaced

Hg lamp. Control experiments confirmed that the photolyses were unaffected by a singlet at 2.94 ppm (not shown) Corresponding to the

by the nature of the solvent (GHIz, CHCl, THF). B thvl ket id thoenit toph hot
(14) The identity of the-nitrosoacetophenone photoproduct was verified MENYl KEloNe residue on tieenitrosoacetopnenone pnoto-

b;f/f;omparison torfhéH NMR sp;ectrtlm, provi?ed by Iﬁr. C.P. Hollme? of product (Scheme Z}. Likewise, the peaks at ca. 8.9 ppm
Affymax Research Institute, Palo Alto, CA, of an authentic sample of 4,5- ; ; [ i
dimethoxy-2-nitrosoacetophenone. In the presence of oxygen a peak appeargorresmmdIng to,the trimesate core decreased in mtgnsny
at 2.48 ppm which is presumablg-nitroacetophenone formed upon and eventually disappeared from the spectrum, consistent
oxidation of initially formedo-nitrosoacetophenone. i initati i i i i i

(15) Photocleavage was also be observed by GPGQBLE00 A, 1000 with the precipitation of tnmgsm acid that is observed in
A, 10 000 A Jordi DVB columns), but the resolution is insufficient to fully both the UV and NMR experiments.

separate the individual fragments. =~ _ __ The benefit of3a—c being diastereomeric mixtures was
(16) The occurrence of two intermediates in the stepwise degradation

betweenA andD (Figure 2), and the appearance of isosbestic points implies that close inspection of thtH NMR spectrum during the
that this system may be considered “pseudo-two-component” or a depo- course of photolysis (Figure 1b) revealed the intermediate

lymerization process (i.e.,,P> nM) where polymer subunits and monomer : : ;
units are distinct chromoShores. See: Cohen, M. D.; Fischel, Ehem. stages of the dendrimer degradatlon sequence (F|gure 2)- For

Soc.1962, 3044—3052. example, the three methoxy singlets at 3.91 ppm correspond-
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resonance at 7.59 ppm (Figure 1b, left), as well as other peaks
throughout the spectrufi.®
? > In conclusion, we have provided the first examples of
L - — 8 v O photolabile dendrimers and demonstrated their photocleavage
\/ K] \/ &/‘ T\j into discrete dendrimer fragments. Further development and
B c D application of these materials is a current effort in our
laboratory.
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Figure 2. Schematic representation of the sequential photodegra-
dation of a three-arm dendrimek) into a two-arm dendrimei),
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two-arm dendrimersH). In turn, a broad singlet appears at
3.95 ppm (Figure 1b, 20 min) and is assignable to the doubly
degraded one-arm dendrimeC)( The appearance and
continual growth of the singlet at 4.05 ppm throughout the
process is assignable to the methoxy singlet on free, degrade
dendron. The lone presence of this resonance after extende
irradiation time indicates full dendrimer degradati@).(A
similar evolution is also observed clearly in the aromatic 0L991373B

Supporting Information Available: Synthetic details and
characterization data for all new compounds reported and
éjetails and full spectral data of photoyses3af—c. This
aterial is available free of charge via the Internet at
ttp://pubs.acs.org.
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