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Expanding Dendrons. The Photoisomerism of Folded Azobenzene Dendrons
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Many of the potential applications envisaged for dendrifhers R o
require a capacity to extrinsically manipulate global structural

properties via the long-range action of a local triggzobenzene I /—\\ o
chromophores have been extensively studied as conformational T
triggers in dendrimefsbecause the photochemidal— Z isomer- \ 'N‘"N;H

N=N

ization induces a large change in structure and dipole mofnent.
However, whereas significant conformational transitions have been !
induced in peptidezand synthetic helical polymérand oligomers, N~ Me

!’elatlvely small phOt(?IndUFled structqral changes have beer.l ObSerVedFigure 1. Photoswitchable dendrons: photoisomerization induces a revers-
in azobenzene functionalized dendrimers because the flexible natureple disruption of the helical folded state.

of their structures decouples local and global motibimscontrast,

larger structural changes were observed in rigid polyphen$lene e Octtr
and phenylacetyledgdendrimers. These systems uniformly experi- /“‘"a/H} S o N‘H;rfleo Ok
ence acollapsein hydrodynamic volume (up to 38%o upon @N-N =) L Y N b\:h
irradiation that decreases with generation. We reasoned that the W53 oor, N‘ w3 A °
structural consequence of a local perturbation would be maximal \—‘)@ W=(e) o we

within a dynamically folded dendron exhibiting a compact, folded 1a (2-CBzN-CgHyN,-(Gy]) 2 '
conformational stat& Herein, we report a folded azobenzene 10 (3-CB2N-CHMN-{G:])

dendron system that exhibits a compact helical conformation in Q—{’CHQ
the stableE form thatexpandssignificantly upon exposure to light.
The extent of the structural response to light depends on the type
of folding and increases with generation.

The helical conformational preference of the dendrons is
established by th& geometry of the azo linkage in conjunction
with the syr-syn conformational preferences of the 2-methoxy-
isophthalamide and pyridine-2,6-dicarboxamide dendritic repeat
units. The 2-methoxyisophthalamides (2-OMe-IPA) exhibit a-syn
syn conformational preference similar to that of the pyridine-2,6-
dicarboxamides, owing to intramolecular hydrogen-bonding inter-
actions between the amide-NHs and the 2-methoxy oxygen.
Photoisomerization from thE to Z form disrupts this folded state
in a manner that decreases packing efficiency and leads to an
increase in hydrodynamic volume (Figure 1).

Monte Carlo conformational searching (AMBER) 8fand 4
(Supporting Information) indicated that both tle2- and E-3- gty
acylaminophenylazo linkages position the 2-methoxyisopthalamide Figure 2. NOESYH NMR cross-peaks for photoswitchable dendrbrs.
branch points above and below the plane defined by the focal jose contacts reflect the occurrence of both the-sym and syr
pyridine-2,6-dicarboxamide. This helical conformation places the gnti forms in the conformational ensemble that occur as a
B ring protons at the first shell in close proximity to those of ring  consequence of the greater flexibility of 2-OMe-IPA linkage as
C present on the adjacent dendritic branch on the second shell.compared with the 2,6-pyridine-2,6-dicarboxamide branch point,
Two-dimensional NOESYH NMR spectroscopy in CDGrevealed  which does not exhibit these cross-peakiand5.13
the presence of close contacts between protons Hb and Bc in whereas then-acylamino substituted azobenzene linkagektin
and between H4b and Hc i (Figures 2 and 3). Similar close  and4 exhibit w — z* and very weak n— z* absorptions at ca
contacts were evident between protons H1b and Hc on adjacent320 and 440 nm, respectivel§ the o-acylamino substitution in
branches of the first and second shells of third generation dendronstructuresla, 2, 3, and5 structures induces a large red-shift of the
5. Additionally, NOESY cross-peaks occurred between H2b and 7 — z* band to ca. 400 nm (Supporting Information). This causes
H3b of the first shell with Hd on ring of the third shell. The  the long wavelength component of this transition to overlap with
corresponding cross-peaks between protons on ingad B of the n— z* band centered near 440 rifirradiation of the dendrons
the focal phenylazo linkage in 2- and 3-CBzNHGN,-[G1] (1a/ with 350 nm light induced aE — Z isomerization to take place,

b) and 2-CBzN-GH4N-[G2] (2) were not observed, consistent with  as evidenced by a decrease in the 320/400 nm absorption. The
this conformational preference. NOESY cross-peaks between theamount of Z-isomer at the photostationary state (PSS) was
amide NH protons and both the methoxyl and aromatic protons of determined by*H NMR for 1—4, and by U\~vis for 5,6 using

the 2-OMe-IPA linkages were also observed in all dendrons. Thesethe formula (A — ApssouodfAo) Where Ay and Apss(s2oi00)
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Figure 3. 2D 'H-'H NOESY spectra ot and5.

Table 1. Hydrodynamic Volumes? of E State (Dark) and at the
PSS

dark® irradiated at 350 nm
Nz %z Vi Vo Viypss) VilVaw
compd UV NMR (Ay) R ViV, (£\3) (PSS) VilVipss)

la 58 59 610 757 1.24 827 1.36 1.#30.035
1b 23 63 678 1076 1.59 564 0.83 0.520.120
2 39 41 1285 2228 1.73 2056 1.6 0.970.045
3 38 38 1103 1371 1.24 1877 1.7 1.320.048
4 33 53 1238 1496 1.21 2632 2.12 1#0.140
5 20 2453 3666 1.49 5364 2.19 1.470.016

apetermined by DOSY¥-NMR in CDCl; (1.3 x 104 M) at 27°C. These
conditions provided sharp, reproduciblé NMR spectra consistent with
the presence of monomeric species in solutfiveasured in CDGlwithin
10 min of irradiation. PSS attained within 10 min for UVdaa h for *H
NMR experiments® Dark incubated for 18 h at room temperature.

represent thea — * absorptions before and after irradiation (Table
1). This formula assumes a neglible absorption ofZlisomer at
320/400 nm. Comparison of th&isomer content, determined by
UV—vis andH NMR spectroscopy, at the PSS supports this
assumption for theo-linked dendronsla—3 and 5, but not for
m-linked dendrond.b and4. Overall,E — Z photoisomerism was
partially suppressed when the azo linkage was incorporated into
the folded dendron structure (e.da — 3, 1b — 4, and2 — 5).
The Z — E thermal isomerization rates 45 were in the range
of 1075 s ! at room temperature, and the barriers were relatively
invariant AG* (298 K) = 22.5-24.75 kcal/mol, see Sl foAH*
and AS"), which indicates that the suppressed isomerization was
not due to faster thermal reversion to tle form at higher
generations. The suppression of photoisomerization at higher
dendron generation mirrors the behavior of helical azobenzene
oligomers and is likely a consequence of the compact, folded
structure of the dendroris.

Comparison of the hydrodynamic rad) of 1—5, measured
by DOSY—NMR spectroscopy’ to the calculated van der Waals
radii*® (V,y,) indicated the presence of compact conformational states
in the dark-incubatet forms (Table 1)}° Measured hydrodynamic
volumes of the ensemble &/E isomers at the PSS following
irradiation at 350 nm revealed that, wherdas2 exhibited either
a decrease or minimal increase in volume, the hydrodynamic
volumes of3, 4, and5 expandedy 32, 77, and 47%, respectively.
It is noteworthy that the amount of expansion increases with
generation (e.g3 and5). The 47% expansion in the volume Bf
at the PSS is particularly significant given that only 20% of the
azo linkages existed in th&form at the photostationary state. The
striking increase in photoexpansion going from theto m-
acylamino isomers3 and 4, is likely due to a difference in the
folding of E-isomers. Monte Carlo conformational searching (Sl)
suggests that the-linkage in3 creates a helical conformation that
splays the dendritic branches at a 186gle, whereas the-linkage
in 4 orients the dendritic branches at a°lahgle that promotes
face-to-face packing of the dendritic surfaces. Photoisomerization

disrupts this packing arrangement in a manner that induces a larger
increase in volume compared with that of tvinked dendrors.

In conclusion, we have described a series of azobenzene dendrons
that adopt compact helical conformations in tkeazo form.
Photoisomerization disrupts this folded conformation in a manner
that decreases the packing efficiency and results in large structural
expansions. Folded photoresponsive materials provide an op-
portunity to investigate how local conformational fluctuations can
be correlated with global structural motions to maximize the
structural response to a triggering event.
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