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ABSTRACT

Conditional photofragmentation is achieved with binary systems incorporating the isophthaloy! bis-aminopyridine barbiturate recognition moti f
and dithiane- or trithiane-based photolabile modules, which cleave only in the presence of an external sensitizer. The components of the

host —guest molecular recognition pair were each outfitted with either the sensitizer or the photocleavable module. In these pairs, photoinduced
fragmentation is contingent on a molecular recognition event, which brings the sensitizer into the immediate proximity of the photolabile

latch.

Photoinduced release of caged compounds has increasinglyf the external sensitization. In our previous studies we have
been utilized in molecular biology and electrophysiology designed photolabile systems based on di- or trithiane adducts
to trigger concentration jumps of biological effectors of carbonyl compounds and their derivatives, which require
under conditions of accurate spatial (nmm) and temporal external ET sensitizatiohln this Letter we describeon-
(msjus) control* As it is with the top-downapproach in ditional photofragmentations in artificial barbiturate recep-
microfabrication and photolithography, the spatial address- tors, inspired by Hamilton’s isophthaloy! bis-aminopyridine
ability of the photorelease will eventually reach the diffrac- motif.2 In these systems the photorelease is contingent on a
tion limit, necessitating alternativ@ttom-upmethodologies molecular recognition event, i.e., the docking of the barbi-
based on self-assembly and molecular recognition for turate to the receptor. Our approach is critically different
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f . . f a, CHale, W. A.; Kutatelaaze, A. 3. Org. em 3 .
binary photolabile systems, which are not photolabile PET (b Mitkin, O.; Wan, Y.: Kurchan, A.; Kutateladze, /Synthesi2001, 8,
se but become photocleavable once an external event bringg133. (c) Mitkin, O. D.; Kurchan, A. N.; Wan, Y.; Schiwal, B. F.;

; ; ; i Kutateladze, A. GOrg. Lett.2001, 3, 1841. (d) Vath, P.; Falvey, D. E.;
their respective parts into the proximity of each other. Barnhurst. L. A Kutateladze, A. G. Org. Chem2001, 66, 2886. () Li.

Molecular recognition can be such an external event, with z.: kutateladze, A. GJ. Org. Chem2003 68, 8236. (f) Kurchan, A. N.;

either the energy or electron transfer (ET) being the nature Mitkin, O. D.; Kutateladze, A. GJ. Photochem. Photobiol. 2005 171,
121. (g) Gustafson, T. P.; Kurchan, A. N.; Kutateladze, ATétrahedron

2006 62, 6574.

(1) Goeldner, M.; Givens, R., EdsDynamic Studies in Biology: (3) (@) Chang, S.-K.; Hamilton, A. DJ. Am. Chem. Socd988 110,
Phototriggers, Photoswitches and Caged BiomolecWékey-VCH: Wein- 1318. (b) Chang, S.-K.; Van Engen, D.; Fan, E.; Hamilton, AJDAm.
ham, 2005. Chem. Soc1991, 113 7640.

10.1021/0l0700153 CCC: $37.00  © 2007 American Chemical Society
Published on Web 02/10/2007



from the approach of Bassani-Tucker et*alhere the
molecular recognition is modulated by photochemistry (with
the receptor being altered bintramolecular [4 + 4]
photocyclization), but the photochemistry itself is not affected
by molecular recognition. Other examples of molecular
recognition affecting photoreactivity include Bach’s enan-
tioselective reactions driven by photoinduced electron trans-
ferS

Figure 1 shows the barbiturates and their receptors,
carrying either the sensitizer or the dithiane/trithiane-based

1faX=H
© bx= OC{O)CH,;CH3 o
1c X=0H

M ﬁii@’U

Figure 1. Model barbiturates and their receptors.

JaX=H
3b X = OC({O)CH;CH;

Ar = p-F-Ph

where irradiation of the “keyZ causes fragmentation of the
macrocycle, effectivelynlocking the lockThe upper bound
estimate of theKp for the complexX{ 3a-4} is 2—5 uM. At
concentrations below 0:51 mM free benzophenone does
not sensitize fragmentation iBa, whereas sensitized,
outfitted with the guest barbiturate, does it very efficiently
in the full range of concentrations above tg.

The unlocking is accompanied by the release of the
barbiturate, which can be monitored by NMR. We and others
have shown that the barbiturate binding constants for the
acyclic bis-aminopyridine receptors are orders of magnitude
lower than those of cyclic hosts3

Another mode of operation is theonditional release of

dithianefrom 2 or 5. At higher concentrations the fragmen-
tation caused by collisional quenching of the free sensitizer
in solution successfully competes with the photoinduced
fragmentation in the bound complex. However, with dilution,
bimolecular quenching becomes much less efficient, whereas
the quantum efficiency of the fragmentation occurring in the
bound complex stays constant, i.e., the overall quantum yield
of dithiane release becomes a functiorkef The dissocia-
tion constants in pairgl-5}, {2-4}, and{3-4} vary from 1
uM to 0.5 mM. Even for weaker complexes, such{ds-5}
(Kp = 0.48 mM), at lower concentrations dithiane release
from the complex is much more efficient than the release
sensitized by free (unbound) benzophenone in solution.
Figure 2a shows the GCMS intensityrépresents total ion

photocleavable module, synthesized as described in Sup-

porting Information. The yields for receptork—3 after
purification were 12-18%8

In receptorsla—c it is the benzophenone (BP) moiety that
completes the macroheterocycle, whereas the hbas the
photolabile trithiane latch as a part of the macrocycle, adding
two amide hydrogen bond contacts to the existing network
of six H-bonds of the isophthaloyl bis-aminopyridine recep-
tor. Host 1a is converted into its dithiane addu2twith
excess lithiated dithiane. The barbiturates carrying either a
sensitizer 4) or a photolabile dithiane-based pendditere
used as the guest molecules for recepfior8. Photolyses
were carried out at 350360 nm as the wavelength of
irradiation is dictated by the sensitizers’ absorption.

Conditional photoinduced fragmentation in macroc\gde
(Scheme 1) exemplifies the ultimate Lock and Key system,

Scheme 1

1078

(a)
9.0 1

(b)

2.0

1(x10%)

VC(x10%  sdc _ _

5-1c .//,.—‘o

6.0 1

5-BP

o 6-BP
concn, mM
0.0 '

Figure 2. Dithiane release frorb sensitized byl.c (®) or by free
benzophenone (BPa{: (a) dithiane GCMS peak area (kcounts)
as a function of the initial concentration &[= [1d]; (b) the peak
area divided by the initial concentration of the hegtiest pair.

concn, mM

count in kilocounts) of the released dithiane detected in the
solution plotted against the initial concentrationof

The concentration of hodtc was kept equal to that &
and of free benzophenone for fair comparison. The relative
amount of the released dithiane, i.e., its detected intensity
normalized by the initial concentration of the sensitizer
(1/C), is the quantity much better reflecting the quantum
efficiency of the fragmentation. As the concentration de-
creases|,/C decreases steadily for the free benzopheréne
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pair; no dithiane is detected after photolysis at concentrationsthis effect to be of significance in the studied systems. In a
below 1 mM. In contrast, thé/C ratio stays relatively  control experiment (Scheme 2) barbiturdtes only one-
constant for thg 1c-5} pair in the wide range of concentra-

tions, decreasing considerably only in the vicinitef The | R

fitted dashed line in Figure 2b represents a simulation Scheme 2
obtained withKp = 0.48 mM. At low concentrations, only Q o H
the bonded pairs produce dithiane upon photolysis. W, N.):o
For more tightly bound complexes, such{@s4} (Kp = @ 4 P
86 uM), the I/C curve stays relatively level at concentrations oH el = 0.63
high enough for the subsequent detection of the released @))«j o ©/°“°+ C\(
dithiane, i.e., above the dithiane detection limit by GCMS s s
(Figure 3). This effectively extends the dynamic range of 6

q)rel =(1.0)

e (x 10%) third less efficient than the unsubstituted benzophenone as

207", a sensitizer in a fragmentation reaction of a model benzal-
s dehyde-dithiane adducs that, unlike2, is not capable of
. complexation with4.
1.0 Finally, an alternative proof of concept for the conditional
(i.e., molecular recognition dependent) photoinduced release
0.51 2-BP of dithiane at higher concentrations is to quench the
0.0 concn, my bimolecular sensitization channel with an external quencher,
0 2 4 for which we chose diethyl sulfide. The dithiane-bearing
Figure 3. Normalized dithiane peak intensityC as a function of rgceptorz (.5 mM) was sensitized, in the presence of 1 M
the initial concentrations: hogtsensitized by barbiturate(®) or diethyl sulfide, by free benzophenone or the gueshill

by free benzophenone (BPAY. photolyses were run in a Rayonet carousel reactor with RPR
3500 lamps £350 nm). At this range of wavelengths there
was no self (non-sensitized) cleavage observed in the dithiane
concentrations at which the fragmentation in the bound stateadducts. GCMS analysis of irradiated samples showed no
is overwhelmingly more efficient than the one caused by traces of released dithiane in the case when free benzophe-
bimolecular collisional quenching. We hypothesize that the none was used as the sensitizer. On the contrary, sensitization
observed slight decline of the dithiane peak intensity at higher with the benzophenonrebarbiturate conjugatéd produced
concentrations (dashed line) is due to secondary photooxi-dithiane in amounts comparable to the amounts released in
dation of dithiané? The slow photodegradation of the the absence of the quencher. Same observations were made
dithiane markers affects the reactions of both the bound andfor pairs{5-1a} (forms complex) ang5-BP} (does not form
the free sensitizers. complex) in the presence of diethyl sulfide as the external
Expectedly, complexation does not guarantee quantumduencher.
yields of fragmentation better than those of free collisional ~ To conclude, using isophthaloyl bis-aminopyridines as
qguenching at higher concentrations. In fact, at 5 mM, barbiturate recognition elements, we designed binary pho-
benzophenone releases more dithiane from recéptbhan tolabile systems capable of conditional fragmentation and
does the benzophenone-tethered barbitutabepending on  release of dithiane tags. Photoinduced fragmentation in such
the structural features and conformational flexibility in the binary systems is only possible when a molecular recognition
bound complex, its quantum efficiency of fragmentation can event arms the system, making it light-sensitive. Although
be both greater than the benzophenone-sensitized (as wag number of useful applications can utilize this concept, we
observed fof5-1¢} versug[5-BP}) or smaller, as is the case believe that it can be most beneficial for bioanalytical
for {2-4} versus{2:BP} at 5 mM (not shown in Figure 3).  applications, where a molecular recognition event is detected
The complexation, while increasing the initial ET rate, also and reported via photoinduced dithiane release in a bulk
makes back electron transfer more efficient. In some solution or in a spatially addressable manner on the surface
complexes this can lower the yield of the triplet charge- of a chip. We are currently pursuing these directions.
separated species, needed for the productive channel, i.e.,
the fragmentation. At a higher concentration bimolecular Acknowledgment. We thank the NSF (CHE-314344) and
guenching of the triplet benzophenone can be very efficient, the NIH (GM 67655) for financial support of this work.
and yet the radical ion pairs have a chance of escaping the
cage and diffusing apart to slow the wasteful back electron
transfer. Another factor is the intramolecular quenching of
the sensitizer in the tethered modules, which makes the
sensitizer inherently less efficient, although we did not find 0L0700153
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