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Caged compounds can be used to regulate the spatial and temporal dynamics of signaling molecules in live cells. Photochemical properties
of coumarin-4-ylmethoxy carbonates (1a—d) are investigated to construct caged compounds of hydroxy-containing molecules. All the compounds
possess desired properties as phototriggers for alcohols and phenols. The 6-bromo-7-hydroxycoumarin-4-ylmethoxycarbonyl (Bhcmoc) group
has the highest photochemical efficiency and is applied to make caged compounds of 1,2-dioctanoylglycerol (diCg), Tyr-OMe, and adenosine.

Caged compounds are synthetic molecules whose biologicaDMACM (and DEACM)2® and Bhé have been successfully
activities are masked by covalent attachment of a photo- applied to protect phosphat&g,amines/*4carboxylateg?’

chemically removable protecting group (“caging group” or
“phototrigger”) to a functional group, which is of critical
importance to an activity. Intracellular distribution of signal-

diols,’® and carbonyl compounds.Furthermore, the Bhc
group was found to be photolyzed under two-photon excita-
tion conditions with practically useful absorption cross-

ing molecules can be controlled using the chemistry of caged sections.

compounds with high spacial and temporal resolution.

We investigated photolabile protecting groups for hydroxy

Coumarin-4-ylmethyls are newly developed phototriggers. functionality to construct caged compounds of sugars, amino
They have higher photolysis efficiencies than others such acids, lipid mediators, and other effector molecules. In a
as 2-nitrobenzyls, so that the incident light intensity for the previous report, we designed and synthesized four arylmethyl
uncaging reaction could be lowered, leading to minimization carbonate-type protecting groups, among which the an-
of cell damage while maintaining higher spatial resolution. thraguinone-2-ylmethoxycarbonyl (Agmoc) was found to
From recent investigations, the coumarin-type cages, includ-offer a unique property as a potential phototrigger for

ing MCM?, HCM (and ACM}, DMCM,* BCMCM,?
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Scheme 1. Photolysis of Coumarin-4-ylmethoxycarbonyl
Galactose Derivatives.
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Table 1. Selected Photophysical and Chemical Properties of
Coumarin-4-ylmethoxycarbonyl Phototriggers

Amax (G)a €350 11)350b Pe 3509 solvent®
la 322 (12 100) 4100 0.020 84 A
323 (13 100) 3400 2.9 x 1073 10 C
1b 374(15000) 11500 0.015 173 A
376 (14000) 10000 8.3 x 1073 83 B
1c 396 (17 300) 6300 5.8 x 1073 37 B
1d 344(10800) 10400 6.5 x 1073 68 A
le 344 (5400) 5300 3.5x10* 2 A
3 372 (17900) 13700 0.067 918 A

a Extinction coefficient (crm® M~1). P Quantum yields for disappearance
of starting materials upon 350 nm irradiaticrSolvent A: KMOPS (pH
7.2) containing 0.1% DMSO. Solvent B: KMOPS (pH 7.2) containing 25%
acetonitrile. Solvent C: pD containing 50% THF.

improve efficiency. We chose three types of coumarin
cages: 6-bromo-7-hydroxycoumarin-4-ylmethyl (Bhc), 7-di-

alcohols? The present study is intended to evaluate whether ethylaminocoumarin-4-ylmethyl (DEACM), and 6,7-di-
the carbonate derivative of coumarin-based photoremovablemethoxycoumarin-4-ylmethyl (DMCM). Their phosphate
protecting groups can serve as a potential phototrigger for esters provide favorable photochemical properties as caged

hydroxy-containing molecules. Toward that end, we com-

compounds. Using them, we prepared MCMoc-, Bhcmoc-,

pared photochemical properties of the coumarin-4-ylmethyl DEACMoc-, and DMCMoc-protected galactose derivatives

carbonates and found that the 6-bromo-7-hydroxycoumarin-

4-ylmethoxycarbonyl (Bhcmoc) group is the most suitable

(1a—d, respectively). Irradiation of the compounds with
Rayonet 350 nm lamps under simulated physiological

candidate for producing caged compounds of alcohols andconditions (pH 7.2 KMOPS buffer) unmasked the parent

phenols’

galactose derivative (Scheme 1).

One important criterion to be considered in seeking a new  Absorption propertiesi(ande) and the photolysis quantum

photoremovable protecting group for biological applications
is photolysis efficiency. Relatively intense UV light is
required for caged compounds with lower photolysis ef-

ficiency to release a substantial amount of biological mes-

yields (®) for disappearance dla—d were measured and
compared with NVOC-Gal 1e) having a 2-nitrobenzyl
phototrigger. Table 1 shows some notable findings from the
data. First, the photolytic efficiency dfa depends strongly

sengers, thereby causing not only desired biological responsesn the nature of the solvent, which is consistent with the
but also undesired cell damage. We have used the producteactivity of the MCM ester of diethyl phosphate reported

of the photolysis quantum yield (®) and molar absorptivity
(¢) to compare the overall efficiency of an uncaging reaction
guantitatively!® Previous investigations revealed that the
values of the coumarin-4-ylmethyl groups, MCM, HCM, and
Bhc, introduced into phosphates (as estéfg);arboxylates
(as estersy,and amines (as carbamategere sufficiently
high (e 300—1200) for application to caging chemistry.
However, photolysis efficiency of MCM carbonate (MCMoc)
is much lower than we expected from results of other
coumarin-type caged compounds. For example, typizal
values of phosphate esters of the MCM group are-G8D,
whereas that of MCM carbonate was only 10 when pho-
tolysis was conducted in 50% THF—8 2

First, we need to know whether the observed low pho-
tolysis efficiency of the MCMoc group is attributable to the
inherent reactivity of all coumarin-4-ylmethyl carbonates or

by Hagen and Bendi§. The quantum yield otain solvent

A (10 mM KMops, pH 7.2 containing 0.1% DMSO) was
about 7 times larger than that in solvent C (50% THHRO),
indicating that the photolytic efficiency of the MCM group
is less favorable when the reaction is performed in a solvent
system with a lower polarity or in the presence of an organic
solvent. This was further supported by the fact that the
guantum yield oflb in solvent B (10 mM KMops, pH 7.2
containing 25% acetonitrile) was almost half of that in
solvent A. Second, under a simulated physiological environ-
ment, all tested coumarin-4-ylmethyl carbonatesd) have
practically useful®e values that were more than an order
of magnitude larger than that of NVOC-G4dld). Third, the
Bhcmoc group (1b) has the large$te value among the
coumarin-4-ylmethoxycarbonyl phototriggers tested. The
observed®e¢ value of 173 was as large as the other Bhc-

an introduction of appropriate substituents on coumarins cancaged compounds protected as Bhc carboxylates and car-

(8) Furuta, T.; Hirayama, Y.; lwamura, MDrg. Lett.2001,3, 1809—
1812.

bamates.
Furthermore, the Bhcmoc phototrigger can be applied to

(9) Part of this work was presented at the International Chemical Congress Protect the phenolic hydroxy group. Thus, Bhcmoc-phenol

of Pacific Basin Societies (Pacifichem 2000), Honolulu, Hawaii, Dee 14
19, 2000; Paper no. 80925280.

(10) Lester, H. A.; Nerbonne, J. Minnu. Rev. Biophys. Bioen$982,
11, 151-175.
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(3) was synthesized from phenyl chloroformate and photo-
lyzed to unmask the parent phenol witlba value of 918,
about 5 times better than that of aliphatic carbonates (Scheme
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Photolysis reaction proceeds with the single-exponential
Scheme 2. Synthesis and Photolysis of Bhcmoc-phénol decay of the concentration of the starting material; otherwise,
o o photolysis byproducts or caged compounds themselves would
Cl\n/0\© Es j@%&f \© ® HO\© vco, 2 interfere with the reaction. The time course for the consump-
0 P tion of 8 and 9 (shown in Figures 1 and 2 in Supporting
o T,e Information) indicates that photolysis & and 9 in a
simulated physiological environment follows single expo-
2 Reagents and conditions: (@)/DIEA/CH;CN (60%); (b) 350  nential decays and proceeds with no remarkable interference
nm/solvent A. by the released “Bhc” phototrigger or undesired side-
reactions. However, the photolysis quantum yield 7of
2). From the results, we inferred that the coumarin-type markedly decreased (by an order of magnitude) and the time
photochemically removable protecting groups, especially course for the consumption did not follow exponential decay
with 6-bromo and 7-hydroxy substituents (Bhcmoc), must \yhen the reaction progressed to over 50% conversion (Figure
serve as a potential phototrigger of hydroxy-containing 3 in Supporting Information). Quantum vyieldsb) of
molecules, both aliphatic and aromatic, with improved disappearance were determined as 0.0147f6r0.022 for
photolytic efficiency. 8, and 0.012 fo9, respectively. The aliphatic carbonates,
Next, we chose three types of biologically relevant molec- 15, 7, and9, have similar quantum yields (0.012—0.015),
ules as model compounds to establish methods for introduc-which is approximately half that of aromatic carbonates,
ing the Bhcmoc group to hydroxyl moieties and to investigate 9.064 for3 and 0.022 foB. The remarkable difference {h
their chemical and physical properties: gi@ nonpolar  yajues between the aliphatic and the aromatic carbonates
aliphatic alcohol; Tyr-OMe, a phenol derivative; and ad- probably results from the difference in acidity of the carbonic
enosine, a polar alcohol with a free aromatic amino group. acids. Photoexcitation of the Bhc group must be followed
The precursor molecules we designed were 6-bromo-7-py cleavage between the C4 methylene carbon of the Bhc
methoxymethoxycoumarin-4-ylmethyl chloroformat®&, ( group and the carbonate oxygen to produce the coumarin-
MOM-Bhcmoc-Cl) and 6-bromo-7-methoxymethoxy-cou- 4-yimethyl cation and the corresponding carbonate arfibns.
marin-4-ylmethyl 4-nitrophenyl carbonate6( MOM-Bhc- Therefore, a difference in photolysis quantum yield ()
moc-ONp) (Scheme 3). Selective protection of the phenol should depend on the thermodynamic stability of the carbon-
moiety of 2b was achieved by MOMCI and DIEA in  ate anions, which is predictable from the strength of their
dichloromethane to yield (85%). We synthesized MOM-  conjugate acids. The acid strength of the carbonic acid
Bhcmoc-Cl (5) by reaction oft and phosgene (generated derived from an aliphatic alcohol is weaker than that from a
from triphosgene and Aliquat336) in 78% isolated yield.  phenol. Therefore, the photolysis quantum yields of the
Only a trace amount of the corresponding chloroformate was gjiphatic carbonates are smaller than those of the aromatic
obtained when the reaction was performed using unprotectedynes. The observed decrease in quantum yielwaith the
2b. The MOM protection of 7-OH of coumarin was also progress of reaction also accounted for formation of the ion
necessary to achieve a better yield of thanitrophenyl  pair intermediate. In an aqueous solution, the produced
carbonate precursor (6). diacylglycerol tends to form hydrophobic aggregates, provid-
In our previous report, Bhp-nitrophenyl carbonate was  ing the Bhecmoc group with a less polar environment in which
used to introduce a Bhcmoc group into amines. We first the formation of the ion pair must be less favorabdle.
attempted to protect the free hydroxy in diC8 with the  Quantitative production of the parent molecule concomi-
p-nitrophenyl carbonaté. However, the isolated yield of  tant with the progress of photolysis is important for recovery
MOM-Bhcmoc-diC8 did not exceed 50%. In contrast, an of the original activity. When the 2-nitrobenzyl phototriggers
almost quantitative isolated yield was obtained with chlo- gre employed, we sometimes encounter difficulty in obtaining
roformate5. Deprotection of the MOM group with TFAgave  100% recovery of the original molecule even after photolysis
Bhcmoc-diC8 (7) in 91% overall yielth. As shown in s completed. This is probably the result of unwanted side
Scheme 3, Tyr(Bhcmoc)-OM&)was synthesized from Boc-  reactions resulting from production of highly reactive nitroso-
Tyr-OMe in two steps with quantitative yield, indicating that carbonyl byproducts. Thus, for photolysis &f and 9,
chloroformate5 also serves as a precursor to introduce a production of the parent molecules was quantified by HPLC
Bhcmoc group into phenol. Synthesis 6fBhcmoc-adenos-  analysis of aliquots taken from the photolysis mixture
ine (9) was achieved via MOM-Bhcmoc-ONB)(starting  (Figures 1 and 2 in Supporting Information). Quantitative
from 2',3'-O—iSOpl‘Opy|ideneadenosine with 26% overall y|e|d production of Tyr_OMe and adenosine was Observed con-

A chemoselective protection of primary alcohol-(3H of comitant with consumption of the starting materials. The
ribose) over aromatic primary amine (N-6 of adenine) was hydrolytic stability of caged compounds is often an issue in
also accomplished with othernitrophenyl carbonatésin biological applications. The Bhcmoc-caged compouhe9
contrast, the use of the chloroform&teesulted in the intro-

duction of a MOM-Bhcmoc group into both-®H and N-6. (12) Determined from the data within 50% conversion.

(13) Coumarin-4-ylmethyl cations are possible intermediates as suggested
by Bendig et al. in ref 6a, Lawrence et al. in ref 7e, and Dore et al. in ref
(11) J. W. Walker’s group reported a preliminary synthetic study and a 7f.

cell biological application of this compound. Robu, V. G.; Pfeiffer, E. S.; (14) This would not be a severe drawback when the compound is
Robia, S. L.; Balijepalli, R. C.; Pi, Y.; Kamp, T. J.; Walker, J. W.Biol. subjected to live cell applications because the photolysis is performed in a
Chem.2003, in press. small volume and the complete conversion into the product is not necessary.
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Scheme 3. Synthesis and Photolysis of the Bhcmoc-Protected Hydroxyl-Containing Compgounds
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@ Reagents and conditions: (a) MOMCI/DIEA/@QEL; (85%); (b) phosgene (78%); (c) 4-nitrophenyl-chloroformate/DMAP S(BMAP/
CH4CN; (e) TFA; (f) 6/DMAP/CH;CN.

show modest to good hydrolytic stabilities (see the half-lives has the highest¢ values, into alcohols and phenols have

in the dark (1,,) shown in Table 2). been developed and applied to synthesis of caged compounds
In summary, we characterized photochemical properties of biologically relevant molecule¥ ¢9). Observed chemical

of coumarin-4-ylmethyl carbonate$g—d) as phototriggers  and physical properties of the compounds suggest that the

for alcohols. Photolysis efficiencied¢ value) ofla—d were Bhcmoc group would serve as a “phototrigger” for hydroxy-

sufficiently high to allow application to caging chemistry. containing molecules, sugars, amino acids, and lipid media-

Practical methods of introducing the Bhcmoc group, which tors. Further study, including cell biological applications of

the compounds, are currently under way.
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Supporting Information Available: Experimental pro-

a All experiments were done in a simulated physiological saline solution cedure and characterization data for all new Compounds_ This
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