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Hydrophilic photolabile protecting groups (PPGs) for hydroxyl protection have been developed. The new
PPGs are derived from 3-(dimethylamino)trityl (DMATT) by replacing the two methyl groups with two
hydrophilic butyryl groups. The new PPG reagents can be readily prepared and installed. They are stable
in the dark but can be removed cleanly and efficiently in aqueous environments upon irradiation with a

UV lamp or sunlight.

Photolabile protecting groups (PPGs) are protecting groups that
can be removed with photo irradiation. They are indispensable
tools in a broad spectrum of basic and applied research areas.'™
Their advantages stem from using light as a traceless reagent in
the removal process. Photochemical removal of protecting
groups often occurs under mild conditions and does not require
chemical reagents. In addition, light also provides precise tem-
poral and spatial control over the course of a reaction. Numerous
efforts have been devoted to developing new PPGs.'** However,
ever increasing interests in utilizing a light-controlled approach
in a broad range of research fields have spurred increasing
demands for the further development of current and new PPGs.

We are interested in developing structurally simple and
mechanistically novel PPGs with different chemical/photochemi-
cal properties for various applications. We have recently reported
a series of new PPGs, featuring a salicyl alcohol skeleton, which
can be used for carbonyl protection.® We hypothesize that the
effective and efficient photolysis of the carbonyl PPGs starts
from the heterolytic cleavage of the benzylic C—O bond. Based
on this assumption, we inferred that the structurally related tri-
arylmethyl groups could be robust PPGs for hydroxyl groups.
Research along this direction produced useful results. For
example, heating an alcohol (1) with the PPG reagent 2 at
120 °C smoothly installed the dimethylamino trityl PPG (i.e.
DMATY) to produce the ether 3 in high yield (Scheme 1). Upon
irradiation, the alcohol was released in high efficiency.’

One important aspect of PPG applications is in bio-related
research as so-called “photocages”, where the photochemical
removal of the photocages often takes place in aqueous environ-
ments. Since the substrates to be caged are often polar biological
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Scheme 1 Photolabile hydroxyl protecting group DMATT.

molecules and a low concentration of the caged compound is
sufficient, the caged substrate can have meaningful solubility in
water even if the photocage itself is hydrophobic. However,
when a relatively high concentration of caged compounds is
needed, especially when the substrate to be caged is not polar
enough,® increasing the water-solubility of the caged substrate
will rely on improving the hydrophilicity of the PPG segment.
The hydrophobic nature of DMATr obstructs its wide appli-
cations in aqueous environments. Herein we report our effort in
modifying DMATTr to improve its water solubility.

We found that the new trityl PPG in the ether 4 proved to be a
robust hydroxyl PPG for releasing alcohols in aqueous solutions
under neutral or basic conditions (Scheme 2).
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Scheme 2 New hydroxyl PPG.
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Table 1 Hydrophilic photolabile hydroxyl protecting group

Entry R'OH (10) Yield of 7 (%) Yield of 5/6°7 (%) Irradiation time (min)®
1 79 PPG— 96/93 12/
AXOO 96/92 12
Cl
2 O(CH,);0H 33 O(CH,);0-PPG 97/93 10
A0 Oac
10b
3 HOMOH 42" PPG\O/\(\ 99/96 10
OH
10¢
4 AcHN 0] 97 AcHN O

HOﬂOMe o
10d

PPG

o)
\KJ\NH
HO N’l%o
s
OH
10e

ﬂ 95/96 10
OK

81 100/95 10
pPG 1*)%
o

“ Protection reactions were completed by heating 1.5 equiv of the PPG reagent (3 equiv. for 10a) and 1 equiv of R’OH at 120 °C. ” The reaction was
carried out with 1 equiv. of the PPG reagent and 6 equiv. of the alcohol. “ Reactions were carried out in 3 mM aqueous solutions of 4 under basic
conditions without deaeration. ¢ Yields were determined by "H NMR with an internal reference. ¢ Irradiation with a 450 W medium pressure mercury
lamp equipped with a Pyrex filter sleeve. /Reaction was carried out in 3 mM aqueous solutions of purified 4 under neutral conditions without

deaeration.

For example, a quantum yield of 0.23 was obtained in releas-
ing methyl o-p-glucoside (5a) from the purified ether 4a
(€1,0,3150m = 1.7 % 10° M~! cm_l) in water without deaeration.’
The chemical yields of 5a and 6 after irradiation of a 3 mM
aqueous solution (pH ~ 7) with a 450 W medium pressure
mercury lamp filtered through a Pyrex sleeve for 12 min were
96% and 93%, respectively, based on 'H NMR analysis. Alter-
natively, the ether 7 was hydrolyzed, and without purification,
the residue obtained after the removal of methanol was re-dis-
solved in water. The resulting basic solution (pH ~ 12) was irra-
diated under the same conditions and provided similar results,
i.e., the chemical yields of 5a and 6 by NMR were 96% and
92%, respectively (Table 1, entry 1). The yields were further
confirmed in a preparative run. To simplify column purification,
the dicarboxylate 6 was treated with diazomethane and isolated
as its corresponding dimethyl ester 8 in 92% yield. A trace
amount of a byproduct 9 (<2%) was also isolated. The structures
of 8 and 9 differed in the substitution of the meta amino group:
where compound 9 has only one 4-butyryl chain connected to
the nitrogen. The structure of 9 was confirmed by its indepen-
dent synthesis.

Removal of the PPG DMATr in methanol or water often led to
multiple products derived from the PPG chromophore;’ however,
the new PPG provided much cleaner reactions with excellent
recovery yields of the PPG reagent. For example, LC-MS

analysis of the crude reaction mixture 4a (pH ~ 12) did not
show significant byproducts (see ESIf). Irradiation of 4a for
12 min and 20 min did not cause a perceptible change in the
reaction outcomes based on NMR and HPLC analysis (for
HPLC profiles, see ESI}). Encouraged by these results, we
examined the photo release of some representative compounds,
where consistent results were obtained (Table 1, entries 2-5).
Photoreactions proved to be clean with irradiation by both a
mercury lamp and sunlight. For example, the reaction of 4d
(3 mM aqueous solution) under sunlight resulted in clean depro-
tection after 80 min. It is interesting to note that with continuous
irradiation under sunlight for 7 h, slow decomposition of the
PPG reagent became detectable.

It has been demonstrated that DMATr is relatively stable
towards acid treatment, and constitutes orthogonal protecting
groups with the conventional acid-labile trityl type protect-
ing groups.” As expected, the new PPG in 4 also showed remark-
able stability under acidic conditions. For example, treatment of
4a and its corresponding Tr counterpart with HCOOH/Et,O/
dichloromethane (2:3:1) for ca. 1 h resulted in the complete
removal of the Tr group in methyl 6-O-trityl-o-p-glucoside;
however, there was no detectable decomposition of 4a by NMR
and TLC.

We further synthesized two other protected alcohols, i.e. 11
and 12 equipped with similar PPGs (Scheme 3). Under the same
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Scheme 3  Similar PPGs.

conditions of saponification and irradiation in water, 11 and 12
showed results similar to that of 7d, except that the reaction of
11 produced a minor byproduct derived from the PPG moiety
upon inspection of the crude reaction mixture by NMR spec-
troscopy. Interestingly, the reactions of 11 appeared to be slower
than the others when the photoreactions of 7d, 11 and 12 were
carried out in MeCN/water (9 : 1) or methanol after saponifica-
tion. In addition, the reactions in these solvents became less
clean than in wholly aqueous solution.

Synthesis of the PPG reagents is straightforward (Scheme 4).
From the commercially available 3-amino benzoic acid 16, the
trityl alcohol 17 was obtained after a sequence of esterification,
acetylation of the amino group, addition of phenyl groups to the
methyl ester moiety, and removal of the acetyl group under
alkali conditions. Alkylation of the amino group of 17 with
bromo esters led to 18 and 8. Conjugate addition of 17 to methyl
acrylate led to 19. Subsequent acetylation with acetic anhydride
catalyzed by MoCl,0, converted the trityl alcohols 18, 19, and
8 to the corresponding PPG reagents 20, 21, and 22, respect-
ively.'” The neutral protecting group installation protocol devel-
oped in our laboratory’ was successfully generalized to the new
reagents. Thus, without using any other chemical reagents,
heating the trityl acetates and an alcohol R'OH at 120 °C resulted
in 7, 11, and 12, respectively. In the reaction to form 7a, a rela-
tively high 22/10a ratio (i.e. 3:1) was needed due to the un-
desired acetyl migration confirmed when heating 10a (Table 1,
entry 1). In the reaction of 10¢ with 22, glycerol was used in
excess (Table 1, entry 3). The low combined yields of 7¢ (42%)
and the di-protected byproduct (22%) were due to the presence
of water in glycerol, and the corresponding trityl alcohol 8 was
obtained as another byproduct. In the reaction of 10e, the di-pro-
tected thymidine was isolated as a byproduct in 18% yield
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Scheme 4 Preparation and installation of the new PPGs.

(Table 1, entry 5). Subsequent saponification of 7, 11, and 12
provided the water-soluble caged compounds.

Conclusions

In conclusion, we converted the robust DMATr PPG to its water-
soluble counterparts. The new PPGs led to efficient and clean
photo-deprotection reactions in aqueous environments. The new
PPG reagents can be readily prepared, and the PPG installation
can be conveniently achieved by using the neutral protection pro-
tocol. We anticipate the new PPGs can be useful in a wide range
of research.
We are thankful to NSF for its support (CHE-0848489).

Notes and references

1 (@) V. N. R. Pillai, Photoremovable protecting groups in organic syn-
thesis, Synthesis, 1980, 1; (b) E. Guillier, D. Orain and M. Bradley,
Linkers and cleavage strategies in solid-phase organic synthesis and com-
binatorial chemistry, Chem. Rev., 2000, 100, 2091; (c¢) A. P. Pelliccioli
and J. Wirz, Photoremovable protecting groups: reaction mechanisms and
applications, Photochem. Photobiol. Sci., 2002, 1, 441.

(a) Dynamic studies in biology, ed. M. Goeldner and R. S. Givens,

Wiley-VCH: Weinheim, Germany, 2005; (b) G. Mayer and A. Heckel,

Biologically active molecules with a “light switch”, Angew. Chem., Int.

Ed., 20006, 45, 4900.

(a) M. C. Pirrung, Spatially addressable combinatorial libraries, Chem.

Rev., 1997, 97, 473; (b) S. P. A. Fodor, J. L. Read, M. C. Pirrung,

L. Stryer, A. T. Lu and D. Solas, Light-directed, spatially addressable par-

allel chemical synthesis, Synthesis, 1991, 251, 767; (c¢) D. Woll,

S. Walbert, K.-P. Stengele, R. Green, T. Albert, W. Pfleiderer and U.

E. Steiner, More efficient photolithographic synthesis of DNA-chips by

photosensitization, Nucleosides, Nucleotides Nucleic Acids, 2003, 22,

139s.

4 (a) C. G. Bochet, Photolabile protecting groups and linkers, J. Chem,.

Soc., Perkin Trans. 1, 2002, 125; (b) C. G. Bochet;, A. Blanc, Photolabile

protecting groups in organic synthesis, Handbook of Synthetic Photo-

chemistry, ed. A. Albini, A. Fagnoni, Wiley-VCH, 2010, pp. 417-447.

(a) M. Goard, G. Aakalu, O. D. Fedoryak, C. Quinonez, J. St. Julien, S.

J. Poteet, E. M. Schuman and T. M. Dore, Light-mediated inhibition of

protein synthesis, Chem. Biol., 2005, 12, 685; (b) K. N. Plunkett,

A. Mohraz, R. T. Haasch, J. A. Lewis and J. S. Moore, Light-regulated

electrostatic interactions in colloidal suspensions, J. Am. Chem. Soc.,

2005, 127, 14574; (¢) G. Han, C.-C. You, B.-J. Kim, R. S. Turingan, N.

S. Forbes, C. T. Martin and V. M. Rotello, Light-regulated release of

DNA and its delivery to nuclei by means of photolabile gold nanoparti-

cles, Angew. Chem., Int. Ed., 2006, 45, 3165; (d) M. A. Kostiainen, D.

K. Smith and O. Ikkala, Optically triggered release of DNA from multi-

valent dendrons by degrading and charge-switching multivalency, Angew.

Chem., Int. Ed., 2007, 46, 7600; (¢) D. D. Young and A. Deiters, Photo-

chemical activation of protein expression in bacterial cells, Angew.

Chem., Int. Ed., 2007, 46, 4290; (f) C. Park, J. Lim, M. Yun and C. Kim,

Photoinduced release of guest molecules by supramolecular transform-

ation of self-assembled aggregates derived from dendrons, Angew. Chem.,

Int. Ed., 2008, 47, 2959; (g) Y. Ohmuro-Matsuyama and Y. Tatsu, Photo-

controlled cell adhesion on a surface functionalized with a caged argi-

nine-glycine-aspartate peptide, Angew. Chem., Int. Ed., 2008, 47, 7527,

(h) T. Muraoka, C.-Y. Koh, H. Cui and S. I. Stupp, Light-triggered bioac-

tivity in three dimensions, Angew. Chem., Int. Ed., 2009, 48, 5946.

6 (a) H. Yang, X. Zhang, L. Zhou and P. Wang, Development of a photola-
bile carbonyl-protecting group toolbox, J. Org. Chem., 2011, 76, 2040;
(b) P. Wang, M. Mondal and Y. Wang, Photolabile carbonyl protecting
group: A new tool for light-controlled release of anticancer agents,
Eur. J. Org. Chem., 2009, 2055; (¢) P. Wang, Y. Wang, H. Hu and
X. Liang, Installation of photolabile carbonyl-protecting groups under
neutral conditions without using any other chemical reagents, Eur.J. Org.
Chem., 2009, 208; (d) P. Wang, Y. Wang, H. Hu, C. Spencer, X. Liang
and L. Pan, Sequential removal of photolabile protecting groups for car-
bonyls with controlled wavelength, J. Org. Chem., 2008, 73, 6152;
(e) P. Wang, H. Hu and Y. Wang, Application of the excited state meta

[\

W

W

516 | Photochem. Photobiol. Sci., 2012, 11, 514-517

This journal is © The Royal Society of Chemistry and Owner Societies 2012


http://dx.doi.org/10.1039/c1pp05281k

Published on 18 November 2011. Downloaded by Rice University on 31/05/2013 10:53:05.

View Article Online

~

(o]

effect in photolabile protecting group design, Org. Lett., 2007, 9, 2831;
(f) P. Wang, H. Hu and Y. Wang, Novel photolabile protecting group for
carbonyl compounds, Org. Lett., 2007, 9, 1533.

(a) L. Zhou, H. Yang and P. Wang, Development of trityl-based photo-
labile hydroxyl protecting groups, J. Org. Chem., 2011, 76, 5873;
(b) P. Wang, L. Zhou, X. Zhang and X. Liang, Facilitated photochemical
cleavage of benzylic C-O bond. Application to photolabile hydroxyl-
protecting group design, Chem. Commun., 2010, 46, 1514.

(a) X. Huang, R. Sreekumar, J. Patel and J. Walker, Response of cardiac
myocytes to a ramp increase of diacylglycerol generated by photolysis of
a novel caged diacylglycerol, Biophys. J., 1996, 70, 2448; (b) R. Scott,
J. Pollock, A. Ayar, N. Thatcher and U. Zehavi, Synthesis and use of
caged sphingolipids, Methods Enzymol., 2000, 312, 387; (c) K. Hayashi,
K. Hashimoto, N. Kusaka, A. Yamazoe, H. Fukaki, M. Tasaka and
H. Nozaki, Caged gene-inducer spatially and temporally controls gene
expression and plant development in transgenic Arabidopsis plant,
Bioorg. Med. Chem. Lett., 2006, 16, 2470; (d) D. Gilbert, K. Funk,
B. Dekowski, R. Lechler, S. Keller, F. Mohrlen, S. Frings and V. Hagen,
Caged capsaicins: New tools for the examination of TRPV1 channels in

O

10

somatosensory neurons, ChemBioChem, 2007, 8, 89; (e) S. Cambridge,
D. Geissler, F. Calegari, K. Anastassiadis, M. Hasan, A. Stewart,
W. Huttner, V. Hagen and T. Bonhoeffer, Doxycycline-dependent photo-
activated gene expression in eukaryotic systems, Nat. Methods, 2009, 6,
527.

Quantum yields were determined by chemical actinometry. (@) A. Defoin,
R. Defoin-Straatmann, K. Hildenbrand, E. Bittersmann, D. Kreft and H.
J. Kuhn, A new liquid phase actinometer: quantum yield and photo-
CIDNP study of phenylglyoxylic acid in aqueous solution, J. Photo-
chem., 1986, 33, 237; (b) Monochromatic light centered at 312 nm was
obtained by passing light from a 450 W medium pressure mercury lamp
through a 2 mM K,CrO4 in a 5% K,CO; aqueous solution (¢) H.
E. Zimmerman, J. M. Nuss and A. W. Tantillo, Photochemistry. 152.
Cyclopropanols and the di-w-methane rearrangement: mechanistic and
exploratory organic photochemistry, J. Org. Chem., 1988, 53, 3792.

C.-T. Chen, J.-H. Kuo, V. D. Pawar, Y. S. Munot, S.-S. Weng, C.-H. Ku
and C.-Y. Liu, Nucleophilic acyl substitutions of anhydrides with protic
nucleophiles catalyzed by amphoteric, oxomolybdenum species, J. Org.
Chem., 2005, 70, 1188.

This journal is © The Royal Society of Chemistry and Owner Societies 2012

Photochem. Photobiol. Sci., 2012, 11, 514-517 | 517


http://dx.doi.org/10.1039/c1pp05281k

