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ABSTRACT

+ R'COH

A new photoremovable protecting group for carboxylic acids is introduced. The protecting group 1-[2-(2-hydroxyalkyl)phenyl]ethanone, HAPE,
is used to protect various carboxylic acids. When photolyzed, the protected compound releases the acid in 70-85% isolated yields. The
synthesis and the results of photorelease of the protected acids are presented here.

Photoremovable protecting groups (PRPGs) have been usedluced. The HAPE esters, when photolyzed, are expected to
in a variety of different application's.The temporal and  undergo ay-H abstraction similar to a Norrish Il reaction.
spatial resolution afforded by light along with wavelength
control gives PRPGs a distinct advantage over conventional
protecting groups in these applications. Despite considerable
design and development of PRPGs over the past three
decades$,the pool of PRPGs is still very small. As a result, R o]
there is still considerable interest in developing new PRPGs.

OH

In this paper, a new PRPG for carboxylic acids, 1-[2-(2-
hydroxyalkyl)phenyllethanone, HAPE (Figure 1), is intro-
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Figure 1. 1-[2-(2-Hydroxyalkyl)phenyllethanone (HAPE).

This is followed by intersystem crossing to form the efhol
(Scheme 1). The endl may have two possible configura-
tions: E and Z* The enol can undergo a ketenol
tautomerism to form the ketone (HAPE ester) or it can
eliminate the acid as observed for analogous nitro com-
pounds’ Previous reports by Kha et al. indicate that a
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Scheme 1. Proposed Pathway for the Release of Acids from Scheme 2. Synthesis of HAPE Esters
HAPE Esters
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tonizes slowly while th&-form undergoes a rapid tautomer- TsOH of wet silica gel, oxalic acid

ization® Although at present we cannot rule out the
possibility of the elimination process from tAeform (dashed
arrow), it is likely that the elimination of the carboxylic acid
occurs only from thee form.” The elimination leads to the
rearomatization of the protecting group. Structurally similar
benzophenone derivatives have been shown to releas
aromatic acids and secondary amifi&ecently, Pelliccioli
and Wirz have reported the release of HCI fror2-chloro-
ethyl)acetophenone via a similar photoenol intermedidte.
variety of carboxylic acids protected as HAPE esters, when
photolyzed released the carboxylic acids in high yields.
This new protecting group offers flexibility to adapt to
different application requirements. For example,Rhgroup
in HAPE (Figure 1) can be chosen as per the requirements
of an application without significantly affecting the overall
deprotection reaction.
1-[2-(2-Methyl[1,3]dioxolan-2-yl)phenyl]propan-2-c4§)
and 1-[2-(2-methyl-[1,3]dioxolan-2-yl)phenyl]butan-2-dbj
were synthesized by reacting an organolithium compound
with the appropriate epoxide.-Bromoacetophenone was
first protected as an ethylene glycol ketal (Schem¥ Zhe
ketal 3 was treated with excess lithium metal in dry diethyl
ether and then with the appropriate epoxide. The isolated
yields of this reaction varied between 64%g) and 61%
(4b). To protect acetic acid, the ket,b was then refluxed
with acetic anhydride for 5 h. The oily product was refluxed

with benzene and water mixture for 24 h in the presence of
1 g of p-toluenesulfonic acid. The benzene layer was dried,
and the solvent was removed to obtain protected acetic acid
e(yields: 92% for5a from 4a and 86% forsb from 4b). All
attempts to remove the ketal froda or 4b to form HAPE
(Figure 1) led to its decomposition. Protected addsere
obtained by treatingla with the acids in the presence of
1,3-dicyclohexylcarbodiimide (DCC) and catalytic amounts
of 4-(dimethylamino)pyridine (DMAP) in CkCl, * (gener-

ally 53—86% yield, optimized only for benzoic acid). The
ketal was then removed bp-toluenesulfonic acid (as
described above) or wet silica gel hydrolysis in the presence
of oxalic acid (40°C, 4-5 h, 85-96% yield)?

The protected compoundsa (4.3 mg in 1.0 mL of
CDsCN) and 5b (4.6 mg in 1.0 mL of CRCN) were
photolyzed in NMR tubesi(> 320 nm) under air and under
nitrogen. The progress of the reaction was followed'Hy
NMR. In a dark controlpb (4.3 mg in 1.0 mL of CRCN)
was wrapped in Al foil and placed in front of the light source
along with the samples photolyzed. The protected &tid
did not decompose in the control experiment. This implies
that the protected acids are stable in the dark and can
withstand minor temperature fluctuations (that are sometimes
experienced during photolysis). The compoustd photo-
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triplet excited state (Scheme 1). In the presence of oxygen, HAPEN-t-BOC-GABA and HAPEN-fmoc-glycine showed
the triplet excited state is quenched and no acid is releasedno decomposition in CECN when kept in the dark for nearly

A solution of each of the protected acifigca. 80 mg in 4 h (analyzed byH NMR and*C NMR). Attempts were
500 mL of CHCN, 2.5 x 10“ to 6 x 10* M) was made to isolate the free acids from unphotolyzed samples
photolyzed with a 450 W mercury lamp using a Pyrex filter of HAPE-phenylacetate and HAPE-t-BOC-GABA using
for 3—6h. The solvent was removed under reduced pressure the base extraction technique described for the photolyzed
and the residue was dissolved in 20 mL of ethyl acetate or samples. No detectable free acid could be isolated in the
benzene. The solution was then washed with saturatedcontrol samples. These experiments rule out the possibility
NaHCG; solution (2 M NaOH solution was used in case of of base-catalyzed hydrolysis of protected acids under the
the phenylacetic acid). The organic layer was dried over conditions employed for product isolation.
anhydrous MgS@and analyzed for byproducts. The aqueous A variety of byproducts were detected in small amounts
layer was acidified by dropwise addition of concentrated HCI. that were difficult to isolate and characterize. These products
The acidified aqueous layer was washed with ethyl acetateformed the bulk of the byproducts. The expected byproduct
or benzene. The organic layer was dried and the solvent was2 could not be detected in the mixture although its formation
removed under reduced pressure. The recovered acids wereannot be ruled out. It is possible thatif formed, could
analyzed by'H and *3C NMR spectroscopy. The yields, act as an internal filter and undergo an efficient secondary
determined gravimetrically, are listed in Table 1. The photolysis to form oligomer This along with the compet-

ing reketonization could result in low quantum yield for the

_ deprotection reaction as reflected in long photolysis times

Table 1. Photolysis Times and Deprotection Yields of the (3—6 h). The GCG-MS analysis of byproducts of the
HAPE-Protected Carboxylic Acids photolysis of5a showed a mixture of compounds whose
acid protected photolysis _ deprotection structur.es coulq not be conclu_sively determined.
(RCO,H) time () yield (%) A variety of different carboxylic acids have been protected
by HAPE as esters in relatively high yields. All the HAPE
1 ©/\002H 6 81 esters released the free acids in high isolated yields under
' nitrogen. Efforts are currently ongoing to characterize the

byproducts of this reaction and to determine the quantum

COLH yield of the deprotection reaction. The mechanism of the

2. ©/ 4 82 deprotection reaction is currently under investigation. We
hope to trap the end! by Diels—Alder reaction. The results

’ will be reported in the future.

3. _N._COH 3 73
Boc Acknowledgment. We thank ND-EPSCoR, the ND-
EPSCoR “Network in Catalysis” program (NSF-EPS-
4 E COH 4 56 0132289), and the University of North Dakota for funding
Fmoc™ ~"""2 this research. B.V. was supported by NSF REU Grant No.
CHE-0243832.
H
5. Boc/ﬁl\/\/oozH 3.5 72 Supporting Information Available: Synthesis and NMR

spectra o#lab, 5ab, and6. This material is available free of
charge via the Internet at http://pubs.acs.org.

recovered yield forN-fmoc-glycine is lower than others  OL035782Q
probably due to the instability of the fmoc group in the basic .
(13) (a) DeCosta, D. P.; Bennett, A. K.; Pincock, J.JA.AAm. Chem.

medium during the extractlpn. This led to only a partial S06.1999 121 3785-3786. (b) Yu, X.. Scheller, D.: Rademacher, O.:
recovery of the released acid. Wolff, T. J. Org. Chem2003 68, 7386-7399.

Org. Lett., Vol. 5, No. 23, 2003 4471



