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We present a strategy for photolabile protection of terminal alkynes. Several photo-caged alcohols were
synthesized via mild copper(II)-catalyzed substitution between tertiary propargylic alcohols and 2-nitro-
benzyl alcohol to build up robust, base stable o-nitrobenzyl (NB) photo-cleavable compounds. We com-
pare the new photolabile protecting group with the commonly used alkyne protecting group, 2-methyl-
3-butyn-2-ol and the results show that NB ethers are stable under the cleaving conditions for the cleav-
age of methylbutynol protected alkynes. Additionally, we present the synthesis of photo-cleavable NB
derivatives containing thiol groups that can serve as agents for photoinduced surface functionalization

© 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY license.

Terminal alkynes are reactive species in a number of important
chemical reactions such as the 1,3-dipolar cycloaddition® between
azides and alkynes to give 1,2,3-triazoles (click-chemistry?), the
Sonogashira reaction and its forerunner, the Stephens-Castro reac-
tion.>* Furthermore, alkynes can undergo the Vollhardt cycliza-
tion,> alkyne trimerization to form aromatic compounds,®’ or can
act as dienophiles in Diels-Alder reactions.® A number of protect-
ing groups have been developed for alkyne chemistry such as trial-
kylsilyl, benzyl- or phenyl-substituted alkylsilyl groups and
propargylic alcohols. The development of a photolabile protecting
group for terminal alkynes has, to the best of our knowledge, not
been described in the literature until now, and would add to the
portfolio of possible chemical transformations of terminal alkynes.
Such protected alkynes could also be applied in the modification of
surfaces where it is highly desirable to perform spatially controlled
chemoselective reactions, for example, by using chemoselective
‘click chemistry’.®

Protected, photolabile compounds, the so called caged com-
pounds,'® have been used in organic synthesis,'’~'3 surface sci-
ence!*'® and biochemistry,'® for DNA-chip fabrication,!”!8
natural product synthesis,’® and the photorelease of biological
substances.!> Among photo-cleavable groups such as the nitroind-
oline (Bni) group,2®?! (coumarin-4-yl) methyl derivatives®?2?* and
p-hydroxyphenacyl derivatives,>#?> the o-nitrobenzyl (NB)?*¢-28
group is a very robust and a widely used group for the protection
of primary alcohols.?® Photoinduced reactions of NBs were

* Corresponding author. Tel.: +46 (0) 317723403.
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Scheme 1. Final step in the synthesis of o-nitrobenzyl NB compounds. o-
Nitrobenzyl alcohol reacts with different tertiary propargylic alcohols in the
presence of catalytic amounts of CuBr,. These products can be photo-cleaved under
alkaline conditions to give terminal alkynes.

reported as early as 1901.2° The first reported use of the o-nitro-
benzyl group as a protecting group for benzoic acid was by Barltrop
et al.3% in 1966, and it was further developed by Kaplan et al.,'®
who used it for the triggered release of ATP. Photolysis of o-nitro-
benzyl-derived ethers releases the free alcohol and o-nitrosobenz-
aldehyde, due to proton abstraction by the light-activated nitro
group from the benzylic ether.’®>?%3! NBs are used to release, for
example, phosphoric acids?73* thiols,>> amines,*® carboxy
acids,?”>® and alcohols,?® and internal alkynes>® via light activa-
tion. For an overview of this field we refer to a review.*°

Herein, we introduce a photolabile protection strategy for ter-
minal alkynes based on a combination of the photoactive NB group
and tertiary propargyl ethers. The combined NB-propargyl ether
groups are stable under strong alkaline conditions but release ter-
minal alkynes after irradiation under alkaline conditions
(Scheme 1).

0040-4039 © 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY license.
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Table 1
Library of photolabile compounds synthesized as shown in Scheme 1

Photolabile compounds

Photoreaction

Alkaline photoreaction

o=,

1(70%) 8 (96%)
2 (73%) Br@%koﬁm 9 (94%)
HO
3 oY= — Q 10 (86%)
o NO,
Py = — Q 1 (88%) =
o NO,
[e]
5 (57%) XOLHQ%J(OQNO 12 (90%)
6 (42%) YSWM’YHO’:—%) QNOZ 13 (92%) \gs
o] 0]
o
7 (48%) )(is NOQ%%QNO 14 (94%)

Aoy o=,

)LSMO::OH

15 (16 h, 70%)

o T

16 (5 h, 78%)

i

OH 17 (12 h, 70%)

i

OH 17 (12 h, 62%)

18 (10 h, 50%)

i -O=,

— (0%)

o]
19 (14 h, 52%) ASMO <:> =

All compounds were deprotected to the propargylic alcohol in CHCl5 in 120 mins, after irradiation with photons of 365 nm wavelength and 200 pW/cm? intensity. Upon UV-
irradiation under alkaline conditions (KOH in toluene (reflux), 5-14 h, see above) these compounds formed terminal alkynes.

¢ Synthesized from compound 2.
b Obtained via deprotection of 3.

A library of alkynes protected with the NB cage on the tertiary
propargylic alcohol was synthesized (Table 1, compounds 1-7).
2-Methyl-3-butyn-2-ol was introduced by a standard Sonogashira*
reaction with precursor molecules (aryl halides)*' 8, 9, and 12-14
with 2-methyl-3-butyn-2-ol. These products were converted into
the NB-propargylic ethers 1-7 via a copper-catalyzed nucleophilic
substitution reaction with o-nitrobenzyl alcohol. In this step the
tertiary propargylic alcohol was activated with CuBr; to react with
o-nitrobenzyl alcohol at room temperature.

Propargylic ethers are interesting building blocks in organic
chemistry*>** and terminal and secondary propargylic ethers have
been prepared using Lewis acids,**** or transition metal com-
plexes with, for example, cobalt (the Nicholas reaction),*® rhe-
nium,*>*” or ruthenium.”® However, mild methods for tertiary
ethers are rare, since their synthesis is not trivial. A mild method
recently reported by Huang and co-workers*® has been used in this

365 nm
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Figure 1. '"H NMR spectra of 1 in CDCl; upon irradiation with UV-light (365 nm,
200 uW/cm?) for 120 min. The formation of 8 and the by-product 2-nitrosobenz-
aldehyde (lit. values NMR3?) were observed.

study to form the propargylic ether via a mild copper(Il)-catalyzed
(Sn1) substitution.

The obtained photolabile NB-propargylic ethers were deprotec-
ted via irradiation (365 nm, 200 pW/cm?) to form the alcohols 8-
14 and the terminal alkynes 15-19 under alkaline conditions. Fig-
ure 1 illustrates an example of the photo-cleaving reaction of 1-
[(2-methyl-4-phenylbut-3-yn-2-yl)oxy|-2-nitrobenzene (1) in
CDCl; monitored by "H NMR spectroscopy. The sample was irradi-
ated over a period of 120 min interrupted by short breaks, in which
the NMR spectra (10-min intervals) were recorded. The conversion
of the starting material (signal a, e) as well as the formation of the
two characteristic products o-nitrosobenzaldehyde (signals ¢, d)
and 2-methyl-4-phenylbut-3-yn-2-ol (signal b) were monitored.
The disappearance of the benzylic proton (e) as well as a shift of
the protons of the methyl group of 2-methylbut-3-yn-2-ol (a-b),
indicated the change from an ether to a free alcohol.

The versatility of the copper-catalyzed reaction using tertiary
propargylic alcohols to build up NB-propargylic photo-caged deriv-
atives was also tested on alkynes containing functional groups,
such as ethers (7) or carbamates (5, 6) (Table 1). For subsequent
modification reactions, amine (5) bromide (2) and alkyne function-
alities (4) were introduced. These functional groups can react, for
example, via cross-coupling reactions, peptide-coupling strategies,
or N-alkylation reactions among others. The synthesis of 3 from 2
via the Sonogashira reaction underlines the tolerance of the NB
group and further modification possibilities (see Scheme 4).

A wide variety of photo-cleavable derivatives and their further
use can be envisioned. As a proof of principle we synthesized the
surface active compounds 6 and 7 (see Schemes 2 and 3) that
can be applied for self-assembly on gold surfaces and spatially con-
trolled photoinduced reactions. In the first step, tert-butyl [4-(3-
hydroxy-3-methylbut-1-yn-1-yl)phenyl|carbamate (12) was ob-
tained via the Pd-catalyzed reaction of 1-bromo-4-tert-butoxycar-
bonylaminobenzene and 2-methylbut-3-yn-2-0l (Scheme 2).
Compound 12 was deprotected with tetra-n-butyl ammonium
fluoride (TBAF) to give the free amine.>® An activated N-C coupling
strategy (EDC and DMAP, as used in peptide synthesis) was used to
react 11-(acetylthio)undecanoic acid (synthesized according to
published procedures®') with 12 to give 6. Irradiation under
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Scheme 2. Synthesis of photolabile compounds 5 and 6. Reagents and conditions: (a) PdCl,(PPhs),, NEts, 2-methyl-3-butyn-2-ol, Cul, PPh3,THF; (b) TBAF, THF; (c) EDC, DMAP,
DMF, 11-(acetylthio)undecanoic acid; (d) CuBr,, MeNO,, o-nitrobenzyl alcohol; (e) 365 nm, KOH, toluene; (f) 365 nm, ethyl acetate.
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Scheme 3. Synthesis of an alkyne functionalized linker for surfaces, 19, as well as
its photolabile precursor 7. Reagents and conditions: (a) p-TsOH, DCM, 3,4-dihydro-
2H-pyran; (b) PdCl,(PPhs),, NEts, 2-methyl-3-butyn-2-ol, Cul, PPh3, THF; (c) p-TsOH,
THF/MeOH; (d) K,CO3, DMF, S-(12-bromododecyl)thioacetate; (e) CuBr,, MeNO,, o-
nitrobenzyl alcohol, (f) 365 nm, ethyl acetate; (g) 365 nm, KOH, toluene.

neutral conditions deprotected 6 and led to the release of alcohol
13. Irradiation under alkaline conditions (365 nm, 200 pWatt/
cm?, in aq KOH, toluene) hydrolyzed the amide-functionality of
photo-caged 6 to give 18, thus the thiol linker for the gold surface
was lost. As a consequence of the limited stability of compound 6
under basic conditions a more stable derivative using an ether in-
stead of an amine (7) was designed (Scheme 3).

Substrate 7 was synthesized via protection of the alcohol moi-
ety of 4-bromophenol with 3,4-dihydro-2H-pyran under weakly
acidic conditions (p-TsOH) followed by a Sonogashira reaction to
form 25. Tetrahydropyran 25 was deprotected to give the free alco-
hol under acidic conditions and compound 7 was reacted via ether-
ification with S-(12-bromododecyl)thioacetate (22) (Scheme 3).
The NB ether was deprotected by irradiation under alkaline condi-
tions to form the terminal alkyne 19. Thus, we have shown that it is
possible to obtain terminal alkynes with a thiol functionality for
self-assembly on gold surfaces.

To demonstrate the use of the photolabile protecting group for
terminal alkynes in synthetic organic chemistry, we compared a
conventional 2-methyl-3-butyn-2-ol protected alkyne with the
NB ether protected compound (Scheme 4). We synthesized com-
pound 3, which contains both the propargylic alcohol protecting

NO
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Br \\
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Scheme 4. Synthesis of the photolabile ortho-protecting group 3 and a bromo-
substituted photo-caged 2. Reagents and conditions: (a) PdCl,(PPhs),, NEts, 2-
methyl-3-butyn-2-ol, Cul, PPhs, THF; (b) CuBr,, MeNO, o-nitrobenzyl alcohol; (c)
PdCl,(PPhs),, NEts, 2-methyl-3-butyn-2-ol, Cul, PPhs, THF; (d) 365 nm, ethylace-
tate; (e) KOH, toluene; (f) 365 nm, ethyl acetate; (g) 365 nm, KOH, toluene.

group for alkynes and the photo-caged propargylic alcohol. To
achieve this, 1,4-dibromobenzene was reacted with 2-methyl-3-
butyn-2-ol and o-nitrobenzyl alcohol was introduced to form
photo-caged 2. This was transformed into 3 by the Sonogashira
reaction in the dark at 80 °C, which demonstrates the high stability
of this photolabile compound. Alcohol 3 was then deprotected to
give 4 under basic conditions (KOH, toluene, reflux, dark), leaving
the photolabile group intact. Additionally, 3 was deprotected with
UV light (365 nm) to form 10 and irradiation under alkaline condi-
tions gave the terminal alkyne 17. We showed that the propargylic
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alkyne protecting group was removed under traditional alkaline
deprotection conditions, while the NB-propargylic protected alco-
hol group stayed intact in all cases.

In summary, we have developed a method to synthesize tertiary
propargylic ether NB-photo-cages, which can release terminal al-
kynes upon UV-irradiation under alkaline conditions. These
photo-protected propargylic alcohols add to the portfolio of alkyne
protecting groups, and we envision their possible use in synthetic
organic chemistry. A new light-sensitive protection strategy was
applied to synthesize functional photo-cages that can be used for
further post-modification reactions. The presented thiol-function-
alized photocages may serve as agents for chemoselective, site-
specific surface modification reactions on metal surfaces in future
investigations.
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