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Acidity control by photoswitching of intramolecular NH���O
hydrogen bond using E/Z photoisomerization of cinnamate
framework was achieved. According to the photoisomerization,
the distance between amide NH and carboxylic oxygen was dis-
gregated, and an intramolecular NH���O hydrogen bond formed
in E carboxylate was interrupted in Z compound in DMSO-d6
solution. The pKa value of Z carboxylic acid was increased in
E compound in DMSO solution.

Native hydrolytic proteins rearrange the intramolecular
hydrogen bonds to carboxylate oxygens, to control the activity
of oxy-anions in their reaction center. They induce dynamic
switching of the overall protein structure triggered by external
stimulation to rearrange the hydrogen-bond network.1 We pro-
pose that the switching of intramolecular hydrogen bonding will
achieve control of the chemical properties of oxy-anion accom-
panied minimal conformation change by controlling the distance
between hydrogen-bond donors and acceptors in small mole-
cules.2 Photoisomerization, considered to be a promising strat-
egies for stimulating these compounds, effectively facilitates
the control of molecular structures. There have been many inves-
tigations using photoisomerization for photoswitching devices.3

For example, the effects of intramolecular OH���O, NH���N, and
NH���Ohydrogen bonds in Z configuration on photoreactivity,4 as
well as the pKa change of phenol or carboxylic acid derivatives by
the switching of conjugation through photoisomerization5 have
been investigated. Hence we have applied photoisomerization
to design hydrogen bond switching devices.2 In a previous study,
the authors showed the OFF to ON one-way switching of an intra-
molecular NH���O hydrogen bond accompanying the E to Z pho-
toisomerization of a cinnamate framework (Scheme 1), and found
that NH���O hydrogen bonds formed in Z configuration lowered
the pKa value of the Z carboxylic acid derivative.2b The authors
conceived an idea that introduction of a carboxylic acid deriva-
tive into a cinnamate framework, and interruption of an intramo-
lecular NH���O hydrogen bond by photoisomerization (ON to

OFF switching), will increase the pKa value of the corresponding
carboxylic acid. Following this strategy, we designed ON !
OFF type compounds (E-1/Z-1 and E-2/Z-2) that interrupt
intramolecular NH���O hydrogen bonding through one-way E/Z
photoisomerization of a cinnamate framework (Scheme 2). The
formation of intramolecular NH���O hydrogen bonding in E
carboxylate ON ! OFF compounds showed promise in a previ-
ous investigation of a similar maleic amide skeleton.6

E-1 was synthesized through coupling of phenylmaleic an-
hydride and tert-butylamine. Z-1 was isolated from a photoreac-
tion mixture through addition of hydrochloric acid. E-2 and Z-2
were synthesized through a counter cation exchange reaction of
corresponding acids.7

E/Z photoisomerization was followed by UV–vis spectra
(Figure 1). Each E compound was isomerized and reached a pho-
tostationary state (PSS) at 313 nm irradiation. The absorbances
of E isomers decreased in accordance with a two state transition
upon irradiation, indicating that only the corresponding Z iso-
mers were formed without any side reactions. The E/Z ratios
in PSS were 15/85 (E-1/Z-1) and 16/84 (E-2/Z-2) respectively.

1HNMR spectra of carboxylates (E-2 and Z-2) in DMSO-d6
are shown in Figure 2. E/Z configurations were confirmed based
on NOE correlated spectroscopy (NOESY).7 NOE correlation
between olefin and phenyl protons were observed in E-2, where-
as correlation between tert-butyl and phenyl protons were ob-
served in Z-2. These correlations evidently confirm the configu-
ration around the allene. The amide NH chemical shift was
9.22 ppm in E-2 and 6.64 ppm in Z-2 at 303K, and the temper-
ature dependency of the amide NH chemical shift of Z-2 was
�9:0 ppbK�1, whereas that of E-2 was �0:5 ppbK�1 in the
range of 303 to 333K. The upfield shift (�� ¼ 2:58) and the in-
crease of temperature coefficient suggest that an intramolecular
NH���O hydrogen bond formed in E-2 was interrupted in Z-2.

An attempt was made to measure pKa values of E-1 and Z-1
by potentiometric titration in a 10% Triton X-100 aqueous mi-
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Scheme 1. OFF ! ON one-way switching of an intramolecu-
lar NH���O hydrogen bond by E to Z photoisomerization of cin-
namate framework.2b
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Scheme 2. ON ! OFF (E-1, Z-1, E-2, and Z-2) switching of
intramolecular NH���O hydrogen bond by E to Z photoisomeriza-
tion of cinnamate framework.

666 Chemistry Letters Vol.38, No.7 (2009)

Copyright � 2009 The Chemical Society of Japan



cellar solution at 298K. The pKa value of Z-1 was obtained as
4.3, but that of E-1 was not obtained accurately because of hy-
drolysis of the amide bond in aqueous micellar conditions.7 This
hydrolysis reaction does not proceed in organic solvents like
DMSO. Thus, we approached determination of relative acidity
in such an organic solvent. The differences of pKa values in or-
ganic solvent was obtained in accordance with a previous report
on related compounds.2b The counter cation exchange reaction
between two acids was examined, and the differences of pKa val-
ues in organic solvent were obtained from the deprotonation ra-
tio of two acids [A�]/[AH] and [BH]/[B�], from following
equations.

AHþ B�
�

Keq

A� þ BH ð1Þ

Keq ¼
½A��½BH�
½AH�½B��

¼
½A��½Hþ�
½AH�

�
½BH�

½Hþ�½B��
¼

Kað1Þ
Kað2Þ

ð2Þ

Carboxylic acid E-2 and carboxylate Z-1 were mixed in DMSO-
d6 solution and the equilibrium constant was confirmed from the
chemical shift of 1HNMR spectra.7 It was estimated that 75% of
the E compound was deprotonated, and 73% of the Z compound
was protonated, by comparing the chemical shifts with the isolat-
ed carboxylic acids and carboxylates. This result indicates that the
E compound has a pKa 0.92 unit lower than the Z compound in
DMSO solution. We propose that the interruption of intramolec-
ular NH���O hydrogen bonding in Z carboxylate discourages the
deprotonation and increases the pKa value of the corresponding
carboxylic acid Z-1. Estimating in a uniform manner, the Z con-
figuredOFF ! ON compound has 1.63 unit lower pKa value than
the E compound,2b and the Z isomer has a 0.39 unit lower pKa val-
ue than Z-1, in DMSO solution.7 Figure 3 shows the pKa differ-
ences in DMSO solution as a straight line. Depending on photo-
isomerization, the pKa value of the carboxylic acid was lowered

in OFF ! ON compounds, and raised in ON ! OFF com-
pounds, and the acidity was reversed after photoisomerization.

In conclusion,ON ! OFF photoswitching of an intramolec-
ular NH���O hydrogen bond by using E to Z photoisomerization
of a cinnamic acid framework was achieved. E-2 forms an intra-
molecular NH���O hydrogen bond in DMSO-d6 solution, and that
hydrogen bond is interrupted in Z-2, as a result of photoisomeri-
zation of the cinnamate framework. Consequently, the acidity of
the carboxylic acid was controlled arbitrarily by photoswitching
the intramolecular NH���O distances. Carboxylic acid com-
pounds that change chemical properties in response to external
stimulation could allow reactivity control by small molecules.
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Figure 1. Time course UV–vis spectra changes of (a) E-1,
(b) E-2, toward 313 nm photoirradiation (dotted lines), 1mM
in DMSO at 293K. Solid lines are those taken before irradiation,
and the broken lines are isolated Z compounds.

Figure 2. 1HNMR spectra of isolated carboxylate derivatives
a) E-2, b) Z-2, 5mM in DMSO-d6 at 303K.

Figure 3. pKa differences of OFF ! ON and ON ! OFF type
carboxylic acids in DMSO solution on straight line, obtained
from 1HNMR analysis of ion-exchange reaction.
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