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A simple method to modulate the selectivity of
aryl azide photolysis using cucurbit[8]uril†

Xujun Qiu,*a Qianyu Cai, a Eric Pohl,b André Jung, c Haopu Su,a Olaf Fuhr, de

Ute Schepersab and Stefan Bräse *ac

Photolysis of aryl azides typically involves multiple reaction path-

ways. This study designed and synthesized an aryl azide rotamer

with two conformations. In aqueous media, its photolysis yields two

main products. However, when stabilized in one conformation

within the cucurbit[8]uril (CB8) host, the photoreaction selectively

produces a single product.

Inspired by enzyme pockets, which use reversible noncovalent
interactions to preorganize substrate conformation, specific
reaction pathways can be achieved.1 Chemical reactions in
supramolecular hosts, specifically synthetic hosts such as macro-
cyclic molecules,2–4 cages,5–7 and capsules,8–10 have garnered
increasing interest. The confined spaces within these supramo-
lecular hosts act as micro-reaction chambers, stabilizing guest
molecules and enabling modulated reactions that pave the way
for novel chemical processes.11

Among macrocyclic supramolecular hosts, cucurbit[n]urils
(CBn) are pumpkin-shaped molecules composed of repeating
glycoluril units bridged by methylene groups.12 With their
hydrophobic inner cavities and polar portals, CBn can capture
cationic guests with high binding affinity.13 They have shown
potential as reaction chambers for modulating various
chemical reactions,14–16 such as photodimerization,17–19 the

Diels–Alder reaction,20–22 1,3-dipolar cycloaddition,23–25 and
more.26–34

Organic azides feature diverse reactivities that can be harnessed
under various reaction conditions.35 Photolysis of aryl azides
provides a convenient approach to synthesize carbazole and carbo-
line derivatives by intramolecular C–H amination. However, the
highly reactive singlet nitrene generated during photolysis often
leads to multiple reaction pathways,36 potentially resulting in
undesired byproducts.

Our previous studies demonstrated the potential to modulate
aryl azide photolysis using CB7 for selective intramolecular C–H
amination,37 and CB8 to facilitate photolysis of a paracyclo-
phane (PCP) azide.38 However, the latter showed poor selectivity
likely due to the flexible rotation of the pyridinium ring within
the CB8 cavity, leading to multiple reaction pathways.

To test this hypothesis, we designed a new PCP aryl azide (1),
with a quinolinium moiety (Scheme 1). Due to the steric effects
of the quinolinium, azide 1 exists as rotamers. Photolysis of 1 in
aqueous media yields two C–H aminated products, 2 and 3,
corresponding to the two rotamer conformations. However,
encapsulating aryl azide 1 in CB8 restricts quinolinium rota-
tion, forming a stable 1�CB8 complex. As a result, photolysis
produced only one C–H amination product, 3�CB8.

The synthetic details of rotamer 1 are given in ESI† (Fig. S1–S8).
The photoreaction of 1 was initially studied in an aqueous media
by 1H NMR. As shown in Fig. S9 (ESI†), a different NMR spectrum
was observed after the photoreaction. Liquid chromatography-
mass spectrometry (LC-MS) was utilized to determine the mole-
cular weight of the products, as presented in Fig. S10 (ESI†). The
LC-MS spectra suggest two main species were formed with the
molecular mass 363.28 g mol�1 and 363.29 g mol�1, which are
likely the C–H aminated products, compared to the aryl azide 1
with a molecular mass of 391.32 g mol�1.

To monitor the reaction process, UV-vis and emission spec-
tra were recorded (Fig. S11, ESI†), revealing completion after
approximately 400s. Two products were further seperated using
preparative high-performance chromatography (prep HPLC).
Single crystals were obtained to unveil the structures (Fig. 1
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and Fig. S12, S13 and Tables S1, S2, ESI†), which reveal a C–H
aminated and intramolecular rearranged product 2 and a direct C–
H aminated product 3. The NMR characterization can be seen in
Fig. S14–S17 (ESI†). Unlike previously designed PCP-azide, which
also yields a hydrolyzed product,38 aryl azide 1 benefits from a
larger aromatic conjugation. This gives the possibility of aggrega-
tion in water (see crystal structures in Fig. S18 and Table S3, ESI†),
thus diminishing the chances of being attacked by water nucleo-
philes. Consequently, only two products were obtained.

To investigate the photolysis of aryl azide 1 within the CB8
cavity, we first studied the host–guest interactions using
1H NMR spectroscopy. As depicted in Fig. 2a-(ii) and Fig. S19
and S20 (ESI†), the introduction of an equimolar amount of
CB8 to the solution of 1 causes significant upfield shifts in the
signals from the PCP moiety, indicating deep encapsulation of
the PCP moiety within the CB8 cavity. Additionally, deforma-
tion of CB8 was observed, as evidenced by the split signals Hx

and Hy from CB8, similar to other reported PCP molecules.38–40

Notably, the split signals from rotamer 1 show only one set,
suggesting that 1 stabilizes in one single conformation.

The formation of 1 : 1 host–guest complex between aryl azide
1 and CB8 was further confirmed by electrospray ionization
mass spectrometry (ESI-MS) (Fig. S21, ESI†), where a mass-to-
charge ration (m/z) of 1720.5872 for [1 + CB8-Cl]+ was obtained.
The binding behavior of 1 with CB8 was investigated using UV-
titration. As depicted in Fig. 2b, the addition of CB8 to the
solution of 1 resulted in a gradual decrease in absorbance,
leading to isosbestic points. The absorbance change at 398 nm
as a function of CB8 concentration is plotted in Fig. 2c. A least-
squares fitting with a direct binding model (DBA) yielded a
binding constant of (1.67 � 0.13) � 107 M�1 (Fig. S22, ESI†),
indicating strong stabilization of the 1 in the CB8 cavity.

Photolysis of 1 within the CB8 cavity was performed under
the same condition as for 1 in water. After irradiation, the 1H NMR
signals (Fig. 2a-(iii) and Fig. S23, S24, ESI†) showed only one
species, 3�CB8, indicating selective conversion. The photoreaction
of 1 within the CB8 was monitored using UV-vis and emission
spectra (Fig. S25, ESI†), revealing that the reaction was completed
within 420s. Upon the introducing of a strong–binding guest,
memantine hydrochloride, to the reaction mixture, 3 was expelled
from the CB8 cavity, resulting in the formation of unbound 3
(Fig. 2a-(iv) and Fig. S26, S27, ESI†). The binding constant of 3 with
CB8 was determined as (1.02 � 0.14) � 108 M�1 (Fig. S28, ESI†).

To further elucidate the rotational barrier involved in the
formation of carboline 3 within and without the CB8 cavity, we
performed a relaxed potential energy surface (PES) scan for the
dihedral angle (D) of C154–C155–C161–C162 in 1�CB8 complex
(Fig. S29, ESI†) and its corresponding angle C10–C11–C17–C18 in
1 (Fig. S30, ESI†). Geometry optimization of 1�CB8 at 6-31G(d,p)/
B3LYP/D3 level gave the starting value of 301 for D, which was
adopted by 1 for comparison purpose. As depicted in Fig. 3,
two stable conformers, A with D at 501 and C at 2301, were
confirmed with the minima of relative energy, �1.7 kcal mol�1

and �1.2 kcal mol�1. This consistent with the NMR observations
for two rotamers (Fig. 2a-(i)). The 0.5 kcal mol�1 energy differ-
ence between A and C accounts for the non � 1 : 1 ratio in the
NMR integrals. Energy maxima for conformer B and D occur at
1701 and 01 along the scanning coordinate, with small 501
difference from the nearest minima, offering key insights to
the reaction coordinate.

For 1 hosted in CB8 cavity, two energy minima corresponding
to conformers A0 and C0 are observed, similar to the case
without CB8. However, within the cavity, A0 and C0 are distorted,
with D values of 301 and 2501, respectively. Energetically, C0 is
5.2 kcal mol�1 higher than A0, leading to its lower or negligible

Scheme 1 Schematic illustration of stabilizing and regulating the photo-
reaction outcome aryl azide 1 within cucurbit[8]uril.

Fig. 1 Chemical structures of rotamer 1 and the photolysis products 2
and 3.
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occurrence, consistent with the NMR analysis (Fig. 2a-(ii)). The
rotational barrier from A0 to B0 is as high as 46 kcal mol�1,
while the counterclockwise rotation from A0 to D0 requires only
26 kcal mol�1. This 20 kcal mol�1 energy difference contributes to
the observed selectivity in the photolysis of 1 within the CB8 cavity.

In conclusion, we developed a novel strategy to control the
photolysis of aryl azide rotamers using the supramolecular host
CB8. The photoreaction of the rotamers was tuned to yield two
C–H aminated products corresponding to the two rotamer
conformations. Encapsulation within the CB8 cavity stabilized
a single rotamer conformation, resulting in the exclusive for-
mation of one product upon photolysis. Potential energy

surface (PES) analysis elucidates the rotational barrier asso-
ciated with the formation of this product within CB8. This work
will be of interest for producing desired bioactive carbolines,41

utilizing supramolecular hosts to modulate molecular confor-
mations and the reaction pathways.
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Fig. 2 (a) Partial 1H NMR spectra of (i) 1 (0.5 mM), (ii) 1�CB8 (1 : 1, 0.5 mM), (iii) 3�CB8 (1 : 1, 0.5 mM), and (iv) 3 (0.5 mM) in D2O; (b) UV-vis titration spectra
of 1 (1 = 20 mM) upon addition of CB8 (CB8 = 0–27.1 mM) in an aqueous solution at 298 K; (c) least-square curve fitting of the UV absorbance changes at
398 nm against the concentration of CB8 for binding constant between 1 and CB8 determining.

Fig. 3 Potential energy surface (PES) scan for dihedral angle of C154–C155–C161–C162 in 1�CB8 and C10–C11–C17–C18 in 1 starting from 301.
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M. A. Ribeiro, W. P. Barros and J. D. Megiatto, Nat. Commun., 2020,
11, 6370.

4 C. Wang, L. Xu, Z. Jia and T.-P. Loh, Chin. Chem. Lett., 2024, 35, 109075.
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24 T. G. Brevé, M. Filius, C. Araman, M. P. van der Helm, P.-L.
Hagedoorn, C. Joo, S. I. van Kasteren and R. Eelkema, Angew. Chem.,
Int. Ed., 2020, 59, 9340–9344.

25 X. Feng, F. Zhao, R. Qian, M. Guo, J. Yang, R. Yang and D. Meng,
ChemistrySelect, 2021, 6, 10739–10745.

26 S. Moorthy, A. Castillo Bonillo, H. Lambert, E. Kalenius and
T.-C. Lee, Chem. Commun., 2022, 58, 3617–3620.

27 N. Rad and V. Sashuk, Chem. Sci., 2022, 13, 12440–12444.
28 G. Li, Y. Wan, R. W. Lewis, B. Fan and R. Eelkema, Cell Rep. Phys.

Sci., 2023, 4, 101309.
29 S. Mei, Q. Ou, X. Tang, J.-F. Xu and X. Zhang, Org. Lett., 2023, 25,

5291–5296.
30 S. Mkrtchyan, V. B. Purohit, S. Sarfaraz, M. Yar, K. Ayub and

V. O. Iaroshenko, ACS Sustainable Chem. Eng., 2023, 11, 8406–8412.
31 X.-L. Li, K.-K. Niu, S. Yu, H. Liu and L.-B. Xing, Chem. Commun.,

2024, 60, 8924–8927.
32 D. Liu, Y. Fan, M. Liu, Q. Ge, R. Gao and H. Cong, Org. Lett., 2024,

26, 3896–3900.
33 D. Majumder, S. Koley, A. Barik, P. Ruz, S. Banerjee, B. Viswanadh,

N. Barooah, V. S. Tripathi, V. Sudarsan, A. Kumar, A. K. Tyagi,
A. C. Bhasikuttan and J. Mohanty, Nanoscale, 2024, 16, 10801–10811.

34 X. Tang, S. Mei, J.-F. Xu and X. Zhang, Chem. Commun., 2024, 60,
5286–5289.
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