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The 2:1 guesthost complex of 2-aminopyridine hydrochlo-

ride with cucurbit[7]uril (CB[7]) undergoes a stereoselective
[4+4] photodimerization reaction in agueous solution to yield
exclusively the anti-trans isomer of 4,8-diamino-3,7-
diazatricyclo[4.2.2.2%dodeca-3,7,9,11-tetraene, and in the

SCHEME 1

state or an aqueous solution. The cucurbiturils have also been
employed to a lesser extent to mediate photodimerization
reactions. Mock and co-workers have reported that cucurbit[6]-
uril catalyzes the 1,3-dipolar cycloadditon reactions of alkynes
with alkyl azides to yield triazoles but preferentially binds the
transition state compared with the reacténtdore recently,
cucurbit[8]uril has been shown to control the stereoselectivity
of the photodimerization of cinnamic acids in the solid state
and diaminostilberfeand trans-1,2-bis(4-pyridyl)ethylerfein
aqueous solution. There have been no reports to date on the
use of the smaller, but more water-soluble, cucurbit[7]uril
(CBJ[7]) in the formation of 2:1 guesthost complexes with
aromatic molecules for the control of photodimerization. In this

absence of CB[7], the photochemical reaction produces theNote, we report the results of an investigation of the inclusion

anti-trans and swyrans photodimers in a 4:1 ratio. In

addition, encapsulation of the photodimer product in the CB-

of protonated 2-aminopyridine (APHiby CB[7] and the highly
stereoselective product of the [4}photodimerization of APH.

[7] cavity stabilizes it with respect to the otherwise observed In addition, we have observed that the stability of otherwise
rearomatization to the 2-aminopyridine monomer at room Unstableanti-trans-DADAT?" encapsulated in CB[7] is dra-

temperature.

matically enhanced and the dimer does not rearomatize to the
APH™ monomer at room temperature (Scheme 1).
Cucurbit[7]uril (CB[7]) is a member of a family of pumpkin-

In organic photochemistry, the stereoselective control of like macrocyclic host molecul&comprised of five, six, seven,
reactions such as photodimerization has been widely investi- eight, or ten methylene-bridged glycoluril units, which possess
gated! This control can be achieved by using supramolecular a hydrophobic cavity accessible through portals surrounded by
chemistry to bring two reactants into close proximity with the polar carbonyl groups capable of including of a variety of
desired orientations. Hydrogen bonding has been employed tohydrophobic or/and positively charged guest molecules. Recent
induce the noncovalent self-assembly of reactants and templategnodifications to the original synthesis of CB[6] have allowed
into photoreactive supramolecular complexes to harvest stereofor substantially higher yields of the otherwise minor CB[7]
selective photodimer products in the solid sta@yclodextrins and CBI[8] productd! The CB[8] host has the largest cavity
have been extensively applied to mediate stereoselective pho-

todimerizations of aromatic guests, including anthracénes,
coumaring: stilbenes’ and cinnamic acids, in either the solid
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FIGURE 2. Dimer yield (based on one experiment) as a function of
FIGURE 1. 'H NMR spectra (O) of APH" before (a) and after (c) irradiation time for APH photodimerization in the presence of CB[7]
21 h of 365 nm irradiation and df(APH),-CB[7]}2" before (b) and (triangles, antitrans dimer) and in the absence of CB[7] (squares, both
after (d) 21 h of 365 nm irradiation (proton labeling given in Scheme anti-trans and syn-trans dimers; and circles, anti-trans dimer only).
1, CB[7] peaks (V¥)).

between the positively charged pyridinium nitrogens. The yields
size and has the capacity to bring two aromatic molecules Of the photodimer isomers as a function of irradiation time
together within the cavity, facilitating their [2+2] photodimer- ~ (Figure 2) were evaluated from integration of their respective
ization in aqueous solutidh®® The relatively poor water ~H NMR resonances (Figure 1). .
solubility of CB[8], however, limits its efficiency for reaction The high stereoselectivity may be related to the anti-trans
control in aqueous solution. Although CB[7] exhibits superior alignment of the two APH molecules in the CB[7] cavity,
solubility in agueous solution, it is unable to simultaneously Stabilized by catiordipole and hydrogen-bonding interactidds.
encapsulate two larger aromatic molecules, such as stilbenesIhe results (Figure 2) also indicate that the photodimerization
We have found, however, that a smaller cationic guest, IS Somewhat faster in the presence of CB[7] (3 vs 6 h in the
protonated 2-aminopyridine, may rapidly (on mixing) form very absence of CB[7] for 50% conversion to a dimer). With CB[7]
stable 1:1 and 2:1 complexes with CB[7] in aqueous solution, Present, the unidentifiable side products seen in‘thédMR
as indicated byH NMR (including a Job’s plot of chemical- ~ SPectra after prolonged irradiation of APKithout CB[7] were
shift changes), UV—vis, and ES-MS spectra. The limiting Not observed. o
upfield shifts of the APH resonances (Figure 1b) in the The dimer undergoes spontaneous rearomatization pack to
presence of excess CB[7] are 0.7 ppm for protons 4 and 5 andthe APH" monomer very slowly at room temperature or quickly

1.1 ppm for protons 3 and 6. by adding basé? In this study, theanti-trans-DADAT2"

The [4+4] photochemical dimerization of protonated 2-ami- encapsulated in CB[7] does not undergo rearomatization at room
nopyridine (APH) to 4,8-diamino-3,7-diazatricyclo[4.2.2:3- temperature but does do so upon addition of base to the solution,
dodeca-3,7,9,11-tetraene (DADAT), in acidic aqueous solu- which presumably deprotonates the guest, releasing it from its
tion, was first reported nearly a half century ddoThe stabilizing environment. Although the mechanism of the thermal

templating effect of CB[7] represents its first employment in a '€aromatization of DADA¥" to APH' is not clear yet,
stereoselective photodimerization of aromatic molecules. The Stabilization of otherwise unstable photochemical products by
crystallized photodimer in the original study was assigned to Means of supramql_ecular encapsulation in host containers has
be the anti-trans-DATAT2* isomer of the four potential precedencé? Specifically and more recently, CB[7] has also

stereoisomers. UV irradiation of an aqueous solution of the Peen employed to stabilizss-stilbene derivative$ and fluo-
{(APH)*CB[7]}2* complex at 365 nm for 21 h gives exclu- €SCent rhodaminé$. The observed behavior in the APH

sively anti-trans DADAT 2* with a yield of up to 90% conver- ~DADAT?" system may be useful in the design of pH/
sion without any side products (Figure 1d), which is significantly photochemically controlled on/off switchable (reversible)
higher than the previously reported yiéfdlFor comparison

; ; ; At ; (13) One reviewer suggested that an alternative mechanism could involve
purposes, we investigated the APIﬁhotodlm_erlzatmn in the dimerization of APH outside of the CB[7] cavity, with the CB[7] then
absence of CB[7] and observed (By NMR (Figure 1c)) after preferentially binding theanti-trans-DADAT2* product, producing the

21 h of irradiation a 4:1 ratio of the artfians and syn-trans  observed stereospecificity. This could be a minor parallel process; however,
isomers (Scheme 1). In the previous stﬁﬁ;he solid crystal- the addition of CB[7] to the mixture of anti-trans and syn-trans products,

lized f th fi Iuti taini v th . obtained from dimerization in the absence of CB[7], did not result (in the
ized from the reaction solution containing only the anans time scale of the experiment in Figure 2) in a subsequent conversion from

isomer. The anti-cis and syn-cis isomers do not appear to besyn to anti products. This process, involving initial rearomatization to the
formed in solution, likely because of the Coulombic repulsions monomer is very slow under the conditions employed in the dimerization
reaction.
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FIGURE 3. Energy-minimized structures ¢anti-transDADAT -CB-

[7]} %" in the gas phase (HF/3-21G** basis set). DADATs indicated

by the tube-type structure, and CB[7] is indicated by the wireframe-
type structure.
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the potential application of CB[7] in mediating stereoselective
photodimerizations of small aromatic molecules in aqueous
solution.

Experimental Section

1H NMR spectra (400 MHz) were obtained in®, with proton
assignments determined from 2D COSY experiments. Electrospray
mass spectra were recorded on samples in aqueous solution.

2-Aminopyridine Hydrochloride (APH *). A portion of 2 mg
of 2-aminopyridine was added to a mixture of 1.6 mL af@and
20 uL of concentrated DCI (35 wt % solution in,D), and half of
the solution £0.8 mL) was transferred into one NMR tubg
NMR (Dgo, 400 MZ)(S 7.78 (ddd,]3'4: 9.1 HZ,J4YSZ 7.0 HZ,J4YG
= 0.8 Hz, H4, 1H), 7.66 (ddJs s = 6.5 Hz, H6, 1H), 6.88 (ddls 5
= 0.8 Hz, H3, 1H), 6.77 (dt, H5, 1H) ppm.

{(APH)-CBJ[7]} 2*. A portion of 7 mg of CB[7] was added into
the previously made APH solution-0.8 mL). The solution (APH

photodimerization because in switch design both states need taand CB[7] in a 2:1 molar ratio) was sonicated to dissolve the CB-

be stable. This aspect is currently under study.

The stabilization of the antrans photodimer in the CBJ[7]
(Keg = (8 = 2) x 1¢° M1 by IH NMR dilution experiments)
relies on multiple noncovalent hydrophobic catiadipole and
hydrogen-bonding interactions. An energy-minimized structure
of the{anti-transDADAT -CB[7]} 2" complex by ab initio (HF/
3-21G** basis set) calculations is shown in Figuré’3he
photodimer is held tightly in the cavity of CB[7], with several

[7] and was transferred to a second NMR tubet NMR (D0,
400 MHz) 6 7.49 (H4, 2H), 7.20 (H6, 2H), 6.46 (H3 and H5, 4H),
5.69 (d, CH of CB[7], 14H), 5.47 (s, CH of CB[7], 14H), 4.19 (d,
CH of CBJ[7], 14H) ppm; ESI-MSM/z676.6 [M}™.

Photodimerization Experiments. The NMR tubes with APH
and { (APH),*CB[7]}?" were irradiated with UV light (365 nm)
directly, and the photoproducts were monitored %y NMR
spectroscopy every 3 h.

anti-trans-DADAT ™ (4,8-Diamino-3,7-diazatricyclo[4.2.2.29-

hydrogen-bonding interactions between the amine hydrogensdodeca-3,7,9,11-tetraenefH NMR (D,O/DCI, 400 Mz)6 6.82
and the portal oxygens at each end of the cavity. The orientation(t, J = 7 Hz, H5', 2H), 6.28 (tJ = 7 Hz, H4', 2H), 4.56 (dd) =

of the dimer in the CB[7] cavity is consistent with the
magnitudes of the upfield shifts in tHel NMR resonances of
the alkene and bridgehead protons (Figure 1d).

In conclusion, we have demonstrated that thé4#photo-
dimerization of protonated 2-aminopyridine within a 2:1 guest
host complex with CB[7] is highly stereoselective, producing
exclusively theanti-trans DADAT 2+ isomer and protecting the

9.7 Hz, 7 Hz, HE 2H), 3.98 (tJ = 7 Hz, H3, 2H) ppm (literaturé
(D20, 60 MHz) 6 6.90 (H5', 2H,Jy5 = 7.5 Hz,Js.5 = 6.5 Hz,
Jy5= 1.5 Hz), 6.35 (H4 2H, J3 4 = 6.5 Hz,Jy ¢ = 1.5 Hz), 4.68
(H6', 2H,Jy ¢ = 9.5 Hz), 4.11 (H3 2H) ppm); ESI-MSm/z189.2
M]*.

{anti-trans-DADAT-CB[7]} 2*: IH NMR (D,0, 400 Mz)6 6.29
(t, 3= 7.2 Hz, HB, 2H), 5.66 (t, HZ, 2H), 3.68 (tJ = 8 Hz, H6',
2H), 2.92 (t,J = 8.1 Hz, H3', 2H), 5.68 (d, CH of CB[7], 14H),

dimer from thermal rearomatization. This result demonstrates 5.55 (s, CH of CB[7], 14H), 4.26 (d, CH of CB[7], 14H) ppm;

(17) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Montgomery, J. A., Jr.; Vreven, T.; Kudin, N.;
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Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.; Voth, G. A.;
Salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich, S.; Daniels,
A. D.; Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, A. D,;
Raghavachari, K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A. G.;
Clifford, S.; Cioslowski, J.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz,
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revision C.02; Gaussian, Inc.: Wallingford, CT, 2004.

ESI-MSm/z676.4 [MP.

(syn-transDADAT } ™: 1H NMR (D0, 400 Mz)d 6.40 (t, HZ',
2H), 6.26 (t, H4", 2H), 4.61 (t, HG 2H), 3.95 (t, H3, 2H) ppm;
ESI-MSm/z189.2 [M]*.
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