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Note

in recent years; however, most of the interests were focused on
the construction of self-assembled supramolecular cages using
the ability of a coordination bond or a hydrogen bond to direct
orientation of the desired componeftSo far, the covalent
synthesis of nanosized cage compounds with high symmetry
still remains a challenge in this field for chemists.

It has been proven that a phenyldiacetylenic bridge unit with
rigid and directional characteristics is a useful building block
for the synthesis of a variety of carbon-rich molecules, which
not only show unique properties in supramolecular chemistry
and material scienéebut also are regarded as attractive
precursors for novel carbon allotropes such as graphite or
fullerene® However, the three-dimensional (3D) cayjbased
on phenyldiacetylenic unit are so rare that their chemistry has
not been well developed.

Recently, wé&® became interested in the synthesis and
properties of novel receptors based on the triptycene with a
unigue 3D rigid structure, which resulted in the development
of some new supramolecular systems. For constructing new
receptors with specific structures and properties, we recently
synthesized a series of trisubstituted triptycene derivalivis.
particular, the synthesis of 2,7,14-trihalotriptycenes could
provide us opportunities to construct interesting molecular
architectures. As a result, we designed and synthesized a novel
nanosized cage with 2,7,14-triiodotriptycene as the starting
material. Herein we report the synthesis and structure of the

A triptycene-based nanosized molecular cage was designednolecular cage.

and efficiently synthesized by EglingteiGlaser coupling

reaction, and its structure was determined by NMR, MS
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that the cage molecules could pack into a microporous
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SCHEME 1. Synthesis of Molecular Cage 5 5 M
Mw A
4

Pd(PPhg),, Cul, NEtg
e

2 M

_CuCCulAcO), FIGURE 2. (a) Side view and (b) top view of crystal structure of

pyridine compounds. Hydrogen atoms are omitted for clarity.

58 %

the crystals in all these systems proved to be fragile and
extremely sensitive to solvent loss. Fortunately, we obtained
the single crystals 0% suitable for X-ray diffraction by slow
evaporation of a CkCl,/1,3,5-trimethylbenzene solution. As
shown in Figure 2, the crystal structure reveals that the distance
between the two bridgehead carbons in the two triptycene

catalyzed coupli{\zg reaction with the singly protected 1,3- ,qiaties of5 is 13.03 A, and the distances between the three
diethynlbenzen@'? afforded triethynylation produa in 60% carbons in then-phenylene units are 12.38, 13.04, and 12.90

yield, which was then deprotected by tetrabutylammonium g “respectively. The twist angles of the benzene rings linked
fluorldg (TBAF) in THF to give the ‘er.”?'”a' aqetylen@ln by acetylenic units are 24°535.2, and 24.8, respectively.
96_% y_|eId. By the copper_—med|ated mOd'f'ed_ Eglln_gt_dalaser The acetylenic units show deviations from linearity with the
oxidative coupling of4 W'th CUQ/CU(OA_C) in pyridine, the C=C-C angles ranging from 178.0 to 178.8 he distortion
molecular cag® was obtained in 58% yield. of 5 in the solid state from more energetically favorable

The Dg;, structure of5 is evident from its'H NMR anq13C structures found by minimization may be due to the relative
NMR spectra, which showed only two signals for the bridgehead fqyipility of alkynes, which also resulted in a helical chiral
or methine protons and two signals for the bridgehead carbons.;oa+,re of the molecular cade.

In comparison with théH NMR spectra of3 and4, compound Furthermore, it was found that by virtue of@l+++77 (de_t-x

5 showed almost identical shifts for the outer aromatic proton _ , g5 2045 g A) interactions between the homochiral cage
signals but significant downfield shifts for the inner aromatic /o \iac and by Virtue of €H-++7 (de_try = 2.72 and 2.81

prr]OtOT‘ sllga_?tls ("t:rlxggref (:)L)O.7More?vetrﬁ t:; obvtlr?_us d|ffterent A) interactions between the heterochiral molecules, an interlaced
chemical shifts wi or.u7 ppm for the two methine prolons — ,n6_gimensional (1D) supramolecular structure was formed in

in the triptycene moiety ob were observed, while the ones in : .
: . . the solid state (Figure 3). Moreover, we also found that by three
3 and4 only showed different shifts withho of 0.04 and 0.03 pairs of G-He+77 (de_ty = 2.84, 2.88, and 2.89 A) interac-

ppm, respect!vely. These obse.rvatlons may b.e attributed to thetions, the adjacent 1D supramolecular structures are connected
strong shielding eﬁegt of the inner protons in the molecular with each other, which resulted in a 2D-layer structure and a
cages. Furthermore, it was found that the MALDI-TOF mass ¢y, microporous structure (Figure 3). Interestingly, the 1,3,5-
spectrum of cpmpoun_'ﬁrgvealed the peak avz 1247 for M, trimethylbenzene molecules were found to be located in the
which is consistent with its cage structure. We also found that

th K isotopicall ved and it d Il with channels, and the multiple-€H---r interactions between the
€ peak was isotopically resolved and it agreed very well wi trimethylbenzene molecules and the molecular cageisted!3
the theoretical distributiof?

. These observations implied that the c&geould be utilized as
. The structure of molecular ca_@ewas f_urther determln(_ed b_y a novel intriguing microporous material for storage and delivery
its X-ray single-crystal analysis. During the crystallization

2 of aromatic compounds.
process, we initially tested many solvent systems such as CH P

In conclusion, a triptycene-based nanosized molecular cage
Cly, CHCl, CH.Cly/benzene, and Ci€l,/chlorobenzene, but has been efficiently synthesized by an Eglingt@iaser

(12) Ohkita, M.: Ando, K.: Suzuki, T.. Tsuji, TJ. Org. Chem200Q coupling reaction, and its structure was determined by NMR,
65, 4385-4390. T 2 TSUL N BTG MS spectra, and X-ray analysis. Moreover, we found that the
(13) See Supporting Information. cage molecule could also pack into a microporous structure in

The synthesis of cagewas carried out as outlined in Scheme
1. Starting from the 2,7,14-triiodotriptycerdé its palladium-
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MHz, CDCk): ¢ 0.00, 53.4, 53.7, 77.3, 88.0, 90.0, 95.0, 104.3,
120.3, 123.6, 123.6, 123.9, 127.0, 128.4, 129.3, 131.6, 135.1, 144.6,
144.7. MALDI TOF-MS: m/z842.7 (M"). Anal. Calcd for GeHso-

Sis: C, 84.03; H, 5.98. Found: C, 84.21; H, 6.03.

Synthesis of 4.To a suspension a8 (41 mg, 0.05 mmol) in
THF (7 mL) was added BiNF (50 mg, 0.18 mmol) solution in
THF (1 mL) dropwise, and the reaction was stirred at room
temperature for 30 min. The mixture was evaporated to remove
THF, taken up in ether (50 mL), washed successively with water
(30 mL) and brine (30 mL), dried with N8O, concentrated, and
chromatographed on silica gel eluted with £Hy/petroleum ether
(1:8) to give 30 mg (96%) of colorless amorphotis'TH NMR
(300 MHz, CDC¥}): ¢ 3.08 (s, 3H), 5.40 (s, 1H), 5.44 (s, 1H),
7.20 (dd,J = 7.6, 1.4 Hz, 3H), 7.27 (t) = 7.7 Hz, 3H), 7.34 (d,
J=7.6 Hz, 3H), 7.44 (dt) = 7.7, 1.4 Hz, 6H), 7.55 (dJ = 1.1
Hz, 3H), 7.62 (s, 3H)}*C NMR (75 MHz, CDC}): 6 53.3, 53.6,
77.8, 82.8, 87.8, 90.1, 120.6, 122.5, 123.7, 123.8, 127.0, 128.4,
129.3, 131.7, 131.8, 135.1, 144.5, 144.6. MALDI TOF-M&/z
626.4 (M"). Anal. Calcd for GoH,s: C, 95.82; H, 4.18. Found:

C, 95.68; H, 4.21.

) ) ) Synthesis of 5.To a slurry of CuCl (223 mg, 2.25 mmol) and
FIGURE 3. Packing of5. View of an interlaced 1D supramolecular Cu(OAC), (546 mg, 3.0 mmol) in dry pyridine (15 mL) was added
structure along thé-axis (top) and view of a microporous structure dropwise a solution of (30 mg, 0.05 mmol) in dry pyridine (5
(bottom). Hydrogen atoms and solvent molecules are omitted for clarity. mL) at 60°C. The mixture was étirred for an additidrah at the

. ) same temperature, cooled, evaporated to remove pyridine, taken
the solid state and the trimethylbenzene molecules were locatedyp in CH,Cl, (50 mL), and washed wit1 M aqueous HCI (3¢
in the channels. The work described here can provide not only 30 mL). The aqueous solution was extracted with,CH (2 x 30
a new approach to the design of molecular architectures basednL). The organic extracts were combined, washed successively
on the triptycene unit but also new opportunities for constructing with aqueous NaHCg(2 x 50 mL) and brine (2< 50 mL), dried
novel receptors and microporous organic materials with specific With Na&SQs, concentrated, and chromatographed on silica gel
properties. eluted with CHCI, and petroleum ether (1:5) to give 17 mg (58%)
of white solid5. Mp 257-259 °C. 'H NMR (300 MHz, CDC}):
0 5.47 (s, 2H), 5.55 (s, 2H), 7.25 (dd= 7.6, 1.4 Hz, 6H), 7.30
Experimental Section (t, J= 7.8 Hz, 6H), 7.40 (dJ = 7.6 Hz, 6H), 7.47 (dt)= 7.8, 1.3
_ _ Hz, 12H), 7.68 (dJ = 1.1 Hz, 6H), 7.74 (tJ = 1.4 Hz, 6H).13C
Synthesis of 3.To a suspension df (63 mg, 0.1 mmol), Pd-  NMR (75 MHz, CDCL): ¢ 53.3,53.7, 74.3, 80.8, 87.8, 90.6, 120.1,
(PPh)4 (8 mg, 0.007 mmol), and Cul (2 mg, 0.007 mmol) indry  122.1,123.9,123.9, 127.3, 128.6, 129.1, 131.8, 131.1, 135.5, 144.6,
triethylamine (10 mL) was added a solutionf60 mg, 0.3 mmol) 144.7. HRMS calcd for GdHas [M]* 1247.4352, found: 1247.4355.
in triethylamine (5 mL). The mixture was stirred at 7G under
argon for 12 h, cooled, evaporated to remove triethylamine, taken Acknowledgment. We are grateful to the National Natural
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Supporting Information Available: H and!3C NMR spectra
for compounds3, 4, and5; X-ray crystallographic file (CIF) for
molecular cagé®. This material is available free of charge via the
Internet at http://pubs.acs.org.
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