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ABSTRACT

Cucurbits come in a variety of sizes, shapes, and colors. We present a building block approach that allows the tailor-made synthesis of CB[5],
CBI6], and CB[7] analogues whose sizes, shapes, and colors differ from those of the known CB| nj.

Members of the plant family Cucurbitaceae come in a variety differ in molecular size, shape, and color from the parent
of sizes, shapes, and colors. Prime examples include pump-CB[n] macrocycles.

kins, squash, zucchini, cucumbers, cantaloupe, and gourds.
The similarity between the molecular shape of cyclic

hexameridCB[6] and the shape of a pumpkin led Mock and SN0 PO
- : - N PN
co-workers to name this molecule cucurbitéiflhrough their NS ]
pioneering work, the groups of Motknd Kin? have defined \ N N}H\U-
the molecular recognition properties 68[6] and demon- N\“\ﬁi’\'gﬁﬂﬁ-’”?'ﬂ
strated its application in self-assembly studies. The cucur- O "0 Oo” 0
bituril family recently gained four new member€B[5], CB[5] (n=0) th:ﬂe%CBBE] (E=r§e‘ n= u)CH )
CBI[7], CB[8], an4dSCB[5]@CB[10]—that differ in molecular g =l onie EE;E' = ﬁﬁ gCHF;h;;;g;;g
i : iti i CB[8] (n=3 Ph,CB[1,5] (R=R'=H,R"=Ph,n=1
size fromCB[6].#> The molecular recognition properties of CBH)] {g E 5; Mezsca[[s,sl] - vl

this extended cucurbitjuril family exceed those o€B[6]
itself and demonstrate their broad utility in molecular
recognition and self-assembly studfeEhe further develop- The preparation of cucurbituril derivatives by the use of
ment ofCB[n] supramolecular chemistry requires tailor-made functionalized glycoluril monomers i@B[n]-forming reac-
synthetic approaches that yield control over size, function- tions began shortly after Mock'’s report and has resulted in
alization pattern, and solubility characteristics of the formed the synthesis of MgCB[5], CysCBJ[5], CysCBI6], PhCBJ[1,5],
CBIn] derivatives. In this paper, we describe a building block and MeCB[3,3].58 Despite these successes, no general
approach towardB[5], CB[6], and CB[7] analogues that  approach to the synthesis GB[n] derivatives with control

, o over size and functionalization pattern has been reported.
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Scheme 1. Controlled Oligomerization of?
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aConditions: (a) CICHCH,CI, PTSA, reflux; (b) CH(CH,)3sNH,, 75 °C, 68%; (c) CICHCH.CI, PTSA, reflux, 39%; (d) LiOH, HO,
CH30OH, 89%.

meric cyclization reactions that would yield control over the 4CC, and (3) this methylene group is directed into the cavity
pattern of functional groups i€@B[n]-forming reactions. of (+)-13. Compound9, 10, 12, and {-)-13 are soluble in
To access a series of glycoluril bis(cyclic ether) building Polar organic solvents (CHgMeOH, CHCN, and DMSO),
blocks needed to test this mechanistically guided hypothesis,whereasl0 has excellent aqueous solubility. In contrast to
we performed the controlled oligomerization dfwhich all previously reporte@B[n] derivatives 12and (4)-13are
yielded 2, 3S, 3C, 3BP, 45S,4CC, and higher oligomers amenable to purification by simple silica gel column chro-
(Scheme 1). Through a combination of selective dissolution matography-
and chromatographic separations, we were able to obtain Figure 1 shows the X-ray crystal structureldf. Unlike
multigram quantities o2 and3C and lesser amounts 4£C. the known pumpkin-shape@B[n], 10 assumes the shape
The transformation of the ethyl ester group86finto amide ~ 0f a cucumber with cavity dimensions of 5.9011.15 x
(5), imide (6), and carboxylic acid (7) functional groups 6.92 A. In the absence of structural information from X-ray
proceeded smoothly by established procedtftes. diffraction studies, we performed AM1 calculations b2

We discovered that phthalhydrazides are potent nucleo-
philes in condensation reactions with glycoluril cyclic ethers

(e.g., 2). We hypothesized, therefore, that bis(phthalhy- Scheme 2. Cucurbit[n]uril Analogues

drazide) 8 would function as a surrogate for glycoluril R . 9 y—He R

building blocks containing free ureidyl NH groups (e.1), sc MeSOsH, o N /‘NMN%N‘

in the synthesis of cucurbiuril analogues. After some 8,80°C R ’Z) o o Hd c’)‘&N R

experimentation, we found th&8C and8 undergo a smooth MeSO-H <NN o) 07 NN u

reaction in hot anhydrous GHG;H yielding CB[6] analogue 6 — 310 (V o o N/ “H°

9in 78% yield (Scheme 2). Similarlyg and7 bearing imide 8,80°C N¥o o o} ?%:N E

and carboxylic acid substituents yiel@ and11in 70% and 7 MeSOgH, 1 R Ntﬁlﬁ;g:;‘:m:;N

65% vyield, respectively. We next investigated the reaction 8,80°C R 0

of monomeric building block with 8 which yieldsCB[5] 9 R = CO,Et; 10 R = (CO),NBu; 11 R = CO.H

analoguel? in 6% isolated yield! Last, we investigated o R

the reaction of trimeric building blockCC with 8 which O O Off % ,\’}I:\\N

yields CB[7] analogue (+)-13n high yield (67%). Com- HN NH [N 6] O{é/ﬂ

pound (£)-13possesses several unusual structural features: HN NH R T\J»O o O Ny

(1) it is chiral and racemic due to iS,;-symmetry, (2) it 0 8 O ;EN o 12 o N)

contains a single methylene bridge between the 2 equiv of 2 MeSOgH, 80 °C R N\\:% 2 o %%?\R
N—-N
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Figure 1. ORTEP plot of the crystal structure 0. The solvating
CHsCN molecules have been removed for clarity.

and &)-13. The cavity ofl2is shaped like a butternut squash
with dimensions of 5.58 Ax 9.75 A x 6.22 A. Last, the
asymmetric cavity of££)-13resembles tw&B[5] molecules
fused together and has dimensions of 5.7k A1.34 A x
4.28 A. As aresult of their bis(phthalhydrazide) wafls; 13
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Figure 3. ™H NMR spectra (50 mM acetate buffered® pD 4.9,
298 K, 400 MHz) for (a)11 (1.2 mM), (b)14 (1.2 mM), (c)11

differ not only in size and shape, but also in color from the (1.2 mM) and14 (1.2 mM), and (d)11 (1.2 mM) andl4 (4.8 mM).

known CBJn]. Accordingly, the UV/vis spectra recorded for
9, 12, and ££)-13in CH3CN show a broad absorption with
Amax = 342 nm (Figure 2}3
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Figure 2. UV/vis spectra (CHCN, 298 K) recorded foP (- - -),
12 (= = =), and (&£)-13(—).

The structural relationship betwee®B[n] and 9—13

Protons attached to uncomplexed host and guest are indicated with
a subscript (u).

region defined by the bis(phthalhydrazide) walldaf Figure
3d shows théH NMR spectrum recorded for a 1:4 mixture
of 11 and 14 which demonstrates that chemical exchange
between free and bound guest is slow on the chemical shift
time scale. Integration of the resonances for host versus
bound guest allows us to establish the 1:1 stoichiometry of
the 11-14 complex.

In summary, we have described a building block approach
to the synthesis dEB[5], CB[6], andCBJ[7] analogues based
on the condensation of nucleophilic glycoluril surrog8te
with glycoluril bis(cyclic ethers) bearing ester, imide, and
carboxylic acid functional groups. Although we have used
bis(phthalhydrazide® exclusively in this paper, the use of
longer, nonplanar, and functionalized bis(phthalhydrazides)
in CB[n] analogue forming reactions promises to deliver
further control over the size, shape, and recognition properties
of CB[n] analogues. Ongoing studies are directed toward
delineating the recognition properties of t88[5]—CB[7]
analogues in both agueous and organic solution, the forma-
tion of ter- and higher molecularity complexes, and the

suggests that th€B[n] analogues should possess similar opportunity for diastereoselective recognition processes with

recognition properties. Similar ©B[8], the cavities 08—13

the cavities of 4)-13. We anticipate that the recognition

are spacious and possess two binding sites which potentiallyproperties ofCB[n] analogues will complement those of the
allows for termolecular complex formation. Parts a and b of parentCB[n] and their derivatives, thereby expanding the

Figure 3 show théH NMR spectra ofl1 and p-xylylene
diamine (14) recorded separately. THe& NMR spectrum
of a 1:1 mixture ofl1 and14 (Figure 3c) shows significant
upfield shifts for the aromatic (fi and methylene (k)
protons ofl4in accord with their proximity to the shielding

(12) Although (+)-13was easily chromatographed with high recovery,
losses during chromatographic purificationl®on SiQ, were significant.

(13) We also expect thes€B[n] analogues to be fluorescent and
electrochemically active. (a) Drew, H. D. K.; Pearman, FJHChem. Soc.
1937, 586—592. (b) Viehbeck, A.; Goldberg, M. J.; Kovac, C. A.
Electrochem. Soc1990,137, 1460—1466.
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range of applications available to tiB[n] family.
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