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The acid-catalyzed formation of methylene-bridged glycoluril dimers yields the Cy-diastereomer selectively. Product resubmission experiments
establish that the selectivity is the result of thermodynamic control. A modified synthetic route is presented that allows for the preparation
of unsymmetrically substituted dimers. We present the X-ray crystal structures of both diastereomers. This class of compounds is useful for

studies of self-assembly in aqueous solution.

Derivatives of glycoluril {) have been employed in many
applications including polymer cross-linking, explosives,

stabilization of organic compounds against photodegradation,

textile waste stream purification, and combinatorial chem-
istry.! The groups of Rebéland Nolté have pioneered the
use of glycoluril derivatives as building blocks for self-
assembly, molecular recognition, and catalysis in chloroform.
We have become interested in the preparation of self-
complementary facially amphiphilic derivatives of glycoluril
that self-assemble in watéiOur goal is to use the hydro-
phobic effect to prepare aggregates in waiara predictable
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mannet-that are both tightly associated and geometrically
homogeneous.

We were intrigued by cucurbituril 2§,> which is a
macrocyclic compound composed of six glycoluril rings and
12 methylene bridges. Cucurbituril can be synthesized in one
step by the condensation dfand formaldehyde in sulfuric
acid. The straightforward synthesis @fhas allowed its
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recognition properties toward alkyldiammonium ions in 1:1
formic acid/water K4 ~ 1 uM) to be studiefland used in
supramolecular chemistfy? Two factors have prevented its
more widespread use: (1) a current inability to access
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Conditions: a) DMSO, +BUOK, 34-47%; b) TFA, (CHo0),, 44-56%; ¢) LIOH, MeOH, Hy0, 98%: d) HaN(CHp)sNMes, 92%;
e) PhH, TFA, HoNCONH,, 36%; f) TFA, (CH,0),, 63%.

functionalized derivativé8 and (2) the poor solubility o formally extruded in this reaction with the formation of the
in water. We envisioned that both of these deficiencies could methylene bridges. Thé,-17 diastereomer was not present
be alleviated if the extremely harsh conditions$iy, 135— in the reaction mixturé® This observation was surprising,

145°C) used in the synthesis @fcould be adapted to allow
the use of glycoluril derivatives that incorporate hydrophilic

functional groups. This paper describes our investigation of Scheme 2
the synthesis, X-ray crystallographic characterization, and R 0 0 R
acid-catalyzed isomerization of nonmacrocyclic methylene- R NJLN/\NJLN R
bridged glycoluril dimers. 10-15 _PTsA R.%_H:m.%_e.g

As a first step toward the preparation of functionalized (CICH2)z g N _N——N__N R
congeners 02, it was necessary to devise methods to prepare R E)( Er R
the methylene-bridged glycoluril dimer substructure din Cor17 R=COLEL R'=H, R" = H (92%)
bold). Scheme 1 shows starting materigls6* and the Ca-18 R=CO.Et, R'=0OMe, R"=H (93%)
synthesis of7—16. We chosel0 as our model substrate to Cort® 2:8825";‘,':#’;‘:‘:3'\("8650%’/")
develop conditions for the preparation of the methylene- 025-21 R, R=(2cé)2N(cF|2)3NMe2, R'=R"=H (85%)
bridged glycoluril dimer substructure for two reasons: (1) Cov22 R=Ph R'=H R"=H (0%)

its ethyl ester groups could be readily transformed to water
solubilizing carboxylateX3) or amidoamine14) substituents  ggpecially since the relative stereochemistry 10F was

in high-yielding reactions, and (2) the bridging xylylene ring - yetermined by the formation of the first covalent bond
protected two of the glycoluril nitrogen atoms that reduced ponveen the two equivalents di0. This stereochemical
the complexity of the reaction to the formation dimers assignment was based on the observation of two doublets

After much experimentation, it was discovered that heating (g o1 and 4.58 ppm) for the diastereotopic methylene protons
10 under acidic conditions (PTSA) in refluxing dichloro- ¢ i central eight membered ring.

e_thane for 24 h r(gsulted in 'Fhe formation®©f,-17 in 92% The X-ray crystal structure of C-shap€,-17, obtained
yield (Scheme 2)? Two equivalents of formaldehyde was 55 the benzene solvate (Figure 1a), confirmed the stereo-

chemical assignment. There were several interesting aspects
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partial conversion. The structure ©f,-18 was apparent from

its 'H NMR spectrum that showed a singlet (5.04 ppm) for
the four equivalent protons on the two methylene bridges of
the central eight-membered ring. To prove the hypothesis
that the high diastereoselectivity observed in these reactions
was due to thermodynamic rather than kinetic factors a
product resubmission experiment was performed (Scheme
3). When Cx-18 was heated at reflux in dichloroethane
containing PTSA, the complete disappearanc@xfl8was
observed with concomitant formation @h,-18, we were
able to isolateC,,-18 in 80% vyield.

The crystal structure o€C,-18 was solved to provide
structural details for th&-symmetric dimers. Figure 1b
shows the structure of one of the four independent molecules
in the unit cell of crystals ol8. Unlike C,,-17, C,-18 has
two ethoxycarbonyl groups on one face of the molecule and
two on the opposite face. In contrast to the time-averaged
Cor-symmetry deduced from it4 NMR spectrum,18 did
prepared to assess the influence of the substituents on thaot crystallize in a conformation where the protons on the
convex face of the molecule on the dimerization reaction methylene bridges were symmetry equivafénthis obser-
(Scheme 1). Compounds3 and 14 dimerized smoothly,  vation implies that the central eight membered ring undergoes
giving C,,-20 and C,,-21% in high yield. The attempted fast conformational changes that resulda-symmetry on
dimerization ofl5, the diphenyl analogue df0, produced a  the NMR time scale.
complex reaction mixture that did not contdia,-22.16 We To expand the scope and utility of this dimerization
do not currently understand the origin of this dramatic reaction, two alternative methods were explored. Scheme 4
difference in product distribution; electronic differences

Figure 1. Crystal structures of (a) C-shapéd-(CsHg), and (b)
S-shaped 8 with 30% probability ellipsoids. The solvating benzene
rings that partially fill the cleft ofL7 have been removed for clarity.

should be minor because the quaternary carbon atom i_
present and steric differences between the ester and pheny!

substituents are not apparent. Compouhii&ind 12 were

. . 0
prepared to determine the effect of substituents on the R )L JL R" R = CO.Et
bridging xylylene ring. Compound1 smoothly dimerized R N"™N R C,-17 (88%)
under the reaction conditions to yie@},-18 in 93% yield. 79 _F: +€"N Rﬁ'ﬁ N ng 18 Eg%)l
In contrast, isomerid2 gave a complex reaction mixture R hig — g R
that did not contairC,,-19. 3 o] o]
The highly diastereoselective formation of tBg-stereo- Conditions: PTSA, (CHz0)p, (CICH,)o, reflux.

isomers was intriguing; this diastereoselectivity must be due
to either kinetic or thermodynamic preferences. Since the

Scheme 4

transformation ofL1 to 18 was a condensation reaction, we Shows the reaction of—9 with PTSA and 1.5 equiv of

performed the reaction under wet conditions to attempt to (CHzO). in dichloroethane at reflux. Wher and 8 were
used as starting materia%,-17 and C,,-18 were isolated

in excellent yields. Whef was used as substrate, however,
Cx-19was not produced. For the cases where it is applicable,

isolate kinetic products along the pathwaydg-18. Scheme
3 shows the transformation @fl into C,,-18 and C,:-18 at

this synthetic method (Scheme 4) is more expedient than

Scheme 3
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that described in Scheme 2 since the preparation of cyclic
ethersl0 and11 is avoided.

The synthetic methods described in Schemes 2 and 4 did
not provide access to eith€s,-19 or C,,-22. Even though
the direct dimerization 0® (Scheme 4) and2 (Scheme 2)
both failed we hypothesized that the reaction9céind 12
might be successful (Scheme 5). Indeed, we were able to

(15) The product of this reaction is not the expected tetraamide but rather
the depicted diimide.

(16) The effect of substituents on the bridging xylylene rings and the
nature of the solubilizing groups on the convex face of the molecule clearly
have a dramatic effect on the dimerization reaction. We have conducted
many experiments designed to address this issue but have not yet achieved
a complete understanding of the scope and limitations of this reaction. We
will report the results of our investigations in a full paper on this subject.

(17) This molecule can exist in eight distir@ssymmetric conformations
that, when undergoing rapid interconversion, result in time aver&ged
symmetry.
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This result demonstrates the feasibility of selective het-

Scheme 5 erodimerization reactions albeit with the competitive forma-
5 R tion of the alternative homodimers.
OoMe ]I - . OMe Three related mild methods for the preparation of meth-
9 _PTsa @6“ N . N ND@ ylene-bridged glycoluril dimers were described. The reaction
12 (CICHa), N} {NVN} {N scope appears to be limited to the most useful substrates,
. gg fEt OMe I corre 1 OMe name_ly those bearing carboxylic acid, ester, and amidoamine
substituents. The more commonly employed diphenyl glycol-
uril derivatives are poor substrates. T@g-diastereomers
s pTsA_ N/\N OMe are thermodynamicglly more stable than ﬂb@—diastereo— .
-Q—Q-RR-%—Q- mers. This observation provides an explanation for the high
10 (CICHy)z NvN OMe yield (82%) obtained in the formation of cucurbiturd)@nd
R = CO,Et o o Cs23¢ (65%) bodes well for the use of these reactions to create congeners
0 0 of cucurbituril and related macrocyclic compounds under
)J\N/\NJL OMe thermodynamically controlled conditions. Future papers will
>_< ..R,;H_é. describe the successful use of this reaction in those applica-
N——N OMe tions as well as the self-association properties of the water-
E O Cs23s(16%) soluble self-complementary facial amphiphiles derived from
+ Cp, 17 (14%) + Co,-18 (14%) Car17-Co19.
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