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We wish to report that the indol-2-ylglyoxylamide moiety,
exemplified inlaandlb, is a previously unrecognized structural
fragment for the self-assembly of hydrogen bond netwérks.
Amides have been used extensively in crystal engineering
because of their propensity to form hydrogen bohdsAcyclic
secondary amides form chain mottfsand primary amides
generally form tape networks because of the additional hydrogen
bond donor.

The primary and secondary indol-2-ylglyoxylamidesand
1b, prepared by treating 3-(4hlorophenyl)-4,6-dimethoxyin-
dole with oxalyl chloride followed by quenching with the
appropriate amine, form new dimeric networks in the crystalline
state. This is shown by X-ray crystallography which indicates
a network of complementary intra- and intermolecular hydrogen
bond motifs (Figure 1a,b). Glyoxylamides introduce a number
of features for crystal engineering in addition to those provided
by the simple amide functionality. Glyoxylamides offer a
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greater degree of versatility to the system by the presence offigure 1. X-ray crystal structures and designated hydrogen bond motifs
the additional hydrogen bond accepting keto group and the ©f Primary glyoxylamidela (top) and secondary glyoxylamideb

variable glyoxylamide torsional angle. The propensity of

(bottom).

c_omppundﬁaano!lp FO fprm intramolecular hy_drpgen-bonded Table 1. Selected Structural Parameters for the Glyoxylamities
rings introduces rigidity into the system and eliminates the need gnd1b

to synthesize covalent rings. They adhere to the proposed
criteria for the prediction of general hydrogen bond pattéris.
Compoundsla and 1b form two intramolecular hydrogen-
bonded rings, a six-membered ring (S(6)), and a five-membered
ring (S(5))! These hydrogen bond networks effectively convert
compoundsla and 1b into 6,5,6,5 fused four-ring systems,
which have a significant effect on the self-assembly of the
molecules.

The S(6) system is formed by intramolecular hydrogen
bonding from the indole NH to the amide carbonyl oxygen atom
and is present in both moleculéaand1b (Figure 1a,b). This
motif contains a strong hydrogen bond with ideal bond lengths
and angles (Table 1). The S(6) system holds the glyoxylamide

(1) Etter, M. C.; MacDonald, J. C.; Bernstein Atta Crystallogr 199Q
B46, 256-262. Bernstein, J.; Davis, R. E.; Shimoni, L.; Chang, N.-L.
Angew Chem, Int. Ed. Engl. 1995 34, 1555-1573.

(2) Hollingsworth, M. D.; Ward, M. DChem Mater. 1994 6, 1087
1093

(35 MacDonald, J. C.; Whitesides, G. Mhem Rev. 1994 94, 2383~
2420.

(4) Lawrence, D. S.; Jiang, T.; Levett, @hem Rev. 1995 95, 2229~
2260.

(5) Whitesides, G. M.; Simanek, E. E.; Mathias, J. P.; Seto, C. T.; Chin,
D. N.; Mammen, M.; Gordon, D. MAcc. Chem Res 1995 28, 37—44.
Desiraju, G. R.Angew Chem, Int. Ed. Engl. 1995 34, 2311-2327.
Aakergy, C. B.; Seddon, K. RChem Soc Reyv. 1993 397—-407.

(6) Leiserowitz, L.; Tuval, MActa Crystallogr. 1978 B34, 1230-1247.

(7) Leiserowitz, L.; Schmidt, G. M. 1J. Chem Soc A 1969 2372
2382.

(8) Etter, M. C.Acc Chem Res 199Q 23, 120-126.

(9) Etter, M. C.; Urbanczyk-Lipkowska, Z.; Zia-Ebrahimi, M.; Panunto,
T. W. J. Am Chem Soc 1990 112 8415-8426.

(10) Etter, M. CJ. Am Chem Soc 1982 104, 1095-1096. Evrede, L.
A.; Etter, M. C.; Williams, R. C.; Darnaver, S. M. Chem Soc, Perkin
Trans 2 198Q 233.

(11) Leiserowitz, L.Acta Crystallogr 1976 B32 775.

(12) Leiserowitz, L.; Schmidt, G. M. J. Chem Soc A 1969 2372.

(13) Donohue, JJ. Phys Chem 1952 56, 502.

graph r(N—H:--0O) r(N:--O) a(N—H---O) torsional
structure  set A A (deg) angle (deg)
la S(6) 2.051 2.703 120.8 165.2
S(5) 2.248 2.637 101.6
R(e) 1939 2928  169.4
b S(6) 2.004 2.664 121.3 178.8
S(5) 2.224 2.646 103.7
RY(10)  2.097 3.002 149.7

moiety in the plane of the indole ring, and this maximizes steric
interaction between approaching molecules.
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Examination of the 11 previously existing X-ray crystal
structures of molecules containing the glyoxylamide function
(RCOCONR, where R= alkyl, aryl, or hydrogen obtained
from the Cambridge Crystallographic Data Ffleshow that
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secondary amides. The dimer is in the “up” direction and
involves the keto acceptor which is not available in simple
secondary amides. The dimer is held together by an intermo-
lecular 10-membered ring hydrogen bonded from the amide NH

primary and secondary glyoxylamides have torsional anglesto the keto carbonyl oxygen Qg_o))_ As expected, the

ranging from 162.4to 179.4 while tertiary glyoxylamides,
which lack the ability to form the S(5) system, have torsional
angles ranging from 79°Qo 101.2. Despite the small sample

hydrogen bonds to the keto oxygen in compoubdare longer
than those to the amide oxygen in compodadqTable 1). Steric
hindrance arising from the planarity of the system would

size, itis clear that the S(5) system has a dramatic effect on thenecessarily exclude the translation chain midsiit would not
torsional angle of the glyoxylamide. The S(6) and S(5) systems necessarily exclude chain motifs related by a glide pafs

ensure that all hydrogen bond acceptors in moleclileand
1b participate in a hydrogen bond. Therefore the choice of
which acceptor will be involved in intermolecular interactions
will be based on acceptor strength.

The primary glyoxylamidd.a preferentially dimerizes in the
“down” direction (see structuré) as this involves the amide

which could alleviate steric hindrance. However, the secondary
glyoxylamide 1b selectively forms a dimer in preference to a
chain.

The primary glyoxylamidd.aalso dimerizes in solution. The
amide NH involved in the intermolecular motifﬁﬁ’s) shows a
very large temperature dependence as observed by variable

carbonyl oxygen, which is a stronger hydrogen bond acceptor temperaturéH NMR spectroscopy performed in CD&-22.0

than the keto carbonyl oxygéf. The resulting motif is an

ppb/K at a concentration of 0.056 M), as well as shifting

intermolecular eight-membered ring hydrogen bonded from the gownfield with increased concentration. These data indicate
amide NH to the amide carbonyl oxygen3(B). The R(8) an equilibrium between monomer and dird&rThe secondary
system displays very strong hydrogen bonds (Table 1) and isglyoxylamide 1b, however, does not associate in solution as
almost completely coplanar with the indole ring. Unlike simple indicated by the absence of any significant shift in the amide
primary amides, the primary glyoxylamidea does not forma  NH in the 'H NMR spectrum on lowering temperature. The
tape motif, and this is most likely to be a consequence of steric S(6) system is indicated in solution by the significant downfield

hindrance because of the planarity of the dimer.

Cl
O 4
MeO /
o]
MeO N\ N
H O

R

o
el
[T
=T
©

down

It is significant that the secondary glyoxylamidle forms a
dimer rather than the chain motif consistently favored by simple
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shift of the indole NH resonance in tHéel NMR spectra of
both glyoxylamidesla and 1b.

It is noteworthy that the indol-2-ylglyoxylamidga in its
dimer formation exhibits some structural similarities to the
Watsonr-Crick base pairing of adenine with thymiebut is
structurally different from the Hoogsteen pairing of the
methyladenine dime#
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