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Self-assembly of novel supramolecular networks
formed by 1-[(1-propyl)iminomethyl]-
2,4-dihydroxybenzene’

J.S. Rafelt, J.H. Clark*, D.J. Macquarrie and C. Boxwell
Department of Chemistry, University of York, Heslington, York, YO10 5DD, UK

The condensation of propylamine and 2,4-dihydroxybenzaldehyde in absolute ethanol leads to the formation of a
unique supramolecular structure, whose crystal structure is reported here. The material displays an unusual syner-
gistic combination of intra- and intermolecular hydrogen bonding.

Self-assembly is the interaction of several species via hydro 1
gen bond interactions to form a supramolecular structure
The literature contains many examples of self-assemble: 0.9
cages, ribbons?® and chains, most of which are bound by an 'Q ) n
ordered system of hydrogen bonds. The order within many 'c 0.8l
such ensembles is governed by the availability of sites whict =
are hydrogen bonding active. 'xg 0.7
In previous work it has been shown that 1,3-dihydroxyben- ~—~"
zene and its derivatives can hydrogen bond to form supramo &
ecular structures with a range of host molecules including &
poly(vinylpyrrolidone§ and hexamethylenetetramihén the E=]
case of poly(vinylpyrrolidone), the two hydroxyl groups allow £ 0.5
binding of every first and third pyrrolidone unit. This recogni- ¢
tion causes the complex to self-assemble and precipitate fror & 0.4
a variety of polar solvents. =
We now report the structure of 1-[(1-propyl)iminomethyl]- 0.3
2,4-dihydroxybenzene, and its unique self-assembly into long
ribbons in an extremely polar and competitive hydrogen bond 0.2 T . " ' T
ing environment. 3500 3000 2500 2000 1500 1000 500
While investigating the structures and properties of Schiff’s cm’
base complexes formed between primary alkyl amines ani
phenolic aldehydes, it was noticed that the condensation Cfig. 1 Diffuse reflectance FTIR showing the highly intense
propylamine and 2,4-dihydroxybenzaldehyde in absolutebroad bands between 350-1700cm™" characteristic of strong
ethanol was unigue in that it yielded a solid proqiztvhich hydrogen bonding
precipitated from solution.

The'H NMR of (1) in dimethyl sulphoxide showed that on gyongly hydrogen bonding solvent, dimethyl sulphoxide, has
condensation, one of the hydroxyl protons was shifted from 1Qﬂisrupted the intermolecular hydrogen bonding in the com-
to 14 ppm. Condensation of salicylaldehydenydroxyben- ound.
zaldehyde) with propylamine also gives a product which™ The crystal structure clearly shows the existence of a self-
shows this shift in th&H NMR, though the compound is a lig-  5ssembled supramolecular chain. An intramolecular hydrogen
uid. The solid phase infra-red @) is consistent with that of ponq is established between the nitrogen and the ortho-
a system containing very strong hydrogen bonding units. Amydroxyl, which is also part of a hydrogen bond involving the
intense, broad structural band covering the regt@n  para-hydroxyl from a neighbouring molecule. The intra- and
3500-1700 crt, (Fig. 1) and typical of an easily polarisable intermolecular hydrogen bonds will act synergistically, with
hydrogen bond is observed. This infrared spectrum is onlythe former increasing the electron density on the (electron
observed when propylamine is used and not when analagougceptor) oxygen of the ortho hydroxyl group which makes it
molecules are synthesised using methylamine or phenyla more powerful electron donor in the intermolecular hydro-

amine. gen bond. This repeating interaction leads to the formation of
The interesting properties @1) are consistent with both  adjacent sheets (Fig. 2).

hydroxyl groups being involved in strong hydrogen bonding.

It Ls (TOt olgservelg irl’]] tcTe ca?e IofI (tjhi Fgoducts gbtairp)ed “Sinﬁxperimental

0'|é/ LO)éy enza .edy e.(sa Iﬁy ahe Y ?) qudy ro()j(y en- 100 ml reaction flask with charged with 2,4-dihydroxybenzalde-

zaldehyde, again indicating that the exsistence and position Gjyde (0.01 mol) in 20 ml absolute ethanol. To this propylamine (0.01

both hydroxyls is vital for self assembly, as previously mol) was added and the solution instantly became yellow. After stir-

observed in other systerhs. ring at room temperature for a few minutes, a yellow solid precipi-
The NMR data suggests the presence of an intramoleculdpted and was recovered by filtration. The product

hydrogen bond (highly deshielded proton) although one of the

hydroxyl protons remains unshifted. It is likely that the Table 1 Hydrogen bonding data

D-H...A d(D-H) d(D...A) d(D...A) <(DHA)

0.6

* To receive any correspondence. E-mail: jhcl@york.ac.uk o o o
T This is a Short Paper, there is therefore no corresponding material iN(1)-H(1N)...O(2) ~ 0.86A  1.97A  2.637(7)A  134.0-
J Chem. Research (M). O(1)-H(10)...0(2)#1 0.82A 1.75A 2.559(5)A  168.6-
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Fig. 2 Complex [1]: Self-assembled ribbons of 1-[(1-

propyl)iminomethyl]-2,4-dihydroxybenzene

cior cio- &

Fig. 3 Crystal structure showing hydrogen bonding network
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Fellowship (to D.J. Macquatrrie), and the EPSRC for provid-
ing additional funding (C.Boxwell and J.Rafelt).

Crystal Data®

Crystal data forC,H,,NO,, Mr = 179.21, orthorhombic,
space group Pna2éa,= 10.749(3)b = 9.828(2),c = 9.165(4)

A a=90, B=90C, y=90,V=96825) & z=4,D,=
1.229Mg / M, p (Mo-Ka) = 0.7107A,F(000) = 384, crystal
size = 0.7 0.4 x 0.3 mm. Data were collected at 293(2)K on

a Rigaku AFC6S diffractometer and Maxkradiation d =
0.7107 A), Unit cell indexed by least squares refinement on
diffractometer angles for 20 automatically centred reflections.
The structure was solved using direct methods and expanded
using Fourier techniques with DRIDYFFull matrix least
squares refinement on? Rvith SHELXL97:° with all non-
hydrogen atoms anisotropic and hydrogens refined using a
rigid model. HIN was located in the difference Fourier map
and refined using a rigid modeb scan width = 1.05 + 0.3
tard, w scan speed®hin-!, 1020 reflections measured (2.81
<0 <24.99) (hk+1), 911 unique. The weighting scheme=
1/[0*(F 2 + (0.0856F], P = [max(}, 0) + 2F?/3 gave satis-
factory agreement analysis. Final, RR, values on all data
were 0.1276, 0.1614 and-RvR, values on [| > 20(l )] data
were 0.0562, 0.1327, goodness of fitfA = 1.003

Received 30 June 2000; accepted 14 September 2000
Paper 00/412

References

J.M. Lehn Angew. Chem. Int. Ed. Endl988,27, 89.

J.M. Lehn Angew. Chem. Int. Ed. Endl990,29, 1304.

F. Vogtle,Supramolecular ChemistryViley, 1993.

C.M. Drain, R. Fischeer, E.G. Nolen, J.M. Leh@hem.

Commun. 1993, 243..

J.M. Lehn, M. Mascal, A. Decian, J. Fisch&Chem.Soc. Perkin

Trans. 2 1992, 461.

6 J.H. Clark, C.J. Locke, D.J. Nightingal&upramolecular
Science1995,2, 41.

7 M.M Mahmoud, S.C. WallworkActa Cryst, 1979,B35, 2370.

Molecular Structure Corporation (1992). TEXSAN. TEXRAY

A WN P

[&)]

1-[(1-propyl)iminomethyl]-2,4-dihydroxybenzene (97% yield by 8
NMR) was allowed to dry under suction and was recrystallised from

a 50/50 mix of dimethyl sulphoxide and absolute ethanol to give a
bright yellow crystalline solid (m.p. 118°C; mass spectmntz= 179

(M+, 100), 150 (96), 123 (53), 164 (46), 136 (31), 28 (29), 39 (12),
65 (10); crystal structure shown in Fig. 3).
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