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771esupromolecular structures of di(rnethanesulfonyl)amine--pyridine
derivatives were .~ynthesized
by treating di(methane)sulfonylamine equifllolar~y with: 2.6-diaminopyridine and 2.6-dilllethylpyridine. 2(phenylamino)pyridine and 2-methylpyridine. The product were characterized by means of single crystal Xray difJractometry. nuclear magnetic resonance spectroscopy and elemental analysis. Before characterizing
the proposed supramolecular structures were designed
by meons of semi-empirical computational
calculations. AMI. The calculation result was expected could give us adequate inflmllation on the possihle
motif of the hydrogen-bond of the designed structures.
Characterization
results
showed
that
the
supralJlolecular
structures
of
di(methanesulfonyl)amine-2,6-diaminopyridinium
(monoclinic. Space group C2/c) adopted an antidromic
douhle eight-membered ring [R ~ (8). R ~ (8)] pattern as our prediction.
On the other hand, we have demonstrated a simple model for the construction of the antidromic ring
motif R~(8) from 2-(phenylamino)-pyridiniufll-di(methanesulfonyl)amidate
and 2.6-dimethylpyridiniumdi(methalle-su!fonyl)mllidate (monoclinic. space group P2 /c.). However unfortunately we have failed to obtain
good C/ystal of 2-methylpvridiniull1 di(lI1ethanesulfonyl)-all1idate which suitable for single crystal x-ray
analysis.
The research result sholved also that the computational calculation was not ill qualitative
agreement with the experimental research.

The concept and term of supramolecular
chemistry were introduced in 1978 as a
development
and generalization
of erlier work in which tl1e seed had been -planted [1,2,3]
and over recent years, this supramolecular
chemistry has developed
rapidly. With the
progress of supramolecular
chemistry, there has been a concomittant shift in the mindset of
chemist working in this field. As a consequence of this intense interest in this field, a very
large number of synthetic supramolecular
systems have now been synthesized, with many
of the systems ranging in size from around a nanometer. This field remains an exciting and
fast moving one that continous to produce a range of new materials. Much of the work in
supramolecular
chemistry has focused on molecular design for achieving complementarity
between
single molecule
hosts and guests
As a consequence,
the practice
of
supramolecular
chemistry tends to be somewhat interdisiplinary
activity, often requiring
knowledge of a range of appropriate chemical, physical and biochemical procedures and
techniques [2,4,5]
Self-organization
via hydrogen-bond
may open
up
our
perspectives
in
material chemistry towards an area of supramolecular
materials whose features depend on
molecular
information.
Supramolecular
crystal engineering
also gives access to the
controlled
generation
of well-defined
supramolecula!'
architectures
and patterns
in
molecular
layers, films, membranes,
micells, polymer, etc [6,7,8,9,10]
Our current

research is intended to open new possibility in designing robust eight- membered ring
supramolecular
structures
based on di(methanesulfonyl)amine
and pyridine derivates
compounds.
In this research,
we have tried to synthesize that eight membered ring
supramolecular
structures with pyridine derivates and di(methylsulfonyl)amine
as building
block. So far some researchers mostly use only monomolecule
derivates of pyridine or
pyrimidine
to form
eight-membered
ring supramolecular
structures.
With this
supramolecular
research,
we hope, we could understand,
for instance,
molecular
recognition in biological systems, such as substrate binding to a receptor protein, enzyme
reactions,
assembly
of protein-protein
complexes,
immunological
antigen-antigen
association,
intermolecular
reading
of the genetic
code,
signal
induction
by
neurotransmitters
and cellular recognition [9,11,12,13] .

II. RESEARCH METHODOLOGY
This work was divided into two sections. Thefirst was computational prediction of
the designed supramolecule structures and the second was synthesis of those structures.
Il.l P.-ediction of the Hydrogen-Bond Motif
The supramolecule structure prediction was pe/formed by using licensed
HYPERCHEM 6 package programmed which was available in AIC (Austrian-Indonesian
Computer Centre)-GMU (Gadjah Mada University).
The supramolecule structures were optimized in its lowest energy state using the
semi-empirical quantum chemical AMI method available in the Hyperchem 5.0 package.
The initial structure of the supramolecule structures were built using the software and
mechanically optimized structures were converted into AMI input file and were calculated
by this AMI calculation method.
U.2 Synthesis of derivate pyridine-di(methanesulfonyl)amine
Di(methanesu!jonyl)amine has been synthesized by the main researcher during his
research work in Teclmische Universitaet Braunschweig, Repuhlic Federal Germany. The
pyridine derivatives will be purchased.
n.3 Synthesis of 2-methylpy.-idinillm-di(methanesulfonyl)amidate
This compound was prepared hy dissolving di(methanesulfonyl)amine (/,73 g, 10,0
mmol) and 2-methylpyridine (0,93 g, 10,0 mmol) in acetonitrile (5 III I). The solution was
kept in 10\11 temperature (-30°C) unti! tlie product was crystallized. The product \Vas then
characterized by I H-NMR, elemental analysis· and single Clystal X-ray difractoJl1etry.
TI.4 Synthesis of 2-(phenylamino)pyridinium-dimethaneslilfonylamidatc
Similar procedure with above mentioned procedure (procedure a)
The used di(methanesulfonyl)amine:
0,52 g (3,0 mmol)
The used 2-(phenylamino)pyridine
0,51 g (3,0 mmol)
Solvent
Metha~101(/0 ml) or other suitahle solvent
such as Ethanol, etc
Characterization
I H-NMR, elemental analysis alld single crystal
X-ray d{/i-actometry.
II.S Synthesis of 2,G-diaminopyridinium-di(methanesulfonyl)amidate
Similar procedure 1vithabove mentioned procedure (procedure a)
The lIsed di(methanesu((onyl)amine : 1,72 g (10,0 mmol)
The used 2, 6-diaminopyridine
: 1.09 g (10,0 rnmol)
Solvent
: Acetonitrile (10 ml) or other suitable solvent
such as Ethanol, etc
Characterization
: I H-NMR, elemental analysis and single crystal Xray D{(ractometry

11.6 Synthesis
of 2,6-dimethylpyl'AdiniullI-d
i(lllcth:lIlcsulfonyl)amidate
Similar procedllre with a!Jove mentioned/JI"C'c:eullre (jJrocedllre a).

I. 72 g (10. (j J'JIIIIOO
: f,07 K. (10,0 I1II'llOI)

The IIsed di(methaJleslll!o/lyl)am;lIe
'jhe used 2,6-dimelhy/pyridine
So/venf

/lcef()l/ifrile

/II/) or other suitaMe so/vent

(j()

\/fch as l,jjwl/oJ,

etc

.'H-NA11i.. el:':lI1el//([/ analysis and sil/K/e uysta/

('harucferizuf/(J/I

X-my Ji(rueto/l1elry

lIt ReSULTS AND DISCUSSION

U1.1 Computatioll~lily

Study

The goal of the study
R~(8)can

be designed

was to predict wheater an antidromic

from derivatives

of pyridincs

ring hydrogen

and di(methanesLilfonyl)amine

bonded
To

gain the goal the four supramolecular
structures (fig. 1,2,3,4) were fully optimized with
molecular mechanic (mm) calculation. The optimized structures were then calculated
with
semi-empirical
method, AM I. The computational
study predicted that the both spesies
from each structure prefered to hydrogen bond randomly. The hydrogen bridges deviated
significantly

from our prediction,
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III.2 Expel'imental Study
III.2.l Synthesis of 2-methylpyridillium-di(methallesulfollyl)amidate
Unfortunately
we could not grow a suitable single crystal for X-ray analysis,
although the NMR (Nuclear Magnetic Resonance) and elemental analysis (CHNS analysis)
were in agreement with the purposed structures. Therefore, in this report we could not
show the structure.

III.2.2 Synthesis of 2-(phenylamino )pyridillium-dimethanesulfonylamidate
As stated above nowdays we are engaged in a systematic study of hydrogen-bond
patterns
in crystalline
onium di(methanesulfonyl)amidates
both experimentally
and
theoretically.
The anion common of these compounds,
(MeSO~hN adopts a fairly rigid
solid-state
conformation
of pseudo C2 symmetry,
exhibiting two setereochemically
different pairs of 0 atoms characterized by trans- and gauche-O-S-N-S
torsions angles,
respectively. Thus, three of its five potential hydrogen-bond
acceptors are included in a
nearly planar O-S-N-S-O
sequence, which when combined with complementary
cation
donor species, provides a robust supramolecular
synthon for constructing
hydrogenbonding patterns of tunable complexity. On the other hand, pyridine derivatives such as 2(phenyl amino )pyridine
provide an electronegative
nitrogen atom which is potential as an
acceptor proton. With these two compounds one may design a robust eight-membered
ring
supramolecular
structure of the 2-(phenylamino )pyridinium-di(methane-sulfonyl)amidate.

Fig.5. Anion of di(methancsulfonyl)amidate

The
crystallographic
data
for
2-(phenylamino )pyridiniumdi(methanesulfonyJ)amidate
are compiled in table 1. Table 2 contains the torsion angles of
the di(methanesulfonyl)amidate
anion structure
as a proof for the konformative
persistence of the anion
CS

C7

OJ

~
01
C2

02

Table 1. The crystallographic,
NMR and elemental analysis data of 2(phenyl ami no )pyridi niu m-d i( methanesulfonyl )amidate
Empirical furmula
C/J Hj7 N] ()4 S]
3-13. -12
Formula weight
Temperature
143(2) K
WaVelell[;th
0.71073 Ii
(-rysla/ .\ystem
7'1'Ie Ii 11 ic
!J/)({(.;egroup
P-l
(Init cell dimensions
a= 8. 3Y-I(2j A
a= 102.Y3(2;o
h
10.780(3) A
fJ= Y3.03(2r
r = <)(j.32f2)o
c = 17.858(5) A
.C

1572.5(7)

A3

-I

Z
Density

(caICIIlated)

a Ie

orstOnsanglc

I. -151 Mg/fl/3
I Illet la nCSll all\,

OtIC

allll

atc-antOll

O( 1)-S(1)-N (1)-S(2)

17G.7(2)

O(2)-S(l)-N

(1)-S(2)

·HLY(2)

45,Y(2)

C( 1)-S( 1)-N (1 )-S(2)

-G'),7 (2)

-72,5(2)

O(3)-S(2)-N

172,4(1)

174, I( I)

44,Y(2)
-73.3(2)

46,6(2)

(1 )-S( 1)

O( 4)-S(2)-N (1)-S(1)
C(2)-S(2)-N

(l )-S(1)

173,2(1)

-71,G(2)

As stated above, The both spesies, i.e 2-(phenylamino)-pyridinium
and di(methanesulfonyl)amidate
fulfill the requirements to form supramolecular
structures.
The crystals
consist of ion pairs which the components are associated with each other via a N-H···N
and a N-H

.. ·O hydrogen

supramolecular

compound

bond

under formation

contains

of the antidromic

t\VO independent,

however

ring motif R;(8).

geometrically

The

similar ion

pairs
In the
independent
ion
pairs
of 2-(phenylamino )pyridinium-di(methanesulfonyl)amidate,
the pyridinium cations are chemically unsymmetrical
and capable to
form supramolecule
bonding isomerism. In the structure, we can demonstrate that two
bridges connect the two spesies through N-H-Bridge which come from the pyridinium ring
and the N-H bridges from the amino group
The successful

construction

of the antidromic

motifR;(8)

require

a recognition

process
and a good
complementarity
of the Ionic elements.
The di(methanesulfonyl)amidate-anion-hecause
of
its
geometrical
persistenceshows
almost
unchangeable acceptor distance N( I) .. ·O( I) of approx. 240 pm, the complementary cations
must, therefore,
be adapted as good as possible to this value with regard to its
intramolecule D···O (N(2) .. N(3)J distance.
For the cations
in 2-(phenylamino)pyridinium-di(methanesulfonyl)amidate.
NC(3)-bonding length is observed ca 130 pm (which is correspondence
with a strong partial
double bond character. a Sp2 -hybridisation)
and the angle N(2)-C(3
)-N(3)
is approx.
1200
The complex compatibility
of the crystal package strengths causes significant
differences in the relative orientation
of the N(2)-C(3 )-N(3) and N( 1)-S( I )-O( I) planes so

that it may result more or less strong antidromic
are flexible enough to keep the robustness

ring motif R;(8).

However,

of the model.

III 2.3 Synthesis of 2, 6-diaminopyridinium-di(methanesulfonyl)amidate
of 2, 6_dimethy1f'yridinium-di (metha nesulfonyl)amidate
For the construction
R;(8) -rings

comes

of a bicyclischen

basically

three

the H-bridges

hydrogen

possibilities

bond pattern

into

and Synthesis

with two condensed

consideration

(Fig.·

7).

The

directionality of the rings depends on how the donor/acceptor
interactions are distributed
on the complementary
molecular or Ionic components.
The synthesis of double ring models of kinds a) and b) was processed in recent
years from numerous authors with most atractive success. However the double ring model
of kind c) has paid a little attention.
In this research, we present the crystall structures of
two pyridiniums, whose their cation-components
would be expected to form antidromic
ring motif

type (R;(8),

R;(8)].

The crystallographic,

of the two di(methanesulfony)lamidate

'I

Fig. 7

NMR and elemental

can be found in the table 3.

o· •
o .•

~~

Three possibilities to the construction of an antidromic ring motif R; (8) of
Complemcntary molecular or Ionic components. (a) Two homodromic
Rings, (b) an antidromic and a homodromic Rings and (c) Two antidromic Rings

Tab.3 The crystallographic, NMR and elcmental analysis data of 2,6-diaminopyridi ni um -di(metha nesulfonyl)amida tc and 2.6-di meth yl pyridiniulU
di( methanesulfo nyl)a m ida te

C2k

C~{J(;N204S2
280,36
Manak/in
P2/c

2053,9(5)
1077,8(4)

567,09(10)
2337,0(6)

C7H/4N404S2
282,34

Manak/in

a nalysis

data

998,7(3)

1-181,3(.1)

c

90

90

a

101,76(3)

130,12(2)

fJ

r

90

90

Z
H-NMR (60 Mflz,

oj

8

e5 =

('DjCNVTMS

2.99 (.~, 6H, 5,'Cflj), 6.50 (bs, 5f1, Nfl),
5.92-5.96 and 7.44-7.51 (d,!, 3H, Har)

5 = 2.73 (6H, CCHj), 2,90 (6H,
SCH3), 7.54-7.58 (d3f1, Har)

Yield

1.5-/ g (90%)

/IIeltlng POint

162-16-1°('

2.52 g (90%)
90-95°('

Ele/llental analvsls
Calculated
(%)
Found (%; .

C :;9 7H: H 5. 00: N 19.6-/: ,'-,'22. 71
C 30 11: f{ -/.96: N 19.6-/: 5; 22.3H

(' 38.56: H 5.75: N 9.99, 5,' 22.87
C 38. 49: f{ 5. 7-/: N 9.96: :.; 23.03

Asymmetric
sulfonyl)amidate

unit

in

the

structure

of

was a ion pair with the expected

2,6-diaminopyridinium-di(methane-

[R~(8),

R~(8) ]-connectivity.

In spite of

optimal geometrical complementarity
of the structure, the bicylische system diverged quiet
strong from the ideal markedness (Fig 8) with approximately coplanar [000]- and [AAA]recognition (Fig 7. geometric data in Tab4) The unique order of the ions was presumably
due to the requirements of the remarkable two-dimensional
H-bridge network. in which the
ion pair were linked over that residual NH donors of the cation. The three H-bridges of the
double ring model were considerably bent with approx. 160 and one of the lateral NH ... O-bridge was longer towards the expectation, on the other hand, the other one were
shorter than the central N-H-Bond.
0

Fig. 8 Ion pair \\'ith t\\'ofold

antidromic

ring motif of

dia mi nopyridi ni lllll-d i(methaneslll
Tall. 4 The antidromic

ring motif of

di(methaneslIlfonyl
distance (pm. 0).
N(2}-C(3

)-N(3)

)amidate:

R~

on in crystal

of 2.1';-

fonyl )al nida te

R ~(S)

in 2.6-di<lminopyridinium-

Bondlcngth.

bondilngle

and nonbonded
116,3(2)

117,0(2)

N(2}-C(7)-N(

N(2}-C(3)

135,5(J)

N(2}-C(7)

136,5(3)

N(J}-C(J)

134.1(3)

N(4}-C(7)

1J5,O(4)

N(2)'

oN(3)

4)

229,9(3)

N(2)' ooN(4)

230,7(3)

H(01)-N(2}-C(J)

119(2)

H(01)-N(2}-C(7)

117(2)

H(02)-N(J

121(2)

H(04)-N(4}-C(7)

116(2)

105.1(1)

N(I )-S(2 }----O(3)

105,3(1)

0

N( I )-S(

}-C(3)

I}----O( I)

N(l)-S(I)

160.0(2)

N( 1)-S(2)

160,0(2)

O( 1)-5(1)

144.2(2)

O(J)-S(2)

144,0(2)

N(l)" '0(1)

241,8(3)

N(2)-H(01)
H(OI)' . 'N(l)
N(2)' . ·N(l)

79(3)
221(3)
297,1(3)
163(2)

N(2)-H(01)'

.. N(1)

N(I)" '0(3)

241,8(3)

H(OI) -' -N(l)--S(l)

133(1)

H(OI)' - -N(1)--S(2)

106(1)

N(3)-H(02)
H(02)- . '0(1)
N(3)' - -0(1)
N(3)-H(02)'
-' 0(1)
H(02)" 'O(I)--S(I)

84(2)
224(2)
304,8(3)
164(3)
IOS(I)

N(4)-H(04)
H(04)' . -0(3)
N(4)" '0(3)
N(4)-H(04) ... 0(3)
H(04) .. '0(3)--S(2)

82(2)
210(2)
287,9(3)
158(3)
134(I)

Naturally,
the structure
of 2,6-dimethylpyridinium-di(methanesulfonyl)-amidate
was
essentially
lesser
complex
than
that
of 2,6-diaminopyridinium-di(methanesulfonyl)amidate.
Because of the small load with H-bridges, the anion has an almost
ideally C2-symmetrical
conformation.
Cation and anion were associated
through one
comparative short and slightly bent ~-I+
- - ~ -hydrogen bond to the an ion pair (Fig.
8).

The expected

ring motif of R; (8) with two lateral C-H-

. ·Q-interaction

did not

occur. The methyl substituent group H3C(31) was far away from the potential acceptor
0(1). The distance between H3C(71) and 0(3) was smaller and the C-H'
. ·o-interaction
can be regarded ill the frame of the accepted criteria - as a weak H-bridge.
Accordingly,

a simple ring motif of R; (8) did not occur.

Tall. 5 The antidromic

R; (8) in 2/l-dilllethylpyridiniulIl-

ring motirof

di(methanesulronyl)amidatc
: Bondlength. Bondangle and nonbonded
distance (pIll, ")
N(2)--C(7)--C(7I)
117,6(2)
N(2)-Ii(1)
N(2)--C(7)
H(I)"
'N(I)
135,1(3)
C(71)--C(7)
149,0(3)
N(2)"'N(I)
N(2)" 'C(71)
243,2(3)
N(2)-H(I)'
.. N(l)
H(l)-N(2)--C(7)
117(2)-.
H(I)· . ·N(1)-S(2)
H(71 C)--C(71 )--C(7)
109,5
N(1~(2)-O(3)
N(I)--S(2)
0(3)-S(2)
N(I)" '0(3)

105,7(1)

82(2)
199(2)
280,5(3)
173(2)
118(1)

98

C(71)-H(71 C)
H(71C).. '0(3)

160,0(2)
144,1(2)

C(7l)' . -0(3)

242,5(2)

C(71)-H(71C)

260
328,5(3)
128

... 0(3)

113

H(71C)' - -0(3~(2)
Tah. () The antidromic

ring motif of

R; (8) in 2.6-dimethylpyridinium-

di(methanesulfonyl)-amidate
: distance (pm) of the non hydrogen atoms of
the middle plane of the atoms N(2), C(7l), N(l) and 0(3) (= middle D2A2Plane)")
N(2)
C(71)
N(I)
0(3)

67,1(1)
-53,3(1)
-66,6(2)
52,7(1)

C(7)
S(2)

49,8(3)
-45,4(2)

0

Tab. 7 C-H"'O-Interaction
in 2,6-dimethylpyridinium-di(methanesulfonyl)amidate (distance in pm, angel in 0) oj
I

a

1

C(4)-H(4) -

2

C(5)-H(5)'

. O(i)
..

0(4i)

3

C(6)-H(6) - - - O(3iii)

4

C(1)-H(1C)-

- - O(2iv)

5

C(2)-H(2C)-

- - OW)

95
95
95
98
98

258
234
255
247
230

Symmetrioperator: (i) x, y, z + I; (ii) x + 1, y,
(iv) -x, -y + 1, -Z; (v) X + 1, y, Z

The geometrical

data of the antidromic

Z

350,3(3)
328,0(3)
348,6(3)
344,4(3)
319,7(3)

+ I; (iii)

X

163
168
170
170
151

+ 1, -y + 1,5,

Z

+ 0,5,

ring motif of R; (8) are compiled

in the

Tab.5, 6 and 7. From the table, one recognizes that H - - -a-distance
in the H-bridge was
rather precise the sum of the van der Waals radii, meanwhile the angles C-H. ·a was
circa 10° larger as the recommended cut off boundary of 120°'
The order of the ion pairs at the crystal packing was embossed by five C--H· .
H-Bond, those went out from the aromatic CH groups of the cation and/or the activated
methyl substituent groups of the anion and with H· . ·0 < 260 pm as well as C-H'
. ·a >
150 the bond were considerably more prominent
as the presumed C-H'
. ·a within the
ion pair (Tab 7).
Structure
2,6-dimethylpyridinium-di(methanesulfonyl)-amidate
illustrates
the
principle, that C-H-··a
interaction will be occurred when a larger surplus of classical
acceptors compared to classical donors is available (here D-H/A = 1/5).

·a-

0

Characterization
results
showed
di(methanesulfonyl)amine--2,6-diaminopyridinium
adopted

an antidromic

double

that

eight-membered

the

supramolecular

(monoclinic,

structures

of

Space
group
C2/c)
ring motif of [R; (8),R; (8)] meanwhile

di(methanesulfonyl)amine--2,6-dimethylpyridinium
(monoclinic,
space group P21/c,)
showed deviation from ring motif of [R; (8),R; (8)].
In conclusion, we have demonstrated a simple model for the construction of the
antidromic
ring
motif
of
R~(8)
from
(phenylamino)pyridinium
di(methanesulfonyl)amidate
(Triclinic, P-I). The results clearly demonstrate that these
weak interactions are capable of not only constructing well-defined crystal structures but
also antidromic ring motifR~(8). However unfortunately we have failed to obtain good
crystal of 2-methylpyridinium di(methanesulfonyl)amidate which suitable for single crystal
x-ray analysis.
The research result showed also that the computational calculation was not in
qualitative agreement with both the experimental research and purposed structures.
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