General Papers ARKIVOC 2006 (ii) 136-142

The structure of 2,3-dihydro-3-(2,4-dioxo-6-methylpyran-3-ylidene)-
2-(2-nitrobenzyl)-1,4-benzothiazine and the problem of orthogonal
interactions

Elena Pinilla,2 Maria del Rosario Torres,* Rosa M. Claramunt,b Dionisia Sanz,b

Richa Prakash,” Shiv P. Singh,® Ibon Alkorta,” and José Elguero™”
% Departamento de Quimica Inorganica I, Laboratorio de Difraccion de Rayos-X, Facultad
de Ciencias Quimicas, Universidad Complutense de Madrid (UCM), 28040 Madrid , Spain

Departamento de Quimica Organica y Bio-Organica, Facultad de Ciencias, UNED,

Senda del Rey 9, E-28040 Madrid, Spain
Department of Chemistry, Kurukshetra University, Kurukshetra - 136 119, India
Instituto de Quimica Médica, Centro de Quimica Orgéanica "Manuel Lora-Tamayo",
CSIC, Juan de la Cierva, 3, E-28006 Madrid, Spain
E-mail: igmbel7@igm.csic.es
(received 5 Dec 05; accepted 9 Jan 06; published on the web 17 Jan 06)

Abstract

The structure of the title compound has been determined. The compound crystallizes in the P2;/n
space group with 4 molecules in the unit cell. The structure is consistent with previous
conclusions based on NMR spectroscopy; moreover it provides new information about the
conformation of the thiazine ring, the nature of the intramolecular hydrogen bond and the
sulfur/nitro "orthogonal interaction”. This last aspect has been examined through the use of DFT
calculations on a simplified model system.
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Introduction

The taxonomy of weak interactions is a prerequisite to the establishment of a general theory that
will allow us to deduce supramolecular properties from molecular ones. It is therefore important
to make such a catalogue describing new examples of the known interactions and still more
important to describe new interactions. Amongst these, one of the most exciting is the so-called
“orthogonal interaction” (OIl), because its geometry is different from most known weak
interactions (WI) (see Scheme 1). In general WIs are lineal or slightly bent, like for instance,
hydrogen bonds.! On the contrary, Ols correspond to approach angles close to 90°.2
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Scheme 1. Weak (WI1) and orthogonal (Ol) interactions.

The reaction between o-aminothiophenol 1 and an a,B-unsaturated carbonyl compound
derived from dehydroacetic acid can afford two compounds: the "normal” (in the sense of
frequently obtained) seven-membered ring resulting from the attack to the terminal olefin carbon
and the "inverted" six-membered ring resulting from the attack on the other carbon. Multinuclear
NMR spectroscopy (solution and solid-state) was able to identify both isomers.® In the case of
the ortho-nitrophenyl derivative 2, both isomers 3 (normal) and 4 (inverted) have been isolated
and identified (Scheme 2).1 Concerning 4, two structural problems remain, the configuration E or
Z of the exocyclic CC bond (3-3") and the conformation of the o-nitrophenyl group. Crystals of 4
(in reference 1, compound 5h) were grown and the structure solved.

: jSH
NH,

Numbering used 3 5
in the crystallographic 6 6
study: 5 7 5 7

Scheme 2. Synthesis and numbering of 4.
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Results and Discussion

Two conclusions already reached by NMR were confirmed (from now on we will use the
crystallographic numbering shown below): there is a double bond between C3 and C13 and there
is a hydrogen bond (HB) between the N—H and one carbonyl oxygen atom. The crystallographic
study (Table 1 and Figure 1) reveals that the oxygen atom involved in the HB is O18 (the vinyl
ester oxygen and not the ester oxygen O17).

Table 1. Crystallographic data and structure refinement of compound 4°

Empirical formula C21H16N205S
M 408.42
Crystal system monoclinic
Space group P23/n

a/A 7.303(1)

b/A 19.430(3)

c/A 13.289(2)

Al° 100.184(4)
Vel A3 1856.0(5)

z 4

D./g cm™ 1.462

T/IK 293(2)
Absorption coefficient/mm ™ 0.212

F(000) 848

Crystal size/mm™ 0.49 x 0.09 x 0.07
Theta range for data collection ° 1.88 to 25.00

Index ranges

Reflections collected
Independent reflections
Completeness to 6= 25.00°
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [l > 2o(1)]

R indices (all data)

Largest diff. peak and hole/e A

_8<=h<=8, —21<=k<=23, —14<=I<=15
9644

3268 (Rint = 0.1428)

99.9%

Full-matrix least-squares on F2
3268 /0 /264

0.863

R1=0.0611, wR2 = 0.1304
R1=0.2367, wR2 = 0.1914
0.311 and -0.266

# Full crystallographic data (CCDC 272084).
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N27

Figure 1. Crystal structure of compound 4.

There has been a great interest in orthogonal interactions,* i.e. interactions where a group
approaches another in a perpendicular way. We reported an example of interaction between an
sp2 nitrogen atom and a nitro group,” and Paulini, Miiller and Diederich described many cases,
including our result.? There is no example in the cited review of the interaction between an sulfur
atom and a nitro group.? Therefore, if the interaction exists it should be quite weak. As Dunitz
has pointed out "of the six polymorphs of 5-methyl-2-[(2-nitrophenyl)amino]-3-thiophene-
carbonitrile® only in one of them (called YN) there is a molecular pair in which the sulfur of one
molecule points at the nitrophenyl ring of its neighbor. It is, however, not the major
intermolecular pair interaction in this polymorph, which is not the most stable one".°

We decided to examine if compound 4 could be an example of such interaction. We have
shown in Figure 2 the fragment of the structure of 4 where the S/NO> interaction is visible and a
model system based on a dimethyl sulfide-nitromethane complex.
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X-ray structure (CH3)5S:O5N-CH3z model

Figure 2. Possible S/INO, orthogonal interactions in the crystal structure of compound 4 and in a
model compound.

Both nitro groups are planar (sum of angles about the nitrogen atom 360°). In the model
compound only a Cs symmetry has been imposed. At the MP2/6-311++G** level the complex (-
721.715840 hartree) is 16.6 kJ mol™ more stable than the sum of dimethylsulfide (-477.231066
hartree) and nitromethane (-244.478465 hartree) (no BSSE correction was carried out). When
comparing the two situations of Figure 2, the one theoretically calculated is more favorable,
more perpendicular and shorter, but the carbon chain in 4 limits the freedom to adopt a better
geometry.

Conclusions

In conclusion, the possibility that a sulfur atom approaches, intra or intermolecularly, a nitro
group perpendicular to the N atom in the plane defined by the O-O-N-C atoms should be
considered when discussing conformation (intramolecular) and packing modes (intermolecular).
The possibility of building up cages, similar to those of Fujita,” without using metal to make
orthogonal corners, is a possibility that the interactions described in this paper offer.
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Experimental Section

Computational details

The geometry of the model complex system and that of the monomers has been optimized at the
MP2/6-311++G** computational level®® using the Gaussian 03 facilities.’® In the case of the
model complex, the symmetry has been fixed as Cs. The symmetry plane goes through the CN
bond of the CH3NO» and the sulfur atom, bisecting the (CH3)3S molecule.

Acknowledgments

This work was supported by DGES/MCyT of Spain (BQU 2003-00976 and BQU2003-01251).

References

1. (a) Desiraju, G. R. Angew. Chem. Int. Ed. 1995, 34, 2311. (b) Desiraju, G. R.; Steiner, Th.
The Weak Hydrogen Bond: In Structural Chemistry and Biology (International Union of
Crystallography Monographs on Crystallography, No 9), Oxford University Press: Oxford,
1999. (c) Bilton, C.; Allen, F. H.; Shields, G. P.; Howard, J. A, K. Acta Crystallogr., Sect. B
2000, 56, 849 .

2. Paulini, R.; Muller, K.; Diederich F. Angew. Chem., Int. Ed. 2005, 44, 1788.

3. Prakash, O.; Kumar, A.; Sadana, A.; Prakash, R.; Singh, S. P.; Claramunt, R. M.; Sanz, D.;
Alkorta, I.; Elguero, J. Tetrahedron 2005, 61, 6642.

4. Yap, G. P. A; Alkorta, 1.; Jagerovic, N.; Elguero, J. Aust. J. Chem. 2004, 57, 1103.

5. Yu, L.; Stephenson, G. A.; Mitchell, C. A.; Bunnell, C. A.; Snorek, S. V.; Bowyer, J. J.;
Borchardt, T. B.; Stowell, J. G.; Byrn, S. R. J. Am. Chem. Soc. 2000, 122, 585.

6. Dunitz, J. D. personal communication. See: Dunitz, J. D.; Gavezzotti, A. Angew. Chem., Int.
Ed. 2005, 44, 1766.

7. Kubota, Y.: Sakamoto, S.; Yamaguchi, K.; Fujita, M. Proc, Natl. Acad. Sci. USA 2002, 99,
4854. Vilar, R. Angew. Chem., Int. Ed. 2003, 42, 1460.

8. Ditchfield, R.; Hehre, W. J.; Pople, J. A. J. Chem. Phys. 1971, 54, 724. Frisch, M. J.; Pople,
J. A.; Krishnam, R.; Binkley, J. S. J. Chem. Phys. 1984, 80, 3265.

9. Mgller, C.; Plesset, M. S. Phys. Rev. 1934, 46, 618.

10. Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J.
R.; Montgomery, Jr., J. A.; Vreven, T.; Kudin, K. N.; Burant, J. C.; Millam, J. M.; lyengar,
S. S.; Tomasi, J.; Barone, V.; Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson,
G. A.; Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida,
M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, M.; Li, X.; Knox, J. E.;
Hratchian, H. P.; Cross, J. B.; Adamo, C.; Jaramillo, J.; Gomperts, R.; Stratmann, R. E.;

ISSN 1551-7004 Page 141 ®ARKAT USA, Inc



General Papers ARKIVOC 2006 (ii) 136-142

Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J. W.; Ayala, P. Y,
Morokuma, K.; Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich,
S.; Daniels, A. D.; Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, A. D.; Raghavachari,
K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A. G.; Clifford, S.; Cioslowski, J.;
Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, I.; Martin, R. L.; Fox, D. J,;
Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M.
W.; Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, J. A. Gaussian 03,
Gaussian, Inc., Pittsburgh PA, 2003.

ISSN 1551-7004 Page 142 ®ARKAT USA, Inc



