
The crystallization of 2,6-diethynylpyridine 1 leads to
C(sp2)–H···N hydrogen bonded head-to-tail tapes which are
held together by C(sp)–H···π hydrogen bridges to form 2D
polar sheets; further assembly through π–π stacking interaction
results in 3D polar crystals which show intense powder SHG
response, 5-fold stronger than crystalline urea.  

Crystal engineering aims at the design of crystal structures
of molecular solids with specific topological features, chemical
function, or physical properties.1 One area of particular
endeavor in this field is the design of non-centrosymmetric
polar crystals2 because of their importance for physical proper-
ties of the bulk assemblies such as second-order non-linear opti-
cal (NLO) activity.3 In this study we found that 2,6-
diethynylpyridine 1 formed unique and well-defined polar crys-
tals through C(sp2)–H···N, C(sp)–H···π and π–π stacking inter-
actions (Scheme 1).  In contrast to the well-established
C–H···O4 interaction, which has been proven to be a useful tool
to obtain supramolecular synthons,5 weak hydrogen bondings
through short C–H···N6 and C–H···π7 contacts have been little
exploited in crystal engineering so far.  Moreover, only limited
structures formed by C–H···Y (Y = O, N, π) attractive forces
have been discussed in terms of the functional properties of the
resulting assemblies, e.g., NLO activity8 or selective complexa-
tion with guest molecules.9 Here we report the C–H···N and
C–H···π bonded polar structure of 1 determined by X-ray study
together with its NLO properties.  

The crystal structural analysis10 of a single crystal of 111

obtained by slow sublimation revealed that the unit cell of the
crystal contains two molecules of 1 in a non-centrosymmetric
packing with space group Cm.  Since the majority of achiral
organic compounds tend to pack into centrosymmetric crystals,3

this observation is rather unusual and it is interesting to eluci-
date the factors responsible for the polar organization of 1.
Packing analysis reveals the formation of a polar tape structure
formed by short and linear C(sp2)–H···N contacts (Figure 1); the
H···N distance (2.43 Å) is shorter than the sum of their van der
Waals radii (2.5 Å) and the C–H–N angle is 180°.  The head-to-
tail tapes are held together by C(sp)–H···π hydrogen bridges
with a T-shaped geometry to form polar sheet structure (Figure
1); the H···π (centroid) distance is 2.78 Å and the C–H–π (cen-
troid) angle is 162.2°.  Moreover, further packing analysis
reveals that there is a face-to-face overlap between the pyridine
units of 1 in the crystal (Figure 2) with the interplanar distance
(3.31 Å) shorter than the sum of van der Waals radii (3.4 Å).
Therefore, the π–π stacking interaction would also play an
important role in determining the polar packing, though it is dif-
ficult to clarify the origin12 of the geometrical preference
observed for the overlap.  In this respect, however, it is interest-

988 Chemistry Letters 2001

Copyright © 2001  The Chemical Society of Japan

Polar Assembly of 2,6-Diethynylpyridine through C(sp2)–H···N, C(sp)–H···πand π–πStacking
Interactions: Crystal Structure and Nonlinear Optical Properties

Masakazu Ohkita,* Takanori Suzuki, Keitaro Nakatani,† and Takashi Tsuji*
Division of Chemistry, Graduate School of Science, Hokkaido University, Sapporo 060-0810

†Départment de Chimie, Ecole Normale Supérieure de Cachan, 61, Avenue du Préridant Wilson, 94235 Cachan Cedex, France

(Received August 7, 2001: CL-010760)



ing to point out that both favorable orbital and electrostatic
interactions are able to operate simultaneously in the observed
parallel overlap while only one of them is available in the hypo-
thetical antiparallel overlap, according to the frontier molecular
orbitals and ground state atomic charges shown in Figure 3.
Thus, it seems that the C(sp2)–H···N and C(sp)–H···π attractive
forces coupled with the π–π stacking interaction are responsible
for the polar organization of 1 (Scheme 1).  

Interestingly, the dipole moments of the molecules are
arranged perfectly in a parallel orientation in the crystal of 1
and, therefore, the vector parts of the first hyperpolarizabilities
of the molecules are directed in a completely parallel orienta-
tion, which makes this compound attractive for second-order
NLO materials.  In fact, the crystals of 1 show a strong second-
harmonic generation (SHG) signal, 5-fold larger than crys-
talline urea, in the Kurtz powder test at 1907 nm.  

In conclusion, we have shown a simple model for the con-
struction of polar assembly based on cooperative C(sp2)–H···N,
C(sp)–H···π and π–π stacking interactions.  The present results

clearly demonstrate that these weak interactions are capable of
not only constructing well-defined crystal structures but also
inducing functional properties (SHG response) to the resulting
bulk assemblies.  

This work was supported in part by a Grant-in-Aid for
Scientific Research (No. 12640508) from the Ministry of
Education, Science, Sports, and Culture of Japan.  We thank
Professor Tamotsu Inabe (Hokkaido University) for the use of
X-ray analytical facilities.  

References and Notes
1 G. R. Desiraju, “Crystal Engineering: The Design of

Organic Solids,” Elsevier, Amsterdam (1989); M. J.
Calhorda, Chem. Commun., 2000, 801.  

2 B. Gong, C. Zheng, H. Zeng, and J. Zhu, J. Am. Chem.
Soc., 121, 9766 (1999) and references cited therein.  

3 R. W. Boyd, “Nonlinear Optics,” Academic Press, New
York (1992); “Novel Optical Materials and Applications ,”
ed. by I.-C. Khoo, F. Simoni, and C. Umeton, John Wiley,
New York (1997).  

4 G. R. Desiraju, Acc. Chem. Res., 29, 441 (1996).  
5 G. R. Desiraju, Angew. Chem., Int. Ed. Engl., 34, 2311

(1995); M. W. Hosseini and A. DeCian, Chem. Commun.,
1998, 727.  

6 V. R. Thalladi, A. Gehrke, and R. Boese, New J. Chem.,
24, 463 (2000) and references cited therein.  

7 H.-C. Weiss, R. Boese, H. L. Smith, and M. M. Haley,
Chem. Commun., 1997, 2403 and references cited therein.  

8 J. Kawamata, K. Inoue, and T. Inabe, Bull. Chem. Soc.
Jpn., 71, 2777 (1998).  

9 K. Biradha, C. V. K. Sharma, K. Panneerselvam, L.
Shimoni, H. L. Carrell, D. E. Zacharias, and G. R.
Desiraju, J. Chem. Soc., Chem. Commun., 1993, 1473; A.
N. M. M. Rahman, R. Bishop, D. C. Craig, and M. L.
Scudder, Chem. Commun., 1999, 2389; T. Suzuki, T. Tsuji,
T. Fukushima, S. Miyanari, T. Miyashi, Y. Sakata, T.
Kouda, and H. Kamiyama, J. Org. Chem., 64, 7107 (1999).  

10 Crystal data for 1: C9H5N, Mr = 127.15, colorless rod, 0.50 ×
0.20 × 0.15 mm, monoclinic, space group Cm, a = 6.150(3),
b = 17.33(2), c = 3.9109(9) Å, β = 125.40(1)°, V = 339.8(4)
Å3, Z = 2, ρcalcd = 1.243 g cm–3, T = 123 K, Mo Kα radia-
tion.  A total of 381 unique reflections (2θmax = 55.7°) were
collected, of which 272 observed reflections [I > 3σ(I)] were
used in the structure solution (direct methods) and refine-
ment (full-matrix least-squares) to give final R = 0.044 and
Rw = 0.058.  Residual electron density is 0.20 e Å–3.  

11 S. Takahashi, Y. Kuroyama, K. Sonogashira, and N.
Hagihara, Synthesis, 1980, 627; S. C. Ng, I. Novak, X.
You, and W. Huang, J. Phys. Chem. A, 102, 904 (1998).  

12 C. A. Hunter K. R. Lawson, J. Perkins, and C. J. Urch, J.
Chem. Soc., Perkin Trans. 2, 2001, 651. 

Chemistry Letters 2001 989


