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CoHigN:O; (1), Mr=343.70, Monoclinic, Pa, a=14.595(2), b=5413(2), c=12218Q2)A, B=96.86(1)" , V=9583A°,
Z=2, Dx=1.19 Mgm®, A(MoK )=0.71009A, #=0.072 mm', F(000)=360.0, T=292K, 756 Mt—3&+ Jistimrol ¥alo)
R=0.1040jt}. & JEHIEHINIE 5T FHe] N—-H -0 KEHEACE Mise dimero|t}.

CuHNO (II), Mr=171.85, Monoclinic, P2i/a, a=14.611(2), b=5.423(6), c=12.191Q)A, B=96.8%1)" , V=959.0A°,
Z-4, Dx=1.19 Mgm®, A(MoK 2)=0.7109A, 1=0072 mm", F000)=360.0, T=293K, 824 fH<] Mt—3+ R4 ¥
ato] R=00660|t}. 3 £T7F IEHIBEAIS o] F1 glow Yih OBkl e FEe] N-H---0 KFEHES]
dimerE JL g

WZE sl A Jb8] Q) diyne chain of $kato] ikt pyrdyl e} C(10-C(11)-07} W=t FHife] —H
e Eifio 7P7heu, 1 HTELS b REANES bfge uel Foigloh

Abstract
Two types of single crystals of the title compound [6-(2-pyridyl)-3, 5-hexadiyn-1-ol, PyHxD)] were obtained by

solution of n-hexane/CH,Cl, and n-hexane/Et;O, and their molecular conformations are proved identical in spite of
different space groups:
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CHisN:0; (1), M;=343.70, Monoclinic, Pa, a=14.595(2), b=5.413(2), c=12.2182) A, #=96.86(1)° , V=958.34°,
Z=2, Dx=1.19Mgm", A (MoK 2)=0.71069 A, x2=0.072mm", F(000)=360.0, T=292K, R=0.104 for 756 unique observed
reflections. An asymmetric unit contains a dimer connected by two N—H: - -O intermolecular hydrogen bonds.

CuHsNO (IT), Mi=171.85, Monoclinic, P2,/a, a=14.611(2), b=5.423(6), c=12.191(2) A, B =96.89(1)° , V=959.0A°,
Z=4, Dx=1.19Mgm">, A (MoK 2)=0.71069A, 1=0.072mm", F(000)=360.0, T=293K, R=0.066 for 824 unique observed
reflection. The structural asymmetric unit contains a molecule, but two N-H...O hydrogen bonds related by centrosymmetry

make the molecules form a dimer.

In both structures, the dihedral angle between the planar pyridyl ring and the plane defined by C(10)-C(11)-O connected
by linear diyne chain is approximately normal, and the molecules are stacked along b-axis with the unit repeat of

b-axis.

1. Introduction

There is growing interest in polydiacetylencs (PDAs)
from basic and applicational view points. These polymers
are of particular interest because of their conducting and
nonlinear optical properties.

Some diacetylenes (R-C=C-C=C-R’) undergo solid-state
polymerization reaction by heating, imadiation or
mechanical stimulation. Not all diacetylenes, however, are
reactive, only those diacetylenes polymerize which have
suitable molecular packing condition.'>”

In order to investigate the reactivity of the diacetylene
crystals in the polymerization reaction and to specify the
conformation of molecules, the structures of two single
crystals  obtained from two  different  solvents,
n-hexane/CH;Cl, and n-hexane/diethyl ether, have been
elucidated by X-ray diffraction method.

2. Experimental

The crystallographic data of the two compounds (1)
and (II) are listed in Table 1. Cell refinement, data

collection and data reduction were done using SDP
progmm“). The intensity variation during data collection
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for the compound(1) was quite high because of the
weak intensities of the three standard reflections.

The structures of both compounds were solved using
SHELX86” and refined by full-matrix least squares with
SHELX76”. The high final R value for the compound
(I) is attributed to the poor quality of the crystal
specimen. For the compound( 1), x and z coordinates of
oxygen atom were fixed because of the space group Pa
of second setting and all H atom positions except for
hydroxy group were calculated geometrically (C—H:1.08
A), while all H atoms in the compound (II) were
found from differecne Fourier synthesis. All H-atoms
were refined isotropically.

3. Discussion

Final atomic coordinates and equivalent isotropic
temperature factors for (1) and (II) are given in Table
2. ORTEP” drawings of the molecular conformation with
atomic labelling scheme are presented in Fg. 1(a) and
Fig. 1(b), and Fig. 2(a) and Fig. 2(b) are the unit-cell
packing diagrams, viewed down the ¢ axis. Two
independent molecules in the asymmetric unit of
compound ( [) are connected by two oxygen...nitrogen
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Table 1. The comparision of crystallograpic data of the two compounds (1) and ().

Compound( ] ) Compound( IT)

Crystal data CzHigN:O, CulbNO
formula n-hexane/CH.Cl, n-hexane/E20
solvent 343794 171.847
M Monoclinic Monoclinic
crystal system Pa P2l/a
space group 14.595(2) 14.611(2)
a, A 5.413(2) 5.423(2)
b, A 12.218(2) 12.191(2)
c A 96.86(1) 96.89(1)
B, deg 2 4
Z . 958.3 959.0
V, A3 Mo Ka (A = 0.71069 A) Mo Ko (A = 0.71069 A)
radiation
cell parameter determination from 24 reflections 24 reflections
g0 8 —13 11.38 — 14.11
1, mm-1 0.072 0.072
deale, Mg m-3 1.19 1.19
tempterature, K 288 293
crystal . shape needle needle
colour colourless colourless
crystal size, mm 0.36xX0.32X0.48 0.50%0.17x0.20
Data collection
diffractometer Enraf-Nonius CAD4 Enraf-Nonius CAD4
data collection method @f26 wf2§
scan width (0.8+0.34 tan ) (0.8+0.34 tan §)
fmax, deg 23 23
h 0— 16 0— 16
k 0—6 06
1 -13 - 12 -13 - 13
No. of reflection measured 1702 1716
No. of ind. reflections 1681 1683
No. of observed reflections 756 733
criterion for observed

reflections Fo=n ¢ (Fo), n= 0 4
standard reflections 3 3
interval, minutes 180 120
intensity variation, % 7 1
L-P correction applied applied
decay correction applied none
absorption correction none none
Rint none none
Refinement
Refinement on F F
w 1/[ 0 2(Fo)+0.066017Fo2] Y[ 6 2(Fo)+0.000101F02]
R 0.14 0.066
wR 0.110 0.063
S 0.4608 27142
no. of parameter 249 154
(& o)max 072 0.03
A pmax, eA-3 0.30 0287
A pmin, eA-3 035 023

Atomic scattering factor from

SHELX76(Sheldrix, 1975)

SHELX76(Sheldrix, 1975)

e e
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Fig. 1(a). A stereoview of a dimer with labelling scheme for the
compound (I). The dimer is an asymmetric unit. Thin
lines denote hydrogen bonds.

Fig. 2(a). A stereoview of the unit-cell packing for compound
(1): ongin, lower left; b-axis, horizontal, a-axis, vertical.
H-atoms are omitted for clarity. Thin lines denote hydrogen
bonds.

hydrogen bonds. Their intermolecular hydrogen-bond
lengths are O..N'=291(2) and O-N=2633)A. I
compound (II), the molecules are observed as

Fig. 1(b). A stereoview of a dimer with labelling scheme for the
compound ([). The distances among the atoms in an
asymmetric unit are shown in black. Thin lines denote
hydrogen bonds.

A
i

Fig. 2(b). A stereoview of the unit-cell packing for compound
(I): origin, lower left; b-axis, horizontal, a-axis, vertical.
H-atoms are omitted for clarity. Thin lines denote
hydrogen bonds.

hydrogen-bonded dimer with O..N (related by 1x, -1-,
1-z) [2.807(6)A] with O-H [090(8)A], H.N [1952(8]
Al and £O-N..H angle [157(7)° ]. As shown in Figs.
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Table 2. Final atomic fractional coordinates (X10% Table 3. Bond length and angles with esd's in parentheses for
and equivalent isotropic temperature factors with the compounds.
esd’s in parentheses for (1) and (1)
] ) Bondlength( A)
Ueq = — [Up + —5—(Un + Ug + 2Us3 cos B)] unprimed primed
3 sin” 4 molecule( 1) molecule( 1) molecule(IT)
x y . Ueq(A) N-C(1) 143424)  13R0GD L3276
(D N-CO) 149029)  1351Q24) 134505
Compound C(1)-CR) 123426) L4433 1310
N 1102(18)  3602(42) 1663(20)  0.100(9) COCO) 153835 130334 135%D
) 91920)  5217(36) 732(20)  0.08%(8) CONC@ 13208 141766 1363
&2 B/IA8)  6992(29) 594(19)  0.05%6) C@-C5) 1393(24) 130335  1370(6)
C3)  -MBQT)  7484(44) 137123)  0.154(15) C(5-C6) 1369(29) 141433  1436(6)
C@  -26%19)  5803(36) 2195(18)  0.064(7) S (ORVQ)] LI21Q25) L1548  1177(6)
C) 370(19)  3899(32) 2405(24)  0.082(8) e 1216Q9)  L57T149)  135%9)
C6)  508(18)  2389(45) 3309(19)  0.068(7) g‘(gig% 123‘7’82 i:;?‘?? i;‘;g;
€ 4U1IT) - 104033) 400%(19)  0.054(6) C10-C(11) 154727 1516(62)  1454(8)
C® 616  -625(51) 468223)  0078() o 145131)  150647)  1.495(10)
CcO 6640200  -2276(50) 5493(23)  0.098(10)
CO)  712(17)  4532(34) 6248(18)  0.059(6) 2)Bondangles(o)
C(1Y)  1125(22)  -3456(49) 7372(23)  0.103(12) unprimed  primed
0 192( 0)  -542245) 8186(0)  0.1179) molecule( 1) molecule( 1) molecule(T1)
N 2755(14)  -8795(30) 8448(19)  0.068(6) g(gf)‘gg ggg 121:;88 izlgfg
C(I)  2830(20) -10433(59) 9268(23)  0.101(11) 0ODC0) 121:6(1 o 1l 4:2(26) 118:7(6)
C(2)  3545Q21) -12280(50) 9458(29)  0.118(11) CC0)-Cl) 1099200 12423 187D
C@)  4074(15) -1244345) B674(25)  0.08209) CR)-CE)»C5) 129.1(22) 118027 119.7(6)
C4)  3998(28) -10804(60) 7764(25)  0.115(13) N-C(5)-C(4) 118.7Q20) 125.0(19) 122.6(5)
C(3)  3333(18)  -9186(44) 7681(19)  0.066(7) N-C(5)-C(6) 12317 115920  1157(5)
C6) 37721 -745941) 6807(33)  0.111(11) C)-C(5-C(6) 128423) 118623 12175
Ty 321319 -5861(63) 6163(40)  0.1315) CE)-C6)-C7) 12-1(18) 17(3)'3(;2) 137-9:(?
o) s eew sy ome oD@ mer mes i
CO)  3107(22)  -219345) 457326)  0.104(11) B0E-10) i
C(10) 2922026 -26(83) 3814(4T)  0247(34) OO 02707 104807 1065()
C(11")  257120)  -1147(94) 2706(26)  0.221(23) 0-C(11)-C(10) 108.7(18) 102335  1065(7)
o 2630(13) 97(44) 1932(15)  0.124(10)
3)Torsionangles
Compound (I1) unprimed - primed
N 41573 1201 16143)  0071) N "‘S;‘;‘;‘D "“;‘ng)n "“:;"f(‘g)em)
C() 40835  2737(12) 758(5)  0.083(3) PN _8:5(22) s “9) 0:3(5)
Q) 34315 4575013 3920 00903 CUFN-C5)-C(6) 1798(30)  -179334)  17930)
C3) 2829(5) 4870(12) 1341(5) 0.088(3) N-C(1)-C(2)-C3) -12525) 7827 0.1(6)
C4) 28834  3320(11) 222605  0.074(2) C(1}-C2)-CR)-CA) 29(25) 50(28) 03(6)
C5)  35490) 152909) 2347(4)  0.064Q2) C2-C)-CAC5) 19024) 4.6(30) 076
ce  36290) -1579)  3262¢4)  0.067(2) CFCU-CEN 15(26) 62(25) 076)
CH 36783 -191(10) 3W1E4)  0070() CRHC-C5)-06) 1718@6)  1769(4)  -179&8)
CO)  37443) 31 4794  00820) E‘(fgggggm l;gﬁg; 133‘388; g‘;ﬁg
CO  37933) 4890(13) 5M8(5)  0.090) 056 CNC®) 2610 0 J
C(10) 38736) -707%16) 6253(6)  0.1094) C6-C07)-C8)CO) 175(10) e 200
C(11)  42%4(6)  -6120(17) 7308(6) 0.116(4) C(T-C8)-COI-C(10) 164(10) -116(10) 23(10)
0 42753)  -8174(10) 81243y  0.127Q)) C(8)-CO)-CU0-C(L1) 162(10) S410)  143(10)

CO-C(10)-C(11)-0 1788025)  -166.1038)  173.7(6)
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Fig. 3(a). A stereoview of a unit cell packing for (). Origin,
lower left ; b-axis, horizontal, c-axis, vertical. Thin lines
denote hydrogen bonds.

1(a) and 1(b), the molecular conformations of (1) and
(O) arc identical from a statistical viewpoint, and the
lower R factor of 0.066 in the compound (II) may
indicate a high reliability in its geometric parameters.
Therefore the further discussion was conducted only on
the compound (II).

The bond lengths, angles and torsion angles of (II)
are listed in Table 3. The bond distances in the linear
diacctylene chain C(7)-C(8) = 1359(8), C(6)=C(7) =
1.177(6) and C(8)=C(9) = 1.154(T)A are compared with
the respective values 1.39(3) and 1.18(3)A reported for
1 4-diphenyl-1,3-butadiyne” and 1.369(4) and 1.192(7) A
for 1,4-Bis(3-quinolyl)-1,3-butadiyne”. The C(6)=C(7)-C(8)
bond is almost linear [C(6)-C(7)-C(8) = 177.1(5)"). The
angle of C(8)-C(9)-C(10) is 176.1(7)° and the torsion
angle of C(9)-C(10)-C(11)-0 is 173.7(6)°, so that the
diacetylene chain linking pyridyl ring and C(10), C(11),
O group has also nearly linear form. The pyridyl ring is
planar, with a maximum deviation of -0.004(4)A, and
observed bond distances, from N-C(1) = 1.327(6) to
C(H-C2) = L37I(DA, are in agreement with those of
1,4-Bis(3-pyridyl)-1,3-butadiyne'”. The atoms C(10) and
C(11) deviate by -0.56(22) and 0.69(2)A, respectively,
from the best plane of pyridyl. The pyridyl ring is
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Fig. 3(b). A stereoview of a wnit cell packing for (II). Origin,
lower left ; b-axis, horizontal;, c-axis, vertical. Thin lines
denote hydrogen bonds.

approximately perpendicular to the plane defined by
C(10)-C(11)-0, forming dihedral angle of 77.0(7)". The

angles of C9)-CU0-C11) = 10657)° and
O-C(ID-C(10) = 1065(7)° are very close to the
tetrahedral angle.

Fig. 3 represents the stereopacking of the molecules,
viewed down the a-axis. In the packing, hydrogen bonds
hinder specific rotaion which is necessary for
polymerization. As shown in Hg. 3, the dimers are
stacked along b-axis with a repeat distances 5.423A. The
diacetylene chains of a dimer are aligned making an
angle ca. 45° with (010) and the ones of the
neighbouring dimer the same angle with (001). Therefore
in the projection along a-axis, the diyne chains of the
hydrogen-bonded dimers are perpendicular to each other.
The nearest interdimer distance of 3.294(7) A between O
and C(1) [x,1+y,-1+z] confirms that only van der Waals
interactions are present between the hydrogen-bonded
dimers.

In conclusion, the monomer structure of the (I),
although the space group was different, was identical
with the one of () suggesting that both of crystals
camnot be polymerized in the solid state and the crystal
structure might be the most stable structure of PyHxD.
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But, because of its packing condition as shown in Fig 10. K. Swaminathan, U. C. Sinha, M. B. Kamath, S. S.

2, it is possible to polymerize if the hydrogen bond
between pyridyl N atom and hydroxyl H atom is broken

during polymerization.
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