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The Crystal Structure of 1-Phenyl-2-(2-pyridyl)ethanedione-1,2
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The crystal structure of 1-phenyl-2-(2-pyridyl)ethanedione-1,2 has been determined from three-dimen-
sional intensity data and refined by the least-squares method with anisotropic thermal parameters.
The positions of all the hydrogen atoms were found by a three-dimensional difference Fourier synthesis
and included in the refinements. The crystal is monoclinic, space group P2i/c, a=11-45, b=6-55,
¢=1460 A and $=90-4°. The molecular configuration is quite close to that of 2,2’-pyridil, 1,2-di-
(2-pyridyl)ethanedione-1,2. The molecule consists of two planar parts, one of which contains a pyridine
ring, a carbonyl group and its adjacent carbon atom, and the other contains a phenyl group, a carbonyl
group and its nearest carbon atom; the angle between the two planes is 88-1°. The carbonyl oxygen
of the phenyl part of the molecule is shifted from the plane by 0-1 A. The characteristic feature of the
crystal structure is plane-to-plane parallel stackings formed by pairs of pyridine rings and pheny] planes.
The difference between the melting points of the present crystal and 2,2’-pyridil is discussed in terms
of the difference in their crystal structures.

Ve /\
Introduction I | | I
N N

The crystal structure of 1,2-di-(2-pyridyl)ethanedione- /| N7 NN
1,2 (pyridil) (II) has been reported by two of the present } i ‘ 5
authors (Hirockawa & Ashida, 1961). The mode of o o OH
packing of the molecules in the crystal is unique; in 0/ A 0/\/ e Vd
short, it shows a plane-to-plane stacking made by ‘ ‘ HO\ )
four almost parallel pyridine rings, with interplanar ‘
distances corresponding to the normal van der Waals N/\ N o N ™
contact. The molecular conformation of 1-phenyl-2- k 1 k/ u
(2-pyridyl)ethanedione-1,2 (hereafter called PPED) (I) v v
is supposed to be similar to that of pyridil; however, (I) PPED (I0) Pyridil (11) Pyridoin
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the melting point of PPED is 72-73 °C, which is much
lower than that of pyridil, 154-155°C. Such a difference
in their melting points may bz due to some differences
in the mode of contact batween the aromatic rings in
these two crystals. The present study on PPED was,
therefore, initiated in order to obtain further crystallo-
graphic information on the packings of molecules in
the crystals.

The crystal structure of 1,2-di-(2-pyridyl)ethenediol-
1,2 (a-pyridoin) (III) has also been reported by the
present authors (Ashida, Hirokawa & Okaya, 1965).
It may also be worthwhile to make comparison of the
shapes of the three molecules shown above.

The present paper deals with the crystal structure
of PPED determined and refined by using three-
dimensional intensity data.

Experimental

Well-developed crystals of PPED, C,;HgNO,, recrystal-
lized from a methanol solution were kindly supplied
by Prof.D.Oda of the Defense University, who syn-
thesized the substance by oxidation of phenyl 2-picol-
yl ketone (Oda, 1961). The monoclinic crystals thus
obtained are slightly yellowish plates with predominant
(001) faces. The unit-cell dimensions are shown in
Table 1 together with those of pyridil.

Table 1. The crystallographic data of PPED and pyridil

PPED Pyridil
a 11-45+0-02 A 6:41+002 A
b 6-55+0-01 13-03 +0-02
¢ 14-60 +0-02 12:79 +0-03
B 90-4 +0-3° 99-5+0-5°
V 1094-9 A3 10536 A3
Qo 1-28 g.cm™3 1-36 g.cm™3
Qc 1-28 1-36
z 4 4
Space group  P2j/c P2y/n

Three-dimensional intensity data were obtained
from equi-inclination Weissenberg photographs with
Cu Ko radiation. The crystals were rotated around the
b axis (k=0 to 4) and the a axis (A=0 to 7). More than
909%; of the total reflections within the limiting sphere
for Cu Kua radiation were recorded. Intensities were
estimated visually by comparison with a standard
scale. They were corrected for the Lorentz and polariza-
tion factors, and the effect of elongation of reflections
in higher layer photographs was also taken into ac-
count by the method of Phillips (1956). The correction
for absorption was neglected because of the small
size of the crystals used in the experiment. Out of the
2350 reflections recorded, about 700 were too weak to
be observed.

Structure determination

Inspection of the unit-cell dimensions of PPED and
pyridil shows that these two crystals are not isomor-
phous with each other; however, each crystal has one
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short unit-cell axis and it can be expected that the
shape of the PPED molecule viewed along the b axis
is similar to that of pyridil viewed along its @ axis. For
pyridil this projection of the structure was solved by
application of the direct sign determination method.

At first, the direct method was applied to the pro-
jection along the b axis. The formula was Sy=Sy- .
Su.n’, which was first used by Cochran (1952). Al-
though only few reflections are strong enough for sign
relationship (only two, F(004) and F(300), have |U]|
larger than 0-4), signs of about 30 out of 218 F(A0/)’s
were tentatively given with two unknown parameters.
A set of signs out of four possible choices was selected
after some more inspections, and it was used to syn-
thesize g(xz), which is shown in Fig. 1. In this synthesis,
F(004), of which [U|=0-48, was not included, because
it could not be assigned with reliable sign. By comparing
this map with the projection of the crystal structure of
pyridil on the (100) plane, and then adding the contri-
bution of F(004) with plausible sign, the rough layout
of the molecule was determined. This map could not
have been interpreted if the crystal structure of pyridil
had not been determined.

The severe overlapping of atoms in the b-axis pro-
jection thus obtained makes it difficult to find the y
parameters of the atoms by the trial and error method.
Therefore a sharpened, origin-removed three-dimen-
sional Patterson function was synthesized. By compar-
ing this with that of pyridil, the molecular configura-
tion of PPED was established to be quite similar to
that of pyridil, and the relative y coordinates of the
atoms in a molecule were determined approximately.
This was done as illustrated in Fig.2 by selecting a
section of the Patterson function for each crystal; the
section is so chosen as to show the correspondence
of intramolecular vectors for the two crystals. The
molecule was then translated from y=0 to 0-5 by steps
of 0-05, and the R indices for some selected F(#k0) and
F(0kl) reflections were computed for each step. By
choosing the position of the minimum R, a possible set
of coordinates was obtained. The structure factors
were then calculated for some of the three-dimensional

1/3
reflections, and bounded projections, S o(xyz)dz and
1/3 0
S g(xyz)dx, were synthesized; the layout of the mol-
0

ecule was clearly shown in the projections. The location
of the nitrogen atom in the pyridyl ring was deter-
mined by inspecting the peak height of the four pos-
sible positions in the molecule. This choice was later
substantiated by calculating the electron-density func-
tion associated with the hydrogen atoms with the usual
Fo— F, method. No density was found near this nitro-
gen atom in the function; this also rules out the pos-
sibility of disorder between the pyridyl and phenyl
rings.

The atomic coordinates of the non-hydrogen atoms
thus obtained were then refined by the block-diagonal
matrix least-squares method with anisotropic temper-
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ature factors assigned to each atom. After several
cycles, the error index, R, decreased to 1194; then a
three-dimensional (F,— F;) synthesis was made, and
all the hydrogen atoms were found. These hydrogen
atoms were then included in the subsequent refine-
ments; only isotropic temperature factors were as-
signed to account for their thermal vibrations. Finally
the error index, R, decreased to 0-079 excluding non-
observed reflections. The atomic scattering factors
used in the calculations were obtained from Interna-
tional Tables for X-ray Crystallography (1962). Com-
parison between the observed and the calculated struc-
ture factors is shown in Table 3. The final atomic
coordinates and the vibration factors are listed in
Table 2.

The shifts of parameters at the last stage were quite
negligible compared with their standard deviations.
The weighting scheme used in the least-squares refine-
ment is; w=1:0 for |Fops| <250 and w=25-0/|Fons|
for larger Fons’s. Reflections too weak to be observed
were given weights of zero. An analysis of the aniso-
tropic thermal vibration factors indicates that the aro-
matic rings oscillate around the central C-C bond; the
phenyl group has a larger amplitude than the pyridyl
group. The computations at later stages were done on
an IBM 7094 machine at the IBM Research Center
with programs written by one of the authors (Okaya,
1963). Some computations at the initial stage were done
ona NEAC 2101 at the Institute for Protein Research.

Discussion

Bond distances, angles and other interatomic distances
shorter than 40 A were evaluated on the IBM 7094;
they are shown in Figs.3 and 9.

The molecule consists of two planar parts, each
containing an aromatic ring (pheny! or 2-pyridyl) and
a carbonyl group attached to the ring; in each plane
is also found the carbon atom of the carbonyl group
belonging to the other part. The equations of these
planes were evaluated by the method of least-squares.
The equations are:

0-9457X+0-2852Y+0-1556Z—3-7919=0
for the plane of the pyridine ring, and
—0:0962X—0-3131Y+0-9448Z — 4-4509 =0

for the plane of the phenyl group, where X=ax sin f,
Y=by and Z=cz+ax cos f§, respectively. Displace-
ments of the atoms from each evaluated plane are
shown in Fig.4. The C-C bond in the central diketone
group is the intersection of the two planes which make
an angle of 88:1° with each other. This angle is quite
similar to that of 82:7° found in the structure of pyridil.
The nitrogen atom in the 2-pyridyl group and O(p)
are in a trans-configuration around the C(p, 6)—
C(p, 7) bond. The two ketonic oxygen atoms are, as
in the case of pyridil, in a gauche form with respect to
the central C(p, 7)— C(p, 7) bond. Thus, the molecular

THE CRYSTAL STRUCTURE OF 1-PHENYL-2-(2-PYRIDYL)ETHANEDIONE-1,2

Fig.1. An approximate electron-density projection along the
b axis. The Fourier series contains only 30 terms. The final
atomic positions are indicated by dots.

r

(®)

Fig.2. Comparison of two 3-D sharpened Patterson sections.
(a) P(u0w) of pyridil. (b) A section of PPED with the origin
peak removed. The section goes through the origin of the
coordinates and is perpendicular to the [101] axis. The
peaks A, B, C, D and E in (a) correspond to those primed
in (b).
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Table 2(a). Atomic coordinates in fractions of cell edges and their standard deviations in 10-4 A

x a(x) y o(y) z o(2)
Pyridyl part
N 0-18123 33 0-35021 34 0-54276 31
C(p, 2) 0:15339 47 0-40758 48 0-62871 40
C(p, 3) 0-11620 44 0-60321 53 0-65034 43
C(p, 0:10469 42 0-74394 46 0-58125 49
C(p, 5) 0-13250 39 0-69044 40 0-49279 41
C(p, 6) 0-16863 35 0-49216 38 0-47659 35
C(p, 7) 0-20025 36 0-42433 39 0-38338 36
O(p) 0-19539 31 0-53005 29 0-31639 27
H(p, 2) 0-1414 0-2969 0-6680
H(p, 3) 0-0752 0-6480 0-7168
H(p, 4 0-0744 0-8714 0-5963
H(p, 5) 0-1296 0-7840 0-4438
Phenyl part
C(p, 1) 0-44282 40 0-28278 43 0-39991 41
C(p, 2) 0-55844 48 0:23040 58 0-40088 51
Clo, 3) 0-59171 49 0-03429 64 0-37578 55
Clo, 4) 0:50969 54 —0:10482 51 0:34698 52
C(p, 5) 0-39244 44 —0:05402 42 0-34587 41
C(p, 6) 0-35927 37 0-14286 37 0-37174 33
Clo, 7) 0-23401 38 0-19704 37 0-37074 30
O(p) 0-15580 27 0-07937 26 0-35408 26
H(p, 1) 0-4173 0-4075 0-4167
H(g, 2) 0-6189 0-3347 0-4238
H(p, 3) 0-6828 0-0269 0-3670
H(p, 49 0-5360 —0-2583 0-3338
H(g, 5) 0-3209 —-0-1614 0-3258

Table 2 (b), Anisotropic temperature factors for non-hydrogen atoms
The #’s are used in the expression: exp {—(B1142 + B22k2 + 3312 + B1ohk + B3kl + Ba3kl)}.

bu B2 B33

Pyridyl part

N 0-0133 0-0353 0-0054
C(p, 2) 0-0161 0-0417 0-0054
C(p, 3) 0-0125 0-0473 0-0068
C(p, 4) 0-0114 0-0349 0-0092
C(p, 5) 0-0107 0-0301 0-0074
C(p, 6) 0-0093 0-0289 0-0054
C(p, 7 0-0100 0-0305 0-0058
O(p) 0-0179 0-0360 0-0065
Phenyl part

C(p, 1) 0-0099 0-0373 0-0078
C(p, 2) 0-0117 0-0535 0-0100
C(op, 3) 0-0117 0-0581 0:0108
C(p, 4) 0-0146 0-0409 0-0105
C(o, 5) 0-0123 0-0341 0-0078
Cl(op, 6) 0-0108 0-0319 0-0050
Clo, 7) 0-0113 0-0317 0-0039
O(p) 0-0118 0-:0317 0-0075

Table 2 (¢). Isotropic temperature factors for hydrogen
atoms in 10716 cm?

H(p,3) H(p,4) H(p,5)
4-5 6:2 5-1
H(p,2) H(p,3) H(p, 4
89 9:5 7-1

H(p, 2)
53
H(p, 1) H(p, 5)

4-0 85
configuration of PPED is very close to that of pyridil;
this is again illustrated in Fig.6, which shows a mol-
ecule of PPED viewed down the [101] axis. Similarity
of this figure to the projection of the structure of
pyridil along its b axis (see Fig.1 of Hirokawa & Ashi-
da, 1961) is striking. Then, as will be discussed later,

AC21 -4

B2 B3 B2
0-0040 —0-0008 —0-0000
0-0034 - 0-0007 —0-0014
0-0029 —0-0007 —0-0065
0-0044 0-0009 —0-0084
0-0007 —0-0004 —0-0001

—0-0010 —0-0007 0-0003
—0-0011 —0:0000 0-0009
0-0009 0-0000 0-0094
—0-0002 —0-0002 —0-0040
—0-0012 —0-0025 —-0:0070
0-0078 0-0015 —0-0013
0-0077 0-0037 —0-0027
0-0033 0-0025 —-0-0017
—0-0003 0-0011 0-0012
—0-0019 0-0005 0-0006
—0-0070 0-0000 —0-0027

a difference in the mode of packing of the molecules
explains the difference in the melting points of these
two compounds.

The bond distances and angles in the pyridine ring
are, as a whole, very close to those of pyridil or of a-
pyridoin, and also to those of the free pyridine molecule
and other compounds with pyridine rings; also normal
is the configuration of the phenyl group. The dimen-
sions of the central part of the molecule, the diketone
group, are also very close to those of pyridil; the central
C-C bond is a pure single bond, C(p, 6)—C(p, 7) and
C(p, 6)—C(p, 7) are slightly shorter than the single
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Table 3. Comparison between the observed and calculated structure factors
The values have been multiplied by 10.

£O FC FO FC FO FC FO fC F0 ¥C FO FC FO £C FO FC £ FC O FC
MeKm 0. 0 Heke 0y 1 MukKm 7o L HeKm 1, 2 HeKe 9 2 HoKs &y 3 HoKx 137 3 Hykn 7, & HyMa 4y 5 HK= 8, &
L=413101612 Lal 244 260 5 32 46 16 0 12 7 4 4T 1 S 13 25 26 14 0 5 7 27T 20
6453432 2 TITTElL 6 O 5 1T 6 1 8 39 &0 a 13 16
R 376 34R 3 4T7 46T T 61 70 18 T 12 9 3 33 Hokw 84 & Hykm 5, S 9 0 1
10 80 82 4200217 8 10 S 10 27 24 Ls0 58 62 L%0 16 12 10 0 7
14 o 3 S 308 J08 9 1& 23 MH,kx 2, 2 22 23 1 32 39 T 7R A
1A 33 28 6 441 488 10 31 31 L=0 330 34 12 14 13 2 032 32 2 13 15 Kk 7, 6
18 23 20 7160 184 11 0 3 1397 350 13 12 12 3 0 14 3 13 17 te0 0 8
8247249 12 0 1 2290282 16 0 & 4 70 76 4 56 42 1 0 4
Mekm 1, 0 9 39 30 13 3¢ 33 3 713 80 5 61 86 5 79 87 2 0 1
L=2 756 739 10 60 59 14 32 30 4 118 113 HKX= 10, 2 6 15 12 & 0 9 3 13 21
4 61 S1 11 79 87 15 17 18 5 0 7 L=0 62 &7 T 0 13 7 39 40 & 0 13
6 9 17 12 0 4 16 0 & 6 72 62 1 9% 9 e 14 18 0 11 5 0 &
8 56 66 13 93 87 7198 203 2 48 55 9 1 9 18 8 & 0 13
10 33 30 14 16 15 H,k= 8, 1 8 «l 3 6T 64 10 o© 10 051 39 7T 0 &
12 61 55 15 16 27 =0 © 9 31 37 4 45 52 1 25 23 11 0 8 0 2
1 0 6 16 22 23 116015 10 6% T0O 5 3& &5 12 0 & 12 11 9 9 22 23
16 33 33 17 13 12 2 0 15 11 39 4 & 0 3 1311 14
16 28 32 18 10 13 3 34 &3 12 13 17 7 0O S HeXa 9, 4 Hek= 0y 7
4 22 29 13 66 64 8 15 12 LR0 26 30 H,km &, 5 Lxl 14 9
HoKm 2, 0 MeKs 1y 1 5 55 62 14 25 29 9 26 29 0 8 La0 51 &5 22 20
0 118 19 3 11 9

L0 330 337 =D 219 281 6 32 41 15 17 15 10 0 &
0

1
2

2 247 247 1 467 492 7 9 16 0 11 11 o & 3 0 12 2 o 10 4 0 -
4 202 191 2 18 &1 8 88101 17 23 1& 12 0 9 3 4 27 21 3 63 64 5 35 3
6 152 153 3 524 520 9 4 18 0 & 13 0 13 5 23 19 Heks 1i & 5 48 51 6 0 12 6 22 17
8 25 29 4 37 37 10 21 21 6 27 14 Ls0 37 30 6 46 47 5 Se ST T 0 o0
10 846 73 5 289 272 11 31 36 H,Ks 3, 2 HyKa 11, 2 T 0 2 1 169 142 7T 0 6 59 3 8 2
12 225 213 6 21 22 12 46 SO L«0 133 137 =0 o 1o 8 17 15 2 31 30 8 20 19 T 55 67 9 29 26
Te 47 ek T 253 259 13 46 44 L 9% 9 1 0 7 9 30 31 3 1 s 9 0 11 8 37 36 10 26 22

16 40 40 8 34 38 14 21 22 2 164 172 2 21 28 10 0 S 4 60 81 10 0 5 9 29 3
18 30 29 9 180 175 15 10 12 3 84 91 3 0 1s 1n 0 12 5 181 175 11 o 2 10 0 3 Heke 1y 7
10 3% 2 4 103 98 4 30 36 12 16 22 6 147 138 1112 17 L=0 11 15
HiKa 3, Il 66 65 MK= 9, 1 S 164 134 s 3 13 0 20 7 97 91 H,ks 10, 4 12 1& 11 1 22 23
L=013631492 12 63 75 L=0 23 31 6 192 189 6 164 15 1% s 8 34 32 Lv0 0 2 13 0 & 2 28 30
2 856 812 13 74 83 1 85 82 7 118 180 7 26 26 15 20 15 9 130 125 3 3 14 10
4 281 273 14 32 35 2 184 187 s 18 7 8 13 12 16 10 15 10 15 22 2 14 22 Hek= 7, S & 0 2
6 87 103 15 16 17 3 146 166 9 32 32 9 0 11 56 60 3 6 La0 12 &3 s 22 17
3 14 & 16 14 12 4 124 134 10 0 ] 10 0 T HeKm &, 3 12 30 3 4 31 29 1 &1 47 6 22 20
10 18 16 17 T 7 5 46 54 11 36 &0 11 13 16 L=0 70 76 13 26 26 5 26 23 2 33 42 T 18 12
12 14 15 18 0 3 6 33 &5 12 13 16 1109 108 1& 0O 6 18 17 3 31 40 s 0 7

14 &1 57 Tl T 13 o 3 MK 12, 2 2 69 1% 15 37 37 T 12 21 4 36 39 9 7

16 12 1 Hyk= 8 32 3% 14 18 19 t=0 29 32 3 12 15 16 0 10 8 0 10 5 0 1 10 9 1

18 8 11 L=0 112 117 9 30 3 15 0 L2931 4 14 17 9 0 5 & 0 12
1500 516 10 20 23 16 0O 8 2 44 &1 5 26 33 W= 2, 4 10 0 10 7 22 23 Meke 2, 7
Hekz 6y O 2166 166 11 22 20 17 0 5 3 28 29 6 0 10 te0 27 21 8 17 16 Ls0 O S
LsD 735 744 3 43 61 12 16 15 422t 7 23 20 121 n 4 9 23 20 1 0 &
2 529 488 & 370 356 13 31 32 H.Rs 4, 2 5 12 1é 8 18 25 2 185 170 10 10 12 3 2 o 2
4 337 324 5 37 36 14 0 10 LeD 106 88 6 12 1 9 15 17 3 269 261 15 21 11 12 1S 3 0 11
6 116 111 6 138 138 1331 318 7 0 11 10 3 4 67 68 3 12 0 3 4 0 4
8 130 120 7 97 98 H,Ka 10, 1 2 49 55 8 0 7 11 52 %0 s 0 15 9 s 31 23
10 93 8) 8 65 78 L=0 53 Sl 3 145 156 9 0 11 12 18 20 6 61 11 14 20 H,k= 0, & 6 25 25
12 68 &7 9 64 65 117 19 4 286 267 13 1 7 108 106 18 120 33 36 7119
14 86 80 10 23 25 2 o 1n 5 205 200 M,K= 13, 2 14 23 20 8 8 8 115 18 8 15 15
16 0 T 11 3& 35 3 0 19 6178 165 L=0 O 13 22 22 9 149 148 3 2 a6 &2 9 9 9
18 [ 12 108 118 4 23 24 T 48 61 1 26 ) 0 12 12 0 3 24 27 10 [

13 109 115 5 17 18 8 182 174 0 13 Hyk3 T, 3 11 8s 92 4 124 112
HeXe S, 0 16 &6 S8 6 32 45 9 111 109 3 17 17 Le0 114 105 12 “ S 264 30 M= 3, 7
L=0 416 394 15 18 9 7T 14 20 10 8 57 4 17 1 13 32 » 9 6 21 18 L=0 10 9
78 16 8 13 A 0 0 it 0 10 s 0 2 26 29 1s 32 29 2 T 18 a7 1 28 24
4 81 66 17 0 S 9 0 1 12 0 1 6 16 1S 3 82 63 15 o0 7 o 3 14 11 2 13 1
6 25 24 18 18 20 10 0 13 13 &1 62 T 0 o 4 25 2¢ 16 0 O 8 9 0 3 3 10 7
8 33 3¢ 11 0 9 s 0 11 s 12 80 o 10 15 16 “ 9 2
10 0 5 Hyxm 3, 1 12 0 1 15 13 18 HK= 14, 2 6 18 21 Kz 3, & 1m0 7 s 9 1
12 111 110 L=D 611 474 13 12 17 1 8 9 T 35 36 L=0 26 26 18 12 26 19 6 26 22
14 111 97 1 732 134 17 12 12 1 ° 5 8 0 1 1 67 65 13 0o 2 7 0o 2
16 0 1 2 155 153 Hek= 11, 1 2 0 3 9 15 19 2 92 8 s 8 16 1e
3 70 13 L0 &7 Sl H,Xa 5, 2 30 9 10 16 17 3 58 52 66 66 Mykm 1, & 9 13 11

HyK= &, O « 81 72 1 s ol L=0 321 307 11 14 19 4 74 18 48 46 a0 0 O
L0 171 178 5 93 103 2 23 33 1226 211 H.,Xe 04 3 1 5 200 191 48 41 1 0 2 Hexs &y 7
2 409 384 6 126 115 3 0 2131 118 L=l 31 &8 1)} 28 28 6 3 4 130 127 2 22 19 =0 15 21
4 35 45 T 135 141 4 0 10 3 21 25 2130126 16 0 & 7 0 11 5 126 109 3 0 6 1 0 i
6 36 35 8 169 165 s 22 21 4 48 &2 3 167 168 15 12 19 8 25 24 6 13 12 LIRS 2 &2 31
8 o 2 65 10 6 0 & 5 13 13 1% 9 20 23 Ty 7 5 48 48 3013 16
10 50 S0 10 29 3% To0 1S 6 60 T0 S 34 37 M= 8, 3 10 Tl &6 8 20 25 6 29 30 4 12 9
12 46 46 11 30 32 8 0 14 7137 137 6 46 48 La0 14 12 11 40 &5 9 13 12 7 [ s 0 7
14 46 39 12 0 9 0 s 13 T 7 1 25 25 12 15 19 10 14 18 8 16 13 s 13 13
16 0 &6 13 70 19 10 0 13 9 64 66 8 60 62 2 21 21 13 20 22 11 S1 46 9 9 9 7T 10 1
14 16 5 11 0o o 10 0 2 9 0 12 3 18 23 1« 22 ) 1 9 10 15 18 8 15 18
HeK= 7, 0 15 0 1 12 0 1z 11 0 I 10 &3 65 4 10 11 15 0 6 13 12 14 11 0 & 9 0o 1

L0 105 101 16 © 12 0 13 11 0 10 s 10 13 18 0 8 1 9 T 12 17 171
0105101 17 13 12 H,K= 12, 1 13 0 1S 12 30 25 6 21 27 15 15 14 13 5 & M= 5, 7
2 206 2% 18 0 3 L3O 2 1& 1« 10 13 3 37 T 0 17 Hexz 4y 4 te0 12 14
4 0 12 1 Q S 15 0 1 14 0 1 8 10 17 =0 25 26 H,K= 1, 5 H,Ka 2, & 1 o 5
6 0 & HMKs &y 1 2 23 28 16 0 2 15 2% 23 9 0 2 1 ta0 77 72 (=0 3! 38 2 0o 1
8 17 19 L0 355 354 3 41 4y 17 0 7 16 0 8 10 0 & 2 137 115 1 17 10 1 89 91 3 0 1
10 0 & 1 187 191 4 21 26 17 0 &6 11 26 31 3 65 69 2 34 36 2 26 18 4 28 25
12 713 s8 2 42 48 5 0 3 Mk &y 2 12 14 12 4 B8 97 31T 13 3 29 3 5 20 19
14 50 &1 3 204 197 6 0 S L0 201 197 M,k= 1, 3 13 0 O s 12 M 4 0 2 « 12 . 6 12 12

16 0 13 « 60 70 7 0 15 1175 173 L=0 228 197 14 0 © 6 45 48 s 50 4l 5 29 3 T 0

5 e 70 8 0 3 2 94 89 1210 256 T 25 26 & 10 13 6 22 20 8 14 17

HeXe 8, 0 6 0 & 9 0 3 2 ¢ 2 55 49 HXs 9, 3 8 0 o 7 56 49 7 16 20
L=0 23 28 T 0 9 10 0 S 4127 130 3 94 102 L=0 18 25 9 70 &3 8 10 9 8 14 12 H,X= b, 7
2 55 52 8 6 5 21 2 “ 9 13 1 0 6 10 31 34 9 17 27 9 0 & L=0 0 2
4 29 29 9 &7 57 H,K= 13, 1 & 26 29 5 35 a7 2 18 16 11 0 19 0 10 10 9 9 T 0 9
6 74 159 10 0 14 L=l 8 12 T 98 95 6 16 22 3 21 28 12 50 48 11 24 26 11 0 & 2 0 4
8 114 105 11 T« 80 2 0 12 8 65 63 7 St S0 4 21 3¢ 13 31 32 12 16 18 12 10 11 3 0 S
10106 96 12 0 8 3 21 22 9 20 26 8 26 3 5 48 54 14 14 14 13 20 17 « 0 5
12 0 6 13 56 66 4 264 23 10 18 19 9 61 68 6 17 26 15 0 5 16 9 11 HXa 3, & 5 18 15
14 120 111 16 29 29 s 0 5 11 13 19 10 0 4 7T 33 38 15 13 15 (=0 26 35 & 0 6
- 15 15 11 6 0 @ 122 12 18 11 8¢ 90 8 22 27 Hyke 5, & 1 12 5 7T 0 o0

HoK= 9, 0 16 0 T 0 3 13 0 - 12 26 32 T 0 3 L=0 54 52 HeXx 2, S5 2 1« 21
L0 0 0 17 & & 8 0 5 1% 0o 0 13 25 37 10 0 9 1 17 26 t=0 S5 60 3 52 55 Hyk= 7, 7
2 42 37 18 o 10 15 13 11 1« 26 27 11 2«6 22 2 51 S0 1 68 T2 4 74 80 L=0 O -
4 0 9 HeKe 16, 1 16 8 6 15 45 46 12 12 18 3 103 104 2 33 el 5 16 26 1 0 0
6 114 101 Hexke S5, 1 L20 12 14 18 T e 13 11 18 4 48 5Y 365 66 6 18 18 2 13 13
8 30 26 t=0 15 7 1 2« 23 2 17 14 18 5 14 15 4 58 6l T 13 9 3 21 19
10 94 88 355 332 2 0 3 3 Hex= 10, 3 6 20 23 S 100 96 B8 28 24 4 15 12
12 0 o0 13 1 o 12 1 140 137 H,km 2, 3 L=0 23 25 T 39 44 & 55 58 9 12 12 5 0 &

3
214 225 4 ] 4 2 46 48 L=0 355 )37
5

1
2
3 1
4 109 121 0 13 3 64 &) 1 23 22 2 o 1 9 66 64 8 117 120 11 0 & H,Xs 0, 8
HyK= 10y 0 5 128 126 4 39 &2 2 273 256 3 0 B8 10 0 8 9 T1 &8 12 6 1 =0 11 8
L0 o T 6. 158 14B HyK= 0, 2 5 61 &l 3178 187 4 0 3 11 51 57 10 11 14 115 11
2 50 54 7 150 149 120 130 146 6 «0 38 < 83 8¢ 5 23 26 12 0 9 11 32 25 H.K= 4, 2 1 e
6 32 29 8 41 39 1 146 140 T 0 & 5 54 57 6 14 18 13 0 12 12 29 31 =0 13 11 39
6 0 20 9 55 52 2 361 358 8 80 82 6 101 93 T 32 37 14 [ s 13 12 1 31 32 4 1e 14
8 L 0 1 e 9 3 214 200 9 36 39 T 3 15 19 15 ¢ 10 14 12 12 2 o T 5 0 1
10w o012 11 0 5 4 18 80 10 0 3 8 37 41 9 0 5 3 010
12 0 5 12 14 s 5 12 6 11 26 28 9 S0 50 10 0 4 HiKe 6, 4 Hyk= 3, 5 4 22 2% Hexm 1, 8
13 97 107 6 389 369 12 0 3 10 0 s 11 ] 1 L=0 110 93 1L=a0 42 46 5 0 2 L0 O 1
HyK= 11, 0O 14 22 25 T 35 35 13 15 18 11 o 11 12 0 4 1103 99 1 o 3 6 25 27 1 o 1
t=0 1 15 17 20 8 15 8 4 0 8 12 0 7 2 0 & 2 89 88 7 4 2 28 21
2 0 o 18 o 0 91264 125 15 0 9 1} 46 50 H.k= 11y 3 3 105 105 3039 a6 e o 7 31 .
4 0 3 17 o T w0 718 78 14 33 35 =0 14 11 3 105 105 4 108 117 9 0 3 “ 0 &
6 41 &0 . 11 50 S5 H,K= 8, 2 15 11 1) 1 16 16 4 Ile 109 5 1264 139 10 20 20 5 13 13
B 61 48 Hks 6, 1 12 0 18 Lx0 54 5S¢ 16 0 © 2 16 25 S 171 166 6 ©0 10 11 11 10
10 0 S L=0 190 192 30 28 17 1117 3 0 4 6 B4 84 7 51 S8 12 0 10 Hxr 2, 8
12 L] 1 226 242 o 4 25 27 7 20 25 3 0 3 L=0 13 12
2 344 346 15 26 Heks 3, 3 s 0 9 8 15 20 9 45 S0 H,Ks 5, & 1 16 15
Heke 124 0 3 17 85 60 59 L=0 22 25 6 17 21 .9 26 30 10 3¢ 43 w0 18 22 2 21 18
10 0 1 4 92 94 32 32 1 25 22 7T 0 4 16 0 T 1l 13 15 1 0 & 3 0 8
2 0 3 s 39 53 42 48 2 0 4 8 12 12 11 44 46 2 9 & 2 12 16 4 27 24
4 0 1 6 0 A8 49 3 35 36 9 5 12 15 22 13 18 21 3 12 10 s (]
6 0 3 7 o 13 36 41 4 37 28 10 0 7 13 20 21 4« 0 0
8 16 18 8 31 40 0 & 5 61 67 14 0o o 5 0 0 Hyxe 3, 8
10 0 T 9 17 17 0 1s 6 49 52 HuK= 124 3 Hok= 4, 5§ 6 0 8 L=0 0 4
10 17 21 15 15 7 0 5 L%0 0 12 HeXs T3 & a0 O O T 30 20 1 o 2
Hoks 13, O 1 0 6 0 - 8 30 34 1 8 15 Lw0 &4 55 1 90 9& 8 20 1& 2 0 2
=0 0 T 12 0 10 12 15 9 28 27 2 11 10 115 14 2 13 19 9 13 1 3 0 5
2 40 30 13 &1 38 2 10 26 31 3 10 16 2 62 &6 3 55 59 10 1 17 4 11 14
4 13 7 4 0 3 0 1 11 52 59 4 10 10 3 82 99 4 63 62 1 21 18
6 25 23 15 0 14 12 15 17 5 20 19 4 28 271 5 13 24 HyKn &, 8
8 15 15 18 o 11 9, 2 13 0 1o & 21 20 5 S4 62 6 56 54 HKm &, 0 o0 2
0 177 166 164 29 31 7 2% 25 6 26 28 T 46 51 Le0 13 1 0 3
HiKe 14, 0 HeKe 7, 1 1125 125 15 16 16 8 0o 3 T T2 14 8 58 48 1 o 2 13 12
L=0 0 2 L=D 194 195 2 104 91 16 22 24 3 15 9 25 23 2 12 12 3 o0 n
2 13 10 1 104 102 3 0 1 17 0 2 HuK= 13, 3 9 40 44 10 29 27 3 4
4 18 13 48 54 4 60 60 La0 0 4 10 14 20 11 12 15 4 18 22
6 0 7 3 66 69 36 37 HeK= 4, 3 1 o7 1 18 18 12 5 o 1
4 0 19 o 1 L=0 97 102 2 L] T 12 14 12 13 10 1% 6 0 1
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Table 3 (cont.)

FO FC O FC FO FC
HeKe <1y 0 HeKs =1y 1 Hyke =9, 2
Le2 236 239 L=l 696 Ta4 L= 70 73
4 903 902 2 107 122 2 0 o
6 378 345 3 241 250 3 64 64
8 190 167 4 591 615 & 62 63
10 131 114 5 168 170 5 20 22
12 92 17 6 0 &
14 31 29 7 151 168 T 66 65
16 0 14 8 235 248 8 11 29
18 56 49 9 187 172 9 0 10
10 147 150 10 0 o0
HyKz =2, 0 11 135 l4& 11 36 3¢
L=2 146 150 12 203 214 12 12 5
4 37 43 13 106 113 13 0 5
6319298 14 0 8 14 0 10
8 68 67 15 20 25
10 16 12 16 &1 &4 H,Ka=10, 2
12 23 22 17 T & L=l 36 43
t4 0o 1 18 11 1% 2 22 29
16 11 57 3 16 18
18 10 5 H,Ks =2, 1 4 64 &7
L=l 233 249 5 98 90
HeKe -3, O 2 103 110 6 9
L22 233 245 2 103 110 T 3% 31
& 166 166 3 338 341 8 60 S
6 4TT 449 4 163 160 9 51 43
8 148 129 5 235 230 10 36 36
10 59 S6 6 209 201 11 o0 s
12 28 27 7 161 156 12 0o 1
16 11 15 8 106 111 13 8 15
16 21 12 9 121 112
18 28 29 10 165 152 HeKeell, 2
nore 17 a1 0 0
HyKz =4y 0 12 10 18 2 12 16
Ls2 85 79 13 & 20 315 15
13 16 0 5 4 36 38
6 175 172 15 26 24 5 12 12
8 120 106 16 23 26 6 52 49
10 26 31 17 25 20 7 0 5
12 31 32 18 16 21 8 30 28
15 11 8 9 0 0
16 29 25 H.,K3 =3, 1 10 12 9
i8 15 17 L=l 235 262 11 o 2
2 200 201
HiKe =5, 0 3 46 49 HyKm=12, 2
L=2 105 102 & 107 103 Ltet 0 2
2 105 t02 5 253 278 2 0 5
4 262 249 6 150 15 3 ] 1
6 65 S& T 34 37 & 0 7
8 156 130 8 54 56 5 0 14
10 20 15 9 39 39 6 0 8
12 85 80 10 46 49 7T 0 &
14 26 13 11 32 35 8 23 17
16 53 38 12 14 & 9 0 6
13 79 84 10 o 2
HyKe <6, 0 16 43 53
L=2 309 298 15 0 S H,K3=13, 2
263 2% 16 8 17 L=l 0 &
6 378 351 17 13 16 2 0 2
8 0 17 18 9 12 [ Y
10 68 T4 MyKa=1ls 1 5 35 35 « 0 s
12 24 17 HeKe =4y 1 L=l o 13 6 51 &8 5 30 29
14 15 14 L=l 139 142 2 14 20 T 0 14 6 16 11
16 o0 7 2 231 225 3 17 25 8 3& 37 T 16 15
3 146 163 4 32 38 9 18 26
HiKe =7, 0 4 138 148 5 28 28 10 66 59 HKs=lé, 2
1=2 25 23 5 96 97 6 16 19 11 40 48 L=l o 9
“ 46 35 6 65 12 T 30 32 12 26« 23 2 0 3
6 0 18 711 15 8 23 25 13 36 5 30 e

1032 36 9 66 67 10 0 3 15 0 & Hes -1, 3
12 0 2 10 80 90 11 10 12 16 15 10 L=l 313 310
1« 0 13 11 66 67 2 5 1 2 379 362
16 33 30 12 67 69 3 198 208
1339 43 =-12y 1 RyKm -6y 2 4 165 157

HyK= -8, 0 1e 9 1 26 26 Lol o 5 20 22
L=2 30 28 15 9 13 [} 2 0 10 6 169 159
4 28 29 16 0 0 3« 38 3 59 52 7 105 112

6 20 17 17 23 17

8 0 3 18 0 13 s 21 30 s 62 59 8 142 148
Q

HeKm =5, 7 13 13 7T 29 27 10 0

i Se 1
1« 0 & L=l 158 157 8 0 9 8 22 12 11 33 37

2 73 8 9 0 2 9 S8 63 12 52 50

Heka =9, 0 3 8 9 10 0 5 10 36 33 13 14 16
L2 23 23 4 16 9 11 0 0 16 46 46
4 112 100 S 296 295 H,K==13, 1 12 31 32 15 1) 15
6 80 T4 6 101 104 Lel 16 12 13 36 34 16 0 7
8 16 9 7T 26 30 2 0 6 14 10 13 17T 20 23
10 22 18 8 o 1 3015 18 15 0 1e
12 32 25 9 12 12 4 15 21 16 16 12 H,K= =2, 3
14 o 11 10 105 103 s © 0 L=1 203 196
10 105 103 6 11 17 Hyke ~T7, 2 2 33 «0
HyK2-10, 0O 1 10 Te 7T 10 12 L=l &5 39 3 99 112
L= 0 1 12 &6 S& B 0 & 2 80 17 4 184 186
4 21 22 13 0 10 3 22 30 5 64 T2
6 0 13 16 0 8 HKka-léy 1 4 16 3 6 89 88
8 42 28 15 0 9 Lst O 8 5 15 12 7177 160
10 15 10 16 0 6 2 0° 8 6 9 8 102 111
12 18 14 1r 20 15 I 4 T 0 4 9 30 43
4 0 6 8 0 17 10 17 20
HeK==1l, 0 H,\Kz =6, 1 5 16 21 9 0 11 1 15 17
L=2 56 51 Lxl 36 38 10 107 108 12 15 18
4 26 21 2 72 10 Mk= -l, 2 1L 16 12 13 0 &
6 58 43 3 89 93 L=l le2 1647 12 86 S& 16 0 7
8 0 5 4 93 101 2251255 13 31 29 15 0 18
10 16 15 5 97 107 3128 126 16 35 32 16 0 1
12 21 14 6 o0 4 43 4 1S 0 6 17 0 5
7 0 1 s 2r 21 16 0 2
HyKs=12, 0 8 T0 717 6 253 227 HoKz =3, 3
Le2 18 11 9 46 55 T 277 256 H,Kz ~8, 2 L=1 129 119
4 0 13 10 0o 1 B 43 46 Lzl 48 49 2 89 98
6 20 23 Il 14 18 9 32 31 36 35 90 113
8 18 17 12 29 » 10 113 120 62 57 75 19
10 28 25 13 42 s1 11 18 0o 8 68 67

2

3

.

s

HeKa=13, 0 15 0 T 13 67 65 6

L=2 28 22 16 17 21 14 56 65 7

4 0 10 1T° 0 2 15 32 3T 8

6 0 1 16 0 0 9
B 0 S Hkkm =7, 1 1T 12 9 10 &1 35 11 34

11

12

13

16

15

HeKx=14, © 2 112 107
Lez 25 23 3 56 S8 HeKs =2, 2
« 0 s 4 26 28 L=1 236 232
6 0 7T 5 59 &6 2 329 319
6 13 L& 3 338 333 17 o

bond, showing a little double bond character, and the
two C-O bonds are close to the pure double bond.
There is one interesting feature in the configuration
of the present substance. The keto oxygen atom closer
to the phenyl group, O(g), is shifted from the phenyl
plane by a significant amount of 0-10 A. The displace-
ment corresponds to an angle of 4-8° between the bond
and the phenyl plane. No such deviation from planarity

O FC FO FC FO FC
HeKz =4y 3 HyK==12, 3 HyKz =6, 6
Lal 168 169 L=l 0 10 4 49 48

2 173 159 2 0 & 5 0 15
3 50 48 3 16 17 6 0 13
4 162 146 4 10 T 0 7
5 81 717 5 10 12 A 12 12
6 59 &7 6 0 & 9 26 26
7196 185 7 0 1 10 o 7
8 140 150 8 o0 2

10 0 5 Hexs-13, 3 sl 0 7
11 24 31 =1 © & 2 29 35
12 56 55 2 0 5 317 11
13 22 20 30 3 4 33 37
s o0 3 4 0 7 s 18 20
15 o 3 5 11 14 6 0 7
16 0o 8 6 0 6 70
8 0 &
HyKs =5, 3 Hyks -1, & 9 18 17
Lel 97 T4 L3l 11 5
2 0 6 2 26 13 HyKs =1, 7
3 18 13 3 17 2r L=1 3
« 177 163 4 18 715 2 0o s
5 9 87 s & 313 10
6 62 67 6 93 90 « 0 1
7 17 33 7 65 6l S5 14 12
8 126 135 B 94 90 6 21 25
9 52 60 9 108 107 713 11
10 30 29 10 12 8 0 2
11 51 s2 11 0 9 0 s
12 3¢ 39 12 1 o 0 9

16 9 12 16 © 2 5
3 18 23

KoKz =6, 3 Heka =2, & « 31 28
L=1 28 3% L=l 12 12 s 0 10
2 69 80 2 51 &5 6 0 &

3108 1le 3 19 T4 7 0 10

4 31 41 4 37 35 8 0 3

[ 2 5 66 b4 9 0 4

10 20 21

2 17 21 L=l 62 62 2 HeKe =4, 7
3 88 95 2 31 39 30 tsl 0 &
4159 156 3 1s 16 o sl 2 13 17
5 &1 38 4 25 24 5 0 6 315 18
6 A6 9% 5 22 20 6 0 0 & 17 17
T 149 159 6 31 3 7 ] 2 5 18 19
8128133 1 0 3 8 0 5 & 0 0
9 33 & 8 o 1 HyKk==12, & 9 ] o T 15 16

10 72 70 9 28 29 L=l 26 24 10 0 2 A 0 &
11 0 5 10 78 70 2 20 15 11 0 5 9 25 25
12 s¢ 52 11 0 3 6 s 12 6 8
13 1« 12 12 0 0 & 0 & 13 5 8 HKs =5, 7
14 26 21 13 ° 8 5 o 11 L=l 20 25
15 16 20 16 0 2 6 0 5 Hks-2, 6 2 0 2
15 0 2 Lal 41 46 12 10
HKs<-8, 3 16 0 5 HKs-1, 5§ 2 12 13 112

3
o
Lel 17 30 Ll 44 45 321 3% s 20 13
2 0 3 [ 1
7

B HeKs -6y & 2 39 38 « 21 32
3 33 35 La1 68 72 3 65 63 5 15 14 1n o7
« 0 12 2 18 22 4 14 21 6 36 36 8 0 s

5 110 113 3 28 23 5 55 60 7 31 33
6 48 53 « 31 33 6 0 8 23 20 HiKe -6y T
T 10 19 5 21 25 T B2 Tl 9 13 19 sl 15
8 0o 7 6 98 95 8 80 80 10 9 9 2 12 15
9 0 1 7 98 96 9 10 10 11 0 0 3 16 20
10 16 20 8 78 73 10 26 28 12 10 10 “ 12 1
11«6 46 9 26 26 11 23 20 s 11 6
2 0 3 10 o0 12 12 15 HiKs =3, 6 6 0 &
7 6 10

6
13 26 28 11 3% 35 13 14 11 L=1 &9 80
14 7 14 9 8 2 52 60
13 18 21 15 16 18 3 63 65 Hyk= =7, T

HeKz =9, 3 14 0 3 4 121 122 =1 15 15

L=l 0 B 15 26 25 H,Kk= =2, 5 5 63 68 2 0o o
2 46 43 =1 1112 6 0 3 3 0 2
3 37 39 Heka -5, & 2 12 1% 7 28 30 4 15 12
4 45 56 Lsl 20 19 3 42 43 8 35 32 5 16 12
S 0 & 2 19 80 4 103 106 9 0 0
6 &3 &2 3 0 & S 55 52 10 8 I3 Hyke -1, 8
T 21 22 4 0 7 6 28 3% 11 20 25 tal 14 10
8 35 46 5 17 1 7 35 38 12 0 ) 2 21 23
9 30 29 6160 133 A 6l Té 3 23 17
o o 8 7T 15 32 9 15 19 HuKm =&y & “« 0

2
1 10 12 8 28 36 10 29 3¢ L=l 33 37 s 0 1
12 0 5 9 15 21 11 15 19 2 53 Sb

13 8 12 10 0 11 12 9 15 3 15 25 Hyk= -2, 8
1114 13 13 0 8 « 45 53 trl 16 13
HyK=-10, 3 12 20 22 1 17 19 5 59 63 2 10 10
Lal 18 22 13 8 14 6 12 17 3 0 0
1M 16 0 T MKz =3, S 7 0 13 “ 15 13
3 .21 20 15 0 1 il 113120 8 13 7 s 1
4 46 49 2 88 97 9 31 31
5 60 59 H,Ke -6, & 3 80 92 10 13 11 Hk= -3, 8
6 32 36 L=l 0 6 e« 12 2 11 0 10 L O 1
7 0 6 2 5 23 29 12 1e 15 2 0 3
8 46 &b 3 97 101 6 45 &b 3 10 9
9 0 o 4 98 96 T 22 23 Heks =5, 6 “ 8 10
1 32 32 s 11 12 8 35 41 L= 9
12 20 21 6 34 37 9 24 31 3 HyK= =&y 8
7 28 28 10 29 35 29 30 =1 0 5
Hok==11, 3 8 20 15 11 32 40 26 29 2 15 13
Lel 16 14 9 11 12 12 0 12 o 10 3 0 71

2
3
%
s
2 0 12 10 52 51 13 0 4 6 0 9
7
A
9
]
1

4 0 7 12 o© 31 31
5 12 16 13 11 12 HK= =4y 5 25 23
6 €3 42 16¢ 8 Il tal 0 11 U o 3
7 28 28 2 0 3 11 10 1
8 0 8 H,Ka-T, & 3 0 6
9 32 30 =1 141 133 4 0 16 HeKa =6, &
10 27 29 2 0 o 5 0 3 ix o 6
3 ¢ 6 6 0 10 2 51 s6
4 61 T0 T 0 14 3 20 23

is found in the pyridyl group or the C(p, 7)—O(p)
bond. Since O(p) belongs to a conjugated system
formed by the phenyl and carbonyl groups, there must
be some reasons, probably imposed by the crystal
structure, for such a deviation from planarity. The
intramolecular interatomic distance between O(p) and
H(p, 5)is 2:5 A, while the corresponding O(p)—H(p, 5)
distance in the pyridyl is 26 A. As will be mentioned
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H$4)  H($3)
107 104
Cl$,4)5-C($,3)

138,4£.011 137, 2012

H(¢, S)a-Cid5)

139, £.009

1390 012

B yyg0)
L364£.010
oS~
1.47,:.003/“3:*9"9\190

oip)==Cl¢$7 H$1)
12042007 \1.545+.008

clo,N)=0(p)
119, ¢.008
1349£ 008/, 47. + 009

N1 o)

138,009 1384 £.009
H(p,2)—,
Pl CioR) C(p,5)4H(p 5)

138,£.008\137,£.010 /.37, +.010
CipA-Clp)
2 V.ss

H(p,3)

H(p4)

Fig.3. (a) Bond distances (A). (b) Bond angles (°).

-.007 +0l

ClP,A—C($,3)

Clé,5)

008 -006 C($,2)
-007 C(¢.6)\c(¢'|)

+.00t

op)==Cl&T o,
+102

5% clpm=0(p)
+002
+005 -.010
NP ~c(p6)
=005

clp,2) 00

C(p,5)

C(P.3)~c(p 4)
006 -004
Fig.4. Dlsplacements of atoms from the least-squares planes.
Those in brackets for C(p, 7) and C(¢, 7) are their displace-
ments from the planes of the rmg systems to which they do
not belong.

THE CRYSTAL STRUCTURE OF 1-PHENYL-2-(2-PYRIDYL)ETHANEDIONE-1,2

later, O(p) has more short intermolecular approaches
than the other oxygen does. Such rather crowded sur-
roundings might be one of the reasons.

The arrangement of the molecules in the crystal is
shown in Fig. 5, where some important intermolecular
distances are shown. When Fig.5 is compared with
the similar drawing of the structure of pyridil (Fig.3
of Hirokawa & Ashida, 1961) many common features
between them are noticed. Almost all of the short
intermolecular contacts correspond to the normal van
der Waals distances. The oxygen atom O(p) has two
short intermolecular contacts, one of which is to C(p, 3)
of the molecule related to the first by the ¢ glide at
y=3%; the separation is 3-23 A. The features and the
magnltudes of the shorter C-O contacts between the
molecules are similar to those of pyridil. However, a
short distance is found between O(p) and H(p, 5) of the
molecule in the next cell along the b axis; the separation,

Fig.5. The crystal structure projected on the {4] plane. Some
of the intermolecular distances are shown (A). Those with
asterisks show the distances between the molecules, one of
which is in the next cell along the b axis. The two underlined
show the interplanar distances between a perpendicular pair.

H{p,3)

Fig.6. A PPED molecule viewed down along the [101] axis.
This configuration corresponds to that of pyridil viewed
down along the b axis of the crystal. (See Fig.1 of Hirokawa
& Ashida, 1961.)
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2-3 A, is slightly shorter than the normal intermolecular
contacts.

In the crystal of PPED, there are plane-to-plane
parallel stackings. This parallel stacking is one of the
most noticeable common features between the present
crystal and pyridil. For example, in the structure of
a-pyridoin, no such parallel stacking is found. How-
ever, in the mode of stacking, one can find distinct
differences between these two crystals, because in
PPED we can find two different pairs of parallel rings
whereas there is a set of four parallel planes in pyridil.
One of the pairs consists of two pyridine rings, or more
precisely two pyridine parts of molecules, which are
related to each other by a center of symmetry; the per-
pendicular distance between them is 3-54 A [Fig.7(a)].
This stacking is almost identical with the overlap
found in the two asymmetric pairs of the four rings
stacked in the structure of pyridil (see Table 4 for
numerical values related to the configuration). Almost
perpendicular to this pair, there is another stacking
made by two phenyl planes. The two planes are also
related to each other by a center of symmetry, and
the separation is 3-80 A. The stacking of the phenyl
planes is now similar to that of the central two planes
in the pyridil structure, though the perpendicular dis-
tance in PPED is much longer. Such differences in
the modes of packing of the molecules in the crystal
may be one of the reasons why the melting point of
PPED is considerably lower than that of pyridil. It
is interesting that the force between the molecules in
the crystal of PPED is, as a whole, weaker than that in
pyridil, although the molecular configurations of these
two compounds are so close to each other. The dif-
ference in the densities of these two compounds can
also be explained by the difference in the mode of
aromatic ring packing.

The authors wish to express their sincere thanks to
Prof.D.0Oda of the Defense Academy for supplying

Table 4. A comparison of parallel stackings in
two crystals

Distance 1* Distance 21 Angle}

Pyridil Py-Py I’ 3-56 A 128 A 70-7°
Py-Py I1” 3-49 1-31 69-9
PPED Py-Py 3-54 1-37 68-9
Ph-Ph 3-80 0-95 76-0

* Perpendicular distances between two planes.

t Center-to-center distances of the rings projected on their
planes. :

1 Angles between the planes and the lines connecting the
centers of two planes.

’ Pair made by one side of four parallel pyridine rings.

’” The central two planes.
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(a)

(b)

oc eN Qo
Fig.7. Two pairs of parallel groups viewed down perpendicular
to the planes. (@) Two pyridine group. (b) Two phenyl planes.
The horizontal distances between the planes are also shown
to indicate degree of overlapping.

the crystals and for his continued interest. One of the
authors (T.A.) is grateful to Profs.M.Kakudo and
Y.Sasada of the Institute for Protein Research, Osaka
University, for their generous encouragement and
valuable discussions and to Mrs Y.Nishi for her ex-
tensive aids in the NEAC 2101 computations.
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