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T a b l e  2. Bond distances (A) and angles (o) 

S---O3 
S---O4 
S--C4 
S--C16 
O1----C7 
O1----CI0 
O2---C19 
O2---C22 
NI---CI3 
N2----C25 
C4--C5 
C4--C9 
C5---C6 
C6--C7 
C7---C8 
C8- -C9  
CI0---C11 

1-434 (2) C10---C15 
1-439 (3) CI 1----C12 
1.765 (3) C12--C13 
1.754 (3) CI 3---C14 
1-364 (3) C14---C15 
1.412 (3) C16----C17 
1.379 (4) C16--C21 
1-412 (4) C17---C18 
1-406 (5) C18---C19 
1.391 (4) C19----C20 
1.390 (4) C20----C21 
1.391 (4) C22--C23 
1.373 (5) C22---C27 
1.391 (5) C23---C24 
1.383 (4) C24--C25 
1-384 (3) C25--C26 
1.374 (4) C26--C27 

1.363 (5) 
1.392 (4) 
1.377 (4) 
1.358 (4) 
1.408 (6) 
1.392 (4) 
1.388 (4) 
1.382 (4) 
1-370 (4) 
1-376 (4) 
1.382 (4) 
1.373 (3) 
1.371 (4) 
1.391 (4) 
1.396 (4) 
1-396 (3) 
1.373 (4) 

C4---S--C16 
(M--S--C16 
(M---S---C4 
O3---S---C16 
O3--S--C4 
O3---S--O4 
C7----O1---C10 
C19--O2--C22 
S---C4--C9 
S---C4--C5 
C5--C4--C9 
C4---C5--C6 
C5--C6--C7 
O1--C7--C6 
C6---C7--C8 
O1---C7---C8 
C7---C8--C9 
C4--C9---C8 
O1----CI0---C15 
O1--C10---C11 
C11---C10---C15 
C10---C11---4212 
CI 1---C12----C13 
NI----C13---C 12 

107"6 (1) C12--C13---C14 120"2 (3) 
108-3 (1) N1---C13-~14 119.8 (3) 

106-9 (1) C13--C14--C15 120.3 (3) 
107.8 (1) C10---C15---C14 119.1 (2) 
106.9 (1) S---C16--C21 120.8 (2) 
118"9 (1) S---C16--C17 119.2 (2) 
119-5 (2) C17---C16--C21 120.0 (2) 
119.0 (2) C16----C17--C18 119.8 (2) 
120-4 (2) C17---C18--C19 119.5 (2) 
119.4 (2) 02--C19---C18 123-5 (2) 
120.1 (2) C18---C19--C20 121.3 (2) 
119"7 (2) O2--C19---C20 115.2 (2) 
120.1 (3) C19--C20--C21 119.7 (2) 
114-8 (2) C16--C21--C20 119.6 (2) 
120.7 (2) O2--C22--~7 118.3 (2) 
124.5 (2) O2---C22--C23 120-7 (2) 
119.2 (2) C23--C22--C27 120.8 (2) 
120.2 (2) C22--C23--C24 119.3 (2) 
118-3 (2) C23--C24--C25 120.9 (2) 
120-6 (2) N2---C25---C24 121.7 (2) 
120-9 (3) C24--C25--C26 l 17.9 (2) 
119"5 (2) N2---C25---C26 120.4 (2) 
119-9 (2) C25---C26---C27 120-9 (2) 
119-9 (2) C22----C27--C26 120-2 (2) 

= 0.057.  A t o m i c  s c a t t e r i n g  f a c t o r s  f r o m  SHELX76.  
Al l  c a l c u l a t i o n s  p e r f o r m e d  o n  a n  I B M  P S 2 / 8 0  
p e r s o n a l  c o m p u t e r  w i t h  t h e  C R Y S R U L E R  p a c k a g e  
(Rizzo l i ,  S a n g e r m a n o ,  C a l e s t a n i  & A n d r e e t t i ,  1987). 

4 

C 1 7 ~ C ~  4 ,,C9 
C24 C1 ~ ",Jt'"~:~ (28 C1~C1 

2 

~ 2 7  - - ~ 1 5 ~ ( ~ " ~  :14" 

Fig. 1. Projection of the molecule. 

A t o m i c  p a r a m e t e r s  fo r  n o n - H  a t o m s  a re  g i v e n  in  
T a b l e  1 ;* T a b l e  2 c o n t a i n s  b o n d  d i s t a n c e s  a n d  a n g l e s  
wh i l e  t he  a r b i t r a r y  l a b e l l i n g  o f  a t o m s  is s h o w n  in  

F ig .  1. 

Related literature. T h i s  s t r u c t u r e  is o n e  o f  a ser ies  o f  
o l i g o m e r s  r e l a t e d  to  p o l y m e r s  w h i c h  a r e  o f  i n t e r e s t  
b e c a u s e  o f  t he i r  t e c h n o l o g i c a l  p r o p e r t i e s .  

* Lists of structure factors, anisotropic thermal parameters and 
H-atom coordinates with their isotropic thermal parameters have 
been deposited with the British Library Document Supply Centre 
as Supplementary Publication No. SUP 53028 (22 pp.). Copies 
may be obtained through The Technical Editor, International 
Union of Crystallography, 5 Abbey Square, Chester CH1 2HU, 
England. 
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Structure of 6-(2-Hydroxyphenyl)pyridine-2-carbonitrile 

BY KENTARO YAMAOUCHI, YOSHIKUNI ITOH,* TAKASHI ITOH, AKIO OHSAWA AND HIROSHI IGETA 

School o f  Pharmaceutical Sciences, Showa University, 1-5-8, Hatanodai, Shinagawa-ku, Tokyo 142, Japan 

(Received 29 March 1990; accepted 1 May 1990) 

A b s t r a c t .  C ~ 2 H 8 N 2 0 ,  Mr = 196"2, m o n o c l i n i c ,  C2/c, ca 
= 11.768 (2), b = 8.057 (1), c = 21.363 (4) A,  /3 = 

* Present address: Central Research Laboratories, SS Phar- 
maceutical Co., Ltd, 1143 Nanpeidai, Narita 286, Japan. 

0108-2701/90/112260-03503.00 

106"83 (1) °, U = 1938"7 (4) A 3, Z =  8, Dx = 
1"344 M g  m -3,  A(Cu  Ka) = 1-54178 A ,  /z = 
0 .727 m m - 1 ,  F (000)  = 816, T =  293 K ,  f ina l  R = 
0 .060 fo r  1688 re f lec t ions .  T h e  d i h e d r a l  a n g l e  
b e t w e e n  the  p y r i d i n e  a n d  p h e n y l  r i ngs  is 1.4 (1) °. A n  

© 1990 Internat ional  Un ion  of  Crys ta l lography 
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i n t r amo lecu l a r  h y d r o g e n  b o n d  exists be tween the 
O H  a n d  the pyr idyl  N a t o m  with  a d is tance  o f  
2.586 (2) A.  

Exper imenta l .  A yel low 0.25 × 0-10 × 0.35 m m  crys- 
tal,  ob t a ined  by recrys ta l l iza t ion  f r o m  CHC13, was  
used for  d a t a  collection.  R i g a k u  A F C 5  four-circle  
d i f f r ac tome te r  used with  0 - 2 0  scan m e t h o d ,  to scan 
wid th  (1.3 + 0 - 4 1 t a n 0 )  ° a n d  scan speed 1 6 ° m i n  -1 
Lat t ice  p a r a m e t e r s  ob t a ined  f r o m  leas t -squares  
analys is  o f  20 reflections wi th  20 values  r ang ing  f r o m  
55 to 60 ° . O f  1716 reflections scanned  within  the 
index range  h - 14 to 14, k 0 to 9, l 0 to 25 and  up to 
s i n 0 / A _ < 0 . 5 6 A  -~, there  were  1688 un ique  reflec- 
t ions with  F > 3 o - ( F )  which  were  coun ted  as 
observed.  Three  s t a n d a r d  reflections m e a s u r e d  every 
150 reflections s h o w e d  no signif icant  va r i a t ion  in 
intensi ty.  Intensi t ies  co r rec ted  for  Lo ren t z  a n d  
po la r i za t ion  fac tors ,  bu t  no t  for  abso rp t ion .  Struc-  
ture  solved using p r o g r a m  p a c k a g e  SAPI85 (Yao ,  
Zheng ,  Qian ,  H a n ,  G u  & F a n ,  1985) vers ion o f  
MULTAN80  ( M a i n ,  Fiske,  Hull ,  Lessinger ,  Ger -  
main ,  Declercq  & W o o l f s o n ,  1980). The  re f inement  
was  car r ied  ou t  by the fu l l -mat r ix  leas t - squares  
m e t h o d  with an i so t rop ic  t e m p e r a t u r e  fac tors  for  
n o n - H  a toms .  The  func t ion  min imized  was  
Y.w[~(IFol) 2 - (IF~l)2l] 2 with  w = 1/[tr2(Fo) + 0"02 × 
(Fo)~], tr(Fo) de t e rmined  f r o m  coun t ing  statistics.  
All  H a t o m s  loca ted  f r o m  a difference m a p  a n d  
refined. The  initial t he rma l  p a r a m e t e r s  were  set a t  an  
equiva len t  i sot ropic  the rma l  p a r a m e t e r  for  each 
b o n d e d  a tom.  F ina l  d i sc repancy  indices R = 0.060, 
w R = 0 . 0 6 4 ,  S = 2 . 1 7 1  for  1688 reflections. Maxi -  
m u m  A/tr = 0"13 in final leas t - squares  cycle. F ina l  
m a x i m u m  a n d  m i n i m u m  difference Fou r i e r  res iduals  
0.12 and  - 0-19 e A -  3. All c o m p u t a t i o n s  p e r f o r m e d  
on a P a n a f a c o m  c o m p u t e r  wi th  R C R Y S T A N  
( R i g a k u  C o r p o r a t i o n ,  1985) X - r a y  analys is  p r o g r a m  
system. The  a tomic  sca t te r ing  fac tors  were  t aken  
f rom International Tables for X-ray Crystallography 
(1974, Vol.  IV). 

F ina l  a tomic  p a r a m e t e r s  are  listed in Tab le  1.* 
The  bond  lengths  a n d  angles  are  listed in Table  2. 
Fig. 1 shows  a thermal-e l l ipso id  plot  o f  the molecule  
with a tomic  labeling.  

Related literature. The  title c o m p o u n d  is one o f  the 
p roduc t s  ob ta ined  f r o m  flash v a c u u m  pyrolys is  o f  
2 -cyano-6 -pheny lpyr id ine  N-ox ide  ( I toh ,  O h s a w a ,  
I toh  & Igeta ,  1990). 

* Lists of structure amplitudes, anisotropic thermal parameters 
and H-atom parameters have been deposited with the British 
Library Document Supply Centre as Supplementary Publication 
No. SUP 53055 (6 pp.). Copies may be obtained through The 
Technical Editor, International Union of Crystallography, 5 
Abbey Square, Chester CH1 2HU, England. 

Tab le  1. Fractional atomic coordinates and isotropic 
thermal parameters (/~2) 

Beq = (1/3)Y.i Y.j Bij ai* aj* at .ay. 

x y z B~ 
N(I) 0-3499 (1) 0-1966 (1) -0.0658 (1) 3.18 (3) 
C(2) 0.2808 (1) 0-2036 (1) -0.1278 (I) 3.54 (3) 
C(3) 0.1798 (1) 0.1093 (2) -0.1525 (1) 4.11 (4) 
C(4) 0-1489 (1) 0.0018 (2) -0-1097 (1) 4-44 (4) 
C(5) 0.2179 (1) -0-0088 (1) -0.0459 (1) 3.92 (4) 
C(6) 0-3206 (1) 0.0906 (1) -0-0244 (1) 3-03 (3) 
C(7) 0.3190 (1) 0.3188 (2) -0.1696 (1) 4.61 (4) 
N(8) 0.3481 (1) 0.4081 (2) -0.2035 (1) 6-87 (6) 
C(9) 0-3993 (1) 0.0846 (1) 0.0433 (1) 3-09 (3) 
C(10) 0-5005 (1) 0-1870 (1) 0.0649 (1) 3.28 (3) 
C(II) 0.5719 (1) 0.1781 (2) 0.1295 (1) 3-98 (4) 
C(12) 0.5457 (1) 0.0694 (2) 0.1727 (1) 4.41 (4) 
C(13) 0.4473 (1) -0.0330 (2) 0.1528 (1) 4-56 (4) 
C(14) 0.3758 (1) -0.0245 (1) 0.0892 (1) 3.90 (4) 
O(15) 0-5330 (!) 0-2976 (1) 0.0257 (1) 4.26 (3) 

Tab le  2. Bond lengths (A)  and angles (o) 

N(1)----C(2) 1.341 (2) C(9)---C(10) 1.412 (2) 
N(I)---C(6) 1-343 (2) C(10)---O(15) 1.352 (2) 
C(2)---C(3) 1-381 (2) C(10)---C(I 1) 1.395 (2) 
C(2)---C(7) 1.446 (3) C(11)--C(12) 1.371 (3) 
C(3)---C(4) 1.382 (3) C(12)---C(13) !.385 (3) 
C(4)---C(5) 1-373 (2) C(13)----C(14) 1.378 (2) 
C(5)--C(6) 1-412 (2) C(14)----C(9) 1.403 (2) 
C(6)--C(9) 1.475 (2) C(7)---N(8) 1.141 (3) 

N(1)---C(2)---C(3) 124-2 (I) C(9)---C(10)---C(I 1) 120.2 (1) 
N(I)--C(2)---C(7) i15.4 (2) C(9)---C(10)---O(15) 123-0 (1) 
N(I)----C(6)---C(9) 117.2 (1) C(10)---C(I 1)--C(12) 120.6 (1) 
C(2)---C(3)--C(4) 116.9 (1) C(I !)--C(12)---C(13) 120-3 (1) 
C(2)---C(7)---C(8) 178.7 (2) C(11)---C(10)--O(15) 116.7 (1) 
C(3)---C(4)---C(5) 120.2 (1) C(12)--C(13}----C(14) 119.3 (1) 
C(3)---C(2)---C(7) 120.2 (1) C(13)---C(14)----C(9) 122.2 (1) 
C(4)--C(5)---C(6) 119-4 (1) C(14)---C(9}---C(10) i17.1 (1) 
C(5)---C(6)---N(I) 120.3 (1) 
C(5)----C(6)----C(9) 122.3 (1) 
C(6)---N(I)---C(2) 118.7 (1) 
C(6)---C(9)---C(14) 120.7 (1) 
C(6)--C(9)--C(10) 122.1 (1) 

••CC5 ~ 1 3  

~N8 - O15 

Fig. I. Thermal-ellipsoid plot (Johnson, 1965). Ellipsoids are 
drawn at the 50% probability level while isotropic hydrogen 
thermal parameters are represented by spheres of arbitrary size. 
The hydrogen bond is represented by a dashed line. 
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Structure of 4-Azadibenzofuran-3-carbonitrile 

BY KENTARO YAMAGUCm, YOSrIIKtrNI ITOH,* TAKASHI Ixon, Agao OHSAWA AND HmosI-n IGETA 

School of  Pharmaceutical Sciences, Showa University, 1-5-8, Hatanodai, Shinagawa-ku, Tokyo 142, Japan 

(Received 29 March 1990; accepted 1 May 1990) 

Abstract.• Pyridino[3,2-b][ 1 ]benzofuran-2-carbonitrile, 
C12H6N20, Mr = 194"2, triclinic, P1, a = 10.888 (1), b 
=7.381(1),  c=6.541 (1) A, a =  114.95(1), fl = 
79.82 (1), y =  105"24 °, U = 458"9 (2) A 3, z =  2, Dx = 
1.40 M g m ,  3, A(Cu Ka) = 1.54178 A, /z = 
0-767 m m -  1, F(000) = 200, T = 293 K, final R = 
0.049 •for 1324 reflections. The dibenzofuran ring 
system lies in a plane which also includes the cyano 
group. This is indicative of extensive electron deloca- 
fization. 

Experimental. A clear 0.35 x 0.15 x 0.45 mm crystal, 
obtained by recrystallization from C 2 H s O C 2 H s ,  w a s  
used for data collection. Rigaku AFC5 four-circle 
diffractometer used with 0-20 scan method, w scan 
width (1.3 + 0.41tan0) ° and scan speed 16 ° min -1. 
Lattice parameters obtained from least-squares 
analysis of 20 reflections with 20 values ranging from 
32 to 65 ° . O f  1332 reflections scanned within the 
index range h - 1 2  t o  12, k - 8  to 8, l 0 to 7 and up 
to sinO/A -< 0.56 A -~ 1, there were 1324 unique reflec- 
tions with F>3o- (F)  which were counted as 
observed. Three standard reflections measured every 
150 reflections showed no significant variation in 
intensity. Intensities corrected for Lorentz and 
polarization factors, but not for absorption. Struc- 
ture solved using program package SAPI85 (Yao, 
Zheng, Qian, Han, Gu & Fan, 1985) version of 
MULTAN80 (Main, Fiske, Hull, Lessinger, Ger- 
main, Declercq & Woolfson, 1980). The refinement 
was carried out by the full-matrix least-squares 
method with anisotropic temperature factors for 
non-H atoms. The function minimized was 
Zw[J(IFol) 2 -(IF~I)21] 2 with w = 1/[or2(Fo) + 0.02 x 
(Fo)~], ~r(Fo) determined from counting statistics. 

* Present address: Central Research Laboratories, SS Phar- 
maceutical Co., Ltd, 1143 Nanpeidai, Narita 286, Japan. 

0108-2701/90/112262-02503.00 

All H atoms located from the difference map and  
refined; the initial thermal parameters were set at an 
equivalent isotropic thermal parameter for each 
bonded atom. Final discrepancy indices R = 0-049, 
wR=0.050,  S = 1.726 for  1324 reflections. Maxi- 
mum A/~r = 0"28 in final least-squares cycle. Final 
maximum and minimum difference Fourier residuals 
0-16 • and - 0-39 e A -  3. All computations performed 
on a Panafacom computer with R C R Y S T A N  
(Rigaku Corporation, 1985) X-ray analysis program 
system. The atomic scattering factors were taken 
from International Tables for X-ray Crystallography 
(1974, Vol. IV). 

Final atomic parameters are listed in Table 1'* 
The bond ,lengths and angles are listed in Table 2. 

* Lists of structure amplitudes, anisotropic thermal parameters, 
H-atom parameters and least-squares-planes data have been 
deposited with the British Library Document Supply Centre as 
Supplementary Publication No. SUP 53056 (5 pp.). Copies may be 
obtained through The Technical Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CH1 2HU, England. 

Table 1. Fractional atomic coordinates and isotropic 
thermal parameters (A 2) 

B~q = (1/3)Y.i Zj B o ai* aj* ai .aj. 

x y z B~q 
N(1) 1.1427 (1) 0.7524 (2) -0.1688 (2) 4.48 (4) 
C(2) 1.0439 (1) 0.7538 •(2) -0-0161(2) 3.87 (5) 
C(3) 1.0561 (1) • 0.7826 (2) 0.2056 (2) 4.21 (5) 
C(4) 1.1719 (1) 0.8115 (2) 0.2835 (3) 5.07 (6) 
C(5) 1-2747 (1) 0.8116 (2) 0.1276 (3) 5.18 (6) 
C(6) 1.2564 (1) 0-7832 (2) -0-0917 (3) 4-69 (6) 
C(7) 1.3648 (1) 0-7843 (3) -0-2525 (4) 5-91 (7) 
N(8) 1.4521 (1) 0.7840 (3) -0-3782 (4) 8-35 (9) 
0(9) 0.9406 (1) 0.7788 (1) 0.3279 (2) 5-02 (4) 
C(10) 0.9093 (1) 0-7271 (2) -0.0331 (2) 4.12 (5) 
C(11) 0.8328 (1) 0.6899 (3) -0.2024 (3) 5.28 (6) 
C(12) 0.7030 (1) 0.6753 (3) -0.1476 (4) 6-07 (7) 
C(13) 0.6491 (I) 0.6966 (3) • 0.0675 (4) 5.95 (7) 
C(14) 0-7230 (1) 0.7325 (3) 0.2384 (3) 5.30 (6) 
C(15) 0.8517 (1) 0.7447 (2) 0.1799 (3) 4-34 (5) 
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