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O1B 0.1905 (2) 0.72636 (3) 0.8964 (2) 0.0306 
O2B -0.1015 (2) 0.67398 (3) 0.8514 (2) 0.0318 
O3B --0.2381 (2) 0.78377 (3) 0.8292 (2) 0.0285 
C I B 0.0900 (3) 0.80473 (5) 0.8833 (3) 0.0332 
C2B -0.0474 (2) 0.77285 (4) 0.8591 (2) 0.0243 
C3B 0.0009 (2) 0.73626 (4) 0.8666 (2) 0.0232 
C4B -0.1469 (2) 0.70756 (4) 0.8452 (2) 0.0237 
C5B -0.3431 (2) 0.72099 (5) 0.8163 (3) 0.0265 
C6B -0.3784 (2) 0.75781 (5) 0.8089 (3) 0.0299 
O1C 0.4277 (2) 0.56081 (3) 0.4663 (2) 0.0267 
O2C 0.7144 (2) 0.50828 (3) 0.4955 (2) 0.0355 
O3C 0.8266 (2) 0.61682 (3) 0.4193 (2) 0.0272 
CIC 0.5152 (3) 0.63870 (4) 0.4205 (3) 0.0303 
C2C 0.6482 (2) 0.60656 (4) 0.4325 (2) 0.0236 
C3C 0.6063 (2) 0.57026 (4) 0.4546 (2) 0.0212 
C4C 0.7507 (2) 0.54141 (4) 0.4688 (2) 0.0239 
C5C 0.9342 (2) 0.55404 (5) 0.4493 (3) 0.0271 
C6C 0.9623 (2) 0.59056 (5) 0.4271 (3) 0.0287 

(3) References 
(3) 
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(4) R. (1995). J. Am. Chem. Soc. 117, 3156-3166.  
(3) Brown, S. M., Burgess,  J., Fawcett ,  J., Parsons, S. A., Russell,  D. R. 
(3) & Waltham, E. (1995). Acta Crvst. C51, 1335-1338.  
(31 Desiraju, G. R. (1991). Ace. Chem. Res. 24, 290-296.  
(31 Enra f -Non ius  (19891. CAD-4 Software. Version 5.0. Enra f -Nonius ,  
(4) Delft, The Netherlands.  
(3) Fair, J. (1991). XSCANS Users Manual. Siemens  Analytical  X-ray 
(3) 
(3) Ins tuments  Inc., Madison,  Wisconsin,  USA. 
(4) Flack, H. D. (1983). Acta Oa'st. 39, 876-881.  
(3) Sheldrick, G. M. (1990a).  SHELXTLIPC. Siemens Analytical  X-ray 
(3) Instuments  Inc., Madison,  Wisconsin,  USA. 
(3) Sheldrick, G. M. (1990b). Acta Crxst. A46, 467-473 .  
(3) Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of 
(4) Crystal Structures. Universi ty  of  Gr t t ingen,  Germany.  

Table 4. Selected geometric parameters (A, °) for  (2) 
1.355 (2) 
1.449 (2) 
.435 (2) 
.344 (2) 
.352 (2) 
.245 (2) 
.343 (2) 
.363 (2) 
.481 (2) 

1.358(21 
1.444 (2) 
1,440 (2) 
1.344 (2) 

O1A--C3A 1.356 (2) C2B--C3B 
O2A--C4A 1.248 (2) C3B--C4B 
O3A--C6A 1.347 (2) C4B---C5B 
O3A--C2A 1.365 (2) C5B---CrB 
C IA--C2A 1.484 (2) Ol C~C3C 
C2A---C3A 1.359 (2) O2C----C4C 
C3A----C4A 1.441 (2) O3C---C6C 
C 4 A ~ 5 A  1.438 (2) O3C--C2C 
C5A--CrA 1.338 (2) C I C---C2C 
O1B---C3B 1.351 (2) C2C--C3C 
O2B--C4B 1.246 (2) C 3 C ~ 4 C  
O3B---C6B 1.343 (2) C4C---C5C 
O3B---C2B 1.368 (2) C5C--C6C 
CIB--C2B 1.482 (2) 

Table 5. Hydrogen-bonding parameters (A, °) 

D A D. • .A D - - H t  H. • -At D - - H .  • .At 

Po lymorph  ( l ) 
O1A O2B ~ 2.738 (3) 0.86 2.035 146 
OIB O2A 2.752(3) 0.81 2.102 138 
C5A O2B 3.193 (4) 0.96 2.410 139 
C5B O2A i' 3.287 (4) 0.85 2.616 137 

Po lymorph  (2) 
O1A O2B 2.718 ( 1 ) 0.82 1.949 156 
OIB O2A 2.700 ( 1 ) 0.88 1.876 156 
OlC  O2C iii 2.731 (I) 0.86 1.925 155 
C5A O2B iv 3.309 (2) 0.92 2.397 172 
C5B O2A v 3.341 (2) 0.94 2,434 162 
C5C O2C ~'i 3.293 (2) 0.93 2.364 175 

t Uncertainties when H atoms were refined freely were approximate ly  
0.05 ,~. However ,  no e.s.d. 's  are given here as in the final cycles,  a riding 
model  was used for the H atoms.  

Symmet ry  codes: (i) & - x,y, ~ - z; (ii) ~ - x ,y ,  ~ + z; (iii) 1 - x, 1 - 
y, 1 - z ; ( i v )  l + x , y , z ; ( v ) x -  l , y , = ; ( v D 2 - x , l  - y , l  - z .  

Data collection: XSCANS (Fait, 1991) for (1); CAD-4 Software 
(Enraf-Nonius, 1989) for (2). Cell refinement: XSCANS for 
(1); local program for (2). Data reduction: XSCANS for 
(1); local program for (2). Program(s) used to solve struc- 
tures: SHELXTL/PC (Sheldrick, 1990a) for (1); SHELXS86 
(Sheldrick, 1990b) for (2). For both compounds, program(s) 
used to refine structures: SHELXL93 (Sheldrick, 1993); molec- 
ular graphics: SHELXTL/PC XP; software used to prepare ma- 
terial for publication: SHELXTL/PC. 

Lists of  structure factors, anisotropic d isplacement  parameters ,  H- 
a tom coordinates  and comple te  geomet ry  have been deposi ted with 
the IUCr  (Reference:  BMI0831.  Copies  may be obtained through The 
Managing Editor, International Union of  Crystal lography,  5 Abbey  
Square,  Chester  C H I  2HU,  England. 
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Abstract 
The title compound, CI8H~6N205, has a pyran ring 
in a half-chair conformation fused to a benzene ring. 
The substituent groups at C3 and C5 are approximately 
coplanar with the benzopyran nucleus, with dihedral 
angles of 8.5 (5) and 4.2 (5) °, respectively. The benzoyl- 
oxy carbonyl group and the benzene ring of the benzo- 
pyran moiety both adopt a cis configuration. 

Comment  
There is interest at present in the structures of benzo- 
pyran compounds and their biological activity as 
potassium-channel activators which relax smooth mus- 
cle and lower blood pressure (Arch et al., 1991; Buckle 
et al., 1990; Buckle, Arch et al, 1991; Buckle, Eggle- 
ston et al., 1991; Burrell, Cassidy, Evans, Lightowler 
& Stemp, 1990; Cassidy et al., 1989). A representative 
compound is cromakalim [(II); Cassidy et al., 1989]. 
Praeruptorin C, (III), isolated from the Chinese herbal 
drug 'Qian-Hu', is also a benzopyran compound and 
has been shown to cause inhibition of the calcium- 
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induced tension development  in vascular smooth muscle 
and myocardial  muscle (Rao, Shen & Zou, 1988). As 
part of  a systematic study based on the molecular  fea- 
tures of  compounds (II) and (III), the title compound,  
(I), has been prepared. 

N -- OCOC6H 5 

CH 3 

~ 0  
N C ~  OH 

(I) (II) 

O CH 3 

~ i ~  O O~!~O 

(m) 

Tests show that (I) is active in inhibiting calcium 
entry into smooth muscle cells induced by high K ÷ 
concentrations. The single-crystal X-ray analysis of (I) 
shows that it contains a pyran ring in a half-chair 
conformation in the solid state; atoms C1 and C2 lie 
0.294 (4) and - 0 . 3 5 9  (4),~, respectively, from the mean 
plane through atoms C3, C9, C8 and O1 [maximum 
deviation 0.002 (4) ,~]. 

C ~  05 

N1 

°, 

Fig. I. The molecular structure and numbering scheme for compound 
(I). Displacement ellipsoids are plotted at the 50% probability level. 

The benzoy lox ime  group is almost planar [maximum 
deviation 0 .080(4 )A] .  In contrast to the molecular  
conformation of  (II) (Cassidy et al., 1989), in which 
the substituent pyrrolidone ring is orthogonal to the 
benzopyran nucleus, the benzoyloxime plane of  (I) 
is nearly parallel to the benzopyran nucleus, with a 
dihedral angle of  8.5 (5) ° . The nitro group is also 
approximately coplanar with the benzopyran nucleus, 
with a dihedral angle of  4.2 (5) °. The benzoyl carbonyl 
group and the benzene ring of  benzopyran both adopt 
a cis configuration. The bond lengths of  compound (I) 
are unexceptional.  

Experimental 

Acetone (40 ml, 685 mmol) was added to a benzene solution 
of 3-acetyl-4-hydroxynitrobenzene (15 g, 86 mmol), followed 
by the dropwise addition of pyrrolidene (3.7 ml, 43 mmol). 
The solution was stirred at room temperature for 20 h and 
the intermediate product was recrystallized from isopropyl 
ether as a pale-yellow solid (m.p. 374-376 K). A mixture of 
this product (10 g, 45 mmol) and hydroxylamine hydrochloride 
(15g, 210mmol) in dry methanol (150ml) was refluxed for 
10 h and the solvent removed in vacuo. The residue was 
washed with water and recrystallized from benzene to give a 
white solid (m.p. 434-436 K). This product (0.47 g, 2 mmol) 
was treated in dry pyridine (10ml) with benzoyl chloride 
(1.12g, 8mmol) at 273 K and the mixture kept at room 
temperature for 10 h before treatment with excess dilute hydro- 
chloric acid. The filtered product, (I), was recrystallized from 
absolute ethanol (m.p. 429--431 K). Satisfactory analyses (C, 
H, N) were obtained. 

Crystal data 

CIsHI6N205 Mo Ka radiation 
Mr = 340.3 A = 0.71073 ,~ 
Triclinic Cell parameters from 25 
P]  reflections 
a = 7.0320 (10) ~, 0 = 4.05-9.87 ° 
b = 10.667 (2) ,~, # = 0.093 mm -I 
c = 11.879 (2) ,4, T = 293 K 
o~ = 102.40 (3) ° Section cut from needle 
f3-- 102.92 (3) ° 0.40 × 0.30 × 0.20 mm 
3' = 95.16 (3) ° Dark yellow 
V = 839.3 (2) ,~3 
Z = 2  
Dr = 1.347 Mg m -3 
Dm not measured 

Data collection 

Rigaku AFC-6S diffract- 0max = 25 ° 
ometer h = - 8  ---, 8 

20/0 scans k = 0 ~ 10 
Absorption correction: l = - 14 ~ 13 

none 3 standard reflections 
2827 measured reflections monitored every 150 
2827 independent reflections reflections 
1364 observed reflections intensity decay: 0.9% 

[F > 4~(F)] 
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Refinement 

Ref inemen t  on F 
R = 0.0486 
wR = 0.0556 
S = 1.60 
1364 ref lect ions 
226 parameters  
H atoms:  see be low 
w = 1/[cr2(F) + 0 . 0 0 0 2 F  2] 

(A/tr)m..,x = 0.007 

Apmax = 0.160 e A, -3 
Apmin = -0.230 e/~-3 
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV, Table 
2.3.1) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (~2 ) 

Ueq = (1/3)E,E; Uija~ af a, .aj. 

X V Z Ueq 
C I 0.4307 (6) 0.7354 (3) 0.7698 (3) 0.054 (2) 
C2 0.2578 (6) 0.6907 (3) 0.6608 (3) 0.059 (2) 
C3 0.2778 (5) 0.5633 (3) 0.5850 (3) 0.045 (2) 
C4 0.3237 (5) 0.3358 (3) 0.5972 (3) 0.052 (2) 
C5 0.3882 (6) 0.2513 (3) 0.6651 (4) 0.055 (2) 
C6 0.4775 (6) 0.2916 (4) 0.7842 (4) 0.059 (2) 
C7 0.5025 (6) 0.4204 (4) 0.8386 (3) 0.056 (2) 
C8 0.4356 (5) 0.5089 (4) 0.7733 (3) 0.049 (2) 
C9 0.3485 (5) 0.4678 (3) 0.6516 (3) 0.042 (2) 
C10 0.6193 (6) 0.7679 (4) 0.7365 (4) 0.075 (2) 
C11 0.3884 (8) 0.8456 (4) 0.8597 (4) 0.096 (2) 
C 12 0. I 011 (5) 0.5796 (4) 0.2959 (3) 0.051 (2) 
C13 0.0532 (5) 0.6868 (4) 0.2399 (3) 0.050 (2) 
C14 -0.0258 (6) 0.6526 (4) 0.1182 (3) 0.067 (2) 
C 15 -0.0701 (7) 0.7458 (6) 0.0568 (4) 0.090 (3) 
C16 -0.0386 (7) 0.8731 (6) 0.1169 (5) 0.(191 (3) 
C17 0.0376 (6) 0.9088 (4) 0.2380 (4) 0.078 (2) 
CI8 0.0838 (5) 0.8147 (4) 0.2995 (3) 0.058 (2) 
O1 0.4583 (4) 0.6332 (2) 0.8352 (2) 0.061 (1) 
02 0.2716 (7) 0.0795 (3) 0.5016 (3) 0.138 (2) 
03 0.4050 (5) 0.0370 (3) 0.6661 (3) 0.109 (2) 
04 0.1695 (3) 0.6249 (2) 0.4180 (2) 0.054 (1) 
05 0.0849 (4) 0.4682 (3) 0.2460 (2) 0.068 ( I ) 
N I 0.2352 (4) 0.5235 (3) 0.4715 (3) 0.050 ( 1 ) 
N2 0.3518 (6) 0.1115 (3) 0.6054 (4) 0.082 (2) 

Table 2. Selected geometric parameters (A, 
CI---C2 1.519 (5) C8--411 
CI--OI 1.471 (5) C12--C13 
C2---C3 1.498 (5) C 12---O4 
C3---C9 1.474 (6) C 12--05 
C3--N I 1.279 (5) O4---N 1 
C8----C9 1.393 (5) 

C2---C I--O I 110.7 (3) C t 3---C 12---(M 
C I--C2--C3 111.3 (3) C 13---C 12---O5 
C2---C3---C9 114.7 (3) O4--C 12---O5 
C2----C3--N I 129.7 (4) C I----O 1-----C8 
C9---4~3--N I 115.5 (3) C 12--O4----N 1 
C9---C8---O I 123.2 (4) C3--N 1--O4 
C3---C9---C8 119.5 (3) 

o) 

1.348 (4) 
1.470 (6) 
1.384 (4) 
1.191 (5) 
1.429 (4) 

110.6 (3) 
126.3 (3) 
123.1 (4) 
119.o (3) 
110.8 (3) 
109.8 (3) 

H atoms were introduced in calculated positions and given 
fixed isotropic U values. 

Data  col lect ion:  MSC/AFC Diffractometer Control Software 
(Molecu la r  Structure  Corpora t ion ,  1994). Cel l  ref inement :  
MSC/AFC Diffractometer Control Software. Data reduct ion:  
SHELXTL-Plus (Sheldr ick,  1990). Program(s)  used  to solve 
structure:  SHELXTL-PIus. Program(s)  used to refine structure:  
SHELXTL-Plus. Molecu la r  graphics:  SHELXTL-PIus. Sof tware  
used  to prepare  mater ia l  for publ icat ion:  SHELXTL-Plus. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: CF1093). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, England. 
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A b s t r a c t  

The title compound,  C 2 8 H 3 2 0 4 ,  has the phase sequence 
crysta l -nemat ic- isotropic  liquid. The crystal has an 
' imbricated'  structure, i.e. a half-and-half  overlapping 
of  molecules. Molecular long axes are oriented in one 
direction, resulting in a polar structure. 

Comment  
Liquid crystalline behaviour is influenced by molecu- 
lar structure, such as the direction of polar groups, as 
well as the kind of polar groups. For example, the title 
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