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these sheets into a three-dimensional network by 
hydrogen bonds. The hydrogen bonds themselves form 
infinite chains in the [100] directions. This network and 
the atomic numbering are depicted in Fig. 2. Relevant 
data on the geometries of the acetate ions, the water 
molecules, the hydrogen bonds and Ca coordinations 
are collected in Table 2. Only one of the two 
crystallograpically independent water molecules co- 
ordinates to Ca in this polymorph of Ca(OAc)2.H20 as 
opposed to two in the previously studied monohydrate. 
The carboxyl geometry and Ca-carboxyl interactions 
are comparable with the results of Einspahr & Bugg 
(1981). The present bond distances, bond angles and 
planarity of the acetate ions lie well within the ranges 
reported there. The two interaction modes found in our 
study are common to acetate-calcium interactions. For 
both interaction modes different geometries have been 
reported previously. The bidentate mode has C a - O  
distances between 2.4 and 2.8/~ and C a - O - C  angles 
between 80 and 100 °. The interactions of Ca(l)  with 
0(3) and O(4), Ca(l)  with O(5 i) and O(6 i) and of Ca(2) 
with O(1) and 0(2) are also found in the present 
structure. The unidentate mode has C a - O  distances 
between 2.2 and 2.6 A and C a - O - C  angles between 
100 and 180 °. All non-bidentate C a - O  interactions are 
unidentate. The distances and angles lie within the 
ranges reported. For Ca, coordination numbers ranging 
from six to nine have been reported but the most 
commonly occurring coordination numbers are seven 
and eight, the numbers also found in this study. The 

slight tendency for the higher coordination numbers to 
form larger C a - O  distances is also reflected in this 
study (Table 2). The Ca ions have a closed-shell 
electronic configuration (p6). Such ions allow a wide 
range in angular distortion in the polyhedra formed by 
the surrounding oxygen atoms. Ca(l)  is coordinated by 
eight acetate O atoms. The coordination can be 
described as a distorted monocapped pentagonal bi- 
pyramid. Ca(2) is coordinated by six acetate O atoms 
and one water O atom. This coordination can be 
described as a distorted pentagonal bipyramid. These 
two coordination types are also found in the previously 
reported polymorph of calcium acetate monohydrate 
(Klop, Schouten, van der Sluis & Spek, 1984) and in 
the structure of the related calcium hydrogen triacetate 
monohydrate (Klop & Spek, 1984). 
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Abstract. CsHsN204, M r = 197.2, monoclinic, P21/e , 
a =  7.818 (2), b =  7.589 (2), e =  14.790 (2)A, t =  
98.43 (2) °, V =  868.02/k 3, Z = 4, D m = 1.506 (3), 
Dx= 1 .501Mgm -3, MoKa,  2=0 .7107 /~ ,  # =  
0-79 mm -1, F(000) = 408, T =  426 (1) K, final R = 
0.0507 for 798 observed reflections [I_> 2e(/)]. The 
molecules are hydrogen bonded: N - H . . . O  = 
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2.886 (3), N--H = 0.97 (7), H--O = 1.92 (6) A, N-- 
H . . .O  angle = 175.5 (8) °. 

Introduction. The title compound is known for its 
auxion and hypoglycemic activity. Its crystal and 
molecular structure determination was undertaken as 
part of a programme to establish structure-activity 
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relationships in the substituted phenoxyacet ic  acids 
and amides.  

Experimental. 2 g  of  p-n i t rophenoxy acetic acid 
chloride was mixed with excess of  ammon ium car- 
bonate  and, after the first vigorous reaction had 
subsided, the mixture was heated for half  an hour.  After  
cooling, the a m m o n i u m  chloride and carbona te  were 
removed by washing with water,  giving a residue of  
p-n i t rophenoxyacetamide .  Pale yellow crystals  were 
obtained by slow evaporat ion of  a sa turated solution in 
methanol  at room temperature .  A crystal  of  dimen- 
sions 0 . 4 0 x  0 .15  × 0 . 5 3 m m  was  mounted on a 
Nonius  C A D - 4  diffractometer  and the cell parameters  
were refined by the least-squares method from the 
measurements  of  24 well-centred reflections lying in the 
0 range 16-44  °. Densi ty  measured  by flotation method 
using a mixture of  carbon  tetrachloride and heptane.  
D a t a  collected at room tempera ture  in the 09-2 0 scan 
mode with graphi te -monochromat ized  Mo K a  radia- 
tion, in the 0 range f rom 0 to 60 ° with index range 
h 0-*8,  k 0-*8,  l + 16 and backgrounds  measured  for 
1/6 total scan angle on either side of  Bragg peak.  798 
unique reflections were collected with I > 2.5tr(I)  (1500 
total) and used for s tructure determination.  Three 
s tandard  reflections, monitored every hour,  did not 
show any systematic  change.  The intensities were 
corrected for Lorentz  and polarization effects, but not 
for absorpt ion.  

The structure was solved by direct methods using 
M U L T A N 8 0  (Main,  Fiske, Hull, Lessinger, Germain ,  
Declercq & Woolfson,  1980) and refined by full-matrix 
least-squares method using S H E L X 7 6  (Sheldrick, 
1976). Refinement with anisotropic temperature  factors  
for all non-hydrogen a toms reduced the R value to 
0 .0621.  All H a toms were located by a different Fourier  
synthesis and their inclusion in the refinement led to an 
R value of  0 .0507.  The function minimized during the 
least-squares refinement was ( I Fol -- lEvi) 2, with weights 
shown to be sat isfactory by a weight analysis,  
(d/Cr)max ----- 0"068. Max.  and min. heights in the final 
difference Four ier  synthesis were 0 .28  and - 0 . 1 9  e A -3 
respectively. No  correction for secondary  extinction. 
The atomic scattering factors  given by Cromer  & M a n n  
(1968) were used for non-hydrogen  atoms,  while for H 
a toms those of  Stewart ,  Davidson  & Simpson (1965) 
were used. 

Table 2. The molecular  structure and numbering 
scheme are shown in Fig. 1 ( P L U T O ;  Motherwell  & 
Clegg, 1978). 

Table 1. Atomic  fract ional  parameters o f  non-hydro- 
gen (×104 ) and hydrogen atoms (×103 ) and their 
equivalent isotropic thermal parameters with e.s.d.'s in 

parentheses 

ueq = 3-i ~.iUijai aj a r a i. 

x y z ueq/Uiso(A 2) 
C(l) 2585 (7) 478 (7) 9829 (4) 0.0416 (20) 
c(2) 2641 (8) -1300 (8) 9589 (4) 0.0525 (23) 
c(3) 2110 (8) -2557 (8) 10167 (4) 0.0520 (23) 
c(4) 1567 (7) -2050 (7) 10964 (4) 0.0428 (20) 
c(5) 1507 (7) -296 (8) 11215 (4) 0.0452 (20) 
c(6) 2033 (8) 957 (8) 10641 (4) 0.0453 (21) 
c(7) 3643 (9) 1405 (9) 8474 (4) 0.0505 (24) 
c(8) 4280 (8) 2985 (8) 8056 (4) 0.0460 (22) 
N(I) 1005 (7) -3356 (7) 11556 (4) 0.0589 (21) 
N(2) 4032 (8) 4535 (7) 8409 (4) 0.0638 (23) 
O(1) 1006 (8) -4903 (7) 11332 (4) 0.1006 (27) 
0(2) 531 (7) -2910 (6) 12273 (3) 0.0784 (20) 
0(3) 3016 (5) 1823 (5) 9307 (3) 0.0539 (16) 
0(4) 5012 (6) 2804 (5) 7379 (3) 0.0638 (17) 
H(2) 307 (6) -164 (7) 896 (3) 0.015 (5) 
n(5) 95 (7) 6 (8) 1186 (4) 0.020 (5) 
n(3) 217 (8) -408 (8) 1008 (4) 0.027 (7) 
n(6) 198 (7) 227 (7) 1076 (4) 0.018 (6) 
H(10) 355 (8) 448 (9) 905 (5) 0.032 (8) 
H(101) 441 (9) 558 (9) 812 (4) 0.030 (8) 
n(71) 449 (8) 47 (8) 847 (4) 0.023 (7) 
H(72) 285 (8) 82 (9) 809 (4) 0.027 (8) 

Table 2. Bond lengths (•) and angles (0), 
in parentheses 

with e.s.d.' s 

C(I)-C(2) 1.398 (8) C(4)--N(1) 1.433 (7) 
C(2)-C(3) 1.385 (8) N(1)-O(I) 1.220 (7) 
C(3)-C(4) 1-366 (8) N(1)-O(2) 1.221 (6) 
C(4)-C(5) 1.385 (8) C(1)-O(3) 1.353 (6) 
C(5)-C(6) 1.377 (8) O(3)-C(7) 1-426 (6) 
C(6)-C(1) 1.382 (7) C(7)-C(8) 1.469 (8) 
C(8)-O(4) 1.231 (7) C(8)-N(2) 1-313 (8) 
C(2)-H(2) 1.07 (5) C(3)-H(3) 1.17 (6) 
C(5)-H(5) 1.14 (5) C(6)-H(6) 1.01 (5) 
C(7)--H(71) 0.97 (6) C(7)-H(72) 0.89 (6) 
N(2)-H(10) 1.07 (7) N(2)--H(101) 0.97 (7) 

c(1)-c(2)-c(3) 118.9 (6) C(3)-C(4)-N(I) 119.6 (5) 
C(2)-C(3)-C(4) 119.9 (6) C(5)-C(4)-N(1) 118.4 (5) 
C(3)-C(4)-C(5) 122.0 (5) C(4)-N(1)-O(1) 119.1 (6) 
C(4)-C(5)-C(6) 118.3 (5) C(4)-N(1)-O(2) 119.9 (5) 
C(5)-C(6)-C(1) 120.9 (6) O(2)--N(I)-O(1) 121.0 (6) 
C(6)-C(1)-C(2) 120.1 (5) C(2)-C(1)-O(3) 124.3 (5) 
C(6)-C(1)-O(3) 115.7 (5) C(1)-O(3)-C(7) 118.2 (5) 
O(3)-C(7)-C(8) 111.3 (5) C(7)-C(8)-O(4) 118.5 (6) 
C(7)-C(8)-N(2) 119.0 (5) N(2)-C(8)-O(4) 122.5 (6) 

Discussion. Final  positional coordinates of  the a toms 
and their equivalent tempera ture  factors  (Ueq) are given 
in Table 1.* Bond lengths and bond angles are given in 

* Lists of structure factors, anisotropic thermal parameters 
and H-atom parameters have been deposited with the British 
Library Document Supply Centre as Supplementary Publication 
No. SUP 43734 (9 pp.). Copies may be obtained through The 
Executive Secretary, International Union of Crystallography, 5 
Abbey Square, Chester CH 1 2HU, England. 
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Fig. I. Structure of PNPA, showing the numbering of the atoms. 
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The bond lengths and bond angles of the molecule 
are comparable with those found in o-chloro- 
phenoxyacetamide (2CLPA) (Lakshmi Rao, Rao 
& Padmanabhan, 1987), 2-methyl-4-chloro- 
phenoxyacetamide (2M4CLPA) (Lakshmi Rao, Ses- 
hadri & Rao, 1987), p-chlorophenoxyacetamide 
(4CLPA) (Krishnasamy, 1983) and o-cresoxyaceta- 
mide (2MPA) (Krishnasamy, 1983). In the nitro group 
of the molecule, the bonds N(1)-O(1) and N(1)--O(2) 
(Fig. 1) are comparable to the N - O  lengths 1.210 (1) 
and 1.223 (7) ]k in p-nitrophenoxyacetic acid 
(PNP) (Vijay Kumar & Rao, 1980) and 1.224 and 
1.219 A in p-nitrobenzoic acid (Colapietro & 

Domenicano, 1977) respectively. The NO 2 group is 
symmetrical about the bond C(4)-N(1), while the N 
atom is out of the benzene plane by 0.021 A. The 
distances O(1)--C(3) and O(2)-C(5) are equal. The 
dihedral angle between the plane of the benzene ring 
and the plane of the nitro group is only 1-6 (1) °. This 
shows that the symmetrical nitro group has not 
undergone any significant rotation about C(4)--N(1). 
The two substituent groups NO 2 and 0(3) (the 
electron-withdrawing groups) have produced small 
deformations of the skeletal geometry of the ring. This 
is reflected by slightly larger values of the angles in the 
benzene ring at the sites of substitution C(4) and C(1). 
These changes are similar to those observed in PNP. 

The bond O(3)-C(7) is 1.426 (6) ]k, which is similar 
to those reported in PNP [1.41 (1)], 2,4-dichloro- 
phenoxyacetic acid (2,4D) (Smith, Kennard & White, 
1976a) [1.423 (5)] and 2,4,5-trichlorophenoxyacetic 
acid (2,4,5T) (Smith, Kennard & White, 1976b) 
[1.417 (8)A] etc. But the bond distance C(7)-C(8) is 
significantly shorter than the value of 1.520(6)A 
observed in 2,4,5T for C(7)-C(8). Similar shortening is 
observed in 2,4D and in PNP [1-477(10)] and 
2-chlorophenoxyacetic acid (1.41A) (Kennard & 
Smith, 1981). 

The molecules are hydrogen bonded as shown in Fig. 
2, with N--H--.O bonds of length 2.886 (3)A. The 
bonds are formed by both the nitrogen and the oxygen 
atoms of a molecule (x,y,z) taking part in bond 
formation with the oxygen atom ( I -x ,  ½ + y, -32 - z )  and 

a 

(½,1,1) 

Fig. 2. Projection of the title compound in the x-y plane showing 
the N--H... O bond formation. 

the nitrogen atom ( l - x , -  ½ + y, ½--z) of two mole- 
cules which are related by a translation b. The first 

1 3 molecule is related by the symmetry element 21[~y ~] to 
the latter two molecules. 

The hydrogen bonds are in two sets and run in zigzag 
fashion symmetrically across the centres of symmetry 

1 1 (½,0,1), (~,~,1) and (½,1,1). The features of the hydro- 
gen-bond network in this structure resemble those 
reported in monofluoroacetamide (Hughes & Small, 
1962). In the latter case, however, both the hydrogen 
atoms of the amide are used in the network of hydrogen 
bonds running through the lattice. The N--H... O bonds 
of the present structure compare with those found in 
2M4CLPA, 2CLPA, 4CLPA and 2MPA. 

The temperature factors of the O atoms of the nitro 
group are larger than those of the O and N of the amide 
group. This shows that the thermal vibrations of t h e  
molecules are influenced by the hydrogen bonds. The 
dihedral angle between the planar benzene ring and the 
phenoxyacetamide group is 5.2 (3) °. This is com- 
parable to those found in 2M4CLPA, 2CLPA, 4CLPA 
and 2MPA and acetic acids (Smith & Kennard, 1979), 
but is significantly different from the 85.2 ° observed in 
2,4D. There are no significant short contacts other 
than the hydrogen bonds. 

One of us (Bh. Lakshmi Rao) thanks the Council of 
Scientific and Industrial Research, Government of 
India, for financial support enabling us to carry out this 
work. We record our sincere thanks to Dr T. N. Guru 
Row, NCL, Pune, India, for helping us in data 
collection, and Professor M. A. Viswamitra, Chair- 
man, Department of Physics, IISc, Bangalore, for free 
use of the computer facility. 

References 

COLAPIETRO, M. & DOMENICANO, A. (1977). Acta Cryst. B33, 
2240-2243. 

CROMER, D. T. & MANN, J. B. (1968). Acta Cryst. A24, 321-324. 
HUGHES, O. O. & SMALL, R. W. H. (1962).Acta Cryst. 15, 933. 
KEN'NARD, C. H. L. & SMITH, G. (1981). Acta Cryst. B37, 

1456-1458. 
KRISHNASAMY, V. (1983). PhD Thesis, Dept of Physics, IIT, 

Bombay, India. 
LAKSHMI RAO, BH., RAO, L. M. & PADMANABHAN, V. M. (1987). 

In preparation. 
LAKSHMI RAO, BH., SESHADRI, T. P. & RAO, L. M. (1987). In 

preparation. 
MAIN, P., FISKE, S. J., HULL, S. E., LESSINGER, L., GERMAIN, G., 

DECLERCQ, J.-P. & WOOLFSON, M. M. (1980). MULTANSO..4 
System of Computer Programs for the Automatic Solution of 
Crystal Structures from X-ray Diffraction Data. Univs. of York 
England, and Louvain, Belgium. 

MOTI-mRWELL, W. D. S. & CLEGG, W. (1978). PLUTO. Program 
for plotting molecular and crystal structures. Univ. of Cam- 
bridge, England. 

SrmLDRXCK, G. M. (1976). SHELX76. Program for crystal 
structure determination. Univ. of Cambridge, England. 

SMITH, G. & KEN'NARD, C. H. L. (1979). J. Agric. Food Chem. 27, 
779-787. 



BH. LAKSHMI RAO, T. P. SESHADRI AND LEELA M. RAO 1927 

SMITH, G., KENNARD, C. H. L. & WHITE, A. H. (1976a). J. Chem. 
Soc. Perkin Trans. 2, pp. 791-792. 

SMITH, G., KENNARD, C. H. L. & WHITE, A. H. (1976b). Aust. J. 
Chem. 29, 2727-2730. 

STEWART, R. F., DAVIDSON, E. R. & SIMPSON, W. T. (1965). J. 
Chem. Phys. 42, 3175-3187. 

VIJAY KUMAR, S. & RAO, L. M. (1980). Acta Cryst. B36, 
1218-1220. 

Acta Cryst. (1987). C43, 1927-1929 

Structure of Garcinone B* 
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Abstract. 5,9,11-Trihydroxy-3,3-dimethyl- 10-(3- 
methyl-2-butenyl)-3H, 12H-pyrano[ 3,2-a]xanthen- 12- 
one monohydrate, C23H2206.H20, Mr=412 .4 ,  tri- 
clinic, Pi ,  a = 8.306 (1), b = 8.543 (1), c = 
14. 695 (1) A, ~=95 .12 (1 ) ,  f l=101.44(1) ,  y =  
86.91 (1) °, V =  1017.2 (2) A 3, Z =  2, D m = 1.342 (3) 
(flotation), D x -  1.346 Mg m -3, Cu Kt~ radiation, 2 
= 1.5418A, g = 0 . 7 8 7 m m  -~, F(000)=436,  T =  
294 K, final R = 0.062 for 2652 reflections [I > 3a(I)]. 
The xanthone ring system is nearly planar. The 
dihedral angle between the xanthone ring plane and the 
plane of the isoprenyl side chain is 111.5 (2) °. The 
molecules are linked by hydrogen bonds via a molecule 
of water. 

Introduction. Several naturally occurring xanthones 
isolated from plants have created considerable interest 
in terms of their biological importance and potential as 
drugs (Gopalakrishnan, Shankaranarayanan, Nazimu- 
deen, Viswanathan & Kameswaran, 1980; 
Shankaranarayanan, Gopalakrishnan & Kameswaran, 
1979). The title compound is one of the constituents of 
the mangosteen fruit hulls (Garcinia mangostana, 
Guttiferae), which have been in use as a folk medicine 
for the treatment of dysentery (Yates & Stout, 1958). 
The X-ray structural analysis of this compound was 
carried out in order to ascertain its conformation and 
molecular geometry. 

Experimental. The fruit hulls after extraction with 
petroleum ether were further extracted with benzene. 
The benzene extract was chromatographed on silica gel 
(4:1 benzene/chloroform), further purified by prep. 
TLC to yield the title compound, which is identical in 
all respects, viz m.p., TLC and IR, to an authentic 
specimen. Recrystallization of the compound from 
methanol gave yellow needles. Crystal dimensions 

* Contribution No. 703 from the Department of Crystal- 
lography and Biophysics. 

t To whom correspondence should be addressed. 
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0.11 x 0.07 x 0-10 mm. CAD-4 diffractometer, mono- 
chromated Cu Kct radiation. Cell parameters from least- 
squares refinement of setting angles of 25 reflections (0 
range 25-35°). Intensity data for 0 < 0 <  55 °, ~o/20 
scans, two check reflections for every 98 reflections did 
not vary significantly over the course of the data 
collection. Lp but no absorption correction, 3939 
reflections (h 0-*9, k-9-- ,9,  1-16--,16) of which 2652 
[I > 3o(1)] used in calculations. Direct methods with 
MULTAN80 (Main, fiske, Hull, Lessinger, Germain, 
Declercq & Woolfson, 1980); an E map calculated 
from the set of phases with the highest figure of merit 
revealed the structure. Full-matrix least-squares refine- 
ment on F. Anisotropic temperature factors for C and 
O atoms, isotropic for H. H positions except those 
bound to the water molecule were revealed from a 
difference map. w = 1.032/o2(Fo) + 0.003Fo 2, final R 
= 0.062, wR = 0.067 for 2652 reflections. R = 0.072 
for all reflections. S = 1.51; final AF map featureless, 
(A/e)ma x = 0.51, final Ap excursions --0.23-0.32 e A -3. 
No corrections for secondary extinction, scattering 
factors as in S H E L X  (Sheldrick, 1976). Calculations of 
geometrical data and crystal packing were computed by 
the program P A R S T  (Nardelli, 1983). Calculations 
performed on an IBM 370 computer. 

Discussion. Final positional parameters of the non-H 
atoms are given in Table 1.:]: Bond distances and angles 
are given in Fig. 1. A perspective view of the molecule is 
in Fig. 2. The values of the bond lengths and angles are 
similar to those observed in other comparable systems 
(Yoshida, Tanaka, Ashida, Kakudo, Fukuyama & 
Katsube, 1979; Soderholm, Sonnerstam, Norrestam & 
Palm, 1976). 

$ Lists of structure factors, anisotropic thermal parameters of the 
non-H atoms, hydrogen-bond distances and angles, and H-atom 
parameters have been deposited with the British Library Document 
Supply Centre as Supplementary Publication No. SUP 44048 (16 
pp.). Copies may be obtained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
CH 1 2HU, England. 
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