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Tab le  2. Significant bond lengths (,~) and angles (o) 

PO3F2- 
P - - F  1.601 (1) F--P---O(1) 103.10 (7) 
P---O(I) 1.508 (1) F--P--O(2) 104.22 (7) 
P-.-O(2) 1.510 (1) F--P---O(3) 103.90 (8) 
P---O(3) 1.511 (1) O(1)----P---O(2) 115.73 (7) 

O(1)--P--O(3) 113.40 (7) 
O(2)--P--O(3) 114.50 (7) 

Ni(H20)~ + 

Ni---O(4) 2.034 (I) x 2 O(4)----Ni--O(5) 91.18 (5) 
Ni---43(5) 2.079 (1) x 2 O(4)----Ni--O(6) 89.52 (5) 
Ni----O(6) 2.070 (1) x 2 O(5)--Ni---O(6) 90.79 (5) 
O H ( m e a n )  0.80 (4) O(4) - -Ni -~(6  i) 90.48 (5) 

O(5)--Ni--O(6 i) 89.21 (5) 
O(4)--Ni--O(5 t) 88.82 (5) 
H--O--H(mean) 107 (4) 

Symmet ry  code:  (i) - x, - y,  - z. 

Table  3. Hydrogen-bond geometry (A, o) 

D...A D...A H-.-A H a tom Angle  a t  H 
O(1)...O(4') 2.774 (2) 1.98 (4) H(41) 170 (3) 
O(1)...O(6 a) 2.778 (2) 1.99 (4) H(61) 173 (4) 
O(1)...N e 2.830 (2) 2.01 (4) H(1) 173 (4) 
0(2)...0(6 m) 2.789 (2) 1.97 (4) H(62) 174 (4) 
O(2)...N ~v 2.935 (2) 2.07 (4) H(3) 148 (4) 
0(3)...0(4'3 2.703 (2) 1.90 (4) H(42) 171 (3) 
O(3)-..N 2.846 (2) 1.99 (4) a(2) 171 (3) 
O(5)---F 2.841 (2) 2.05 (4) H(51) 176 (5) 
0(5)--0(2 ' )  2.683 (2) 1.87 (4) n(52) 179 (4) 

Symmet ry  code:  (i) x, y,  1 + z ;  (ii) 1 - x ,  - y ,  1 - z ;  (iii) - x ,  - y ,  1 - z ;  
1 1 (iv) x - 1, y,  z; (v) x,  - y  + ~, z - 2. 

The title compound was prepared from a mixture (mo- 
lar ratio 1:1) of aqueous solutions of (NH4)2PO3F.H20 and 
Ni(NO3)e.6H20. Green single crystals were grown by slow 
evaporation at room temperature. The IR spectrum revealed 
the presence of both NH4 ÷ and POsF 2- ions. Crystals decom- 
posed in air; to collect data, they were mounted in sealed glass 
capillaries. In spite of this, crystal decay was observed dur- 
ing data collection. The final intensities of standard reflections 
dropped by up to 73 % of their initial values. Intensities were 
collected with a scan amplitude of 1.5 ° and speed of 0.6 ° 
s -1. Calculations were performed with DIRDIF (Beurskens et 
aL, 1984), XRAI,~0 (Stewart, Kundell & Baldwin, 1980), PE- 
SOS (Martinez-Ripoll & Cano, 1975) and PLUTO (Mother- 
well & Clegg, 1978). The weighting scheme applied by PE- 
SOS was w = K/F(t)F(s), where K = 0.5785, F(s) = 6.4971 - 
21.0696(sin0/A)+ 18.9012(sinO / A ) 2 and F(]) = a + bFob~ + CFobs. 
The values of a, b and c were as follows: 

a b c 
1.1255 -0.2964 0.0269 Fobs <7 .5  
0.2515 0.0118 0.0 7.5<Fobs < 2 0 . 0  

-0.0032 0.0235 0.0 2 0 . 0 < F o ~  <29 .0  
-0.3053 0.0329 0.0 29.0<Fobs 

This work forms part of the Cooperation 
Agreement between CSIC, Spain, and the Universit6 
de Marrakech, Morocco. We wish to express our 
thanks to both Institutions for financial support. 

Lists of structure factors, anisotropic thermal parameters, H-atom coor- 
dinates, bond distances and angles, have been deposited with the British 
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Abstract 

The 1,3-dioxepane ring adopts a twist-boat conforma-  
tion with the acetylamino and hydroxy groups occupying 
c/s positions with respect to the ring. Two intramolecu- 
lar hydrogen bonds [ N - - H . . . O H  of 2.774(4) and O -  

H . .  • OCH2 of  2.808(3) A] fix the conformation,  and to- 

0108-2701/92/071352-03506.00 © 1992 International Union of Crystallography 
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gether with two intermolecular hydrogen bonds cause the 
broadening of - - O H  and - - N H  stretching bands in the IR 
(KBr) spectrum at 3290-3180 c m -  1. 

Comment 
As part of our research on polyfunctional synthon syn- 
theses (Dumi6, Pro~tenik & Butula, 1978; Pro~tenik, 
Dumi6 & Butula, 1984; Dumi6, Pro~tenik, Fabijani6 
& Butula, 1984; Dumi6, Fili6, V'mkovi6 & Kamenar, 
1992) the structure determination of the title com- 
pound (1) was undertaken in order to establish the 
configuration of 3,4,8,8a-tetrahydro-6H- [ 1,3]dioxepino- 
[5,6-d]oxazole. Details of the synthetic work will be pub- 
lished elsewhere (Dumi6, Vinkovi6, Butula & Kamenar, 
1992). 

( O ~  .~JOH 

O ~ N H C O C H 3  

(1) 

The acetylamino and hydroxy groups are cis with re- 
spect to the 1,3-dioxepane ring (Fig. 1) which adopts a 
twist-boat conformation. All bond distances (Table 2) are 
in agreement with the distances given by Allen, Kennard, 
Watson, Brammer, Orpen & Taylor (1987) for the corre- 
sponding types of bonds, with the exception of C(1)--  
0(2)  and C(2)--C(3) of 1.401(4) and 1.508(5) ,~ respec- 
tively, which are slightly shorter than expected. There 
are two intramolecular hydrogen bonds; one between the 
acetylamino and the hydroxo group, N(1) - -H. . .O(3) ,  
and one between the hydroxo group and a ring O atom, 
O ( 3 ) - - H . . . 0 ( 2 ) .  While the former restricts free rotation 
around the single bond N(1)--C(4),  the latter fixes the 
conformation of the dioxepane ring. They both, together 
with the intermolecular hydrogen bonds (Fig. 2, Table 3), 
cause the observed broadening of the - - O H  and - - N H  
stretching bands in the IR (KBr) spectrum. 

0(3) ~ ) "  " ' -  
. ' - -~ '  "-...  0(2) 

(~ ~ v 0(I) 

0(4) 

Fig. 1. PLUTON drawing of CTH13NO4 showing the labelling scheme 
of the non-H atoms. Intramolecular hydrogen bonds are represented 
by dashed lines. 

• .•" '.... 

""... ~(1.." 

"-.. 

Fig. 2. PLUTONdrawing of the unit cell of C7HI3NO4 . Hydrogen bonds 
are represented by dashed lines. 

Experimental 
Crystal data 

C7H13NO4 V = 425.0 (2) A 3 
Mr = 175.18 Z = 2 
Monoclinic Dx -- 1.37 Mg m -3 
Pn Dm -- 1.38 Mg m -3 
a = 8.767 (1) ./k Mo Ko~ 
b = 7.117 (2) A A = 0.7101 A 
c = 7.260 (2) ,~, # = 0.105 mm -] 
/3 = 110.23 (2) ° T--- 293 K 
Cell parameters from 18 Irregular pyramid 

reflections 0.36 x 0.30 x 0.26 mm 
0 --- 9-12 ° Colourless 

Data collection 
Philips PW 1100 diffractome- 

ter 
O3 s c a n s  

Absorption correction: 
none 

1015 measured reflections 
1014 independent reflections 
904 observed reflections 

[F > 3.0tr(F)] 

Refinement 

Refinement on F 
Final R = 0.032 
wR -- 0.041 
S -- 0.7693 
904 reflections 
159 parameters 
All H-atom parameters re- 

fined 
w = 0.7348/[tr2(F) + 

0.000867F 2] 

0m,~ = 29.97 ° 
h = -12  ~ 11 
k = 0 ----~ 9 
l = 0---* 10 
3 standard reflections 

frequency: 120 min 
intensity variation: 3.4% 

(A/a)max = 0.003 
Apm~x = 0.158 e A -3 
Apmin = -0.120 e ]k -3 
Atomic scattering factors 

from International Tables 
for X-ray Crystallogra- 
phy (1974, Vol. IV, Table 
2.2B) 

Data collection: Philips PWll00/10 software 1974. Cell re- 
finement: Philips PW1100/10 software 1974. Data reduction: 
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Table 1. Fractional atomic coordinates and equivalent 
isotropic thermal parameters (A 2) 

Ueq = ~ ~i~jUiya~ af ai.aj. 

x y Z Ueq 
C(1) 0.5055 (5) -0.1874 (4) 0.5434 (5) 0.0430 (9) 
C(2) 0.5637 (5) 0.1010 (5) 0.4162 (6) 0.049 (1) 
C(3) 0.5120 (4) 0.2659 (4) 0.5111 (5) 0.0369 (9) 
C(4) 0.5334 (4) 0.2296 (4) 0.7263 (5) 0.0354 (8) 
C(5) 0.4639 (5) 0.0429 (4) 0.7628 (5) 0.041 (1) 
C(6) 0.5400 (4) 0.4475 (4) 0.9887 (5) 0.0328 (8) 
C(7) 0.4580 (5) 0.6074 (5) 1.0513 (5) 0.046 (1) 
O(1) 0.5605 (3) --0.1081 (3) 0.7333 (4) 0.0441 (7) 
0(2) 0.4524 (4) --0.0522 (3) 0.3946 (4) 0.0442 (7) 
0(3) 0.3491 (3) 0.3201 (3) 0.4036 (4) 0.0448 (7) 
0(4) 0.6662 0.3782 (3) 1.1011 0.0442 (6) 
N(1) 0.4670 (4) 0.3834 (3) 0.8054 (4) 0.0366 (7) 

Table 2. Geometric parameters (,A,, o) 
C(1)--O(1) 1.411 (4) C(2)--C(3) 1.508 (5) 
C(1)--O(2) 1.401 (4) C(3)--O(3) 1.424 (4) 
CO)--C(5) 1.523 (5) C(2)--O(2) 1.435 (5) 
C(5)--O(1) 1.430 (5) C(6)--C(7) 1.498 (5) 
C(3)--C(4) 1.530 (5) C(6)--O(4) 1.228 (3) 
C(4)--N(1) 1.448 (5) C(6)--N(1) 1.342 (4) 

O(1)--C(1)--O(2) 112.9 (3) C(3)--C(2)--O(2) 109.9 (3) 
C(4)--C(5)--O(1) 109.7 (3) O(4)--C(6)--N(1) 122.3 (3) 
C(5)--C(4)--N(1) 110.5 (3) C(7)--C(6)--N(1) 116.4 (3) 
C(5)--C(4)--C(3) 114.2 (3) C(7)--C(6)--O(4) 121.3 (3) 
C(3)--C(4)--N(1) 110.7 (3) C(1)--O(1)--C(5) 115.3 (3) 
C(4)--C(3)--O(3) 110.6 (3) C(1)--O(2)--C(2) 113.9 (3) 
C(4)--C(3)wC(2) 112.7 (3) C(4)--N(1)--C(6) 122.1 (3) 
C(2)--C(3)--O(3) 111.3 (3) 

Table 3. Hydrogen-bond geometry (A, °) 

D--H...A D...A D--H D--H...A Symmetry code for A 
O3--H(O3)...O2 2.808 (3) 0.82 (4) 109 (4) x,y,z 
H1--H(NI)...O3 2.774 (4) 0.83 (3) 103 (2) x,y,z 
O3---H(O3)...O1 2.836 (3) 0.82 (4) 150 (4) -0.5 + x, -y, -0.5 + z 
N1--H(N1)...O4 3.054 (3) 0.83 (3) 166 (3) -0.5 + x, 1 - y, -0.5 + z 

STRUFA (ZOAICi; Vickovi6, 1975). Program(s) used to solve 
structure: MULTANSO (Main et al., 1980). Program(s) used to 
refine structure: SHELX76 (Sheldrick, 1976). Software used to 
prepare material for publication: PLUTON (Spek, 1982). 
The w-scan width was 1.20 ° with an w-scan rate of 2.4 ° rain- 1. 
To define the origin of the space group the x and z coordinates of 
0(4) were fixed. Refinement was performed by the full,matrix 
least-squares method. 

This work was supported by the Croat ian  
Nat iona l  Science Foundat ion .  

Lists of structure factors, anisotropic thermal parameters, H-atom coor- 
dinates, and complete geometry have been deposited with the British Li- 
brary Document Supply Centre as Supplementary Publication No. SUP 
55051 (9 pp.). Copies may be obtained through The Technical Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH1 
2HU, England. [CIF reference: AB1006] 
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Abstract  

The Fe a tom is octahedral ly surrounded by two 
tridentate dipicolinate anions. These two ligands are 
or thogonal  to each other. The two water molecules 
are l inked through the proton required for electricial 
neutrali ty and form an H502 cation. The protons o f  
these two water molecules are bonded to the O 
atoms of  the carboxylate groups which are not  coor- 
dinated to the Fe atom. Meta l -n i t rogen  and me ta l -  
oxygen distances are comparable  to those of  other 
t ransi t ion-metal  dipicolinate complexes. 

Comment 
The complexation of metal ions by 2,6-pyridine- 
dicarboxylic acid (H2dpa) has been extensively 
studied. Part of the interest results from the unique 
ability of  the l igand to form stable chelates, as 
indicated by the slow exchange rates (Erikson, 
Grenthe & Puigdomenech,  1987; Ducommun ,  Helm,  
Laurenczy & Merbach,  1989) and the rmodynamic  
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