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Abstract

The atomic arrangements in isopropylammonium dihy-
drogenmonophosphate and isopropylammonium mono-
hydrogenphosphite are described. In the phosphate, the
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distances between the H, PO, groups are rather short (P—
P =4.238and 4.218 A) so that these entities form (through
strong hydrogen bonds) infinite (H,PO4), chains paral-
lel to the a direction. In spite of the significantly longer
(4.769 A) P—P distance, the (HPO3H), groups in the
phosphite compound also form infinite chains running
parallel to the a direction. In the phosphate derivative, lin-
ear arrays of the isopropylammonium groups spread par-
allel to the ¢ direction, i.e. perpendicular to the phosphoric
chain, while in the phosphite compound the arrays of the
organic component and the phosphoric chains are parallel.

Comment

Both arrangements are characterized principally by the
existence of infinite phosphoric chains, (H,POy), for the
phosphate and (HPO3;H), in the case of the phosphite. In
both structures, isopropylammonium groups are arranged
in linear arrays, but the organization of these arrays rela-
tive to the phosphoric chains is fundamentally different
in the two derivatives. In the phosphate, the phospho-
ric chains spread along the a direction, while the organic
component arrays are parallel to the ¢ direction. Fig. 1
shows the general organization of this arrangement pro-
jected along c. In contrast, both the (HPO3H), chains and
the arrays of isopropylammonium groups in the phosphite
compound are parallel to the a direction. In the phos-
phate, each H,PO, group is connected to its two adjacent
neighbours by relatively strong hydrogen bonds (2.567
and 2.631 A) corresponding to O—O distances slightly
longer than those observed inside the PO, tetrahedron.
The short P—P distances observed in the chain (4.238 and
4.218 A) are easily explained by the geometry of these hy-
drogen bonds. In the phosphite, the P—P distance is sig-
nificantly longer (4.769 ;\) because the infinite (HPOs;H),,
chain is more stretched, each PO;H tetrahedron being
bonded to its two neighbours by only one hydrogen bond.
Fig. 2 depicts the general organization of the phosphite
derivative. Tables 2 and 4 give the main interatomic dis-
tances and bond angles in these two arrangements, includ-
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Fig. 1. Projection along the ¢ direction of the atomic arrangement of the
phosphate compound. The hatched tetrahedra denote the PO4 groups.
The open circles represent, in decreasing order of size, N, C and H
atoms. Inside the phosphoric chain, hydrogen bonds are represented
by solid and dashed lines. The H atoms of the organic components
have been omitted.
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ing the hydrogen-bond schemes. In both structures, the or-
ganic entities are connected by strong N—H- - -O hydro-
gen bonds to the phosphoric anions. The organic entities
(whose geometrical features are also reported in Tables 2
and 4) are quite regular and can be compared to those pre-
viously observed in a similar derivative, isopropylammo-
nium cyclo-triphosphate, [NH3(C3H7)]3P309 (Averbuch-
Pouchot, Durif & Guitel, 1988).

Fig. 2. Projection along the ¢ direction of isopropylammonium phos-
phite. In the polyhedral representation of the PO3H tetrahedron, the
corner corresponding to the H atom is denoted by a small open circle.
The H atoms of the organic components have been omitted.

Experimental

Phosphate derivative

Crystal data

C3H oN" H,04P~ Mo Ka radiation

M, = 157.11 A =0.7107 A

Monoclinic Cell parameters from 21

P2 /c reflections

a=5.769 (2) A # =11.0-12.0° .

b=1539 (1) A p# = 0.344 mm™

c=18504 (3) A T=295K

B = 109.43 (3)° Stout prism

V=712 (1) A3 0.28 x 0.24 x 0.21 mm
Z=4 Colourless

D; = 1.465 Mg m™>

Data collection

Nonius CAD-4 diffractome- h=0—7

ter k=0-—-21
0 scans l=-11-1

2 standard reflections
frequency: 120 min
intensity variation: none

2252 measured reflections
2055 independent reflections
2252 observed reflections

Ry = 0.02

Omax = 30°

Refinement

Refinement on F (A/0)max = 0.03
Final R = 0.025 Apmax = 0.190 ¢ A~3

REGULAR STRUCTURAL PAPERS

wR = 0.027 Apmin = 0.177 ¢ A™3

S =0.390 Atomic scattering factors

1487 reflections from International Tables
[1>3.00(D] for X-ray Crystallogra-

131 parameters

All H-atom parameters re-
fined

we=1

phy (1974, Vol. IV, Table
2.2B)

Table 1. Fractional atomic coordinates and equivalent

isotropic thermal parameters (A%) for the phosphate
derivative

Beg = (1/3)2,‘21‘300;‘61;8,'.3!‘.

X Yy 2z Beq/Biso
P 0.75530 (6) 0.89967 (2) 0.00831 (4) 1.861 (4)
01 0.3086 (2) 0.02335 (6) 0.1075 (1) 2.25(2)
02 0.0412 (2) 0.61327 (6) 0.5741 (1) 2.62(2)
o3 0.3591 (2) 0.31539 (7)) 0.5624 (1) 2.68 (2)
04 0.3072 (2) 0.07969 (7) 0.8300 (1) 3.02(2)
c1 0.1967 (3) 0.6709 (1) 0.0259 (2) 2.69 (3)
c2 0.3465 (3) 0.9003 (1) 0.4862 (2) 3.60 (4)
C3 0.0440 (3) 0.8595 (1) 0.6279 (3) 4.41 (4)
N 0.3663 (2) 0.74068 (8) 0.1197 (2) 243(2)
H1 0.119 (4) 0.934 (1) 0.083 (3) 5.9 (6)
H2 0.597 (3) 0.954 (1) 0.156 (2) 4.1 (4)

Table 2. Main interatomic distances (A) and bond
angles (°) for the phosphate derivative

P 01 02 03 04
o1 1.506 (2) 2.510(2) 2.543(2) 2.512(2)
02 109.4(1) 1.568 (2) 2.470(2) 2.462 (3)
03 116.2 (1) 107.8(D 1.488 (2) 2.492 (3)
04 109.7 (1) 103.6 (1) 109.3(1) 1.566(2)
P—O2—HI 112 (2) P—04—H2 112 (3)
Cl—N 1.492 (3) N—C1—C2 108.8 (2)
Cc1—C2 1.503 (4) N—C1—C3 108.8 (3)
C1—C3 1.501 (4) C2—C1—C3 1132 (3)
ON)—H---O0 OMN)—H H---O OWN)---O0 ON)—H- - -0
02—Hi1. . .01 085(4)  1.73(4) 2.567 (2) 173 (4)
04—H2. - -0l 073(3)  191(3) 2.631(2) 170 (4)
N—HIN. - -03 093(3) 187(3)  2.804(3) 174 (3)
N—H2N. - .03 092(3)  200(3) 2.870 (3) 157 (3)
N—H3N. - -03 092(3) 186(3)  2.778(3) 175 (3)

Phosphite derivative

Crystal data
C3HoN" . H,03:P~ Ag Ko radiation
M, = 141,107 A =0.5608 A
Orthorhombic Cell parameters from 25
P2,212y . reflections
a=81259) A # = 8.50- 13.80°
b= 12,677 (10) A g =0.167 mm™!
c=7172(9) A T=293K
V=139 () A’ Short prism
Z=4 0.32 x 0.32 x 0.24 mm
D, = 1269 Mg m™ Colourless
Data collection
Nonius CAD-4 diffractome- Omax = 30°

ter h=-14 - 14
6 scans k=0-—21
3817 measured reflections =011



1073 independent reflections

1627 observed reflections
[[>3.00(D)]

Rim =0.01

Refinement
Refinement on F
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2 standard reflections
frequency: 60 min
intensity variation: none

(A/0)max = 0.04

Final R = 0.043 Apmax = 0498 ¢ A3
wR = 0.045 Apmin = 0359 ¢ A3
S =0.536 Atomic scattering factors

1073 reflections

121 parameters

All H-atom parameters re-
fined

from International Tables
for X-ray Crystallogra-
phy (1974, Vol. 1V, Table
2.2B)

w=1

Table 3. Fractional atomic coordinates and equivalent

isotropic thermal parameters (A?) Jor the phosphite
derivative

Beq = (1/3)%,X;Bjar aa;.a).

X y ra Beq/Biso

P 0.44767 (9) 0.27094 (8) 0.1702 (1) 2.97(1)
01 0.3434 (3) 0.2567 (2) 0.3392 (3) 3.97(5)
02 0.3703 (3) 0.2499 (3) —0.0143 (3) 4.19 (6)
o3 0.3925 (3) 0.7044 (3) 0.3005 (4) 4.57 (6)
Cl 0.0039 (5) 0.4381 (3) 0.3689 (6) 3.81(8)
c2 0.1759 (5) 0.9690 (4) 0.1386 (7) 50(1)
C3 0.1038 (7) 0.4893 (4) 0.2139 (9) 6.6 (1)
N 0.0163 (3) 0.3208 (2) 0.3515 (4) 2.94 (5)
HO3 0.307 (6) 0.715(4) 0.391 (6) 5(1)

Table 4. Main interatomic distances (A) and bond
angles (°) for the phosphite derivative

P 0l (071 o3 H
01 1.490 (2) 2.546 (3) 2.459 (3) 2.35(5)
02 117.5(1) 1.489 (3) 2.529(3) 2.42(5)
03 107.3 (1) 111.92) 1.563 (3) 2.19(5)
H 109 (2) 114 (2) 95(2) 1.40(5)
P—03—HO3 116 (3)

Cl—N 1.495 (5) N—C1—-C2 108.6 (3)
C1—C2 1.514 (6) N—C1—-C3 109.1 (3)
C1—-C3 1.522 (7) C2—C1—-C3 112.2 (4)

ON)—H---O OMN)—H H---O  O(N)---O0 O(N)—H:---0

03—HO3---02  0.96(5) 1.65 (5) 2.581 (3) 161 (4)
N—HIN- - .02 0.87 (4) 197 (4) 2.839 (4) 175 (4)
N—H2N- - -0l 0.87 (4) 1.93 (4) 2781 (3) 163 (4)
N—H3N. . .01 082(4) 2.02(4) 2.803 (3) 158 (4)

The monophosphate was prepared by slow evaporation at room
temperature of a diluted aqueous solution containing H3PO, and
isopropylamine with the required stoichiometry. Several disso-
lutions followed by carefully controlled recrystallizations are of-
ten necessary to obtain good quality crystals. A similar process
was used for the synthesis of the phosphite derivative.

Data collection: Nonius CAD-4 software. Cell refinement:
Nonius CAD-4 software. Data reduction: SDP (Enraf-Nonius,
1977). Program used to solve structures: MULTAN (Main,
Lessinger, Woolfson, Germain & Declercq, 1977). Program
used to refine structure: SDP. Molecular graphics: STRUPLO
(Fischer, 1985). Software used to prepare material for publica-
tion: SDP.
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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
55751 (29 pp.). Copies may be obtained through The Technical Editor,
International Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England. [CIF reference: PA1023]
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Abstract

The structure of glycinium phosphite consists of a
layer arrangement of planes containing infinite
[HHPO,)J:~ chains alternating with planes built by
the organic anions, both layers developing parallel to
the bc plane. Strong hydrogen bonds corresponding
to O—O distances of 2.482 and 2.518 A are respon-
sible for the cohesion between the HPO; tetrahedra
along this ‘macroanion’. The same type of infinite
[H(HPO,)];~ chain is observed in the glycylgly-
cinium derivative which differs from the first com-
pound in that the organic entities are connected by
hydrogen bonds. A comparison between these two
atomic arrangements and the corresponding mono-
phosphates is given.

Comment

The atomic arrangement in glycine phosphite has a
typical layer organization. As shown in Fig. 1, planes
built by the phosphoric entities alternate with planes
containing the organic groups, the two kinds of layer
being parallel to the bc plane and separated by a

© 1993 International Union of Crystallography



