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Abstract

Cyclopropylcarboxamidine hydrochloride, C4sHoN3.Cl—,
the first structural example of an alicyclic central C-atom
substituted amidine, contains almost equal C—N bond
lengths of 1.316 (4) and 1.304 (4) A, indicating that it is
an amidinium salt.

Comment

The widespread interest in amidines as a result of
their importance in the pharmaceutical, biological and
coordination chemistry fields is reflected in the number
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of structural papers which have appeared (Dehnicke,
1990; Edelmann, 1994; Barker & Kilner, 1994; Alcock
et al., 1994; Barker et al., 1997). The present study
of cyclopropylcarboxamidine hydrochloride, (I), was
carried out to furnish data with regard to the effect of
an alicyclic group on the amidine fragment.

NH,
>—<<+ cr
NH,
09]

The C—N bond lengths [1.316(4) and 1.304 (4) A]
are neither single nor double bond in character. They
are similar to those found in the straight-chain iso-
propylamidine hydrochloride analogue, (II) [with mean
bond lengths 1.317(5) and 1.300(6) A; Barker &
Powell, 1996], acetamidinium chloride, (III) [1.305 (2)
and 1.310(3)A; Cannon er al., 1976], and bis-
(acetarmdmlum) carbonate monohydrate, (IV) [1.308 (5)
and 1. 315(5)A Norrestam, 1984], but differ somewhat
from those found for benzamidine hydrochloride mono-
hydrate, (V) [1.293 (7) and 1.328 (7)A Thailambal er
al., 1986]. These C—N bond lengths are indicative of an
amidinium salt configuration. Comparison of their C—N
bond lengths shows the aryl substituent to be more re-
strictive toward delocalization than the alicyclic group.
The N—C—N angle [120.5(3)°] is similar to that
of compounds (II) [120.4(4)°] and (III) [120.5(2)°],
and there is a slight (but statistically insignificant)
deviation from those found for (IV) [121.6(3)°] and
(V) [121.6(4)°]. This indicates that the amidinium—

N21!

Fig. 1. The molecular structure of cyclopropylamidinium chloride
showing the hydrogen bonding of both counterions. The asymmetric
unit is drawn with 50% probability displacement ellipsoids and
symmetry-related atoms with spheres. The symmetry codes are: (i)
x= 534 5 () x— g, 3 —yoz— g i) o+ Ly—1 zdv
X+‘2-, E—y,Z‘f- 3
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chlorine interaction is similar in acetamidinium chlo-
ride, isopropylamidinium chloride, cyclopropylamidine
hydrochloride and benzamidine hydrochloride. The de-
localization in the title compound around the NCN
fragment is also respons1b1e for a short C—CNN bond
[1.459 (4) A] which is shorter than in its straight-chain
analogue, (IT) [1.488 (3) A]

The NCN plane is perpendicular [90.35°] to the
cyclopropyl-ring plane, presumably due to the steric
hindrance between the NH, groups and the cyclo-
propyl ring. The cyclopropyl-ring geometry is in general
agreement with that of other published structures (Allen
et al., 1987), with bond lengths C3—C4 1.483(4),
Cl1—C3 1.515(4) and C1—C4 1.512 (4)A indicating
a slight elongation of the 7-bonded triangle towards the
amidino-substituted C atom.

There are four N- - -Cl contacts in the range 3.223 (3)-
3.377(3) A, indicating an extended hydrogen-bonded
structure.

Experimental

Crystals of (I) were obtained by slow evaporation (over several
days) of an acetone solution in the dark.

Crystal data

C4HoN; .C1™ Mo Ka radiation

M, = 120.58 A=071073 A
Monoclinic Cell parameters from 25
C2/c reflections
a=11.591(1) A 6 = 74.31-74.96°

b =10.891 (1) A p =051 mm™'
c=10.903(1) A T=1293K

B = 118.00 (2)° Irregular block
V=12152(3) A 0.30 x 0.30 x 0.20 mm
Z=28 Colourless

D, =132Mgm™}
D,, not measured

Data collection

Rigaku R-Axis-IIc image-
plate diffractometer

Arndt—Wonacott (1997)
method; 30 non-
overlapping images, each
with an exposure time of
30 min and an oscillation
range of 6.0°

Absorption correction: none

Refinement

Refinement on F

R = 0.052

wR = 0.053

S = 1.098

898 reflections

101 parameters

All H atoms refined

2865 measured reflections
969 independent reflections
898 reflections with

1> 30()
Ry = 0.03
Omax = 24.43°
h=—-13 - 11
k=-12 - 12
l=—-12 =11

(A/0)max = 0.0017
Apnax = 0.16 € A7
Apmin = —0.17 ¢ A3

Extinction correction: Larson

(1970), equation 22
Extinction coefficient:
100(9) x 10

C4HoN3.Cl™

Weights: Chebychev
polynomial (Carruthers &
Watkin, 1979)

Scattering factors from Inter-
national Tables for X-ray
Crystallography (Vol. 1V)

Table 1. Selected geometric parameters (A °)

c1—2 1.459($ C3—C4 1.483 (4)
Cc1—C3 L5154 Cl1- - -N21' 33773
Cl1—C4 L1124 Cl1- - -N21" 3.376 (3)
C2—N2I 1.316 (4 Cll- . -N22 3.305(3)
C2—N22 1.304 (4) Cll- - -N22" 3.223 (%)
c2—-C1—-C3 1219 C1—C2—N22 117.8(2)
C2—C1—-C4 1204 (2) N21—C2—N22 1205 (3)
C3—C1—C4 58.7(2) C1—C3—C4 60.6 (2)
CI—C2—N21 121.7¢2) C1—C4—C3 60.8(2)

Symmetry codes: (i) x — 4, f+ v, sy — 4,4 —v, 2 - L

The image-plate detector allowed data collection from a rather
poor quality crystal which gave somewhat diffuse diffraction
spots. The unit-cell dimensions were determined on a four-
circle diffractometer (Cu Ko radiation) with a better crystal
which became available later.

Data collection: R-Axis Processing Software (Molecular
Structure Corporation, 1993a). Cell refinement: AFC-7R Pro-
cessing Software (Molecular Structure Corporation, 1993b).
Data reduction: R-Axis Processing Software. Program(s) used
to solve structure: SIR92 (Altomare et al., 1994). Program(s)
used to refine structure: CRYSTALS (Watkin, Prout, Carruthers
& Betteridge, 1996). Molecular graphics: CAMERON (Watkin,
Prout & Pearce, 1996). Software used to prepare material for
publication: CRYSTALS.

HRP wishes to thank the CCDC and the University
Chemical Laboratory, Cambridge, England, for use of
the X-ray diffraction facilities.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: HA1206). Services for accessing these
data are described at the back of the journal.
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Abstract

In the crystal structure of the title compound (4,6,10-tri-
hydroxy-2,8,9-trioxa-1-phosphatricyclo[3.3.1.13"]decane
P-oxide, C¢HoO7P), the cyclohexane ring is in a chair
conformation. Two hydroxy substituents are in axial
orientations and the third is equatorial. There is an
intramolecular hydrogen bond involving the two axial
hydroxy groups.

Comment

A number of phosphate esters of D-myo-inositol are of
considerable importance inasmuch as they display pro-
found biological activity in the cell as second messen-
gers (Berridge, 1987). Our studies directed towards the
synthesis of these phosphate esters (Gaffney & Reese,
1997) led us to the preparation of the title compound,
(1), which has an adamantane-like structure of particular
interest. The preparation of compound (1) has also been
reported by Chinese workers (Yuan & Zhai, 1992). This
is the first reported crystal structure of a cyclic phos-
phate of inositol; the structures of three other non-cyclic
phosphates are available in the literature (Spiers et al.,
1995).
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The cyclohexane ring adopts the expected chair
conformation, with the 2-, 4- and 6-hydroxy substituents
being axial, equatorial and axial, respectively. There is
an intramolecular hydrogen bond between the O6 atom
as donor and O3 as acceptor (Table 2). All three hydroxy
groups, as well as the phosphate oxygen atom O],
participate in intermolecular hydrogen bonding in the
crystal lattice. Atom O3S participates in an asymmetric
bifurcated hydrogen bond with acceptors 06 and O7.
The H atom donated from OS5 is evidently closer to O7,
as judged by the angles involved.

The bicyclic phosphate/cyclohexane moiety has ap-
proximate threefold symmetry. The three P—O single
bonds, of average length 1.580 A, are all equivalent
within significant error, as are the O—P—O bond angles
(average 104.5°). The P—OI1 bond is of pure double-
bond character (Allen et al., 1987).

Fig. 1. View of the title structure. Displacement ellipsoids are shown
at the 50% probability level. H atoms have been drawn as small
circles of arbitrary radii.

Experimental

The title compound was crystallized by slow evaporation from
a methanol/2-propanol solution.

Crystal data
CsHoO-P Mo Ko radiation
, = 224.10 A=0.7107 A
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