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Table 3. Hydrogen-bonding distances (A) and angles
(°) with e.s.d.’s in parentheses

Donor H Acceptor D—H H-.-4 D---A Angle
Intermolecular

N(1) H(18" Ci(16) 0.91(3) 2.38(3) 3.240(2) 157(2)
N@4) H(21™) CI(16) 0-88(3) 2:39(3) 3-:240(2) 162(2)
Intramolecular

N(1) H(17) Cl(16) 0-84(2) 2-58(2) 3:340(2) 150(2)
N(2) H(20) Cl(16) 0-89(3) 2:47(3) 3-280(2) 152(3)
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Abstract. C,H,P,, M,=162.05, hexagonal, R3, a
=9.281(1), ¢=15-386(2)A, V=1147.7(2A3, Z
=6, D,=1-41gem™>, A(MoKa)=0-70926 A, u=
6-7cm~!, F(000) = 504, room temperature, final R
=0.043 for 563 reflections (including five un-
observed). The molecule consists of three P atoms
which form a regular triangle [P—P: 2.200(1)A] and
the organic group [P—C: 1-851(2) Al. Literature data
of bond lengths and bond angles are in good agreement
with our results. In the crystal the molecules are held
together by van der Waals forces.

Introduction. The title compound is especially suited for
the study of phosphorus bonding because the molecule
possesses a single P, unit. The electronic structure was
calculated on the basis of its photoelectron spectrum
(Gleiter, Ko6ppel, Hofmann, Schmidt & Ellermann,
1985). Here we describe the solid-state structure
determined by X-ray analysis. The analogous Sb

* Author for correspondence.

0108-2701/86/121757-03$01.50

compound was reported recently (Ellermann, Kéck &
Burzlaff, 1985).

Experimental. Colourless crystals recrystallized from
heptane. Spherical crystal, r=0-21(2)mm, Philips
PW 1100 diffractometer (graphite monochromator,
Mo Ko radiation), w—26 scans, scan width: (1-000 +
0-345tan 6)°, 38 reflections (15-6 < 8 < 18:3°) used in
least-squares program GIVER (Krogmann, 1966) for
refinement of lattice parameters; spherical absorption
correction applied: uR=0-14(1), absorption correc-
tion factor 4 = 1-225 (1); max. (sin&)/4 = 0-640 A-,
index range h0-11, k —10-9, /0-19; six standard
reflections used for control of stability (intensity
variation: 0-3%), 3354 reflections measured, after
averaging equivalents 563 reflections remained
[including 5 unobserveds with I < 3a(J)], R;,, = 0-013;
structure solved by Patterson techniques, subsequent
Fourier map revealed all C atoms and all H atoms
found in a difference Fourier map; least squares based
on F and weights w = 1/6?(| F,1); final cycles refined
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scale factor, coordinates, anisotropic temperature fac-
tors for non-hydrogen atoms and isotropic for H atoms.
R =0-043, wR = 0-040, max. 4/0 = 0-02, 4p = —0-12
to 0-06 e A-3. Atomic scattering factors taken from
International Tables for X-ray Crystallography (1974).
All calculations were carried out with the program
system CRYSTAN (Burzlaff, Bohme & Gomm, 1977)
and plots with ORTEPII (Johnson, 1977).

Discussion. Atomic coordinates and temperature fac-
tors are listed in Table 1 and bond lengths and angles in
Table 2.* The molecule with atomic-numbering scheme
is shown in Fig. 1.

By spectroscopic methods the symmetry of the
molecule is indicated to be C;, (3m) (Ellermann &
Demuth, 1984). In the crystal structure this symmetry

* Lists of structure factors and anisotropic thermal parameters
have been deposited with the British Library Document Supply
Centre as Supplementary Publication No. SUP 43122 (6 pp.).
Copies may be obtained through The Executive Secretary,
International Union of Crystallography, 5 Abbey Square, Chester
CH1 2HU, England.

Table 1. Atomic coordinates (x 10%) with estimated

standard deviations; equivalent isotropic thermal

parameters for P and C atoms and isotropic thermal
parameters for H atoms (A? x 102)

Ueq = 1/(67%) Z,Zjﬂu(araj)'

X y z ch/Ulsu
P 920 (1) 1573 (1) 1237 (1) 8-27
C(1) 1013 (2) 1740 (2) 2437 (1) 6-89
C(2) 0 0 2815 (2) 5-60
C(3) 0 0 3813 (2) 8-60
H(1) 2126 (23) 2233 (22) 2639 (11) 4.58
H(2) 571 22) 2398 (24) 2618 (12) 4.48
HQ3) —519 (26) 688 (26) 4042 (13) 5.42
Table 2. Bond lengths (A) and bond angles (°)
E.s.d.’s are given in parentheses.
P—P’ 2-200(1) C(3)-H(@3) 1.04 (3)
P—C(1) 1.851(2)
C(1)-C(2) 1.521(2) P...P 4.013 (1) (i)*
C(2)-C(3) 1.534 (4) P...P 4-013 (1) (ii)*
C(1)—H(1) 0-95 (2) p-..P 4-304 (1) (iii)*
C(1)-H(2) 0-93 (3) P..-P 4-304 (1) (iv)*
P'—P—-P”’ 60-00 C(1)-C(2)—C(3) 112.5 (2)
P'—P-C(1) 93-68 (5) P—-C(1)--H(1) 111.2 (6)
P"'—P-C(1) 93-54 (4) P-C(1)-H(2) 109-6 (8)
P-C(1)-C(2) 108-4 (1) H(3)-C(3)-C(2) 110 (1)
C(1)-C(2—C(1")  106-3 (1) H(1)-C(1)-H(2) 108 (2)
Symmetry codes:
(a) Intramolecular
(Y y-x,—x,z
() =y x—y, 2.
(b) Intermolecular
i) x~y, x, —z;
(ii) y, y—x, ~z;

(iii) 2+x—y, 4+x, 1—z;
(iv) —3+p, $4y—x, }—z.

* For intermolecular distances see Fig. 2.
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is reduced to the subgroup C, = 3. The molecule is built
up of three P atoms in the shape of a regular triangle
and the organic group CH;C(CH,,; The P-C
[1-851 (2) Al and C—C (mean value: 1-524 A) dis-
tances are in good agreement with previous results
(Hahn, Baudler, Kriiger & Tsay, 1982). The P—P
distances [2-200 (1) A] are also close to values pre-
viously found for P, units: 2-235 A in P,S, (Leung,
Waser, van Houten, Vos, Wiegers & Wiebenga, 1957),
2.25A in P,Se; (Keulen & Vos, 1959), 2:202 A in
P,(SiMe,),* (Hoénle & von Schnering, 1978), and
2:196 A in (+-BuP), (Hahn er al., 1982). The angles
show no significant differences.

In the crystal (Fig. 2) the molecules are oriented
along the 3 symmetry axis. At the inversion centre two
molecules build up a trigonal P antiprism [P-..P:
4.013 (1) A (see Table 2)] with their P, units. Both
molecules have three further molecules as nearest
neighbours [P..-P: 4.304 (1) A]l. This arrangement
makes possible a three-dimensional network of the
molecules by P--.P interactions.

An important difference between the title compound
and the structures of the analogous As (Thiele, Zoubek,

* (Hexamethyltrisila(tetraphospha)nortricyclene.

Fig. 1. The CH,C(CH,P); molecule showing atom labelling and
50% probability thermal ellipsoids.

Fig. 2. Molecular packing in the crystal of CH;C(CH,P);; H atoms
have been omitted for clarity.
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Lindner & Ellermann, 1978) and Sb compounds
(Ellermann et al., 1985) is that in these structures the
dimeric unit builds up a distorted E octahedron
(E = As, Sb), As---As: 3-88 A, Sb---Sb: 4-012 (3) A.
In this arrangement the molecules of the dimers have
contacts only with two additional molecules [As:--As:
4.01 A, Sb---Sb: 3-966 (2) Al.

We should like to thank Dr A. A. M.
Demuth for the preparation of the compound. The
work was supported by the Deutsche Forschungs-
gemeinschaft, the Verband der Chemischen Industrie,
and the Fonds der Chemischen Industrie.
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Abstract. 3-(1,1-Dimethylethyl)hexahydro-4,7b,11-tri-
hydroxy-8-methyl-9H-1,7a-(epoxymethano)-1H,6aH-
cyclopental[c]furo{2,3-blfuro[3’,2":3,4]cyclopental 1,2-
d)-furan-5,9,12(4H)-trione monohydrate, C,H,,0,.-
H,0, M,=442-4, triclinic, P1, a=7-627(4), b=
11-514 (9), c=12-941(8)A, «=97-05(5), A=
90.27 (5), y= 108-71 (5)°, ¥ =1067-1(8) A3, Z =2,
D,=1.37Tgcm™3, m.p. 574 K, A(Mo Ka) =
0-7107 A, u=1-215cm-!, T=290 K, F(000) = 468,
final R = 0.089 for 3834 observed reflections. The two
independent molecules (but not the H,O molecules) are
related by a ‘best fit’ rotation angle of 179-2 (5)°. The
cohesion of the crystal is the result of van der Waals
interactions and O--H---O hydrogen bonds involving
water molecules.

0108-2701/86/121759-04%01.50

Introduction.  Platelet activating factor (PAF,
PAF-acether, AGEPC or APRL) is a naturally
occurring etherphospholipid [1-0-alkyl-2(R)-acetyl-
glyceryl-3-phosphorylcholine] (1) that is generated by
specific activation of rabbit basophils (Benveniste,
Henson & Cochrane, 1972), human and rabbit
polymorphonuclears (PMNLSs) (Betz & Henson, 1980),
human macrophages (Arnoux, Grimfeld, Duroux &
Denjean, 1983) and eosinophils (Ching, Lenihan,
Malone, Roddy & Wasserman, 1984). Generation of
PAF-acether during anaphylaxis and/or shock leads to
chemotaxis, aggregation and degranulation of poly-
morphonuclear  leukocytes, induces  broncho-
constriction and contraction of smooth muscle and
reduces coronary blood flow and contractile force of
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