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the title compound (Fig. 2) and which is a general
packing motif.
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Structure of 1-Amino-3-(methylthio)propylphosphonic Acid
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Abstract. C,H,;,NO,PS, M, =185.18, monoclinic,
P2,/c, a=14.508 (8), b=6.095(4), c=9.532(5) A,
B=9793(4)°, V=8348A>% Z=4, D,=147(),
D,.=1473(1)Mgm 3, A(Cu Ka)=15418A, u =
4.8 mm~', F(000)=392, T=292K, R=0.052 for
1588 observed reflexions. The molecule exists as a
zwitterion with the amino group being protonated
and the phosphonic acid group being ionized. The
conformation of the molecule is trans, gauche and
gauche {angles x'[N—C(1)—C(2)—C(@3)], x}C(1)—
C(2)—C(3)—S] and x’[C(2)—C(3)—S—C(4)] are
175.7 (4), —62.5(5) and —69.9 (5)°, respectively}
and the side chain is strongly folded. There is exten-
sive intermolecular hydrogen bonding and one of the

0108-2701/93/061111-03$06.00

three N—H--O hydrogen bonds is bifurcated. The
crystal contains a short P—OH---O intermolecular
hydrogen bond of 2.526 (3) A.

Introduction. Aminophosphonic acids are analogues
of aminocarboxylic acids, the —COOH group being
replaced by a —PO;H, group. These acids are of
considerable interest because of their occurrence in
many living organisms and their biological activity.
The neutral and synthetic aminophosphonic acids
and their derivatives (phosphonopeptides, phos-
phonolipids, phosphonoglycolipids, erc.) include
neuroactive compounds, antibiotics and herbicides
(Kafarski & Mastalerz, 1984). Their biological
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activity is displayed mainly through their inhibition
of various enzymes containing amino acid substrates.
The difference in size, shape and basicity of the
carboxylate and phosphonate groups may be impor-
tant factors in the differences in the enzyme-
substrate interactions.

Experimental. The synthesis of 1-amino-3-
(methylthio)propanephosphonic acid has been
described by Tam, Mattoks & Tisher (1982). Clear
colourless crystals grown from water at room tem-
perature, dimensions 0.20 % 0.15 x 0.30 mm; D,, by
flotation in carbon tetrachloride/ethylene bromide;
monoclinic P2,/c from Weissenberg photographs. All
measurements were made on a Kuma KM4
computer-controlled k-axis -diffractometer with
graphite monochromator; cell parameters by least
squares from 25 reflexions, 15<6<20° 1790
independent reflexions, 26,,,, = 164°; variable w/26
scans, scan rate 0.9-9° min~!, scan width Aw = (1.2
+ 0.35tan#)°; three standards (112, 311, 213) every
50 reflexions, variation in intensities + 3.5%; correc-
tion for Lorentz and polarization factors, but not for
absorption; 1588 reflexions with I > 30 (J) used for
structure determination; index range 4 0 to 18, £ 0 to
7, 1 —12 to 12; neutral-atom scattering factors from
International Tables for X-ray Crystallography (1974,
Vol. 1V); direct methods solution (SHELXS86; Shel-
drick, 1986); block-diagonal least-squares refinement
(Syntex, 1976) minimizing Xw(|F,| — |F.))?, w=[o?
+ (0.001F,)%]""; difference synthesis revealed H
atoms; non-H atoms refined with anisotropic thermal
parameters and H atoms isotropically; max Ao =
0.03, 4p within +0.20 and —0.18 e A3, R=0.052,
wR = 0.049,

Discussion. Final positional parameters are given in

Table 1.* The molecular structure and atom
numbering are shown in Fig. 1. Interatomic distances
and angles and selected torsion angles are given in
Table 2. [The atom-labelling scheme used in this
paper is that recommended by the IUPAC-IUB
Commission on Biochemical Nomenclature (1970).]
The  1-amino-3-(methylthio)propanephosphonic
acid exists as a zwitterion with the N atom of the
-amino group protonated and the phosphonic acid
group negatively charged. The near equality of the
bond lengths P—O(2) and P—O(3) indicates that the
single negative charge is nearly equally distributed
between O(2) and O(3). The coordination of phos-

* Lists of structure factors, anisotropic thermal parameters,
H-atom parameters and molecular geometry for H atoms have
been deposited with the British Library Document Supply Centre
as Supplementary Publication No. SUP 55358 (14 pp.). Copies
may be obtained through The Technical Editor, International
Union of Crystallography, 5 Abbey Square, Chester CH1 2HU,
England. [CIF reference: HA0067]

1-AMINO-3-(METHYLTHIO)PROPYLPHOSPHONIC ACID

Table 1. Positional parameters and equzvalent iso-

tropic temperature factors (A?%)

= (1/3)%,%, B a*a* a,.a;.

. X y z B,
P 0.1120 (1) 0.1782 (1) 0.3852 (1) 2.56 (3)
S 0.3782 (1) —0.0450 (2) 0.3351 (1) 6.0 (1)
o(1) 0.1705 (2) 0.2924 (3) 0.2803 (2) 3.7(1)
0oQ) 0.1313 (2) 0.3064 (3) 0.5215 (2) 3.6 (1)
0o@3) 0.0123 (2) 0.1495 (3) 0.3276 (2) 3.3(1)
N 0.0879 (2) —0.2535 (4) 0.4433 (3) 3.0(1)
c() 0.1626 (2) —0.0999 (4) 0.4112 (3) 3.1(D)
CQ) 0.2466 (3) —0.1184 (5) 0.5210 (4) 3.9(1)
C@3) 0.3290 (3) 0.0189 (7) 0.4920 (5) 502
C4) 0.4293 (6) —0.3034 (13) 0.3857 (9) 9.8 (5)

Table 2. Molecular geometry (A, °) with e.s.d.’s in

parentheses
P—O(1) 1.562 (2) C()—N 1.495 (4)
P—O(2) 1.509 (2) C2—CQ3) 1515 (6)
P—O(3) 1.484 (2) C3—S 1786 (5)
P—C(1) 1.850 (3) C4—s 1.779 (8)
C)—CQ) 1.498 (5)
O(1)—P—0(2) 1055(1)  C3)—S—C(d) 99.5 (3)
O(1)—P—0(3) 1139 (1) P—C()-N 108.4 (2)
0(Q2)—P—0(3) 1158 (1)  P—C(1)—C() 1157 (2)
O(1)—P—C(1) 1046 (1)  N—C(1)—C(2) 110.7 3)
0Q2—P—C(1) 1096 (1) C(1—C@—CE)  1147(3)
0(3)—P—C(1) 1069 (1)  S—CR—C(2) 116.7 (3)
O()—P—C(1)>N  —15L.1(3) x'IN—C()—CQ)}—C(3)] 175.7 (4)
0(2)—P—C(1)—N 96.2(3) XIC(1)—CQ)—CE)—S] —-62.5(5)
O(3)—P—C(I)-N  =300(3) xICR—CES—C@)] —69.9(5
P—C(—C(—C(3) —60.6(4)

D—H-4 D—H H+4 D-A4 D—H-4
O(iy—H(1)~0) 070 (4) 1.84(3) 2526(3) 168 (4)
N—H(3)-0(3") 105(3) 184(3) 2856(4)  164(3)
N—H(3)--0(2%) 105(3)  253(3) 3260(4)  126(2)
N—H(4)-0(2") 099(3) 187() 2832(3) 163(3)
N—H(5)--0(3") 082(4)  210(4) 2845(3) 151 (4)
Short contact
N—H(5)-0(3) 082(4)  259(4) 2850(3)  100(4)

Symmetry code: (i) x, 0.5—y, —05+2z (i) —x, —y, 1—z
(i) x, —1+y,z (v) —x, —05+y, 05—z

Fig. 1. An ORTEP (Johnson, 1976) drawing of the title compound
with the atom-numbering scheme (thermal ellipsoids drawn at
the 50% probability level).

phorus departs significantly from a regular tetra-
hedron (Table 2) as in other aminophosphonic acids.
The conformations about the C(1)—C(2), C(2)—
C(3) and C(3)—S bonds are trans, gauche and gauche



W. SAWKA-DOBROWOLSKA, E. MATCZAK-JON,

[175.7 (4), —62.5(5) and —69.9 (5)°], and the side
chain is folded. This conformation is very similar to
that of molecule B of L-methionine (Torii & Iitaka,
1973).

The molecular structure is stabilized by a network
of N—H-O and O—H--O hydrogen bonds
(Table 2).
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NOMENCLATURE

(3R,6R)-3,4-Dimethyl-1,4-diazabicyclo[4.4.0]decane-2,5-dione

By M. VERBRUGGEN AND A. T. H. LENSTRA*
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AND F. REYNIERST AND F. BORREMANS
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Abstract. C,,H (N,O,, M, =196.25, orthorhombic,

P222,, a=6593@3), 5=6755Q2), c=
23.653 (4) A, =1053(1)A%, Z=4, D,=
1.24 Mg m 3, A(Mo Ka) =0.71073 A, w=
0.08 mm !, F(000) =424, room temperature, R =

0.031, wR =0.038 for 884 observed reflections [/ =
3a(l)] out of 1302 reflections measured and for 191
variables. The compound, for which the synthesis is
also reported, consists of a piperidine ring in the
chair form and a diketopiperazine ring in the boat
form with C(3) and C(6) as bowsprits. The two rings
are cis-fused. The methyl group at C(3) is pseudo-
axially bonded, while the methyl group at N(4) is
pseudo-equatorially bonded. The C=0 bonds are of
equal length reflecting the absence of hydrogen
bonding in the structure.

Introduction. The title compound, shown in Fig. 1,
contains the 2,5-diketopiperazine moiety (abbre-
viated DKP) and is a cyclic dipeptide composed of
"D-alanine and p-pipecolic acid. The compound, also

* Author to whom correspondence should be addressed.

f Present address: Laboratory of Petrochemical Technology,
State University of Ghent, Krijgslaan 281-S5, B-9000 Gent,
Belgium,
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known as cis-cyclo-[-N-methyl-D-Ala-D-Pec-], was
synthesized in the series of reactions presented
below. It belongs to a group of compounds of which
some members show antiviral and antimicrobial
activity (Sammes, 1975). The restrictions brought

0
il
Z=-C—-0-CH,~( Hg

-tH- 0 HyC—CH—CO
HyC~CH~COOH —~ ° (- CH-00
N+ N-P-N_o— N=CHy
z o G« z

HyC=CH- 0T :
N-CH, 4 OHHN ) —— By~ CH=C-N
z C00CH, N=CHy coocw,
z
HBr ?u Nazto
e HC—(H—L—N
CH, COOH i 3(/N

HN-CH3 cooch,
Bre®
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