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With the goal of obtaining new potential biologic-
ally active alkenylphosphonates having nitrogen-con-
taining groups in the B-position with respect to the
phosphoryl fragment [1], we examined the reaction of
diethyl 3-methylbuta-1,2-dien-1-ylphosphonate (I)
with ethane-1,2-diamine (II). It is known that reactions
of primary and secondary amines with unsaturated
four-coordinate phosphorus acid derivatives [2]
provide the most accessible synthetic route to f-amino-
alkenylphosphonates [3]. By heating diethyl 3-methyl-
buta-1,2-dien-1-ylphosphonate (I) with diamine II at
85-90°C until the allene absorption band (1955 cm™)
disappeared from the IR spectrum of the reaction
mixture we obtained a crystalline substance with
mp 133°C. FOHHd, %: C 5095, H 9.23. C20H42N206P2.
Calculated, %: C 51.28; H 8.97. X-Ray analysis of the
product showed that its molecule consists of two 1-di-
ethoxyphosphoryl-3-methylbut-1-ene fragments linked
through an ethylenediamine bridge (see figure). The

molecule in crystal occupies a partial position in the
symmetry center. The adduct has the structure of tetra-
ethyl N,N’-ethylenebis[(F)-2-amino-3-methylbut-1-
en-1-ylphosphonate] (III) with trans arrangement of
the phosphoryl and amine fragments. The phosphorus
atom has a distorted tetrahedral configuration typical
of phosphonates. Selected bond lengths and bond and
dihedral angles in molecule III are given in table.
Molecules IIT in crystal are linked through inter-
molecular hydrogen bonds N-H---O which give rise to
infinite dimeric zigzag chains. The hydrogen bond
has the following parameters: NS-HS...O" (x, 1 -y,
1/2 + z), N°-H° 0.84(2), H’---0" 2.04(2), N°---O"
2.858(2) A, «N°HO" 163(2)°.

Presumably, zwitterion A formed as a result of
attack by diamine II on the central carbon atom in the
allene system of phosphorylbutadiene I is stabilized as
enamine III. According to the 'H and *'P NMR data,
enamine IIT in chloroform solution exist in tautomeric
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Selected bond lengths and bond and dihedral angles in the
molecule of tetraethyl N,N'-ethylenebis[(E)-2-amino-3-
methylbut-1-en-1-ylphosphonate] (III) in crystal

o o

Bond d, A Bond d, A
P'-0O' 1.470(1) Né—C* 1.451(2)
p'-0’ 1.584(1) Cc'-c? 1.362(2)
p'-0O° 1.578(1) N°-H® 0.84(2)
p'-C! 1.745(2) Ne—C? 1.358(2)
Angle o, deg Angle o, deg
0'P'0? 106.05(7) 0’P'0’ 105.31(7)
o'p'o? 113.74(8) O°P'C! 111.01(7)
o'p'C! 118.99(7) o’p'C! 101.05(7)
p'C!c? 123.7(1) NéC?C! 123.4(1)
C’NSc® 125.7(1) Néc*C? 114.5(1)
Angle ¢, deg Angle ¢, deg
o'plc'c? | -56.41(18) | P'C!CN® 179.52(13)
CONeCC! -4.16(27) | p'c'c* -1.58(24)

equilibrium with imino form IV. In the "H NMR spec-
trum of the product in CDCls, the olefinic proton in the
a-position with respect to the phosphoryl group gives
a doublet at 6 3.62 ppm (ZJpH = 10.4 Hz). The doublet
signal at 8 3.01 ppm (“Jpy = 22.8 Hz) corresponds to
protons of the methylene group at the phosphorus atom
in tautomer IV. The spectrum contained no doublet
signals in the region & 1.8-2.0 ppm, which are typical
of two nonequivalent methyl groups at sp>-hybridized
carbon atom; therefore, the structure having c=C?
double bond can be ruled out. In the *'P NMR spec-
trum of the adduct we observed two signals at dp 26.5
and 23.8 ppm, which were assigned to the enamine
(IIT) and imine tautomers (IV), respectively. An anal-
ogous tautomeric equilibrium was reported by us
previously for the addition products obtained from

Structure of the molecule of tetraethyl N,N'-ethylenebis-
[(E)-2-amino-3-methylbut-1-en-1-ylphosphonate] (III) ac-
cording to the X-ray diffraction data.

3-methylbuta-1,2-dien-1-ylphosphonates and 2-amino-
ethanol or butylamine [3].

The IR spectra were recorded on a UR-20 spec-
trometer. The 'H and *'P NMR spectra were obtained
from solutions in CDCl; on a Varian Unity-300 spec-
trometer at 300 and 121.42 MHz, respectively; the
chemical shifts were measured relative to the residual
solvent signal ('H) and 85% H;PO, (*'P, external
reference).

X-Ray diffraction data for compound III. Mono-
clinic crystals, Cy0H4oN,O¢P,, with the following unit
cell parameters (20°C): a = 13.279(2), b = 18.126(3),
c=11.096(2) A; B =96.51(2)°; V = 2653.5(8) A%;
dege = 1.17 g/cm3; Z = 4; space group C2/c (the mole-
cule occupies a partial position in the symmetry
center). The unit cell parameters and intensities of
2935 independent reflections (2161 reflections with
I > 30) were measured on an Enraf-Nonius CAD-4
diffractometer (w-scaning, 0 < 74.26°, ACukK,, graphite
monochromator). A correction for absorption was in-
troduced empirically (pc, = 17.7 cm‘l). The structure
was solved by the direct method using SIR program
[4] and was refined by the full-matrix least-squares
procedure using MolEN software package [5]. The
positions of non-hydrogen atoms were refined in
anisotropic approximation. Hydrogen atoms were
visualized from the difference electron density series,
and their positions were refined in isotropic approx-
imation at the final refinement iterations. The final
divergence factors were R = 0.038 and R,, = 0.050
(from 2161 reflections with F* > 367). All calculations
were performed on an Alpha Station 200 computer.
The molecular structure was plotted using PLATON
program [6].
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