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Synthesis and Properties of 1,2-Difluorodinitroethylene
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1,2-Difluorodinitroethylene was synthesized by flash vacuum pyrolysis of 1,2-difluorotetranitroethane. X-ray
crystallography showed that one of the two nitro groups is out of the plane of the rest of the molecule and that
the C-C double-bond distance is unusually short at 1.284 A. 1,2-Diflucrotetranitroethane reacted with alcohols
to give alkyl fluoronitroacetates and with anthracene and cyclopentadiene to give Diels-Alder adducts.

There has been recent interest in the effect of electro-
negative substituents such as nitro! and fluorine? on the
structural properties of olefins. Tetranitroethylene, the
most electronegatively substituted olefin reported, is not
sufficiently stable for convenient structural studies.®* This
compound could be stored only under vacuum, apparently
because small amounts of nitrogen oxide otherwise resulted
in rapid autocatalytic decomposition. Tetranitroethylene
was synthesized by the thermal extrusion of dinitrogen
tetroxide from hexanitroethane. In the present study, this
novel elimination reaction has been extended to the
preparation of the more stable, fully substituted olefin,
1,2-difluorodinitroethylene.

1,2-Difluorotetranitroethane® was prepared by the direct
fluorination of the dipotassium salt of tetranitroethane in
aqueous solution. Flash vacuum pyrolysis experiments
were carried out on an apparatus similar to that described
for the preparation of tetranitroethylene. Vaporized 1,2-
difluorotetranitroethane was passed unchanged through
a pyrolysis tube at 250 °C/0.5 mm. When the temperature
was raised to 300 °C, approximately 25% of a new material
was detected by 1°F NMR. The vaporization of starting
material to the combustion tube was slowed by cooling the
material to 0 °C, and complete conversion was obtained.
The product was identified as trans-1,2-difluorodinitro-
ethylene and was isolated in 92% yield as a highly volatile
solid. This olefin was stable to 105 °C, well above its
melting point of 39~40 °C. Unlike tetranitroethylene,
1,2-difluorodinitroethylene could be handled under normal
ambient conditions; it was only slightly hygroscopic and
was storable indefinitely in a freezer.

rroz NO, NO, F
FC—CF —= C=
i /N
No, NO, F NO,

X-ray crystallographic bond lengths and angles for
trans-1,2-difluorodinitroethylene are shown in Table I, and
the geometry is illustrated in Figure 1. One of the two
nitro groups shows significant deviation from coplanarity
with the rest of the molecule with the average value of the
four torsion angles involving the C(1)-N(1) bond being
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Table I. Bond Lengths (A) and Angles (deg) for
trans-1,2-Difluorodinitroethylene

Bond Length
C(1)-F(1) 1.311 (5) C(1)-N(1) 1.476 (5)
C(1)-C(2) 1.284 (6) N(1)-O(1A)  1.206 (5)
N(1)-0(1B) 1.208 (5) C(2)-F(2) 1.327 (5)
C(2)-N(2) 1.476 (5) N(2)-0(2A) 1.208 (5)
N(2)-0(2B)  1.208 (5)
Bond Angle
F(1)-C(1)-N(1) 113.2(3) F(1)-C(1)-C(2) 123.6 (4)
N(1)-C(1)-C(2) 123.2(4) C(1)-N(1)-O(1B) 119.8 (3)

C(1)-N(1)-0(1B) 114.2 (3)
C(1)-C(2)-F(2)  122.6 (4)
F(2)-C(2)-N(2) 112.8 (3)
C(2)-N(2)-0(2B) 118.4 (3)

0(1A)-N(1)-0(1A) 126.0 (3)
C(1)-C(2)-N(2) 124.6 (4)
0(2A)-N(2)-0(2B) 127.0 (3)
0(2A)-N(2)-C(2) 114.6 (3)

14.3°. Similar averaging gives 0.6° for the other nitro group
and 0.8° for the C(1)-C(2) twist.

The C-N bond distances for both nitro groups are nearly
identical (1.476 A) and are similar to those reported for
nitroethylene (1.45 A). The C~C double-bond distance is
unusually short at 1.284 A. By comparison, the double-
bond distance for tetracyanoethylene is 1.35 A and that
for tetrafluoroethylene, 1.311 A.

The 13C NMR spectrum (Figure 2) is anomalous, show-
ing a 2 X 2 X 3 pattern and unexplained signals centered
at 6 144.5. The coupling constants are Jop = 356.8, Jocr
=77.5, and Jon = 17.4 Hz. The area of the central signals
is approximately the difference between that of the inner
and outer triplets. The largest previously reported Jcp for
a fluoroolefin is 355 Hz for trans-dibromodifluoroethylene,
and values of 200300 are typical. The *F NMR spectrum
of the material showed only a singlet at 6 -119.1, with no
evidence of cis-trans isomers. The YN NMR spectrum
showed a singlet at 6 -31.859.

The reaction of tetranitroethylene with alcohols to give
alkyl dinitroacetates has been reported.? The products
were explained on the basis of the initial formation of the
unstable tetranitroethyl ethers, which underwent loss of
a-nitro groups. 1,2-Difluorodinitroethylene reacted sim-
ilarly with methanol, ethanol, and 2-propanol to give the
corresponding fluoronitroacetates, reported previously
from reactions of the alcohols with fluoronitroacetyl
chloride.®
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Figure 1. X-ray structure of trans-1,2-difluorodinitroethylene.
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Figure 2. 13C NMR spectrum of trans-1,2-difluorodinitro-
ethylene.
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Figure 3. X-ray structure of endo-5,ex0-6-difluoro-5,6-dinitro-
bicyclo{2.2.1]hept-2-ene.

Diels—Alder reactions of difluorodinitroethylene were
also examined. Tetranitroethylene was previously shown
to be an extremely reactive dienophile in Diels-Alder re-
actions, approximately an order of magnitude more re-
active than tetracyanoethylene.® Its reaction with an-
thracene was essentially instant at ambient temperature.
By contrast, the reaction of 1,2-difluorodinitroethylene
with anthracene in refluxing benzene was found to give a
47% yield in 4 h of the expected adduct, 11,12-difluoro-
11,12-dinitro-9,10-dihydro-9,10-ethanoanthracene, isolated
as the benzene monosolvate. The reaction of 1,2-di-
fluorodinitroethylene with cyclopentadiene at ambient
temperature in methylene chloride gave endo-5,exo0-6-di-
fluoro-5,6-dinitrobicyclo[2.2.1]hept-2-ene in 49% yield.
The crystallographic data and structure of this adduct are
shown in Table II and Figure 3, respectively.

Experimental Section

Elemental analyses were obtained from Galbraith Laboratories.
Melting points are uncorrected. 'H and °F NMR spectra were

Baum et al.

Table II. Bond Lengths (A) and Angles (deg) for
endo-5,exo-6-Difluoro-5,6-dinitrobicyclo[2.2.1]hept-2-ene

Bond Length
C(1)-F(Q1) 1.356 (5) C(1)-N(1) 1.526 (6)
C(1)-C(2) 1.573 (8) C(1)-C(8) 1.524 (6)
N(1)-0(1A) 1.207 (8) N(1)-0(1B)  1.188 (5)
C(2)-F(2) 1.358 (5) C(2)-N(2) 1.523 ()
C(2)-C(3) 1.533 (6) N(2)-0(2A)  1.200 (5)
N(2)-0(2B) 1.212 (6) C(3)-C(4) 1.492 (7)
C(3)-C(7) 1.542 (7) C(4)-C(5) 1.276 (8)
C(5)-C(8) 1.482 (7) C(6)-C(D) 1.552 (7)
Bond Angle
F(1)-C(1)-N(1) 1044 (3) F(1)-C(1)-C2) 111.3 (3)
N(1)-C(1)-C(2) 109.3 (3) F(1)-C(1)-C(6) 114.6 (3)
N(1)-C(1)-C(6) 1141 (3) C(2)-C(1)-C(8) 103.1 (3)
C(1)-N(1)-0(1A) 1173 (4) C(1)-N(1)-0(1B) 1176 (4)
O(1A)-N(1)-0(1B) 125.1 (4) C(1)-C(2)-F(2) 110.2 (3)
C(1)-C(2)-N(2) 1104 (3) F(2)-C(2)~-N(2) 104.6 (3)
C(1)-C2)-C(3) 102.5 (3) F(2)-C(2)-C(3) 110.5 (4)
N(2)-C(2)-C(3) 118.6 (4) C(2)-N(2)-0(2A) 117.2(4)
C(2)-N(2)-0(2B) 116.6 (4) 0O(2A)-N(2)-0(2B) 126.1 (4)
C(2)-C(3)-C(4) 1075 (4) C(2)-C(3)-C(7) 98.4 (3)
C4)-C(3)-C(7) 989 (4) C(3)-C(4)-C(5) 109.4 (5)
C(4)-C(5)-C(8) 109.2 (5) C(1)-C(8)-C(5) 103.3 (4)
C(1)-C(6)-C(7) 1012 (8) C(5)-C(6)-C(7) 99.0 (4)
C(3)-C(7)-C(6) 93.8 (4)

obtained on a Varian T-60 spectrometer and *C NMR spectra
on a Bruker AC200 spectrometer in CDClg. Chemical shifts are
in ppm relative to TMS or FCCl;. IR spectra were obtained in
CH,Cl, on a Perkin-Elmer 700 spectrometer. Polynitro com-
pounds are potentially explosive and proper shielding should
be used,

trans-1,2-Difluorodinitroethylene. A 10-mL flask containing
1,2-difluorotetranitroethane (1.58 g, 6.42 mmol) was connected
in series to a horizontal 1.25 cm X 45 ¢cm quartz tube, two traps,
and a vacuum system. The flask and traps were cooled with baths
at 0 °C, =20 °C, and -78 °C, respectively, the quartz tube was
heated at 300 °C with a tube furnace, and the system was
evacuated to 0.5 mmHg. After 20 min the starting material had
evaporated. The system was vented to the atmosphere, and the
=20 °C trap was warmed to ambient temperature to allow evap-
oration of a small amount of NyO,. This trap was found to contain
0.91 g (92%) of trans-1,2-difluorodinitroethylene, a highly volatile,
pale yellow solid, mp (DSC) 39-40 °C sub, 105 °C dec: IR 1575,
1340, 950 cm™%; 13C NMR 6 146.1 (2 X 2 X 8, J = 356.8, 77.5, 17.4
Hz and asym multiplet at 144.5); 1°F NMR 6 -119.1 (s, 17 Hz at
1/, height); ¥N NMR 4 -31.86 (s, 10 Hz at !/, height). Anal. Caled
for C,F,N,0O,: C, 15.59; F, 24.67. Found: C, 15.43; F, 24.47.

Isopropyl Fluoronitroacetate. A solution of 1,2-difluoro-
dinitroethylene (1.42 g, 9.22 mmol) in 2-propanol (100 mL) was
refluxed for 3 h. The solvent was evaporated and the residue
distilled to give 0.38 g (25%) of isopropy! fluoronitroacetate, bp
87-89 °C (42 mmHg) [lit.? 72 °C (9 mm)]: IR (CCl,) 1720, 1590
cm™}; TH NMR 6 5.90 (d, J = 46 Hz, 1 H), 5.15 (sept, L H, J =
6 Hz), 1.38 (d, 6 H, J = 6 Hz); 1°F NMR 6 -140.5 (d, J = 46 Hz).
Anal. Caled for C;HgFNO,: C, 36.37; H, 4.88; F, 11.51; N, 8.48.
Found: C, 36.31; H, 4.87; F, 11.64; N, 8.25.

Ethyl Fluoronitroacetate. The reaction of 1,2-difluorodi-
nitroethylene (0.807 g, 5.24 mmol) with ethanol (100 mL) by the
above procedure gave ethyl fluoronitroacetate (0.273 g, 34.5%),
bp 85 °C [lit.° 74 °C (12 mmHg)}: IR (CCl,) 1725, 1590 cm™!; 'H
NMR§1.2(t,J =7Hz,3H),3.7(q,2H,J =7Hz),580(d, 1
H, J = 46 Hz); °F NMR 6 -144 (d, J = 46 Hz).

Methyl Fluoronitroacetate. The reaction of 1,2-difluoro-
dinitroethylene (0.788 g, 5.12 mmol) with methanol (100 mL) by
the above procedure gave methyl fluoronitroacetate (0.202 g, 29%),
bp 88-92 °C [lit.5 85 °C (30 mmHg)]: IR (CCl,) 1720, 1590 cm™;
!H NMR 6 4.0 (s, 3H), 6.15 (d, 1 H, J = 46 Hz); ¥F NMR § -1.44
(d, J = 46 Hz).

11,12-Difluoroe-11,12-dinitro-9,10-dihydro-9,10-ethano-
anthracene. A solution of 1,2-difluorodinitroethylene (0.080 g,
0.52 mmol) and anthracene (0.200 g, 1.12 mmol) in benzene (12
mL) was refluxed for 4 h and cooled to room temperature. A white
solid separated and was recrystallized from benzene to give 0.099
g (47%) of 11,12-difluoro-11,12-dinitro-9,10-dihydro-9,10-
ethanoanthracene benzene monosolvate, mp 192-193 °C: IR 1590,
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1350 em™; 'H NMR 6 7.2 (m, 14 H), 4.9 (m, 2 H); °F NMR
-121.5 (s). Anal. Caled for CooH;cFsN,O,: C, 64.39; H, 3.93; F,
9.26; N, 6.82. Found: C, 64.14; H, 4.09; F, 9.18; N, 6.96.

endo-5,exo0-6-Difluoro-5,6-dinitrobicyclo[2.2.1]hept-2-ene.
A solution of 1,2-difluorodinitroethylene (0.299 g, 1.94 mmol) and
freshly distilled cyclopentadiene (1.5 g, 23 mmol) in CH,Cl, (10
mL) was stirred under nitrogen for 10 min at ambient temperature.
The solvent was evaporated and the residual oil was chromato-
graphed (silica gel, Ch,Cl,) to give 0.209 g (49%) of endo-5,exo-
6-difluoro-5,6-dinitrobicyclo[2.2.1]hept-2-ene, mp 81-82 °C: IR
1560, 1320 cm™; 'H NMR 4 6.6 (m, 1 H), 6.3 (m, 1 H), 3.5 (m,
2 H), 2.6 (m, 1 H), 2.3 (m, 1 H); °F NMR 4 -121.03 (bs). Anal.
Calcd for C;HgF;N,O: C, 38.19; H, 2.75; F, 17.26. Found: C,
38.20; H, 2.89; F, 16.98.

X-ray analysis of trans-1,2-difluorodinitroethylene:
CoF3N,0,, M, = 154.0, orthorhombic space group Pbca, a = 9.375
(2), b =0.122 (3), and ¢ = 10.505 (3) E V =996.8 (4) Aa Z=38,
Dy =2.053 Mg m™, A(Mo Ka) = 0.71073 A, ¢ = 0.22 mm™, F(000)
= 608, data collection T = 201 K, final R = 0.055, wR = 0.066
for 578 independent reflections with F, > 30(F,).

A clear colorless 0.01 X 0.42 X 0.51 mm crystal grown by
sublimation was used for data collection on an automated Nicolet
R3m/V diffractometer with incident beam monochromator, and
20 centered reflections within 22 < 20 < 39° were used for de-
terming lattice parameters. (sin (6)/\g,y = 0.54 A™Y; range of hkl,
-10£h<10,0<k £10,and 0 £! < 11. Standard reflections
400, 040, 004 monitored every 100 reflections with random var-
iations up to £2.5% over data collection, 6/26 mode, scan width
[260(K,,) - 0.9] to [26(K ;) + 0.9]°, 20 scan rate 60.0° min™! (rapid
due to volatile crystal); 1534 reflections measured, 654 unique,
587 observed with F, > 3a(F,); Ry, = 0.042. Data was corrected
for Lorentz and polarization, but not absorption effects. Structure
was solved by direct methods. The least-squares refinement
minimized the quantity Y w(|F,| - IFCI)"’ where w = 1/[o*(|F,))
+ g(F,)?], g = 0.00023. Secondary extinction parameter p = 0.0029
(8) in F;mo = F./[1.0 + 0.002(p)F,2/sin (20)]%%. There were 92
para.meters refined: all atom coordinates, anisotropic temperature
parameters for nonhydrogen atoms; the hydrogen atoms were
assigned fixed isotropic thermal parameters. (4/0)p,, = 0.01, R
= 0.055, wR = 0.066, S = 2.88. Final difference Fourier excursions
0.51 and —0.28 e A, Atomic scattering factors from International
Tables for Crystallography.® The programs used for structure
solution, refining, and plotting are part of SHELXTL.™®

(6) International Tables for X-ray Crystallography, Vol. IV; Kynoch
gres}sl: )Birmingham, England, 1974 (present distributor D. Reidel, Dor-
recht).

X-ray analysis of endo-5,exo-6-difluoro-5,6-dinitro-
bicyclo[2.2.1]hept-2-ene: C,HgF;N,0,, M, = 220.14, ortho-
rhombic space group P22,2,, a = 6.033 (3), = 11.629 (4), and
¢ =12.501 4)15 V= 8771(3)A3 Z = 4, Dy = 1.667 Mg m-1,
AMCu Ka) = 1.54183 &, u = 1.42 mm™}, F(OOO) = 448, data col-
lection T' = 295 K, final R = 0.045, wR = 0.047 for 736 independent
reflections with F, > 3a(F,).

A clear colorless 0.05 X 0.40 X 0.25 mm crystal recrystallized
from carbon tetrachloride was used for data collection on an
automated Nicolet R3m/V diffractometer with incident beam
monochromator; 25 centered reflections within 45 < 2¢ < 88° were
used for determining lattice parameters. (sin (6) /M)y = 0.56 A%,
range of hkl,0 <h 6,0 <k <13,and 0 <! < 14. Standard
reflections 400, 040, 006 monitored every 100 reflections showed
a linear decay of £15% over data collection, §/2 mode, scan width
[20(K,;) — 1.0] to [26(K,5) + 1.0]°, 20 scan rate 60° min™! (rapid
due to volatile crystal, full data set collected in 4 h); 855 reflections
measured, 841 unique, 736 observed with F, > 30(F); Ry, = 0.030.
Data was corrected for Lorentz and polarization, and an empirical
absorption correction was applied. The maximum and minimum
transmission values were 0.77 and 0.72. Structure was solved by
direct methods. The least-squares refinement minimized the
quantity Tw(F,| - |F¢)? where w = 1/[c%(F,|) + g-(F))%, 8 =
0.00023. Secondary extinction parameter p = 0.012 (1) in F,* =
F./[1.0 + 0.002(p)F ?/sin (20)]°®, There were 137 parameters
refined: atom coordinates and anisotropic temperature parameters
for non-hydrogen atoms; the hydrogen atoms riding on covalently
bonded carbon atoms (C-H distance set at 0.96 A and angles
involving H atoms idealized at tetrahedral or trigonal values, as
appropriate. (A/o)mey = 0.04, R = 0.045, wR = 0.047, S = 1.41.
Final difference Fourier excursions 0.16 and —0.18 e A, . Atomic
scattering factors from International Tables for Crysta llography
The programs used for structure solution, refining, and plotting
are part of SHELXTL.™®
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Ab initio theoretical methods have been used to determine the equilibrium geometry of the unsubstituted
1,2,3,4- and 1,2,3,5-tetrazines. Double zeta (DZ) and double zeta plus polarization (DZP) basis sets have been
used at both the self-consistent field (SCF) and single and double excitation configuration interaction (CISD)
levels of theory. Harmonic vibrational frequencies and infrared intensities have been evaluated at the SCF level
of theory. Comparisons between these and previous results at the SCF level using smaller basis sets have been
made. The 1,2,3,5-tetrazine is predicted to lie 8 kcal mol™! below the experimentally characterized s-tetrazine
(i.e., 1,2,4,5-tetrazine). The work strongly suggests renewed experimental efforts toward the laboratory identification

of 1,2,3,5-tetrazine.

Introduction
Of the three possible tetrazine molecules (a tetrazine is
a benzene molecule with four CH units replaced by ni-

*CCQC Summer Research Fellow, 1989.
tCCQC contribution no. 104.

trogen atoms), only the 1,2,4,5-tetrazine (also called s-
tetrazine) has been unambiguously characterized experi-
mentally.l® The other two isomers, 1,2,3,4- and 1,2,3,5-

(1) Curtius, T.; Darapsky, A.; Muller, F. Chem. Ber. 1907, 40, 84.
(2) Koenigsberger, J.; Vogt, K. Phys. Z. 1913, 14, 1269.
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