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cis-1,2-Difluoroethylene is energetically favored above the
correspondingransisomer because of the strongly electronegative
properties of the fluorine substituertsFor the same reason,
gauchel,2-difluoroethane is more stable than the corresponding
anti-conformer? A recent proposal for explaining this “cis/
gauche-effect” is given by Wiberg and co-workér#éccording
to their calculations, the €C bond is predicted to be bent. The
bending is energetically more favorable in the case ofdise
isomer andgaucheconformer. Recent structural investigations
of 1,2-difluoroethylene have been made using high-resolution
infrared spectra®

To test this explanation we synthesized methyl 3,4-difluorocu-
bane-1-carboxylatel] (Scheme 1). As a consequence of the rigid
cage system, the two fluorine substituents are fixed disdike
orientation in this molecule. Therefore, this cubane derivative
should be a model for theis-isomer of difluoroethylene. We
would expect the FECF cage bond to be the most strongly bent
bond and the HECF bonds to be more strongly bent than the
CH—CH bonds in derivativd. To determine the bending of the
different bond types in this molecule, we investigated the electron
density distribution by high-resolution X-ray analysis at a low
temperature fronX—X difference maps.

The synthesis of (Scheme 1) started with the chlorocarbon-
ylation of dimethyl cubane-1,4-dicarboxyla®® py the procedure
described by Bashir-HasherfhHydrolysis of the acid chloride
followed by iododecarboxylation resulted in dimethyl 2-iodocu-
bane-1,4-dicarboxylate8). Dimethyl 2-fluorocubane-1,4-dicar-
boxylate @) was synthesized by fluorodeiodination 8fwith
xenon difluoride. The structure &f was established by X-ray
analysi§ of single crystals obtained from chloroform. Subse-
quently, the isomeric iodides methyl 2-fluoro-4-iodocubane-1-
carboxylate §) and methyl 3-fluoro-4-iodocubane-1-carboxylate
(6) were produced by saponification of one ester group of fluoride
4, followed by iododecarboxylation. The isomeric iodides were

separated from each other by manifold column chromatography.

The structure of isomes was established by X-ray analy$igo
complete the synthesis of difluoride’ iodide 6 was treated with
xenon difluoride as described above.
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2H, cage)F NMR (90 MHz, CDC}) 6 —154.8,—156.3; FTIR (KBr) 2957
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aReagents and conditions: (a) (i) (CO£hy, 30—35 °C, 48 h, (ii)
H20, CH.Cly; (b) Pb(OAc) (1.3 equiv), $ (5 equiv), benzendw, reflux,
2.5 h; (c) Xek (9.2 equiv),n-hexane, reflux, 2 h; (d) (i) 2.5 M methanolic
KOH (1 equiv), THF, 24 h; (ii) conc HCI; (e) Pb(OAc]1.25 equiv), 4
(5 equiv), benzendw, reflux, 2.5 h; (f) Xek (9.1 equiv),n-hexane, reflux,
4.5 h.
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Figure 1. Structure of molecule. with the heavy atoms labeled. Some
selected bond lengths [A]: GXC9 1.577(2); C2C3 1.567(2); C2C7
1.562(2); C5-C8 1.554(2); C4C5 1.550(2); C5C6 1.554(2); C3-C8
1.551(2); C8-C9 1.549(2); C3-C4 1.572(2); C4C7 1.568(2); C6-C7
1.568(2); C6-C9 1.569(2).

The X-ray analysis of the difluoridé was carried out at-55
°C, and 5506 reflections were recorded in the rangg-of2—55°.
The crystals are triclinic with the space groBp possessing two
molecules in the unit cef® Figure 1 is a drawing of molecutk
with the heavy atoms labeled. As occurs in the methyl 4-ha-
locubanecarboxylatéghe fluorine-substituted bonds (av 1.552-
(2) A) are shortened compared with the average length (1.569(2)
A) of the CH-CH bonds.

The electron density distribution in the cage bondsladb
obtained from the difference density maps shown in Figure 2.

(16), 139 (90), 138 (47), 127 (33), 120 (26), 119 (100), 114 (38); HRMS (El)
caled for GHsOF,* (Mt — OCH;) 167.0308, obsd 167.0271; calcd for
CgHsF,* (Mt — CO,CHs) 139.0359, obsd 139.0330; MS (Clisobutane)
199 (M + H).

(8) For 1. (a) Colorless prisms (0.4 0.25 x 0.2 mm), triclinic space
groupP1, a = 6.056(1),b = 6.574(1), anct = 10.593(2) A,a = 91.74(1},
B = 101.80(1}, y = 91.69(1Y at 218 K,Z = 2, R= 0.044,wR(F?) = 0.107,
GOF= 2.02. The lowest possible temperature was not chosen, since on further
cooling phase transition started. (b) Collected reflections 5506, independent
reflections 26364 = 2— 55°, Mo Ka radiation,Rix = 0.029). The obtained
structure model was first refined anisotropically for all non-hydrogen atoms
and isotropically for the hydrogen atoms in the rangeféin= 0—0.66 using
1533 reflections. Thd&-factors for this refinement werB(F) = 0.043 and
WR(F?) = 0.102. To determine the coordinates of the non-hydrogen atoms
precisely, the structure was refined with anisotropic displacement parameters
for these atoms and with fixed hydrogen atoms in the high order range sin
0/1 = 0.6—-1.15 using 963 reflections. ThB-factors for this high order
refinement wer&(F) = 0.027 andvR(F?) = 0.061. From this structure model
thus receivedFcacq Were obtained in the range sBM = 0-0.66 and the
difference density maps were calculated frav{Fopsa — Feaicd)-
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Figure 2. Electron density difference maps (0:13.35(6) e/&) in the
diagonal planes; contour interval 0.05 &Xa) C2, C7, C5, C8; (b) C3,
C4, C6, C9; (c) C3, C8, C6, C7; (d) C2, C9, C4, C5; (e) C4, C7, C8, C9;
and (f) C2, C3, C5, Cé6.

The maxima of the electron densities are of the order of-8.17
0.35 e/R. They were determined from low-order reflections
(60 < 28°) using theX—X method by high-order refinement of
the non-hydrogen aton¥s.

All of the cage bonds are bent (av= 0.14 A, 6 = 10.2)

(Table 1), as is expected for the cubane cage. The bending is o
the same order of magnitude as found in dimethyl cubane-1,4-

dicarboxylate’® For several bond types df parameters char-

Table 1. Parameters of Bond Bending in
e bond type d[A] 5 [deg]
HC—CH (av) 0.12 8.70
HC—CF (av) 0.16 11.66
FC-CF 0.16 11.63
HC—C(COOMe) (C2-C9, C2-C3 av) 0.17 12.20
HC—-C(COOMe) (C2-C7) 0.12 8.74
cage bonds (av) 0.14 10.16

Figure 3. Parameters characterizing the bending of the bonds his

the length of the perpendicular line dropped from the maximum of the
electron density to the internuclear axis;is the angle between the
internuclear axis and the connection line between the atomic position
and the maximum of the electron density.

The CFCF bond and the CHCF bonds are more bent (av
=0.16 A, 0 = 11.6) than the CH-CH bonds (awd = 0.12 A,

0 = 8.7). The degree of bending is of the same order of
magnitude for the difluoro-substituted bond (€EF) and the
monofluoro-substituted (CFCH) bonds. The bonds (CZXC9,
C2—-C3) influenced by ther-accepting property of the methyl
carboxylate group are two of the most strongly bent bondsl(av
=0.17 A, 6 = 12.2) in the cubane derivativé.

Hence, there is evidence for the rule that strong electronegative
substituents increase the bending of the bonds to which they are
attached. From our data (Table 1), we only observe that fluorine-
substituted bonds are more strongly bent than-Cii bonds,
but no difference in bending between monofluorinated and
difluorinated cage bonds could be detected. The bond possessing
the twocis-like positioned fluorine substituents, as a model for
the cis-difluoroethylene isomer, is one of the most strongly bent
bonds in the cubane derivative(d = 0.16 A, 6 = 11.6).
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