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Abstract

The monomeric molecule of the title compound,
[Cr(C,HF;N)(CO)s], is best described as an octahe-
dral complex of chromium(0). The Cr—C bond distgnce
to the difluoromethyl isocyanide ligand [1.956 (2) A] is
longer than the distances to the carbonyl ligands [Cr—
CO.s 1.909 (2)-1.915(2), Cr—COyqns 1.900(2) A,
indicating a smaller m-acceptor/o-donor ratio of the iso-
cyanide ligand in comparison with the carbonyl ligands.

Comment

The structural data of complexes of the type (CO)sCrL
can provide important information on the properties of
the ligand L, both from the Cr—L distance and from
the Cr—C distance to the trans carbonyl ligand, which
is very sensitive to the o-donor/m-acceptor ratio of the
ligand L. In order to obtain more detailed information on
the fluorine-substitution effect in methyl isocyanides, the
structure of pentacarbonyl(difluoromethyl isocyanide)-
chromium, (I) (m.p. 300 K), was determined at 128 K.
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A view of the title molecule and the atom-numbering
scheme are given in Fig. 1. The Cr atom is almost octa-
hedrally coordinated by five carbonyl ligands and the di-
fluoromethyl isocyanide ligand. The Cr—C distances to
the cis carbonyl ligands are similar within 2o and close
to that found for hexacarbonylchromium (Jost, Rees &
Yelon, 1975; Whitaker & Jeffery, 1967), whereas this
bond distance is slightly shorter for the trans carbonyl
ligand. The Cr—C distances for related (CO)sCr(CNR)
complexes are summarized in Table 3 and show that
a short Cr—C bond to the isocyanide ligand results in
a long Cr—C bond to the trans carbonyl ligand and
vice versa. Short metal—carbon bonds are observed for
the strong m-acceptor isocyanide ligand. Although a di-
rect comparison with the trifluoromethyl isocyanide lig-
and is not possible since the electron-diffraction data
for [(CO)sCr(CNCF3)] (Oberhammer & Lentz, 1985)
have not allowed determination of individual Cr—C
bond lengths, a Cr—C bond of 1.956 (2) A suggests
that, in agreement with the spectroscopic data of Lentz
& Preugschat (1992a), the difluoromethyl isocyanide
moiety is the weaker m-acceptor ligand. A very short
Cr—C bond of 1.814(6) A to the strong m-acceptor
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Fig. 1. Molecular structure of the title compound with the crystallo-
graphic numbering scheme (ORTEPII; Johnson, 1971).
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ligand CF3—NC and a long Cr—C bond of 2.017 (5) A
to the CH3—NC ligand have been found for trans-
(CO)4Cr(CNCF3)(CNCH3) (Lentz, Potter, Marschall,
Briidgam & Fuchs, 1990), demonstrating the effects of
fluorine substitution on these isocyanide ligands.

Crystal data
[Cr(C,HF,N)(CO)s]
M, = 269.09
Triclinic

P1
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Mo K« radiation

A =0.71069 A

Cell parameters from 25
reflections

a=6477(1) A 0 = 17-24°
b=28386(2) A p=1242 mm™'
Experimental c=9448(1) A T=12805)K
. = 82.09 (2)° Platelet
Crystals of the title complex were prepared from (CO)sCr(CN- @ _ ( )o
8 =69.62(2) 0.7 x 0.7 x 0.1 mm
CCI;H) and HgF; (Lentz & Preugschat, 1992a), and grown by o
LS v =82.36(2) Colourless
slow sublimation at room temperature and 1013 mbar (1 mbar V = 47448 (14) A
= 100 Pa). The chosen crystal was mounted on the end of a 7=2 )
glass fibre. Dy = 1.883 Mg m™>
Table 1. Fractional atomic coordinates and equivalent D llecti
] ic displacement parameters (13;2) ata colection
isotropic disp p Enraf-Nonius CAD-4 R = 0.0131
Ueg = (1/3L.2,Uja a> a;.a;. diffractometer Omax = 27.95°
. y s U w-20 scans h=0—38
eq H ion. -
crl 0.16719 (4) 0.18414 (3) 02200(3)  001277(13)  Absorption correction: k=-10— 11
Cl 0.0496 (3) 0.4008 (2) 0.1891 (2) 0.0192 (3) 9 scan of 7 reflections I=—11 - 12
ol —0.0259 (3) 0.5299 (2) 0.1744 (2) 0.0308 (4) Tmin = 0.7851, Thax = 3 standard reflections
2 0.4630 (3) 0.2436 (2) 0.1245 (2) 0.0200 (3) . .
02 0.6379 (2) 02792 (2) 0.0657 (2) 0.0320 (4) 272}39995 4 reflecti .freque."cya 20 Tg‘w
C3 0.1748 (3) 02317 (2) 0.4106 (2) 0.0193 (3) measured reflections Intensity decay: U.1%
03 0.1783 (3) 0.2626 (2) 0.5226 (2) 0.0296 (3) 2281 independent reflections
c4 —0.1293 3) 0.1250 (2) 0.3149(2) 0.0179 (3) 2130 observed reflections
04 —0.3053 (2) 0.0931 (2) 0.3709 (2) 0.0270 (3) [1 > 20,(1)]
cs 0.1663 (3) 0.1411 (2) 0.0276 (2) 0.0170 (3)
05 0.1700 (2) 0.1179 (2) —0.0886 (2) 0.0231 (3)
C6 0.2792 (3) —0.0394 (2) 0.2617 (2) 0.0163 (3)
NI 0.3406 (3) —0.1731 (2) 0.2886 (2) 0.0219 (4) Refinement
c7 0.4483 (3) ~0.3234 (2) 0.3229 (2) 0.0223 (4) ) .
F1 0.3208 (3) ~0.3941 (2) 0.4543 (2) 0.0563 (5) Refinement on F Apox = 0.786 ¢ A3
F2 04713(3)  —04214 (2) 02160 00584(5)  R(F) = 0.0334 Apmin = —0.743 ¢ A3
wR(F?) = 0.1060 Extinction correction:
. S =1.091 SHELXL93 (Sheldrick,
Table 2. Selected geometric parameters (A, °) 2277 reflections 1993)
Crl—C1 1.900 (2) Crl—C6 1.956 (2) 150 parameters Extinction coefficient:
Cr1—C3 1.909 (2) C6—NI 1.163(2) H atoms refined isotropically 0.0095 (39)
Crl—C5 1910 2) N1—C7 1412(2) _ 202 2 ; :
Cri—C2 19142)  CI—R2 1303 (3) w = 1/[o"(Fs) +(0.0641P) A“f)mlc Isca"e"n.g faf[;)r;l
Crl—Ca 1915(2)  CI—FI 1.337(2) +03101P) ) rom /nternational labies
N1—C6—Crl 178.30(15) F2—C7—NI1 110.4 2) where P = (Fo +2F¢)/3 Jor Crystallography (1992,
C6—N1—C7 169.7 (2) F1—C7—N1 109.3(2) (A/o)max < 0.001 Vol. C, Tables 4.2.6.8 and
F2—C7—Fl 105.6 (2) 6.1.1.4)
Table 3. Cr—C distances (A) and C—N—C angles (°) in (CO)sCr(CNR) complexes
Cr—CN Cr—COyrans Cr—COqs C—N—C
(CO)sCr({CNCN) ¢ 1.883 (3) 1913 (4) 1.903 av. 168.5 (4)
cis-C4Hs[NCCr(CO)s); © 1.903 (6) 1.899 (6) 1.881(7)-1.914 (6) 155.7(5)
1.900 (6) 1.895 (6) 163.8 (7)
(CO)sCH(CN-CF3) € 1918 (3) 1.918 (3) 1.918(3) 142 (4)
(CO)sCr{CN-CO-CeHs) 1.928 (3) 1.899 (3) 1.890 (4)-1.908 (4) 173.9 (3)
(C0O)sCHCN-CF=CF,) 1.942(2) 1.909 (2) 1.902 (2)-1914 (2) 173.6 (2)
(CO)sCr{CN-C[Co3(CO)]} / 1.961 (4) 1.860 (4) 1.885 (3)-1.903 (4) 176.0 (3)
(CO)sCr[CN-CH,-C(CH;3)(CH,NC),] & 1.988(2) 1.882(2) 1.901 (2)-1.909 (2) 178.2(2)
(CO)sCr(CN-NH,) # 2.000 (3) 1.861 (3) 1.879 (3)-1.898 (4) 170.3(3)
[(CO)sCr(CN-H-NC)Cr(CO)s5] ~ * 2.012(6) 1.847 (6) 1.894 av.
(CO)sCr{CN-NP(CgHs);] / 2.031 (1) 1861 (3) 1.887 (3)-1.901 (3) 174.2 (2)

References: (a) Christian, Stolzenberg & Fehlhammer (1992); (b) Lentz, Nowak, Preugschat & Wasgindt (1993); (c) Oberhammer & Lentz (1985),
data from electron diffraction; (d) Le Marouille & Caillet (1982); (e) Lentz & Preugschat (1992b); (f) Fehlhammer, Degel & Stolzenberg (1981);
(g) Hahn & Tamm (1992); (h) Stolzenberg (1983); Fehlhammer, Stolzenberg & Weinberger, unpublished results; (i) Bar, Fuchs, Rieger, Aguilar-

Parrilla, Limbach & Fehlhammer (1991).
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The structure was solved by Patterson methods. The H atom
was located from a difference map and refined isotropically.
Non-H atoms were treated anisotropically by full-matrix least-
squares techniques using all data except for four reflections
(100, 110, 102, 102) which were suspected of strong extinc-
tion.

Data collection: CAD-4 Software (Enraf-Nonius, 1989).
Cell refinement: CAD-4 Software. Data reduction: MolEN
(Fair, 1990). Program(s) used to solve structure: SHELXS86
(Sheldrick, 1985). Program(s) used to refine structure:
SHELXL93 (Sheldrick, 1993). Molecular graphics: ORTEPII
(Johnson, 1971) in the NRCVAX package (Gabe, Le Page,
Charland, Lee & White, 1989).

We thank the Deutsche Forschungsgemeinschaft, the
Fonds der Chemischen Industrie and the Graduiertenkol-
leg ‘Synthese und Strukturuntersuchung niedermoleku-
larer Verbindungen’ der TU Berlin und FU Berlin for
financial support of this work. We thank Mrs Irene
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Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the IUCr (Reference: KA1080). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Abstract

The title complex, [Cr{S;P(OC¢H,;);}3], contains a
CrS¢ distorted octahedral core, in which the Cr—S
bond lengths range from 2.423(2) to 2.439(2) A and
the S—Cr—S bidentate angles range from 81.39 (6) to
81.66 (7)°.

Comment

Chromium complexes such as those with dialkyl di-
thiophosphates and alkylphosphonic acid monoalkyl
ester were found to have practical applications in
the petroleum and plastics industries (Xiong & Dong,
1994a4,b; Mikhailov, Kokhanov, Kazaryan, Matveeva &
Kozodoi, 1972). We report here the crystal structure
of the title complex, (I), which is very similar to that
of [Cr{S;P(OC;,Hs);}3] (Schousboe-Jensen & Hazell,

1972).
—0)
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The crystal structure of [Cr{S;P(OC¢H,;),}3] is com-
posed of four neutral molecules per unit cell in the
P2\/n space group. The central Cr atom has dis-
torted octahedral coordination with six S atoms from
three dithiophosphate bidentate ligands. The Cr—S bond
lengths [2.423 (2)-2.439 (2) A] and S—Cr—S bidentate
bond angles [81.39 (6)-81.66 (7)°] do not differ signif-
icantly from those of [Cr{Sr,P(OC;Hs)2}3] [2.421 (3)-
2.430(3)A and 82.5(1)°, respectively (Schousboe-
Jensen & Hazell, 1972)].
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