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Abstract

The *C and F NMR spectra of 2,2’-difluoro-4,4'-dimethylbiphenyl (BIP), 4,5-difluoro-9,10-dihydrophenanthrene (PHE) and
their tricarbonylchromium complexes are reported. The *C-'F couplings between carbonyl carbons and aromatic fluorine were
used to determine the structure and conformation of the investigated complexes. To support the conclusions obtained, the
structure of one of the BIP complexes was established by X-ray crystallography.

1. Introduction

In our previous papers [1-3] the coupling between
carbonyl carbons and aromatic fluorine in (n%-fluoro-
areneltricarbonylchromium complexes has been re-
ported. On the basis of the data for meta and para
substituted fluorobenzene complexes we have estab-
lished that the '3C-"F coupling constant depends on
the ability of the ring substituent to contribute to the
stabilization of the rotamer A (see Fig. 1), in which
C,.—F and Cr-CO bonds are in eclipsed conformation
[1]. Also in chelate (n°-fluorobenzyl)diphenylphos-
phitodicarbonylchromiums, in which the relative con-
formation of the carbonyl groups and aromatic sub-
stituents is fixed, the coupling has been observed only
for carbonyl carbons located sufficiently close to the
aromatic fluorine [2]. Those facts led us to the conclu-
sion that the nuclear spin information is probably
mainly transmitted between coupled nuclei “through-
space”. If this is true the observed coupling constant,
reflecting the distance between the nuclei involved,
might serve as a direct probe in the investigations of
the conformation of the carbonylchromium complexes.
To our knowledge all “through-space” C—F couplings
reported in the literature result primarily from the
overlap of fluorine lone electron pair and sterically
opposed C-H bond orbitals [4-7]. As discussed here,
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coupling must involve a different way of transmission
of spin information. We believe it arises from the
direct interaction of the p orbital of fluorine and the =
(or =*) orbital of the CO triple bond. In all com-
pounds hitherto investigated, fluorine was attached to
the complexed arene ring. Thus, the coupled nuclei
were separated by three bonds only and “through-
bond” spin-spin interaction could not be definitely
ruled out. We were interested to know if the carbonyi
carbon—fluorine coupling is observed when more bonds
separate those nuclei but when they are still located
close to each other. Biphenyl derivatives seemed to
meet the above demands. Here we report the results
obtained for the following complexes (see Fig. 2): (+)-
(R*,R*)(1,2,3,4,5,6-n)-2,2"-difluoro-6,6'-dimethylbi-
phenyl]tricarbonylchromium (1), (+)(R* $*)-[(1,2,3,4,
5,6-1)-2,2"-difluoro-6,6"-dimethylbiphenyljtricarbonyl,
chromium (2), (+)-[(1,2,3,4,4a,10a-n)-4,5-difluoro-9,
10-dihydrophenanthreneltricarbonylchromium (3) and
(£)(5",5")-(1,2,3,4,44,10a-nX4b,5,6,7,8,8a-1)-4,5-di-
fluoro-9,10-dihydrophenanthrene Jbis(tricarbonylchro-
mium) (4).

2. Experimental section

BIP [8] and PHE [9] were prepared using literature
methods. Complexes were obtained by reaction of lig-
and with Cr{CO); in Bu,OH/THF (10/1) mixture
[10). Compounds 1-4 were separated by column chro-
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Fig. 1. Equilibrium between rotamers A and B of Cr{CQ); tripod in
arenetricarbonylchromium complexes.

matography on silica gel (Merck-60; 0.063-0.2) using
5% Et,0 /hexane as eluent. Their melting points were
170-173°C, 126-129°C, 143-145°C and 173°(dec.),
respectively.

TABLE 1. '*C chemical shifts (ppm) for the investigated compounds

n tricarbonylchromium complexes of bipheny! derivatives

B3C NMR of [n®-3«(trifluoromethyl)anisoleliri-
carbonylchromium (m.p. 48-50°) in CDCl, (ppm; J(C-
F) in parentheses in Hz): 55.16 (g, CH;, 2.1), 73.43 (q,
C2, 2.6), 78.19 (s, C6), 81.89 (q, C4, 2.7, 92.08 (s, C3),
99.52 (q, C3, 36.7), 123.59 (g, CF;, 273.8), 141.10 (s,
C1), 230.96 (s, CO).

3C NMR of 2-fluoropyridinepentacarbonylchro-
mium (m.p. 88-92°C dec.) in CDCl, (ppm, J(C-F) in
parentheses in Hz): 111.83 (d, C3, 22.9), 121.27 (d, C5,
3.4), 142.71 (d, C4, 9.8), 153.57 (s, C6), 165.36 (d, C2,
254.4), 214.02 (d, cis-CO, 7.6), 22185 (d, trans-CO,
1.7).

Solution of the complexes (ca. 0.5 M) in CDCl,
were prepared under argon, degassed and sealed in 5

Carbon BIP 1 2 PHE 3 4
1 94.17 91.95 4q 89.08 8475
2 144.60 145.05 4 143.31 143.66
3 76.15 74.88 3 78.33 78.14
4 93.54 92.95 2 91.32 91.62
5 86.34 85.98 1 87.63 86.86
6 110.43 109.30 10a 111.39 110.15
CH, 19.15 18.91 CH, 28.74 28.70
1 122.08 116.95 117.13 4b 118.39 115.62
2' 160.00 161.20 159.15 S 159.61 159.95
3/ 112.72 112.75 113.94 6 114.66 115.30
4’ 129.14 130.30 130.40 7 128.86 130.16
5! 125.41 127.07 125.71 R 122.90 123.39
6" 139.43 140.20 140.48 8a 141.67 141.05

CH, 29.76 29.75

CH;' 19.33 21.43 19.70

TABLE 2. ’C-"°F and “*C-""F’ (in parentheses ) coupling constants for investigated compounds, in Hz

Compound BIP 1 2 PHE 3 4

Carbon JF-F) Adpp ° Carbon

1 15.8(2.8) 15.9%0.5) 4a 13.6(1.6) 87°%
2 264.5(0.9) 2627 4 272205  -275.6(L.D) B
3 22.6 218 3 22.8 236 8
4 8.2 8.0 2 7.9 182
5 0 0.5 1 0 0¢

6 3.8(1.5) 34 10a 4.6 3.6¢
CH, 22(1.2) 1.20.8) CH, 1.1 unresalved
1 17.3(.1) 1.4 3.8 13.%(1.1) 138(0.8) b 13.0 8 13.6(3.4)

2! ~-244.100.6) 1.2 24.0 245.404) 2487004 5 -254.4(1.6) > 2561

3 2260020 15 7.1 25.2 238 6 2418 23.5

4 9.X0.3) 1.4 2.0 938 g2 7 9.6 & 9.3

5 28(0.1) LS L1 3.0 3.4 8 238 3.1

6' 2.7109) 12 1.7 1.1(0.4) 0.8(05) 8 408 2.7

CH.,’ 37¢€ 2.8(1.4) 28011 CH, 218 24

* Where value is not given this coupling is not observed.

b Data obtained from numerical analysis of >C NMR spectra.

¢ Differential isotope shift for '°F caused by *C in Hz at 282 MHz.
4 45 ¢ assumed equal to 24 Hz and not fitted.

“Abpg =243 Hz

[ Abp g = 240 Hz

& {C-F)+J(C-F")
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Fig. 2. Structures of complexes investigated.

mm NMR tubes. The *C NMR spectra were recorded
with a Bruker AM-500 (125.76 MHz) and a Varian
XL-300 (75.4 MHz). Typical acquisition and processing
parameters for aromatic and (in parentheses) carbonyl
regions: pulse width 60° (70, spectral width < 100
ppm (< 1000 Hz}, acquisition time 3 s (6 s), digital
resolution < 0.25 points/Hz {ca. 0.1 points/Hz). The
central line of CDCl, triplet (6 = 77.0 ppm) was used
as the chemical shift reference. The 'F NMR spectra
were recorded with a Varian XL-300 spectrometer (at
282.2 MHz). The CF,COOH signal (0.0 ppm) was used
as the external reference.

3. Results and discussion

3.1. 5C NMR spectra of aromatic carbon range

The *C NMR signals in the range of aromatic
carbons were assigned to the relevant carbons on the
basis of their chemical shifts (Table 1), *C-""F cou-
pling constants (Table 2) and intensities. Every carbon
signal was treated as a part X of the ABX spin system
where A and B were fluorines. In the case of com-
plexes 1-3 the chemical shift difference between fluo-
rines, Adpp. results from the complexation of the
aromatic ring and for BIP, PHE and 4 from the differ-
ent isotope effect of observed 3C nucleus on the
chemical shift of each of fluorines. Because A8pg:
values for 1-3 are large (see Table 3) as compared to
J(C-F), the coupling constants can be measured di-
rectly from the spectrum. It is important to note that
the spectral lines of the complexes are often broad-
ened, probably because of the presence of chromium
paramagnetic impurities, and therefore small splittings
(<1 Hz) may escape detection. The ratios ASgp./

J(C-F) for the ligands and complex 4 are small so that
determination of coupling constants requires numerical
analysis of the spectrum. Every carbon of BIP with the
exception of C2 gives a signal composed of six lines.
Computer analysis of those signals with the Laocoon
11 NMR simulation program allowed us to calculate all
coupling constants and Adpg. values. The following
facts prove the results obtained with this method to be
reliable; (i) The J(F-F') values, obtained from inde-
pendent analyses of the signals of particular carbons,
differ only slightly; (ii) The interaction of ortho sub-
stituents forces the aromatic rings to assume a far from
planar conformation making the distance between fluo-
rines large. The calculated J(F-F') value is accord-
ingly small. It cannot be excluded that the “through-
bond” coupling may play a significant role here; (iii)
The calculated Adp g values, originated from differen-
tial *C isotope effects on *F chemical shifts, depend
on the number of bonds separating observed carbon
from both fluorines, and agree with those found for
4.4'-difluorobiphenyl [11]; (iv) When both coupled nu-
clei are connected with the same aromatic ring the
values obtained of J(C-F) are comparable with those
for the fluorobenzene derivatives, When fluorine is
attached to the phenyl other than the one to which
belongs the carbon observed, J(C-F) values are small
and depend on the number of separating bonds. The
signal of the C2 carbon of BIP is composed of the four
lines. Its analysis was performed assuming A8 . =24
Hz, the value found for carbon C2 in PHE and, follow-
ing the literature [12], the negative sign of 'J(C-F).

In the case of PHE and 4 only fluorine-bearing
carbons give six-line signals. In analysis of those signals
the values of J(F-F’) measured from 'F NMR spec-
tra were used without fitting. The spectra of the other
carbons of the above compounds comprise four lines
and only the sum of J(C-F) and J{C-F’) could be
calculated.,

3.2 5C NMR spectra of aliphatic carbon range

The spectra of the methyl carbons of BIP, as well as
of the methylene carbons of PHE, comprise three lines

TABLE 3. '*F NMR data

Compound 3 Sgr J(F-F')
BIP —38.7 142
1 —55.8 -35.9

2 —57.9 ~29.0

PHE -375 975°
3 -52.6 -272 1083 °
4 —450 1127

@ Mean calculated from 1*C NMR spectra.
® From 13C satellites of 1°F NMR spectrum.
€ From 'F NMR spectrum.
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and only the sum of the coupling constants of those
carbons with both fluorines could be found. Each
methyl group of complexes 1 and 2 gives a doublet of
doublets. The coupling constants are here equal to the
separations of appropriate spectral lines. It was arbi-
trarily assumed that for both complexes J(C(CH,)-F)
and J(C{CH,')-F’) are larger than J(C(CH,)-F') and
J(C(CH,')-F), respectively. In the spectra of 3 two
lines are observed for each CH, carbon. It seems
reasonable to assume that this splitting originates from
the “through-bond” interaction of CH, carbon with
fluorine bonded to the same aromatic ring. Taking into
account the geometries of the compounds investigated,
this additional splitting, (observed for CH, carbons of
BIP complexes but not for CH, carbons of 3) could be
attributed to “through-space” interaction between the
nuclei involved. In the aliphatic region of the carbon
spectrum of 4 one, apparently broadened, line is ob-
served.

The following procedure was applied to interpret
the spectra of 1 and 2 in the methyl carbon range. The
'H NMR spectra of BIP, 1 and 2 were recorded and
the chemical shifts of the methyl protons measured.
They were 2.12 ppm for BIP, 2.04 and 2.72 ppm for 1
and 2.03 and 2.12 ppm for 2. Then a decoupling
experiment was performed in which C5'-H or C5-H
signals were selectively irradiated. Inspection of the
changes produced in the intensities of the methyl sig-
nals allowed us to assign the high field signals to the
protons of the methyl groups bonded to the complexed
aromatic ring. Such an interpretation agrees with that
by Schlégl et al. [13] for other biphenyl derivatives.
Finally, the carbon spectra of methyl groups could be
identified by an off-resonance decoupling experiment,
It appeared that, as in the proton case, the resonances
of the carbons of the methyl groups at the complexed
ring in both 1 and 2 are shifted upfield in relation to
those for the ligand. This was accepted as a rule and
the signals of CH, carbons in 3 were assigned on the
basis of their chemical shifts. It is worth noting that
close values of the chemical shifts of the carbons CH,
in 3 and 4 from one side and CH,' in 3 and PHE from
the other side support that assignment.

3.3. C NMR spectra of carbonyl carbon range

The chemical shifts and coupling constants of the
carbonyl carbons are shown in Table 4. The spectra of
1-3 represent the first order pattern (doublet of dou-
blets) where separation of the appropriate lines is
equal to the relevant coupling constant. In the spec-
trum of 4 the triplet is observed. Such a pattern for the
X part of the ABX spin system is encountered when
A8,p is close to zero. This is valid in the case under
discussion because the isotope effect of *C nucleus of

TABLE 4. “C chemical shifts (ppm) and C(O)-F coupling constants
(Hz) for carbonyl carbons of investigated complexes

Complex Sco HC(O)-P) J{C(O)-F")
1 232.20 1.9 00

2 231.96 2.5 55

3 232.15 20 0.8

4 231.08 282

*HC-B)+ J(C-F")

the CO group towards the chemical shifts of both
fluorines is expected to be negligible. The separation of
the outer lines of the triplet gives the sum of C-F and
C-F’ coupling constants.

As mentioned above, carbonyl carbon-aromatic flu-
orine coupling originates mainly from ““through-space”
spin—spin interaction. In consequence any structural
and conformational changes of the molecule, which
produce a change in C(O)-F distance, will affect the
coupling constant. Biphenyl derivatives appeared to be
good models to illustrate such a relation. Because of
the interaction of the ortho substituents, the rotation
about the bond linking the phenyls in BIP is stopped.
For this, two stable diastereomeric tricarbonylchro-
mium complexes can be obtained. For both complexes
the same number of bonds separates carbonyl carbon
from fluorines but fluorine F' and Cr(CO), groups are
placed either on the same or on the opposite sides of
the plane of the complexed ring. One may expect that
fluorine F’ will affect carbonyl carbon spectrum more
pronouncedly in the former case. Average distance
between carbonyl carbon and fluorine F, and thus the
J(C(O)-F) value as well, depend on the position of the
equilibrium between the rotamers A = B (see Fig. 1).
The larger the population of the conformer A the
larger the coupling constant. Decisive for the differ-
ence in the position of the equilibrium for the dis-
cussed complexes are the steric and electronic interac-
tions between CH," or F' and CO groups. Obtained
values of J(C(O)-F) and J(C(O)-F’) perfectly reflect
the structural and conformational differences de-
scribed above between 1 and 2. The C-F’ coupling is
absent from complex 1 in which, as found by X-ray
crystallography, the Cr{CO); moiety is located close to
the CH} group. In 2 this coupling constant reaches the
relatively large value of 5.5 Hz. The values of J(C(Q)-
F) are 1.9 and 2.5 Hz for 1 and 2, respectively. Using
those values the populations of the rotamer B were
cstimated in the way described previously [1]. They are
30 and 10% for 1 and 2, respectively. This shows that
the fluorine substituent of the uncomplexed ring in 2
(F’) destabilizes the rotamer B more efficiently than
the Me’ group does in the case of 1, probably because
of its electrostatic repulsion from the CO groups. More



P. Szczecifiski, J. Zachara / Spectroscopic study on tricarbonyichromium complexes of biphenyl derivatives 245

remarks concerning the relation between molecular
structure and carbonyl carbon-fluorine couplings in 2
will be presented later in this paper.

The bridge between carbons 8a and 10a in PHE
increases the energy of the ground state of the rotation
about the bond linking the phenyls, as compared with
BIP, because the molecule is forced to assume a geom-
etry close to that which it has in the transition state.
For this reason the rotation is fast on the NMR time
scale at ambient temperature (4G¥,,=41.8 kJ/mol
[9D. It has been reported [13] that complexation re-
duces the barrier. Only one main product (3) has
therefore been obtained by reaction of PHE with
Cr(CO),. Its *C NMR spectrum comprises the signals
which are the averages of those for the rotamers analo-
gous to 1 and 2. Using the terminology of Schlégl [13]
they will be named endo and exo, respectively. The
carbonyl carbon-fluorine coupling constants measured
from the spectrum of 3 are 1.95 and 0.8 Hz. In our
opinion the former value is that of the C(O)-F cou-
pling constant because the structural difference be-
tween complexes 1 (or 2) and 3 is not big enough to
cause so dramatic a change in the equilibrium A =B,
which would have the effect of lowering J(C(Q)-F) to
0.8 Hz. Thus, the latter value is that of J(C(Q)-F*).
Having no information about populations of the exo
and endo species we are not able to calculate the value
of J(((O)-F’) for each. The following reasoning al-
lows us, however, to draw some rough conclusions.
Because of the —CH ,—CH ,~ bridge the angle between
the planes of the aromatic rings cannot be larger than
36° [14]. This causes the distance between CH, or F'
substituents and Cri(CO), moiety to be large. In such a
case one may expect that the steric interaction between
those groups is weak and that none of the rotamers is
pronouncedly favoured energetically. Assuming equal
populations of the rotamers and neglecting the cou-
pling in the ende conformer (F’ and Cr{CO), are on
the opposite sides of the complexed ring) the mean
J(C(O)-F’) for A and B rotamers in the exo species
may be estimated to be 1.6 Hz. When one takes into
consideration the mean distances between fluorine and
the Cr(CO), group, this value, being significantly
smaller than J(C{O)-F’) for 2 and slightly smaller than
J(Q(O)-F) for any of the investigated complexes, seems
to be reasonable.

The complex 4, with both aromatic rings complexed,
was obtained as a by-product of the reaction of PHE
with Cr(CO),. The data available do not allow determi-
nation of the relative configuration of Cr{CO); moi-
eties but on the basis of the literature [13] their loca-
tion on the opposite sides of the ligand plane seems to
be much more probable. As mentioned above only the
sum of J(C(O)-F) and J(C(O)-F') equal to 2.8 Hz

may be obtained from the spectrum in this case. It is,
however, worth noting that this is exactly equal to the
sum of appropriate coupling constants for 3. It is most
likely that the J(C(O)-F) and J(O(O)-F’) couplings
are the same for 4 as for 3 and this would suggest that
the influence of the complexation of the second ring on
the conformation of Cr(CO); tripod and on the
molecule as a whole, is small.

3.4. F NMR spectra

In Table 3 the results of ’F NMR measurements
are shown. Although we are aware that the fluorine
chemical shift is often related to the molecular struc-
ture in an unpredictable manner we wish to point out
some interesting observations. The complexation shifts
the signal of fluorine F by 11-19 ppm upfield in
relation to the ligand. A similar shift was observed for
the fluorobenzene complex [15). The resonance of fluo-
rine F’ is shifted downfield by ca. 3 ppm for 1 and ca.
10 ppm for 2 and 3. In the former case the effect is
similar to that observed for the complex of 4’-fluorobi-
phenyl (2.5 ppm) [15] and may be attributed to the
influence of the complexation of one aromatic ring on
the electronic surrounding of fluorine at the other ring.
The larger shift for 2 may be connected with the direct
steric interaction between Cr(CO); and F’. It was
rather a surprise to observe a large downfield shift for
3 where the mean F’-Cr(CO), distance must be larger
than in 2. One could explain this by assuming that, in
addition to the steric interaction, the electronic influ-
ence plays a more important role here than in 2 due to
more effective 7r—m interring conjugation. In the last
column of Table 3 the F-F’ coupling constants are
collected. For 3 J(F-F’) was measured directly from
the spectrum. For PHE and 4 those coupling constants
were obtained from fluorine *C satellites. In this case,
due to high value of the one-bond *C-"F coupling
constant (ca. 260 Hz) two pairs of the outermost lines
of the AB part of the ABX spin system (X means *C
nucleus directly bonded to F) were not averlapped by
main signal of fluorine bonded to 2C nucleus. The
separation of the lines in each pair is equal to J(F-F"').
For BIP the coupling constant under discussion was
calculated from the numerical analysis of all aromatic
carbon signals but that of C2. Unfortunately, we were
not able to determine J(F-F‘) for 1 and 2. The NMR
spectrometer available does not permit measuring pro-
ton decoupled 'F NMR spectra. This, as well as line
broadening originated from the paramagnetic impuri-
ties, was the reason why the lines of each part of AB
spin system were not separated due to F-F’ coupling.
We were able, however, to estimate those couplings to
be no greater than 10 Hz. The J(F-F’) values obtained
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for investigated compounds reflect the expected dis-
tances between coupled nuclei.

4. Crystal and molecular structure of complex 1

4.1. X-Ray structure determination

A yellow, well-shaped crystal of 1 was mounted on
the goniometer head of a four-circle Siemens P3
diffractometer. The crystallographic data, the parame-
ters of data collection and refinement procedure are
presented in Table 5. The crystal class, the orientation
matrix and the unit cell parameters were obtained
from the least-squares refinement of the angular posi-
tions measured for 25 reflections randomly selected in
the 26 range between 16 and 31. The intensities were
collected up to 28 = 55 (max sin@ /A = 0.65) in the 8-26
mode with the scan range 2.0° plus Ka;-Ke, separa-
tion and various scan speeds between 4.2 and 29.3°
min —!. Two check reflections (1 22) and (3 0 1), re-
peated every 70 reflections showed a decay of 1.5%
and the intensities were adjusted accordingly. In total
5293 reflections were measured and corrected for the

TABLE 5. Data collection and structure analysis parameters

Lorentz-polarization effect. The phase problem was
solved by direct methods using the sHELXs-86 program
[16]. All nonhydrogen atoms were found on the most
appropriate E-map. Since the absorption coefficient
was comparatively high (x =7.91 cm™') a numerical
absorption correction based on a well-measured dis-
tance from a common reference point to boundary
planes of the crystal was applied. The equivalent re-
flections were averaged. The resuiting 2395 unique
reflections had the internal consistency index R, =
0.012. The structure was refined using the full-matrix
least-squares technique (sHELx-76 [17]) with isotropic
thermal parameters on the first step; this resulted in R
equal to 0.08. The positions of the hydrogen atoms
were determined on the differential Fourier-map after
refinement with anisotropic thermal parameters {R =
0.040, unit weights). The weighting scheme with w(F)
= 2.550 - [o2(F) + 0.000005 - F7]~' gave satisfactory
variance analysis. This resulted in a final value of the R
factor of 0.0267 after full convergence of the refine-
ment. A list of measured and calculated structure
factors is available on request.

Melecular formula CrC;H,,O4F;
Crystal dimensions (index of h k { d(mm)
imiti nd =
i o st 1 o o
1 0 0 0.195
0 1 1 0.160
0 1 i 0.160
0 0 1 0.070
0 0 1 0.070
Space group P1
Unit cell:
2 (A) 7.2294(5) zZ=2
b (A) 7.7050(8) M, = 354273
c(A)  14.6342015) F(000) = 360
a® 94.486(8)
B 93.404(7)
Yy 114.691(D
V(AY)  734.74(13)
Density calc. (g cm ™) 1.602
Linear absorption coeff. (cm™1) 791
Radiation graphite monochrom. Mo K« (3 0.71069 A)
Temperature (K) 298
No. reflections:
measured 5293
unique 2595
unique in structure analysis (7 > 20) 2518

Final R values:

unweighted R 0.0267

weighted R, 0.0269
Residual extreme in final

difference Fourier map (e A~ +0.24/~0.25
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Fig. 3. X-Ray structure of 1.

4.2. Results

A view of the molecule (orTeP [18]) with the atom
numbering scheme is shown in Fig. 3. The final atomic
coordinates and equivalent (isotropic) temperature fac-
tors with their e.s.d’s for non-hydrogen atoms are listed
in Table 6. Table 7 contains interatomic bond distances
and Table 8 selected angles. Deviations from mean
planes of aromatic rings are presented in Table 9°and
selected interatomic distances shorter than 3.6 A in
Table 10. The structure obtained for complex 1 fully
supports the prediction made on the basis of the car-
bonyl carbon-fluorine coupling constants; methyl group
Me' and Cr{CO), are located on the same side of the

TABLE 6. Fractional atomic coordinates, equivalent temperature
factors with e.s.d’s

Atom ¥ z U x10* ()
CR  —0.00811(5) 09236%(4)  0.3168%2) 316(1)
cot 0.15298(33) 0.86733(30) 0.4011715)  417(9)
o1 0.25535(27) 0.83548(27) 0.45394(12) 642(8)
co2 0.09510(34)  1.16563(31) 0.37979(14)  442(9)
o2 0.16605(30) 131842(23) 0.4179812) 677(8)
03 0.20632(32)  1.01705(29) 0.2463815)  422(9)
03 0.34054(26) 1.07718(26) 0.20202(13) 680(8)
FI  —016738(18) 083929(16) 0.10056(7)  412(5)
Cll  —02020426) 0.64940(25) 0.22280(12) 286(7)
Cl2  —02130%27) 08106326) 0.1877712) 320(8)
C13  -0.2686431) 094058(29) 0.2359(14)  377(®)
Cl4  —03156431) 0.90958(30) 0.32687(15) 412(9)

C15 —0.30968(30) 0.75197(29) 0.36459(14) 384(8)
C16 —0.25208(27) 0.6206326) 0.31423(13) 325(7)

Cc17 - 0.25616(42) 0.44816(34) 0.35662(17)  448(10)
2 —0.50643(16) 0.44215(17) 0.09345(8)  459%(5)
C21 —0.1771427)  0.50272(24) 0.15752(12) 281(7)
c22 —0.34112(27)  0.40189(26) 0.09112(13) 323(7)
c23 —0.34771(31)  0.26441(28) 0.02423(14) 382(8)
C24 —0.17991(32)  0.22402(28) 0.02243(14) 39%(8)
C25 —0.01331(32)  0.31982(28) 0.08670(14) 377(8)
C26 —0.00736(27)  0.45895(26) 0.15495(13) 318(D
Cc27 0.18177(37)  0.55811(39) 0.22087(19)  464(10)

TABLE 7. Bond distances (A) in complex 1

CR-001 1.844(3) C11-Cl16 1.417(3)
CR-C02 1.835(2) Cl11-C21 1.498(3)
CR-(C03 1.833(2) C12-C13 1.385(3)
CR-ClI1 2.273(2) C13-Cl14 1.407(3)
CR-C12 2.204(2) Cl14-C15 1.388(4)
CR-C13 2.221(2) C15-Cl16 1.417(3)
CR-Cl14 2.194(2) C16-C17 1.500(4)
CR-CI15 2.215(2) F2-C22 1.356(3)
CR-C16 2.259(2) C21-C22 1.389%(2)
01-01 1.148(3) C21-C26 1.404(3)
C02-02 1.149(3) C22-C23 1.369(3)
C03-03 1.151(3) C23-C24 1.374(4)
F1-CI12 1.349(2) C24-C25 1.376(3)
C11-C12 1.411(3) C25-C26 1.392(3)
C26-C27 1.496(3)
TABLE 8. Selected bond angles (deg.)
C15-CR-C16 36.96(07) Cl14-C15-Cl6  121.58(19)
C14-CR-Cl15 36.708)  C15-C16-C17 119.56(18)
C13-CR-Cl14 371708)  Cl11-C16-C17  121.09(18)
C12-CR-C13 36.49(08)  C11-C21-C26  127.64(17)
C11-CR-C12 36.69007) C11-C21-C22  115.36(18)
C02-CR-C03 87.00(10)  C22-C21-C26 116.99(17)
CD1-CR-C03 89.92(11) F2-C22-C21 117.43(17)
C01-CR-C02 8735100 C21-C22-C23 124.59(20)
C16-C11-C21 123.78(16)  F2-C22-C23 117.98(18)
C12-C11-C21 118.5%(16)  C22-C23-C24 117.66(19)
CI12-C11-Clé 116.6217)  C23-C24-C25 120.08(20)
F1-C12-C11 117.3%16) = C24-C25-C26 122.15(22)
Cl11-C12-C13 124.95(17)  C21-C26-C25 118.52(19)
F1-C12-C13 117.68(16)  C25-C26-C27 118.42(20)
C12-C13-C14 117.2219)  C21-C26-C27 123.05(19)
C13-C14-C15 120.34(20)

TABLE 9. Deviations (A) of atoms from least-squares planes of
aromatic rings of 1. Asterisked carbons were used for definition of
plane

Uncomplexed ring Complexed ring
0.1528% x +0.7787x y —0.6085 —0.7826x x —0.5197x y —0.3429

X z = 0.6811 X z=—0.3471

Atom Deviation Atom

Cc21* 0.0010(17) C11* —0.0018(20)
c22* 0.0008(19) C12* 0.0006(20)
C23* —0.0023(20) C13* 0.0041(23)
C24% 0.0012(20) C14* —0.0077(24)
C25* 0.0012(20) Ci15* 0.0054(23)
C26* —0.0022(19) Cl16* —0.0005(20)
Cc27 0.0225(28) C17 0.0700(30)
F2 —0.0060(12) F1 0.0094(13)
(043 0.0315(18) C21 0.2456(20)

Cr —1.7290(5)
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complexed ring. The Cr{CO), tripod is rotated about
10° from eclipsed conformation of appropriate Cr—CO
and C16-CH,, Cl4-H or C12-F1 bonds. It agrees
with the high population of rotamer A (70%) estimated
for this complex. The carbon of uncomplexed ring do
not deviate significantly from planarity. On the con-
trary such a deviation is observed for the carbons of
the other ring. The bond C14-Cr is shortest of those
between chromium and aromatic carbons and, at the
same time, carbon Cl14 deviates most from the mean
aromatic ring plane towards chromium. Neighbouring
carbons C13 and C15 are displaced from that plane in
the opposite direction. The averaged length of the
zgromatic carbon—carbon bond in complexed ring (1.3°84
A) is shorter than that in uncomplexed ring (1.404 A).
The dihedral angle formed by the mean planes of
aromatic rings is 108.4°. The distances of the carbon of
methyl group C27 to the closest carbonyl carbons, C0O1
and (03, differ slightly and are 3.490 and 3.455 A,
respectively. Bond angles F1-C12-C11 (117.4°) and
C12-C11-C21 (118.6°) are smaller than angles C17-
C16—C11 (121.1°) and C16-C11-C21 (123.0°), respec-
tively. The same relation is maintained in the uncom-
plexed ring but angles C27-C26-C21 (223.0°) and
C26—C21-C11 (127.6°) are larger and angle C22-C21-
Cl11 (115.4°) smaller than appropriate angles in com-
plexed ring. This might be caused by repulsion between
C(27)H, and Cr(CO); groups. Finally, the short inter-
molecular distance of 2.397 A between F2 and F2
(—x—1, —y-+1, —z) atoms is worth noticing.

We were interested to find out if the observed
J(C(O)-F) and J(C(O)-F') values in complex 2 corre-
spond to separations between appropriate nuclei. Hav-
ing no crystallographic data for 2 accessible at this
moment we decided to use those for 1 assuming that,
with exception of the torsional angle defined by atoms
C22, C21, C11 and Cl12, other geometrical parameters
differ too little to affect the results of our rough,
qualitative consideration. In a computer simulated
structure of 2 obtained from 1 by the rotation of the
uncomplexed aromatic ring 180° about C11-C22 bond,
the distances between carbonso C01 and C03 and fluo-
rine F2 are 2.934 and 3.0026 A, respectively. The dis-
tance C03-F1 is 3.081 A. It should now be recalled

TABLE 10. Selected interatomic contacts shorter than 3.6 A.

Cr ---F1 3.2234(11) C03---C12 2.8121(26)
col--- C02 2.5409(38) Cco3- - C27 3.4549(40)
cot---C03 2.5984(32) Fl1 ---F2 3.0060(14)
Co1---C27 3.4897(38) Cll---F2 2.6594(18)
o2 .- C03 2.5248(34) Ci1---C27 3.1355(38)
Coz---Cl4 2.8112(27 Ci2---F2 2.9107(19)
Cc03---Fl 3.0814(23) Cl6---F2 3.4926(21)
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Fig. 4. C-"F coupling affecting carbonyl carbon-fluorine F (=)
and-fluorine F' ( « ) interactions in complex 2.

which factors affect observed coupling constants.
J(C(CO)-F) value depends on the value of the cou-
pling constant for Cr{*COX'*CO), conformer in which
Cr-13CO and C,,-F bonds are eclipsed (in any other
conformer this coupling is absent} and on its popula-
tion equal to one third of the total population of
rotamer A (see Fig. 4). The C(O)-F’ interactions,
which affect J(C(O)-F‘), may be effective in two of
three conformers of A type. Taking into account appro-
priate internuclear distances, the coupling constants
J(C(O)-F') for each of those conformers should not be
smaller than J(C(O)-F). Moreover, one must not for-
get the C(O)-F' interaction in one of three conformers
of type B. This interaction, though less populated, may
play an important role because the C(O)-F’ distance is
expected to be significantly short. The above consider-
ation predicts J(C(O)-F’) to be at least twice J(C(O)-
F), and this agrees with what is observed.

5. Perspectives

Finally, we wish to report out attempts to extend the
investigation of carbonyl carbon—fluorine coupling to
other classes of carbonylchromium complexes. We
planned to include the complex of 4,5-difluorophenan-
threne in the series presented in this work. This must,
however, be postponed because the ligand is not yet
prepared in an amount sufficient for its complexation.
The tricarbonylchromium complex of 3-(trifluoro-
methyl)anisole was investigated in the hope of observ-
ing O(O)-F coupling with fluorine attached to sp’
hybridized benzylic carbon. We found this coupling
absent unless it is in fact really small. The quality of
the sample was good so it was possible to record a well
resolved proton coupled spectrum of carbonyl carbons
(pentet, J(C(O)-H) = 0.7 Hz). When protons were de-
coupled the singlet with 0.6 Hz half-height width was
observed instead. The answer to the question whether
the distance between nuclei is too large or whether the
coupling demands fluorine to be bonded to sp? hy-
bridized carbon, needs more experimental data. The
series of phosphinedicarbonylchromium complexes of
fluorobenzene derivatives has been prepared and their
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3C NMR spectra interpreted with respect to the con-
formation of the complexing group. The results will
soon be published.

Recently, investigations of pentacarbonylchromium
complexes have been undertaken. The carbon-fluorine
coupling constants for the complex of 2-fluoropyridine
were found to be 7.6 and 1.7 Hz for cis and trans
carbonyls, respectively. The attempt to prepare the
complex of 8-fluorochinoline failed because of its ex-
tremie sensitivity to air, light and temperature even in
solid state. Further investigations on that subject are
planned.
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