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Abstract

Chromium complexation of a 2,6,2'-trisubstituted biphenyl compound gave four mono-Cr(CO); and one di-Cr(CO);
complexation products in a variable ratio depending on the reaction conditions. However, cross-coupling of (2,6-
disubstituted-1-bromobenzene) Cr(CO); with 2-substituted phenylboronic acid catalyzed by palladium(0) produced
a stereoselectively coupled product without the formation of the axial isomer. The crystal structures of these
chromium complexes were determined by X-ray crystallography.
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Introduction

Biphenyl or binaphthyl compounds with an axial
chirality are attractive compounds not only as chiral
ligands in asymmetric reactions but also for the synthesis
of biologically active natural products. There is a con-
siderable current interest in the development of efficient
methodologies for the stereoselective synthesis of ortho
substituted biphenyl or binaphthyl compounds without
any detectable form of the other atropisomer [1]. n°-
Polysubstituted (arene)chromium complexes can exist
in two enantiomeric forms based on a planar chirality
when the arene ring is substituted with different sub-
stituents at the ortho or meta position. The mono-
Cr(CO), complexes of ortho substituted biphenyl com-
pounds with a hindered rotation about the central bond
have both the axial and planar chiralities. (Ar-
ene)chromium complexes have some characteristic prop-
erties due to the strong electron-withdrawing ability
and steric bulkiness of the tricarbonylchromium group,
and significant applications have been developed in
organic synthesis [2]. Thus, the Cr(CO),; complexed
arene ring of the biphenyl compounds would be re-
gioselectively susceptible to organic transformations
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such as a nucleophilic addition to the arene ring and
a nuclear lithiation {2, 3} to afford further functionalized
products. The preparation of mono-Cr(CO); complexed
biphenyl compounds was carried out by the following
two methods: tricarbonylchromium complexation of the
biphenyl compounds and cross-coupling of the (ar-
ene)chromium complex with the other arene compound.
In this article, we report the synthesis and structure
of tricarbonylchromium complexes of biphenyl deriv-
atives.

Results and discussion

Synthesis of mono-Cr(CO); complexes of biphenyl
compounds with axial chirality

For the preparation of mono-Cr(CO); complexed
biphenyl compounds, we first turned our attention to
the chromium complexation method with Cr(CO), or
(naphthalene)chromium(tricarbonyl) [4]. 2-Methoxy-6-
hydroxymethyl-2'-methylbiphenyl (1)! was reacted with
(naphthalene)chromium in a mixture of ether and 1
equiv. of THF at 75 °C in a sealed tube to give four
mono-Cr(CO), complexes 2-5 and one di-Cr(CO), com-

fCompound 1 was prepared by palladium(0) catalyzed cross-
coupling of 2-methoxy-6-hydroxymethyl-1-bromobenzene with 2-
methylphenylboronic acid in 80% yield.
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plex 6 of the biphenyl compound (Scheme 1, Table 1).
Purification was carried out by flash chromatography
after conversion of the hydroxymethyl group into the
corresponding acetoxymethyl complexes. The major
product 2 is formed by mono-chromium complexation
of the arene ring with 1,2,3-trisubstituents (A-ring),
and the stereochemistry of 2 was found to be the
(§*,R*)-configuration® by X-ray crystallography. The
corresponding (S*,S*)-configuration 3 with the axial
isomer was obtained in less than 1.2% yield. The
complexation of the arene A-ring takes place to avoid
a severe steric interaction between the methyl and
Cr(CO), groups giving complex 2 as the major product.
The (R*,5*)-complex 4 formed by mono-Cr(CO); com-
plexation of the other arene ring (B-ring) was pref-
erentially obtained. The B-ring chromium complexed
compounds 4 and 6 are formed in the same way with
the hydroxymethyl group via the chromium benzyloxide
bond [5]. The stereochemistry of the di-Cr(CO), com-
plexed biphenyl compound 6 showed the (S*,5* R*)-
configuration®** by X-ray crystallography. Since the li-
gand transfer reaction with (naphthalene)chromium
seems to afford kinetically controlled products, the
thermodynamic chromium complexation reaction with
hexacarbonylchromium was investigated next. The bi-
phenyl 1 was reacted with Cr(CO), at 120 °C for 24
h in a mixture of butylether, heptane and THF (10/1/
1) under nitrogen to give the (§*,R*)-complex 2 as
the major product along with a mixture of the (R*,R*)-
complex 5 and one bis-Cr(CO); complex 7. During
mono-Cr(CO); complexation on the B-ring, the

*The first symbol indicates a configuration of planar chirality
of the chromium complexed arene at C-1 position of the com-
pounds 2, 3; at C-1’ position of the compounds 4, 5, and the
second symbol shows the configuration of the axial chirality. The
symbol (S*,R*) represents a racemic mixture of (S,R)- and
(R,S)-configurations, and the (S,R)-isomer is only shown for
clarity.

**The first symbol indicates a planar configuration at C-1, the
second one shows the configuration at C-1’ position, and the
last one represents the axial chirality.
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Scheme 1.

(R*,5*)-configuration product 4 was not isolated under
thermodynamic reaction conditions. It is noteworthy
that the reversal of the selectivity of the B-ring com-
plexation was observed between (naphthalene)-
Cr(CO); and Cr(CO), reagents. Further, it is interesting
to note that the configuration of the bis-Cr(CO), com-
plexed biphenyl 7 (S*,R*,R*) obtained under thermal
conditions with Cr(CO), was different from that of
complex 6 obtained by the ligand transfer reaction with
(naphthalene)Cr(CO),. The chromium complexation
products 5 and 7 under thermodynamic conditions are
formed via the complexation of one face of the B-ring
to avoid the steric interaction between the hydroxy-
methyl and Cr(CO), groups. Although the mono-
Cr(CO); complexation products of thc biphcnyl com-
pounds were prepared as the major product by the
chromium complexation method with Cr(CO), or (naph-
thalene)Cr(CO),, this procedure has the following dis-
advantages: (i) stereo- and regioselectivities for the
formation of Cr(CO), complexes were not observed:
(ii) preparation as an optically active form is difficult.
Therefore, another efficient method should be devel-
oped for the synthesis of mono-chromium complexed
biphenyl compounds to overcome the above disadvan-
tages.

Cross-coupling reactions of arylhalides or aryltriflates
with various arylmetals such as areneboronic acids,
arylzinc chloride and aryltributylstannane catalyzed by
a palladium(0) catalyst provide useful methods for the
synthesis of biphenyl compounds [6]. For an efficient
preparation of mono-Cr(CQ), complexed biphenyl com-
pounds via cross-coupling reactions, the following two
connecting methods were devised: (A) coupling of
(arylmetal)Cr(CO), with arylhalide, (B) coupling of
(arylhalide)Cr(CO), with arylmetal. However, the cou-
pling of (arylmetal)Cr(CO), with arylhalide (method
A) gave unsatisfactory yields for the preparation of
ortho substituted biphenyl derivatives [7]. It has been
reported that an oxidative addition of the car-
bon-halogen bond of the arylhalide to the palladium(0)

(—Me’

CHy0AC CHCO)s

COCH2 Cr(CO)3

\ /

Cr(CO)3
7
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TABLE 1. Chromium complexation of 2-methoxy-2’-methyl-6-hydroxymethylbiphenyl (1)

Complexation reagent Conditions Ratio (2:3:4:5:6:7) Yield
(%)

(Naphthalene)Cr(CO), ether, 1 equiv. THF; 70 °C, 4 h 45:2:27:10:16:0 62

Cr(CO)s butylether/THF (10/1); 120 °C, 24 h 73:1:0:10:0:16 83

is accelerated by coordination of the electron-with-
drawing tricarbonylchromium group to the arene ring
[8]- Even chlorobenzene can be easily susceptible to
the oxidative addition by utilizing the corresponding
tricarbonylchromium complex. Thus, the reaction of
tricarbonyl(2-methoxy-6-hydroxymethyl-1-bromoben-
zene)chromium (8)* with ortho tolylboronic acid (9) in
the presence of 10 mol% of Pd(PPh,), gave 76% yield
of the coupling product 10 (Scheme 2) whose config-
uration was confirmed as the (§*, $*)-configuration by
conversion of the hydroxymethyl into the corresponding
acetoxymethyl group (3). The diastereomeric (S*, R*)-
chromium complex 2, the major product of the chromium
complexation reaction with (naphthalene)Cr(CO); or
Cr(CO), reagent, was not formed by the cross-coupling
reaction. It is interesting to note that the methyl group
of complex 3 is directed toward the tricarbonylchromium
group in spite of a severe steric interaction between
the methyl and Cr(CO), groups. The (§*, $*)-complex
10 would be stereoselectively formed by a reductive
elimination of the cis di-organo palladium(ll) inter-
mediate complex. Since the (arene)chromium complex
8 can be easily obtained as an optically active form**,
the cross-coupling product and its photo-oxidized chro-
mium free biphenyl derivative can be prepared as
enantiomerically pure compounds.

CH,OH

pr (HO:B PA(0) .08
+ <2 )
OMe Me’ MCOH/Hzo E OMe
Cr(CO), NagCOy Cr(coy; Me
reflux, 30 min
8 9 10
Scheme 2.

*Complex 8 was prepared from tricarbonyl(rm-methoxybenzal-

dehyde ethyleneacetal)chromium by lithiation (n-BuLi/ether, —78
°C) followed by treatment with 1,2-dibromo-tetrafluoroethane.
The obtained 2-bromo chromium complex was treated with dilute
aqueous HCI followed by reduction with sodium borohydride to
give complex 8 in good overall yield.
**Racemic tricarbonyl(2-methoxy-6-formyl-1-bromobenzene)-
chromium was resolved into the optically active complex by
column chromatographical separation of diastereomers derived
from L-valinol [9]. The optically resolved complex was converted
to the corresponding optically active complex 8 by LiAlH, re-
duction of the formyl group.

Structure of Cr(CO); complexes of biphenyl

X-ray crystallography of complexes 2, 3, 4, 6 and 7
was performed, and the relative stereochemistry of
complex 5 was determined by X-ray after conversion
of the acetoxymethyl to the corresponding methoxy-
methyl group 11. Crystal data of these chromium com-
plexes are presented in Table 2, the molecular structures
are given in Figs. 1-6. All measurements were made
on a Rigaku AFC5R diffractometer. Cell constants were
refined by a least-squares refinement using the 26 angles
of 20 carefully centered refiections in the 45<26<55°
range. Intensities collected by the w26 scan technique
were corrected for Lorentz and polarization effects.
The space groups were determined based on the sys-
tematic absences and the successful solution and re-
finement. The structures were solved by heavy-atom
Patterson methods and expanded using the Fourier
technique. The non-hydrogen atoms were refined an-
isotropically by full-matrix least-squares methods, the
hydrogen atoms being fixed at their calculated positions.
Absorption corrections were applied after isotropic
refinement using the program DIFABS. All calculations
were made using the teXsan [10] crystallographic soft-
ware package of the Molecular Structure Cooperation.

It is well known [11] that the syn eclipsed conformation
12 (Scheme 3) of the Cr(CO), tripod to electron-
donating substituents such as MeO or the alkyl group
of (mono-substituted arene)Cr(CO),; complexes is nor-
mally found in the solid state. The Cr(CO), tripod of
the (§*, R*)-complex 2 is rotated about 7.8° from the
syn eclipsed conformation of appropriate Cr-CO and
C2-0, C4-H or C6-C14 bonds. For the stereoisomeric
(5%, S*)-complex 3, the rotated deviation from the
eclipsed conformation is largely shifted to 23.7°. This
large deviation is attributed to the severe steric inter-
action between Cr(CO); and C17 methyl groups. The
same behavior is also observed between the B-ring
chromium complexes 4 and 11. The deviation of the
Cr(CO); tripod from the eclipsed conformation is 4.5°
for complex 11, while the deviation is 16.5° for complex
4 due to the steric interaction with the sterically
bulky acetoxymethyl group. The dihedral angles
(C2-C1- - -C7-C8) formed by the mean planes of the
aromatic ring are 82.7(6), 67.8(9), 64.4(5) and 100.4(7)°
for complexes 2, 3, 4 and 11, respectively. Larger
deviations from the perpendicular of the biphenyl ring
for complexes 3 and 4 can be attributed to the severe
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Fig. 2. Molecular structure of compound 3.

between Cr(CO); and the methyl for complex 3, or
the acetoxymethyl for complex 4.

The representative proton NMR spectra of the chro-
mium complexes are summarized in Table 3. The chem-
ical shifts characteristic for the chromium complexed
biphenyl compounds dependent on the axial chirality
are as follows. The methyl signal of the uncomplexed
B-ring for chromium complexes 2 and 3 appeared at
2.10 and 2.64 ppm, respectively. The lower field signal
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Fig. 4. Molecular structure of compound 11.

of the methyl proton is assigned to the (§*,5*)-complex
3, in which the methyl group and Cr(CO), are located
on the same side of the chromium complexed arene
ring. Similarly, among the B-ring complexed compounds
4 and 5, the signals of the CH, bonded C/14 position
showed a double of doublets at 5.62 and 5.78 ppm for
the (R*,S*)-complex 4, in which the methylene protons
gave lower signals than those of the corresponding
(R*,R*)-complex 5 (4.78 and 4.98 ppm). The signal of
the methoxy group of complex 4 is shifted upfield
compared to that of the corresponding axially isomeric
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12
Scheme 3.

complex 5. This is consistent with the chemical shift
of the aromatic methyl proton of the cross-coupling
product 10 (2.64 ppm). These results show that the
chemical shifts of the protons in the same direction
to the Cr(CO), group of the other ring are shifted to

TABLE 3. Chemical shifts (ppm) for the complexes 2, 3, 4, 5,
6 and 7

Complex OMe CH,OAc Ar-Me OAc
2 3.65 4.52, 4.53 2.10 1.99
3 3.70 4.60, 4.65 2.64 2.04
4 3N 5.62, 5.78 1.94 2.11
5 3.94 4.78, 4.98 1.94 2.00
6 3.62 5.37 2.02 2.15
7 3.86 4.45 1.99 2.01

lower field than those of the protons in opposite di-
rections. Such an interpretation of the chemical shifts
agrees with that for other chromium complexes of
biphenyl derivatives [12]. These observations are also
consistent with configurations of the bis-Cr(CO), com-
plexed biphenyl compounds 6 and 7. Thus, it is dem-
onstrated that the Cr(CO); is complexed to the A-ring
in the opposite direction to the B-ring Me group, based
on the chemical shifts of the CH, proton (2.02 ppm
for 6, 1.99 for 7). Meanwhile, the B-ring Cr(CO); group
is oriented in the same direction as the A-ring CH,OAc
group (5.37 ppm; CH, proton) for complex 6, but the
B-ring Cr(CO), group is oriented in the opposite di-
rection to the acetoxymethyl for complex 7 (4.45 ppm).

Experimental

All manipulations involving organometallics were car-
ried out under an atmosphere of nitrogen or argon
with an inert gas/vacuum double-manifold technique.
All melting points were determincd on a Yanagimoto
MPJ-2 micromelting point apparatus and were uncor-
rected. '"H NMR spectra were measured on an Hitachi
R-90 or a JEOL GX-400 instrument. All NMR spectra
were recorded in CDCl; solvent with tetramethylsilane
as an internal reference. IR spectra were determined
on a JASCO A-100 spectrometer.

Chromium complexation of 1 with
(naphthalene)Cr(CO);

A mixture of tricarbonyl(naphthalene )chromium (1.21
g, 4.59 mmol) and (2-methoxy-2’-mcthyl-6-hydroxy-
methyl biphenyl (1) (700 mg, 3.06 mmol) in ether (35
ml) and THF (661 mg) in a sealed tube was degassed
by three cycles of freeze/pump/thaw, and stirred at 75
°C for 4 h under argon. After cooling to room tem-
perature, a precipitate was filtered off and the organic
layer was evaporated in vacuo. The residue was ace-
tylated by reaction with acetic anhydride (1 ml), pyridine
(2 ml) and a catalytic amount of 4-dimethylaminopyr-
idine at room temperature under argon. The reaction
mixture was quenched with water and extracted with
ether. The extract was washed with dilute aqueous



hydrochloric acid and brine, dried over MgSO, and
evaporated in vacuo. The residue was purified by silica
gel chromatography (50 g, ether/hexane =1/20) to give
the mono-Cr(CO), complexed biphenyls, 2 (344 mg),
3 (15 mg), 4 (211 mg), 5 (75 mg), and the di-Cr(CO),
biphenyl complex 6 (55 mg). Physical data of these
chromium complexes are as follows.

(S* R*)-Tricarbonyl[(1,2,3,4,5,6-71)-2-methoxy-6-

acetoxymethyl-2'-methylbiphenyl]chromium (2)

M.p. 166 °C. IR (CHCl,): 1965, 1890, 1740, 1200
cm~ ' 'H NMR (400 MHz) & 1.99 (s, 3H), 2.10 (s,
3H), 3.65 (s, 3H), 4.52 (d, J=12.8 Hz, 1H), 4.53 (d,
J=12.8 Hz, 1H), 4.95 (d,J=6.1 Hz, 1H), 5.01 (d,J=6.7
Hz, 1H), 5.55 (dd, J=6.1, 6.7 Hz, 1H), 7.22-7.34 (m,
3H), 7.43 (dd, J=6.1, 6.7 Hz, 1H). *C NMR (100
MHz) &: 19.63, 20.53, 55.98, 62.99, 71.27, 83.34, 94.52,
104.51, 108.59, 126.57, 128.99, 129.72, 130.30, 134.16,
137.64, 142.42, 169.93, 232.69. Anal. Calc. for
C,0H150.Cr: C, 59.12; H, 4.46. Found: C, 59.00; H,
4.45%.

(S*, §*)-Tricarbonyl[(1,2,3,4,5,6-m)-2-methoxy-6-

acetoxymethyl-2'-methylbiphenyl | chromium (3)

M.p. 131 °C. IR (CHCI,): 1980, 1905, 1745, 1210
cm~ . 'H NMR (400 MHz) & 2.04 (s, 3H), 2.64 (s,
3H), 3.70 (s, 3H), 4.60 (d, J=12.8 Hz, 1H), 4.65 (d,
J=12.8 Hz, 1H), 5.02 (d,J=6.1 Hz, 1H), 5.13 (d, J=6.7
Hz, 1H), 5.72 (dd, J=6.1, 6.7 Hz, 1H), 7.05 (d, J=7.3
Hz, 1H), 7.16 (ddd, J=1.0, 6.5, 2.0 Hz, 1H), 7.26-7.32
(m, 2H). Anal. Calc. for C,,H,;04Cr: C, 59.12; H, 4.46.
Found: C, 59.06; H, 4.44%.

(R*, §*)-Tricarbonyl[(1',2",3',4',5',6"-n)-2-methoxy-6-

acetoxymethyl-2'-methylbiphenyl]chromium (4)

M.p. 113 °C. IR (CHCl,): 1970, 1895, 1740, 1210
cm~'. '"H NMR (400 MHz) &: 1.94 (s, 3H), 2.11 (s,
3H), 3.71 (s, 3H), 5.13 (d, J=6.1 Hz, 1H), 5.17 (dd,
J=6.1, 6.7 Hz, 1H), 5.57 (d, J=6.7 Hz, 1H), 5.62 (d,
J=12.2 Hz, 1H), 5.64 (dd, J=6.1, 6.7 Hz, 1H), 5.78
(d, /=12.2 Hz, 1H), 6.90 (d, J=8.5 Hz, 1H), 7.13 (d,
J=7.9 Hz, 1H), 7.38 (dd,J=7.9, 8.5 Hz, 1H). >C NMR
(100 MHz) &: 19.55, 21.07, 55.81, 63.18, 87.38, 90.14,
96.14, 99.48, 106.50, 110.35, 111.58, 122.51, 123.87,
129.75, 135.05, 158.15, 170.61, 233.08. Anal. Calc. for
C,0H.150,Cr: C, 59.12; H, 4.46. Found: C, 58.96; H,
4.49%.

(R*, R*)-Tricarbonyl{(1',2',3',4',5',6'-n)-2-methoxy-6-

acetoxymethyl-2'-methylbiphenyl]chromium (5)

M.p. 121 °C. IR (CHCl,): 1970, 1895, 1740, 1210
cm~ . 'TH NMR (400 MHz) é: 1.94 (s, 3H), 2.00 (s,
3H), 3.94 (s, 3H), 4.78 (d, J=12.2 Hz, 1H), 4.98 (4,
J=12.2 Hz, 1H), 5.01 (t,J=6.1 Hz, 1H), 5.13 (d, J=6.1
Hz, 1H), 5.46 (d, J=6.1 Hz, 1H), 5.56 (t, J=6.1 Hz,
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1H), 7.02 (d, J=8.4 Hz, 1H), 7.05 (d, J=7.7 Hz, 1H),
7.39 (dd, J=8.4, 7.7 Hz, 1H). *C NMR (100 MHz)
5. 18.93, 20.81, 55.23, 64.32, 85.85, 90.24, 95.87, 98.21,
103.10, 111.39, 112.09, 121.55, 123.57, 129.84, 136.84,
136.99, 155.23, 170.29, 233.52. Anal. Calc. for
C,0H,;;OCr: C, 59.12; H, 4.46. Found: C, 59.09; H,
4.52%.

(S* S* R*)-Di-tricarbonyl{(1,2,3,4,5,6-7)-
(1',2',3',4',5',6'-1)-2-methoxy-6-acetoxymethyl-2'-
methylbiphenylJchromium (6)

M.p. 172 °C. IR (CHCl;): 1985, 1970, 1905, 1750,
1210 cm ™', '"H NMR (400 MHz) &: 2.02 (s, 3H), 2.15
(s, 3H), 3.62 (s, 3H), 4.99 (d, J=6.3 Hz, 1H), 5.02 (d,
J=6.6 Hz, 1H), 5.05 (d, J="7.2 Hz, 1H), 5.08 (t, J=6.6
Hz, 1H), 5.37 (d, J=12.5 Hz, 2H), 5.70-5.79 (m, 3H).
13C NMR (100 MHz) é: 19.51, 20.77, 56.23, 62.25, 71.32,
83.58, 85.64, 88.55, 94.81, 97.11, 98.19, 100.40, 103.45,
107.52, 112.44, 142.56, 170.22, 231.59, 232.09. Anal.
Calc. for C,3H,s0,Cr,: C, 50.93; H, 3.34. Found: C,
50.85; H, 3.37%.

(S* R* R*)-Di-tricarbonyl{(1,2,3,4,5,6-11)-
(1',2',3',4',5',6’-n)-2-methoxy-6-acetoxymethyl-2'-
methylbiphenyljchromium (7)

M.p. 170 °C. IR (CHCls): 1980, 1960, 1890, 1740,
1280, 1210 ecm~'. '"H NMR (400 MHz) &: 1.99 (s, 3H),
2.01 (s, 3H), 3.86 (s, 3H), 4.45 (d, J=12.8 Hz, 2H),
4.89 (d, J=7.2 Hz, 1H), 4.97 (d, J=7.2 Hz, 1H), 5.04
(t, J=7.2 Hz, 2H), 5.63 (t, J=7.2 Hz, 1H), 5.75 (4,
J=172 Hz, 1H), 5.84 (t, J=7.2 Hz, 1H). *C NMR (100
MHz) &: 19.29, 20.56, 55.82, 63.22, 70.52, 83.80, 85.22,
87.89, 94.71, 96.97, 97.30, 97.90, 101.46, 108.45, 111.78,
14097, 169.62, 231.48, 232.29. Anal. Calc. for
C,H,;0,Cr,: C, 50.93; H, 3.34. Found: C, 50.87; H,
3.33%.

Cross-coupling of 8 with 2-methylphenylboronic acid

A mixture of tricarbonyl(2-bromo-3-methoxybenzyl-
alcohol)chromium (8) (150 mg, 0.45 mmol), o-methyl-
phenylboronic acid (150 mg, 0.89 mmol) and Pd(PPh,),
(25.8 mg, 0.022 mmol) in aqueous sodium carbonate
(2 M, 0.5 ml) and MeOH (5 ml) was degassed by three
cycles of freezer/pump/thaw, and refluxed at 75 °C for
30 min under nitrogen. The reaction mixture was ex-
tracted with ether, and the extract was washed with
aqueous 10% sodium hydroxide and brine, dried over
MgSO,, and evaporated under reduced pressure. The
residue was purified by silica gel flash chromatography
to give the (§*, S*)-chromium complex 10 (140 mg,
76.5%) without any detectable formation of the other
atropisomer. M.p. 156 °C. IR (CHCl,): 3325, 1960, 1885,
1670 cm~'. '"H NMR (400 MHz) &: 1.71 (m, 1H), 2.64
(s, 3H), 3.71 (s, 3H), 4.09 (dd, J=15.0, 6.0 Hz, 1H),
4.34 (dd, J=15.0, 8.0 Hz, 1H), 5.16 (d, J=6.1 Hz, 1H),
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521 (d, J=6.1 Hz, 1H), 5.77 (t, J=6.1 Hz, 1H), 7.02
(d, J=7.9 Hz, 1H), 7.16 (dd, J=7.8, 6.7 Hz, 1H),
7.28-7.33 (m, 2H). Anal. Calc. for C;3H,,OCr: C, 59.34;
H, 4.39. Found: C, 59.24; H, 4.47%.

Supplementary material

Lists of atomic coordinates, anisotropic displacement
parameters, bond lengths, bond angles, torsion angles
for complexes 2, 3, 4, 6, 7 and 11 are available from
author M.U.
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