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Summary 

The photochemical synthesis, spectroscopic properties (IR, ‘H NMR, 13C 
NMR) and X-ray structure of some novel chromium(O) dicarbonyl chelates 
are described. 

Introduction 

Thermodynamically and kinetically controlled asymmetric transformations 
are important methods for producing optically active compounds [ 11. How- 
ever, at room temperature values AAGO and AAG’ of about 3 kcal/mol are 
necessary to approach almost complete asymmetric induction, and the question 
of how can one create such free energy differences between diastereomeric 
species (products or transition states) from steric, electronic and dipolar factors 
is still a challenge. In the course of our studies on asymmetric synthesis using 
chiral arenechromium tricarbonyl complexes I to induce chirality [2,3] we ob- 
served that - 100% asymmetric induction could be obtained during reactions at 
C” and/or Cfl , but only if the aromatic ring is o&o-substituted and the incom- 
ing group is sufficiently large. Hence no asymmetric induction is observed for 
reactions performed at Cr [4]. 

( I. chiml inducer 1 (II) (III 1 
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Arenechromium dicarbonyl chelates (II) in which the y-carbon undergoing 
the reaction is held close to the chiral auxiliary could be expected to lead to 
higher degree of asymmetric induction and they, indeed, do so [4,5] _ However, 
the only chelates described in the literature up to now are of type III [6a-6d]. 
We report in this paper the synthesis, molecular structure and spectral proper- 
ties of a new type of chelate II_ 

Results 

The synthesis of chelates IIa-IIc, Scheme 1, was accomplished by irradiation 
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of the arenechromium tricarbonyl complexes IVa-IVc under nitrogen using a 
high pressure mercury lamp and anhydrous benzene as solvent. On irradiation 
the bright yellow color of the starting compounds IVa-IVc disappears rapidly, 
giving a dark-red color characteristic of all the chelates. The reaction can be 
followed by infrared spectroscopy because the two carbonyl absorptions, 
Y(C~), at -1965 and -1890_cm-’ of the starting tricarbonyl complexes are 
replaced by two carbonyl absorptions at -1890 and -1830 cm-l (the reaction 
is complete in about 1 to 2 h). Complexes IVa-IVb were synthesized in a three- 
step reaction sequence from Va-Vb which, when chiral, as in Vb (R = Me), 
can be resolved easily 171. Complex IVc, Scheme 2, was synthesized from 
ketone VI in a two-step reaction. 

Chelate IIa was crystallized from a mixture of diethyl ether/hexane (70/30) 
at -30” C_ The dark-red solution was concentrated slowly by passing nitrogen 
through the flask to give a few dark-red single crystals suitable for X-ray 
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SCHEME2 
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25°C 

i I Cr(CO)6 n 6u201 Heptone 150-C 
ii I PhNH2/TiC14/PhCH3 [M] 

studies [S] . The structure of IIa is shown in Fig. 1 and 2. It appears that the 
dark-red compound obtained is a monomer and has the expected chelated 
structure. The Cr(CO),(C=N) group adopts a conformation intermediate 
between staggered and C(l)C(3)C(5)eclipsed forms (Fig. 2). The azomethine 
double bond is slightly distorted, the chromium atom being out of the 

(continuedonp. 88) 

Fig. l.0RTEPdrawingofCr(C0)2C6H5(CH2)2C(Ph)=N(Ph). ~uatoms~~erepresentedby 5~%proba- 

bility thermal ellipsoids. Main dktance~ <b) are c~(1).2.211(3);Cr-C<2).2.192(3);Cr-C<3).2.190(3): 

=-C(4). 2.206(3)~cr--C(5).2.172(3);Cr--C(6).2.215(3):Cr-N.2.121<2):~r--C(22).1.843(3):C~~(23). 
1.831(3);C(1)-C(2).1.416(4):C(2) ~(3).1.408(5):C(3)--c(4).1.387(5);C(4)~(5).1.399<5): 

c(5)+X6).1.414(5):C(6)-C(1).1.404(4):c(1)-c<?). 1.492<4);C(7)-C(8).1.526(2);C(8)-C(9). 
l.508(4):C(9)-N.l.2S6(4):C(9)-c<10). l-497(4): N-C(16).1.443(4).Mainangles(deg)are Cr-N-C(9). 
130.8(2);C~-N-C(16).112.6(2);C(9)-N--c(16).116.3(2). 
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Fig- 2.Proiectionofatomso~tofthe benzene ring plane_ The two pbenylgroups wzuz omitted forcl&ty. 

i=dn=gles(deg) are C<I)--c(2)--c(3),119.6~3);C(2)~(3)--c(4).121.2(3);C(3)~(4)--c(5).119.4(3); 

C~4)--c~5)--c~6!.12~.6(3);C~5)--c~6)~~1).119.7(3):C(6)--c<1)~(2).119.4(3). 

C(lO)C(S)N plane by -0.26 Ii and the C(16) carbon atom by eO.06 & 
The aromatic rings B and C are, as expected for cis-diphenylimine 193, 

twisted out of the plane of the double bond. The Cr-N bond length, 2.121 A, 
is within experimental error equal to the sum of the single-bonded covalent 
radii (Cr, 1.46 A [lo]; N, 0.70 fi [ll]). The C-N bond, 1.296 A is only 
slightly longer in the chelation than the sum of the double-bonded covalent 
radii, 1.265 A Ill] _ 

The complexed aromatic ring can be regarded as planar, carbons C(1) and 
C(4) being +0_013 A and -0.033 A, respectively, out of the plane of carbons 
C(2)C(3)C(5)C(6), but carbon C(7) is 0.124 81 out of the mean plane of this 
aromatic ring. Some spectral properties of chelates IIa-IIc and, for comparison, 
of the starting complexes IVa-IVc are given in Table 1. It should be noted that 
the displacement of’ the IR carbonyl absorptions towards larger wavelength is 
consistent with the replacement in the chelates of one of the three B ligands 
by a Iigand, CFN, having a Iower backdonating ability [ 12a-12c]. In the ‘H 
NMR spectrum the most important feature is the unusunUy large shielding, 
-1.5 to -2 ppm, of the aromatic proton para to the chain in the complexed 
ring in the chelates_ 
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In the 13C NMR the signal from the corresponding aromatic carbon para to 
the chain is also significantly shielded by ca. -12 ppm. The deshielding of +16 
ppm for the azomethine carbons and of - +9 ppm for the carbonyl carbons is 
consistent with complexation of the azomethine group and replacement of one 
of the three carbonyls by a group having a lower back-donating ability. The 
large NMR shieldings of the proton and of the carbon para to the chain are not 
understood. These novel complexes are of considerable interest because their 
use leads to almost optically pure amines [4]. 

Experimental 

Synthesis of complexes IVa and IVb 
Wittig reaction_ Triphenylphosphobenzoylmethylene was prepared according 

to the method described by Ramirez et al. [133. A mixture of 0.011 mol of 
chromium tricarbonyl complex V and 0.012 mol of phosphorus ylide (4.5 g) in 
150 ml of anhydrous benzene is heated under reflux for 22 h. (The reaction can 
be monitored by IR.) The solvent is evaporated and the complex chromato- 
graphed on silica gel 60 (70-230 mesh ASTM), eluent: ether/hexane 70/30. 

Reduction of the double bond. Catalytic hydrogenation is performed in a 
usual Parr hydrogenator. To 3 X low3 mol of the relevant complex obtained 
from the Wittig reaction in 80 ml of ethanol are added - 100 mg of Pd/C; Hz 
is introduced up to 5O/psi, and this H2 pressure is maintained during 22 h 
stirring_ The ethanol is then evaporated and the residual complex chromato- 
graphed on silica gel 60 (70-230 mesh ASTM), eluent: ether/hexane 65/35. 

Irnine preparction. The Weingarten method is used [14] _ In this 0.02 mol of 
the complexed ketone obtained from the two processes described above (or 
from complexation of VI, see below) and 0.06 mol of aniline in 50 ml of 
anhydrous toluene are stirred together at ambient temperature. Then 0.01 
mol of TiCL, in 20 ml of anhydrous toluene is added dropwise, and the mixture 
is subsequently heated under reflux for 3 h. Titanium oxide is filtered off and 
the toluene is evaporated. The complex may be recrystallized by placing an 
ether/hexane solution (-60/40) in a refrigerator. 

IVa: Global yield 54%, bright yellow solid, m-p. 78°C. Analysis Found: C, 
67.75; H, 4.56; N, 3.16. CZ4H1903NCr calcd.: C, 68.41; H, 4.54; N, 3.32%. IR, 
‘H and 13C NMR, see Table 1. 

IVb: Global yield 44%, bright yellow solid, m-p. 98-99”C. Analysis Found: 
C, 68.96; H, 4.86; N, 3.38. CZ5HZ103NCr calcd.: C, 69.02; H, 4.86; N, 3.39%. 
[(.yl’,’ t42.2” (c = 0.2, CHC13) (starting from (+)-lS-Vb). 

Synthesis of complexes IVc 
Complex&on. A mixture of 0.024 mol of diaromatic ketone VI, 0.024 mol 

of Cr(C0)6 (5.3 g) is refluxed (150°C) in a mixture of 80 ml n-Bu,O/lZO ml 
n-heptane for 45 h in a Strohmeier apparatus (under nitrogen), and the solvents 
are then taken off in a rotary evaporator. The crude product is chromatographed 
(in fractions of 2 g) on silica gel 60 (70-230 mesh ASTM) (Q 30 mm, 1400 mm) 
with ether/hexane 70/30 as eluant. 

Imine preparation (see above). IVc: Overall yield 3070, bright yellow solid, 
m-p. 68-69”C_ Analysis. Found: C, 68-61; H, 4.78; N, 3.37. CZ5Hz,03NCr 
&cd.: C, 69.02; H, 4.86; N, 3.39%. IR, ‘H and 13C NMR, see Table 1. 

(continued on P. 92) 
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Synthesis of chelates IIa-IIc: Pho tocycliza tion 
Irradiation of the complexed imines IVa-IVc is carried out under nitrogen 

using a high-pressure mercury lamp (Philips HPK 125 W). The vessel is a stan- 
dard Pyrex photolysis system with a water-cooled jacket and equipped with a 
septum cap and needles to allow continuous bubbling of nitrogen through the 
solution (which provides stirring during photolysis) and to allow filtration 
under an inert atmosphere when the reaction is complete. By adjusting the 
positions of the needles the solution may be forced through a filtration funnel 
to remove traces of chromium oxide, if any is present, into a round bottom 
flask flushed with nitrogen. The solution is finally evaporated to dryness under 
vacuum. 

Irradiation is carried out with 5 X 10e4 mol of imines IVa-IVc in 100 ml of 
degassed benzene. The bright yellow color of the starting complex rapidly 
turns dark-red (the usual color of this type of chelate). The reaction can be 
monitored by IR spectroscopy and is complete within 1 or 2 h. 

IIa. Yield loo%, dark-bloodish red solid, decomposes. IR, X-ray, ‘H and 
13C NMR, see Table 1 and text. 

IIb. Yield loo%, dark-red solid, decomposes. IR, ‘H and 13C NMR, see 
Table 1. 

11~. Yield loo%, dark-red solid, decomposes. IR, ‘H and 13C NMR, see 
Table 1. 

Supplementary material available. Complete listings of atomic coordinates 
and thermal parameters (Tables I and II) and computed and observed struc- 
ture factor amplitude (Table III) are available on request. In Table 2 are given 
fractional atomic coordinates and final structure factors. 
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