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Abstract: Su-Memy~[l-(substituted-phenyl>2-(2’-p~~~l~y~neJ~y~~s 15-21 and their U(l) complexes 
22-28 an? poqafed end t&r chii and conformational pmperth are Studied Free ligands am present as enaminea 
in the solution and ia the solid state, but are bound to &(I) in the imine form. The CD specua con&m that 
complexation of 15-21 induces both sbuctaral change aod strong coofamatiooal perto&ioos.Tbe molecular sm~ctm-es 
io the aystal are tqxmed for the cMral IJ-bisnitrogea &and 18, and ita Rh[(nohnadieneh] parhlorate complex 25. 
‘he absolute coofotmatioa of the M in 18 inverts an biding tu RMJ) in 25. 
about ClO-C9ClW21 bond (-69.7’9 in 18, which defmea the twisted stilbene-like 

The value of the torsional angle 
cWmopWe, turm for 25 into 75.0”. 

Chiml S-(-)-methylbeaayl subunit in 18 has a Cl-Nl-CY-ClOhxiontd angle of 175.2’. wheas on binding to RI@) in 
25 this angle changes to -178.49 The absolute ccufonoation h the styreoe-like fmaagement of the bonds ia 15-21 
can be de&A from the strong positive Cotton e&X at ca. 350 nm. Cycloptopsnation of styrene with ethyl 
diazoacetak in the pre3eac.e of in s&4 8eWated CUQ a!qhes of cihl1,5-biitate ligaods 15-21, yielded ci&raJT,f 
2-pbettylcyclopropatt-l-carboxylic acid ethylesters with S-21% e.e. ‘Ibough generally low, the eoantioselectivity was 
somewhat higher fu oh-(lb18) than forpara-(19-21) substituted pknyi derivatives. 

INTRODUCTION 

The role played by weak x-donor bisnitrogen ligands is critical for stabilizing and fine tuning of the 

reactivity of the metal centre in catalysis. 1.4- and 1.5bisnitrogen compounds are generally considered to be 

both good O- and zdonors. Those with C2-symmetry are topologically best suited for enantioface differentiation 

in some catalytic reactions, e.g. cyclopropanationl-3, hydrosilylation4-6, akylation7>8, and hydrogen 

tra~~sfer~~~o. Aratani’s chiral Cu(I) catalytic complexes, although they lack C2 symmetry, exhibited very high 

enantioselectivity in the cyclopropanation of the chrysanthemic acid precursorsllV12. Bolm et al. 

demonstratedl3e14 for some chiral 1,4-b&nitrogen ligands, derivatives of 2-substituted-6-phenylpyridine, that 

Cz symmehy was not essential for high asymmetic induction in some catalytic reactions. 

Dedicated to the memory of Prof. Giinter Snatzke, deceased on 14 January 1992. 
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We have been interested in Rh(l) catalysts with chiral 1,4- and 1 ,5-bisnitrogen ligands, attempting to 

correlate their chiroptical properties, which reflect degrees of distortion of the chiral chromophore, with the 

enantioselectivity induced by complex in some standard catalytic reactionsrsJ6. Here we report on preparation 

of some chiral 1,5bisnltrogen ligands and their Rh(l) complexes, structural data for a selected ligand and its 

Rh(l) complex, and the results of the enantioselective cyclopropanation of styrene with the in situ generated 

Cu(I) complexes of these ligands. 

RESULTS AND DISCUSSION 

Synthesis. WBisnitrogen ligands are prepared in two steps from commercially available materials 

(Scheme 1). In the first step screening of the bases was required, since sodium amide in liq. ammonia17 proved 

unsatisfactory for the preparation of most of the ketomethyipyrldines. Best resnlts were obtained with lithium 

diisopropylamide-TEIF complex in cyclohexane 18. Ketomethylpyridines g-14 behave as bidentate O,N-ligands, 

and some chiral congeners afford stable Rh(1) complexes lo. In solution these ketones am present as the keto- 

enol tautomeric mixture (Scheme 1.); according to the NMR data in chloroform-dl, enols are present in cu. 30- 

80%. No enaminone tautomers can be detected, although they have been found for ketomethylquinolines, as the 

preferred form, in solutior@. The formation of ketimines 15-21 required prolonged reaction times and 

continuous elimination of water from the high-boiling solvent. Other methods; use of the strong acid in the 

presence of molecular sieve@, Tic4 in benzenezl, AlC13 in benzene22, template synthesis in the presence of 

NiOI), or Cu(II)23, were inefficient. The best yields were obtained according to the protocol that uses 

phosphorous penthoxide on the inert support for binding water in the condensate, and para-toluenesulphonic 

acid as catalyst in boiliig toluene. In the lH-NMR spectra all ligands exhibited a doublet for the nitrogen proton 

at 9.8-10.3 ppm, and a singlet for the enaminic (N-C-CH) proton at 4.9-5.3 ppm. In the 13C-NMR off- 

resonance spectra a doublet for the enamine carbon(=CII) at 86.84-100.34 ppm was present. 

Formation of the complexes 22-2% was hampered by the low purity of Rh[ (norbomadiene)d perchlorate 

prepared in the usual manner%. An improved preparation in the sealed tube under argon afforded this precursor 

for the catalytic compl&es in 63% yield, as the orange crystals. The *H-NMR spectra of the complexes 22-28 

exhibited a singlet for the N=C-CH2 group at 4.6-5.3 ppm. revealing the presence of ketimine form, found in 

the solid state for 25, and confirmed by the UV-VIS spectra, discussed in the next paragraph. 

Structural and firoptical properties.- Ligand 1% and its complex 25 attracted our attention because of 

their peculiar conformational properties. The ORTEP plots of 18 and 25 are shown in Figures 1 and 2. The 

solii state structure of III revealed a chiral array of the biphenyl moiety, and also a chirally twisted benzene ring 

within the aza-stilbene subunm the pyridine ring retains a nearly coplanar position relative to the central enamine 

double bond. The fit t(lrsional chirality is defined by the torsional angle between the disubstituted phenyl ring 

and the enamine double bond (-69.7’), and the second one by the torsional angle between the planes defined by 

two phenyl rings (-52.83, Table 1. This chiral array is induced by the single stereogenic centre at C2 in the 

molecule, and looks premising for enantioselection in the binding of the substrate and reagent on the central 

metal atom of the comptix in the course of the catalytic cycle. 

Interatomic distances and bond angles of 18 and 25 are listed in Table 2. Selected torsional angles 

characteristic for the solid state conformations of these two compounds are given in Table 1. The molecule 18 
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iii. Rh2(NBD)&10.&iichloromethane/r.t. 

reveals an enamine C9=ClO bond. However, in the Rh(I) complex migration of double bond occurred, and the 

imino group was found in the crystal structure of 25. These changes affect the relative orientation of the 

pyridine, and the phenyl ring on the stereogenic centre; the dihedral angle between these two planes in the ligand 

is 65”, whereas in the complex it is 21’. In the crystal structure of 25, Rh(I) is coordinated to two nitrogen 

atoms: the imino group (ND, the pyridyl (N2). and the n-bonds of the norbomadiene ligand (Table 2., Fig.2). 

The distances Rh-C from two double bonds C28=C29 and C31=C32 are equal at the level of three standard 

deviations (Table 2). The molecular fragment Rh, Nl, N2, and the centres of the olefinic bonds are planar 

(maximum deviation of O.O3A), confiig the square planar geometry of the Rh(I) complex. A similar 
geometry is found for a 1,4-bisnitrogen ligand with the incorporated S-a-methylbenzylamine, the same chiral 

subunits. 

To establish if the same chiral conformation of 18 and 25 is maintained in the solution, the analysis of 

electronic (UV-VIS) and CD spectra is performed. The electronic spectrum of 18 exhibits a strong K-band at 
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Fig. 1. Crystal structure of 18; the ORTEP 

plot and atom labeling are shown. 

Fig. 2. Crystal structure of 25: the ORTEP 

plot and atom labeling are shown. 

355.5 nm (E 16.780), and the shoulders at 307 nm (E cu. 10.000) and at 230.8 nm (E 18.800) (Fig 3). The CD 

spectrum exhibits two positive Cotton effects. The maximum of the first one (h 356.0 nm, AE + 17.2) is at the 

same wavelength as thd K-band; the second one is found at 228.5 nm (A& +16.2) i.e. at the short-wavelength 

shoulder in the electronic spectrum. Another shoulder at 298 nm (As +7.2) is obsetved. The inflexion at 230 nm 

in the electronic spectrum rises strong CD band at 228.5 (As +16.2). This band and inflections in UV and CD at 

ca. 305 nm cannot be assigned with confidence. 

The positive long-wavelength Cotton effect is probably due to the negative helicity of the torsional angle 

(-69.7’) between the aromatic ring and the styrene-like enamine double bond. As Crabbe has already 

establishedu, chirallv twisted styrenes exhibit opposite signs of the Cotton effect at cu. 270 nm to those of the 

helicity determined by gle aromatic ring and double bond. Since the pyridine ring is situated in a nearly coplanar, 

i.e. achiral, position rel&ive to the central double bond (torsional angle -6. lo), it cannot influence the sign of this 

band. 

The electromc spectrum of the complex 25 exhibits a less intensive band at 340 nm (E 4.860), than the 

free ligand, due to loss,ot conjugation between the two aromatic subunits. A new weak band at ca. 430 nm 

appears for the d+d* 0Tr)nsition. The CD spectrum of the complex 25 differs significantly from that of the free 

ligand (Fig. 4). Here tha!a+d* transition band appears at 426 nm as a well defined Cotton effect (& +2.2). The 

medium wavelength CD band at 355 nm (A& + 4.0) corresponds to the K-band in UV. There is also a third 

positive CD band at 264 nm (AE +6.2) which is followed by the fourth, negative, short-wavelength band at 

238.0 nm (A& -1.8). Th6 last two bands appear in the region where in the UV of phenylethylamine a very weak 
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band is observed (258 mn, E 130), and therefore a coupled excitone effect is excluded. 

Table 1. Selected torsion angles [‘I for 18 and 25. 

c2 - Cl - Nl - C9 

Cl - Nl - c9 - Cl0 

Cl - Nl - C9 - Cl6 

Nl - CY - Cl0 - Cl1 

N2 - Cl1 - Cl0 - C9 

Cl0 - c9 - Cl6 - Cl7 

C9 - Cl6 - Cl7 - C22 

Cl6 - Cl7 - c22 - C23 

Cl0 - c9 - Cl6 C21 

Nl - C9 - Cl6 - C21 

Nl - Cl - c2 - C7 

Nl - Cl - c2 - c3 

C9 - Nl - Cl - C8 

Cl1 - Cl0 - C9 - Cl6 

18 

-91.2 (8) 

175.2 (7) 

-4(l) 

4(l) 

-6(l) 

109.9(7) 

0.6(9) 

-52.8(g) 

-69.7(8) 

109.2(7) 

-46.6(9) 

139.7(7) 

146.6(7) 

- 177.2(7) 

25 

- 139.6(8) 

- 178.4(8) 

-3(l) 

-63(l) 

570) 

- 110.5(9) 

9(l) 

-119(l) 

75(l) 

-101(l) 

- 144.3(8) 

37(l) 

94(l) 

121.2(8) 

L : 
_- 

7 

500. 

200 ‘1 / .H ‘,4X _ WI 
\ 

40 

3.0 

Fig. 3. UV and CD spectra of 18 

in MeCN. 

Fig. 4. UV and CD spectra of 25 

in MeCN. 

Cycfupropanation.- In situ formed Cu(I) complexes of the ligands 15-22 are examined in 

cyclopropanation of styrene, according to the known protocol 2829. Results are presented in the Table 3. They 
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reveal low enantioselectivity of the catalytic complexes, with somewhat higher average optical yields obtained 

for the o~~~-sub~~~ ligands. The low en~~o~l~tivi~ with Cu complex of 18 was particularly snrprising~ 

because of the well defimed co~o~tion~ chirality of the ligand. Presumably, in the Cu(I) complexes this 

arrangement is lost; higher enantioselectivities can be expected for Cu complexes with more restricted 

conformational mobility controlled by the third binding site, an anionic hydroxy group or amino group, in the 

&and. 

Table 3. Enantioseleciive Cyckpropanation of Stymne 

J..igand Ester e.e (%)a 
Yield (%) cisitrans C&b trd 

15 70 39/61 8 10 

16 5Q 41159 21 13 

17 59 39161 10 5 

I8 53 #I60 11 5 

19 53 42/58 9 10 

20 32 41159 9 10 

21 64 42/58 9 7 

nil1 59 53147 0 0 

aGiven 5% of yields and e.e.‘s are the avwage values of the two experiments that differ 

cu. 21% Otis with IS cages was regularly in excess. 

Conclusions,- The 1,5-bisnitrogen ligands 15-21 form stable Rh(1) complexes 22-28 with the well 

decked conformational properties. Their structure and conformation in solution can be deduced from the spectral 

and chiroptical data, and related to the solid-state data for the ligand 18, and its Rh(1) complex 25. An 

“inv@sion” of the most relevant torsional angles in the ligands occur on binding to Rh(I). 

In spite of the well defined conformational chirality of 15-21, their Cu(I) complexes, prepared in siiu, 

exhibited low en~tiosel~tivi~ in cycloprop~ation of styrene. In order to improve en~tio~l~tivi~ of their 

Cn(I) catalytic complexes the preparation of the congeners of 15-2% with a “third arm” is in conrse. 

EXPERIMENTAL 

IH- and 13C!-NMR spectra were recorded in CDC13 on Jeol FX WQ FT spectrometer: shifts ate given in 

ppm downfield from TMS as an internal standard. IR spectra were recorded on Perkin-Elmer 297 

spectrophotometer. UV-VIS spectra were recorded on PU 8700 Series spectrophotometer. Rotations were 

determined on Optical Activity AA-10 Polarlmeter. 

Esters l-7 were prepared from the commercially available acids (2.5 mmol) in the yields 90-958, by 

esterification in abs. methanol (20 ml), to which thionylchloride (1.90 ml, 2.6 mmol) was added. Pure products 

were obtained by isolation ipl VUCW, or by c~s~li~tion. 
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Substituted-phenyl-2’-pyridybnethyl ketones (S-14) 

2-Methylpyridine (310 rng, 3.3 mmol. distilled under argon before use) was dissolved in ether (20 ml), 

and LDA-THF complex (3.63 mmol, 1.5 mol solution in cyclohexane, Aldrich) was added dropwise at 

-5O’C over 45 min. Resulting suspension was cooled to -1O’C and 3.3 mmol of 2- or 4-substituted 

methylbenzoate (l-7) was added. The tea&on was continued for 15 hr at ambient temperature, then water (30 

ml) was added, organic phase separated and aqueous phase washed with ether (3x30 ml). Combined organic 

extracts wore washed with dilluted hydrochloric acid, dried end evaporated to recover unreacted ester. Aqueous 

phase was adjusted to pH 8 with solid bicarbonate, extracted with ether (3x30 ml), dried in vucuo over cont. 

sulfur-k acid, and purified by flash chromatography with chloroform-diisopropylether-light petroleum (1:7:2) as 

eluant. Pure product was obtained by fti crystallization, or bulb-to-bulb distillation at cu. 250°C&01 mm Hg. 

2-(2’~Pyridojacetophenone (8) was crystal&d from light petroleum, m. p. 57-59’C (lit31. m. p. 59’C) 

2-(2’-Pyrido)-2-chloroucetophenone (9) was purified by distillation at 250°c/10-3 mm Hg, and subsequent flash 

chromatography, yellow oil, yield 59.3%. IR (KBr); 1625, 1595, 1455, 1410, 1275, 1110, 800, 740 cm-l. 

IH-NMR (CDCl3); 8.55-6.86 (m, 8H), 5.90 (s. HC=C), 4.42 (s, CH2). l3C-NMR (CDCl,); 195.37 (s, CC), 

163.15, 158.02, 154.69, 149.38, 143.80, 139.45, 136.97, 136.35, 134.82, 134.60, 130.03, 128.67, 128.22, 

126.58, 123.87, 121.79, 121.39. 118.40, 93.96 (d, HC=C), 48.20 (t, CH2). Anal. cakd. for C13H~$JOCl 

(231.66): C 67.40%, H 4.358, N 6.84%. Found: C 67.438, H 4.46%, N 6d14%. 

2-(2’-Pyrido}-2-methyiucetophenone (10) was purified by distillation, yield 34.696, pale-yellow oil. IR (KBr); 

1630, 1600, 1550, 1475, 810, 765 cm- l. IH-NMR (CDCl3); 8.55-6.85 (m, 8H), 5.60 (s, HC=C), 4.40 (s, 

CH2), 2.51 (s, CH3). 13C-NMR (CDC13); 199.38 (s, CO), 166.82, 157.79, 154.74, 148.65, 143.46, 137.98, 

136.80, 136.35, 135.50, 131.27, 130.82, 130.03, 128.61. 127.99, 127.60, 124.89, 123.53. 121.00, 120.49, 

117.84, 97.41 (d. HC=C), 50.00 (t, CH$, 20.77 (q. CH3). Anal. calcd. for C14H13N0 (211.24): C 79.60%. 

H 6.2096, N 6.63%. Found: C 79.5096, H 6.3796, N 6.46%. 

2-(2’-Pyrido)-2-phenylucetophenone (11) was purified by distillation, yield 58.9%, yellow oil. IH-NMR 

(CDC13); 8.46-6.66 (m, 13H), 5.35 (s, HC=C), 3.80 (s, CH2). 13C-NMR (CDCl3); 203.22 (s, CO), 166.76, 

157.85, 154.57, 148.93, 143.40, 141.59, 140.13, 139.85, 136.63, 136.35, 135.90, 130.31, 129.85, 128.67, 

128.45, 127.82, 127.71, 127.15, 126.81, 126.47, 123.21, 121.34, 120.83, 117.78, 98.82 (d, HC=C). 51.53 

(t, CH2). Anal. calcd. for C1oH15NO (273.31): C 83.49%. H 5.53%. N 5.12%. Found: C 83.43%, H 

5.68%, N 5.09%. 

2-(2’-PyriduWchloroacetophenone (12) was purified by crystallization from light petroleum, yield 4545, m.p. 

89-90°C. JR (KBr); 1630, 1595, 1455, 1410, 1280, 1060,800,740 cm-l. 1H-NMR (CDCl3); 8.55-6.86 (m, 

8H), 6.00 (s, HC=C), 4.42 (s, CH2). DC-NMR (CDCl,); 195.37 (s, CO), 163.15, 158.02, 154.69, 149.38. 

143.80, 139.45, 136.97, 136.35, 134.82, 134.60, 130.03, 128.67, 128.22, 126.58, 123.87, 121.79, 121.39, 

118.40,93.96 (d, HC=C), 48.20 Ct. CH2). Anal. calcd. for C13HloNOCl(231.66): C 67.40%. H 4.354, N 

6.04%. Found: C 67.46%, H 4.29%. N 6.19%. 

2-(2’-Pyrido)4-bromoucetophenone (13) was purified by crystallization from acetone-water, yield 57.9%. 

yellow-greenish crystals, m. p. 9698’C. IR (KBr), 1625, 1585, 1450, 1400, 1270,1055,800,735 cm-l. lH- 

NMR (CDCl3); 8.55-6.86 (m, 8H), 6.01 (s, HC=C), 4.42 (s, CH2). 13C-NMR (CDC13); 200.06 (s, CO), 

197.18, 195.43, 162.98, 157.78, 154.51, 149.21, 143.68, 136.91, 136.29, 135.11, 134.87, 131.55, 131.10, 

129.97. 128.16, 126.98, 126.69, 124.72, 123.82, 123.08, 121.67, 121.34, 118.34, 103.23, 101.41, 93.91 

(d, HC=C), 48.03 (t. CH2). Anal. calcd. for C13HIoNOBr (276.12): C 56.544, H 3.651, N 5.07%. 
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Found: C 56.59% H 3.66%. N 4.97%. 

2-(2’~Pyrido)-4-methylacetophenone (14) was purified by crystallization from acetone-water, yellow crystals, 

yield 41.1%. m. p. 70-71°C. IR (KBr); 1630, 1600, 1550, 1465, 1060, 800.740 cm-r. tH-NMR (CDC13); 

8.53-6.79 (m, 8H), 6.01 (s, HC-C), 4.42 (s, CH2), 2.32 (s, CH3). t3C-NMR (CDCl3); 195.88 (s. CO). 

163.82, 154.97, 148.93, 143.57, 138.88, 136.57, 136.06. 133.58, 133.19, 128.84, 128.56, 128.39, 124.95, 

123.76, 121.34, 121.00, 117.84. 93.12 (d, HC=C), 47.80 (t. CH2), 21.16 (q, CH3). Anal. calcd. for: 

C14H13NO (211.24): C 170.60%, H 6.20%, N 6.63%. Found: C 79.52%. H 6.3446, N 6.50%. 

S-a-Methyl-[I-(substitut&f t~henyl)-2-(2’-pyrido)-I-ethylidene]benzylamines (15-21) 

Ketone l-7 (11.0 Ititnol), and S-G)- benzilmethylamine (2.67 g, 22 mmol, Aldrich), and few crystals of 

para-toluenesulphonic a~, dissolved in tohrene (50 ml), were heated under reflux for 90 hr. The apparatus was 

set up in the way that thblvapours pass a side-arm connecting reaction vessel and reflux condenser, whereas 

condensate returns pass&R through the glass-tube filled with P205 on inert support (Fluka). Toluene was 

axeotropically evaporatddl with chloroform (2x200 ml), and crude product purified by crystallization from 

methanol. 

S-a-Methyl-~l-(phenyl-~~(2’-pyrido)-I-ethylidenelbenzylamine (15) yield 98% colourless crystals, m. p. 

47’C, [a]~ +730 (c 1.0: CHC13). IR (KBr); 1620, 1590. 1550, 1490. 1470, 1415, 1140. 770, 700 cm-l. 

IH-NMR (CoDo); 10.20 (d, NH), 8.35 (d, lH), 7.46-6.42 ( m, 13H), 5.31 (s, HC=C), 4.68-4.34 (m, CH), 

1.44 (d, CH3). W-NMk (ChDg); 160.78, 155.36, 147.86, 147.07, 139.67, 135,95, 128.95, 128.61, 

126.58, 122.74, 117.781’~00.341 (d, HC=C), 54.97 (d. CH), 25.62 (q, CH3). Anal. calcd. for C!ztHz,-~Nz 

(300.39): C 83.%%, I-l :6.71%, N 9.33%. Found: C 83.89% H 6.90% N 9.15%. 

S-a-Methyl-[1 -(2-chlowwnenyl)-2-(2’ -pyrido)-I -ethylidene]benzylamine (16) colourless crystals, m. p. 

52-53“C, [a]~ +784 (C fll.D. CHC13). IR (KBr) 2980, 2880, 1625. 1585, 1545, 1410,1310, 1140, 800,760, 

700 cm-l. 1H-NMR (WCl3); 10.14 (d. NH), 8.46 (d, lH), 7.54-6.75 (m. 12H). 4.98 (s, H&C!), 4.18 (q, 

CH), 1.51 (d, CH3) 13C&IMR (CDCl,); 159.71, 150.62, 147.24, 136.74, 135.27, 130.93, 129.01, 128.05, 

126.24, 126.02, 125.68~1121.67, 116.87, 86.84 (d, H&C!), 53.78 (d, CH), 24.83 (q, CH3). Anal. calcd. for: 

GtHloN$1(334.83): C 75.32%. H 5.72%. N 8.37%. Found: C 75.54%. H 5.61%. N 8.20%. 

S-a-Methyl-[l-(2-met~~~~nyl)-2-(2’-pyrido)-l-ethyl~~]benzylamine (17) yield 89.495, colourless crystals, 

m. p. 53-54OC, [CX]D +69k (c 1.0, CHC13). IR (KBr); 1620, 1590, 1550, 1470, 1415, 1350, 1140, 800,760, 

700 cm-*. 1H-NMR (-3); 10.15 (d, NH), 7.47-6.65 (m, 12H), 4.95 (s, HC=C), 4.10 (m, CH), 2.46 (s, 

CH3), 1.47 (s, CH3). 13@NMR (CDC13); 161.46. 148.59, 139.00, 136.63, 131.27, 130.36, 129.46, 129.18. 

127.60, 127.15, 126.41 122.86, 118.17, 117.95, 97.91 (d, HC=C), 55.08 (d, CH), 26.52 (q, CH3), 20.66 

(q, CH3). Anal. calcd. t& C22H22N2 (314.42): C 84.03%. H 7.058, N 8.91%. Found: C 84.01% H 

7.1996, N 8.83%. 

S-a-Methyl-[l-(2-phen)lrffhenyl)-2-(2’-pyrido)-l-ethylidene~benzylamine (18) yield 76.2% colourless crystals. 

m.p. 124-I25’C, [0l]~w60 (C 1.0, C!HC!l$. IR (KBr); 2975, 1615, 1590, 1540, 1470, 1435, 1415. 1140, 

795, 770. 745. 700 cmV.tH-NMR (CDCl3); 9.82 (s, NH), 8.36 (s, 1H). 7.62-6.77 (m, 17H). 5.08 (s, 

HC=C), 3.96 (s, CH), 0685 (s, CH3). r3C-NMR (CDCl,); 159.90, 147.06, 135.03, 130.20, 127.72, 128.31, 

127.92, 126.75, 126.0331125.59, 121.41. 116.34, 97.66 (d, HC=C), 53.40 (d, CH), 24.05 (q, CH3). Anal. 

calcd. for Q7H24N2 (31E.48): C 86.1396, H 6.4396, N 7.44%. Found: C 86.26%, H 6.29%. N 7.48%. 

S-a-Methyl-[l-(4-chl~phenyl)-2-(2’-pyrido)-l-ethylidene] benzylamine (19) yield 68.3%. colourless 
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crystals, m.p. 105-107°C, [U]D +707 (c 1.0, CHC13). IR (KBr); 2895, 1620, 1590, 1550, 1490, 1470, 1420, 

1350, 1140, 1090. 825, 795. 765, 700 cm-f. tH-NMR (CDCl3); 9.93 (d, NH), 8.47 (d, lH), 7.52-6.87 (m, 

12H), 5.16 (s, HC=C), 4.37 (q, CH), 1.49 (d, CH3). l3GNMR (CDC13); 159.22, 153.04, 147.136, 145.80, 

136.91, 135.46, 137.71, 129.25, 128.13, 128.01, 126.29, 125.68, 122.03, 117.47, 99.64 (d, HC=C), 54.17 

(d, CH), 24.76 (q. CH3). Anal. calcd. for f&H19N$l (334.83): C 75.3246, H 5.72%, N 8.37%. Found: 

C 75.3296, H 5.93%, N 8.40%. 

S-a-Methyl-l1 -(4-bromophenyl)-2-(2’ -pyrido)-I -ethylidene]benzylamine (20) yield 94.2%. colourless crystals, 

m.p. 99-1Ol’C. [U]D +563 (c 1.0 CHC13). IR (KBr); 2890. 1620, 1590, 1550, 1470, 1415. 1350, 1140, 

1110. 820, 795, 700 cm-l. tH-NMR (CDC13; 9.93 (d, NH), 8.46 (d, lH), 7.51-6.86 (m, 12H), 5.16 (s, 

HC=C). 4.36 (q, CH), 1.48 (d, CH3). 13C-NMR (CDCI,); 134.44, 128.28, 122.38, 121.01, 112.63, 

110.702. 106.20. 104.79, 103.37, 101.53, 100.92, 97.27, 97.17, 92.73 (d, HC=C), 74.87 (d, CH), 29.41 

(q, CH3). Anal. &cd. for CzlH19NzBr (379.29): C 66.5096, H 5.055, N 7.39. Found: C 66.44%, H 

5.13%, N 7.49%. 

S-a-Methyl-[I_(4-merhylphenyl)-2-(2’-pyrido)-I-ethylidene]trenzyiami~ (21) yield 98.8%, colourless crystals, 

m.p. 91-93’C, [U]D +631(c.l.O, CHC13). IR (KBr); 2900, 1620, 1590, 1550, 1510, 1470, 1140,790.700 

cm-l. tH-NMR (CDC13); 9.97 (d. NH), 8.55 (d, lH), 7.50-6.84 (m, 12H), 5.18 (s, HC=C), 4.45 (q, CH), 

2.36 (s, CH3), 1.48 (d. CH3). 13C-NMR (CDC4); 160.03, 154.87, 147.47, 146.43, 138.10, 136.00. 135.69, 

128.89, 128.64, 128.45, 128.21, 126.54, 126.11, 122.19, 117.37, 99.15 (d, HC=C), 54.16 (d, CH), 24.94 

(q, CH3), 21.28 (q, CH3). Anal. calcd. for CnHzN2 (314.42): C 84.0345, H 7.05%, N 8.91%. Found.: C 

84.22%, H 7.10%, N 9.09%. 

Rh(I~-[S-a-Methyl-[(s~sti~ted phenyl)-2-(2’-pyrido)-I-ethylidenelbenzylamine, norbornadienel perchlorares 

(22-28) 

Organometallic perchlorate salts are potentially explosive and extreme care must be taken 

with the handling of solid materials and of all residues. 

Compounds 15-21(0.9 mmole), were dissolved under argon atmosphere in dichloromethane (10 ml), 

and rhodium bisnorbomadiene perchloratc (254 mg, 0.9 mmol) was added from the Schlenk tube. After 16 hr 

stirring at ambient temperature, dichloromethane is evaporated in the stream of argon, and crude product was 

separated by thick-layer chromatography with dichloromethane-ethylacetate (8:2) as eluant. Pure product was 

washed from silica gel with dichloromethane-methanol@ 1). On evaporation of the solvent pure product was 

obtained by crystallization from ethanoI(6 ml). On cooling to -2O“C, collection on filter, and washing with ether 

(6x2 ml). precooled to -2O’C. pure 22-28 were obtained. After drying in vucuo they were stored under argon. 

RMZ)-IS-a-Methyl-~(phenyl)-2-(2’-pyridoJ-I-ethylidenelbenzylamine, norbornadiene] perchlorate (22) yield 

63.7%, m. p. 123-125“C. [a]~ -40 (C 0.1, MeOH). IR (KBr); 1600, 1475. 1445. 1305. 1085,760.740,700, 

620 cm-t. tH-NMR (CDCl3); 8.03-7.07 (m. 14H), 5.06 (CHz), 4.81 (q, BC*CH3), 4.04, 3.97 (2s, 4H, 

2xlFC=C&,. 1.66, 1.60 (2 s+d, 5H, HC*C&+2xCH(NBD)), 1.21 (s, CH2 (NBD)). Anal. calcd. for 

C28H28N#hClOd (594.90): C 56.53%, H 4.748, N 4.71%. Found: C 56.65%, H 4.93%, N 4.84%. 

Rh(I~-lS-~Methyl-l~2-c~orophenyl)-2-(2’-~r~)-l-e~yli~~]~n~l~ine, norbornadiene] per&orate (23) 

yield 79.28, m. p. 132-133OC. [CZ]D& (c 1.0, MeOH). IR (KBr); 1625, 1600, 1470, 1445. 1430, 1410, 
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1305, 1090, 760, 745, 500, 620 cm- 1* IH-NMR (CDC13); 8X0-7,14 (m, 13H), 4.61 (CHz), 4.58 (q, 

tic*cH,h 3*79 (s, 4H, 2xtiC=Cm, 1.82 (s, lH, CH (NBD)), 1.75 (s, lH, CH (NBD)), 1.38 (d, HC*CH3), 

1.17 (s, CH2 (NBD)). And. c&d. for C~H27N$hCQ (629.34): C 53,44%, H 4.32%, N 4.45%. Found: C 

53.3446, H 4.1796, N 4.49%. 

Rh(r)-ls-u-~ethyr_rrz~thylphenyl)_Z-(2’ -pyrido)-l -e~hyi~~ne]benzylamne, nurbumadiene] per&i&ate (24) 

yield 82,8%, m. p+ 125-126’C. [a]~ -58 (c 1.0, MeOH), IR (KBr); 1600, 1470, 1440,13oO, lO90,760,740, 

700, 620 cr& lH-NMR (CDC13); 8.0-6.97 (m, 13H), 5.0 (s, CH2), 4,84 (q. IK*CH3), 4.04, 3.92,377 (3s, 

4K 2xHc=Cki.), IL33 (s, CH3), 1.64 (2 s+d, SH, HC*C&+2xCH(NBD)), 1.18 (s, CH, (NBD)). Anal, 

calcd. for C2gH30NZRhCl04 (608.93): C 57,20%, H 4.97%, N 4.60%. Found: C 57,24%, H 5X%, N 

4.64% _ 

Rh(I)-[S-a-~ethy~~[12-ptrenylp~~yi~-2-(2’ -pyriduJ-I -e~hyldene]ben~l~ylmrrlne, norburwdiene] perchlorate (25) 

after crystallization from ethanol yield 32,9%, m.p 138~140°C, [a]~ -62 (c 1.0, MeUH). IR (KBr); 1620, 

2400, 1475, 1440, 1305, 1090,760,74U, 700,620 cm l. lH-NMR (CDCl$; 7.93-6.78 (rn, l8H), 5.30 (s, 

CH& 4,72 (q, LiC*CH& 3.81, 3.74 (26, 4H, 2x4iC=Cm, 1.60 (s, H-I, CH(NED)), 1.29, 1.22, 1.13 (3s, 

6H, HC*CIj&+CH2 (ti)+CH(NBD)). Anal. calcd. for: C34H32N2RhCQ (671.00): C 60.86%, H 4.81%, 

N 4.17%. Found: C 61&%, H 4,83%, N 4.13%. 

Rhlll-[S-cr-~et~i-[(4-c~lor~phenyl)3-(2’ -pyrido)-I-ethylirleneJbenzylamine, nurburnadiew] perchlorate (26) 

yield 60-l%, m.p. 129cF131°C, [u]D -20 (c 0.1, MeOH). IR (KBr); 1600, 1485, 1475, X445, 1305, 1090, 

1010,760,740,700,6~ cm- I. IH-NMR (CD@); 7.80-6.98 (m, 13H), 5.08 (s, CHz), 4.77 (q, HC*CH3), 

4.04, 4.02 (2s, 4H, 2xI!@=Cm, 1.67, 1.59 (2s, 5H, HC*C&+2xCH(NBD)), 1.21 (s, CH2 (NBD)). Anal. 

calcd. for: C28H27N+Ci@4 (629.34): C 53.44%, H 4.32%, N 4.45%. Found: C 53.68%, H 4.09%, N 

4.52%. 

Rh(r)-[S-a-Methyl-I(4-~~mup~~yl~~2-l’-pyrido)-I -ethyli&ne]benzylamine, norbornadiene] perchlorute (27) 

yield 42.4%, m. p. 129+3O”C, [m]D -46 {c l-0, MeOH). IR (KBr); 1600, 1480, 1475, 1445, 1300, 1090, 

1005,760,740,620 c 

F 

1. 1H-NMR (CDC13); 8.01-7.03 (m, 13H), 5.06 s, (CHz), 4.76 (q, EC*CH3), 4.05, 

3.95 (2s, 4H, 2xEC= 
P 

1.67, 1.63, 1.60 (2 s+d, SH, WC+C4+2xCH(NBD)), 1.18 (s, CH2 (NBD)). 

Anal. calcd. for C328H2TN;RhCQ (673.80): C 49.91%, H 4.04%, N 4.16%. Found: C 49.99%, H 4.19%, 

N 4.18%. 

Rbrr)-iS-~-Methyr_I-~&thyl~~nyl)~-pyn’&)-1 -ethylidene]benzylamine, nurkwnudiene) perchlorute (28) 

yield 94.2410, m. p. 1241/25°C, [a]~ +16 (c 1.0, MeOH). IR (KBr); 1600, 1475, 1445, 1305, 1090, 810,760, 

740,700,620 cm- 1. l#$MR (CDC13); B-03-6.97 (m, 13H), 5.03 (s, CH$, 4.89 (q, BC*CH$, 4,04, 4.01 

(2s, 4H, 2xuC=Cm, JQ4 (s, CH3), 1.67, 1.60 (2 s+d, 5H, HC*CH3+2xCH(NBD)), 1.19 (s, CH3 (NBD)). 

AnaL calcd for QH&$WX& (608.93): C 57.20%, H 4.97 %, N 4.60%. Found: C 57.35% H 5. IO%, N 

4.69%. 

Eruznrioselective cy clopk&wuation-general procedure 

To the sluxq of wpper (I) triflate (3.7 mg, 10 prncd) in smne (0.52 g, 0.57 ml, 5.0 mmd), l&and was 

added (14-21), 15 p&#, 1.5 mol% related to diazoester), and suspension was stirred for 1 hr at ambient 

temperature under ni en. To the resulting mixture of the catalyst and olefine, ethyldiazoacetate (1 mmul, lml 

“B of the 1M solution in 1 achloroethane) was added over the period of 4.5 hr, using syringe pump. Thereafter 

the reaction mixture km stirred over night at ambient temperature. Diastereomeric mixture of cisltrans 

2-phenylcyclopropan- l-czarboxylic acid ethylesters were isolated by chromatography on silicagel column (1x15 
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cm) with ether-pentane (gradient O-2096). J&s tmwmeric composition was determined on GLC capillary column 

DB-210, with biphenyl as an internal standard. Enantiomeric excess was determined on GLC chiral capillary 

column FS-Hydrodex b-PM (0.25 mm x 25 m), using initial temperature 120°C and O.S%uin gradient, 12 psi 

pressure of N2, and split l/150. Under above conditions retention times were as follows: cis (lS, 2R); 24.1 

min, cis (IR, 2s); 24.7 min, trans (IR, 2R); 27.6 min, and tram (lS, 2s); 27.9 min. 

CD meusw-ernents.-The CD measuxments were performed on a Dichrograph Mark III (ISA-Jobln-Yvon) 

connected on-line to a PC. Noise was eliminated by curve-smoothing according to the GolaySavitxky27 

algorithm (best parabola of degree 3 titted to 25 consecutive points). Collected data are presented in the Table 4. 

Table 4. CD Data for the Ligands 15-21, and Compounds 25-28. 

Compound 

15 349.5ft22.9 

16 349.Olt27.3 

17 348.0/+32. I 

18 356.0/+17.2 

19 351.6/+14.2 

20 349.5/+24.3 

21 351.0/+28.6 

25 426.0/+2.2 

26 430.0/+0.9 

27 -430/+1.1 

28 433.0/+0.9 

296/+6.1 (sh) 236.5Wt.3 

300/+7.5 (sh) 243.2/+2.8 

300/+8 O(sh) 238.5/+19.8 

298/+7.2 (sh) 228.5/+16.2 

294.4/+4.0 (sh) 238.6/+7.5 

300/+8 (sh) 241.5/+8 (sh) 

300/+8 (sh) 230/+6 (sh) 

355.0/+4.0 264.OlUi.2 

349.0/+4.9 308.Olt2.5 

349.Olt14.6 -3OO/t7.0(sh) 

350.0/+8.6 -300/+3.5(sh) 

225.5/+2.2 

224.8/t 1.738 

223.Oft8.4 

228.Olt8.8 

221.51t14.1 

222.Olt9.7 

238.01-1.8 

277.Olt1.9 

-230/+6.5(sh) 

278.0/+1.5 

229.Oltl.4 

221.Olt10.4 

222.0/+0.8 

aBruad hand with fine-structure found between 220-260 IUII 

X-ray szructure analysis.- The suitable crystals of 18 and 25 were obtained from ethanol over four days. 

Crystallographic data and details of data collection and refinement sre listed in Table 5. Data reduction was 

performed by the ENRAF-Nonius SDP/VAX package 32; Lorentx and polarization effects were corrected An 
absorption correction for 25 was by the ~-scan of tbe reflections 212, 323, 3%, 325, 42, 434, 435, 5%. 545 

and 6% Minimum and maximum transmissions for 25 were 96% and 99%, respectively. No significant 

intensity variation for standard reflections in the course of the data collection was observed. 

The structure of 18 was solved by direct methods using programme SHELX8633. The structure of 25 

was solved by Patterson method with SHELX86. The rhodium scaterring factors and anomalous dispersion 

values were from International Tables for X-ray Crystallography, Vol. IV%. For other atoms the scattering 

factors were those included in the SHELX77 programme 35. The H atom coordinates were introduced and 

refmed under the constraints of pivot carbon atom geometry. The non-H atoms were refined anisotropically 

using SHELX7735; details of the refllment procedure are listed ln Table 5. The ClO4- anion of compound 25 
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exhibits two different orientations; the population parameter of oxygen atom 01 being presented in both 

orientations was assigned value of 1 whereas other oxygen atoms (02 to 07) have reduced site population to 

0.5. During the chemical reaction the S-enantiomer was used and thus the absolute con@uration to Cl in 18 

and 25 was assigned as S. Molecular geometry was calculated by the programme package EUCLID~. 

Table 5. Crystal data and summary of experimental details and refinement for 18 and 25. 

18 25 

Moleculsr formula 

Mr 

Crystal sim [mm] 

a [AI 

b [AI 

c &I 

v [A31 
crystal system 

Space group 

4 [gcmm31 

z 

~(Mo&x) b+‘?l 

FWB 

T WI 

No. of reflections used for cell 

parameters am@ range [“I 

8 range [“I for hnensity measurement 

hkl range 

scan 

AW 

No. of mea&& reflections 

No. of symm. ‘$dependent refl. 

No. of variaMQs 

R 

R,,, w-* = k&F,* + g F) 

Final shift/cyYor 

S 

Residual elec#$n density 

(A~)maxv Q&g [e Aw31 , m 

WWG 
376.503 

0.20 x 0.20 x 0.35 

9.167(3) 

9.949( 1) 

23.56(2) 

2149(2) 

orthorhombic 

p212121 

1.164 

4 
0.6 

800 

297 

25 
6- 17 

2-25 

(-1, 10; -1, 11: -1.28) 

o/28 

0.8 + 0.35 tar& 

2897 

1273 

I>300 

277 

0.047 

0.055 

-0.229 (ClO, y) 

0.81 

C34H,2N2RhC104 

670.999 

0.14 x 0.14 x 0.17 

1?.505(2) 

16.959(g) 

17.18(l) 

3060(3) 

orthorhombic 

a2121 

1.456 

4 
6.8 

1376 

295 

25 
8-18 

2-25 

(0, 15; 0,20; 0,20) 

o/28 

0.8 + 0.35 tan9 

3119 

1906 

1>2o(I) 

436 

0.040 
0.038 

-0.613 (07, x) 

1.78 

0.18, -0.22 0.34, -0.39 
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Drawings were prepared by EUCLID and ORTEP II37. Calculation were performed on Micro-VAXII and 

IRIS-4D25G computers of the X-ray Laboratory, Ruder BoSkovic Institute, Zagreb. 
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