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Abstract 

The syntheses of metal complexes of the optically active diolefins nopadiene, acetylnopadiene, 
nopadiene acid and nopadiene aldehyde are described. All the ligands were coordinated to the Fe(CO), 
group and some also to CpRh, CpCo, Cp*Rh and Cp*Co (Cp = cyclopentadienyl, Cp* = 
pentamethylcyclopentadienyl). The complexation was diastereoselective in most cases and optically active 
diolefin compounds were directly obtained. The solid state structure of one isomer of 
C,Me,Rh(nopadiene) is described. Various chemical transformations, such as reductions and nucleophilic 
additions at functional groups, are reported; depending on reaction type, these proceed diastereoselec- 
tively or even enantioselectively with generation of new chiral carbon centers. In these reactions, 
pronounced differences are observed in the reactivity and selectivity of complexed and free ligands. 
Efficient substitutions of carbonyl groups for phosphines and phosphites are also described for 
(nopadiene)Fe(CO),. 

Introduction 

Optically active metal complexes have received considerable attention in recent 
years. Their use as enantioselective c,atalysts in many organic transformations is well 
documented and a number of applications in the industrial synthesis of important 
organic intermediates are known [1,2]. 

Complexes are generally rendered optically active by the introduction of optically 
active ligands such as amines, phosphines and alcohols, not by chirality at the metal 
centre. Such ligands are commonly derived from natural products taken from the 
“chiral pool”, but often also from racemic starting materials, thus requiring several 
derivatizing and resolution steps. At least two of the more important chiral catalysts 
fall into the class of organometallic n-complexes, namely a number of substituted 
ferrocene derivatives utilized by Hayashi [3] and Ugi [4] as well as the ansa-metal- 
locenes developed by Brintzinger, useful for Ziegler-Natta polymerisation [S]. 
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In addition to catalytic applications, stoichiometric use of optically active metal 
n-complexes as synthons in organic synthesis is also actively pursued, and some 
elegant syntheses have been developed from cyclopentadienyl iron [6] as well as 
cyclopentadienyl titanium complexes [7]. 

In extension of our previous work on the synthesis and reactivity of metal-olefin 
complexes [8], we became interested in the chemistry of optically active olefin 
complexes. As a11 prochiral diolefinic and aromatic ligands such as cyclopentadienyl 
or benzene derivatives will form chiral metal r-complexes, a vast array of optically 
active compounds is in principle accessible. Although these complexes are config- 
urationally stable under ambient conditions, resolution of enantiomers has only 
been achieved in relatively few cases [9]. The methods employed range from classical 
resolution with chiral derivatizing agents to such modern methods as enantioselec- 
tive chromatography [lo]. 

The most serious obstacle hindering development of this field of chemistry is still 
the often laborious procedure required for resolution of enantiomers. This can be 
avoided by the use of optically active olefinic or aromatic ligands. If the organic 
ligand has C,-symmetry, metal complexation from either side of the ligand will give 
an identical enantiomerically pure product. This approach has been utilized for the 
synthesis of several half-sandwich complexes [11,12]. Other optically active ligands 
will, in principle, yield two diastereomeric products due to complexation from their 
two non-identical “faces”. Should the complexation be “face-selective”, an optically 
active complex will again be directly obtained. This is most likely to occur when one 
side of the ligand is sterically crowded while the other is readily accessible. This has 
been observed on complexation of the optically active diolefins carvone, limonene 
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Table 5 

Details of crystal data and intensity collection 

Empirical formula 
Molecular weight 
Color, habit 
Crystal size 
Space group 

Unit cell dimensions 
(from 25 refl. with 10 < B < 20° ) 

Volume 
Density 

F(OOO) 
Absorption coefficient 

Radiation 
Max. transmission coefficient 
Min. Transmission coefficient 
Scan range 

Reflections collected 
Number of unique reflections 
Number of reflections with I > 3a(I) 
Weighting scheme 
Final residuals 

Residual electron density 

C21H3,Rh 

386.38 g mol-’ 
orange needles 
(0.35 x 0.55 x 0.58) mm3 
orthorhombic, P2,2,2 

(I = 13.170(2), b = 15.359(4), c = 9.158(2) A 
cr=p=~=90.00° 

V=1852.5A3, Z=4 
d ohs =1.38 g cm--3 
d ca,f =1.385 g cme3 

808 e 
p = 8.21 cm-’ 

Mo-K, (X = 0.7107 A) 
0.7734 

0.6538 

2%a% =60”,with --18<h<18, 
O<k<21,O<Ig12 

6000 (incl. standards) 
5391 
4930 
w = k/a’( F,), k = 1.2655 
R = 0.0264, R, = 0.0280 

(A/e),,, = 0.054 e/A’ 

max.: 0.75 e.Aw3 (0.95 A from Rh) 

min.: -0.60 e.k3 (1.11 A from C(6A)) 

with graphite monochromatized MO-K, radiation. o-28 scan data were collected at 
room temperature and were corrected for Lorentz and polarization effects. The 
details of crystal data and intensity collection are summarized in Table 5. 

Crystals were grown by slow cooling of a hexane solution of 3A. The structure 
was solved using the Patterson interpretation routine SHELXS86 [37] for the ortho- 
rhombic space group P2,2,2 chosen on the basis of data statistics, and refined by 
full-matrix least squares calculations minimizing cw(]] 8 I- 1 c 1j)2 with SHELX76 

[38]. Atom scattering factors were from SHELX~~ [38] (C, H) and from International 
Tables for X-Ray Crystallography [39] for the rhodium atom. All hydrogen atoms 
were located from the difference map. In the final refinement all hydrogen positions 
and their thermal parameters were kept fixed and all other atoms were refined 
anisotropically. Atomic coordinates and equivalent isotropic displacement parame- 
ters are listed in Table 1, and relevant bond lengths and angles in Table 2. 

Synthesis of nopadiene (A) 
This synthesis is an improved version of that described by Cupas and Roach [40]. 

A solution of 500 g p-tosyl chloride (2.6 mol) and 522.7 g nopol (3.14 mol) in 650 
ml of CHCl, was stirred at 0 o C and 414 g pyridine were added dropwise during 30 
min. The mixture was stirred for 3 h at room temperature then added to a mixture 
of 1600 g of ice water and 500 ml of cont. HCl. The chloroform layer was separated 
and the aqueous layer extracted twice with chloroform. The combined chloroform 
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melting point. Yield 0.16 g (57%). The i3C-NMR spectrum showed the presence of 2 
isomers in an approximate ratio of 3 : 2 (Table 3). Anal. Found: C, 60.8; H, 7.0. 
C,,H2,0Rb calcd.: 60.0; H, 7.0%. 

8B. To a solution of 0.12 g (0.27 mmol) of 6B/7B in 2 ml of propionic anhydride 
of 0 o C was added dropwise a solution of 0.02 ml of 50% HBF, (dissolved at 0 o C) 
in 1 ml propionic anhydride. The product was precipitated with ether, then 
recrystallized from CH,Cl,/ether to yield 0.10 g (87%) of a yellow powder. Anal. 
Found: C, 62.8; H, 6.7. C,,H,,BF,Rh calcd.: C, 63.1; H, 6.7%. 

9B. A Grignard-reagent was prepared from 0.2 g Mg and 0.6 ml ethyl bromide in 
dry ether, and a solution of 1.6 g 1B (4.8 mmol) in THF was added. The mixture 
was refluxed for 48 h. After hydrolytic workup, a yellow oil was isolated from the 
ether phase. Yield 1.0 g (57%). 

1OB. A solution of 1.6 ml of (30 mmol) CH,CN in 30 ml of THF was cooled to 
- 78 o C and treated with 18.7 ml of 1.6 A4 butyllithium in hexane. Stirring was 
continued for 2 h at - 78 o C, then a solution of 3 g of 1B in 20 ml of THF was 
added. The solution was stirred for another 5 h at - 78 o C then allowed to warm to 
room temperature overnight, neutralised with 10% HCl, and evaporated under 
reduced pressure. The residue was extracted with CHCl,, and the extract filtered 
through Alox and finally chromatographed on LiChroprep Si-60, 15-25 pm with 
CH ,Cl; z as eluant. Yield 2.6 g (84%). IR (hexane): 2061, 2004, 1984 cm-‘. 
[(~]~s~ = +2.1” (CH,Cl,). Anal. Found: C, 76.8; H, 9.2; N, 6.1. C,,H,,FeNO, 
calcd.: C, 77.8; H, 9.2, N, 6.1%. 

11B. A 1 M solution (20 ml) of DIBAH in hexane was added dropwise at 
- 70 o C to a solution of 1OB (4.88 mmol) in 25 ml of ether. Stirring was continued 
for 60 min at -70” C, then for 70 h at room temperature. Excess of DIBAH was 
destroyed with 1 ml of MeOH and the mixture added to 50 ml of a saturated 
NH,Cl solution. The mixture was stirred for 20 min then 20 ml of 10% H,SO, were 
added. The phases were separated and the aqueous phase extracted with several 
portions of ether. The combined organic phases were dried then evaporated, and a 
solution off the residue in hexane/ether (l/l) was filtered through Alox. The 
solvent was removed under reduced pressure, leaving a yellow oil. IR (hexane): 
2056, 2045, 1981 cm-‘. [(Y& = -50.1” (CHzCl,). Anal. Found: C, 60.1; H, 5.2. 
C,,H,FeO, calcd.: C, 60.6; H, 5.6%. 

1C. A solution of 2 g of nopadiene acid (C) and 2 g of Fe(CO), in benzene was 
irradiated at 40°C overnight. Workup as for 1A gave, after evaporation of the 
hexane, yellow-brown needles, yield 2.1 g (61%). IR (hexane): 2046, 1989, 1964 
cm-‘. [(~]~s~ = -222.88” (CH,Cl,). Anal. Found: C, 55.2; H, 5.2. C,,H,,FeO, 
calcd.: C, 54.2; H, 4.8%. 

1D. A solution of 1 g of nopadiene aldehyde (D) and 1.1. g of Fe(CO), in 
benzene was irradiated at 40 o C overnight. Workup as for 1A gave a reddish-brown 
oil, yield 1.3 g (72%). IR (hexane): 2056, 1997, 1977, 1701, 1688 cm-‘. [(~]~s~ = 
-262.1” (CH,Cl,). Anal. Found: C, 57.8; H, 6.1. C,,H,,FeO, calcd.: C, 56.9; H, 
5.1%. 

2D, 3D. Malodinitrile (0.23 g, 3.5 mmol) and 1 g (3.1 mmol) of 1D were dissolved 
in 30 ml of benzene and a catalytic amount of piperidine was added. The mixture 
was stirred for 50 h, dried over MgSO,, and evaporated under reduced pressure. The 
residue was chromatographed on Alox (Grade IV) with hexane/ether (1 : 1) as 
eluant. Yield: 0.92 g (80%). IR (hexane): 2226, 2056, 1999, 1980 cm-‘. [(r15s9 = 0” 
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(CH,Cl,). Anal. Found: C, 60.1; H, 3.8, N, 7.5. C,,H,,FeO,N, calcd.: C, 59.3; H, 
4.4, N, 7.7%. 

A similar procedure starting from 0.35 g (3.5 mmol) of methylcyanoacetate and 1 
g (3.1 mmol) of 1D gave 0.9 g (72%) of 3D. IR (hexane): 2054, 1997, 1976 cm-‘. 
[~]~a~= 106.5“ (CH,Cl,). Anal. Found: C, 57.8; H, 5.2, N, 3.5. C,,H,,FeO,N 
calcd.: C, 57.5; H, 4.8, N, 3.5%. 

Supplementary material auailable. Tables of hydrogen atom coordinates and 
isotropic temperature factors, and a list of observed and calculated structure factors 
are available from the authors. 
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