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Synthesis of diastereomeric 1,2-disubstituted ferrocenes 
of high optical purity from racemic  -dimethylaminoalkylferrocenes 
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28 ul. Vavilova, 117813 Moscow, Russian Federation. 

Fax: +7 (095) 135 5085 

A novel approach to the synthesis of optically active 1,2-bifunctional ferrocenes of high 
optical purity with any combination of absolute configurations of the chiral center and the 
chiral plane has been proposed. The method is based on asymmetric cyclopalladation of 
racemic c~-dimethylaminoethylferrocene under the conditions of its kinetic resolution. 
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In recent years, optically active 1,2-bifunctional de- 
rivatives of ferrocene have acquired wide use in asym- 
metric catalysis either as catalysts themselves or as in- 
ductor ligands in metallocomplex catalysts. The enan- 
tioselective alkylation of carbonyl compounds with 
dialkylzinc in the presence of amino alcohols of the 
ferrocene series and the synthesis of enantiomeric bi- 
naphthyls catalyzed by nickel and palladium complexes 
incorporating optically active ferrocenes as ligands are 
examples of their successful application. 1 

The currently used optically active ferrocenes are 
mostly prepared from N,N-dimethyl-l-ferrocenylethyl- 
amine (1) and contain both a chiral center and a chiral 
plane. The practical use of these compounds in asym- 
metric synthesis became possible owing to the works of 
I. Ugi et aL This group developed a method for the 
resolution of compound 1 into enantiomers via diastereo- 
meric tartrates 2 and found that lithiation of these 
enantiomers occurs with a high degree of diastereo- 
selectivity yielding mostly either the RcS p- or ScR p- 
diastereorner* depending on the configuration of the 
starting amine. 3 Subsequent reactions with electrophiles 
and transformation of the amino group made it possible 
to prepare a wide array of optically active ferrocenes. 

In the laboratory where the present work was carried 
out, a similar steric course was established for the cyclo- 
palladation of the enantiomers of compound 1, though 
this reaction is somewhat less selective. 4 The peculiari- 
ties of the reactivity of organopalladium compounds 
supplement the possibilities of lithium derivatives and 
enhance the usefulness of the starting amine as a source 
of optical activity in the ferrocene series. 

* Hereinafter, the subscripts denote the element of chirality to 
which the configuration given refers: c is the center, p is the 
plane. 

However, though this method is in general use, it has 
some shortcomings. First of all, it is necessary to start 
from an enantiomeric amine, so that the preliminary 
resolution of the racemate into its antipodes, the condi- 
tions of which are specific for each particular amine, is a 
mandatory step. In addition, the problem of preparing 
the second diastereomer remains essentially unsolved, 
since the only pathway to it offered by Japanese chem- 
ists seems to be rather cumbersome. 5 

We developed an alternative approach to optically 
active ferrocenes starting from a prochiral amine based 
on asymmetric cyclopalladation of dimethylamino- 
methylferrocene. This technique affords optically active, 
chelate-type G-palladium derivatives of the latter. The 
strategy used is the opposite of that applied by Ugi: first, 
a chiral plane with a particular configuration is formed. 
In the course of further transformations accompanied by 
the appearance of a new element of chirality, the chiral 
plane causes asymmetric induction (of a center, an axis, 
or a plane). 

Results and Discussion 

Asymmetric cyclopalladation of homochirM 
N,N-dimethyl- l-ferrocenylethylamine (1) 

The asymmetric cyclopalladation of chiral N,N-di- 
methyl-l-ferrocenylalkylamines, which combines both 
of the above-mentioned approaches, seemed to be prom- 
ising with regard to the development of a versatile 
method for preparing optically active ferrocenes that 
have both a chiral center and a chiral plane. In this 
connection, by looking at N,N-dimethyl-t-ferrocenyl- 
ethylamine (1), we studied the overall effect exerted by 
an intramolecular chiral center and a chiral catalyst as 
asymmetric inductors in the creation of a chiral plane. A 
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number of  possible stereochemical consequences of their 
competition is believed to be of interest for preparative 
purposes. 

It was found previously 4 that cyclopalladation of the 
enantiomers of  compound 1 in the presence of sodium 
acetate occurs diastereoselectively to yield a product 
with a diastereomeric ratio of 85 : 15. The steric out- 
come of the reaction was determined by chemical corre- 
lation and then confirmed by X-ray diffraction analysis. 
The R-(+)-configuration of the starting amine leads 
predominantly to the chiral plane with the S - ( - ) - con -  
figuration, and vice versa, cyclopalladiation of the 
S - ( - ) - amine  predominantly affords the diastereomer 
with the R- (+) -conf igura t ion  of the chiral plane 
(Scheme 1). 

The planar chirality makes the main contribution to 
the optical rotation of the products, such that the sign of 
optical rotation is determined by the configuration of 
the chiral plane and its magnitude depends primarily on 
the enantiomeric purity with respect to the plane. The 
maximum magnitudes of the specific rotation [~]D for 
optically pure Rc*Sp*- and Rc*Rp*-diastereomers were 
found to be 479 ~ and 587 ~ respectively. 4 

On the other hand, enantiomers of the planarly 
chiral palladium derivative of prochiral dimethylamino- 

methylferrocene with optical purity as high as 90 % may 
be prepared by cyclopalladation in a slightly alkaline 
medium in the presence of sodium salts of optically 
active N-acetylvaline or -leucine (see Scheme 1). The 
product with the R-(+)-configuration is formed in the 
presence of S-amino acid salts; the use of R-amino acids 
results in the chelated palladium ~-complex with the 
S-(-)-configuration of the chirat plane. 6 

The stereochemical outcome of the asymmetric cy- 
clopalladation of homochiral compound 1 in the pres- 
ence of an amino acid, whose inducing effect coincides 
in direction with the induction by the center, is more or 
less obvious: the diastereoselectivity should approach 
100 %. When these effects are opposite, the steric course 
of the reaction is difficult to predict. 

The results of a series of experiments on the asym- 
metric cyclopalladation of (5)-1 (Na-salt of an optically 
active N-acetylamino acid, slightly alkaline medium) 
are listed in Table 1. 

On the basis of  the sign and the magnitude of optical 
rotation of reaction product 2 one may assign the abso- 
lute configuration of the chiral plane predominantly 
formed and determine the absolute configuration of the 
prevailing diastereomer. 

Though all of the experiments were carried out with 
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Table 1. Stereochemistry of the cyclopalladation of (5)-1 as a 
function of the pH of the medium and the absolute configura- 
tion of the amino acid Na-salt used as the catalyst 

pH Amino acid Yield [Ot]D 20 Absolute 
(configuration) of the (CH2C12) configuration 

product /deg of the prevailing 
(%) diastereomer 

7.45 N-Acetylvaline (R) 91.5 -229.9 a SeS p 
7.62 The same (R) 76.2 -151.8 b ScS p 
7.97 ,>,, (R) 79.0 -255.2 a ScS p 
7.62 ,>,> (5) 69.0 +335.0 a ScRp 
7.65 ,-> (5) 59.4 +380.0 a ScRp 
7.66 N-Acetylleucine (53 76.5 +495.0 e SeR p 
7.85 The same (53 55.0 +514.0 a ScR p 
7.74 ,>,> (5) 69.0 +482.0 a ScR p 
7.80 ,,,, (R) e 93.2 -209.0 a ScSp 
7.50 >>>> f 86.0 +51.9 e ScR p 

a The amine with [Ot]D --13.7 ~ b The amine 
CThe amine with [Ct]D --13.6 ~ a'The amine 
e ee 88.6 %.fRacemic.  

with [C~]D --14.6 ~ 
with [ColD --13.3 ~ 

center  and the catalyst  act in opposi te  direct ions,  indi-  
cates that  these effects compete ,  and,  as ind ica ted  by the 
sign of  optical  rotat ion,  the effect of  the  catalyst  pre-  
vails. In this case, the  ScSp-diastereomer of  compound  
2, which corresponds to the minor  product  of  l i thiat ion,  
is p redominant ly  formed. The apparent  except ion of  
some of  the values of  optical  rotat ion (see, for example,  
line 2 in Table 1) is due to the fact that  the enant iomer ic  
purity of  the starting S-1 was not  always 100 % and, 
therefore,  the resulting diastereomers  were not  opt ical ly 
pure. 

When  induct ion by the center  and induct ion  by the 
catalyst act in the same direct ion,  the d ias tereomeric  
and optical puri ty of  the isolated product  approached  
100 %. To confirm this conclusion and to de te rmine  the 
diastereomeric  composi t ions  in other  cases, we carried 
out carbonylat ion of  some of  the resulting pa l lad ium 
derivatives in methanol .  The dias tereomeric  amino  acid 
esters 3 formed were separated by chromatography  on 
SiO 2. The results are presented in Table 2. 

the amine  of  the  same absolute configuration,  S, the 
sign of  the  opt ical  rota t ion of  the products  varied de- 
pending on the  configurat ion of  the catalyst  used in full 
agreement  with the  results obta ined in the  asymmetr ic  
cyc lopal lada t ion  of  prochiral  d imethy laminomethyl fe r -  
rocene. The sign was positive when the S-conf igurat ion 
of  the catalyst  was used and negative when its R- 
conf igura t ion  was used,  which  cor responds  to the  
p redominan t  format ion  of  ScR p- or ScSp-diastereomers 
of  2, respectively. Other  features of  this reaction, namely,  
the increase in the degree of  asymmetr ic  induct ion,  as 
the pH il lcreases (up to a definite value) and on going 
from N-acetylval ine  to N-acety l leucine ,  have also been 
observed. It may  be concluded  from the results obtained 
that  the catalyst  plays the crucial role in the de te rmina-  
t ion of  the  steric course of  the cyclopal ladat ion of  
homochi ra l  1 under  the  condi t ions of  asymmetr ic  ca-  
talysis. The magni tude  of  the optical  rotat ion of  com-  
pound 2 in which the inducing effects of  the chiral 

Me _Me Me 

dCI MeOH ! ~ " C O O M e  F ~ ' C O O M e  _E 
CpFe 2 CpFe CpFe 

2 (SoSp+SoRp) 3 (ScSp) 3 (ScRp) 

The replacement  of  pa l lad ium by an ester group 
occurs with the comple te  re tent ion  of  the  absolute 
configurat ion of  the chiral plane. The relative priori ty of  
the substituents also is not changed.  Therefore,  the 
conf igurat ion of  the chiral  p lane  in the  prevai l ing 
d ias tereomer  of  amino  acid ester 3 results from the sign 
of  the optical rotat ion of  the starting d imer  of  com-  
pound 2, and the opposi te  configurat ion is a t t r ibuted to 
the chiral plane in the second d ias te reomer  of  com-  
pound 3. 

In a qualitative sense, the results of  the  carbonyla t ion 
of  dimers 2 are fully consistent  with the  analysis of  their  

Table 2. Carbonylation of palladium derivatives 2, prepared from (S)-N,N-dimethylamino-1-ferrocenylethylamine 1, in MeOH 

The optical Cyclopalladation [a]D The overall The yield [a]D The yield [Ct]D The ScS p : ScR p 
purity of the catalyst 2 yield of amino of SoS p din- SoS p of ScR p din- ScR p diastereomeric 
starting (53-1 /deg acid esters (%) stereomer (%) /deg stereomer (%) /deg ratio 

100 (R)-N-Acetyl- -151.8 36.5 (48 % 24.1 -88.7 12.4 +47.2 1.94 : 1 
valine Na-salt starting 

amine) 

93.7 (R)-N-Acetyl- -209.0 55.0 35.4 -97.0 19.6 +25.3 1.8 : 1 
leucine Na-salt 

100 Racemic N-acetyl- +51.9 71.8 22.5 -88.8 49.3 +42.8 1 : 2.2 
leucine Na-salt 

100 NaOCOCH 3 +326.0 . . . . .  t : 5.7 

93.7 (S)-N-Acetyl- +482.0 87.6 --  - -  87.6 +35.7 0 : 100 
leucine Na-salt 
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diastereomeric composition based on the sign of optical 
rotation. In fact, the dimer prepared when the inducing 
effects of  the center and the catalyst acted in the same 
direction afforded only one diastereomer of 3, in this 
case, the ScRp-diastereomer. On the other hand, the 
dimer resulting from the competition of the above- 
mentioned effects yielded a mixture of two diastereomers 
in which the other diastereomer with ScSp-configuration 
prevails. 

The quantitative data require a special comment. In 
particular, they imply that the yield of amino acid esters 
depends on the diastereomeric composition of the start- 
ing palladium derivative. When the dimer was obtained 
with competing stereodirecting effects of the catalyst 
and the center, the yield was lower (see lines 1 and 2 in 
Table 2) and seemed to be insufficient to draw any 
conclusions about the stereochemistry of the reaction. 
The parent amine was formed as a by-product. The 
reason for its formation is probably the different stabilities 
of the diastereomeric G-palladium complexes under the 
conditions of carbonylation, which do not exclude pro- 
tolysis of the carbon--palladium bond (protic solvent, 
formation of HC1) or dissimilar possibilities for the 
formation of a carbon-carbon bond. However, the devia- 
tion of the ratio between the diastereomeric amino acid 
esters 3 from the initial diastereomeric composition of 
the cyclopalladation product may only occur in favor of 
the S~Rp-diastereomer of 3, which is apparently more 
stable under the experimental conditions used (see lines 
3 and 5, Table 2). In fact, judging by the sign and the 
magnitude of optical rotation of the starting palladium- 
containing dimer, the proportion of the ScRp-dia- 
stereomer increases as the Rp-inducing effect of the 
catalyst becomes more pronounced (see Table 2). Si- 
multaneously, the overall yield of amino acid esters 
steadily increases. 

Two more experimentally observed facts should also 
be emphasized. 

The first of these is the decrease in the optical 
rotation of the ScRp-diastereomer of 3 prepared from 
the product of  the cyclopalladation of enantiomerically 
impure amine 1 (see lines 2 and 5 in Table 2). The 
sharpest decrease occurs in the case when the starting 
palladium dimer is prepared under the conditions of 
competing inductors [(S)-center ~ (R)-plane, (R)-cata- 
lyst --~ (S)-plane]. This may be rationalized by taking 
into account the fact that the inducing effects of the 
center and of the catalyst during cyclopalladation of 
(R)-I ,  which is an admixture in the starting (S)-I ,  on 
the contrary, coincide, so that it yields only the 
RcSp-diastereomer of dimer 2. The relative proportion 
of this diastereomer in the expected enantiomeric ScRp-2 
increases, since under the given conditions the latter is 
a minor reaction product. Consequently, the optical 
rotation of the ScRp-diastereomer of the amino acid 
ester formed in the carbonylation dramatically decreases. 

On the other hand, the optical purity of the 
ScSp-diastereomer of 3 formed from the corresponding 

ScSp-2 must be close to 100 %. In fact, to obtain any 
noticeable amount of the RcRp-diastereomer of 2 under 
the conditions of  cyclopalladation,  which are so 
unfavorable for its formation, (S)-I  must contain a 
considerable amount of the (R)-enantiomer, since both 
an (R)-chiral center and an (R)-catalyst induce the 
appearance of an (S)-chiral plane. 

To avoid possible errors, the maximum specific rota- 
tion values for amino acid esters 3 should be determined 
only from experiments that involve optically pure amine 
1. Based on the data obtained in the present work, 
[O~]D ax values were taken to be 93+4 ~ and 45+2 ~ for the 
R*R ~ and R*S*-diastereomers of 3, respectively. 

The second observation is that the steric courses of 
the reactions catalyzed by achiral NaOCOMe and by the 
Na-salt of chiral N-acetytleucine in the racemic form 
are different. 

When the Na-salt of racemic N-acetylleucine is used 
in cyclopalladation (see Table 2), two parallel reactions, 
each of them involving catalysts with opposite absolute 
configurations, may be considered. The resulting ratio of 
diastereomers of 2 and of the carbonylation products 
should correspond to the sum of the effects found for 
each of the enantiomers of  the catalyst in separate runs. 
This can be calculated from the data obtained in the 
experiments with the (R)- and (S)-catalysts: 

0.5. ScR p + 0.5(0.64 ScS p + 0.36 ScRp) = 
= 0.68 ScR p : 0.32SCS p. 

This is very close to the experimentally found value: 
0.69ScRp : 0.31SJp.  

These results make it possible to consider the asym- 
metric cyclopalladation of racemic compound 1. 

Asymmetric cyclopalladation of racemic 
N,N-dimethyl- l-ferrocenylethylamine 
under conditions of kinetic resolution 

Based on the postulate that the enantiomers of 1 
react independently of one another and taking into 
account the results of their asymmetric cyclopalladation 
in the presence of the same catalyst, one would expect 
that under similar conditions racemic 1 would afford 
only three of the four possible diastereomers. For exam- 
ple, when the (S)-configuration of the catalyst is used, 
the ScRp- , RcRp- , and RcSp-diastereomers of compound 
2 are the major reaction products (listed in order of 
decreasing proportions). Thus, the optical purity of the 
RcRp-product should approach 100 %; a satisfactory 
chemical yield of this compound is also possible. It 
should be once again emphasized that the stereochemis- 
try of this diastereomer corresponds to that of the minor 
product of the lithiation of R-l ,  whose maximum possi- 
ble yield is no more than 4 %. 

The two other diastereomers comprise an enanti- 
omeric pair. However, since their amounts are not equal, 
we are dealing with one diastereomer of some optical 
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Table 3. Asymmetric cyclopalladation of racemic N,N-dimethylamino-l-ferrocenylethylamine (1) under the conditions of its 
kinetic resolution 

pH The AC* The yield The [0~]D of The yield of 2 The [CqD of 2 The yield The AC* of The ee of 
of the of the of the the initially isolated from isolated from of the amine the amine the amine re- 
medium catalyst initially isolated 2 the filtrate the fi l trate r e c o v e r e d  recovered covered (%) 

isolated 2 (%) (CH2C12)/deg (%) /deg (CH2CI 2) (%) 

7.70 S 50 +468.8 34 +290 45.8 R l 0 
7.75 S 50 +461.2 24 +320.7 45.5 R 10 
7.76 S 43 +477** 26 312 56 R 10 
7.95 R 55 -383.8 5 -357.6 58.4 S 6 
8.00 S 75 +424.6 l 8 + 161 47.7 R -- 

* AC, absolute configuration. ** After separation of the precipitate, which did not dissolve in the CH2CI2--C6H 6 mixture. 

purity. Obviously, this diastereomer must become domi- 
nant in the mixture of products of the asymmetric 
cyclopalladation of racemic 1. At an equimolar ratio 
between the reactants, its optical purity may be about 
50 %, judging on the data obtained for homochiral 1. 

If 0.5 eqv. of the palladating reagent and the catalyst 
used in the reaction, i.e., if the conditions for the kinetic 
resolution of 1 are realized, the optical purity of this 
diastereomer may also be substantially increased. 

Table 3 presents the results of the asymmetric cyclo- 
palladation of racemic 1 at a Na2PdCI 4 : catalyst : amine 
ratio of 1 : 1 : 2 .  The Na-salt of optically active 
N-acetylleucine, which is the most efficient inductor in 
asymmetric cyclopalladation, was used as the catalyst in 
all of the experiments. 

The direction and degree of the asymmetric induc- 
tion were determined, as before, from the magnitude 
and the sign of the specific optical rotation of the 
reaction products. 

As can be seen from Table 3, during cyclopalladation 
of racemic 1 under the conditions of asymmetric ca- 
talysis by the Na-salt of (53- or (R)-N-acetylleucine, an 
(R)- or (S)-chiral plane, respectively, is predominantly 
formed. Simultaneously, partial resolution of the start- 
ing amine occurs. As might be expected, in the presence 
of the inductor of the (R)-chiral plane, the S-enantiomer 
of 1 reacts in preference, and the recovered compound 1 
is enriched in the R-enantiomer. When the catalyst of 
the opposite configuration is used, the reverse situation 
is observed. 

However, the enantiomeric purity of the recovered 1 
is rather low, 6--10 %. In other words, both enantiomers 
are involved in the reaction, though there is undoub- 
tedly a certain difference between the reaction rates. 

Based on the magnitude of the optical rotation of the 
product, the optimal pH value lies in the range 
7.7--7.75 and the yield of the Pd derivative precipitating 
from the reaction mixture is up to 50 %. Although a 
further increase in pH results in an increase in the 
amount of the isolated dimer, it is accompanied by a 
decrease in its optical rotation. This is in agreement with 
the previous finding that the curve of the dependence of 
asymmetric induction on the pH of the medium passes 
through a maximum, which, however, does not coincide 

with the point where the decrease in the chemical yield 
begins. 6 The optical rotation of the additional product 
that is obtained by treatment of the filtrate is substan- 
tially lower. 

The reduction of samples of dimer 2 with [CqD 
+468.8 ~ and +461.2 ~ by LiA1H 4 affords (5)-1 with 
optical purities of 28 and 26 %, respectively, i.e., the 
(5)- and (R)-enantiomers of the starting 1 react in ratios 
of 64 : 36 and 63 : 37, respectively. 

To determine the diastereomeric composition and 
the optical purity of compound 2 obtained by asymmet- 
ric cyclopalladation of racemic 1 we carried out the 
carbonylation of dimers with [CqD +477 ~ and +312 ~ in 
methanol. In addition, samples of the Pd derivative with 
[CqD --383.8 ~ and +483.5 ~ were converted to known 
aminophosphines, whose maximum optical rotations, 
[a]Dmax' have been determined previously 7 by reacting 
them with LiPPh> 

Me Me 

~dMe2 UPPh~ ~ NMe2 
CI I ~ ~"PPh2 

CpFe ~ CpFe 2 
2 4 

The results are given in Table 4. They confirm the 
validity of the preliminary analysis of the steric course of 
the asymmetric cyclopalladation of racemic 1. In fact, 
the reaction yields only three of the four possible 
diastereomers. Experimentally, the reaction products ap- 
pear as two different diastereomers. As follows from the 
magnitude of the optical rotation of the diastereomeric 
products of the carbonylation and phosphorylation of 
these dimers, one of them is optically pure, and the 
optical purity of the other depends on the pH at which 
cyclopalladation of the racemic 1 was carried out. 

At a definite pH value under the conditions of the 
kinetic resolution of the starting amine 1, the second 
diastereomer is also formed with high optical purity (up 
to 84 %). The validity of the determination of the 
diastereomeric composition and the optical purity of the 
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Table 4. Carbonylation and phosphorylation of palladium derivatives 2, prepared from racemic 
N,N-dimethylamino-l-ferrocenylethylamine, under the conditions of its kinetic resolution 

[Ct]D 2 Reactant Product Yield Diastereomeric [CqD* of the prevailing lot]D* of the minor 
(CH2C12) (%) ratio diastereomer diastereomer 
/deg (AC, ee (%)) (AC, ee (%)) 

+477 CO Amino acid 81 70.3 : 29.7 +37.7 (c 3.6) +96.4 (c 1.5) 
ester (ScRp, 87.6) (ReRp, 100) 

+312 CO Amino acid 57.9** 52.4 : 47.6 +85.9 (c 3.9) +33.2 (c 3.5) 
ester (RcRp, 92.3) (ScRp, 77.2) 

-383.8 LiPPh 2 Amino- 43 68.3 : 31.7 -258.3 (c 0.7) -364*** (c 0.6) 
(pH 7.95) phosphine (RcSp, 66) (ScSp, 100) 
+483.5 LiPPh 2 Amino- 66.4 82.3 : 1 7 . 7  +367*** (c 0.5--0.7) +367*** (e 0.6) 
(pH 7.85) phosphine (ScRp, 82) (RcR p, 100) 

* [Ct]D was measured in EtOH. ** Considerable amounts (up to 38 %) of (R)-amine with ee 34--50 % in 
various runs were isolated. *** [cq D was measured in CHCI 3. 

diastereomers was confirmed for a specimen of  the Pd 
derivative with [Cr +477 ~ The optical purity of  the 
chiral center in this dimer was calculated from the 
diastereomeric ratio and optical purity of  amino acid 
esters 3 obtained from this specimen (see Table 4): 

70.3" 84 % - 29.7" 100 % = 29.35 %. 

This value is close to the enantiomeric purity of  
(5)-1 prepared by LiA1H 4 reduction of  the Pd dimer 
with [C~]D +468.8 ~ which amounted to 28 %. 

It is noteworthy that amino acid esters 3 isolated 
after carbonylation o f  dimers greatly differing in optical 
rotation (+477 ~ and +312 ~ ) differ little in optical purity, 
but are formed in substantially different yields. The 
former of  these dimers, the major cyclopalladation prod- 
uct, affords 3 in a good yield, whereas from the latter, 
obtained from the filtrate, a substantial amount  of  the 
starting amine 1 is produced,  apart from amino acid 
ester 3. It is not  improbable that excess 1, together with 
the Pd-containing dimer, precipitates as hydrochloride, 
as the filtrate evaporates, since, being a strong base, it 
requires a strongly alkaline medium to be isolated in the 
free state. Another  explanation is that amine 1 may open 
the dimer bridge to give a fairly soluble, but unstable, 
monomer ic  complex. 

The optical purity o f  the RcSp-diastereomer of  amino 
phosphine 4 corresponds to the optical rotation of  the 
starting dimer 2 ( -383 .8  ~ and +483.5~ However, the 
ratios between the diastereomers are considerably differ- 
ent (the absolute configuration is of  no significance, 
since the reactivities of  enantiomers of  1 must be identi- 
cal). This result is probably due to the fact that these 
dimers have been prepared at somewhat different pH, 
i.e., it implies that there is an optimal pH of the 
medium, when the difference between the reactivities of  
the enantiomers of  1 and the induction during asymmet-  
ric cyclopalladation are maximum. 

However, the role of  pH remains obscure. It is only 
evident that  the ~-palladium derivative is formed via a 

number of  transition states, always involving a carboxy- 
late anion, because without this anion, cyclopalladation 
in the ferrocene series does not occur at all. However, 
only in one or a few of  these transition states, does the 
carboxylate anion occupy a position that favors prefer- 
ential attack at one of  the diastereomeric reaction cen- 
ters and depends on the pH of the medium. 

Thus, the formation of  a chiral plane during the 
asymmetric cyclopalladation of  racemic 1 under condi- 
tions of  kinetic resolution occurs diastereoselectively, 
and the product isolated is a mixture of  two diastereomers 
with high optical purities. 

The chelated ~-complexes of  palladium are used as 
intermediates for the functionalization of  molecules of  
various natures, including ferrocene. Replacement of  
the palladium atom in the product after chromato-  
graphic separation, which usually presents no special 
problems, makes it possible to prepare optically active 
derivatives in the c~-dimethylaminoethylferrocene series 
with a high degree of  optical purity and any combination 
of  absolute configurations of  the center and the plane. 

Aaa advantage of  the above-described reaction as a 
novel approach to optically active ferrocenes that simul- 
taneously possess central and planar chirality is, first, 
that the starting amine is racemic, i.e., no preliminary 
resolution into enantiomers is needed, and, second, that 
the product is highly reactive, stable, has unlimited 
storage life, and may be used for synthesis as required. 
In addition, the preliminary data available indicate that 
this method is also applicable to other c~-N,N-dimethyl- 
aminoalkylferrocenes. 

Experimental 

N,N-Dimethyl-1-ferrocenylethylamine (1) was prepared and 
resolved into S(-)-  and R(+)-enantiomers according to the 
method of Ugi, 2 [C~]D --14.4 ~ and [C~]D +14.4 ~ (r 2.7, EtOH). 
1H NMR (CC14), 8 :1 .34  (d, 3 H, CMe); 1.97 (s, 6 H, 
NMe2); 3.49 (q, 1 H, CH); 4.03 (s, 9 H, CsHsFeCsH4). 
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Asymmetric cyclopalladation of (S)-N,N-dimethyl-l-fer- 
rocenylethylamine 1 at a stoichiometric ratio between the 
reactants. Standard procedure. The reaction between N,N-di- 
methyl-l-ferrocenylethylamine (1.18 g, 4.59 retool, [c~]D 
-13.6 ~ ee 94.4 %), N-acetyl-L-leucine (0.791 g, 4.59 mmol) 
as the catalyst, and Na2PdCI 4 (1.30 g, 4.59 retool) carried out 
at pH 7.66 according to the procedure reported for eyclo- 
palladation of dimethylaminomethylferrocene, 6 gave 1.40 g 
(76 %) of compound 2, [C~]D +495 ~ The IH NMR spectrum 
of this compound entirely corresponded to the literature data. s 

A set of experiments in which the pH of the medium and 
the catalyst were varied was carried out in a similar way. 

Asymmetric cyclopalladation of racemie N,N-dimethyl-1- 
ferrocenylethylamine 1 under the conditions of its kinetic 
resolution. A solution of NaPdCI 3 (4.52 g, 19 retool) in MeOH 
(150 mL) was mixed with a solution of N-acetyl-l-leucine 
(3.26 g, 19 mmol) and NaOH (0.76 g, 19 mmol) in water 
(50 mL), the pH of the mixture was adjusted to 7.76, and a 
solution of racemic 1 (9.8 g, 38 mmol) in MeOH (50 mL) 
was added. The mixture was stirred for -24 h, and the precipi- 
tate was filtered off and dried in vacuo to give 3.25 g (43 %) of 
compound 2, [Ct]D +477 ~ (c 0.5, CH2C12). After evaporation of 
the MeOH the filtrate was alkalized to pH 9--10 and extracted 

~with benzene. The extract was dried with MgSO 4 and concen- 
trated. The residue was diluted with hexane, the precipitate 
was thoroughly triturated, and the mixture was left for -24 h 
in a refrigerator. The precipitate was filtered off and dried to 
give 2.0 g (26 %) of compound 2, [a]D +311-5 ~ (c 0.5, 
CH2C12). The hexane solution was chromatographed on SiO 2 
using a hexane--Et3N mixture (5 : I) as the eluent to afford 
5.49 g (56 %) of recovered 1, [a] D +1.4 ~ (c 4.43, EtOH), ee 
10 %. 

Carbonylation of palladium derivatives 2 prepared from 
N,N-dimethyl-l-ferroeenylethylamine 1. Standard procedure. 
A flow of CO was passed for 2 h through a solution of 
compound 2 (0.4 g, 1 mmol, [CL]D +477 ~ ) in a 5 : 1 
C6H6--MeOH mixture (20 mL), and the mixture was left 
overnight. The precipitate was filtered off, the solvent was 
evaporated, the residue was treated with 10 % aqueous Na2CO 3, 
the product was extracted with benzene, and the extract was 
dried with MgSO4. Chromatography on SiO 2 with hexane-- 
Et3N (5 : 1) as the eluent afforded the first diastereomer of 
compound 3, yield 0.07 g (24.2 %), [c~] D +96.4 o (c 1.4, 
EtOH); fnrther elution with C6H6--Et3 N (5 : 1) gave the 
second diastereomer of 3, yield 0.18 g (57.2 %), [Ct]D +37.7 ~ 
(c 3.6, EtOH). IH NMR (C6D6), & diastereomer I: 1.40 
(d, 3 H, COOMe); 2.41 (s, 6 H, NMe2); 3.6 (s, 3 H, 
FcCHMe); 4.17 (s, 5 H, C5H5); 4.14 (m, 1 H, C5H3); 4.38 
(m, 1 H, C5H3); 4.54 (m, 1 H, C5H3); 4.89 (m, 
l H, FcCHMe); diastereomer II: 1.49 (d, 3 H, COOMe); 
2.22 (s, 6 H, NMe2); 3.59 (s, 3 H, FcCHMe); 4.04 (s, 

5 H, C5H5); 4.10 (m, 1 H, C5H3); 4.17 (m, 1 H, C5H3); 
4.85 (m, 2 H, CsH3CH). 

Reduction of palladium derivatives 2 prepared from 
N,N-dimethyl-l-ferroccnylethylamine 1. Standard procedure. 
A suspension of LiAIH4 (0.01 g, 0.26 mmol) in abs. ether 
(15 mL) was added to a suspension of compound 2 (0.1 g, 
0.25 mmol, [a] D +468.6 ~ in abs. ether (15 mL), and the 
mixture was stirred for 30 min. The reaction mixture was 
treated with 10 % aqueous Na2CO 3 at 0 ~ The organic layer 
was separated, dried with MgSO4, and chromatographed on 
SiO 2 with hexane--Et3N (5 : 1) as the eluent to give 0.05 g 
(81%) of compound 1, [C~]D--4.0 ~ (c 1.5, EtOH). 

2-(1-Dimethylaminoethyl)-l-dlphenylphosphinoferrocene 4. 
A suspension of compound 2 (0.5 g, 1.3 mmol, [a] D -383.8 ~ 
and PPh 3 (0.7 g, 2.7 retool) in abs. THF (10 mL) was added 
to a solution of Ph2PLi prepared from PPh 3 (0.7 g, 2.7 mmol) 
and lithium (0.1 g, 14.3 mg-at.) in abs. THF (20 mL) under 
Ar, and the mixture was left overnight. The precipitate was 
filtered off, and the filtrate was concentrated, dried with 
MgSO4, and chromatographed on SiO 2. Elution with a hexane-- 
Et3N (5 : 1) mixture successively afforded diastereomers of 
compound 4. The first diastereomer: yield 0.1543 g (28 %), 
[a]D--258 ~ (c 0.7, EtOH); the second diastereomer: yield 
0.0716 g (13 %), [C~]D--364 ~ (c 0.6, EtOH). IH NMR 
(CDC13), 8: diastereomer I: 1.27 (d, 3 H, J = 7.3 Hz, CHMe); 
1.77 (s, 6 H, NMe2); 3.94 (s, 5 H, C5H5); 3.84--4.39 (m, 
4 H, CsH3CH); 7.16--7.64 (m, 10 H, Ph); diastereomer II: 
1.38 (d, 3 H, J = 7 Hz, CHMe); 2.15 (s, 6 H, NMe2); 4.00 
(s, 5 H, C5H5); 3.63--4.37 (m, 4 H, CsH3CH); 7.20--7.57 
(m, 10 H, Ph). 
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