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The Pfeiffer effect can be utilized to study the optical rotatory and related properties of dissymmetric complexes which 
are difficult or impossible to resolve because of their optical lability. Most Pfeiffer-active systems are based upon optically 
active (racemic) six-coordinate complex cations. Examples of Pfeiffer-active systems based upon optically active (racemic) 
four-coordinate, tetrahedral complexes and negatively charged, octahedral complex anions are reported here, in which both 
optically active organic compounds and complex inorganic compounds are utilized as environment substances. 

Introduction 
The Pfeiffer effect is the change in rotation of a solution 

of an optically active substance (called the "environment" 
substance) upon the addition of a racemic mixture of dis- 
symmetric, optically labile, complex inorganic compounds.2 
Many Pfeiffer systems have been reported for cationic oc- 
tahedral complexes in the presence of organic  environment^.^*^ 
The only previously reported case of a tetrahedral complex 
exhibiting the Pfeiffer effect is for the bis(8-aminoquino- 
line)zinc(II) ion.5 Another tetrahedral complex, bis(8- 
hydroxyquinoline-5-sulfonato)zinc(II) ion [Zn(QS)J2-, is 
reported herein to exhibit the Pfeiffer effect with certain 
environment substances. 

The only negatively charged racemic complexes to show a 
Pfeiffer effect have been complexes with the oxalate dianion 
as a bidentate ligand.3,4,6 The complex anion [Ni (a~ac )~ ] -  
(acac = acetylacetonato anion) is negatively charged and does 
not have the oxalate ion as a ligand, and this racemic complex 
is also reported herein to the exhibit the Pfeiffer effect. 

The enantiomers of the [Co(en),13+ ion (en = ethylene- 
diamine) have previously been used as Pfeiffer environments 
for 1,lO-phenanthroline (o-phen) complexes and, specifically, 
for the racemic [Zn(o-phen),I2+ ion.' Because of the in- 
frequent use of inorganic complexes as Pfeiffer environments, 
the (+)5s9[Co(en)3]3+ enantiomer also is shown herein to be 
usable as a Pfeiffer environment for the [Ni(acac),]- anion. 
Experimental Section 

Optical rotations were determined on a Perkin-Elmer 141 pho- 
toelectric polarimeter at  a wavelength of 589 nm and a temperature 
of 23 "C. All optical rotatory dispersion and circular dichroism spectra 
were determined on a Cary 60 recording spectropolarimeter a t  23 
"C. The nonpolarized absorption spectra were taken on a Cary 14 
recording spectrophotometer at  23 "C. 

(+)ss9[Co(en)3]13-Hz0 was prepared and resolved according to 
methods reported in the l i terat~re.8,~ 

The zinc complex H2[Zn(QS)J (QS = 8-hydroxyquinoline-5- 
sulfonate) was prepared according to the method of Liu and Bailar.'' 
The analyses of the complex did not agree with the empirical formula, 
so a purification procedure was developed. This procedure was to 
dissolve 10 g of the complex in 200 ml of water and then filter the 
undissolved material. The filtrate was then made acidic by adding 
hydrochloric acid until the pH of the filtrate was approximately 3.5. 
The analyses of the crystals thus obtained were in accord with the 
empirical formula. 

The synthesis of the Na[Ni(acac),] complex was first reported by 
Dwyer and Sargeson." This complex was obtained from Mr. John 
Klein and Dr. Richard Lintvedt of Wayne State University and was 
purified according to a variation of a method described by Klein.12 
The complex (5.0 g) was dissolved in 250 ml of water and vigorously 
stirred for 1 h. It was then filtered and 750 ml of methanol was added 
to the filtrate. The solution was left to stand overnight and the 
Na[Ni(acac)3] precipitate was filtered and washed with methanol 
and then with ether. It was dried at room temperature over sulfuric 
acid. This purification separates the inner complex [Ni(acac)*] from 
N a [ N i ( a ~ a c ) ~ ] ,  and the analysis of the complex agreed with the 
empirical formula. 

All solutions used in the Pfeiffer systems were aqueous, and these 
systems were prepared by mixing an aliquot of a stock solution of 
the environment substance with an aliquot of the stock solution of 
the metal complexes. They were then diluted to the appropriate 
volume. 

Aqueous solutions of d-cinchonine hydrochloride and I-brucine 
hydrochloride were prepared from d-cinchonine and 2-brucine by 
adding hydrochloric acid dropwise until the d-cinchonine or I-brucine 
dissolved (ca. 1.5 mol of HCl/mol of alkaloid). The pH of these 
solutions never went below 3.5. 

Results and Discussion 
The [Zn(QS),I2- Systems. There is a significant difference 

between the absorption spectrum of the [Zn(QS)2]2- anion and 
that of the ligand, QS2- (Figure 1). The doublets of the QS2- 
anion at 340 and 250 nm converge to singlet peaks at 365 and 
255 nm in the spectrum of the complex [Zn(QS)J2-. The 
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Figure 2. Absorption spectra: 0.6 mM [Zn(QS)2]2- in the presence 
of 0.15 mM I-brucine hydrochloride, -; 0.15 mM I-brucine hy- 
drochloride, - - -. Cell lengths: 0.5-cm cell, from 450 to 380 nm; 
0.05-cm cell, from 380 to 200 nm. 

differences between the spectrum of the ligand anion, QSz-, 
and the complex, [Zn(QS),] 2-, provide verification that the 
complex has formed. 

There is a change in rotation of the aqueous solution of 
1-brucine hydrochloride when the complex [2n(QS),l2- is 
added, which was determined to be due to an equilibrium shift 
between the enantiomers of the racemic complex and not to 
"induced" optical activity (outer-sphere complexation) or to 
a chemical reaction between the complex and environment. 
This was deduced by comparing the absorption spectrum of 
the complex with that of the complex in the presence of 1- 
brucine hydrochloride. The absorption spectrum of [Zn- 
(QS),I2- is quite distinguishable in the presence of l-brucine 
hydrochloride, and the two singlet peaks of [Zn(QS)z]2- at 365 
and 255 nm are still observable at these wavelengths (Figure 
2). Since the absorption spectrum of [Zn(QS),12- shows no 
noticeable change when 1-brucine hydrochloride is added to 
the complex, it is concluded that there is no chemical reaction 
between the complex and the environment substance and that 
there is no noticeable effect of outer-sphere complexation 
between them. 

The circular dichroism (CD) and optical rotatory dispersion 
(ORD) curves were determined for the mixture of [Zn(QS),]*- 
and 1-brucine hydrochloride (Figure 3). Two CD peaks were 
observed at  365 and 260 nm, which coincide with the two 
absorption peaks of the [Zn(QS)2]2-complex ion. The ORD 
curve similarly possesses two Cotton effect C U N ~ S  for the two 
absorption peaks of the [Zn(QS)z]2- complex ion. These peaks 
were not present before addition of the brucine hydrochloride 
to the solution of the zinc complex. 

From the absorption, CD, and ORD spectra it is concluded 
that the tetrahedral complex [Zn(QS),l2- exhibits the Pfeiffer 
effect in the presence of 1-brucine hydrochloride. 

Figure 3. Circular dichroism (. - - e) and Pfeiffer rotatory dispersion 
(- - -) of [Zn(QS),12- in the presence of I-brucine hydrochloride. 

c 

Figure 4. Optical rotation of the (+)5~9[Co(en)~]~+ ion (- - -) and 
of the (+)589[Co(en)3]3+ ion in the presence of [Zn(QS),12- (. . . .). 

The [Zn(QS),Iz- System with ( +)D[Co(en)3]3+. The 
(+)~89[Co(en)~]~+ enantiomer was used as a Pfeiffer envi- 
ronment substance in an attempt to demonstrate the Pfeiffer 
effect for the [Zn(QS),12- ion. Even though the cobalt 
complex is of opposite charge to the zinc complex, no apparent 
Pfeiffer effect was observed. There is a change in rotation 
when the tetrahedral complex [Zn(QS),12- is added to the 
(+)ss9[Co(en)3]3+ ion, but, upon close inspection, the change 
in rotation was observed to be due to a change in rotation of 
the optically active enantiomer, (+)s89[Co(en)3]3+, itself. The 
ORD curves of (+)589[Co(en)3]3+ and (+)s89[Co(en)3]3+ in 
the presence of [Zn(QS)z]2- are given in Figure 4. Upon close 
inspection of these two ORD curves, it can be seen that the 
change in rotation when [Zn(QS)z]2- is added to (+)SS9- 
[Co(en),13+ is due to a decrease in the magnitude of the 
rotation of the [Co(en),l3' cation and not to a Pfeiffer effect. 
The Cotton effects of both ORD curves cross the zero line at 
the same wavelength, and the change in the ORD curve for 
(+)589[Co(en)3]3+ when [ZnQS),]*- is added is a symmetrical 
change. If a Pfeiffer effect had occurred, the additional optical 
activity due to the increased concentration of one enantiomer 
of the zinc complex would have produced an unsymmetrical 
change in the ORD curve of the cobalt complex. This observed 
slight change in optical rotation of the cobalt complex is 
probably due to ionic association between the racemate and 
the environment substance. The ORD of the environment 
substance is therefore affected, but there is no direct con- 
tribution from the racemate to the ORD spectrum because 
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Figure 6. Absorption spectra of 0.5 mM [Ni(acac)J ion in the 
presence of 1.5 mM d-cinchonine hydrochloride (-), of 1 .5  mM 
d-cinchonine hydrochloride (- - -), and of 0.5 mM [Ni(acac)J ion 
(- - .). Cell length for all absorption spectra is 0.1 mm. 
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Figure 5. Absorption spectra of 3 mM d-cinchonine hydrochloride 
(-), 1 mM [Ni(acac)J ion (- - -), and 3 mM d-cinchonine hy- 
drochloride in the presence of 1 mM [Ni (a~ac )~ ] -  ion (- - -) and the 
sum of the absorption spectra of 3 mM d-cinchonine hydrochloride 
plus 1 mM [Ni(acac)J ion (a a ) .  Circular dichroism of 6 mM 
d-cinchonine hydrochloride (-) and of 6 mM d-cinchonine hy- 
drochloride in the presence of [Ni(acac)J' ion (- - -). 

there has not been a shift in its enantiomeric equilibrium. This 
phenomenon is currently the subject of another investigation. 

It has been shown that the tetrahedral complex [Zn(QS),12- 
does exhibit the Pfeiffer effect with an optically active organic 
compound, /-brucine hydrochloride, but there is no observable 
Pfeiffer effect when the environment substance is the optically 
active inorganic complex (+) 589 [ C ~ ( e n ) ~ ]  3+. 

The [Ni(a~ac)~] -  Systems. The racemic complex [Ni- 
( a ~ a c ) ~ ] -  was used in a Pfeiffer system with the environment 
substance, d-CinHC1 (d-CinHC1 = (+) s89-cinchonine hy- 
drochloride). The absorption spectra of Na[Ni(a~ac)~] ,  d- 
CinHC1, and Na[Ni(a~ac)~] in the presence of d-CinHC1 were 
taken to determine if there is any interaction of the complex 
with the environment substance. From 700 to 530 nm there 
is a broad, low-intensity absorption band for the Na[Ni(a~ac)~] 
and there is no appreciable change in this absorption band 
when d-CinHC1 is in the presence of Na[Ni(acac)J. 

If there is no interaction between Na[Ni(a~ac)~]  and d- 
CinHC1, the absorption spectrum of Na[Ni(acac),] in the 
presence of d-CinHC1 should be identical with the absorption 
spectrum of Na[Ni(a~ac)~] added to the absorption spectrum 
of d-CinHC1. However, this is not the case in the wavelength 
region from 350 to 200 nm where both Na[Ni (a~ac )~ ]  and 
d-CinHC1 absorb (Figures 5 and 6). In the region from 350 
to 275 nm, the absorption of Na[Ni(a~ac)~] together with that 
for d-CinHC1 in the Pfeiffer system is much less than the sum 
of the separate absorptions of Na [Ni(acac),] and d-CinHC1, 
but there is no shift in the absorption peaks (Figure 5). The 
d-CinHC1 band at 240 nm becomes a more pronounced 
doublet and is shifted to shorter wavelengths, and the band 
at 200 nm is somewhat broadened and shifted to shorter 
wavelengths when Na[Ni (a~ac )~ ]  is present. The intensity 
of these two absorption bands is lowered by the presence of 
Na[Ni(acac)J which is opposite to the result found in the 
region from 350 to 275 nm. 

There is a symmetrical decrease in rotation from 600 to 350 
nm for d-CinHC1 upon the addition of Na[Ni(a~ac)~]. There 
is likewise a decrease in rotation at shorter wavelengths, but 
there is also a shift in the weak Cotton effect curve at about 

1 
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Figure 7. Optical rotation of 6 mM d-cinchonine hydrochloride (- - -) 
and 6 mM d-cinchonine hydrochloride in the presence of 2 mM 
[Ni(acac)J ion (-). 

300 nm to shorter wavelengths. The peak and trough for 
d-CinHCl are at 310 and 285 nm, while the peak and trough 
for d-CinHC1 with Na[Ni(a~ac)~]  are at 300 and 270 nm, 
respectively (Figure 7) .  

Below 260 nm, the absorption of d-CinHC1 is too intense 
to obtain an ORD spectrum. Since there is no absorption peak 
for Na[Ni(a~ac)~] from 260 to 200 nm, a Cotton effect is not 
expected for Na[Ni (a~ac )~ ]  in this region. 

The broad, positive, circular dichroic band at 310 nm for 
d-CinHC1 is split into two distinct peaks and is decreased in 
overall intensity when Na[Ni(a~ac)~]  is present (Figure 5). 
Since the absorption spectrum of Na[Ni (a~ac )~ ]  in the 
presence of d-CinHC1 is less than the sum of the absorption 
spectra of d-CinHC1 and Na[Ni(acac),], it is unlikely that 
the doublet CD peak at 300 nm is due solely to the enrichment 
of one of the enantiomers of Na[Ni(a~ac)~]. This is supported 
by the fact that there are no other characteristic Cotton effect 
curves in the ORD (or CD spectra) for Na[Ni(a~ac)~]  when 
it is in the presence of d-CinHC1. 

From all of the above and from a careful analysis of the 
absorption, CD, and ORD spectra of d-CinHC1 and Na- 
[ N i ( a ~ a c ) ~ ]  in the presence of d-CinHC1, it is concluded, 
therefore, that a Pfeiffer effect arising from a shift in the 
enantiomeric equilibrium does not occur in this system but that 
the observed change in rotation is due to outer-sphere asso- 
ciation between d-CinHC1 and Na[Ni(a~ac)~] .  

The Na[Ni(a~ac)~] complex is sensitive to low pH, and the 
pH of d-CinHC1 in the solutions studied was approximately 
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Figure 8. Optical rotation of 30 mM (+)s8s[Co(en)3]3' ion (-) and 
of 30 mM (+)s89[Co(en)3]3+ ion in the presence of 10 mM racemic 
[ N i ( a ~ a c ) ~ ] -  ion (- - -), 

4.3. However, the absorption spectrum of Na[Ni(a~ac)~]  in 
solution at a pH of 4.3 is identical with that obtained in neutral 
solution, so the observed spectral changes are not a result of 
the slightly acidic pH of the solution. 

The [Ni(a~ac)~]- System with (+)D[Co(en)3]3+. When the 
environment substance, (+)ssg[Co(en)33+, is used with Na- 
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[Ni(a~ac)~]  as a Pfeiffer effect system, the ORD curve of the 
(+)5sg[Co(en)3]3+ complex shows a nonsymmetrical change, 
and the crossover point for the Cotton effect is not the same 
in both cases (Figure 8). Therefore, it is proposed that this 
is a true Pfeiffer effect system utilizing one enantiomer of a 
complex ion as an environment substance, which results in the 
enrichment of one enantiomer of an octahedral, six-coordinate 
complex anion.13 
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Reactions of Cp2NbC12 and (MeCp),TaBrz (Cp = ?r-C5H5 and MeCp = ?r-C5H4Me) with MeLi in ether give the paramagnetic 
alkyls CpzNbMe2 and (MeCp),TaMe2 as red crystalline solids. Magnetic moments and ESR spectral data are given. The 
niobium complex violently decomposes at - 130 OC liberating 1.3-1.5 mol of methane/mol of complex. Convenient preparations 
of NbC14 and NbC14(THF)2 (THF = tetrahydrofuran) are described. Reactions of the tetrahydrofuran complex with triethyl- 
and trimethylphosphine give NbC14L2. Using chelating phosphines the eight-coordinate complexes NbCld(R2PCH2CH2PR2)2 
(R = Me, Et) are isolated as magnetically dilute, blue crystalline solids. 

Introduction 
The tetrahalides of niobium in the +4 oxidation state are 

polymeric, insoluble, diamagnetic, and rather unreactive 
materials. Nevertheless, a number of adducts of NbX4 have 
been either by the slow reaction of ligands with the 
tetrahalides or by reduction of the pentahalides in the presence 
of excess ligand. We were interested in finding a more 
convenient route to niobium(1V) complexes and in this paper 
describe a good preparation of NbC14(THF)2 and some 
phosphine derivatives of the types NbC14L2 (L = PMe3, PEt3) 
and NbC14L4 (where L2 = R2PCH2CH2PR2, R = Me, Et). 

Few organometallic derivatives of niobium(1V) and tan- 
talum(1V) have been prepared. Seigert and deLiefde Meijer3 
reported the preparation of Cp2NbPh2 and recently Klaus4 has 
reported the preparation of Nb(CH2Ph)&12 from NbCls and 
Mg(CHZPh),. Preparations of the two paramagnetic com- 

plexes Cp2NbMe2 and (MeCp),TaMe2 are now reported. 
Results and Discussion 

A. Some Organometallic Chemistry Of Nb(IV) and Ta(IV). 
In a recent ESR study5 we observed the formation of the 
paramagnetic dihydride Cp2NbH2 by the reaction of Cp2NbH3 
with photochemically generated tert-butoxy radicals according 
to eq 1. The complex exhibited a beautiful ESR spectrum 

in solution at -80 "C. The resonance consisted of ten lines 
due to coupling of the electron with 93Nb ( I  = 9/2, 100% 
abundance) and each of these lines was split into a triplet due 
to hyperfine coupling of the electron with two hydrogen atoms. 


