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The immobilization of  metal complexes is a well studied, relatively new are of  catalysis. The 

motivation of  the extensive study is that this type of  catalysis can combine the advantages of  both the 

heterogenous and homogeneous catalysis. The application of  immobilized complexes become more and more 

important  in pharmaceutical and fine chemical industry, since this part of  the industry require mostly 

expensive chiral catalysts. The most important advantage of  immobilized complexes their recyclability, that is 

the application of  the expensive chiral complexes in several subsequent runs.

Prof. Augustine and his group has developed a new method to heterogenized metal complexes, using 

heteropoly acid as anchoring agent. This method makes possible the industrial application of  immobilized 

complexes. The industy mostly apply flow systems and the Center for Applied Catalysis lead by prof. Augustine 

has several such a system. The basic goal of  my  project was to learn the method and to apply in industrial 

conditions.
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1. History of Seton Hall University

Seton Hall University is a private Roman Catholic 
university located 14 miles from Manhattan in historic 
South Orange, New Jersey. Founded in 1856 by Archbishop 
James Roosevelt Bayley, Seton Hall is the oldest diocesan 
university in the United States. It is also the oldest and 
largest Catholic university in the State of New Jersey. The 
University is known for its basketball team, its radio station, 
and its programs in business, law, education, nursing, and 
diplomacy. 

The school was named after Mother Elizabeth Ann 
Seton, the first American-born saint and the aunt of Bishop 
James Roosevelt Bayley. Bayley was the original Bishop of 
Newark (1853-1872) and founding Reverend of Seton Hall 
College. 

The earliest corporate seal (see frontispiece) included 
the Seton Family crest and image of the Blessed Virgin 
Mary along with the enduring motto - Hazard Zit Forward 
(“No Matter What The Hazard, Yet Forward”). The seal 
was designed and formally adopted by the institution in 
May 1864. 

From the nation’s bicentennial celebration in 1976 
through the new millennium, Seton Hall emerged as an 
educational institution that has grown from a regional 
entity to a worldwide presence, especially with the advent 
of computer technology and a diverse domestic and 
international student body. Tradition also remained strong 
as Elizabeth Ann Seton, patroness of the University, was 
canonized in Rome by Pope Paul VI in 1975, making her 
the 1rst American-born saint. A year later, in response to a 
great swell in religious-based research, Seton Hall founded 
the New Jersey Catholic Historical Records Commission, 
which remains active to this day. 

More history was made when the 1rst residential hall 
for female students was built in 1971. Four more residence 
halls - Cabrini, Serra, Neumann and Xavier - were 
constructed for both men and women from 1986-88. Off-
campus housing also became a reality when the University 
bought Ora Manor, a South Orange apartment complex, in 
1990. Keeping the ow of commuter trafic alive resulted in 
the opening of the Farinella and Ward Place gates in 1988. 
A brand new parking garage arose on the South Orange 
campus three years later in response to three decades of 
increasing attendance at Seton Hall. 

Improvements continued as the Seton Hall Law School 
Center was dedicated at its downtown Newark locale in 
1976, before the official dedication of its current building 
15 years later. During the 125th anniversary of Seton 
Hall in 1981, the University developed an affiliation with 
the People’s Republic of China, manifesting itself in the 
creation of the China House in 1993. Elsewhere on campus, 
the George M. Ring Building became home to University 
Affairs (now University Advancement) in 1982. That same 
year, the University purchased Saint Andrew’s Hall and 
built Lewis Hall around the existing Alumni Hall site. 

This location ultimately became Immaculate Conception 
Seminary, which moved to campus from Darlington, New 
Jersey, in 1984. Also, a new annex was added to venerable 
Walsh Gymnasium and Recreation Center by 1987. The 
Humanities Building, built in 1968 and named after former 
president Reverend Monsignor Thomas Fahy, Ph.D., 
was built that same year and, a year later, the University 
christened the Gerety Hall residence for priests. 

The intellectual growth of Seton Hall has centered 
around specialized colleges and schools that currently 
include the College of Arts and Sciences, College of 
Education and Human Services (which adopted a doctoral 
program in 1980), College of Nursing, John C. Whitehead 
School of Diplomacy and International Relations (founded 
in 1997 and renamed in 2002), School of Graduate 
Medical Education (founded in 1987), Stillman School 
of Business, Immaculate Conception Seminary School of 
Theology, University College and the University Libraries. 
SetonWorldWide is another recent creation within the 
last several semesters as is the famed Institute of Judaeo-
Christian Studies. 

Throughout the late 1970s and into the 1980s, various 
milestones added to the evolving history of Seton Hall. In 
1979, Seton Hall joined the BIG EAST Conference and 
became a competitive force in the intercollegiate sports 
world. This upgrade in athletic fortune led to a memorable 
appearance for the men’s basketball team in the NCAA 
Championship game in 1989. The University made 
national headlines in 1983, when former president Ronald 
Regan became the rst American chief executive to visit 
campus and receive an honorary degree. In 1987, Seton 
Hall Preparatory School and the University also ended its 
mutual ties when “The Prep” moved its campus to West 
Orange and was separately incorporated. 

The last 10 years of growth and the modern development 
of Seton Hall included construction of the four-story 
Walsh Library. Known as the “Jewel of the Campus,” the 
Library was built in 1994 and today contains more than 
500,000 volumes, along with numerous print and electronic 
resources. During the late 1990s, the 126,000 square-foot, 
six-floor Kozlowski Hall, housing the College of Education 
and Human Services, the Stillman School of Business, 
classrooms and various academic department offices, was 
erected. A year later, the University issued all incoming full-
time freshmen laptop computers, making Seton Hall one 
of the most-wired campuses in the nation. Tragedy struck 
in January 2000, when an early morning re in Boland Hall 
claimed the lives of three undergraduate men and injured 
60 others. Seton Hall created a memorial for the victims. 
Their contributions and lives remain forever sacred. 

The University restructured its administration in 1980 
and the rst Board of Regents meeting took place on campus. 
Direct leadership of Seton Hall remained consistent and 
presidential appointments during this time period included 
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Robert T. Conley, Ph.D. (1977-79), the rst full-time lay 
leader in school history; Reverend Laurence T. Murphy, 
M.M., Ph.D. (1979-80); and Edward R. D’Alessio, Ph.D. 
(1980-84). Chancellors included Monsignor John J. Petillo, 
Ph.D. (1984-89); Monsignor Dennis J. Mahon, Ph.D. 
(1986-89); Monsignor Richard M. Liddy, Ph.D. (1990), and 
the Very Reverend Thomas R. Peterson, O.P. (1990-2000). 
The current chief executive of Seton Hall is Monsignor. 
Robert Sheeran, S.T.D., who has served as University 
president since 1995. 

Early in 2005, “Seton Hall” was the answer to a featured 
question on TV’s Jeopardy, but the University transcends 
triviality. As the 150th anniversary of Seton Hall dawns next 
year, its existence remains strong and evolving academically 
for the more than 10,000 students (both undergraduate and 
graduate) that make the University a respected presence 
in higher education circles. The mission of the institution, 
found in the Board of Regents statement of 1996, echoes 
this theme of service: “Seton Hall is a major Catholic 
university. In a diverse and collaborative environment it 
focuses on academic and ethical development. Seton Hall 
students are prepared to be leaders in their professional and 
community lives in a global society and are challenged by 
outstanding faculty, an evolving technologically advanced 
setting and values-centered curricula.” 

The Department of Chemistry and Biochemistry 
is housed in McNulty Hall, our new Science and 
Technology Center. Opened in September, 2007, the 
Science and Technology Center includes the Departments 
of Chemistry and Biochemistry, Biological Sciences, 
Physics and Mathematics and Computer Science and 
encompasses over 100,000 square feet of state of the art 
research, teaching, office and conferencing facilities.

2. Asymmetric hydrogenation of 

dimethyl itaconate in CSTR reactor
Selectivity has become an issue of ever increasing 

importance in today’s chemistry: the introduction of 
reactions occurring in mild conditions and producing the 
least amount of side products is very important for the 
fine chemical industry, from both the environmental and 
economical points of view. Because of this practical demand, 
the study of the selective syntheses is becoming more and 
more important in catalytic research as well [1]. 

McNulty Hall, 
Science and 
technology center

The main entrance 
of the University
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Enantioselective synthesis is highlighted among the 
selective syntheses, since it can provide the possibility to 
produce chiral products in large scale using a small amount 
of chiral catalysts [2]. However these chiral catalysts are 
extremly expensive, therefore it is an important economic 
aspect to regenerate and to recycle these expensive catalysts.  
These facts  support the widespread interest all over the 
word to search for appropriate possibilities to recycle the 
highly active homogeneous complexes. Immobilization of 
these complexes on suitable supports is one of the possible 
solutions of  recycling.

There are many different strategies for immobilization 
of metal complexes on inorganic materials. Simple 
physisorption is in several cases sufficient for retention of 
the metal complex. The ion-exchange capacity or the  cage  
structure of  zeolites can be exploited to immobilize metal 
complexes via electrostatic interactions or by entrapment. A 
covalent attachment of organic ligands to the microporous 
support is a popular and  widely applicable approach [3,4].  

Objectives:
Augustine et al. used heteropoly acids as tethering 

agents for a whole set of support/catalyst combinations 
[5,6]. The concept is claimed to be generally applicable  for 
a variety of systems: montmorillonite, carbon, alumina and 
lanthana were used as supports, while different heteropoly 
acids were applied to tether DIPAMP, BPPM, DPPB, the 
Wilkinson catalyst and BINAP. The catalysts were applied 
in chiral allylations and hydrogenations. The preparation of 
the heterogeneous catalysts simply involves mixing of the 
support with the heteropoly acid prior to adding a solution 
of the transition metal complex. None of the systems 
reported showed any leaching even after 15 cycles, despite 
the fact that the ligands were not modified. Moreover, both 
activity and enantioselectivity improved dramatically in the 
first reuse and remained at high levels afterwards. 

The main goal of our research was to extend the study 
connected to this heterogenization method.  One direction 
is to extend the application of this method, namely to study 
reactions other than hydrogenation, especially metatheses, 
hydroformylations and double bond isomerizations.  The 

other way to develop catalysts which is able to do the 
hydrogenation in continuous flow system. The asymmetric 
hydrogenation is one of the most important reaction 
in pharmaceutical industry being the key step in the 
production of several medicines. These chiral immobilized 
complexes like, [RhCl(DIPAMP)], [RuCl2(BINAP)] might 
be able to hydrogenate prochiral compounds with C=C and 
/or C=O double bonds in a continuous flow system. The 
continuous flow system is a frequently used, economical 
way of preparing enantiopure products.

3. Enantioselective hydrogenations on 

anchored complexes
Supported hydrogenation catalysts can be obtained 

by immobilizing active soluble complexes via covalent 
bonding. The key challenge for this heterogenization 
method is to find broadly applicable and efficient ligand 
modifications affording metal complexes with appropriate 
docking points. Many nice examples have been published 
[7] including the highly interesting method developed by 
Augustine and co-workers [5,6]. 

With this method the homogeneous complexes can 
be anchored to any kind of support materials resulting 
in catalysts, which are as active as the homogeneous one 
and at the same time they have all the advantages of a 
heterogeneous system. 

Center for Applied Catalysis is a research group, lead 
by prof. Augustine and serving the solutions of different 
industrial problems. Since the fine chenical industry 
frequently using, continuous flow system the research group 
has several of this type of reactors. All of them computer 
controlled and online application is possible. Our basic goal 
was to use one of this reactors, called Continuous Stirred 
Thank Reactor and to study the assymetric hydrogenation 
of dimethyl itaconate.

To apply the continuous flow system the first step 
to select the suitable catalyst, which gives us the best 
activity and enantioselectivity,  as well. We have studied 
several different chiral ligands both in homogeneous and 

Asymmetric hydrogenation of dimethyl itaconate
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heterogenized conditions and the results can be seen in 
Table 1.

In the flow system we have to use heterogenized version 
of the catalyst, which means considering the activity and the 
enantioselectivity as well, the Me-Duphos complex seems 
to be the best catalyst. These experiments were done in 
a batch reactor, which was fully computerized and it was 
possible to draw the hydrogen uptake vs. time curves from 
the computer data.

 The following conclusion can be drawn from  Figure 1: 
The rate of hydrogenation is higher in the case of BDPP, 
but the enantioselectivity is lower, than in the case of Me-
Duphos. For practical application both characteristics have 
to be the best, so we have selected the heterogenized Me-
Duphos for the further study. 

For the industrial application we need to have as 
high substrate/catalyst ratio as possible. We started our 
experiments using a relatively high 10 000/1= substrate/
catalyst ratio. Some results can be seen in Table 2.

As Table 3. shows  the substrate/catalyst = 10 000/1 
ratio was working really well, producing 100 % conversion 
and 100 % enantioselectivity. Unfortunately we were 
not able to use the main advantage of the heterogenized 
complexes namely the possibility for the recycling. Entry 71 
shows in the recycling experiment both the activity and the 
enantioselectivity decreased. In spite of this experience we 
wanted to try to scale up the reaction, so have done several 
experiments using 20 000/1=substrate/cata-

lyst ratio. The obtained uptake curves for these 
experiments can be seen in Figure 2.

In spite of the fact that we were not able to scale up our 
reaction, we have done a couple of experiments using the 
flow system. The scheme of our  CSTR reactor can be seen 
in Figure 3.

run type ligand conversion ee

       40 hetero BDPP 98.8 % 78.3%
41 homo DIPAMP 100 % 80.2 %
42 homo Me-Duphos 100 % 100 %

44 hetero Me-Duphos 98.9 % 93 %

47 1.reuse Me-Duphos 100 % 100 %
45 hetero BDPP 100 % 79.8 %
48 1.reuse BDPP 100 % 80.4 %
46 hetero DIPAMP 100 % 82.3 %

Figures 2:  Hydrogenation of DMIT on 
anchored [Rh(COD)Me-Duphos] catalyst   
   

run type amount conversion ee
51 hetero 1x14.2 ml 97.8 % 94.5 %
52 1. reuse 1x14.2 ml 57.2 % 92.4 %
59 homo 1x14.2 ml 95.5 % 100 %
60 homo 1x14.2 ml 100 % 100 %
65 hetero 2x14.2 ml 67.8 % 48.5 %

68 hetero 1x14.2 ml 100 % 100 %
71 1. reuse 1x14.2 ml 46.1 % 68.2 %

Figures 1:  Comparison of the different ligands

Figure 2: 
Experiments with 
20 000/1= substrate/catalyst ratio
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4. Conclusion
The 3 months period Fulbright Research Grant was 

succesful both scientific and community reasons. From 
scientific point of view we have started to work out a 
continuous asymmetric hydrogenation system on anchored 
catalysts. This type of system might have industrial 
application in the future. 

In the last few years the industrial application of 
immobilized complexes has made a slow but significant 
progress. Even though the list of processes which are applied 
or have been shown to be suitable for production of fine 
chemicals is not comprehensive, a great number has been 
documented. At the same time a relatively few processes 
have been introduce into the production, but there is good 
reason to assume that this technology has just started now. 

We belive that the number of industrial application 
will increase in the near future significantly. After 20 
years of academic and industrial research we have a great 
deal of knowledge for technical application. Because 
of this knowledge people who are responsible for the 
process development in pharmaceutical and fine chemical 
companies have a greater avareness for the potencial of this 
type of catalysis. There are several different immobilized 
complexes, available commercially on the market, giving 
the possibility for the smaller companies, which are not 
able to develop their own    technology to apply this type of 
catalytic system.

During my stay at the Seton Hall University besides 
the scientific achievement I had a really good time. I had 
the possibility to be part of a very nice research group, 
who I am still in contact with. I also had the possibility to 
spend some time in New York, to visit several interesting 
places. My Fulbrigth scholarship had been a life 

experience, what I never will forget! 
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Figures 3: The scheme of Continuous Stirred Thank Reactor


