
 
 
 
 
 

 
 
 

 
 

 
 
 
 
 
 
 
 
  

19 t h  March 2008 
I ssue 13  

 Welcome to the 13th newsletter of the EPSRC National Service for 
Computational Chemistry Software. In this pre-Easter newsletter, we would 
like to take the opportunity to remind you of some of the years’ up and 
coming activities. 

 First and foremost, don’t forget that registration for our next 
CCWP/User meeting closes on April 4th! The meeting will be held at Imperial 
College on the 16th April. There will be a short section on NSCCS business 
followed by 4 scientific talks by users of the Service (Dr John Mitchell, Dr 
Keith Izod, Dr Wendy Brown and Dr Andrew Ellis). The meeting will close with 
a wine reception and a poster session. Reasonable travel expenses will be 
reimbursed for those users presenting a poster. Although registration is free, 
if you would like to attend this meeting we would be very grateful if you 
could register using the on-line registration form so that we know how many 
people to cater for. For more details, please visit the NSCCS website. 
 
 The User meeting will be followed by our first software workshop of 
the year. This will be a 2-day workshop on the software package Turbomole, 
which will be held on the 17th-18th April. Registration for the workshop also 
closes on the 4th April. However please be aware that the number of places is 
limited, so send in your application form soon to avoid disappointment. Again 
more details can be found on our website. 

 We are also pleased to confirm the dates and tutors for our next two 
workshops. The SIESTA workshop will be held on the 1st-3rd July 2008 by three 
tutors - Professor Emilio Artacho (University of Cambridge), Professor Julian 
Gale (Curtin University of Technology) and Dr Alberto García (Institut de 
Ciencia de Materials de Barcelona). Registration for this workshop will start 
shortly after Easter. Later in July there will also be an AMBER workshop. This 
was originally scheduled for the week 14th July, but has now been moved to 
the 21st-24th July 2008. The tutors for the AMBER workshop will be Dr Ian 
Gould (Imperial College), Dr Ross Walker (San Diego Supercomputer Center) 
and Dr Mike Crowley (National Renewable Energy Laboratory, Golden, 
Colorado). Further details about the workshops themselves can be found 
under the Training News on P6.  

 Finally, Helen and I would like to wish you all a very Happy Easter and 
we hope to see some of you at one or more NSCCS events later on this year! 

 

Sarah Wilsey 
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 Phosphine ligands, PR3, are ubiquitous as ligands in transition metal (TM) 
homogeneous catalysis. Such processes generally rely upon the careful selection of a 
phosphine that will confer a well-defined electronic, steric and possibly chiral 
environment at the metal centre. The phosphine ligand therefore plays a crucial role in 
controlling activity, but it is essential that it remains an innocent ‘spectator’ and does 
not itself undergo reaction. Decomposition of TM-phosphine complexes is, however, a 
well-known problem. For example, use of elevated temperatures often sees a loss of 
catalytic activity due to P-R bond cleavage processes which can result in R group 
transfer onto the metal centre. The resultant phosphido species often then undergo 
further aggregation to give catalytically-inert metal clusters (e.g. equation 1).1, 2 

 

 A further class of reaction that undermines the 
stability of TM-phosphine catalysts are those featuring 
M-X/P-R exchange, where a ligand, X, initially bound 
to the metal centre, exchanges with a phosphine 
substituent, R (see equation 2).3 One particularly 
well-defined example is seen for [RhF(PPh3)3], 1, the 
fluoro analogue of Wilkinson’s catalyst.4 Heating 1 in 
chlorobenzene yields the Rh-F/P-Ph exchange product 
4. Subsequent mechanistic studies5 showed that Rh-
F/P-Ph exchange occurs in the first step of this 
process to give cis-2. cis-2 then reacts with 
chlorobenzene to give an Rh(III) intermediate, 3, from 
which reductive elimination of biphenyl yields 4. As 
species closely related to cis-2 are known to give 
products analogous to 3 and 4, the last two steps in 
the conversion of 1 to 4 are not in themselves 
unusual. In contrast, the Rh-F/P-Ph exchange linking 1 
with cis-2 is highly novel and such processes have 
important ramifications for the stability of TM-
phosphine species. In this project we therefore set 
out to study Rh-F/P-Ph exchange in 1 using 
computational methods with the aim of establishing 
the mechanism of this unusual process.  
 

Ph
Rh

Ph3P Cl

Ph

PPh2F

PPh3

Ph3P

RhPh3P

PPh3

F

Ph3P

RhPh3P

PPh2F

Ph

Ph3P

RhFPh2P

PPh3

Cl

PhCl

- Ph Ph

PhCl

3

1

cis-2

4

F/Ph 
Exchange

C-Cl Activaton

3 hours, 80 oC

C-C Formation

 

LnM

P
RR

R

LnM

P

R

R R

LnM

P

R

R R

MLn

P

R

RR

(1)

 
Professor Macgregor is 
based in the Chemistry 
department at Heriot-Watt 
University. His main 
research interests lie in 
the use of computational 
modelling to understand 
the reactivity of 
organometallic complexes. 
He has been a user of the 
Service for more than ten 
years. 

Scientific Highlight 
M-X/P-R Exchange Reactions in Transition Metal-Phosphine Complexes:  

The Role of Metallophosphoranes in F/Ph Exchange in [RhF(PPh3)3] 

Professor Stuart Macgregor, Heriot-Watt University 

 

Mechanistic Proposals 
 Our computational studies have been informed by 
experimental kinetic studies of the F/Ph exchange 
process performed by Dr. Vlad Grushin and his 
colleagues at Dupont.5 These showed that 1 and cis-2 
exist in equilibrium in benzene at 80°C with Keq ≈ 1 
and that rearrangement of 1 entails an activation 
enthalpy of 22.0 ± 1.2 kcal mol-1. Crucially, the rate 
of reaction was not influenced by added phosphine, 
suggesting that exchange occurs via an intramolecular 
process. On this basis we considered two general 
mechanisms for F/Ph exchange which differ only in 
the order of group transfer between the metal and 
the participating phosphorus centre. Along Pathway 1 
initial Ph group transfer from P to Rh gives a Rh(III) 
phosphido intermediate from which F ligand transfer 
from Rh to P completes the exchange. Alternatively, 
Pathway 2 involves initial F ligand transfer from Rh to 
P to generate a metallophosphorane intermediate 
with exchange being completed by Ph group transfer 
to Rh. Precedent for the accessibility of 
metallophosphoranes via this type of intramolecular 
nucleophilic attack by a hard ligand on a neighbouring 
phosphine had come from previous computational 
studies in the group.6 
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Most importantly Figure 1 indicates that the overall 
activation barriers for Pathways 1 and 2 are almost 
identical (31.1 kcal/mol cf. 31.3 kcal/mol 
respectively). Thus on this basis we were unable to 
distinguish between these two possible mechanisms 
for F/Ph exchange in [RhF(PPh3)3]. 
 
Full Model Systems: Methodology 
 Further computational studies were performed on 
the full model system, [RhF(PPh3)3], in order to assess 
the stereoelectronic effects of the PPh3 ligands on the 
F/Ph exchange process. For these large systems a 
hybrid methodology was employed using the ONIOM 
approach implemented in Gaussian 03. In this method 
the [RhF(PPh3)3] molecule is partitioned into layers. A 
small model representing the reactive core is required 
and for this we retained the [RhF(PH3)2(PH2Ph)] 
species and applied the same functional/basis set 
combination as described above. In addition, the full 
[RhF(PPh3)3] system must also be treated and for 
optimisations this was computed at the Hartree-Fock 
level. The energies of all stationary points were then 
recalculated with the BP86 functional.8 In each case 
the existence of alternative conformational minima 
was checked through use of the ‘scan’ facility in the 
TINKER molecular mechanics program.9 It is worth 
commenting on why we chose not to use a QM/MM 
methodology, which would be possible for these 
species through the availability of the universal force 
field in Gaussian. Test calculations using this method, 
however, indicated that this approach yielded some 
unusual results and other work in our group suggests 
there are particular difficulties in describing systems 
with more than one triarylphosphine ligand using this 
method.10 
 
Full Model Systems: Results 

The computed reaction profile for Pathway 1 is 
shown in Figure 2. The increased conformational 
complexity of the full [RhF(PPh3)3] system results in a 
number of new features compared to the small model. 
Thus initial Ph group transfer produces Rh(III)-
phosphido species, I1a, 

Small Model Systems: Results 
 We initially performed density functional theory 
(DFT) calculations7 on a small model of 1, 
[RhF(PH3)2(PH2Ph)], cis-1', where only one reacting Ph 
group was retained in the phosphine ligands. The 
reaction profiles for Pathways 1 and 2 computed with 
this model are compared in Figure 1 and in both cases 
the anticipated two-step processes were found. 
Characterisation of the behaviour of the 
metallophosphorane intermediate proved difficult due 
to the extremely flat nature of the energy surface 
around this point. An added complication was that 
initial transfer of the F ligand from Rh to P was also 
coupled to an isomerisation of the Rh coordination 
geometry such that the {PH2FPh} phosphoranide ligand 
in the intermediate lies trans to vacant site that has 
been generated. This behaviour is attributed to the 
higher trans influence of the phosphoranide over a 
simple PH3 ligand. 
 

P1

P2

F

C2

0.0

+14.7

+21.2

+10.8

I2

+34.9

TS1-I1a

I1b

TSI2b-I2

I1a

+17.4

2.04

2.37

2.36

2.37

2.12

2.14

2.04

cis-2

2.06

2.02

2.32

2.39

1.70

2.30
2.00

2.20

2.12

2.36

-1.2
1

+1.8

TSI2-cis-2

1.69

2.43
2.02

P1

2.44
2.392.41

2.43

TSI2-trans-2

+13.0

+11.8

2.35

2.33

2.41

2.39

trans-2

P3

2.31

2.08

2.35

2.37

1.70

 Figure 2. Computed Reaction Profile (kcal/mol) for F/Ph Exchange in [RhF(PPh3)3] via Pathway 1 with key distances given in 
Å. Spectator phenyl substituents are truncated at the ipso carbon and hydrogen atoms are omitted for clarity. See Figure 3 
for structural details of 1 and cis-2. 
 

Figure 1 - Computed Reaction Profiles (kcal/mol) for 
F/Ph exchange in [RhF(PH3)2(PH2Ph)], cis-1', via Pathways 
1 and 2. Selected distances of key minima are given in Å. 
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phosphido species, I1a, that 
must first undergo rotation 
about the Rh-PPh2 bond before 
it can access a conformation 
suitable for F ligand transfer 
onto P (I1b). Even then, P-F 
bond formation leads to a new 
intermediate (I2) from which 
either isomer of the final 
product, trans-2 or cis-2, can 
be accessed via low energy 
barriers. I2 is therefore also an 
intermediate in the cis-trans 
isomerisation of 2. The overall 
barrier for F/Ph exchange via 
Pathway 1 is +34.9 kcal/mol, 
somewhat higher than that 
computed for the equivalent 
pathway using the small model 
(+31.1 kcal/mol). 
 

Figure 3. Computed reaction profile (kcal/mol) for F/Ph exchange in [RhF(PPh3)3] via 
Pathway 2 with key distances given in Å. Spectator phenyl substituents are truncated at 
the ipso carbon and hydrogen atoms are omitted for clarity. 
 

route, the barrier being 12 kcal/mol lower than that 
along Pathway 2. Moreover, the computed barrier of 
22.3 kcal/mol is in remarkable agreement with the 
experimental value of 22.0 ± 1.2 kcal/mol.  
 Overall we believe the differences in the barriers 
computed with the small and full model systems are 
primarily steric in origin. Along Pathway 1 the barrier 
corresponds to Ph group transfer and transformation of 
a 4-coordinate Rh reactant into a 5-coordinate Rh-
phosphido intermediate. An increase in steric bulk 
should tend to disfavour such a process. Conversely, 
metallophosphorane formation involves a decrease in 
coordination number about Rh, from 4 to 3, and so 
should be promoted by increased steric bulk.  This 
analysis underlines the importance of taking into 
account ligand steric effects in computational studies of 
organometallic reaction mechanisms.11 
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 The reaction profile computed for F/Ph exchange in 
[RhF(PPh3)3] along Pathway 2 is shown in Figure 3. As 
with the small model, F transfer from Rh to P is 
accompanied by movement of a phosphine ligand such 
that the {PFPh3} phosphoranide moiety lies trans to the 
vacant site in I3a. Ph group transfer then involves an 
additional low energy Rh-P rotation process which links 
I3a to I3b (TS not shown) before facile Ph transfer via 
TSI3b-cis-2 occurs. 
 Overall the barrier to F/Ph exchange along Pathway 
2 is now 22.3 kcal/mol, significantly lower than that 
computed previously with the small model (+31.3 
kcal/mol). Thus incorporation of the full PPh3 ligands 
has a major effect on the barriers to F/Ph exchange: 
along Pathway 1 the effect was to increase the barrier, 
while along Pathway 2 there is a distinct decrease. As a 
result Pathway 2 is now clearly the more favoured 
route, 
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The following software packages have been implemented and released on the Service machines during the last 
quarter.  

� *GROMACS 3.3.3 (March 2008, Magellan and Columbus-lx) 
� *NWChem 5.1 (March 2008, Magellan) 
� *CASTEP 4.2 (February 2008, Magellan) 
� *Turbomole 5.10 (February 2008, Magellan) 
� *DLPOLY version 3.09 (February 2008, Magellan) 
� *PC GAMESS 7.1.5 (January 2008, Columbus-lx) 
� *Gaussian 03 - Rev.E.01 (November 2007, Magellan) 
� *Q-Chem 3.1.0.2 (November 2007, Columbus-lx) 
� AutoDock 4.0.1 (November 2007, Magellan and Columbus-lx) 
� Macromodel 9.5 (November 2007, Columbus-lx) 

In addition to these, the Service also supports the following software packages: 

Magellan: 
� *GAUSSIAN 03 Rev D.01 and C02 q *NAMD 2.6 
� *ADF 2007 with BAND q *CRYSTAL 06 
� *MOLPRO 2006.1  q *Turbomole 5.9.1 
� *GAMESS-US v.20 q *DLPOLY 2.18 and 3.08 
� *GAMESS-UK 7.0 q *CASTEP 4.0.1 
� *MOLCAS 7.0 q *SIESTA 2.0.1 
� *NWChem 5.0 q *Quantum-Espresso 3.2.1 
� *AMBER 9.0 q *GULP 3.1 
� AKIRA 3.0.0 q *CPMD 3.1.1 
� AUTODOCK 3.0 q *GROMACS 3.3.1 
� *Dalton 2.0 q ORCA 2.6.4  
� *Jaguar 7.0 q ABINIT 
� *CP2K  

Columbus-lx: 
� *GAUSSIAN 03 Rev. C01 q *NAMD 2.6 
� *ADF 2005 with BAND q *CRYSTAL 06  
� *MOLPRO 2006.1 q *CASTEP 4.0.1 
� *GAMESS-US v.19 q *SIESTA 2.0 
� MOLCAS 7.0 q *GULP 3.0   
� *NWChem 4.7 q Dynamo_v2  
� *AMBER 9.0 q *GROMACS 3.3.1 
� AKIRA 3.0.0 q *Q-Chem 3.0 
� AUTODOCK 3.0 q MORPHY98 
� *Dalton 2.0 q *GAMESS-UK 7.0 
� Orient 4.5 q ORCA 2.6.4 
� *Turbomole 5.9.1 q *DL_MESO 2.2 
� *DLPOLY 2.18 and 3.08 q GDMA 2.2.02 
� MOLSCAT v.14 q *PCGAMESS 7.0 
� Materials Studio 4.2 q ACES2 v.2.6.0 
� *Quantum-ESPRESSO 3.2.1 q ABINIT 

* Please note that packages marked with an asterisk can be run in parallel. Further information on all our 
software packages can be found on our web site or by viewing the relevant man pages on Magellan. 
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Software Workshops 

Registration is now underway for our Turbomole workshop on the 17th-18th April 2008. For more information 
about the workshop and to download an application form, please visit the website 
http://www.nsccs.ac.uk/turbo2008.php 

The next workshop after that will be on the software package SIESTA. This will be held on 1st-3rd July and we 
are pleased to confirm that the tutors will be Professor Julian Gale (Curtin University of Technology), Professor 
Emilio Artacho (University of Cambridge) and Dr Alberto Garcia (Institut de Ciencia de Materials de Barcelona). 
The workshop will be aimed at people with no experience of using SIESTA, although some knowledge of 
quantum chemistry will be assumed. Registration for the workshop will open shortly after Easter. 

The third workshop we plan to hold will be on the biological simulation package AMBER. Please note that this 
has now been moved to the 21st-25th July. We are happy to announce that the tutors will be AMBER developers 
Dr Ross Walker (San Diego Supercomputer Center), Dr Mike Crowley (National Renewable Energy Laboratory, 
Golden, Colorado) and Dr Ian Gould (Imperial College). It is anticipated that the first three days will be a 
workshop for beginners, and the last two days will be on more advanced features of the code. More information 
will be available nearer the time. 

We also anticipate that there will be a Gaussian workshop during the last week of September but this has yet 
to be confirmed. 

 

One-to-one Software Training 

One-to-one training sessions are designed for individuals to learn how to use a particular software package. 
These sessions can be set up immediately and can be held over one or two days, depending on the requirements 
of the user. The Service provides financial support for these sessions. If you would like to apply for one-to-one 
training, please visit this link to download an application form: 

http://www.nsccs.ac.uk/training.php 
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Other Relevant Workshops and Seminars 

� 4th MOLCAS workshop, Bojnice, Slovakia, June 9th-13th 2008. For more information, please visit  
http://www.teokem.lu.se/molcas/wsh/2008/index.html 

� Modelling & Design of Molecular Materials 2008, Piechowice, Poland, 23rd-28th June 2008. For more 
information please visit http://www.mml.ch.pwr.wroc.pl/mdmm2008 

� Molecular Dynamics for Non-Adiabatic Processes, Institute of Physics, London, 21st-22nd July 2008. For 
more information please visit http://www.iop.org/Conferences/index.html 

� UK Summer School in Theoretical Chemistry, University of Oxford, 7th-19th September 2008. For more 
information please visit http://uktcschool.chem.ox.ac.uk 

� WATOC 2008, Sydney, Australia, September 14th-19th 2008. For more information please visit 
http://www.watoc2008.com 

Hardware News 

� Some of you may have noticed a change in the way that news items are now reported on Magellan. A new 
RSS news feed has been implemented at RAL which should make the reporting of news items much more 
efficient. Users can find a link to the news feed on the front page of the NSCCS website. 

� Magellan was shut down at the end of February to replace some failing memory. There have been no 
problems on the machine since then. 


