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Abstract
The creation of 1,2,3,4,5-pentamethylcyclopentadiene, otherwise 
known as Cp*, is a primary goal. This molecule is very expensive 
commercially, and a more affordable synthetic route would be 
beneficial. This research has historically been hindered in the initial 
stages of Cp* synthesis. An alternate synthetic route with 
additional purification has allowed the research to progress further. 
With these new breakthroughs, the research will turn towards the 
synthesis of ruthenium sandwich complexes and their potential 
applications. Two examples of these applications is in the field of 
therapeutics and organic synthesis.

Introduction
The synthetic route for production of Cp* is presented in 
Scheme 1. Once Cp* is created following this scheme, it will be 
used to form a ruthenium sandwich complex. Cp* makes up one 
half of this complex, as shown in Scheme 2. This complex will be 
compared against similar complexes created by other researchers. 
Sandwich complexes are known for selective binding and have been 
used to destroy tumor cells due to their highly selective nature 
through radioactive labeling. The most significant advancement in 
this paper is the success in the creation of Cp*. This has been 
accredited to two primary factors. The first is the purification of 2-
bromo-2-butene. Historically it has been purified through an 
alumina plug, but new purification routes call for reflux instead. The 
second factor is the usage of lithium in the synthesis as opposed to 
magnesium. An additional benefit of using lithium is that if the 
reaction is successful, the lithium will dissolve. This serves as a 
useful indicator of success.

Scheme 1: Traditional cyclization reaction for formation of Cp*

1 2

Scheme 2: One-pot [Cp*Ru(6-arene)]PF6 sandwich complex
synthesis

Results & Discussion
IR analysis of the intermediate indicates success in the initial stages of 
the process. Figure 1 shows the IR of 3,4,5-Trimethyl-2,5-heptadien-4-
ol before cyclization. The significant stretch at ~3300 cm-1 is indicative 
of an alcohol, -OH. The stretch at ~2950 cm-1 is indicative of an alkane, -
C-H After spectral data confirmed formation of the intermediate, reflux 
was carried out to form the ring.
Figure 2 is the IR after the cyclization reflux took place. The OH stretch 
has disappeared entirely, suggesting that the reaction went to 
completion and all the intermediate was consumed. There were several 
issues that arose during the synthesis, however. When the product was 
first analyzed, the OH stretch was still present. However, after drying 
again over MgSO4, the OH stretch had disappeared. Additionally, there 
were several unidentified signals in the final IR spectra when comparing 
the product to stock Cp*. The origin of these was not determined, as 
they were neither p-toleunesulfonic acid monohydrate or the 
intermediate (3,4,5-Trimethyl-2,5-heptadien-4-ol). The significance of 
these erroneous peaks will  be determined after the synthesized Cp* is 
used in a sandwich complex reaction.

Conclusion
The process for creating the precursor that is cyclized into Cp* has been 
greatly improved. It is likely that cyclization is occurring due to the OH 
stretch disappearing. Moving forward, additional purification may be 
needed to separate the unknown impurities. Following this, improving 
the yields of the sandwich complex synthesis through modification of 
the procedure will be attempted.
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ABBREVIATIONS
FTIR-ATR, Fortier transform infrared – attenuated total reflectance
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Figure 2: FTIR of Cp* (2) after cyclization

Figure 1: FTIR of 3,4,5-Trimethyl-2,5-heptadien-4-ol (1)
before cyclization


