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Abstract Goals

Background
The incorporation of heavy atoms into recombinant proteins has 
been proven to greatly reduce the phase problem of X-ray 
crystallography. The Paulmier/Philips method of synthesis has 
successfully produced SeTrp, but this method appears less 
desirable for 77Se labeling because the selenophene must be 
constructed in the first step and then undergo numerous 
manipulations (Scheme 1)1. Furthermore, this method produces a 
low yield, is expensive,
and results in an inability
to label the compound
with the 77Se isotope. 
The Boles/Silks method,
which I have utilized,
is more refined and
allows for 77Se insertion.
(Scheme 2)
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Synthesis

Results
1. Synthesize 4H-seleno[3,2-b]pyrrole utilizing this method 

(Scheme 2).

2. Scale up synthesis and refine methods.

3. Determine the ideal Lewis-acid to utilize in annulation step to       
maximize yield. 

Future Directions
• Continue to scale up the synthesis and refining methods
• Test the use of different Lewis acids in the annulation step 

to maximize yield (Figure 3)
• Get X-ray crystallography data and resolve the 3D structure 

of intermediate and final tryptophan product
• Investigate catalytic activities of SeTrp-containing proteins

Scheme 1: Phillip’s Modified 
Paulmier Synthesis1

Figure 1: 4H-seleno[3,2-
b]pyrrole Figure 2: [4,5]SeTrp
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Scheme 2: Boles/Silks method of synthesis. A concise, pure synthesis of 
intermediate 4H-seleno[3,2-b]pyrrole, which can then be used to 
synthesize the amino acid [4,5]selena-L-tryptophan.

Protein structure determination provides a critical basis for drug 
design and information that is imperative to determining the 
etiology of diseases related to protein structure. X-ray 
crystallography is the primary experimental technique used to 
identify protein structure but can experience a phase problem 
that makes it difficult to read the electron density map 
produced. Multiwavelength anomalous diffraction (MAD) can 
improve resolution by utilizing heavy metal atoms such as 
selenium and tellurium in proteins to enrich X-ray diffraction 
data. To produce these proteins, amino acid analogues 
containing a heavy metal atom are synthesized.

The Boles/Silks method was utilized to conduct improved 
synthesis of 4H-seleno[3,2-b]pyrrole, which can be used to 
synthesize a selenium-containing tryptophan analogue 
([4,5]SeTrp). A TIPS pyrrole was brominated and then reacted 
with t-butyllithium to produce a transmetalated product, which 
was then reacted with selenium. This was followed by an 
alkylation step and a final annulation with a Lewis acid catalyst. 
Future work on this subject includes continuing to scale up the 
synthesis and refining methods, testing the use of different 
Lewis acids in the annulation step, and investigating catalytic 
activities of SeTrp-containing proteins.

• TLC analysis of the crude sample did not indicate product 
formation (Trial 1)

• Possible error in
temperature control  and
no TBAF (Trial 1)

• Reaction Trial 2 underway

• Expected 90% Yield of 
Bromide 
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Acid Conditions
Amberlyst* Reflux 24 h

TiCl4 -78 °C
SnCl4 -78 °C to RT

ZnCl2 -20 °C to RT
ZnCl2* 120 °C

CeCl3 120 °C
Figure 3: Lewis-acid Catalysts for 
Annulation 

1H-NMR Spectrum of Crude 4H-seleno(3,2-b)pyrrole


