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1. Introduction
Fragmentation Outcome Modelling is a new approach to 
the prediction of CID fragment ions and has been 
successfully applied to a series of pharmaceutical structures 
generating complete fragmentation including 
rearrangement mechanisms. This expert system uses a 
series of prediction models that encapsulate the outcome 
of fragmentation mechanisms that could result in the 

breaking of one, two or three bonds. In this paper, 
midazolam and its 1-hydroxy and 4-hydroxy metabolites 
were used as test compounds to highlight the advantages 
of fragmentation outcome modelling compared to other 
commercially available fragmentation prediction software 
products.

2. Method and Materials
MS/MS spectra of Midazolam and its metabolites were 
generated on high mass accuracy systems including 
Shimadzu LCMS-IT-TOF, Waters Synapt G2 and Thermo 
LTQ-Orbitrap. Fragmentation Outcome Modelling software 
was developed by Shimadzu Corporation, Japan. The input 
file for each structure was supplied as an MDL V2000 MOL 
file. Comparative analyses were performed using three 

commercially available software products which are 
described as ‘Product A’, ‘Product B’ and ‘Product C’. Each 
software application was optimised to give the greatest 
number of predicted fragment ions. Fragment Outcome 
Modelling software functions equally for positive and 
negative ion data and can also be applied to either accurate 
or nominal mass data. 

MS/MS of Midazolam, 1-OH Midazolam and 4-OH 
Midazolam gave 8, 11 and 10 fragment ions respectively. 
The fragmentation of each molecule was unique with each 
fragment ion being a unique mass. For comparative 

purposes the total number of fragment ions successfully 
predicted for each software package is expressed as a 
percentage of the total number of experimental fragment 
ions. 
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3. Results

Fig. 1 Structures of Midazolam, 1-OH Midazolam and 4-OH Midazolam with corresponding experimental mass fragmentation data
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Fig. 2  Protonated fragment formed by loss of NH3 from the imidazole ring

Fig. 3 Protonated radical fragment formed by ring opening and cleavage across 
           imidazole and diazepine rings combined with the loss of a fluorine radical

Fragmentation Outcome Modelling prototype software 
examples are shown as yellow shadowed representations of 
the parent molecule image. Atoms covered by the shadow 
image are present in the proposed fragment species. The 
left hand table gives data relating to the fragments with 
theoretical m/z, formula, electron type (odd or even), 
number of steps taken to generate the fragment and the 

number of unique images that can be created to represent 
the selected fragment species. The right hand table gives 
data on the precursor species with the total number of 
precursors and a line of example data for the current 
precursor with precursor formula, neutral loss formula and 
precursor theoretical m/z. Clicking on cells in the table 
allows the user to iterate through data for each precursor.

3-1. Midazolam
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Fig. 4 Protonated fragment formed by ring opening and cleavage across the
          diazepine ring combined with the loss of water from the hydroxyl group

Fig. 5 Protonated fragment formed by ring opening and loss of cyanide from
          the diazepine ring combined with the loss of water from the hydroxyl group

Fig. 6 Protonated fragment formed by ring opening and cleavage across the diazepine ring
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3-2. 1-OH Midazolam

3-3. 4-OH Midazolam
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Results are presented in the order of Midazolam, 1-OH 
Midazolam & 4-OH Midazolam: Product A 75%, 46%, 
70%; Product B 25%, 9%, 50%; Product C 63%, 55%, 

80%; Fragmentation Outcome Modelling 100%, 100%, 
100%.

3-4. Summary Table



For Research Use Only. Not for use in diagnostic procedures.
The content of this publication shall not be reproduced, altered or sold for any commercial purpose without the written approval of Shimadzu. 
The information contained herein is provided to you "as is" without warranty of any kind including without limitation warranties as to its 
accuracy or completeness. Shimadzu does not assume any responsibility or liability for any damage, whether direct or indirect, relating to the 
use of this publication. This publication is based upon the information available to Shimadzu on or before the date of publication, and subject 
to change without notice.

© Shimadzu Corporation, 2013

First Edition: June, 2013

www.shimadzu.com/an/

4. Conclusions
Fragmentation Outcome Modelling was the only 
application to successfully predict every fragment ion for 
each of the three examples given here. Typical processing 
time for each structure was approximately ten seconds.

There were marked differences between the capabilities 
of each respective software product tested and in general 
most packages were less successful with fragment ion 
predictions for the 1-OH metabolite.
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