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TRENDS & DEVELOPMENTS IN BIOPROCESS TECHNOLOGY

T
his investigation into the light isomerization 
of tropolone was initiated after a method for 
determining residual tropolone in the bulk drug 
substance (BDS) of a therapeutic monoclonal 

antibody was developed and validated at our laboratory. 
This method, developed at a client’s request, required 
a detection limit of 50 parts per billion (ppb) in the BDS 
to meet their regulatory requirements. The method was 
developed using liquid chromatography and tandem 
mass spectrometry (LC/MS/MS) because of the selectiv-
ity and sensitivity of the technique when using selective 
reaction monitoring (SRM). During development, however, 
it was discovered that only after creating a photoisomer 
of tropolone could successful separation, detection, and 
quantitation of tropolone be achieved. During validation, 
the method showed good performance. Linearity was 
demonstrated over the range of 10 –100 ng/mL. The limit 
of detection was established at 8 ng/mL, based on a peak 
to peak signal to noise greater than three. Accuracy was 
demonstrated by performing spiking studies in triplicate 
on the BDS sample over the concentration range of 20–200 
ng/mL. Recoveries ranged from 86–94% and all relative 
standard deviations were less than 15%. However, uncer-
tainty remained as to the origin of the peak and if that peak 
was truly a photoisomer of tropolone. Because of the low 
concentration of the peak, repeated efforts to isolate it and 
obtain nuclear magnetic resonance (NMR) spectra were 
unsuccessful. In this paper, we discuss the investigation 
that was conducted using Orbitrap mass spectrometry to 
confirm that the peak monitored by the LC/MS/MS 
method was indeed a photoisomer of tro-
polone, and also to identify the specific 
photoisomer.

Tropolone is composed of a seven-
carbon ring with three double-bonds, 
therefore the molecule exhibits both 

aromatic and allylic properties (Figure 1). Two adjacent 
oxygen atoms are attached to the ring, causing the 
molecules to be in rapid equilibrium between two 
tautomers.[1] Tropolone, because it chelates with metal ions, 
can be used to aid in the uptake of iron and increase cell 
growth during the fermentation step in the manufacture 
of genetically engineered monoclonal antibodies. In fact, 
tropolone and ferric ammonium citrate, in conjunction 
with recombinant proteins such as human albumin and 
human insulin, can be used to help replace animal-source 
proteins not commonly found in serum-free media used 
in NS0 cell culture.[2] 

Because it was necessary to demonstrate clearance of 
tropolone during post-culture purification, a method was 
developed using LC/MS/MS to detect tropolone at low 
ppb concentrations in the final bulk drug substance of a 
therapeutic monoclonal antibody. During development 
of this method, a satisfactory chromatographic separation 
of tropolone at ppb concentrations could not be 
obtained despite a myriad of approaches ranging from 
hydrophilic interaction chromatography to reversed-phase 
chromatography and the use of ion-pairing agents. In 
researching this enigma, it was found that Day and Ledlie[3] 
published a study on the photochemistry of α-tropolone 
in water, methanol, and hexane. The authors reported that 
tropolone formed a series of photoisomers when exposed 
to light. In their paper, they speculated on the number of 
pathways and photoisomers that could potentially form. 
Based on their work and a similar paper by Chapman 

and Pasto,[4] the method development strategy 
was changed. Tropolone was exposed 

to l ight  and a photoisomer more 
amenable to liquid chromatography 
was monitored. This approach led to the 
successful development and validation 
of the method described in this paper.    

Introduction

FIGURE 1. 
Chemical 
structure of 
tropolone. 
(Courtesy of 
Wikipedia.)
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FIGURE 2. Example SRM chromatograms of a tropolone standard (50 ng/mL) 
with increasing time exposure to light. Top to bottom: 0 to 120 minutes. 

In this method, tropolone is converted to a photoisomer 
by exposing standard and sample solutions to light in a 
light chamber. The intensity and time of light exposure 
was controlled. Efforts to isolate the photoisomer peak 
and confirm its identity by proton and carbon NMR were 
unsuccessful. Carbon and proton NMR spectra were 
inconclusive. The crux of the problem was in isolating the 
peak of interest at a sufficient concentration to obtain NMR 
spectra. The peak that is monitored is formed after light 
exposure (765 W/m2) for two hours. The formation of this 
peak at 5.7 min was shown in a time study during method 
development and is shown in Figure 2. Isolation of the 
photoisomer (peak 5.7 min) and the collection of a sufficient 
sample quantity for NMR analysis was extremely difficult 
because the reaction could not be replicated at higher 
concentrations. The chromatograms shown in Figure 2 were 
generated using SRM of the parent ion at a mass-to-charge 

ratio (m/z) of 123 and a daughter ion at m/z 77 of a tropolone 
standard in water at a concentration of 50 ppb. When higher 
concentrations of tropolone (ca. > 10 ppm) are exposed 
to light, the peak at 3.6 min is produced but the reaction 
does not proceed to produce the peak at 5.7 min as shown 
earlier. SRM is exceptionally selective and did not detect 
other components with a different molecular weight or 
fragmentation pattern in the chromatogram. Interferences 
are rare but more probable at low molecular weight. Because 
of the failure to obtain quality NMR spectra of the peak 
at 3.6 min and the peak at 5.7 min, an investigation was 
conducted using liquid chromatography and an Orbitrap 
mass spectrometer. The Orbitrap can acquire scan data, 
accurate mass data, and scan dependent daughter ion scans 
in MS/MS mode (MS2), and also perform SRM, although the 
sensitivity is not as good as what can be seen with the triple 
quadrupole mass spectrometer. 
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methanol, and hexane.  They reported that tropolone formed a series of photoisomers when   exposed to light.   
They speculated on a number of pathways and photoisomers that could form in their paper .  Based on their 
work and a similar paper by Chapman and Pasto 4 , the method development strategy was changed.  
Tropolone was exposed to light and a photoisomer more amenable to liquid chromatography was monitored.  
This approach led to the successful development and validation of a method described in this paper.        

In this method, tropolone is converted to a photoisomer by exposing standard and sample solutions to light in a 
light chamber.  The intensity and time of light exposure was controlled.  Efforts to isolate the photoisomer peak 
and confirm its identity by proton and carbon nuclear magnetic resonance (NMR) have been unsuccessful.  
Carbon and proton NMR spectra have been inconclusive.  The key problem was to isolating the peak of 
interest at a sufficient concentration to obtain NMR spectra.  The peak of interest is formed after light exposure 
(765 Watt/m2) for 2 hours.  The appearance of this peak at 5.7 min  was shown in a time study during method 
development   (Figure 2) 
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Figure 2.  Example 
SRM chromatograms of tropolone standard (50 ng/mL) with increasing time exposure to light – Top to Bottom: 
0 to 120 minutes.  

, Isolation of the photoisomer (peak at 5.7 minutes) and the collection of a sufficient sample quantity for NMR 
analysis was extremely difficult, because the reaction does not appear to occur in the same manner at higher 
concentrations.  The chromatograms shown in Figure 2 were generated using Selective Reaction Monitoring 
(SRM) of the parent ion at m/z 123 and a daughter ion at m/z 77 of a tropolone standard in water at a 
concentration of 50 ppb.   When higher concentrations of tropolone (ca. > 10 ppm) are exposed to light, the 
peak at 3.60 min is produced, but the reaction does not proceed to produce the peak at 5.7 minutes as shown 
above.   SRM is very selective and did not detect other components in the chromatogram with a different 
molecular weight or fragmentation pattern.  Interferences are rare but more probable at low molecular weight.  
Because of the failure to obtain quality NMR spectra of the peak at 3.6 minutes and the peak at 5.7 minutes, 
an investigation was conducted using liquid chromatography and a LTQ/Orbitrap mass spectrometer.  The 
Orbitrap mass spectrometer can provide scan data, accurate mass data, and scan dependent daughter ion 
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TABLE 1. Instrument conditions on 
the UPLC and Orbitrap mass spectrometer.

Parameter Condition

LC/MS model UPLC and mass spectrometer

Injection volume 10 µL

Mobile phase A 0.1% v/v formic acid in water

Mobile phase B Methanol with 0.1% v/v formic acid

Temperatures 30°C (column); 50°C (autosampler tray)

Column Phenomenex® Synergi™ Polar RP , 2.5 µm, 2.0 × 100 mm

Flow 200 µL/min

Gradient Time (min) % B

10.0 

10.0 

15.0 

Re-equilibrate to start

92.0 

90.0 

90.0

UV detector 254 nm

Ionization Atmospheric pressure electrospray ionization

Polarity Positive

Tune file Tropolone_01

Capillary temperature 350°C

Sheath gas pressure 60 (arbitrary units)

Auxiliary gas pressure 10 (arbitrary units)

FTMS Scan m/z 50–500

MS/MS FTMS scan-dependent data after 
collision induced dissociation (CID) (top 2)

FTMS SRM m/z 123 → m/z (76–78)

Materials and Methods

The tropolone standard used in these experiments was 
made in water at: (a) 1 mg/mL; (b) 100 µg/mL; (c) 10 µg/mL;  
and (d) 1 µg/mL. Approximately 10 mL of each standard 
was exposed in the light chamber set at 765 W/m2. These 
standards were contained in clear glass 25 mL vials and 
secured horizontally in the light chamber to maximize 
exposure. Subsamples were taken from the vials at time 
zero and at 30-minute intervals over a period of two hours. 
These subsamples were injected into an ultra performance 
liquid chromatograph (UPLC) instrument (Waters ACQUITY 
UPLC H-Class) interfaced to a Thermo Scientific™ LTQ 
Orbitrap Mass Spectrometer. The Orbitrap system is a very 
high resolution mass spectrometer incorporating Fourier 

transform ion cyclotron resonance (FTMS). Instrument 
conditions are summarized in Table 1. The UPLC system was 
equipped with a UV detector connected in series prior to 
the mass spectrometer. The Orbitrap mass spectrometer 
was calibrated prior to data acquisition. All data were 
acquired using only the Orbitrap FTMS to insure mass 
accuracy.

NMR spectra were obtained from Spectral Data Services, 
Inc. Tropolone (Fluka™ Lot #BHBH0032V, Sigma-Aldrich Co.) 
was dissolved in deuterated water (D2O). The proton NMR 
spectrum was obtained on a 400 MHz instrument and the 
sample was spun at 20 Hz at 25°C. The sweep width was 
7 kHz and 40 transients were performed.  

http://www.phenomenex.com/Products/HPLCDetail/Synergi/Polar-RP?returnURL=/Search&phaseTab=True
http://www.waters.com/waters/en_US/ACQUITY-UPLC-H-Class/nav.htm?cid=10138533&locale=en_US
http://www.waters.com/waters/en_US/ACQUITY-UPLC-H-Class/nav.htm?cid=10138533&locale=en_US
http://www.thermoscientific.com/ecomm/servlet/productscatalog?storeId=11152&categoryId=87170&ca=orbitrap
http://www.thermoscientific.com/ecomm/servlet/productscatalog?storeId=11152&categoryId=87170&ca=orbitrap
http://www.sdsnmr.com/
http://www.sdsnmr.com/
http://www.sigmaaldrich.com/catalog/search?interface=All&term=tropolone&lang=en&region=US&N=0+220003048+219853269+219853286+4294964860&focus=product&mode=match+partialmax
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FIGURE 3. Example chromatograms of tropolone at 10 ppm in water and 
no light exposure. Top: base peak chromatogram; Middle: extracted ion 
chromatogram m/z 123; Bottom: UV 254 nm.

FIGURE 4. Example chromatograms of tropolone at 100 ppm in water and 
no light exposure. Top: base peak chromatogram; Middle: extracted ion 
chromatogram m/z 123; Bottom: UV 254 nm.

Four major peaks were observed during the light 
study. The native tropolone peak was not observed when 
injected at concentrations of approximately 10 µg/mL or 
less. This is illustrated by Figures 3 and 4.

The peak at 12.47 min in the base peak chromatogram 
was present in the blank (m/z 338) and was not related 
to tropolone. When the concentration of tropolone was 

increased to 100 ppm for injection, with no light exposure, 
a peak at approximately 6.4 min was observed (as shown 
in Figure 4).

The native form of tropolone was possibly binding 
to the column at low concentrations. This was observed 
during method development and could not be explained. 
The native tropolone will be referred to as “peak 1” in the 
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 Results and Discussion 

Four major peaks were observed in the samples subjected to light exposure.   The native tropolone peak was 
not observed when injected at concentrations of approximately 10 µg/mL or less.  This is illustrated by Figure 3 
and Figure 4.   
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Figure 3.  Example chromatograms of tropolone at 10 ppm in water and no light exposure; Top) Base Peak 
Chromatogram; Middle) Extracted Ion Chromatogram m/z 123; Bottom) UV 254 nm 

 The peak at 12.47 minutes in the Base Peak Chromatogram was present in the blank (m/z 338) and was not 
related to tropolone.   When the concentration of tropolone is increase to 100 ppm for injection, with no light 
exposure, a peak at approximately 6.4 minutes was observed as can be seen in Figure 4. 
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Figure 4.  Example chromatograms of tropolone at 100 ppm in water and no light exposure; Top) Base Peak 
Chromatogram; Middle) Extracted Ion Chromatogram m/z 123; Bottom) UV 254 nm 

Tropolone in the  native form was possibly binding to the column at low concentrations.  This possibility was 
observed during method development and could not be explained.  The native tropolone will be referred to as 
Peak 1 in the discussion below.  The MS spectrum of tropolone is shown in Figure 5.  The molecular (M+H)+ 
ion at m/z 123 is shown as well as the elemental composition that best fits this molecular mass.   
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Figure 3.  Example chromatograms of tropolone at 10 ppm in water and no light exposure; Top) Base Peak 
Chromatogram; Middle) Extracted Ion Chromatogram m/z 123; Bottom) UV 254 nm 

 The peak at 12.47 minutes in the Base Peak Chromatogram was present in the blank (m/z 338) and was not 
related to tropolone.   When the concentration of tropolone is increase to 100 ppm for injection, with no light 
exposure, a peak at approximately 6.4 minutes was observed as can be seen in Figure 4. 
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Figure 4.  Example chromatograms of tropolone at 100 ppm in water and no light exposure; Top) Base Peak 
Chromatogram; Middle) Extracted Ion Chromatogram m/z 123; Bottom) UV 254 nm 

Tropolone in the  native form was possibly binding to the column at low concentrations.  This possibility was 
observed during method development and could not be explained.  The native tropolone will be referred to as 
Peak 1 in the discussion below.  The MS spectrum of tropolone is shown in Figure 5.  The molecular (M+H)+ 
ion at m/z 123 is shown as well as the elemental composition that best fits this molecular mass.   

Results and Discussion
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FIGURE 7.
NMR (400 Hz) spectrum 
of native tropolone 
showing three distinct 
patterns.

FIGURE 5. 
Spec trum exam-
ple of tropolone 
acquired on the 
Orbitrap MS with 
no light exposure.

following discussion. Figure 5 presents the MS spectrum 
of tropolone showing the molecular (M+H)+ ion at m/z 
123, as well as the elemental composition that best fits this 
molecular mass.

After exposure to light for 30 min, a major peak at 
3.6 min began to appear (“peak 2”), as shown in Figure 6. 

This solution was treated at approximately 1 mg/mL, diluted 
100-fold to a final concentration of 10 ppm for analysis.

The compound represented by this peak (3.6 min) 
was subcontracted for proton NMR analysis, returning 
inconclusive results. The proton NMR spectrum of pure 
tropolone is shown in Figure 7. The spectrum shows the 
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Figure 5.  Example MS spectrum of tropolone acquired on the Orbitrap MS- no light exposure 

After exposure to light for 30 minutes a major peak at 3.6 minutes begins to appear as shown in Figure 6.   
This will be referred to as Peak 2 in all discussions below.   This solution was at approximately 1 mg/mL and 
diluted 100-fold  to a final concentration of  10 ppm . 
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 Figure 6.  Example chromatograms of tropolone (1 mg/mL) exposed 30 minutes diluted to 10 ppm in water; Top) Base 
Peak Chromatogram; Middle) Extracted Ion Chromatogram m/z 123; Bottom) UV 254 nm 

The compound represented by this peak was sent out for Proton NMR analysis and returned inconclusive 
results.  However, the Proton NMR spectrum of pure tropolone is shown in Figure 7.  The spectrum shows the 
three distinct regions related to the proton environments in the molecule.   

FIGURE 6.
Example chromatograms 
of tropolone (1 mg/mL) 
exposed for 30 min, diluted 
to 10 ppm in water. Top: 
base peak chromatogram; 
M i d d l e :  e x t r a c te d  i o n 
chromatogram m/z 123; 
Bottom: UV 254 nm.
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After exposure to light for 30 minutes a major peak at 3.6 minutes begins to appear as shown in Figure 6.   
This will be referred to as Peak 2 in all discussions below.   This solution was at approximately 1 mg/mL and 
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Peak Chromatogram; Middle) Extracted Ion Chromatogram m/z 123; Bottom) UV 254 nm 

The compound represented by this peak was sent out for Proton NMR analysis and returned inconclusive 
results.  However, the Proton NMR spectrum of pure tropolone is shown in Figure 7.  The spectrum shows the 
three distinct regions related to the proton environments in the molecule.   
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FIGURE 8. Tautomeric forms of tropolone 
and inset plane of symmetry, as related to 
proton chemical shift equivalency.

three distinct regions related to the proton environments in the molecule as 
expected for a symmetrical, tautomeric compound (Figure 8).

The complexities of the light-treated NMR stem from the limited amount 
of material used for each experiment. NMR studies usually require milligram 
quantities of a pure compound for a confident structural identification to be 
made. Moreover, the chromatographic separation was not sufficient, nor would 
it ever be sufficient to separate the proposed diastereomeric products. With 
that stated, MS has the potential to discern these diastereomeric compounds 
at much lower concentrations. When a less concentrated solution of tropolone 
(10 ppm) was exposed to light for 30 min, two additional peaks were observed, 
as shown in Figure 9. The peak at 4.3 min (“peak 3”) was not observed using 
SRM (m/z 123  → m/z 77) during method development. Further discussion 
about peak 3 is provided later in this article. The peak observed at 5.3 min 
(“peak 4”) was determined to be the peak that was monitored by the LC/MS/MS 
method. Figure 10 shows 
chromatograms of a 
100 ppm standard of 
tropolone exposed for 
two hours in the light 
chamber.

Peak 3 (at 4.3  min), 
is not detected by SRM 
setup for tropolone 
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during method development.  Further discussion about Peak 3 will continue below.  The peak observed at 5.3 
minutes will be referred to as Peak 4 and was determined to be the peak that was monitored by the method.  
Figure 10 shows chromatograms of a 100 ppm standard of tropolone exposed for two hours in the light 
chamber.     
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Chromatogram; Middle Top) SRM m/z 123 → m/z 77; Middle Bottom) Extracted Ion Chromatogram m/z 123; Bottom) UV 
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FIGURE 9 (above).
Example chromatograms 
of  trop olone (10 ppm) 
exposed for 30 min and 
injec ted direc t ly ;  Top: 
base peak chromatogram; 
M id d l e:  e x trac te d ion 
chromatogram m/z 123; 
Bottom: UV 254 nm.

FIGURE 10 (left).
Example chromatograms 
of tropolone at 100 ppm 
in water and 120 minutes 
exposure; Top: base peak 
chromatogram; Middle 
Top: SRM m/z 123 → m/z 77; 
Middle Bottom: extracted 
ion chromatogram m/z 123; 
Bottom: UV 54 nm.
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FIGURE 11. 
MS spectrum. 
Top: peak 3; 
Bottom:  
peak 4.

because its molecular weight (ca. 154 Da) does not match 
that of tropolone. Therefore peak 3 is not an isomer, although 
it is related to tropolone. MS and MS2 examples of peaks 3 
and 4 are shown in Figures 11 and 12. The spectrum of peak 
3 (Figure 9, top frame) has a molecular ion interpreted at m/z 
155. The MS spectrum of peak 4 (Figure 11, bottom frame), 
monitored in this method, has a molecular ion at m/z 123 
and exactly matches the mass of native tropolone, making 
this peak an isomer. Normally the molecular ion is the base 
peak (largest) in an electrospray spectrum, but peak 3 
showed a smaller molecular ion at m/z 155 and larger ion at 

m/z 141 (minus CH2), which is the base peak in this spectrum.  
Daughter ion scans (or MS2 spectra) for each of the 

four peaks are presented in Figures 12 -13 (below) and 
Figures 14-15 (on the following page). Each of these spectra 
was generated using CID and acquired on the FTMS for 
accurate mass measurement. The elemental composition 
of the fragment ions are presented above the ions. The 
daughter ion scan of peak 3 does not show a significant 
daughter ion at m/z 77 and, therefore, this peak was not 
monitored by triple quadrupole methods. The peak 4 MS2 
spectrum is shown in Figure 15. 
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The Peak at 4.3 minutes, Peak 3, is not detected by SRM set up for tropolone because its molecular weight 
(ca. 154 Da) does not match that of tropolone; therefore, it is not an isomer although it is related to tropolone.  
Example MS and MS2 of Peak 3 and Peak 4 are shown below in Figure 11 and Figure 12.   The spectrum of 
Peak 3 shown in the top frame of Figure 9 has a molecular ion interpreted at m/z 155.  The bottom frame 
showing the MS spectrum of Peak 4, the peak monitored in this method, has a molecular ion at m/z 123 and 
exactly matches the mass of the native tropolone, making it an isomer.   
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Figure 11.  MS 
Spectrum of Peak 3 (top) and Peak 4 (bottom)   

Normally the molecular ion is the base peak (largest) in an electrospray spectrum but Peak 3 shows a smaller 
molecular ion at m/z 155 and larger ion at m/z 141 (minus CH2), which is the base peak in this spectrum.     

Daughter Ion scans or MS2 spectra for each of the four peaks are presented in Figure 12 through Figure 15.  
Each of these spectra was generated  using collision induced dissociation (CID) and acquired on the FTMS for 
accurate mass measurement.  The elemental composition of the fragment ions are presented above the ions.   
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Figure 12.  MS/MS Spectrum of Peak 1 (native tropolone), MS2 Scan of m/z 123. Figure 12.  MS/MS Spectrum of Peak 1 
(native tropolone), MS2 Scan of m/z 123.     
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Figure 12.  MS/MS Spectrum of Peak 1 (native tropolone), MS2 Scan of m/z 123. Figure 12.  MS/MS Spectrum of Peak 1 
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FIGURE 13.
MS/MS 
spectrum 
of peak 2;  
MS2 scan  
of m/z 123.
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Figure 13.  MS/MS Spectrum of Peak 2 MS2 Scan of m/z 123 
 
13MAY20_26 #187 RT: 4.23 AV: 1 SB: 2 3.88-3.95 , 4.18-4.35 NL: 9.41E4
F: FTMS + c ESI sid=20.00  d Full ms2 155.07@cid85.00 [55.00-170.00]
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 Figure 14.  MS/MS 
Spectrum of Peak 3 MS2 Scan of m/z 151 

The daughter ion scan of Peak 3 does not show a significant daughter ion at m/z 77 and, therefore, this peak 
was not monitored using the triple quadrupole method.  The Peak 4 MS2 spectrum is shown in Figure 15.   
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Figure 15.  MS/MS Spectrum of Peak 4 MS2 Scan of m/z 123.   

Conclusion 

Four major peaks were observed and identified during this light exposure study of tropolone.  Peak 4 was 
identified as the photoisomer of tropolone monitored by the the LC/MS/MS method developed inour laboratory.   
A summary of these peaks are presented in Table 2. 

Table 2.  Tropolone Related Peaks 

FIGURE 12.
MS/MS 
spectrum of 
peak 1 (native 
tropolone); 
MS2 scan of 
m/z 123.  
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Four major peaks were observed and identif ied 
during this light exposure study of tropolone. Peak 4 was 
identified as the photoisomer of tropolone monitored 

by the LC/MS/MS method developed in our laboratory. A 
summary of these peaks is presented in Table 2. Structures 
related to tropolone are presented in Figure 16. Several of 
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The daughter ion scan of Peak 3 does not show a significant daughter ion at m/z 77 and, therefore, this peak 
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Figure 15.  MS/MS Spectrum of Peak 4 MS2 Scan of m/z 123.   

Conclusion 

Four major peaks were observed and identified during this light exposure study of tropolone.  Peak 4 was 
identified as the photoisomer of tropolone monitored by the the LC/MS/MS method developed inour laboratory.   
A summary of these peaks are presented in Table 2. 

Table 2.  Tropolone Related Peaks 

FIGURE 14.
MS/MS 
spectrum 
of peak 3 
MS2 scan 
of m/z 151.

FIGURE 15.
MS/MS 
spectrum 
of peak 4 
MS2 scan 
of m/z 123. 
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The daughter ion scan of Peak 3 does not show a significant daughter ion at m/z 77 and, therefore, this peak 
was not monitored using the triple quadrupole method.  The Peak 4 MS2 spectrum is shown in Figure 15.   
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Figure 15.  MS/MS Spectrum of Peak 4 MS2 Scan of m/z 123.   

Conclusion 

Four major peaks were observed and identified during this light exposure study of tropolone.  Peak 4 was 
identified as the photoisomer of tropolone monitored by the the LC/MS/MS method developed inour laboratory.   
A summary of these peaks are presented in Table 2. 

Table 2.  Tropolone Related Peaks 

TABLE 2. Tropolone-related peaks.

Peak # Retention Time 
(minutes)

Chemical 
Formulation*

Mass 
(Da) Comment

1 6.4 C7H6O2 122.0368 Native tropolone. Peak only observed at 
100 ppm and not at lower concentrations ≤ 10 ppm.

2 3.6 C7H6O2 122.0368 First peak formed during light exposure. Tropolone 
isomer formed at elevated concentrations (1 mg/mL).

3 4.3 C8H10O2 154.1630 Methyl ester of tropolone. 
Not observed by LC/MS/MS method.

4 5.3 C7H6O2 122.0368 Monitored by the LC/MS/MS method. This isomer does 
not readily form at higher concentrations (1 mg/mL).

*Neutral species and monoisotopic mass presented
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FIGURE 16. 
Possible 
photoisomers 
of tropolone [3] 
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as molecular 
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these structures are isomers[3] and all are presented as the 
positive molecular ion.

The native tropolone (peak 1, no light exposure) 
was only detected at a concentration of approximately 
100 ppm. No peaks were visible in the unexposed 
tropolone standard when injected at 10 ppm. The peak 
monitored by the quantitative method using SRM (peak 4) 
was confirmed to be an isomer of tropolone because the 
exact mass of this peak matched that of native tropolone 
(123.0441 Da, M+H + ion) and the MS2 spectra contained 
similar fragment ions. The peak that formed most readily 
during light exposure (peak 2) was also determined to 
be an isomer of tropolone based on its exact mass and 
MS2 spectrum. Peak 3, not detected by the SRM method 
(m/z 123 → m/z 77), was discovered to be present and 
related to tropolone but not an isomer. This peak had a 
molecular ion at m/z 155 and was a methyl ester. 

Identification of exact isomers from the fragmentation 
patterns was not accomplished during this study because 
of the similarity of the fragmentation patterns in the 
MS2 spectra. The MS2 spectra of the peaks showed 
similar fragment ions, and for some of the isomers, only 
slight differences in relative abundance. The symmetry 
and tauterism exhibited by the tropolone added to this 
complexity. In a future study, it may be beneficial to 
obtain tropolone with an alkyl group substituted for 
either the Ha or Hb hydrogen atom (see Figure 8). The 
compound β-thujaplicin (2-hydroxy-4-isopropyl-2,4,6-
cycloheptatrien-1-one), which is commercially available, 
has an isopropyl group attached at this position and could 
facilitate unambiguous interpretation and discernment 
of the MS2 spectra. The presence of this isopropyl group 
would inhibit the tauterism exhibited by the tropolone 
molecule.
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