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Abstract of the Thesis 

Synthesis of a Fluorescent Sensor for Calcium Measurement in Marine Sediments 

by 

Jingyu Huang 

Master of Science 

in 

Chemistry 

Stony Brook University 

2013 

 

Ocean acidification has been shown to endanger shelled marine organisms, since increased CO2 

intake by oceans will decrease pH of seawater and enhance Ca
2+ 

dissolution from shell skeletons. 

Determination of Ca
2+

 concentration in the marine environment would not only help to provide 

information about local calcium ion distribution and activities, but also provide a sketch of the 

living condition of shelled marine organisms. A number of optical sensors for calcium ion 

detection have been developed. However, these detectors were mostly designed for intracellular 

detections or relatively low ion concentration conditions (10
-6 

to 10
-8 

M) and have high calcium 

affinity, which is not suitable to apply in a marine environment where calcium concentration is 

much higher (~10mM). The objective of this project is to develop a fluorescence-based calcium 

sensor with low calcium affinity for calcium distribution imaging in marine environments. The 

synthesis of this sensor is the first step towards the development of an optical instrument for 

direct in situ, non-destructive and high-resolution two dimensional imaging of Ca
2+

.  The 

experimental approach involves the coupling of a fluorophore with a calcium binding ligand. 

When binding to calcium ions, the fluorescence of the sensor will increase and hence shows 
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correlation to calcium concentration in the sample. Further steps include verification of the 

coupling product, examination of the calcium ion binding ability, and possibly the application in 

artificial marine settings. 
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Chapter One 

Effects on Increasing Atmospheric CO2 on Calcium Distribution in Marine Environments 

and Organisms 

 

1-1. Overview of Calcium in Seawater 

Calcium is an important element in the oceans. While most of the element appears in the 

ionic form Ca
2+

 in seawater, a fraction of calcium ions (10-15%) combine with other free ions 

present to form precipitates or ion pairs, accounting for 1.2% by weight of the sea salt species.
1,2

 

Many of these combinations, however, either are short-lived (e.g. CaSO4) or have little effect on 

the marine calcium system overall due to lower Ca
2+

affinity to anions compared to Mg
2+ 

(e.g. 

CaF
+
). The most stable and important form of calcium in marine environment is calcium 

carbonate CaCO3, which is a major component of the skeletons and shells of many corals and 

other organisms, as well as deep sea deposit.
2,3,4

 Most concerns regarding marine calcium or 

substantially the CaCO3 system in the oceans arise from increasingly serious ocean acidification. 

This can lead to the dissolution of these calcium carbonate structures and hence possible changes 

in marine biodiversity and other ecosystem consequences, as well as imbalance of seawater 

chemistry.
4,5
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1-2. Interaction between Atmospheric Carbon Dioxide and Calcium Carbonate System in Oceans 

Ocean Acidification is now a well-known term describing the decrease in seawater pH 

and alteration of seawater chemistry by excessive anthropogenic carbon dioxide output. As a 

major sink taking up carbon dioxide from the atmosphere, the oceans absorb approximately one-

third of the anthropogenic CO2 generated between 1800 and 1994, which equals an oceanic 

uptake of 118 ± 19 Pg C (1 Pg C = 10
15

 g of C) of anthropogenic carbon.
3,7

 Without the ocean 

sinks, the atmospheric CO2 concentration was expected to be 55% higher than the observed 

change from 280 ppmv to 380 ppmv within the past 200 years. Such a reduced amount of CO2 in 

the atmosphere however, has lowered the average seawater pH by 0.1 unit which is equally an 

increase of about 30% in [H
+
].

5, 6, 7
 At a current concentration of 380 ppmv, atmospheric CO2 

concentration is rising approximately 0.5% year
-1

 which is unprecedented in the past 650 000 

years. Under the intergovernmental panel on climate change emission scenarios and general 

circulation models, CO2 concentration will reach 800 ppmv by the end of this century, and the 

average seawater pH will decrease another 0.3-0.4 units. Moreover, CO2 concentration is 

expected to rise to 2000 ppmv over the next two centuries.
3,5,7,8

  

 

The specific mechanism of how the anthropogenic CO2 is taken up, conveyed, and 

deposited by the ocean sinks is currently not well-known,
7
 even though there is little uncertainty 

that ocean acidification is caused by the rising carbon dioxide concentration in the atmosphere. 

Investigation of carbon dioxide in seawater dates back to the beginning of the 19
th

 century and 

became more intense since the 1960s. The increased interest in CO2 measurement in marine 

environments in the mid-twentieth century, however, was to collect data for simple analysis. The 

potential impact that aqueous carbon dioxide has on marine biota was neglected by researchers at 
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that time since calcium carbonate (calcite/ aragonite) was expected to remain supersaturated in 

surface seawater, even though they were knowledgeable of an equilibrium relationship between 

the oceanic and atmospheric CO2.
6,7

 Relatively comprehensive studies regarding interaction of 

increased dissolved carbon dioxide and the carbon (CaCO3) system in the oceans were conducted 

in a more precise degree around the 1990s, including projects such as World Ocean Circulation 

Experiment (WOCE) and the Joint Global Ocean Flux Study (JGOFS).
7
 
 
Studies have shown that 

approximately 30% of the anthropogenic CO2 is held in seawater no deeper than two hundred 

meters, and about one half remains within the upper four hundred meters. Such absorbed carbon 

dioxide has reduced the global average seawater pH from about 8.21 in pre-industrial period to 

the present value of 8.1, and has lowered the calcium carbonate saturation state in surface 

seawater.
3,5,6,7

  Nevertheless, the long-term impact of increased atmospheric and hence dissolved 

CO2 in oceans has on the marine ecosystem is not yet known in detail. The reasons are mainly 1) 

comprehensive examination of carbon dioxide system was developed relatively lately, and 2) 

studies regarding the carbon (CaCO3) system in marine environment are mostly limited to certain 

areas (e.g tropical and coastal regions) and certain species (e.g coral reefs and coccolithophores). 

A great deal of effort is therefore still required in the field to provide a complete projection of 

both the atmospheric CO2 and marine carbon system.
3,5,6,7

  

 

Research aiming to investigate the impact of carbon dioxide on CaCO3 structures/ 

calcifying organisms mainly focus on the study of dissolved inorganic carbon (DIC) distribution 

and total salinity.
3
 According to Millero et al.,

9 
four parameters are actually involved for the 

characterization of the carbon system: pH, fugacity of carbon dioxide (fCO2), total carbonate 

(TCO2), and total alkalinity (TA). Two of the four are usually measured and sufficient for carbon 
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index. The others can be obtained through thermodynamic equations. In such a sense, dissolved 

inorganic carbon (DIC) mentioned above which is widely applied later in most literature, 

represents the homologous parameter as TCO2 in Millero’s notion.
3,5,7

 Major components of 

dissolved inorganic carbon are bicarbonate ions (HCO3
-
), carbonate ions (CO3

2-
), and dissolved 

CO2 (CO2(aq)). When CO2 dissolves in seawater (CO2(aq)), it combines with a water molecule to 

from carbonic acid (H2CO3), which is a weak acid and therefore the two species are in 

equilibrium and difficult to distinguish. In fact, the sum of CO2(aq) and H2CO3 is usually applied 

as one parameter in studies.
9
 H2CO3 then ionizes twice into two hydrogen ions (H

+
), a 

bicarbonate ion (HCO3
-
), and a carbonate ion (CO3

2-
) (Eq. 1-4). However, the second ionization 

is less efficient than the previous since the first proton in carbonic acid is more acidic (pKa1 < 

pKa2).
9
 Even though all of these reactions occur reversibly in seawater, the net effect of 

dissolution of CO2 in seawater is the consumption of carbonate ions (conversion to bicarbonate 

ions) in the oceans. At a current pH of 8.1, concentrations of DIC are 90% HCO3
-
, 9% CO3

2-
, and 

1% (CO2(aq)). Changes in these concentrations within the last 200 years (comparing to pre-

industrial period) confirm the impact resulted from anthropogenic CO2 input: [CO3
2-

] has 

decreased by 2% while [CO2(aq)] has increased by 0.5%.
5,6
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The total alkalinity is calculated as the difference between cations (e.g, Na
+
, Ca

2+
) and anions 

(e.g. Cl
-
, F

-
) whose concentrations are relatively stable in seawater. Namely, total alkalinity 

represents the ionic balance and the capacity of seawater to accept acidic species. When 

considering the carbon system, TA is simplified to be the carbonate alkalinity (cALK) which is 

the sum of charged components that only correspond to carbonate species. Since the single-

charged HCO3
-
 binds only one proton, the proton capacity of CO3

2-
 is double of that of the 

bicarbonate ion.
4,9 

 

 

 

As the absorption of atmospheric carbon dioxide decreases the concentration of carbonate 

ions in seawater, it directly affects marine calcifying organisms including corals, mollusks, 

pelagic planktons and others, which form shells and skeletons (CaCO3) relying on CO3
2-

 

availability.
5,6

  Whether the carbonates dissolve or precipitate in seawater depends on the CaCO3 

saturation state (Ω) of the water body. Ω is proportional to the ionic product of calcium and 

carbonate concentrations: 

 

Ω     =      [Ca
2+

] [CO3
2-

] / Ksp
*
                  (6) 

 

Ksp
* 

is the apparent solubility product of CaCO3, which depends on ambient conditions such as 

temperature, salinity, pressure, and the specific mineral phase.
6
 Aragonite and calcite are the two 

main forms of CaCO3 that associate with marine biota and therefore Ω is usually referred to Ωarag 

and Ωcal. Concentration of calcium ions is proportional to salinity of seawater. Since [Ca
2+

] is 
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quite stable (variation of Ca/ salinity ratio is usually less than 1.5%), Ω is mainly determined by 

[CO3
2-

] which can be obtained from dissolved inorganic carbon and total alkalinity.
3,5,6

 The 

saturation state represents an index for calcium carbonate condition in the examined ocean 

sample. Formation of CaCO3 (shell/ skeleton structures) are more likely to occur when Ω is 

greater than 1. When Ω is less than 1, implying a deficiency of Ca
2+ 

and CO3
2-

, the reaction 

equilibrium shifts to favor the formation of these ions (dissolution of shells/ skeletons) (Eq. 7).
6 

The net chemical equation of the dissolution of CaCO3 structures has resulted from the 

absorption of atmospheric CO2 in the oceans is therefore derived as shown in Eq. 8. 

 

 

 

  

Since the pre-industrial period, oceans around the world have shown either shoaling 

(upward migration) of the saturation horizon with respect to calcite or aragonite (below which 

the particle begins to dissolve),
4 

or expansion of the unsaturation zone due to ocean acidification. 

Solubility of CaCO3 positively correlates to pressure but has an inverse correlation with respect 

to temperature. In the vertical scheme of the ocean, CaCO3 state transfers from saturated to under 

saturated from the surface to deep sea water, i.e., dissolution of oceanic CaCO3 is expected to 

primarily occur under deep sea.
3,4

  And in a global scale, the highest CaCO3 saturation state is 

found in warm waters around tropics and subtropical areas; while lower CaCO3 saturation state 

or under saturation conditions are usually in colder high-latitude regions.
5,6

 As CO2 enters the 

ocean by gas exchange above the air-sea interface, the dissolved CO2 remains in the upper level 

dissolving the CaCO3 deposits, and therefore causes the saturation horizon (Ω = 1) to shoal.
6, 7
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According to Feely et al.,
3 

atmospheric CO2 together with biological processes have shoaled the 

aragonite saturation depth in the Arabian Sea and Bay of Bengal (north of 30 ˚S in the Indian 

Ocean) 100 to 200 m shallower compared to two hundred years ago. The calcite saturation 

horizon north of 20 ˚N in the Pacific Ocean has also been shoaled by greater CO2 pressure 40 to 

100 m upward, and about 80 to 100 m in the east Altantic.
3
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1-3. Impact of Increased Atmospheric Carbon Dioxide on Marine CaCO3- Secreting Organisms 

Calcium carbonate- secreting organisms include many species across the marine animal 

phyla and many of them are common features that live within shallow seawater/sediment area 

(e.g. oysters) well- known by human.
5
 Researches have shown that these calcifiying organisms 

will be facing great life threat due to the shoaling of CaCO3 saturation horizon. In the study of 

Green et al.(2004),
10  

the hard-shell clam Mercenaria mercenaria was observed to suffer 

complete dissolution of the CaCO3 shell within two weeks when placed in an under- saturation 

surrounding (with respect to aragonite, Ωarag ~ 0.3), which is a typical level for near-shore 

surface sediment rich with organic components. Live Clio pyramidata from the Subarctic Pacific 

were found to undergo shell dissolution within 48 hours when exposed to an aragonite under 

saturation environment, which is the projected level for Southern Ocean surfaces in the year 

2100 based on the IS92a “business-as-usual” scenario.
5
  

 

Impacts that shoaling of the CaCO3 saturation horizon and the resulting decrease in 

calcification have on the marine ecosystem include change in geographic distribution of species, 

regional species composition, and marine foodweb structures, etc.
3,5,11

 Among the many affected 

species, Euthecosomatous pteropods are relatively well-studied. These pteropods are found in 

polar and subpolar regions, serving as the predators for various fish species and the popular prey 

for several species including pink salmon.
6
 Calcifying organisms like Euthecosomatous 

pteropods will have to adjust to fit in a more corrosive and limited habitat (lower pH and 

shoaling of CaCO3 saturation horizon), or to migrate to calcium carbonate saturated but warmer 

waters in order to maintain survival. Shifting the habitat however will be challenging and 

probably limited for these pteropods due to extreme change in temperature.
5
 While calcifying 
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organisms are positioned in an disadvantaged situation, non- calcifying creatures will benefit and 

therefore probably dominate,
12

 leading to a loss in balance of the regional species scheme which 

has established over a long evolutionary period. Moreover, again taking Euthecosomatous 

pteropods for example, since they account for more than 60% of the diet of pink salmon (in 

North Pacific), failure of the pteropods suvival will have a severe effect on the production and 

well-being of the commercially popular fish.
5,6

 This will then lead to negative impacts on human 

economic activity (fisheries) and even food availability. In addition to the high- latitude 

pteropods, near-shore bivalves such as mussels and oysters are also threatened by decreased 

calcium carbonate saturation.
5
 Although specific species studies (e.g. corals and 

Euthecosomatous pteropods) have provided researchers with information about excessive 

atmospheric CO2 impact on marine calcifying organisms, the long-term effects on the marine 

ecosystem are still not well-known due to the lack of information/ data and the complicated 

connections among marine organisms.
5,6  

In other words, scientists are currently still not able to 

make a conclusive prediction regarding the changes in marine environments under rising CO2 

pressure. A great amount of study is urgently required from multiple aspects to provide a 

comprehensive understanding of the consequences brought by ocean acidification. Table 1 listed 

additional marine organisms summarized as by Farby et al. that are affected by ocean 

acidification.
5
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Species 

 

 

Description 

 

 

CO2 Condition 

 

 

Sensitivity 

 

Mytilus edulis 

 

Mussel 

 

pCO2 740 ppmv 

 

25% decrease in 

calcification rate 

 

Crassostrea gigas 

 

Oyster 

 

pCO2 740 ppmv 10% 

 

decrease in 

calcification rate 

 

Placopecten 

magellanicus 

 

Giant scallop 

 

pH < 8.0 

Decrease in 

fertilization and 

embryo development 

 

Hemicentrotus 

 

Sea urchin 

 

~ 500 – 10 000 ppmv 

Decreased fertilization 

rates, impacts larval 

development 

 

Paralichthys 

olivaceus 

 

Japanese flounder 

 

5% CO2, ~ 50 000 ppmv 

 

100% mortality within 

48 h 

 

Pagrus major 

 

Red sea bream 

 

5% CO2, ~ 50 000 ppmv 

 

>60% larval mortality 

after 24 h 

 

Seriola 

quinqueradiata 

 

Yellowtail/ 

amberjack 

 

5% CO2, 50 000 ppmv 

 

Reduced cardiac 

output; 100% 

mortality after 8 h 

 

Euthynnus affinis 

 

Eastern little tuna 

 

15% CO2, ~ 150 000 

ppmv 

 

100% mortality of 

eggs after 24 h 

 

Table 1. Examples of marine species/ organisms affected by ocean acidification.
5
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Chapter Two 

Design and Synthesis of a Calcium Sensor for Use in Marine Environments 

 

2-1. Introduction 

Many on-going researches developed nowadays are performed in the laboratory in an 

artificial seawater system and they focus on observing how the examined organisms respond 

biologically to the specific settings.
5,13

 Few studies aim to analyze changes in marine calcium 

carbonate chemistry, and they mostly measure the concentration of carbonate ions (from total 

alkalinity and dissolved inorganic carbon).
3,11

 Though established models represent decent 

measurement of current CO3
2-

 levels and good projections for the future, they do not provide 

information regarding Ca
2+

. The objective of this project is to synthesize a calcium indicator, 

which is capable to bind with free Ca
2+

 in marine sediment and generate fluorescent signal upon 

the attachment (Fig. 1). The detection of Ca
2+

 concentration in marine sediment not only 

provides a second direction (in addition to the investigation of CO3
2-

) to understand the impact 

that ocean acidification has on calcifying organisms (especially those living near-shore), but also 

provides information about the biological activity of the organisms under the specific target 

environment (for a certain pH, etc).
14

  

 

Figure 1. Fluorescent signaling from the sensor upon binding with a calcium ion. 
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Ca
2+

 signaling has been a popular topic in research since decades ago.
15

  However, the 

original and even present interest is mainly to measure intracellular calcium levels due to 

increasing discovery of the close connection between calcium condition and a series of 

biological activities such as autophagy, and hence human health.
15,16

 Many tracing molecules 

have been designed and used for calcium detection in physiological environments
 
.
15-19

 Yet none 

has been designed for the detection of calcium under other conditions such as in seawater, 

probably due to lack of research interest in oceanic alkaline chemistry before.
6,14

 And since 

typical [Ca
2+

] in vivo is approximately 10
-6

 – 10
-8

 M, while that in seawater is about 10 mM,
15,20

 

most of the currently developed calcium tracers will reach saturation quickly and therefore are 

not suitable for calcium measurement in seawater. Therefore, the calcium sensor desired in this 

project should be characterized with relatively high KD, i.e. lower affinity to Ca
2+

 comparing to 

current tracers. As found in the development of tracers for popular divalent ions (Ca
2+

, Zn
2+

, etc), 

most tracers showed capability to bind with other divalent ions besides the target ion.
22-24 

The 

prototype of our desired sensor was based on the FluoZin-2 tracer proposed by Gee et al.
24

 for 

Zn
2+

 measurement in cells, which is a difluoro- derivative of 6- carboxylfluorescein. The 

FluoZin-2 sensor showed
 
desired affinity to Ca

2+
 (KD ~ 5mM), and more importantly it did not 

show pH dependency within pH unit 6-9 which includes the normal seawater pH. Although the 

FluoZin-2 molecule was originally designed for Zn
2+

 detection, it was modified from a Ca
2+

 

tracer. And furthermore, the Zn ion concentration in seawater is much lower than Ca
2+

. Hence 

the structure from Gee’s study represents a suitable candidate for our purpose. However, the 

price of commercially available FluoZin-2 sensor is relatively expensive ($397/ 50μg)
39

 and thus 

limits experimental uses. Our purpose in this project is to provide a practical laboratory synthetic 

method for the calcium sensor, which will be more budget- friendly.  The overall synthetic 
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design is shown as followed (Fig 2), including the synthesis of a calcium ion- binding amine (3) 

and the fluorophore --carboxylfluorescien (6). Selection of fluorescein over other groups as the 

fluorophore mainly due to 1) its large extinction coefficient; 2) high quantum yield; and 3) 

visible-range excitation and emission wavelength (no UV excitation required).
21-23

  

The synthesis of this calcium sensor molecule is the first step of a project collaborated 

with the School of Marine and Atmospheric Science at Stony Brook University. The final sensor 

molecule from this step will be further applied to an optical indicator via a polymeric bridge, 

which is to perform in situ measurements.  

 

 

 

Figure 2. Synthetic design involves the coupling of fluorophore (6) with the calcium binding amine (3) in 

dichloromethane. Deprotection of the two acetate groups yields the final product. 
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2-2. Overview of Synthetic Route 

The complete synthetic route can be mainly divided into three parts: synthesis of calcium 

binding amine; synthesis of fluorophore; and the coupling of the amine and fluorophore, shown 

in Scheme 1.  
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Scheme 1. The complete synthetic route includes three main sessions: synthesis of the Ca
2+

 binding 

amine; synthesis of the fluorophore; and the coupling of the binding amine and the fluorophore 
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2-3. Results and Discussion 

2-3-1. Synthesis of Ca
2+

 Binding Moiety 

 

 

Scheme 2. Detailed scheme of synthesizing Ca
2+

 amine: alkylation of o-anisidine; nitrosation; and 

reduction of the nitroso-compound (2). 

 

   

  This part of the synthesis is composed of three steps: production of diethyl 2,2'-((2-

methoxyphenyl)azanediyl) diacetate (compound 1) from alkylation of o-anisidine by ethyl 

bromoacetate
25

; nitrosation of (1) with sodium nitrate for diethyl 2,2'-((2-methoxy-4-

nitrosophenyl)azanediyl)diacetate (compound 2);
26

 and reduction of (2) to yield diethyl 2,2'-((4-

amino-2-methoxyphenyl)azanediyl)diacetate (3).
27
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Scheme 3. Step 1: Double alkylation of o-anisidine with ethyl bromoacetate to yield (1). 

 

  The first step of alkylation of o-anisidine was successful with about 90% yield calculated. 

Sodium iodide was added to substitute bromine in ethyl bromoacetate to be a better leaving 

group, and therefore works as a catalyst.  N,N-Diisopropylethylamine was added to serve as a 

base receiving protons from o- anisidine while it attached to the bromoethyl carbon. A difficulty 

observed by the previous student in this project was that only 50% of the dialkylation product of 

o-anisidine was formed, while monoalkylation product accounted for the other 50% (based on 

1
H- NMR data).

28
 Different from this result, integral values of approximately 5.0:3.7 were 

observed for the two sets of methylene hydrogens adjacent on both sides to the ester group. Such 

a result suggested that dialkylation was accomplished since each methylene set accounted for 

four hydrogens attached.  
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Scheme 4. Step 2: Nitrosation of (1) to yield (2) in acetic acid. 

 

   The first attempt to prepare the nitroso-compound (2) was to combine (1) and NaNO2 

with an approximately 1:1 molar ratio in an aqueous solution with glacial acetic acid for 18 hours. 

The resulted mixture was dissolved in water and extracted with dichloromethane (3X). Organic 

layers were combined to yield dark brown crude product, which was then analyzed along with 

starting material (1) in 1:1 ethyl acetate (EA)/ hexane solution on TLC. However, only big spots 

with an Rf values corresponded to the starting material observed on the product column. Another 

two trials of TLC were carried out in solutions of 1:9 isopropanol/ hexane and 1:2 isopropanol/ 

hexane for better separation. However, neither of the two compounds showed sufficient 

difference in Rf values for analysis. Due to the uncertain results from TLC analysis, the first 

attempt was suspected not successful and a second try was performed.   

  Two setups (2- I and 2- II) with different amounts of NaNO2 added and different reaction 

time were carried out at the same time for comparison. Detailed information is shown in Table 2. 

The two crude products were then taken 
1
H-NMR spectra after extraction. Both of the crudes 

appeared to have major peaks for the desired nitroso-compound (2): a doublet at δ 7.8 ppm, a 

singlet at δ 7.6 ppm, and a double at δ 6.8 ppm for the three aromatic hydrogens; a quartet and a 

single at about δ 4.3 ppm to δ 4.1 ppm for the eight methylene hydrogens from the diacetate; a 
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triplet at about δ 1.3 ppm for six methyl hyhrogens from the diacetate; and a singlet at δ 3.8 ppm 

for the methyl hydrogens from the methoxyl. Crude 2.2 showed about 50% (based on integrals) 

of the starting material (1) and some other impurities. Crude 2.1 showed dominantly the peaks 

for the product (2).  In summary, additional NaNO2 helped to complete (in high percent yield) 

the nitrosation, which had a better/ purer result than the reaction of same 1:1 molar ratio of 

starting material (1) and NaNO2 reacted in extended time.  Such an observation may be related to 

the mechanism of the nitrosation reaction.
29,30

 As shown in Fig.3, the nitrite anion first reacts 

with two equivalent of protons in an acidic environment and undergoes a hydrolysis to form the 

nitrosyl cation, which is then later attacked by the electron-rich aromatic ring. Since the acid 

used in the nitrosation step here is a weak acid (acetic acid) which means the acidic proton does 

not ionize completely, and the nitrous acid molecule formed from bonding with the first proton is 

neutral in charge, the second uptake of a proton from the weak acetic acid will not be as efficient.  

Adding more NaNO2 therefore, increases the concentration of NO2
-
 which would result in more 

molecular collision and easier to form the nitrosyl cation.   
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 2- I 2- II 

Compound 1 0.51 g (1.7 mmol) 0.50 g (1.7 mmol) 

NaNO2 0.28 g (4.0 mmol) 0.14 g (2.0 mmol) 

CH3CO2H 25 ml 25 ml 

H2O 25 ml 25 ml 

Time 18 hrs 48 hrs 

Temperature room temp room temp 

Rf Values starting material (1) 0.56 

crude product (2) 0.55 

starting material (1) 0.51 

crude product  (2) 0.56 

 

Table 2. Information of Second Attempt to prepare Diethyl 2,2'-((2-methoxy-4-

nitrosophenyl)azanediyl)diacetate (2). 

 

 

 

Figure 3.  Formation Mechanism of Nitrosyl Cation in Acetic Acid 
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Scheme 5. Step Three: Reduction of (2) to an arylamine (3) ammonium formate on catalysis of Pd/ C. 

 

The final step of Part I converting the nitroso-compound (2) was achieved but with a 

relatively low yield of no more than 40%.  Formates are widely applied hydrogenation/ 

hydrogenolysis in organic experiments since three decades ago, in which they dissociate to yield 

hydrogen with the presence of Pd/ C and.
31,33

 Ammonium formate catalytic transfer 

hydrogenation (AF-CTH) gained interest mainly in peptide research due to the ease and 

rapidness.
31

 Although the detailed mechanism of this system has not yet been thoroughly 

understood, several relevant studies have been carried out on the topic.
31-33

 The reaction equation 

shown in Eq. 9 was proposed, and some parameters are thought to affect the process: the amount 

of hydrogen donor (ammonium formate in this case); the load of Pd on the catalyst; temperature; 

and types of solvent.
31,32

  

As an original attempt, the starting material (2), AF, and 5% Pd/C were added in a molar 

ratio of 1: 50 : 1/3 into the solvent of methanol. The reaction was run under ambient temperature 

for six hours; and 33% yield was obtained. Changes in the aromatic region on 
1
H-NMR spectra 

from (2) to (3) verified the formation of the amine: both the doublet at δ 7.8 ppm and the singlet 

at δ 7.6 ppm, which represented the two hydrogens ortho to the nitrosyl group, were shifted 

upfield to around δ 6.2 ppm; while the last hydrogen meta to the nitrosyl was slightly shifted 
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from δ 6.6 ppm to δ 6.8 ppm. These changes reflected the conversion of –NO to –NH2, which is 

a switch of an electron withdrawing group to a donating group. And the other peaks also 

appeared to be consistent with the structure. Later 10% Pd / C was used under the same 

conditions, and a slightly higher yield of 40% was obtained. The low yield of product may also 

due to loss in the two sequential filtrations (filtered from Pd/ C and from drying agent). Since the 

Pd/ C powder is quite fine, a large fraction of product might have sticked to the carbon and was 

difficult to wash off. No further attempts for this reaction were carried out at this point, since the 

amine (3) was formed, and the primary goal was to achieve the synthesis of the sensor. However, 

a few points can be concluded regarding this reduction reaction. According to the literature in 

which formate- CTH was applied for another type of reaction (dehalogenolysis),
31

 an amount of 

2-fold excess of ammonium formate to the substrate was recommended. The 50-fold amount of 

ammonium formate to the nitroso- compound should be in a sufficient range for the reduction. 

And therefore again based on the parameters proposed in the literatures, modifications of Pd/ C 

amount, temperature and solvent types can be explored in future attempts to improve the yield.  

 

 

 

 

 



23 

 

2-3-2. Synthesis of the Fluorophore 

The second part of the synthesis also involves three main steps: formation of 2’, 7’- 

dichloro- 5(6) –carboxyfluorescien (4a, 4b), which are two chlorinated isomeric derivatives of 

the commonly used 5(6) - carboxyfluorescein.  Product (4a) and (4b) were then placed to react 

with acetic anhydride for protection of the fluorophore, yielding another two isomeric products 

(5a) and (5b), with one as a pyridine salt and the other in its pure carboxylic acid form 

precipitated from water. And lastly the acid product was converted into an acid chloride for 

coupling with the amine moeity. All the steps in this part were carried out following to the work 

of Woodroofe et al..
23

  

Scheme 6. Detailed scheme of synthesizing the carboxyfluroscein: formation of chlorinated derivatives of  

5(6) –carboxyfluorescein (4a, 4b); protection of the carboxyfluorescein; conversion of the acid- form 

isomer to the acid chloride form. 
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Scheme 7. Step Four: Formation of chlorinated derivatives of  5(6) –carboxyfluorescein (4a, 4b). 

 

4- chloro-resorcinol and 1, 2, 4- benzenetricarboxylic acid were combined in a molar 

ratio of 2:1 in methanesulfonic acid for a condensation to form the two chlorinated isomeric 

derivatives of the carboxyfluoresein. Methanesulfonic acid was applied as a non-volatile strong 

organic acid catalyzing the condensation reaction.
35

 Due to lack of selectivity on position 1 or 2 

in the benzenetricarboxylic acid,
23

 either end of the carboxylic acid would react with the electron 

mass from resorcinol. The final product collected in this step was observed to be an orange solid 

which was consistent with description in the reference. But the product obtained was not dried 

through in the later process, resulting in a measured yield slightly more than 100%. The product 

was carried on to next step without further processing.  

 

Scheme 8. Step Five: Protection of the carboxyflurescein by acetic anhydride. 
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 The reactions between the hydroxyl and carbonyl group from the fluorophore were so 

rapid that change in color (assumingly from starting material to product based on description in 

the reference) was observed, as soon as the acetic anhydride was added. Using pyridine in the 

reaction may offer two advantage: 1) pyridine acted as a weak base in the system to neutralize 

the acetic acid formed as a side product, which would interfere later in the conversion to acid 

chloride; 2) selectively separate the two isomers by different precipitation methods—one as the 

pyridine salt while the other as carboxylic acid retrieved from organic solvent. The pyridine salt 

isomer (5a) precipitated directly from the reaction mixture, while isomer (5b) was precipitated 

by dissolving the filtrate from (5a) in ice water. Success of the reaction was verified by 
1
H- 

NMR comparing to the reference. However, both of the isomers showed large fractions of acetic 

anhydride and acetic acid: (5a) appeared to contain about 27% of Ac2O and about 18% of AcOH; 

(5b) also appeared to contain about 50% of AcOH. For the purpose of this synthesis (as 

explained later), isomer (5b) was placed under vacuum to further remove the acetic anhydride/ 

acetic acid. A product up to 80% pure was obtained, while remained acetic acid and other 

impurities from previous steps still accounted for the other 20%.  
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Scheme 9. Step Six: Conversion of carboxylfluorescein into an acid chloride form. 

 

In the conversion of compound (5a)/ (5b) to their corresponding acid chlorides, the 

catalyst dimethylformaide (DMF) first reacted with oxalyl chloride to form an intermediate 

called a Vilsmeier- Haack reagent,
36

 which was then attacked by the carboxylic acid group. One 

of the chlorines from oxalyl chloride first reacted with DMF, resulting in the cleavage of oxalyl 

chloride molecule to form carbon monoxide, carbon dioxide and the other chlorine anion. The 

unstable Vilsmeier- Haack reagent then reacted with the electron-rich carboxylic group from the 

fluorophore. An acid chloride product was formed along with the return of a DMF molecule.  
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2-3-3. Coupling of the Binding amine and the Acid Chloride derivatives of the Fluorophore 

 

 

Scheme 10. Designed coupling of the amine and fluorophore and deprotection of resulted product. 

  

Using the work of DeRuiter et al.
36

 as reference, the fluorophore acid chloride (6) and the 

Ca
2+ 

binding amine (3) was refluxed in anhydrous dichloromethane (DCM) under nitrogen 

pressure for 12 hours, with triethylamine (TEA) as a base receiving the HCl formed in the 

reaction. Isomer (5a) remained from previous work was mainly used in the reactions from step 

six and therefore acid chloride (6a) was applied in this coupling step, as shown in Scheme 11.  

Molar ratio of 1: 2: 2.5 for isomer (5a): C2O2Cl2 : DMF was applied in the preparation of acid 

chloride (6a); and the ratio for (6a): (3): TEA was 1: 1: 1.5 in the coupling reaction.  
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Scheme 11. Coupling from isomer (5a). 

  

Several attempts following the procedure mentioned were performed. Since the Ca
2+

 

binding amine will change to an amide after coupling, the aromatic hydrogens will become less 

shielded as the lone pair from nitrogen should be in resonance with the carbonyl and therefore 

the hydrogen chemical shifts will be more downfield. Such an alteration was the primary key to 

verify the occurrence of coupling. And the downfield shifts of the amine aromatic hydrogens 

were indeed observed: the peaks at δ 6.2 ppm from the amine were absent from the position, and 

together with the peak originally at δ 6.8 ppm mingled in a more left range with other peaks. 

Although the reaction of the amine seemed promising, whether the shifts of peaks were caused 

by coupling with the fluorophore was not verified. As a test to figure out whether the two 

moieties had coupled, a TLC plate spotted with all three substances ((3), (6a), and crude product) 
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was dipped into a KOH solution for deprotection. Fluorescence was observed in both (6a) and 

the product. And since the product spot appeared to contain a part that was associated to the 

amine, there was possibility that the two had been reacted. Excessive DMF peaks were also 

observed suppressing the peaks from product in some trials. Purification of the crude product 

was carried out in various ratios of EA and hexane. Main peaks of the product remained 

unseparated by showing broad absorption detected. Also, the purified product appeared to 

decompose in some instance based on 
1
H- NMR. Such results may due to the product’s 

instability on silica column or the overexposure to air.  

 Attempts with slight modifications to the previous were then carried out. A smaller ratio 

of DMF and C2O2Cl2 were used to get the acid chloride, such that (5a): C2O2Cl2 : DMF was 1: 1 

(1.5): 1.5. With these different concentrations, a better 
1
H- NMR spectrum was obtained in 

which the peaks from (3) were shown shifted to positions corresponded to the designed amide. 

However, purification of the product showed separation of the amine and fluorophore. Based on 

the 
1
H- NMR spectrum, shifts of peaks were suspected to be the result of a reaction between the 

amine and residual acetic acid from previous steps. The proposed structure is as shown in Fig. 4. 

As a summary up to this point, coupling of the amine to the fluorophore was not achieved due to 

the competitive interference of acetic acid/ acetic anhydride remained in the fluorophore. 

Similarly, possible residual oxalyl chloride might have also contributed difficulties to previous 

coupling attempts (Fig 4).  
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Figure 4. Interference coupling of the residual acetic acid or oxalyl chloride with the Ca
2+

 binding amine 

(3). 

 

Compound (5a) was placed under vacuum for overnight or equivalent amount of time to 

remove the excess residual acetic acid. And the acid chloride (6a) was washed with 1, 4- dioxin 

in order to remove possible remaining oxalyl chloride. Based on 
1
H- NMR comparison, about 30% 

of the acetic acid was removed and the purity of the carboxylic acid appeared to be greater than 

90%.  A new trial coupling applying these changes in process was carried out. The crude product 

was purified by column chromatography on silica gel with acetone/ heptane (60%- 80% acetone). 

The unseparted polar fractions which were suspected containing the desired product were 

combined. One half of the resulted mixture was spotted on a glass TLC plate for further 

separation. 
1
H- NMR analysis of the obtained bands on the glass plate however, showed mostly 

only impurity peaks, while the very polar components still remained indistinct. The other half of 

the mixture was carried on to deprotection. As purification of the polar components in the crude 
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product appeared hard to accomplish with common solvent combinations, more polar TLC 

systems were applied.
38

 The trial systems include: BuOH- AcOH- H2O, isopropanol- AcOH- 

H2O, tert-BuOH- AcOH- H2O, and CHCl3- MeOH- H2O. Detailed ratios were as shown below. 

BuOH- AcOH- H2O with ratio 9: 2: 1 showed best separation of each individual spot. Since the 

purpose was to separate the last polar fractions, CHCl3- MeOH- H2O (65: 25: 4 to 65: 25: 10 and 

2: 3: 1) were applied in a purification. 
1
H- NMR analysis results showed fractionated/ impurity 

peaks but not that of amine/ fluorophore, which was similar as previous purification.  
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Figure 5. Polar solvent systems tried for separation of purified fractions with high polarity. 

 

 Attempts to verify the coupling reaction were then carried out with some model amines 

and with the aid of a coupling reagent, dichlorotriphenylphosphorane (DCTPP). m- Toluidine 

was first tried since it has a distinct methyl group attached to the aromatic ring and should give a 

better signal upon the coupling (rather than being mixed in the aromatic region). The reaction 

was so rapid that changes of hydrogen peaks on NMR were already observed within 30 minutes. 

Shifts of the amine aromatic hydrogen peaks were observed as before. However, the methyl 
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group from m- toluidine has a hydrogen chemical shift of δ2.29 which is very close to the methyl 

peak from the fluorophore (~ δ 2.38 ppm). Change for these hydrogen appeared to be indistinct 

from the fluorophore peak. Problem remained as before. According to the work of Azumaya et 

al.
27

, dichlorotriphenylphosphorane (DCTPP) was used to synthesize aromatic amide 

successfully from the corresponding amine and the desired carboxylic acid. It was then tried in 

the coupling of m- toluidine and fluorophore (6a). 
1
H- NMR spectra of the purified fractions 

suggested that the two were not coupled. Another model amine 4- ethylaniline was also applied 

in the coupling.  And a different solvent system ethyl acetate
37

 was tried as well. None of the 

result so far was promising. Evidence showed the amine and the fluorophore were not bound.  

 This predicament led to the reconsideration of the starting materials. Since the aromatic 

hydrogens from the amine always showed reacted in the reaction, the problem might then focus 

on the fluorophore. All the attempts before were done with the carboxyfluorescein isomer (5a), 

which was a salt. This property might have restrained the isomer’s ability to finish the coupling. 

Since there was no isomer (5b) from previous work found available, a synthesis was carried out 

to make new isomer (5b). Trial coupling of the carboxylic acid isomer (5b) with 4- ethylaniline 

was first carried out. The fluorophore aromatic hydrogen peaks appeared to shift upfield slightly, 

which matched with the change from an acid chloride to an amide. And the methylene hydrogens 

in the ethyl group from the amine showed change from δ 2.5 ppm to approximately δ 2.6 ppm; 

the methyl hydrogens shifted from δ 1.2 ppm to δ 1.3 ppm. Then a coupling reaction using the 

Ca
2+

 binding amine (3) and the fluorophore (6b) was carried out following the original procedure 

in dichloromethane anhydrous with TEA as the base. Similar result to the model coupling with 4- 

ethylaniline was observed: slight upfield shifts were observed for aromatic hydrogens from the 

fluorophore; and downfield shifts were observed for that from the amine. The crude product was 
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then deprotected in KOH solution and neutralized with HCl to maintain the stability of the 

possible sensor.  

 Attempts to detect fluorescence intensity of the deprotected product were also performed 

to first examine the property of the possible product. Starting from the referenced concentration
23

 

of 1 μM, in the buffer of Trizma (0.1M), decreasing concentration of 0.1 μM and 0.01 μM were 

measured. All of these samples however, showed saturation fluorescence intensity. A more 

diluted concentration with 0.01 μM product in the buffer (0.01 M) was tried and a fluorescence 

reading of 4 (based on the instrument scale) was observed. As a sequential step, a calcium 

solution was added into the product to see whether there would be an enhancement in 

fluorescence intensity. A test of the calcium chloride solution alone however, had showed 

maximum fluorescence. As a result, detection of previous effect was not reliable. Attempts to 

detect the fluorescence of the possible sensor molecule may need to be carried out on a second 

instrument for a better insight.  
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Table 3. Summary of coupling reaction attempts. 

Coupling Attempts Result 

 

 

 

 

6a 

 

 

 

 

3 

 

 (6a)- (3) (molar ratio 1:1) 

reflux in dichlromethane 

anhydrous with 

triethylamine (original 

procedure)
 

 

amine aromatic H peaks 

changed; but coupling of (6a) 

and (3) was not confirmed 

 

smaller ratio of C2O2Cl2 and 

Me2NCOH for preparation 

of acid chloride; original 

procedure for coupling
 

 

amine aromatic H peaks 

changed; coupling product 

from (3) and residual AcOH 

obtained 

 

 

 

6a 

 

 
 

m- toluidine 

 

following original 

procedure 

 

amine H peaks changed; 

coupling was not confirmed
 

 

 

following original 

procedure with addition of 

dichloromethylphosphorane
 

 

amine H peaks changed; 

coupling was confirmed not 

complete 

 

 

 

6a 

 

 
4- ethylaniline 

 

 

following recorded 

procedure
 

 

 

amine H peaks changed; 

coupling was not confirmed 

 

following recorded 

concentration in EA 

 

amine H peaks changed; 

coupling was confirmed not 

complete 

 

 

 

 

6b 

 

 
4- ethylaniline 

 

 

 

 

following recorded 

procedure 

 

 

both amine and fluorophore H 

peaks observed changes 

corresponding to the 

hypothesized product 

 

 

6b 

 

 

3 

 

 

following recorded 

procedure 

both amine and fluorophore H 

peaks observed changes 

corresponding to the designed 

product; coupling suspected 

achieved 
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2-4. Conclusion and Future Work  

 In this work a Ca
2+

 sensor for use in marine environment was designed and synthesized. 

The sensor is designed to give a fluorescent signal upon the binding of calcium ion. The 

synthetic route was divided into three parts: the synthesis of the Ca
2+

 binding amine (3), 

synthesis of the fluorophore (6), and the coupling of the two moieties. Three steps were involved 

to make the amine (3). This synthetic route was proved successful according to the hydrogen 

NMR data but with an inefficient yield of about 40%. A great deal of effort was put into 

achieving the coupling between fluorophore isomer (5a) and the amine (3) and the purification of 

the resulting product. However, all the results suggested difficulties when using this pyridine salt 

isomer. Attempt with the other carboxylic isomer on the other hand showed evidence that the 

desired sensor might have been obtained based on the 
1
H- NMR spectrum.  

 The next step for the process will be to continue detection of fluorescence signal from the 

coupling product and from its dissolution in a calcium solution; and from that to examine the 

possible sensor’s Ca
2+ 

affinity. Improvements for previous synthesis may focus on the synthesis 

of the Ca
2+

 binding amine (3), in which modifications on catalyst amount, temperature and 

solvent system can be tried.  
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Chapter Three 

Experimental Design and Methods 

 

All the NMR spectra were obtained from a Bruker Fourier 300 NMR spectrometer. The 

fluorescence detection was performed in an AMINCO • Bowman Series 2 Luminescence 

Spectrometer, excitation at 505 nm and emission range was between 480 nm and 640 nm.  

Diethyl 2,2'-((2-methoxyphenyl)azanediyl) diacetate (1)
25 

o- Anisidine (5.7 mL, 50mmol) and ethyl bromoacetate (16.8 mL 153 mmol) were stirred along 

with dimethyl formamide (60mL), diisopropyl ethylamine (21 mL,120 mmol), and NaI (7.5g, 50 

mmol) at 100°C for 4 hours. The product mixture was dissolved in diethyl ether (100 mL) and 

extracted with H2O (2 x 40 mL) and saturated NaCl (aq) solution (20 mL). The organic layer was 

dried with MgSO4 and rotary evaporated to give a crude product. The crude product appeared to 

be a brown oily liquid and was analyzed with TLC (1:1 EA-hexane). Rf 0.46. The mass of the 

crude product was measured as 13.8g (93% yield). 
1
H-NMR (CDCl3, 300MHz): δ 6.95-6.83 (m, 

4H); 4.21-4.18 (q, 4H), J= 7.14Hz; δ4.14 (s, 4H); 3.82 (s, 3H); 1.26 (t, 6H), J= 7.11Hz. 

 

 

Figure 6. Compound (1), diethyl 2,2'-((2-methoxyphenyl)azanediyl) diacetate. 
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Diethyl 2,2'-((2-methoxy-4-nitrosophenyl)azanediyl)diacetate (2)
26

 

Compound 1 (0.5g, 1,7mmol) was dissolved and stirred in a solution of acetic acid (25mL) and 

H2O (25mL). NaNO2 (aq) solution (0.4M, 10 mL) was added to the stirring solution over a time 

interval of 10 min. The mixture was allowed to react for 18 hours at room temperature. H2O (40 

mL) was added to the yellow crude product and the resulting solution was extracted with CH2Cl2 

(3 x 50 mL). The organic layer was dried with MgSO4 and rotary evaporated. The product was 

purified with silica gel chromatography (50%- 80% CH2Cl2 in hexane). Yellow solid product 

was obtained. The mass was measured as 0.35g (64% yield). TLC analysis was carried out for 

both crude (1:1 EA- hexane; 10% isopropanol- hexane; 1:1 EA- CH2Cl2; CH2Cl2) and purified 

products (CH2Cl2). The Rf values for crude product were 0.55, 0.15, 0.05 and 0.47, respectively. 

1
H-NMR (CDCl3, 300MHz): δ 7.84 (dd, 1H), J= 2.28Hz ; δ 7.68 (s, 1H); δ 6.66 (d, 1H), J= 

8.91Hz; δ 4.3-4.18 (m, 8H); δ 3.85(s, 3H); δ 1.31 (t, 6H), J= 7.08Hz. m.p. 95 – 97 ˚C. 

 

 

Figure 7. Compound (2), diethyl 2,2'-((2-methoxy-4-nitrosophenyl)azanediyl)diacetate. 
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Diethyl 2,2'-((4-amino-2-methoxyphenyl)azanediyl)diacetate (3)
27 

Compound 2 (0.28g, 0.86 mmol), Pd 5%wt on activated carbon (0.62g) and ammonium formate 

(2.56 g) were stirred in dry methanol (20 mL). The reaction was carried out at room temperature 

for 6 hours. The product solution was filtered and the filtrate was dissolved in H2O (20 mL). The 

resulting solution was extracted with CH2Cl2 (50 mL). The organic layer was dried with MgSO4 

and  the solvent was removed by rotary evaporation. Pink solid of 0.107g was obtained. 40% 

yield. TLC analysis was carried out (60% EA- hexane). The Rf value was 0.24.  
1
H-NMR (CDCl3, 

300MHz): δ 6.84 (d, 1H), J= 8.22Hz; δ 6.25- 6.19 (m, 2H); 4.19-4.14 (q, 4H), J= 7.17Hz; δ 4.12 

(s, 4H); δ 3.80 (s, 3H);δ 3.68 (s, 3H); δ 1.24 (t, 6H), J= 7.14Hz. m.p. 86 – 88 ˚C. 

 

 

 

Figure 8. Compound (3), diethyl 2,2'-((4-amino-2-methoxyphenyl)azanediyl)diacetate. 
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2',7'-Dichloro-5(6)- carboxylfluorescein (4a, 4b) 
23 

4-chlororesorcinol (5.78g, 40mmol) and 1,2,4-benzenetricarboxylic acid (4.20g, 20mmol) were 

combined in methanesulfonic acid (30mL) and stirred at 90 ˚C for 18 hours. The mixture was 

poured into stirred ice water (300mL) and resulting suspension was filtered and washed with 

water and was dried under vacuum at 90 ˚C overnight. Orange solid of 18g was obtained, which 

is more than the theoretical yield, indicating the presence of impurities. The crude product was 

used in the next step without further purification or characterization.  

 

 

Figure 9. Compound (4a, 4b), 2',7'-Dichloro-5(6)- carboxylfluorescein. 
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3’,6’-diacetyl-2’,7’-dichloro-6-carboxyfluorescein pyridine salt (5a)
23 

Compound 4 (17.84g) was dissolved in acetic anhydride (30mL) and pyridine (2mL) and heated 

to reflux for 30 minutes. The reaction was cooled to room temperature for 24 hours and filtered. 

A very small amount of white flake-like solid was collected. Filtration for a second time was 

performed after another 2 hours. Again only a little portion of precipitate collected. Total weight 

was less than 0.3g. 
1
H-NMR (CDCl3, 300MHz): δ 8.70 (s, 2H); δ 8.44 (d, 1H), J= 7.95Hz; δ 8.16 

(d, 1H), J= 7.95Hz; δ 7.92 (s, 1H); δ 7.85 (m, 1H); δ 7.46- 7.44 (m, 2H);  δ 7.18 (s, 2H); 6.88 (s, 

2H); 2.38 (s, 6H).
23 

m.p. > 230 ˚C.  

3’,6’-diacetyl-2’,7’-dichloro-5-carboxyfluorescein (5b)
23 

To the filtrate liquid 60mL of water was added slowly with stirring. Ethyl acetate (30 mL) was 

added to dissolve the mass formed and another 90ml (30 mL x 3) of ethyl acetate was used for 

extraction. The organic layer was washed with 10% hydrochloric acid (30 mL) and brine (20 

mL). The solution was dried over magnesium sulfate and rotary evaporated. Yellow solid with a 

mass of 5.75g was obtained. 108% yield. 
1
H-NMR (CDCl3, 300MHz): δ 8.81 (s, 1H); δ 8.48 (d, 

1H), J= 1.17Hz; δ 7.35(d, 1H), J= 8.04Hz; δ7.19 (s, 2H); δ6.88 (s, 2H); δ 2.39 (s, 6H); 2.14 (s, 

3H).
23

 m.p. 148 – 150 ˚C.  

 

 

Figure 10. Compound (5a, 5b), 3’,6’-diacetyl-2’,7’-dichloro-6-carboxyfluorescein pyridine salt and 

3’,6’-diacetyl-2’,7’-dichloro-5-carboxyfluorescein 
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2',7'-dichloro-6-(chlorocarbonyl)-3-oxo-3H-spiro[isobenzofuran-1,9'-xanthene]-3',6'-diyl 

diacetate (6a)
23

 

Compound 5a (1.77g, 3 mmol) was dissolved in dry CH2Cl2 (30 mL) and stirred at ice 

temperature. N,N dimethylformamide (0.347 mL, 4.5 mmol) and 98% oxalyl chloride (0.386 mL, 

4.5 mmol) were added to the mixture. Reaction was stirred for 18 hours under nitrogen. Product 

was rotary evaporated and appeared as yellow solid. 
1
H-NMR (CDCl3, 300MHz): δ8.86 (m, 2H); 

δ8.48- 8.40 (m, 2H); δ8.17 (d, 1H), J= 7.77Hz; δ 8.06 (s, 1H); δ 8.01- 7.97 (m, 2H); δ 7.19 (s, 2H) 

δ6.87 (s, 2H); δ 2.38 (s, 6H) 

 

2',7'-dichloro-5-(chlorocarbonyl)-3-oxo-3H-spiro[isobenzofuran-1,9'-xanthene]-3',6'-diyl 

diacetate (6b)
23 

Compound 5b (0.40g, 0.57 mmol) was dissolved in dry CH2Cl2 (8 mL) and stirred at ice 

temperature. N,N dimethylformamide (0.133 mL, 1.72 mmol) and 98% oxalyl chloride (0.1mL, 

1.16 mmol) were added to the mixture. Reaction was stirred for 18 hours under nitrogen pressure. 

Product was rotary evaporated and appeared as yellow solid. 
1
H-NMR (CDCl3, 300MHz): δ8.84 

(s, 1H); δ 8.45 (d, 1H), J= 8.07 Hz; δ 7.38 (d, 1H), J= 8.16Hz; δ 7.20 (s, 2H); δ 6.68 (s, 2H); δ 

2.39 (s, 8H) 

 

Figure 11. Compound (6a, 6b), 2',7'-dichloro-5(6)-(chlorocarbonyl)-3-oxo-3H-spiro[isobenzofuran-1,9'-

xanthene]-3',6'-diyl diacetate. 
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Diethyl 2,2'-((4-(3',6'-diacetoxy-2',7'-dichloro-3-oxo-3H-spiro[isobenzofuran-1,9'-xanthen]-6-

ylcarboxamido)-2-methoxyphenyl)azanediyl)diacetate (sensor)
24 

Acid- chloride form fluorophore (6b) (0.57 mmol) was vacuum pumped and dissolved in dry 

CH2Cl2 (8 mL) under nitrogen pressure. The calcium binding amine (3) (0.156g, 0.5 mmol) was 

vacuum pumped and placed under nitrogen pressure in a separate round bottom flask. 

Triethylamine (0.114 mL, 1.43 mmol) was added along with the fluorophore solution into the 

amine. The mixture was refluxed at 45°C for 12 hours. Dark red product mixture was obtained. 

1
H-NMR (CDCl3, 300MHz): δ8.55 (s, 1H); δ 8.34 (d, 1H), J= 8.01 Hz; δ 7.37 (d, 1H), J= 8.34Hz; 

δ7.19 (s, 2H); δ6.90- 6.86 (m, 4H); δ4.19-4.17 (m, 8H); δ 3.85 (s, 3H); δ 2.39 (s, 6H). 

 

 

Figure 12. Designed protected sensor structure, diethyl 2,2'-((4-(3',6'-diacetoxy-2',7'-dichloro-3-oxo-3H-

spiro[isobenzofuran-1,9'-xanthen]-6-ylcarboxamido)-2-methoxyphenyl)azanediyl)diacetate. 
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Deprotection Step 

Amine- flurorophore coupling product (0.5 mmol) was dissolved in ethanol (1.5 mL) and KOH 

solution (4M, 0.3 mL). The mixture was covered with aluminum foil and stirred at room 

temperature for 4 hours. The mixture was then dry under rotary evaporation and dissolved in 

H2O (1.2 mL).  Hydrochloric acid (2M, 0.1 mL) was added to acidify the pH to 5.6. 

 

 

Figure 13. Designed deprotection of crude sensor. 
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Appendices 
1
H- NMR Spectra of Compounds 

 

 

 

 

 

 

Figure 14. 
1
H- NMR spectrum of compound (1) in chloroform- d. 
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Figure 15. 
1
H- NMR spectrum of  compound (2) in chloroform- d. 
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Figure 16. 
1
H- NMR spectrum of compound (3) in chloroform- d. 
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Figure 17. 
1
H- NMR spectrum of compound (5a) in chloroform- d. 
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Figure 18. 
1
H- NMR spectrum of compound (5b) in chloroform- d. 
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Figure 19. 
1
H- NMR spectrum of compound (6a) in chloroform- d. 
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Figure 20. 
1
H- NMR spectrum of compound (6b) in chloroform- d. 
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Figure 21. 
1
H- NMR spectrum of desired sensor in chloroform- d. 

 


