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Abstract:   

 

While studying the various rhodamine spirolactam-based fluorescent indicators, evidence of 

important structural properties was observed. IR spectroscopic analysis leads one to conclude 

that rhodamine B thiohydrazide, the precursor for rhodamine B thiohydrazone, is misrepresented 

in literature as the incorrect tautomer. Correcting the literature with the proper tautomer should 

give insight and provide better guidelines for metal ion selectivity in rhodamine spirolactam-type 

indicator design. During synthesis a significant improvement of the notoriously low yielding 

thionation of rhodamine B derivatives with Lawesson’s reagent was developed. Furthermore, a 

new class of rhodamine spirolactam-type indicators are proposed (rhodamine di-alkylated 

hydrazides) through the synthetic development of a counterintuitive, yet simple, asymmetric di-

alkylation of hydrazine. This new class will increase the diversity of rhodamine spirolactam class 

of indicators for better control over metal ion selectivity. 
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I.  Background and Motivations 

a.  Rhodamine Spirolactam Probes 

Fluorescent chemosensors have gathered considerable attention over the past few years 

because of their potential as selective metal ion detectors in biological imaging. The 

chemosensor of particular interest in this work is based on rhodamine spirolactam. Rhodamine is 

a fascinating molecule due to its spiro-ring configuration, which can be controlled as an OFF/ON 

fluorescent switch. Through manipulation of simple acid/base principles, this switch can be 

controlled through pH (Brønsted acid/base) or a specific metal ion (Lewis acid/base) (Figure-

1).
1
 

 

a) 

 
b) 

         
Figure-1 a) Brønsted acid/base principles highlighting spirolactone ring opening/closing. b) Example of an 

OFF/ON fluorescent rhodamine spirolactam probe where the spirolactam ring opens in the presence of a 

metal ion (Lewis acid). 

In the closed ring state, the xanthene ring is perpendicular to the lactone or lactam ring, 

and after absorbing energy from the UV-Vis region the energy is released as heat. When the ring 

is in the open state, the molecule becomes a planar, conjugated system, which is able to absorb 

and emit photons resulting in an orange/pink fluorescence. 

While much of this attention has been directed at creating new rhodamine spirolactam 

probes, little attention is given to the structural analysis and behavioral properties of these 

molecules, making it difficult to predict metal ion selectivity in probe design. Rather than adding 

to the plethora of rhodamine spirolactam probes already reported, this work focuses on the 

structural analysis of certain rhodamine spirolactam molecules that could help probe designers to 

predict metal ion selectivity. 

 



b.  Initial Motivation 

This project began as a study on the spirolactam ring opening kinetics of the rhodamine 

spirolactam probes that were selective for Zn
2+

 ions. Zinc plays an important role in many 

biological processes, however, to the best of our knowledge, there are few reported rhodamine 

spirolactam probes that are selective for Zn
2+

 in aqueous solution.
2-4,18-22

 In our group’s previous 
work, a Zn

2+
 selective rhodamine spirolactam probe was incorporated into a heteroditopic ligand 

for detecting Zn
2+

 across a potentially broad concentration range.
5
 While the rhodamine 

spirolactam probe was selective for Zn
2+

, the spirolactam ring opening was too slow in an 

aqueous solution to be of utility in real time imaging or sensing. To understand and fix this issue, 

we proposed a new rhodamine spirolactam probe that could improve the spirolactam ring-

opening kineticseffected by binding of Zn
2+, through several modifications to our group’s 

previous rhodamine spirolactam molecule (Figure-2).  

Previous Work: 

 
Initial Goal: 

 
Figure-2 Previously rhodamine spirolactam probe that motivated the design of the project’s initial goal 
probe. 

 

 

The modifications, shown in Figure-3, included a) switching out the oxygen of the 

carbonyl group with a sulfur for stronger metal coordination, b) using cyclic amines on the 

xanthene ring rather than ethyl groups in order to limit the rotational freedom of the C-N bond on 

the xanthene, and c) incorporating a hydrazone for functional group attachment and formation of 

two five-membered rings upon binding to Zn
2+

 (Figure-2). 

 

 



 

How does sulfur affect ring 

opening/binding affinity? 

How does limiting rotational 

freedom affect ring opening? 

How does the hydrazone affect 

binding affinity? 

Figure-3 Exclusion of functional manipulations for proposed kinetic study on how each modification 

effects ring opening kinetics. 

 

c.  New Motivation 

The project took a turn during the synthesis stage of the project, where observations of 

interesting properties and behaviors raised new questions about rhodamine spirolactam 

derivatives. Herein, we describe how we came about these questions during the synthesis, show 

evidence for a common structural misconception, and propose a new class of rhodamine 

spirolactam indicators altogether.  

 

 

 

 

 

 

 

 

 

 



II. Synthetic Procedures that Led to Structural Insight 

a. General Synthetic Routes 

The initial general route for the goal probe, and the modified probes, is highlighted in red 

in Figure-4. Later in our investigation, another route was taken to see if the same products were 

achievable (blue). In our analysis, both routes produce the same products, and are similar in 

efficiency.  

 

Figure-4 General synthetic routes and procedures: i) Hydrazine addition to form rhodamine B 

hydrazide/thiohydrazide, ii) Thionation with Lawesson’s reagent, iii) Condensation to form rhodamine B 
hydrazone/thiohydrazone 

 

In each step, small improvements were made to those reported in literature. The most significant 

improvement was to step (ii) which will be discussed in section c of this chapter. 

 

b. Hydrazides 

Several routes were investigated to produce rhodamine B hydrazide and its analog, 

rhodamine B thiohydrazide. In the synthesis of rhodamine B hydrazide, it was determined that 

the most efficient route was that reported by Xiang et. al. with reliable quantitative conversions 

and purified yields of 80%.
22 

Despite this method being the most efficient, other methods were investigated because 

several unknown peaks in the aromatic region of the 
1
H-NMR spectrum (Figure-7a) of the crude 

reaction mixture were observed. The unknown peaks were not reported in previous literature 

findings and were presumed to be impurities. Purification was attempted by column 

chromatography and ether trituration, but showed no effect in removal of the unknown species.  

Further analysis using High Resolution Mass Spectrometry (HRMS) showed only one 

major species was present. Since this matched the molecular weight of rhodamine B hydrazide, it 

was determined these unknown NMR peaks were the result of a rhodamine B hydrazide isomer. 



Despite the inherently interesting structural properties of the spirolactam ring in 

rhodamine B hydrazide, little investigation in structural analysis has been reported.
6
  

 

 

Figure-5 Possible isomers upon spirolactam ring opening/closing with Brønsted acid/base. The possible 

rhodamine B hydrazide isomers are: a) 5-membered spirolactam ring, b) 6-membered spirolactam ring, c) 

tautomer. 

As shown above (Figure-5), acid/base can be used to manipulate ring opening/closing with 3 

potential arrangements. The 5-membered spirolactam ring (a) is almost exclusively accepted as 

the only isomer observed. The tautomer (c) of the 5-membered spirolactam ring has not been 

reported or discussed in previous literature, most likely because the carbonyl group in the 

spirolactam ring is thermodynamically favored to that of the ether and/or imine in the tautomer.  

The Czarnik group noted in their synthesis (through the reaction of hydrazine and the 

rhodamine B acid chloride intermediate, Figure-6a) that the 6-membered spirolactam ring (b) 

isomer was not a product because of the successful condensation of acetone with the free amine 

that is only present in the five-membered spirolactam ring.
6
 Following their procedure, the 

unknown species was, likewise, not reported.  

 

 

 

 

(a) 

(b) 

(c) 



a) 

 
b) 

 
Figure-6 Synthesis of Rhodamine B hydrazide through a) Czarnik group method, b) this work. 

Since our route involved the direct nucleophilic addition (Figure-6b) of hydrazine to 

rhodamine B, we believed that the six-membered spirolactam ring isomer could potentially be 

the unknown species observed in the crude 
1
H NMR spectrum. 

 

 
   

Figure-7 a) Before acid/base workup, b) after acid/base workup. 

a) 

b) 



To test this, a simple acid/base workup was used to open and close the ring to form the 

most thermodynamically stable product (Figure-7). The experiment was successful in removing 

the unknown peaks and the pure product’s peaks matched those reported in literature for 

rhodamine B hydrazide.
23

 

Although the acid/base workup was successful for purification, the unknown peaks are 

not necessarily from the 6-membered spirolactam ring isomer. It is important to note that at the 

time, it was overlooked that another plausible isomer would be the tautomer form. This will be 

discussed in Chapter 3 in more detail. 

In the synthesis of Rhodamine B thiohydrazide, two routes were taken (blue and red in 

Figure-4). Both routes showed only one major species which matched well with literature.
7 

 

c. Thionation Using Lawesson’s Reagent 

In order to tune the binding affinity of rhodamine derivatives to transition metals, oxygen 

in the carbonyl group of the spirolactam ring can be replaced with sulfur. It has been proposed 

that the higher binding affinity of sulfur allows for quicker ring opening kinetics in aqueous 

solutions which, in turn, increases the potential application of rhodamine spirolactam probes as 

ion indicators in biological settings.
13 

The most common method for thionating rhodamine B, and its analogs, is through the use 

of Lawesson’s reagent. Unfortunately, in rhodamine literature, reported methods using 

Lawesson’s reagent are not efficient, with 20-30% average yields.
2, 15

 Despite these low yields 

with rhodamine, Lawesson’s reagent is one of the most used thionating reagents in other 

synthetic procedures. 

 

Figure-8 Equilibrium of dimer and monomer forms of Lawesson’s reagent.
9
 

 

Lawesson’s reagent is available in a dimer form (Figure-8), which via heating dissociate 

into monomers.
26

 In the monomeric form, the phosphorus becomes a better electrophile and the 



sulfur becomes a stronger nucleophile as can be seen in the resonance structures. The mechanism 

of thionation using Lawesson’s reagent is similar to that of the Wittig reaction, and so activation 

of phosphorus and sulfur is essential to maximizing its potential. 

With this understanding, a method was developed to thionate rhodamine spirolactam with 

quantitative conversion and average yields of 80%. To a round-bottom flask containing 

Lawesson’s reagent in dry toluene, a heat gun was used till the solution was nearly homogenous. 

This experimental procedure is NOT recommended due to lab safety concerns. It does however 

suggest that rapid heating promotes the reactivity of Lawesson’s reagent, and perhaps a rapid 

heating procedure with safety issues addressed could be adopted for this type of reactions. After 

the initial rapid heating of Lawesson’s reagent in toluene to afford a homogeneous solution, 
rhodamine B base was added to the solution and refluxed for 24 hours, although 100% 

conversion can be observed through 
1
H-NMR in less than 6 hours. After refluxing, the solvent is 

evaporated and a saturated solution of potassium carbonate is added and stirred for 4 hours. This 

last step ensures that the ring is reclosed. 

 

d. Hydrazones and Discrepancies from Literature  

Using several different reported procedures, condensation of rhodamine B hydrazide with 

different aromatic aldehydes was successfully achieved. When using reported procedures for the 

condensation of rhodamine B thiohydrazide with aromatic aldehydes, some issues arose. 

Specifically, in the formation of compound RSP-OH (Figure 9) and compound RSP (Figure 10), 

insight into structure was provided. 

In the case of RSP-OH, although 
1
H-NMR spectroscopy shows complete conversion of 

the condensation (Figure-9), the imine and hydroxyl peaks did not match up with those reported 

values.
2
 In order to check if the condensation was truly taking place, compound RSP was made 

under the same conditions successfully (Figure-10) and the disappearance of the thiohydrazide 

peak was again used to confirm the condensation is occurred. 

Furthermore, although the hydrazone products from rhodamine B hydrazide could be 

purified via ether trituration, this was not the case for the thionated products. After many 

attempts of purification, including acid/base work up used to purify rhodamine B hydrazide, 

small traces of a derivative could not be removed. As determined by 
1
H-NMR spectroscopy, the 

imine and some aromatic peaks of the derivative appear to be shifted downfield in each product. 

Although further investigation is needed, it is possible that the unknown peaks may be ascribed 

to a stereoisomer. Stereoisomers of rhodamine B thiohydrazones arising from the two 

configurations of the imine bond have not been reported but are possible.  

 



 

Figure-9 
1
H-NMR showing unknown peaks that were unable to be removed. 

 

Figure-10 
1
H-NMR showing unknown peaks that were unable to be removed. 

RSP-OH 

RSP 



III. Rhodamine B Thiohydrazide Tautomerization Chemistry: 

a. Previous Literature Misconceptions 

 

Figure-11 Equilibrium of rhodamine B thiohydrazide tautomers. 

Though many rhodamine spirolactam probes have been developed over the last decade, 

little structural analysis into the potential tautomerization chemistry has been reported.
14, 17

 As 

discussed in Chapter 2, the Duan group reports tautomers in several rhodamine B thiohydrazone 

probes.
7
 However, no insight has been shed on rhodamine B thiohydrazide, the precursor to all 

the rhodamine thiohydrazone probes. In this work, we propose that of the two rhodamine B 

thiohydrazone tautomers, tautomer B is the major isomer that has been misrepresented in 

literature as tautomer A. The study was motivated by the understanding that the C=S double 

bond in tautomer A was relatively weak and so the C=N and C-S-C bonds would be favored in 

tautomer B.
24

 

b. Evidence for Tautomer B Through IR Spectroscopy Analysis 

Although X-ray crystal analysis has been performed on several rhodamine B 

thiohydrazone molecules by the Duan group, none has been performed on rhodamine B 

thiohydrazide and therefore infrared spectroscopy was used to analyze the functional groups 

present.
7, 15

 Four molecules were used to match and confirm the presence of specific functional 

groups (Figure-12). Although the frequency for the C=N (blue) could not be distinguished, the 

IR spectrum show no sign of tautomer A. 

 



  

Figure-12 The four rhodamine B derivatives analyzed by IR and the approximate functional group peaks. 

 

Figure-13 Full IR Spectrum of each of the four compounds. 
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Figure-14 Expanded IR Spectrum from 2000-500 cm
-1

 of each of the four compounds. 

 

Figure-15 Expanded IR Spectrum from 2000-500 cm
-1

 of Rhodamine B Base and Rhodamine B Hydrazide. 

C=O 

C=O 

C=S 

C-S-C 

C=O 
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Figure-16 Expanded IR Spectrum from 2000-500 cm
-1

 of Rhodamine B Base and Rhodamine D-Thio. 

 

Figure-17 Expanded IR Spectrum from 2000-500 cm
-1

 of Rhodamine B Hydrazide and Rhodamine B Thiohydrazide. 

C=O 

C=S 

C-S-C 

C=O 
C-S-C 



 

Figure-18 Expanded IR Spectrum from 2000-500 cm
-1

 of Rhodamine Di-Thio and Rhodamine B Thiohydrazide. 

 

In Figure-15, a large shift in the carbonyl group can be seen in the comparison of the 

carbonyl groups of rhodamine B base and rhodamine B hydrazide. The frequencies of these 

groups were as expected, and used as references for comparison to the other compounds.
25

 

Figure-16 compares rhodamine B base and rhodamine di-thio. The absence of the 

carbonyl group for rhodamine di-thio supports the correct structure (top-right in Figure-12).  

Most other peaks of the two compounds match well and the distinct differences are seen around 

1100 cm
-1

, 900 cm
-1

. Frequencies of thiocarbonyl groups (C=S) have been reported to be sharp 

around 1200-1050 cm
-1

.
25

 The peak at 900 cm
-1

 can be attributed to the thioether bond (C-S-C). 

 When comparing rhodamine B hydrazide to rhodamine B thiohydrazide (Figure-17), the 

imine peak (C=N) could not be distinguished, however two peaks around 1300 cm
-1

 and 1475 

cm
-1

 are different in the thiohydrazide. It cannot be said with certainty that either is the imine 

peak because of the energy difference of general imine frequencies around 1690-1640 cm
-1

.
25

 

This difference in energy may be due to local groups surrounding the imine such as N-N, N-C-S, 

N-C-C(Aryl), similar to the shifted peak for the carbonyl group seen between rhodamibe B base 

and rhodamine B hydrazide. 

C=S 

C-S-C 



 Finally, comparing the IR spectra of rhodamine B thiohydrazide and rhodamine di-thio 

(Figure-18), differences in peaks can be seen distinctly at around 1475 cm
-1

, 1300 cm
-1

 and 1100 

cm
-1

. The peak around 1100 cm
-1

 in the Di-Thio is believed to be the thiocarbonyl group (C=S). 

 

c. Importance of Tautomer Observation and Future Work 

 

Figure-19 The potential difference of metal ion selectivity in different tautomers. Tautomer B shows direct ring 

opening with Hg
2+ 

while tautomer A has indirect ring opening. With slower kinetics, functional groups on 

tautomer A could play a stronger role in metal binding. 

The structure of tautomer B (Figure-19) give insight as to why most rhodamine B 

thiohydrazone probes are highly selective for mercury ions.
8,13-17

 Considering the ring-opening 

product of both tautomers is the same, the spirolactam ring opening kinetics for each could 

potentially play an important role in metal ion selectivity. Also proposed by the Duan group, 

when tautomer B binds to mercury, there is a direct ring opening because of sulfur’s high affinity 
to mercury.

12
 If there were a way to select for tautomer A of rhodamine B thiohydrazone, the 

selectivity of other metal ions could be observed since the ring opening kinetics would be slower 

and functional group coordination would play a stronger role in initial coordination (Figure-19).  

Further evidence for tautomer B will be gathered by use of IR spectroscopy of several 

other related compounds which crystal structures have been reported for. We will also grow 

crystals for X-ray crystallographic analysis of rhodamine B thiohydrazide, as no crystal structure 

of this compound has been reported. 

  



IV. A New Class of Rhodamine Spirolactam Probes: Rhodamine B Dialkylated 

Hydrazides 

a. Synthesis of Asymmetric Dialkylated Hydrazines 

While the asymmetric dialkylation of hydrazine seems counterintuitive, the reaction and 

product would be far more interesting and synthetically useful than the symmetric alkylation. 

The un-substituted nitrogen of the asymmetric product makes it possible to attach the dialkylated 

hydrazide to other molecules through condensation, alkylation, etc.  

 

 

Figure-20 Formation of di-(2-picolyl)hydrazine and the distinction between asymmetric and symmetric 

alkylation. 

A previous method for asymmetric dialkylation of hydrazines has been reported, 

however, the complication of the competing selection of symmetric dialkylation was a strong 

concern.
10

 One group noted that, in following the synthesis of monoalkylation of hydrazine with 

a benzyl group, they accidentally formed the asymmetric dialkylated product.
11a-b

 With this in 

mind, a similar procedure was used to obtain the asymmetric dialkylated product by reacting 2-

picolylbromide hydrobromic acid with hydrazine (Figure-20).  

  

 

b. Evidence of asymmetric product over symmetric product 

 In order to determine whether the dialkylated product was asymmetric, a condensation 

reaction with pyrene-2-carboxaldehyde was run (Figure-21). If the product was asymmetric, the 

CH2 peaks of the pyridines should shift and integrate to 4H relative to 17 aromatic-Hs and 1 

imine H. However, if the product of the dialkylation was symmetric, then condensation cannot 

take place to form the imine and thus no shift in peaks should be observed since no reaction is 

occurring. 



 

Figure-21 A condensation with di-(2-picolyl)hydrazide with pyrenecarboxaldehyde to test for asymmetric or 

symmetric substituted hydrazide. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-22 
1
H-NMR spectra of starting materials 1 and 2 and the product of reaction from Figure-21. 

Condensation was successful and products 2 and 3 are confirmed. 

 

 



 The condensation was confirmed by 
1
H NMR (Figure-22) which also highlight the 

potential for asymmetric dialklyated hydrazides to be good reactants. At this time, it unclear how 

the asymmetric product is favored over the symmetric product but a mechanistic investigation 

should give interesting insight to the strange behavior observed. 

 

 

c. Future Work: Incorporation into Rhodamine Probes  

While most reported rhodamine spirolactam probes incorporate a hydrazone to add a 

functional group, few reports deviate from this model.
2-7, 12-17

 However, the imine group of the 

hydrazone limits the diversity of rhodamine probes and allows for weak binding.  

Incorporating the dialkylatedhydrazines would provide access to a new class of 

rhodamine probes: Rhodamine B N,N-dialkylatedhydrazides. The rhodamine hydrazone model 

allows for single functionalization for a tweezer or pincer-like binding. In the proposed 

rhodamine B dialkylatedhydrazide model, the two functional groups allow for a pocket or 3-

finger-claw-like binding. If this chelation shows stronger metal coordination, then ring opening 

kinetics may also be faster and potentially amenable to applications in aqueous solutions. 

 

Figure-22 Proposed general synthetic route for rhodamine B dialkylatedhydrazides. 

 Furthermore, the two functional groups in this new class of rhodamine probes can be 

mismatched for further diversity. Through this, a wide variety of probes can be screened and a 

higher potential of designing probes selective for metal ions that have previously been difficult to 

select for can be designed. 

 

 

 



V. Experimental Section 

General Synthetic Procedures: 

 

  



Step (i): 

 

 

a) To a flame-dried 50 mL round-bottom flask purged with argon, Rhodamine B Base (1.0 

mmol, 442.6 mg) and sodium carbonate (1.5 mmol, 159 mg) were dissolved in absolute 

ethanol (12 mL) and stirred rigorously before the addition of anhydrous hydrazine (19 mmol, 

0.6 mL). The reaction mixture was refluxed for 2 hours, during which the solution turned 

from purple to orange. The solvent was then evaporated under reduced pressure and the 

resulting solid was dissolved in dichloromethane and purified by an aqueous acid/base 

workup. The organic layer was run through a small sodium carbonate plug and the solvent 

was evaporated under reduced pressure. The desired product was obtained as a fluffy off-

white solid at 80% yield (0.8 mmol, 365.3 mg). 

b) The same procedure was used using rhodamine B di-thio in place of rhodamine B base. For 

purification, silica column chromatography was used, with increasing polarity of petroleum 

ether:dichloromethane (1:4) as eluants. Solvent was removed under reduced pressure and the 

resulting solid was a fluffy purple at 50% yield (0.5 mmol, 263.3 mg). 

  

a) 

b) 



Step (ii): 

 

 

c) To a flame-dried 50-mL round-bottom flask purged with argon, Lawesson’s reagent (1.0 
mmol, 404.7 mg) was added followed by dry toluene (12 mL). A heat gun was used to bring 

the solution to a boil until the mixture is nearly homogenous. Then rhodamine B hydrazide 

(1.0 mmol, 456.6 mg) was added, and the mixture was refluxed for 24 hours. The solvent 

was removed under reduced pressure and silica column chromatography, with increasing 

polarity of petroleum ether:dichloromethane (1:4) as eluants. Solvent was again removed 

under reduced pressure to result in a fluffy purple solid in 80% yield (0.8 mmol, 378.1 mg). 

d) The same procedure was used using rhodamine B base in place of rhodamine B hydrazide. 

The resulting product was a deep red solid at 85% yield (0.85 mmol, 403.5 mg). 

  

c) 

d) 



Step (iii): 

 

 

e) To a flame-dried 50-mL round-bottom purged with argon, rhodamine B hydrazide (0.5 

mmol, 228.3 mg) was dissolved in methanol (10 mL) and the corresponding aldehyde was 

added (0.5 mmol). Five drops of acetic acid were added to the reaction mixture which was 

then refluxed for 2 hours. The solvent was removed under reduced pressure and washed 

twice with cold ether to obtain the purified product. 

f) To a flame-dried 50-mL round-bottom flask purged with argon, rhodamine B thiohydrazide 

(0.5 mmol, 236.3 mg) was dissolved in absolute ethanol (10 mL) and the corresponding 

aldehyde was added (0.5 mmol). The reaction mixture was then stirred for 24 hours, after 

which the solvent was removed under reduced pressure and purified by silica column 

chromatography with increasing polarity of petroleum ether:dichloromethane (1:4) as 

eluants. The solvent was removed under reduced pressure to obtain the purified product. 

  

e) 

f) 



 

Rhodamine B di-Thio 

Isolated as a deep red solid. 
1
H NMR (300MHz, CDCl3): δ/ppm 8.11 (d,J = 7.8 Hz,1H), 7.51 (dd, J = 

11.25, 7.5, 7.4, 1.23,  Hz,2H), 7.16 (d, J = 7.7 Hz, 1H), 6.72 (d, J = 8.8 Hz, 

2H), 6.28-6.35 (m, 4H), 3.33 (q, J = 7.1 Hz, 8H), 1.16 (t, J = 7.1 Hz, 12H). 

 

 

 

 

 

 

 

 



 

Rhodamine B Thiohydrazide 

Isolated as a purple solid. 
1
H NMR (300MHz, CDCl3): δ/ppm 8.09 (d, J = 8.1 Hz, 1H), 7.43-7.51 

(m, 2H), 7.12 (d, J = 6.4 Hz, 1H), 6.44 (d, J = 2.4 Hz, 2H), 6.35 (d, J = 

8.8 Hz, 2H), 6.25-6.28 (m, 2H), 4.83 (s, 2H), 3.34 (q, J = 7.0 Hz, 8H), 

1.16 (t, J = 7.0 Hz, 12H). 

 

 

 

 

 

 

 

 



 

Rhodamine B Phenyl Thiohydrazone 
1
H NMR (300MHz, CDCl3): δ/ppm 8.57 (s, 1H), 8.11-8.14 (m, 1H), 

7.77-7.80 (m, 2H), 7.36−7.45 (m, 5H), 7.12-7.15 (m, 1H), 6.78 (d, J = 

8.6 Hz, 2H), 6.28-6.32 (m, 4H), 3.32 (q, J = 7.0 Hz, 8H), 1.15 (t, J = 

7.0 Hz, 12H). 

 

 

 

 

 

 

 

 



 

Rhodamine B Phenol Thiohydrazone 

Isolated as a purple solid. Correction to reported characterization.
1
 

1
H NMR (300MHz, CDCl3): δ/ppm 11.26 (s, 1H), 8.71 (s, 1H), 8.10-

8.13 (m, 1H), 7.43-7.46 (m, 2H), 7.32 (d, J=7.7 Hz ,1H), 7.13-7.16 

(m, 1H), 6.88-6.6.97 (m, 2H), 6.74 (d, J = 5.7 Hz, 2H), 6.43-6.47 (m, 

1H), 6.28-6.32 (m, 4H), 3.31 (q, J = 7.2 Hz, 8H), 1.15 (t, J = 7.0 Hz, 

12H). 

 

 

 

 

 

 

 

 



 

Rhodamine B Pyridine Thiohydrazone 
1
H NMR (300MHz, CDCl3): δ/ppm 8.64 (s, 1H), 8.10-8.18 (m, 2H), 

7.66 (t, J = 7.6 Hz, 1H), 7.45 (dd, J=3.66, 1.47 Hz, 2H), 7.24-7.28 (m, 

2H), 7.13-7.16 (m, 1H), 6.77 (d, J = 8.5 Hz, 2H), 6.28−6.32 (m, 4H), 

3.33 (q, J = 7.1 Hz, 8H), 1.16 (t, J = 7.1 Hz, 12H). 
 

 

 

  

 

 

 

 

 



 

Rhodamine B Phenol Hydrazone 
1
H NMR (300MHz, CDCl3): δ/ppm 10.84 (s, 1H), 9.23 (s, 1H), 7.98 

(d, J = 6.7 Hz, 1H), 7.49-7.57 (m, 2H), 7.09-7.19 (m, 3H), 6.76-6.87 

(m, 2H), 6.47-6.51 (m, 4H), 6.26 (d, J = 7.6Hz, 2H), 3.33 (q, J = 7.1 

Hz, 8H), 1.16 (t, J = 7.1 Hz, 12H). 

 

 

 

 

 

 

 

 



 

Rhodamine B Pyridine Hydrazone 
1
H NMR (300MHz, CDCl3): δ/ppm 8.46 (d, J = 4.5 Hz, 1H), 8.34 (s, 

1H), 8.01 (d, J = 6.7 Hz, 2H), 7.45-7.66 (m, 3H), 7.13 (t, J = 3.5 Hz, 

2H), 6.55 (d, J = 8.8 Hz, 2H), 6.45 (s, 2H), 6.23 (d, J = 8.3 Hz, 2H), 

3.33 (q, J = 7.1 Hz, 8H), 1.16 (t, J = 7.1 Hz, 12H). 

 

 

 

 

 

 

 

 



 

g) To a flame-dried 25-mL round-bottom flask purged with argon, 2-picolyl bromide 

hydrobromide (1.0 mmol) was dissolved in methanol (10 mL) and anhydrous hydrazine (0.5 

mmol) was added. The reaction mixture was stirred at room temperature for 24 hours. The 

solution was then run through a sodium carbonate plug and the solvent was removed under 

reduced pressure. The product was not purified and the crude product (99% yield) was used 

in the next step. 

h) To a flame-dried 25-mL round-bottom flask purged with argon, N,N-dipicolyl hydrazide (1.0 

mmol, 214 mg) was dissolved in methanol (10 mL) and pyrene 2-carboxaldehyde was added 

(2.0 mmol). The reaction mixture was stirred at room temperature for 24 hours then run 

through a small sodium carbonate plug. The solvent was removed under reduced pressure 

and the crude solid was purified by silica column chromatography by eluting with 

dichloromethane:ethylacetate (1:1) then dichlomethane and 5% methanol. The solvent was 

removed and the pure product was achieved as a brown solid at 50% yield. 

 

  

g) 

h) 



 

N,N-di-2-picolyl Hydrazide (crude) 

Isolated as a sticky brown solid. 
1
H NMR (300MHz, CDCl3): δ/ppm 8.57 (d, J = 4.7 Hz, 2H), 7.67-7.72 

(m, 2H), 7.49 (d, J = 3.9 Hz, 2H), 7.20 (t, J=5.88 Hz 2H), 4.01 (s, 4H). 

 

 

 

 

 

 

 

 



 

Pyrene di-Picolyl Hydrazone 

Isolated as a brown solid. 
1
H NMR (300MHz, CDCl3): δ/ppm 8.65 (d, J = 4.1 Hz, 2H), 8.48 (d, 

J=5.0 Hz,1H), 8.20-8.24 (m, 2H), 8.00-8.12 (m, 5H), 7.93-8.00 (m, 

2H), 7.67-7.73 (m, 2H), 7.50 (d, J = 6.0 Hz, 2H), 7.21-7.24 (m, 2H), 

4.99 (s, 4H). 
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