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SUMMARY:  20 
Here, we present a one-pot, transition-metal-free synthesis of thiols and thioesters from 21 
aromatic halides and sodium thiomethoxide, followed by the preparation of single crystals of a 22 
metal-dithiolene network using thiol species generated in situ from the more stable and tractable 23 
thioester.  24 
 25 
ABSTRACT:  26 
We present a method for preparing thioester molecules as the masked form of the thiol linkers 27 
and their utilization for accessing a semiconducting and porous metal-dithiolene network in the 28 
highly ordered single crystalline state. Unlike the highly reactive free-standing thiols, which tend 29 
to decompose and complicate the crystallization of metal-thiolate open frameworks, the 30 
thioester reacts in situ to provide the thiol species, serving to mitigate the reaction between the 31 
mercaptan units and the metal centers, and to improve crystallization consequently. Specifically, 32 
the thioester was synthesized in a one-pot procedure: an aromatic bromide 33 
(hexabromotriphenylene) reacted with excess sodium thiomethoxide under vigorous conditions 34 
to first form the thioether intermediate product. The thioether was then demethylated by the 35 
excess thiomethoxide to provide the thiolate anion that was acylated to form the thioester 36 
product. The thioester was conveniently purified by standard column chromatography, and then 37 
used directly in the framework synthesis, wherein NaOH and ethylenediamine serve to revert in 38 
situ the thioester to the thiol linker for assembling the single-crystalline Pb(II)-dithiolene 39 
network. Compared with other methods for thiol synthesis (e.g., by cleaving alkyl thioether using 40 
sodium metal and liquid ammonia), the thioester synthesis here uses simple conditions and 41 
economical reagents. Moreover, the thioester product is stable and can be conveniently handled 42 
and stored. More importantly, in contrast to the generic difficulty in accessing crystalline metal-43 
thiolate open frameworks, we demonstrate that using the thioester for in situ formation of the 44 
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thiol linker greatly improves the crystallinity of the solid-state product. We intend to encourage 45 
broader research efforts on the technologically important metal-sulfur frameworks by disclosing 46 
the synthetic protocol for the thioester as well as the crystalline framework solid. 47 
 48 
INTRODUCTION: 49 
There is currently great interest in employing strong, polarizable metal-sulfur (e.g., metal-50 
thiolate) links for constructing open framework materials with enhanced electrocatalytic and 51 
conductive properties1-10. In addition to promoting electronic interaction and transport in the 52 
extended state, the soft and covalent metal-sulfur links also impart better stability for 53 
applications in aqueous environments. Among the sulfur-equipped building blocks, symmetrical, 54 
multidentate polycyclic aromatic building blocks like 2,3,6,7,10,11-triphenylene hexathiol 55 
(HTT)9,11-14 not only supply highly polarizable π-electrons, but also offer distinct advantages with 56 
respect to framework design and synthesis. First, the rigid and symmetrical triphenylene core, in 57 
conjunction with the chelating dithiolene groups of HTT, serves to lock in metal ions in regular 58 
bonding motifs, simplifying the structural prediction of the prospective network7,15. Together 59 
with the rigid and open geometry of the sulfur linker, framework structures with substantial 60 
porosity features can often be achieved in the solid state.  61 
 62 
One major challenge in assembling thiol-equipped metal orangic framework (MOF) materials is 63 
rooted in the synthesis of the organic linker molecules. In a classical protocol, the thiol group had 64 
to be derived from the phenol group using the Newman–Kwart rearrangement of the O-aryl 65 
thiocarbamate precursor16-18. This approach, however, involves elaborate preparative steps for 66 
the phenol precursor molecule as well as potential complications of a high-temperature solid 67 
phase transformation. Another way of making thiols utilizes reductive dealkylation of thioethers 68 
under the harsh conditions of, for example, sodium metal in liquid ammonia19-22, and is not 69 
compatible with the carboxyl and many other donor functions for network construction. 70 
 71 
By comparison, the protocol presented here has multiple advantages: safety, convenience, cost-72 
effectiveness, and compatibility with other functional groups (e.g., carbonitrile and pyridinyl). By 73 
vigorously heating the generally inexpensive aromatic halide (e.g., hexabromotriphenylene) and 74 
thiomethoxide anion, the thiolate anion was generated (via the methyl thioether intermediate 75 
product) and then acylated to give the stable and easy-to-handle thioester product—all in one 76 
pot.  77 
 78 
We will also describe a procedure for utilizing the thioester molecules as the masked form of the 79 
thiol linkers for accessing a single-crystalline semiconducting and porous metal-dithiolene 80 
network. Unlike the highly reactive free-standing thiols, which tend to decompose and 81 
complicate the crystallization of metal-thiolate open frameworks, the thioester can be readily 82 
cleaved (e.g., by NaOH or ethylenediamine) in situ to provide the thiol species, serving to mitigate 83 
the reaction between the mercaptan units and the metal centers, and to consequently improve 84 
the crystallization.  85 
 86 
This protocol of preparing thiol/thioester has not been widely used by other groups for the 87 
emerging field of metal-sulfur frameworks, even though nucleophilic dealkylations of alkyl aryl 88 



  

thioethers by thiolate anions have already been well documented by organic chemists23-26. By 89 
showcasing this efficient synthetic method for thioesters and their use for facilitating the 90 
crystallization of metal-sulfur networks, we wish to promote further efforts to bridge the 91 
intellectual and practical divide between synthetic organic chemistry and solid state chemistry, 92 
so as to help the speedy and healthy development of porous frameworks. 93 
 94 
PROTOCOL: 95 
Caution: Please consult all relevant material safety data sheets before use. Methyl disulfide and 96 
sodium thiomethoxide are strongly malodorous and should be handled in a fume hood. Sodium 97 
metal is highly reactive and requires special safety precautions against potential fire and 98 
explosion hazards. In addition to the use of a fume hood, personal protective equipment (safety 99 
glasses, gloves, lab coat, full length pants, and closed-toe shoes) should be properly employed. 100 
Portions of the following procedures involve standard, air-free handling techniques. 101 
 102 
 1. Preparation of Sodium Thiomethoxide (CH3SNa) 103 
 104 
1.1. Connect a 200-mL Schlenk flask to a vacuum gas manifold. Evacuate the flask and then 105 
backfill it with N2 three times, such that the flask is filled with a slightly positive N2 pressure.  106 
 107 
Note: A similar method of preparing CH3SNa was mentioned briefly in the literature, but no 108 
detailed procedures were provided27,28.  109 
 110 
1.2. Take out a block of metallic sodium from the kerosene oil reservoir. Use a paper towel to 111 
wipe off the residual oil on the surface, and use a knife to scrape off the oxide layer on the surface. 112 
Quickly cut 6.7 g of the metallic sodium (0.29 mol) into small pieces (e.g., about soybean size) 113 
and immediately transfer the small pieces to the 200-mL Schlenk flask under a counter flow of 114 
N2. Seal the flask with a septum immediately.  115 
 116 
Note: To reduce the exposure to air, one can cut out the sodium with some variation from the 117 
amount of 6.7 g, and adjust the amounts of THF and dimethyl disulfide according to the actual 118 
amount of sodium used. 119 
 120 
1.3. Transfer 80 mL of an anhydrous, airless THF into the flask via cannula under N2 protection 121 
from the Schlenk line. Withdraw 14.0 mL of dimethyl disulfide (0.158 moles; pre-purged with N2) 122 
into a syringe and inject it into the flask dropwise under N2 protection.  123 
 124 
Caution: Dimethyl disulfide is malodorous and should be handled in a fume hood.  125 
 126 
1.4. Replace the septum with a ground glass stopper. Stir the reaction mixture at room 127 
temperature for 24 h and then at 60 °C for 3 h.  128 
 129 
Note: The reaction mixture became viscous while stirring at room temperature; when heated up 130 
to 60 °C, the mixture can be stirred more easily and thus speed up the reaction towards 131 
completion. 132 



  

 133 
1.5. With the temperature maintained at about 60 °C, use a stream of N2 (0.2 L/min) to blow off 134 
the majority of the THF solvent and the excess dimethyl disulfide, until a dry solid appears. Use a 135 
cold trap (e.g., acetone/dry ice) to collect the THF and dimethyl disulfide in the outflow.  136 
 137 
1.6. Evacuate the remaining solid mixture with an oil pump for about 2 h to remove the residual 138 
THF and dimethyl disulfide and then backfill it with N2 to obtain a light-yellow solid (19.8 g, 97%). 139 
Store the solid product CH3SNa in a nitrogen atmosphere in the dark.  140 
 141 
Note: To protect the vacuum oil pump, a cold trap should be used during the pumping.  142 
 143 
2. Preparation of 2,3,6,7,10,11-hexakis(pentanoylthio)triphenylene (HVaTT) as a 144 
protected thiol linker  145 
 146 
2.1. Load 0.664 g of CH3SNa (9.0 mmol) into a 50-mL Schlenk flask under a counter flow of N2 (i.e., 147 
connected as above to a vacuum gas manifold under N2 protection).  148 
 149 
Note: CH3SNa is sensitive to air and easily absorbs water. To minimize exposure to air, one can 150 
quickly weigh out a specific amount and add it to the flask, and then adjust the quantity of the 151 
other reactant, 2,3,6,7,10,11-hexabromotriphenylene (HBT), accordingly.  152 
 153 
Caution: Solid CH3SNa has a strong smell and should be handled in a fume hood.  154 
 155 
2.2. Add 0.216 g of HBT (0.30 mmol) to the flask under a counter flow of N2, and seal the flask 156 
with a septum. 157 
 158 
2.3. Transfer 10 mL of anhydrous and airless 1,3-dimethyl-2-imidazolidinone (DMEU) into the 159 
flask via cannula under N2 protection from the Schlenk line.  160 
 161 
2.4. Replace the septum with a regular glass stopper, and stir the reaction mixture and use a salt 162 
bath to heat it to 240 °C for 48 h under N2.  163 
 164 
2.5. TLC monitoring of the progress of the reaction: Under N2, use a glass dropper to withdraw a 165 
small aliquot of the reaction mixture (about 0.1 mL) and immediately inject it into a neat liquid 166 
sample of valeroyl chloride (about 0.1 mL) in a plastic microcentrifuge vial, and then shake for 1 167 
min; the mixture should immediately turn turbid with a grey-white color. Add 0.4 mL of deionized 168 
water and 0.1 mL of ethyl acetate, close the cap, and shake it for a few seconds.  169 
 170 
Note: If the reaction has completed already, there will not be anything that appears between the 171 
layers of water and ethyl acetate. If not, a white insoluble substance will appear between the two 172 
layers. 173 
 174 



  

2.6. Pipet out the upper portion and use it for spotting the TLC plates. Use 1:4 ethyl 175 
acetate/petroleum ether to develop the TLC plate. For a complete reaction, the target molecule 176 
shows up as a regular spot around Rf = 0.4 under a UV lamp.  177 
 178 
2.7. Turn off the heating and take the reaction flask out of the salt bath to cool it to room 179 
temperature, and then use an ice bath to cool the flask down to 0 °C. 180 
 181 
2.8. Inject 1.5 mL of valeroyl chloride (12.6 mmol) into the flask dropwise (over a period of about 182 
2 min) with a syringe under N2. Keep stirring at 0 °C for 2 h. Note: adding valeroyl chloride slowly 183 
and at low temperature helps to reduce the generation of by-products. 184 
 185 

2.9. Pour the mixture into 50 mL of ice water and extract using ethyl acetate (3  30 mL). Then 186 

wash the combined organic layer with water (6  60 mL), dry over anhydrous MgSO4, and remove 187 
the volatiles by a rotary evaporator.  188 
 189 
2.10. Isolate the oily crude product by column chromatography using 1:10 ethyl 190 
acetate/petroleum ether as the eluent, which affords a light-yellow oily product after rotary 191 
evaporation of the solvents. Use 1:4 ethyl acetate/petroleum ether to develop the TLC plate, Rf 192 
= 0.4. Further purify the oily product using the trituration step below. 193 
 194 
2.11. Add 5 mL of methanol to the oily product, and sonicate for 2 min. Collect the resultant off-195 
white solid using suction filtration (yield: 59%).  196 
     197 
3. Preparation of Single Crystals of the HTT-Pb Framework Material 198 
 199 
3.1. Mix 11.4 mg of PbOAc·3H2O (0.030 mmol) in 1.0 mL of ethylene diamine in a vial to make a 200 
clear solution. 201 
 202 
3.2. Load 9.1 mg of HVaTT (0.010 mmol), 2.0 mL of pre-degassed methanol solution of NaOH (70 203 
mmol/L), and 1.0 mL of ethylene diamine into an empty 10-mL vial and sonicate for 5 min. 204 
 205 
3.3. Add the PbOAc solution to the sonicated HVaTT mixture. Then bubble the reaction mixture 206 
with N2 for 1 min, and put on the screw cap to seal the vial. 207 
 208 
3.4. Heat the vial at 90 °C in an oven for 48 h, followed by natural cooling to room temperature, 209 
during which yellow-orange, octahedral single crystals suitable for single-crystal X-ray diffraction 210 
studies were formed (yield: 45%).  211 
 212 
3.5. Suction filtration off the crystals and quickly wash with MeOH. Transfer the crystals with a 213 
glass dropper into a vial containing airless MeOH (5 mL) for storage at room temperature.  214 
 215 
4. Interaction of Paraquat Diiodide with HTT-Pb Crystals 216 
 217 



  

4.1. Use a glass Pasteur pipet to withdraw a few grains of the HTT-Pb single crystal from the 218 
MeOH stock and drop it onto a Petri dish (diameter 35 mm and depth 10 mm). Soak up the 219 
methanol liquid by tissue or filter paper (or let the MeOH dry up naturally), and then drop onto 220 
the crystals a few drops of an aqueous solution of paraquat diiodide (0.1%, w/w). 221 
  222 
4.2. Observe the color change of the crystals by eye or under a microscope. 223 
 224 
REPRESENTATIVE RESULTS:  225 
The IR spectrum of the HVaTT molecule (collected by the KBr pellet method) features its strongest 226 
absorption at 1,700 cm-1, in accordance with the carbonyl stretching of the thioester functional 227 
group. The 1H-NMR spectrum of HVaTT (400 MHz, CDCl3) reveals a singlet at δ 8.47 from the 228 
aromatic hydrogens, together with 4 multiplets from the aliphatic protons: δ 8.47 (s, 6H, CHAr), 229 
2.75 -2.72 (t, J = 7.4, 12H, CH2), 1.81-1.77 (m, 12H, CH2), 1.50-1.45 (dd, J = 7.4, 12H, CH2), 1.00-230 
0.97 (t, J =7.3, 18H, CH3). The 13C-NMR spectrum of HVaTT (100 MHz, CDCl3) features a peak at δ 231 
196.52 from the carbonyl, three peaks (δ 132.71, 132,35, 130.02) from the triphenylene part, and 232 
4 peaks in correspondence with the aliphatic chains: δ 196.52, 132.71, 132.35, 130.02, 77.35, 233 
77.04, 76.72, 43.56, 27.66, 22.27, and 13.83.  234 
 235 
The IR spectrum of the HTT-Pb crystalline product (collected by the KBr pellet method) indicates 236 
the absence of carbonyl stretching (around 1,700 cm-1) and the aliphatic C-H (2,800-3,000 cm-1) 237 
stretching as seen in the HVaTT reactant. The powder X-ray diffraction (PXRD) pattern of the 238 
crystalline HTT-Pb sample thus obtained is consistent with the single crystal structure reported29, 239 
indicating the crystalline phase purity of the HTT-Pb product. The single crystals of HTT-Pb are 240 
also shown to be highly responsive to the paraquat diiodide in water. Namely, upon contact with 241 
a paraquat diiodide solution (e.g., 0.1% w/w), the crystals turned black within one or two minutes, 242 
pointing to strong charge transfer interactions between the electron-rich HTT-Pb framework and 243 
the highly electron-deficient paraquat guest. 244 
 245 
FIGURE AND TABLE LEGENDS:  246 
Figure 1: Synthesis of the HVaTT molecule. Synthesis starts from the hexabromotriphenylene 247 
HBT and sodium thiomethoxide, which generates the HTT hexaanion that is consequently reacted 248 
with valeroyl chloride to form the thioester product, HVaTT.  249 
 250 
Figure 2: The IR spectra of the thioester precursor molecule of HVaTT (a) and an as-made 251 
sample of HTT-Pb crystals. Reproduced from reference 29 with permission from The Royal 252 
Society of Chemistry. 253 
 254 
Figure 3: 1H-NMR spectrum of HVaTT. 400 MHz, using CDCl3 as the solvent. 255 
 256 
Figure 4: 13C-NMR spectrum of HVaTT. 100 MHz, using CDCl3 as the solvent. 257 
 258 
Figure 5: X-ray diffraction patterns (Cu Kα, λ= 1.5418 Å) of HTT-Pb: (a) calculated from the 259 
single-crystal structure; (b) freshly prepared bulk sample of crystals. Adapted from reference 260 
29 with permission from The Royal Society of Chemistry. 261 



  

 262 
Figure 6. Panel (a): an octahedral single crystal of HTT-Pb before and after treatment with a 263 
paraquat diiodide solution (PDI, 0.1% w/w). The edge of the octahedron is about 0.4 mm. Panel 264 
(b): an overview of the bulk sample of the PDI-treated HTT-Pb crystals. 265 
 266 
DISCUSSION:  267 
The reaction between the bromo group and the thiomethoxide anion apparently first produced 268 
the methyl thioether, which was then demethylated by the excess thiomethoxide to provide the 269 
thiolate anion product. To ensure complete conversion to the desired thiolate anion (especially 270 
for a polybromide substrate like HBT), the vigorous conditions of prolonged heating (e.g., 240 °C 271 
over 48 h) with a large excess of sodium thiomethoxide (e.g., over three times the moles of the 272 
bromo groups) are essential. Nitrogen protection is also needed for preventing the oxidation of 273 
the thiolate species of the reactants and products. The acylation step (e.g., injecting valeryl 274 
chloride into the reaction mixture cooled by an ice bath) not only provides the thioester as a 275 
stable and easily isolatable product, but also offers convenience in monitoring the progress of 276 
the reaction. For example, a small aliquot of the reaction mixture can be withdrawn (under N2 277 
protection) and immediately injected into a valeryl chloride solution, which can then be used for 278 
TLC monitoring of the progress of the reaction. 279 
 280 
Notice that the quality of the sodium thiomethoxide reagent (NaSMe) is also crucial for the 281 
making of the HVaTT molecule in the above procedure. Even though the commercial NaSMe 282 
reagent has repeatedly proven reliable, highly efficacious NaSMe samples can also be 283 
economically prepared in-house on a gram scale (as described in the protocol). 284 
 285 
In the solvothermal reaction for preparing single crystals of the HTT-Pb network, which features 286 
an anionic framework of the formula [Pb3OH0.5(HTT)]1.5-, it is crucial to use the ester form, i.e., 287 
2,3,6,7,10,11-hexakis(pentanoylthio)triphenylene (HVaTT), as a starting material. For example, if 288 
the free thiol of HTT and the Pb(OAc)2 solution was directly mixed together, an amorphous 289 
powder was observed to precipitate immediately, with no distinct enhancement of crystallinity 290 
effected even with prolonged heating treatment of the reaction mixture. Under the reaction 291 
conditions, the HVaTT reactant underwent in situ hydrolysis to generate the HTT thiol species, 292 
and thus functioned as a masked version of the highly reactive thiol building block of HTT. As a 293 
result, HVaTT effectively serves to mitigate the network formation process, i.e., slowing down 294 
the reaction between the sulfur units and the Pb2+ ions, and allowing for more ordered crystalline 295 
product to be accessed. The formation of large single crystals (yellow-orange octahedral, about 296 
0.3 mm) of HTT-Pb is also brought about by its structural features. Namely, the individual Pb(II)-297 
dithiolene units in HTT-Pb are integrated through a μ3-oxo atom; thus, the labile Pb3O hinge (as 298 
compared with the more intractable Pb-S bonds) as the weakest link in the 3D net offers more 299 
reversibility for achieving the highly ordered single crystalline state. Nevertheless, we expect that 300 
the crystallinity of other metal-thiolate nets in general should also benefit from the use of 301 
protected thiols (like the thioester HVaTT) for in situ supply of the thiol linker. 302 
 303 
Besides the benefits of the safe and low-cost reagents (e.g., compared with sodium metal in 304 
liquid ammonia), this protocol offers more compatibility with other functional groups crucial for 305 



  

framework construction. For example, our ongoing exploration demonstrates that carbonitrile 306 
and pyridinyl groups are generally tolerant of the reaction conditions, and thioester-equipped 307 
carbonitrile and N-heterocycles can be efficiently prepared by a similar protocol. Under alkaline 308 
conditions, both the carbonitrile and thioester groups can be readily hydrolysed into carboxyl 309 
and thiol groups, respectively, thereby generating thiol-equipped carboxylic linkers that have 310 
been proven to be important for MOF construction10,30-34. The thiol-equipped N-heterocycle 311 
molecules, on the other hand, can be directly used for coordinating with metal ions for network 312 
construction, a research area that also features a noted lierature record as well as ongoing 313 
intense studies2,4. 314 
 315 
The compatibility with ester and carboxylate groups, however, remains problematic at times. For 316 
example, ester groups are genreally turned into carboxylates under these vigorously nucleophilic 317 
conditions (e.g., via dealkylation of the ester group). The carboxylate group, with its negative 318 
charge, tends to hinder the thiomethoxide anion in its attack on the methylthio ether; moreover, 319 
decarboxylation is often observed under the condition of prolonged heating used in the protocol. 320 
Research efforts to ameliorate this situation are therefore truly warranted.   321 
 322 
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Name of Material/ Equipment Company Catalog Number Comments/Description

Bromine DAMAO CHEMICAL REAGENT FACTORY 7726-95-6 Highly toxic

Triphenylene  HWRK Chem HWG45510

Iron powder Sigma-Aldrich 12310

Nitrobenzene DAMAO CHEMICAL REAGENT FACTORY 2934

Diethyl ether DAMAO CHEMICAL REAGENT FACTORY 48

Dichloromethane DAMAO CHEMICAL REAGENT FACTORY 3067

Sodium metal J&K

WM-NMS-54-25X-

50G Air sensitive

Tetrahydrofuran J&K 315353

Dimethyl disulfide INTERNATIONAL LABORATORY USA 726415

1,3-Dimethyl-2-imadazolidinone J&K 50483 Dried over 4Å sieves

Valeryl  chloride J&K 99590

Methanol Guangzhou Chemical Reagent Factory 2334

Sodium hydroxide Guangzhou Chemical Reagent Factory 1588

Ethylene diamine Riedel-de Haën 15070

Lead acetate trihydrate PEKING CHEMICAL WORKE 861218
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Dear Editors, please see below the responses in connection with the manuscript revision. 

 

Thank you,  

 

Zhengtao Xu 

 

Editorial comments: 

The manuscript has been modified and the updated manuscript, 57455_R0.docx, is 

attached and located in your Editorial Manager account. Please use the updated version 

to make your revisions. 

 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there 

are no spelling or grammar issues.  

Checked. 

 

2. Unfortunately, there are a few sections of the manuscript that show significant overlap 

with previously published work. Though there may be a limited number of ways to describe 

a technique, please use original language throughout the manuscript. Please check the 

iThenticateReport attached to this email. 

The text has been revised to resolve the issue mentioned. 

 

3. Please define all abbreviations before use. 

Done! 

4. Please revise the table of materials. The table should be uploaded to your Editorial 

Manager account in the form of an .xls or .xlsx file. 

Done! 

 

5. Please ensure that the references appear as the following: 

Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), 

FirstPage – LastPage, doi: DOI (YEAR). 

For more than 6 authors, list only the first author then et al. 

Done! 

 

6. Please use standard SI unit symbols and prefixes such as µL, mL, L, g, m, etc., and h, 

min, s for time units. 

Done! 

 

7. Please obtain explicit copyright permission to reuse any figures from a previous 

publication. Explicit permission can be expressed in the form of a letter from the editor or 

a link to the editorial policy that allows re-prints. Please upload this information as a .doc 

or .docx file to your Editorial Manager account. The Figure must be cited appropriately in 

the Figure Legend, i.e. “This figure has been modified from [citation].” 

Upload the copright permission. 
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8. Please provide a short description in addition to the title for each figure. 

 

9. A schematic or a picture of the vacuum gas manifold would be helpful for the readers. 

A vacuum gas manifold is well known. 

 

10. Protocol step 1.3: Is THF and DMSO used directly after purchased? If not, please 

specify the drying procedure in a note.   

Exactly, THF and DMSO is used directly after purchased. 

 

11. 1.5: What’s the flow rate of dinitrogen gas? Please specify how much solvent is left in 

the step. 

Use a stream of N2 (0.2 L/min) to blow off, until a dry solid appears. 

 

12. 1.6: Please specify how to store the solid product in a nitrogen atmosphere. 

 

13. 2.2: What is HBT?   

2,3,6,7,10,11-hexabromotriphenylene 

 

14. 2.3: What is DMEU?   

1,3-Dimethyl-2-imidazolidinone 

 

15. 2.4: Please split this step into three or more steps. What is used to withdraw a small 

aliquot from the reaction mixture?  

Have divided into three steps (2.4～2.6). Use a glass dropper to withdraw a small aliquot 

of the reaction mixture. 

 

16. 2.8: Please specify if a TLC is used. If yes, please specify Rf value. 

Use 1:4 ethyl acetate/petroleum ether to develop the TLC plate, Rf = 0.4. 

 

17. 3.2: What is HVaTT?   

2,3,6,7,10,11-hexakis(pentanoylthio)triphenylene  

 

18. 3.4: Is it appropriate to use a vial? Is it safer to use a pressure tube in this step? 

Vial is ok, but, for the safety, we can use a Schlenk flask instead.  

 

19. 3.5: How are the crytals transferred to a vial? 

The crystals with a little mother liquid were sucked out from the reaction mixture by a glass 

dropper, and then immediately transferred into a glass vial containing 5 mL airless MeOH. 

The liquid was decanted and a new portion of airless methanol was injected into the vial 

as soon as possible.  

 

20. 4.1: What’s the size of the Petri dish? 

diameter 35 mm and depth 10 mm 

 



21. Scheme 1: Please make this as a figure. 

Done! 

 

 


