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Procedure (Note 1) 
 

A. 2,7-Di-tert-butyl-9-methylenfluorene (Note 2). A 1-L two-necked round-
bottom flask, equipped with a 5-cm cylindrical Teflon-coated magnetic 
stirring bar and an argon inlet is charged with 2,7-di-tert-butylfluorene (22 g, 
79 mmol) (Note 3) and potassium tert-butoxide (8.9 g, 79 mmol, 1 equiv) 
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(Note 4) and cooled down to 0 °C using an ice bath. At this temperature, dry 
tetrahydrofuran (400 mL) (Note 5) is added via cannula transfer to give an 
orange suspension which is vigorously stirred (400 rpm) for 20 min at 0 °C. 
Then paraformaldehyde (7.10 g, 236 mmol, 3 equiv) (Note 6) is added in one 
portion and the cooling bath is removed after 5 min stirring at 0 °C. The argon 
inlet is replaced with a septum with an argon-filled balloon (Note 7).  The red 
suspension is stirred at room temperature (21 °C) for 18 h.  

 

  
 

Figure 1. A. Setup; B. Mixture of starting material in tetrahydrofuran; 
C. Aspect after addition of paraformaldehyde; D. Aspect after 18 h; E. 

chromatography set up; F. Thin layer chromatography (TLC) of product in 
100 % cyclohexane; G. Crude TLC; H. Fractions TLC; I. Product. (Photos 

A-D and H are provided the checkers and photos E-G are provided by the 
authors) 

 
After this time, the reaction is quenched by carefully adding a saturated 

aqueous solution of sodium hydrogen carbonate (300 mL) and the mixture is 
transferred into a 1-L separatory funnel via a glass funnel to separate the two 
phases. The organic layer is collected and the aqueous layer is transferred 
back into the separatory funnel and washed with 200 mL ethyl acetate. This 
step is repeated one more time and the combined organic layers are dried 
over magnesium sulfate (36 g) (Note 8) and filtered through a paper filter 
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(Note 9). Silica (15 g) (Note 10) is added to the yellow solution and then 
concentrated by rotary evaporation (270 to 7.5 mm Hg, 40 °C).  

The crude product is purified via a chromatographic column (diameter 
of 8 cm) using silica gel (315 g) (Note 10) which is prepared by mixing with 
the eluent system (100% cyclohexane) in an Erlenmeyer flask and then 
transferred to the column (height of 14 cm). One protective layer of sand is 
added after flushing out the excess solvent, after which the crude product is 
added, followed by a second protective layer of sand. The solvent is collected 
in fractions (250-mL fractions 1-4, 1000-mL fractions 5-7, 500-mL fractions 8-
14), monitored by TLC (Note 11) to obtain the desired product in fractions 4 
to 13. These fractions are concentrated by rotary evaporation (176 to 7.5 mm 
Hg, 40 °C) and dried under vacuum to afford the desired product as a yellow 
powder (first run: 20.0 g, 68.9 mmol, 87 %; second run: 18.4 g, 63.3 mmol, 80 
%) (Note 12). 

 
B. 1-Bromo-3,5-bis(1-hydroxy-1-methylethyl)benzene (2) (Note 2). A 500-mL 

three-necked round-bottom flask equipped with a 5-cm cylindrical Teflon-
coated magnetic stirring bar, a 100-mL dropping funnel, and an argon inlet, 
is charged with methylmagnesium bromide in diethyl ether (65 mL, 195 
mmol, 3.0 mol/L, 5.3 equiv) (Note 13) via syringe. Dry tetrahydrofuran (160 
mL) (Note 5) is added via cannula transfer and the solution is cooled down 
to 0 °C in an ice bath while stirring vigorously to give a grey suspension.  

A 100-mL beaker is charged with dimethyl 5-bromoisophthalate (10 g, 
36.6 mmol) (Note 14) under air and dissolved in dry tetrahydrofuran (50 mL) 
under air. The resulting solution is transferred to the dropping funnel and 
then added to the reaction dropwise at 0 °C to form a yellow suspension. The 
cooling bath is removed, the argon inlet is replaced with a septum with an 
argon filled balloon, and the mixture is stirred at room temperature (21 °C) 
for 18 h. 

After this time, the reaction is quenched by carefully (Note 15) adding a 
saturated aqueous solution of ammonium chloride (100 mL) and the mixture 
is transferred into a 500 mL separatory funnel via a glass funnel to separate 
the two phases. The organic phase is collected in a 250-mL round-bottom 
flask and concentrated by rotary evaporation (270 mm Hg to 7.5 mm Hg, 
40°C) to form a solid, which is scratched off, mixed with diethyl ether (200 
mL) and sonicated for 5 min until most of the solid is solubilized. The 
resulting suspension is transferred via glass funnel into a 500-mL separatory 
funnel and washed with a saturated aqueous solution of sodium chloride 
(100 mL).  The organic layer is dried over anhydrous sodium sulfate (25 g) 
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(Note 16), filtered through a paper filter (Note 9), flushed with 30 mL diethyl 
ether and concentrated by rotary evaporation (176 to 7.5 mm Hg, 40°C). The 
resulting solid is collected on a 75 mL medium-porosity (size 4) sintered glass 
filter and washed with n-pentane (first time 20 mL, second time 10 mL) and 
dichloromethane (2 × 5 mL) to afford the desired product as a white powder 
(first run: 8.90 g, 32.6 mmol, 89%; second run (half scale): 4.27 g, 15.6 mmol, 
85%) (Note 17).  
 

 
Figure 2. A. Reaction setup; B. Methylmagnesium bromide at 0°C in 

tetrahydrofuran; C. Aspect after adding starting material; D. Washing 
setup; E. Product. (photos provided by the authors) 

 
C. 1-Bromo-3,5-bis(1-chloro-1-methylethyl)benzene (3) (Note 2). A 250-mL 

two-necked round-bottom flask, equipped with a 5-cm cylindrical Teflon-
coated magnetic stirring bar and an argon inlet is charged with 1-bromo-3,5-
bis(1-hydroxy-1-methylethyl)benzene (6.0 g, 22 mmol, 1 equiv) and — via 
cannula transfer — dry dichloromethane (100 mL) (Note 18) to form a white 
suspension. The suspension is cooled down to 0 °C in a water/ice bath while 
it is vigorously stirred. Thionyl chloride (4.0 mL, 55 mmol, 2.5 equiv) (Note 
19) is added slowly dropwise via syringe. The cooling bath is removed, the 
argon inlet is replaced with a septum with an argon-filled balloon, and the 
mixture is stirred at room temperature (21 °C) for 18 h. After this time, the 
reaction is concentrated by rotary evaporation in a fume hood (350 mm Hg 
to 7.5 mm Hg, 40°C) to form a brown/grey sticky solid, which is used without 
further purification (first run: 6.65 g, 21.4 mmol, 97%; second run: 6.50 g, 21.0 
mmol, 95%) (Note 20). Of note, the authors removed the volatiles using a 
vacuum pump (7.5 mm Hg) and a cooling trap filled with liquid nitrogen. 
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Figure 3. A. Suspension of the starting material in DCM; B. 

Suspension after adding thionyl chloride; C. Aspect after 18 h; D. Product 
(Photos provided by the checkers) 

 
D. tBu-MsFluindBr (4) (Note 2). A 1-L three-necked round bottom flask, 

equipped with a 5-cm cylindrical Teflon-coated magnetic stirring bar and an 
argon inlet is charged with 1-bromo-3,5-bis(1-chloro-1-methylethyl)benzene 
(5.00 g, 16.1 mmol), 2,7-di-tert-butyl-9-methylenfluorene (9.40 g, 32.2 mmol, 
2 equiv) and dry dichloromethane (300 mL, via cannula transfer) (Note 18). 
The yellow solution is cooled down to 0 °C in a water/ice bath. While the 
mixture is vigorously stirred at 0 °C a boron trichloride solution in 
dichloromethane (16.1 mL, 16.1 mmol, 1 M, 1 equiv) (Note 21) is added slowly 
dropwise via syringe to form a dark red to black solution. After 5 min of 
stirring, the cooling bath is removed, the argon inlet is replaced with a 
septum with an argon filled balloon, and the mixture is stirred at room 
temperature (21 °C) for 18 h. 

After this time, the reaction is quenched by carefully adding a 1 M 
aqueous solution of sodium hydroxide (200 mL) and the mixture is 
transferred into a 1-L separatory funnel to separate the organic layer. The 
remaining aqueous layer is washed with dichloromethane (100 mL) and the 
organic layer is separated. This step is repeated two more times and the 
combined organic layers are concentrated by rotary evaporation (176 to 7.5 
mm Hg, 40 °C). The formed solid is solubilized in dichloromethane (150 mL) 
and poured on a 125-ml medium-porosity (size 4) sintered glass filter, which 
is charged with a 3-cm high silica plug (Note 10) wetted with 
dichloromethane. The residues in the flask from the previous drying are 
rinsed with dichloromethane (50 mL) and also poured over the same silica 
plug as before. The silica plug is then flushed with dichloromethane (250 mL) 
to collect the crude product as a yellow solution in a 500-mL round-bottom 
flask and concentrated by rotary evaporation (176 to 7.5 mm Hg, 40 °C). 
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Pentane (100 mL) is added to the formed solid after scratching from the flask 
and the slurry is poured over a 75-mL medium-porosity (size 4) sintered glass 
filter. The round-bottom flask, used for rotary evaporation, is again washed 
with n-pentane (100 mL) and also poured over the same sintered glass filter, 
followed by washing the solids with n-pentane (300 mL) to afford the desired 
product as a white powder. To fully dry the product, the solid is connected 
to a vacuum pump (7.5 mm Hg) and left in an oil bath at 100 °C for 12 h (first 
run: 10.45 g, 12.77 mmol, 79%; second run: 10.60 g, 12.96 mmol, 80%) (Note 
22).  

  

 
Figure 4. A. Solution of the two starting materials; B. Solution after 

the addition of BCl3; C.  Aspect after quenching; D. Filtering setup; E. 
Product. (Photos A-C are provided by the checkers and photo D is 

provided by the authors) 
 

Notes 
 
1. Prior to performing each reaction, a thorough hazard analysis and risk 

assessment should be carried out with regard to each chemical substance 
and experimental operation on the scale planned and in the context of the 
laboratory where the procedures will be carried out. Guidelines for 
carrying out risk assessments and for analyzing the hazards associated 
with chemicals can be found in references such as Chapter 4 of “Prudent 
Practices in the Laboratory" (The National Academies Press, Washington, 
D.C., 2011; the full text can be accessed free of charge at 
https://www.nap.edu/catalog/12654/prudent-practices-in-the-
laboratory-handling-and-management-of-chemical. See also 
“Identifying and Evaluating Hazards in Research Laboratories” 
(American Chemical Society, 2015) which is available via the associated 
website “Hazard Assessment in Research Laboratories” at 

https://www.nap.edu/catalog/12654/prudent-practices-in-the-laboratory-handling-and-management-of-chemical
https://www.nap.edu/catalog/12654/prudent-practices-in-the-laboratory-handling-and-management-of-chemical
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https://www.acs.org/about/governance/committees/chemical-
safety.html. In the case of this procedure, the risk assessment should 
include (but not necessarily be limited to) an evaluation of the potential 
hazards associated with 2,7-di-tert-butylfluorene, potassium tert-
butoxide, tetrahydrofuran, paraformaldehyde, sodium hydrogen 
carbonate, ethyl acetate, magnesium sulfate, silica, cyclohexane, 
methylmagnesium bromide, diethyl ether, dimethyl 5-
bromoisophthalate, ammonium chloride, sodium chloride, sodium 
sulfate, n-pentane, dichloromethane, thionyl chloride, boron trichloride 
and sodium hydroxide. Caution: boron trichloride and thionyl chloride 
can form hydrogen chloride in the presence of water. 

2. All the glass material used for the preparation was flame dried with a 
heat gun under high vacuum (4 x 10–3 mm Hg). 

3. 2,7-Di-tert-butylfluorene (98 %) was purchased from BLD Pharmatech 
and used as received. 

4. Potassium tert-butoxide (reagent grade, ≥98 %) was purchased from 
Sigma-Aldrich Chemie GmbH, dried over-night under vacuum (7.5 
mmHg), and used directly in the reaction.  

5. Anhydrous tetrahydrofuran over molecular sieves was purchased from 
Fisher Scientific and used as received. 

6. Paraformaldehyde (96 %) was purchased from Fisher Scientific and used 
as received. 

7. The balloon was used with a 21 G needle purchased from BD Microlance  
8. 'Magnesium sulfate - dried Laboratory reagent grade' was purchased 

from Thermo Scientific and used as received. 
9. A paper filter of QL100 range and with a diameter of 185 mm purchased 

from Fisher Scientific was used. 
10. Silica was purchased from Sigma Aldrich (40 – 63 µm) and used as 

received. 
11. As can be seen at Figure 1H, every fraction of product monitored by TLC 

also contain a baseline spot. This spot has no influence of the purity and 
is no longer found after drying (Figure 1F). 

12. Analytic data for 2,7-di-tert-butyl-9-methylenfluorene (1) 1H NMR (500 
MHz, CDCl3) δ 7.76 (d, J = 1.4 Hz, 2H), 7.58 (d, J = 7.5 Hz, 2H), 7.41 (dd, J 
= 7.9, 1.8 Hz, 2H), 6.07 (s, 2H), 1.41 (s, 18H); 13C NMR (126 MHz, CDCl3) 
δ 150.0, 144.2, 138.3, 137.9, 126.1, 119.2, 117.8, 106.6, 35.0, 31.7; IR (ATR): 
2960, 1475, 1427, 1362, 1255, 1226, 1103, 897, 824, 740, 685-1 ; mp: 169–170 
°C; HRMS (ESI+): calc’d for C22H27: 291.2027 [M+H]+; found: 291.2094. 
Purity was determined to be 99 % and 97 % (for first and second run 

https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.acs.org%2Fabout%2Fgovernance%2Fcommittees%2Fchemical-safety.html&data=05%7C01%7Cmarjorie.williams%40unh.edu%7Ca4d4d0d1a44b4d7a7de908db892b2d6d%7Cd6241893512d46dc8d2bbe47e25f5666%7C0%7C0%7C638254592338294705%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=49XWkZvDxUSiW%2BvJ4pMIod4UIMLC9GMCfB3rkCKw4pk%3D&reserved=0
https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.acs.org%2Fabout%2Fgovernance%2Fcommittees%2Fchemical-safety.html&data=05%7C01%7Cmarjorie.williams%40unh.edu%7Ca4d4d0d1a44b4d7a7de908db892b2d6d%7Cd6241893512d46dc8d2bbe47e25f5666%7C0%7C0%7C638254592338294705%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=49XWkZvDxUSiW%2BvJ4pMIod4UIMLC9GMCfB3rkCKw4pk%3D&reserved=0
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respectively) wt % by qNMR using 1,3,5-trimethoxybenzene (99 %, 
Sigma-Aldrich) as an internal standard. 

13. Methylmagnesium bromide in diethyl ether (3.0 mol/L) was purchased 
from Sigma-Aldrich and used as received by using a constant argon flow 
to ensure the dryness.  

14. Dimethyl 5-bromoisophthalate (97 %) was purchased from BLD 
Pharmatech and used as received. 

15. Since CH4 is formed under strong bubble formation, the first 10 mL are 
added very slowly via a glass pipette, followed by slowly addition of the 
remaining saturated aqueous solution of ammonium chloride. 

16. Sodium sulfate (anhydrous) was purchased from Fisher Scientific and 
used as received. 

17. Analytic data for 1-bromo-3,5-bis(1-hydroxy-1-methylethyl)benzene (2) 

1H NMR (500 MHz, CDCl3) δ 7.55 (t, J = 1.7 Hz, 1H), 7.49 (d, J = 1.5 Hz, 
2H), 1.91 (s, 2H), 1.57 (s, 12H); 13C NMR (126 MHz, CDCl3) δ 151.5, 126.3, 
122.6, 119.4, 72.6, 31.9; IR (ATR): 3318, 2972, 1567, 1409, 1363, 1231, 1167, 
959, 875,783,754,624 cm-1; mp: 135–136 °C; HRMS (ESI+): calc’d for 
C12H17BrO2Na: 295.0304; found: 295.0298. Purity: Determined to be 99 % 
and 97 % (for first and second run respectively) wt% by qNMR using 
1,3,5-trimethoxybenzene (99 %, Sigma-Aldrich) as an internal standard. 

18. Anhydrous dichloromethane over molecular sieves was purchased from 
Fisher Scientific and used as received. 

19. Thionyl chloride was purchased by Sigma-Aldrich Chemie GmbH 
(reagent Plus, ≥99 %) and is stored and used under argon. 

20. Analytic data for 1-bromo-3,5-bis(1-chloro-1-methylethyl)benzene (3) 1H 
NMR (400 MHz, CDCl3) δ 7.74 (t, J = 1.8 Hz, 1H), 7.62 (d, J = 1.7 Hz, 2H), 
1.98 (s, 12H); 13C NMR (101 MHz, CDCl3) δ 148.5, 128.1, 122.3, 122.0, 68.7, 
34.4; IR (ATR): 2981, 1692, 1570, 1454, 1369, 1276, 1229, 1134, 1105, 868, 
779, 696, 632 cm-1; mp: 83–84 °C; HRMS (ESI-): calc’d for C12H15Cl2Br: 
307.972881; not found. For both of the checkers' runs, determined to be 
99 %. Wt% by qNMR using 1,3,5-trimethoxybenzene (99 %, Sigma-
Aldrich) as an internal standard. The authors noted differences in purity 
from batch to batch, according to GC/MS analysis, by following the same 
procedure. Nevertheless, no impact on the next step was obtained.  

21. Boron trichloride solution in dichloromethane (1 M) was purchased by 
Sigma-Aldrich Chemie GmbH and is stored and used under argon. 

22. Analytic data for tBu-MsFluindBr (4) 1H NMR (400 MHz, CDCl3) δ 7.40 
(d, J = 7.9 Hz, 4H), 7.24 (s, 1H), 7.18 (dd, J = 8.0, 1.8 Hz, 4H), 7.03 (d, J = 
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1.4 Hz, 4H), 2.46 (s, 4H), 1.62 (s, 12H), 1.21 (s, 36H); 13C NMR (101 MHz, 
CDCl3) δ 156.8, 153.2, 150.2, 143.4, 138.3, 123.6, 120.3, 118.6, 118.1, 115.6, 
64.0, 57.4, 43.4, 34.9, 32.9, 31.8; IR (ATR): 2957, 2903, 2867, 1474, 1459, 1404, 
1362, 1279, 1254, 881, 820, 745 cm-1; mp:  325–326 °C (most of the solid 
sublimed or melted at this temperature); HRMS (ESI-): calc’d for 
C56H65Br1: 816.426425; not found. Purity: For both of the checkers' runs, 
the purity was determined to be 100 wt % by qNMR using 1,3,5-
trimethoxybenzene (99 %, Sigma-Aldrich) as an internal standard. 

 
Working with Hazardous Chemicals 
 

The procedures in Organic Syntheses are intended for use only by persons 
with proper training in experimental organic chemistry. All hazardous 
materials should be handled using the standard procedures for work with 
chemicals described in references such as "Prudent Practices in the 
Laboratory" (The National Academies Press, Washington, D.C., 2011; the full 
text can be accessed free of charge at 
http://www.nap.edu/catalog.php?record_id=12654). All chemical waste 
should be disposed of in accordance with local regulations. For general 
guidelines for the management of chemical waste, see Chapter 8 of Prudent 
Practices.  

In some articles in Organic Syntheses, chemical-specific hazards are 
highlighted in red “Caution Notes” within a procedure. It is important to 
recognize that the absence of a caution note does not imply that no significant 
hazards are associated with the chemicals involved in that procedure. Prior 
to performing a reaction, a thorough risk assessment should be carried out 
that includes a review of the potential hazards associated with each chemical 
and experimental operation on the scale that is planned for the procedure. 
Guidelines for carrying out a risk assessment and for analyzing the hazards 
associated with chemicals can be found in Chapter 4 of Prudent Practices. 

The procedures described in Organic Syntheses are provided as published 
and are conducted at one's own risk. Organic Syntheses, Inc., its Editors, and 
its Board of Directors do not warrant or guarantee the safety of individuals 
using these procedures and hereby disclaim any liability for any injuries or 
damages claimed to have resulted from or related in any way to the 
procedures herein. 
 
 

http://www.nap.edu/catalog.php?record_id=12654
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Discussion 
 
In recent years, our group has become interested in developing catalytic 
methodologies based on cheap and relatively non-toxic bismuth. We became 
particularly interested in unlocking the powerful redox couples available for 
this element.5 In this regard, our group has provided evidences for low-valent 
Bi(I)/Bi(III),6-8 high-valent Bi(III)/Bi(V),9,10 Bi(III) redox neutral catalysis;11 
recently, radical Bi(I)/Bi(II)/Bi(III) catalysis has also arisen as a viable 
platform.12 Within these frameworks, low-valent catalysis based on Bi(I) 
complexes prevails as one of the most versatile options, due to the dual 
polar/radical reactivity observed. However, the synthesis of such complexes 
is challenging, due to the high tendency of Bi(I) to dimerize leading to Bi=Bi 
structures.13 In 2010 however, Dostál capitalized on the chelating effect of 
imine-based pincer complexes to report the first monomeric 
organobismuth(I) complex.14 Since then, numerous reports in the area 
appeared studying the chemistry15 and electronics of such complexes.16-25 
Despite these advances, the synthesis and isolation of a genuine Lewis-base 
free and unsupported organobismuthinidene remained a synthetic challenge.  
Based on seminal reports from Tamao26and building upon recent examples 
where the MsFluind framework has been used to isolate exclusive main group 
elements in different oxidation states ,27-31 we set out to explore the possibility 
of accessing a genuine organobismuth(I) based on this framework. Indeed, 
the MsFluind framework is characterized by the remarkable steric protection 
around the central element, as well as an extreme rigidity on the fluorene 
wings. Based on these premises, a Br/Li exchange of MsFluind-Br (Ar-Br, 7), 
followed by a metalation with BiCl3 led to the corresponding Ar‒BiCl2 (8) 
(Figure 1, top). Subsequent reduction with cobaltocene led to the isolation of 
a dark solid, which corresponded to the dimeric Ar‒Bi=Bi‒Ar.  
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Figure 1. Differences between MsFluind-Br vs tBu-MsFluind-Br in 

bismuth complexes. 
Hence, despite the steric encumbrance and rigidity provided by MsFluind, 
dimerization of the resulting Bi(I) still occurred. A closer look into the XRD 
of 9 revealed that the fluorene rings experimented a remarkable torsion in 
order to accommodate the Bi=Bi double bond. At this point, we envisaged 
that the placement of tBu groups in the fluorene units would increase the 
steric pressure, impeding an intermolecular encounter to forge a Bi=Bi. Br/Li 
exchange in tBu-MsFluind-Br (Ar*-Br), followed by BiBr3 led to the formation 
of the corresponding Ar*‒BiBr2 (5). At this point, reduction with cobaltocene 
resulted in the isolation of 6 as a yellow solid.32 The isolation of 6 validated 
our initial hypothesis and highlights the dramatic influence of these 
substituents in providing the required steric encumbrance in occasions where 
dimerization is enforced.   
Compound 6 is monomeric both in solution and in the solid state, as judged 
by NMR, XRD, EA and HRMS. XAS confirmed the Bi(I) oxidation state. It was 
surprising to find that compound 6 appears diamagnetic, with no signals 
observed by EPR or SQUID. Although variable temperature NMR results in 
sharp peaks across >100 °C, some chemical shifts of the central aromatic ring 
are heavily affected. This might be the consequence of the SO-HALA effect 
exerted by the Bi(I).33 Theoretical analysis in combination with the unusual 
UV-Vis revealed that the ground state of complex 6 is mainly dominated by 
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a triplet state, with alternative electronic configurations higher in energy. 
However, these conclusions were initially in conflict with the magnetic 
measurements: the molecule is an apparent diamagnet as observed by EPR 
and SQUID. Yet, due to the incredibly large relativistic effects associated to 
Bi 34 SOC (spin-orbit coupling) plays a decisive role in interpreting accurately 
the electronic structure, spectra and magnetism. Indeed, the ground state is 
dominated by a triplet state, but due to SOC, the ms=0 remains thermally 
isolated at ca 4500 cm-1 away from the next ms=+1 and ‒1. Such a remarkably 
large axial ZFS (zero-field splitting) is amongst the largest known, and 
renders thermal population of the above magnetic sublevels unfeasible with 
regular magnets. Hence, complex 6 appears diamagnetic, despite its triplet 
ground state.  
As aforementioned, the synthesis of tBu-MsFluind-Br was crucial to isolate 
the first organobismuthinidene complex, and allowed us to discover novel 
properties for organobismuth. This structure already aided our group in 
discovering an unusual Ar*-Sb=Sb-Ar* complex, bearing a rather long double 
bond, which dissociates at higher temperatures leading to a monomeric Sb(I) 
complex.28 We believe that the multi-gram preparative article reported here 
will accelerate the discovery of other unusual structures and discover the 
unique properties that lie behind them.  
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Appendix 

Chemical Abstracts Nomenclature (Registry Number) 
 

2,7-di-tert-butylfluorene (58775-05-6) 
Potassium tert-butoxide (865-47-4) 

Paraformaldehyde (30525-89-4) 
Methylmagnesium bromide (75-16-1) 

Dimethyl 5-bromoisophthalate (51760-21-5) 
Thionyl chloride (7719-09-7) 

Boron trichloride (10294-34-5) 
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1H NMR of 2,7-di-tert-butyl-9-methylenfluorene (1) (500 MHz, CDCl3) 

 



13C NMR of 2,7-di-tert-butyl-9-methylenfluorene (1) (126 MHz, CDCl3) 

 



IR of 1-bromo-3,5-bis(1-chloro-1-methylethyl)benzene (3) 

 
 

 



1H qNMR of 2,7-di-tert-butyl-9-methylenfluorene (1) (400 MHz, CDCl3) 

 



1H NMR of 1-bromo-3,5-bis(1-hydroxy-1-methylethyl)benzene (2) (500 MHz, CDCl3) 

 



13C NMR of 1-bromo-3,5-bis(1-hydroxy-1-methylethyl)benzene (2) (126 MHz, CDCl3) 

 



IR of 1-bromo-3,5-bis(1-hydroxy-1-methylethyl)benzene (2) 

 
 

 

 



1H qNMR of 1-bromo-3,5-bis(1-hydroxy-1-methylethyl)benzene (2) (500 MHz, CDCl3) 

 



1H NMR of 1-bromo-3,5-bis(1-chloro-1-methylethyl)benzene (3) (400 MHz, CDCl3) 

 



13C NMR of 1-bromo-3,5-bis(1-chloro-1-methylethyl)benzene (3) (101 MHz, CDCl3) 

 

 



IR of 1-bromo-3,5-bis(1-chloro-1-methylethyl)benzene (3) 

 
 

 



1H qNMR of 1-bromo-3,5-bis(1-chloro-1-methylethyl)benzene (3) (400 MHz, CDCl3) 

 



 

1H NMR of tBu-MsFluindBr (4) (400 MHz, CDCl3) 

 



13C NMR of tBu-MsFluindBr (4) (101 MHz, CDCl3) 

 



 

IR of tBu-MsFluindBr (4)  

 
 

 



1H qNMR of tBu-MsFluindBr (4) (400 MHz, CDCl3) 

 


