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(1)  SYNTHESIS OF 9-BORABICYCLO[3.3.1]NONANE (9-BBN) 
 
 

 
 

Org. Syn. 1992, 70, 169; 1998, Coll. Vol. 9, 95. 
  

 
 
 

(2)  HYDROBORATION OF 1-DECENE USING 9-BBN 
 
 

 
 

J. Org. Chem. 1989, 54, 5930-5933. 
 
 
 

NOTE: While working in the lab you are required to wear lab coats and safety glasses at all 
times! Furthermore, you must complete a short, online safety quiz before starting the 
experiment. Your TF will evaluate your answers and based on your result you will either 
receive permission to start your experiment or you will have to go back and consult the 
instructions again. 
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SYNTHESIS OF 9-BORABICYCLO[3.3.1]NONANE (9-BBN) 
 
Reaction Scheme  

 
 
 
Experimental Setup 

  
 
Procedure A three-neck 250 mL 24/40 jointed round-bottomed flask containing a magnetic stirring 

bar was fitted with a 24/40 short-path distillation head and two rubber septa.  A 200 mL 

receiving flask was used (without any multi-pronged adapter).  All glass joints were 

cleaned prior to assembly and freshly greased.  The vacuum connector of the distillation 

head was connected to the vacuum manifold and high vacuum was applied.  The system 

was thoroughly dried with a flame.  All connections were secured with Keck clips, and 

the system was back-filled with nitrogen.  The system was evacuated and back-filled two 

more times with nitrogen to ensure the removal of all oxygen. The system was then 

maintained under nitrogen at all times. 
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1,2-Dimethoxyethane (“DME,” 30 mL) was added via plastic syringe, with care taken to 

verify that pressure was being released through the bubbler on the manifold. Borane 

dimethyl sulfide complex (8.50 mL, 89.6 mmol; note: revolting stench and 

PYROPHORIC) was transferred to the three-neck flask by careful syringe transfer, as 

described here:  Positive nitrogen pressure was applied to the headspace of the BH3
.SMe2 

bottle through the SureSeal cap via an 18-gauge (yellow) needle.  A 20 mL plastic 

syringe was fitted with a long metal needle and secured with Teflon tape.  The syringe 

needle was introduced to the borane bottle, and the appropriate volume was drawn into 

the syringe barrel; the barrel was inverted, and a bubble of nitrogen was drawn into the 

top of the barrel to protect the reagent from oxygen.  The needle was quickly removed 

from the borane bottle and introduced into the three-neck flask containing DME by 

puncturing one of the rubber septa, and the reagent was dispensed into the flask.  The 

syringe and barrel were then rinsed three times with dichloromethane and the rinsate was 

collected in a small beaker and stirred with a magnetic stir bar; water was added dropwise 

to quench the remaining borane dimethyl sulfide.  (Careful!  Possible gas evolution!)    

 

A thermocouple wire was introduced into the reaction setup via the rubber septum on the 

three-necked flask.  Water was passed through the condenser coils of the distillation 

head, and the receiving flask was cooled to 0 °C in an ice-water bath.  1,5-Cyclooctadiene 

(“COD,” 10.9 mL, 88.7 mmol; caution, STENCH) was added slowly by syringe with 

vigorous stirring to maintain an internal temperature of 50–60 °C.  Do not apply heat 

from the heating block during this time; the exothermic nature of the reaction will keep 

the vessel hot. A white precipitate, indicating the formation of 9-BBN, was observed near 

the end of the addition.  

 

1,2-Dimethoxyethane (50 mL) was added.  The clear and colorless solution was then 

heated until distillation was observed (set heating block to 120 °C).  Once the head 

temperature reached 85 °C, the distillation was continued for 15 minutes to remove any 

remaining dimethyl sulfide.  Do not allow the distillation pot to go nearly or completely 

dry.  This presents a fire hazard.   
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Upon complete removal of dimethyl sulfide, 1,2-dimethoxyethane was added to make the 

total system volume ~40 mL (if necessary).  After allowing the apparatus to cool to (near) 

room temperature, the distillation head and receiving flask were removed and replaced by 

a glass stopper while maintaining a positive nitrogen flow over the solution via a needle 

introduced through one of the rubber septa, and the distillate was disposed of in the 

designated container.  The mixture was brought back to a gentle boil with vigorous 

stirring, and up to 20 mL of additional DME was added until all the 9-BBN dissolved.  

Once the product was completely dissolved, the thermocouple wire was removed and the 

heating block was turned off.  The material was allowed to slowly cool over night, while 

under nitrogen. 

 

 

The supernatant was removed by cannula (it may be useful to tilt the flask; try hard not to 

get any solid into the needle tip), and disposed of in the appropriate waste container.  

Rubber septa were replaced with glass stoppers, and the flask was placed under high 

vacuum over night.   

 

This procedure is expected to yield about 9.2 g of 9-BBN (about 85% yield).  9-BBN 

decomposes slowly in air and is moisture-sensitive, but not pyrophoric if the solvent has 

been removed properly.  It should be stored in a labeled glass jar in the refrigerator. 

 

9-BBN exists as a dimer; regiochemical equilibration occurs during heating.  From the 

Org. Syn. reference, the expected NMR spectral lines: 1H NMR (300 MHz, C6D6) δ: 

1.44–1.57 (m, 4 H), 1.58–1.74 (m, 12 H), 1.83–2.07 (m, 12 H).  A standard HETCOR 

experiment revealed that protons on each of the methylene carbons were superimposed 

upon one another to give rise to these downfield multiplets; 13C NMR (75 MHz, C6D6) δ: 

20.2 (br, C-1,5), 24.3 (C-3,7), 33.6 (C-2,4,6,8); 11B NMR (96 MHz, C6D6) δ: 28.   It also 

exhibits a strong characteristic IR absorption band at 1560 cm−1 (B-H-B) for the bridged 

dimeric structure. 

 

•  Do not substitute a single-necked flask for a three-necked one because this will make 

it impossible to add reagents under inert atmosphere while a distillation head is on the 

flask. 

• Always rinse glassware in three stages: acetone, water, acetone.  The first stage 

removes any organic impurities.  The second stage removes any ionic impurities.  The 

Crystallization: 
ca. 1.5 h 

Safety Remarks  
& Tips 

Isolation: 
<1 h, next day 



third stage removes any residual water, preventing the flask from being stained by 

residual dissolved salts. 

• Do not substitute a smaller 14/20 distillation head for a 24/40 one. 

• Ensure the distillation thermometer extends far enough into the flask to contact the 

vapors of the distillation.  Check that you are using the correct thermometer! 

• To maintain good thermal contact between the heating block and your flask, add sand 

after the flask is inside the heating block.  (Adding sand first, and then placing the 

flask in the block will lead to poor contact.) 

• Never perform an atmospheric distillation in a closed system (i.e., without a means of 

releasing excess pressure—the bubbler on the vacuum manifold in this procedure).  

This will lead to an explosion. 

• The distillation temperature should reach at least 80 °C.  This indicates the complete 

removal of dimethyl sulfide.  If the distillation temperature does not reach this 

temperature, continue adding 1,2-dimethoxyethane.  Incomplete removal of the 

dimethyl sulfide will result in a low yield or problematic crystallization. This is the 

most common reason for the failure of this experiment.  The temperature may not 

reach 85 °C even if the short-path distillation head is insulated with glass wool. 

Consult your TF if you have issues. 

• When greasing joints, apply only a small amount (a dime-sized area on the tip of a 

finger).  Excess grease is not helpful and merely makes a mess. 

• Place the stirring/heating plate on a jack.  This will allow you to remove the heat 

source rapidly in case of an unanticipated rapid exothermal reaction.  It may also be 

necessary to raise the ice bath to prevent the setup from being too tilted.  The reaction 

setup will be quite heavy, so you should use appropriately sized clamps and ensure 

that they are tightened properly.  (If the reaction setup were to fall during addition, the 

reagents would almost certainly catch fire.) 

• Failure to quench any residual borane dimethylsulfide complex may cause a fire. 

Dichloromethane is a useful quenching solvent here because it is not flammable. 

• Dimethyl sulfide and cyclooctadiene are foul-smelling liquids that should be handled 

in a fume hood at all times and disposed of in a segregated waste container.  Used 

syringes should be rinsed before disposal; soiled gloves should be kept in a fume hood 

at all times and disposed of as solid waste. 

• The vacuum pumps will break if solvent enters them.  The usual culprit is the cold 

bath warming to room temperature.  It is your responsibility to notify your TF and 

Zach if you are leaving something on the vacuum line over night; they will make sure 



the dry ice/acetone does not run out.  Your flask must be clearly labeled with your 

name and the structure or name of the material in the flask.  You may not leave a flask 

on the vacuum line for more than 24 hours without explicit permission; it is your 

responsibility to come remove your material from the line; if you do not, your material 

may be disposed of.  Ensure that no other volatile reagents are on the vacuum line 

concurrently; the acidic vapors from the Dess-Martin reagent will destroy 9-BBN. 

• If stirring is difficult because there are many solids in the flask, try reducing the 

stirring rate. 

• Do not place the 9-BBN on the vacuum pump overnight with rubber septa.  Rubber 

septa are oxygen-permeable, and oxygen will destroy the 9-BBN.  Use pennyhead 

stoppers instead. 

 

 



HYDROBORATION OF 1-DECENE USING 9-BBN 

 
 
Reaction Scheme  

  
 

 

Procedure A 200 mL round bottom flask was charged with a magnetic stir bar, flame dried, and 

placed under nitrogen.  To the flask was added 9-BBN dimer (3.33 g, 13.6 mmol) and the 

flask was evacuated and backfilled twice, then 75 mL of anhydrous THF was added.  The 

solution was cooled to 0 °C and 1-decene (5.0 mL, 26.3 mmol) was added by syringe.  

The reaction was then allowed to return to room temperature and was stirred for 2 hours.  

At one-hour intervals, TLC should be performed in 10% EtOAc/hexanes, staining with 

KMnO4. 

 

The reaction mixture was cooled to 0 °C and 50 mL of water was added slowly.  Sodium 

perborate tetrahydrate (16.2 g, 105 mmol) was added slowly (exothermic and possible 

gas evolution).  The white suspension was stirred over night (at least several hours are 

necessary). 

 

The mixture was filtered through paper. Diethyl ether  (~70 mL) was used to wash the 

remaining white solid.  The filtrate was poured into a separatory funnel and the layers 

were separated.  The aqueous phase was back-extracted three times with 20 mL portions 

of ether.  The combined organic layers were washed three times with 20 mL portions of 

water and once with 20 mL of brine.  The resulting solution was dried over magnesium 

sulfate, filtered, and concentrated to yield a clear oil. 

 

 The oil was dissolved in 15 mL of hexanes and purified through a silica gel plug in ~50 

mL fractions (use TLC analysis to determine how many are required).  The initial eluent 

should be pure hexane, until any high-Rf materials are eluted; then switch to 10% 

EtOAc/hexanes.  The combined clean fractions were concentrated in vacuo to yield 1-

decanol as a clear and colorless oil (~3 g expected). 
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 •  Sodium sulfate is not an effective drying agent for ethereal solvents (though it is easier 

to filter). 

 •  Diethyl ether vapors are highly flammable and heavier than air. 

 •  The boiling point of 1-decanol is 233 °C. 

 •  1,5-Cyclooctadiol is a possible byproduct. 

 

What to Hand In Please hand in a typed report to your TF that contains: 

(1) Carbon copies of all lab notebook entries relevant to this experiment, including 

relevant drawings of TLC plates and calculated Rf values. 

(2) Experimental procedure for the synthesis of 9-BBN in JOC format  

(3) For 9-BBN: 1H and IR spectra and data in ACS format 

(4) For 9-BBN: melting point  

(5) Experimental procedure for the synthesis of 1-decanol in JOC format   

(6) For 1-decanol: 1H, 13C NMR, and IR spectra and data in ACS format, including peak 

assignments as possible. 

(7) Written answers to the following questions: 

a. Draw the structure of the 9-BBN dimer.  Why is 9-BBN prone to dimerization?  

Which orbitals of the monomers are involved in dimer formation?  Describe 

the B-H-B “bond(s).” 

b. Sodium perborate tetrahydrate (NaBO3
.4H2O) does not exist as a discrete 

ionic or molecular entity; the formula is simply the empirical formula of the 

solid.  Draw the best Lewis structure of the (hypothetical) perborate anion, 

BO3
- and suggest a way that this unstable ion could be stabilized.  (Note: Your 

suggestion should account for why this reagent is capable of oxidizing the 

hydroborated 1-decene.  Think: “What reagent would we normally use for the 

oxidation step of a hydroboration/oxidation sequence?”) 

 

Grading Scheme total: 20% of course grade 
 
  Laboratory Component   Written Component 
 
 - complete first attempt (+3)   - lab notebook (+1) 
   - complete second attempt (+1)  - lab report 
   - obtain >5 g of 9-BBN (+2)    experimental procedures (+1) 
   - obtain >6.7 g of 9-BBN (+1)   characterization data (+2) 
   - crystallinity of 9-BBN (+3)    lab questions (+1) 

- obtain > 1.3 g pure 1-decanol (+1)  - lab stewardship (+2) 
   - obtain > 3.0 g pure 1-decanol (+2)      

Safety Remarks  
& Tips 


