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performing the eacor under an inert atmosphere such as nitrogen (N») or argon.
However, this prece=tam Is not essential in the undergraduate laboratory, because
when diethvi ather = osed as the solvent, its very high vapor pressure effectively
excindes mos: o e = from the reaction vessel.

The coupling reaction (Eq. 19.9) is an example of a Wurtz-type reaction.
Alhongh this czn be z wseful process for preparing symmetrical hydrocarbons,
E—R, it is normaliv cesitable to minimize this side reaction by using dilute solu-
soms, thereby avoiding high localized concentrations of the halide. This is accom-
oiished by efficent swing and by slowly adding the halide to the suspension of
magneshm n tne emereal solvent.

RMgX + O;—R—0—0" *MgX (19.7)
RMgX + CO; -RCO,;™ "MgX (19.8)
RMgX + RX——=R—R + MgX; . (19.9)

In the experiments that follow, phenylmagnesium bromide (5) and
1-butylmagnesium bromide (7) are prep ared according to Equations 19.4 and 19.5,
respectively. The most important side reaction in these experiments involves the
Wurtz-type coupling of the Grignard reagent with the organic halide. For example,
during the preparation of phenylmagnesium bromide, small quantities of biphenyl
(8) are formed according to Equation 19.10; however, the presence of 8 does not
interfere with the subsequent reactions of phenylmagnesium bromide. Although
coupling also occurs during the preparation of 1-butylmagnesium bromide, the
n-octane that is produced is volatile and easily removed.
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1. Wear safety giasses or goggles and suitable protective gloves while perform-
ing the experiment.

2. Diethy! ether is extremely flammmable and volatile, and its vapors can easily
travel several feet along the bench top or the floor and then be ignited.
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Consequently, be certain there are no open flames anywhere in the laboratory
whenever you are working with ether. Use a flameless heating source when-
ever heating is required.

3. The anhydrous diethyl ether used in this experiment is contained in metal
cans, and the screw or plastic cap should always be in place when the can
is not in use to prevent evaporation, absorption of atmospheric moisture and
oxygen, and accidental fires.

4. Open containers of diethyl ether must not be kept at your laboratory bench or
stored in your laboratory drawer. Estimate the total volume of ether you will
need and measure it in the hood Into a container that is Joosely stoppered.

; 5. You should use ovens to dry your glassware if possible. However, if drying ovens

: are not available and if is necessary to dry the glass apparatus with a flame or a
heat gun, be certain that no one in the laboratory is working with diethyl ether,
Consult with your instructor before using any open flame. Avoid excessive heat-
ing in the vicinity of the ring seals in the condenser and near the stopcock in the
addition funnei, particularly if the stopcock is made of plastic or Teflon.

« 6. Lubricate all ground-glass joints in the apparatus carefully and mate them
tightly fo prevent the escape of diethyi ether during the reaction.

7. On the small scale of these experiments, the exothermic formation and reac-
tion of Grignard reagents rarely causes a problem. Nevertheless, it is still good
laboratory practice for you to have an ice-water bath ready if the reaction pro-
ceeds too rapidly, as evidenced by an excessively rapid rate of reflux and the
emission of vapors from the top of the condenser.

MINISCALE PROCEDURE

Preparation Refer to the oniine resources to answer Pre-Lab Exercises, access
videos, and read the MSDSs for the chemicals used or produced in this procadure.
Review Sections 2.9, 2.10, 2.11, 2.22, 2.27, and 2.28.

Apparatus A 50-mi round-bottom flask, 5-mL syringe, separatory funnel with a
ground-glass joint, condenser, Claisen adapter, drying tube, ice-water kath, appa-
ratus for magnetic stirring, and ffameless heating.

Setting Up Weigh 0.5 g of magnesium turrings that have been freshly crushed
with a spatula intc the round-bottom flask, and add a stirbar. Place this flask and
its contents, the separatory funnel, condenser, Claisen adapter, and drying tube
in an oven at 110 °C for at least 30 min. If the separatory funnel has a plastic or
Teflon stopceck and stopper, do not put the stopcock, its piastic retaining nut,
and the stopper in the oven, as they may melt or soften. Using gloves or tongs,
remove the giassware from the oven and let it cool, preferably in a desiccator.
After the glassware is cool enough to handle, lubricate all the joints and quickly
assemble the apparatus shown in Figure 2.66b. Attach the drying iube to the top
of the condenser and place the stopper and stepcock in the separatory funnel.
Allow the apparatus fo cool to room temperature.

Gptional Measures {f an oven is not available, it will be necessary to dry the appa-
ratus with a microburner or a heat gun. Assembie the apparatus as described
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above, Be sure that no one in the laboratory is working with diethy! ether, and then
dry the assembled apparatus. Do not overheat any plastic parts of the apparatus.
Allow the apparatus to cool fo room temperature,

Verify that there are no flames in the laboratory before continuing. Prepare a

solution of either 2.4 mL of bromobenzane or 2.5 mb of 1-bromobutane in & mL.

of anhydrous diethyl ether in a smell, dry Erlenmeyer flask. Swirl the solution to
achleve homogeneity. Add 5 mL of anhydrous diethy! ether 10 the round-bottom
flask through the separatory funnei; clese the stopcock. Be sure that water is run-
ning through the condenser. Transfer the ethereal solution of halide toc the separa-
tory funnal.

Reaclion Add a 0.5-mL portion of the ethereal solution from the separatory fun-
nel onto the magnesium turnings and stir the resulting mixture. If small bub-
bies form at the surface of the magnesium turnings or if the mixture becomes
slightly cloudy or chalky, the reaction has started. The flask should beccme
slightly warm. If the reaction has started, disregard the optional instructions in
the nexi paragraph.

Optiona) Measures If the reaction does not start spontaneously, warm the mixture
gently for several minutes and observe whether the mixture becomes slightly
cloudy or chalky. If it does not, then obtain one or two additional magnesium
twrnings and crush them thoroughly with a heavy spatula or the end of a clamp.
Remove the separatory funnel just long enough to add these broken pieces of
magnesium to the flask and quickly replace the funnel. The clean, unoxidized sur-
faces of magnesium that are exposed should aid in initiating the reaction. If the
reaction still has not started after an additional 3-5 min of warming, consult your
instructor, The best remedy at this point is to add a small crystal of lodine tc the
mixiure. Aliernatively, a small amount of the preformed Grignard reagent may be
added if it is available.

Once the reaction has started, gently heat the reaction mixiure so that the
solvent refluxes smoothly. Add another 5-mL portion of anhydrous diethyl ether
to the reaction mixture through the top of the condenser and continue heating
and stirring until the solvent is again refluxing. Add the remainder of the sthereal
solution of the halide dropwise to the stirred reaction mixture at a rate that is just
fast enough to maintain a gentle reflux. If the reaction becomes tco vigoraus,
reduce the rate of addition and discontinue heating the flask, if necessary. If the
spontaneous boiling of the mixture slows, increase the rate of addition slightly. If
the rate of reflux siili does not increase, heat the mixture as necessary to main-
tain gentle refiux during the remainder of addition. If is important that refiux be
maintained throughout the addition of the ethereal solution. The addition should
take about 5-10 min. Upon completing the addition, continue heating the mix-
ture under gentle reflux for 15 min. If necessary, add anhydrous diethyl ether to
the reaction flask so that there is no less than about 15 mb of solution. At the end
of the reaction, the solution normally has a tan tc brown, chalky appearance,
and most of the magnesium will have disappeared, although residual bits of
metal usually remain. Discontinue heating and allow the mixture to cocl to room
temperature.

Use the Grignard reagent as soon as possible after preparing it. Phenylmag-
nesium bromide is used in Parts A and B of Secticn 12.4, and 1-butylmagnesium
bromide is usec in Part C of that section.
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