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Abstract 

Toluene solutions of alkylmagnesium chlorides partially solvated by diethyl ether were investigated. Primary and secondary alkyl 
chlorides can be convertod into Gri,,n;~r,t reagents in good yields in the presence of small anaounts of ether (less than one mole per mole 
of halide). Tertiary chlorides foml only monosolvated organomagnesium compounds. Ultrasound accelerates the process. The reagents 
obtained are heterogeneous, but the solubilities of the partially solvated complexes in toluene are fairly high. Some of the reagents 
disproportionate to magnesium chloride and the dialkylmagnesium. The extent of disproportionation decreases with an increase in the 
concentration of the reagent or in the steric requirements of the alkyl moiety. 
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I.  I n t r o d u c t i o n  

Although conventional Grign,'ird reagents are ustmlly 
pt~epm~ed in diethyl ether or other donor solvents, 
organomagnesinm compounds have for many years also 
been obtained in I~ydrocarhon media in the absence of 
donors, or withollt tlSe of any solvent [I =3]. 

I lse of t;ihers in hirge-scill¢ Ol'giUlOlniignesiilln syll o 
theses in illdusiry is inconvenient and hazardous i4i, 
therefore the i'ephiceillent of sticll readily flamnlable 
solvents by safer hydi~)ctu'hons of high boiling point is 
desirable, The use of hydrocarbons is econonlical since 
they are cheap and non-hygroscopic and pl'eseni rela- 
tively low fire hazards. However, formation of unsol- 
rated organomagnesium halides is limited to primary 
alkyl and aryl compounds. Branched-chain primary, 
secondary and tertiary alkyl halides and vinyl, allyl and 
benzyl halides do not react under these conditions or 
give Wurtz-type coupling pi~ducts [2,5]. Methyl-, ethyl-, 
and propylmagnesium halides are forrned only in low 
yields. Furthermore, the tmsolvated organomagnesium 
compf, unds are only sparingly soluble in hydrocarbons. 
In aromatic media, alkylation of the solvent may pre- 
dominate during the synthesis, particularly in the case 
of alkyl chlorides [6,7]. 
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Most of the shortcomings of tlnsolvated organomag- 
nesiums can be overcome by addition of small arnounts 
of solvating species, provided their presence in the 
reagent is acceptable. In additic'l, light metal alkoxides 
[6,8] or tetraethoxysilane in catalytic anlounts [9] can Ix' 
used to promote II1," fornlation of organoill:lgnesitlm 
halides in nonodonor media. Several org~momagnesium 
compounds have been obtained in the presence of small 
amounts of complexing agents, e.g. ethers and lertiary 
amines[l()-13]. The reagents obtained were soluble, at 
least in aromatic hydroea~on solvents. It was thought 
that at least one molar equivalent of polar solvent had to 
be present [3], but ethylmagnesium chloride reagents in 
toluene containing 0.15-0.53 equivalents of diethyl ether 
have been used for the manufacture of organosilicon 
monomers [ 14-16]. 

Whereas the Grignard reagents in donor solvents are 
solvated at least by two solvent molecules per atom of 
magnesium, those obtained in the presence of catalytic 
amounts of donor substances are only partially solvated. 
As the solvating agent is firmly bound to the Grignard 
reagent, such solutions possess almost all the advan- 
tages of unsolvated organomagnesium halides in non° 
solvating media. However, the partially solvated Grigo 
nard reagents exhibit several properties different fi'om 
those of both conventional Grignard reagents and unsolo 
rated org,,momagnesium compounds. 

The reactions of monosolvated alkylmagnesium bro* 
mides with ketones in benzene or toluene give higher 
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yields of addition products in comparison with those in 
ethers [17]. The rate of the reaction of the Grignard 
reagent with ethylethoxysilanes [18] and hydrazones 
[19] is greatly increased when free ether is replaced by 
toluene. It has been reported that the molar ratio of 
diethyl ether to ethyl chloride determines the ratio of the 
monome~ formed in a continuous organomagnesium 
synthesis of ethylchlorosilanes, thus enabling control of 
the process [ ! 4]. 

Partially solvated Grignard reagents have also been 
used in large-scale industrial processes [16], but little 
information on their chemical and physical properties or 
on the details of their production are available in the 
open literature. 

We previously studied the kinetics of the formation 
of organomagnesium halides in the presence of small 
admixtures of organic bases (less than one mole per 
mole of halide), ,'rod succeeded in establishing the course 
of the reaction, the influence of the nature of the 
organic base and of the structure of the organic halide 
on the rate, and an unexpected catalytic action of the 
partially solvated Grignard reagent [20-22]. The most 
important feature is that the tbrmation of the Grignard 
reagent in toluene in the presence of small amounts of 
an organic base proceeds in two stages [20]. After the 
organic base. added in a deficiency, is consumed in 
formation of the monosolvated Grign:trd reagent, a rela- 
tivdy slow process proceeds until tile organic halide is 
completely converted into an organom,~gncsium come 
pound, Under these conditions the reaction of the or- 
ganic halide with mag~nesium is catalyzed by the monoo 
solvated Grignard reagent [2t)], Alkyl chlorides react 
ntore rapidly than bromides [22]. Variation in tile nature 
of the organic base has only a slight influence ott tile 
catalytic effect [21], but a ntore pronounced effect on 
tt~e yields of the Grignard reagent. In the case of 
primary alkyl bromides and diethyl ether as catalyst, tile 
Orignard reagents are formed in moderate yields, When 
diethyl ether is replaced by another base (THF, trieth- 
ylamine, dibutyl ether), mainly Wurtz reaction pt'oducts 
are formed during the slow stage of the reaction and the 
oventll yield of the Grignard t~agent is low, This is also 
the case when secondary or tertiary bromides are used 
regardless of the catalyst [21], in contrast, some alkyl- 
magnesium chlorides were obtained in good yields with 
dicthyl ether present in the catalytic complex [22], 

The practical intplication of our kinetic investigations 
is that in the procedure involving small additions of 
buses to toluene, use of diethyl ether and alkyl chlorides 
gives the highest rate and the best yield of the Grignard 
reagent, Use of these reagents is also attractive from the 
economic point of view, 

In the pre,~nt paper we report the results of our 
investigation of the formation and ptv~perties of the 
Grignard reagents formed in the reaction of alkyl chlo- 
rides (the alkyl group being n-butyl, isobutyl, isopropyl, 

or tea-butyl) with magnesium in toluene in the presence 
of small amounts of diethyl ether (one mole or less per 
mole of halide). 

2. Experimental 

Commercial reagents were carefully purified. The 
reagents and solutions were operated on under dry 
argon, and transferred by use of cannulas or syringes, 

2,1. Preparation of Grignard reagents 

The reagents were prepared under dry argon in a 100 
ml three-necked flask equipped with a mechanical stir- 
rer. The vessel was charged with magnesium turnings 
( 1.4-8.4 g, 1.5-fold molar excess to alkyl chloride), and 
the appropriate amounts of diethyl ether (usually 4.0 ml, 
38.5 mmol) and toluene (20-30 ml). The magnesium 
metal was activated prior to use by dry heating with 
50-100 mg of iodine. The reaction was initiated with a 
little of the alkyl halide and the test was then added 
dropwise, The reaction mixture was cooled slightly 
during the formation of the monosolvated Grignard 
reagent (to prevent loss of diethyl ether), and the tem- 
perature was subsequently maintained slightly below the 
boiling point of the halide. The extent of the reaction 
was monitored by GLC. The reaction was complete in 
2~5 In. depending on the molar ratio of cliloride to 
ether, 

In sonte preparations ultrasonic activation (sonicao 
lion) was used, uhr.tsound being known to accelerate 
the formalion of Grignard t~cagent [23], In such cases 
the meclmnical stin'cr was replaced by a litani0m horn 
immersed in tile t~aclioa mixture. The ultrasound was 
generated by use of a probe disrupter UZDNo2T oi~nlt- 
ing at 22 kHz: its calorimetrically-estitaated power out° 
put was about 20 W in toluene solutions. During sonica- 
don, the reaction flask was cooled in iced water to 
maintain the temperature of the ~eaction mixture below 
40°C, Ultrasonic in'adiation made the induction period 
practicaUy negligible, and shortened the t~eaction time 
by a factor of two or mote. 

2,2. Ana(v~vcs t~" Grignard rcagt, m,~ 

For analyses approximately 2 mi samples were with- 
drawn fi'om the reaction mixtut~e and centrifuged; the 
basic magnesium conlent of the supernatant sohilion 
was analyzed acidimetricaUy, and tile chloride ion con- 
tent by tile Mohr method. 

Because of the high viscosity of solutions, tile vol- 
umes of the samples were measured in calibrated tubes 
(about I cm~}. Tile tube w ~  filled with Grignard solu- 
tion up to the mark and then immersed in the appropri- 
ate amount of standard suiphuric acid. After the con- 



A. Tuuimer,~ el aL / Journal of Orgmumwtallic Chcmistry 523 ¢1996) 133-138 135 

tents of the tube had completely reacted and dissolved, 
the excess acid was back-titrated against aqueous sodium 
hydroxide. The chloride ion concentration was deter- 
mined in the same solution after the acidimetric analy- 
sis. 

The "'active" magnesium was determined by dis- 
solving a similarly measured sample of the Grignard 
reagent in dry toluene and titrating against a 1 M 
solution of n-butanol in toluene with 1,10-phenanthro- 
line as the indicator [24]. 

The difference between the concentrations of basic 
and "'active" magnesium was usually 4-6%, and never 
exceeded 10%. A careful examination of all the opera- 
tions revealed that some decomposition of the samples 
by moisture fl'om tile air occurred mainly during with- 
drawal and measurement of the samples. Therefore, we 
consider our analyses for basic magnesium as a suffi- 
ciently reliable measure of the active concentration of 
the Grignard reagents. 

Samples for tile analyses of dispersions or precipi- 
tates were withdrawn from tile vigorously stirred reac- 
tion mixture. The dispersion was analyzed as described 
above without centrifi~gation. The precipitate obtained 
from centrifitgation was washed with dry toluene and 
the molar ratio of Grignard reagent moieties was deter- 
mined by the methods described above. 

All the analyses were repeated at least two to three 
times. 

The content of any alcohol was usually less than 
0.5% and never exceeded 1% based on the amount of 
alkyl chloride allowed to react. We consider this to 
reflect the adequacy of our measures to prevent air 
oxygen and moisture. 

In cases where the content of diethyl ether was to be 
determined, special steps were taken to prevent loss of 
this highly volatile compound, i.e. effective cooling and 
stepwise decomposition of samples. 

2.4. Complete analyses of precipitates 

Samples of precipitates obtained from centrifugation 
were washed with dry toluene and then cautiously de- 
composed (see above) with aliquots of standard sul- 
phuric acid solution. The organic layer was separated 
and aqueous solution was extracted with toluene The 
combined toluene solutions were transferred to a volu- 
metric flask, a calculated amount of n-heptane (GLC 
standard) was added, and the flask filled to the mark 
with toluene. 

The aqueous solution was titrated against the stan- 
dard base solution and then analyzed for the concentra- 
tion of chloride ion. The toluene solution was analyzed 
for diethyl ether content by GLC. The molar ratio 
R,Mg: MgCI2 : Et20 was calculated. 

2.5. YieM of the Grignard reagent 

2.3. GLC analyses 

The sample was decomposed with a small volume of 
dilute sulphuric acid and tile organic layer was sepao 
rated and dried over anhydrous sodium sUll)h:lte. For 
quantitative determinations noheptane was used as inter° 
nal standard. 

Gas chromutograms were recorded on a Tsvett-100 
gas chromatograph with a flame ionization detector. 
The column (2.5 m x 3 mm) was packed with 10% 
Carbowax 20 M on lnerton Super or with Permabond 
Cy~no DEGS. 

The following compounds were detected in the sam- 
ples: C4 alkenes (R~_ m, radical disproportionation 
products from the Wurtz reaction), Ca and C 4 alkanes 
(RH, from tile decomposition of Grignard reagents .'rod 
to a minor extent fi'om radical disproportionation, attack 
on the solvent, etc.), Wurtz-coupling products (R-R), 
diethyl ether, alkylchlorides (RCI), cor,'esponding alkyl 
alcohols (ROH, oxidalion products of Grignard 
reagents), and traces of the products of Friedel-Crafts 
alkylation (a group of close peaks, among which that of 
44ertbutyltoluene was identified). 

Quantitative determinations were carried out for re- 
covered chlorides, diethyl ether (in some experiments), 
and alkyl alcohols. 

This was estimated on the basis of tile amount of 
unchanged alkyl halide and tile extent of side reactions 
ffrom the R=Mg/Mg~CI ratio), in control experiments 
unreacted magnesium ,netal was separated, carefully 
washed with diethyl ether, dried under reduced pressure 
and weighed. The resuhs agreed satisfactorily (within 
10% or better). 

3. Results and discussion 

The preparation of partially solvated Grignard 
reagents (one equivalent or less of diethyl ether) was 
can'ied out for various amounts of diethyl ether in the 
reaction mixture. The volume ratios Et20: toluene from 
0.16 up to O.50 in Table I correspond approximately to 
concentrations 1.0-2.40 M of the monosolvated Grig- 
n:u'd reagent, which acts as a catalyst for further Grig- 
nard reagent formation [20]. Lower concentrations were 
not used because these are less important for the prepar- 
ative scale work, and the rate of the reaction decreases 
considerably with a decrease in the ether content [20,22]. 
Further addition of organic halide leads to formation of 
less-solvated Grignard reagents. The systems obtained 
were heterogeneous, and the amount of the solid phase 
increased with an increase in the molar ratio of the 
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Im l ide  to ether. About 20% of the active Grignard 
reagent formed was usually present in the solution. 

The experiments were limited to use of a five- or 
six-fold molar excess of halide over ether when the 
agitation of the reaction mixture was hindered by the 
end of the synthesis. In these cases the rate of the 
reaction fell dramatically and 10-15% of the added 
alkyl chloride remained unchanged. Klokov et al. [14] 
have also reported the formation of  only a 72% yield of 
ethylmagnesium chloride at molar ratio R X / E t , O  equal 
to 6.7. 

The compositions of obtained dispersions and cen- 
trifuged solutions were determined, and in some cases 
also those of the precipitates (see Table I). The extent 
of the side reactions can be estimated from the ratio 
R - M g / M g - X  for the total reaction mixture (fourth 
column in Table I). This ratio indicates the total extent 
of the various side reactions, i.e. the Wurtz reaction. 
attack on the solvent by radicals, solvent alkylation 
(Friedel=Crafts reaction), oxidation of the Grignard 
reagent, etc.. which all lead to a loss of the Grignard 
reagent and the formation of magnesium halide. The 
contribution of the Wurtz reaction cannot be cotTectly 
estimated from the radical-coupling product detem,na- 
tions, because radical disproportionation products are 
also formed Ill. The relative extent of side reactions 
appeared to be similar to that for ordinary (3rignard 

preparations in ether solutions, except in the case of 
tert-butylmagnesium chloride. It is noteworthy that sol- 
vent alkylation products appeared only in trace amounts. 
Extensive solvent alkylation has previously been re- 
ported for alkyl chlorides [6,7], and it is evident that the 
alkylation process is suppressed even when only small 
amounts of diethyl ether are present. 

The yields of partially solvated Grignard reagents are 
also rather good. Lower yields of isopropylmagnesium 
chloride in some experiments were due to the loss of the 
highly volatile isopropyl chloride, carried away by the 
argon stream during the synthesis. 

In Table 1 the results are given of some representa- 
tive experiments and, mainly, the mean values obtained 
from several experiments, In general, the results for 
duplicate experiments, including those with sonication, 
agreed within 10% or less, 

n-Butyl chloride forms in toluene a Grignard reagent 
which disproportionates according to the Schlenk equi- 
librium 

2RMgX # R2Mg + MgX 2 

Precipitation of a considerable part of the reagent 
with a higher content of magnesium chloride also oc- 
curs. As can be seen from the data in Table I, the lower 
the relative content of ether in the mixture (higher 
values of the ratio RX/EL, O), the larger the excess of 

T~bl¢ I 
P~rtl~lly ~olvated Grignard reagents prepared from Mkyl chlorides in toluene 

v,,,~.~.. [Et:o]0 [rm$] (3rig.ard i ,  ~olutlo, 
reagetlt (tool I t I 

total " .~,~:) 

"BuCI 0,l 3 ~ t,0~ 90 0,92 
0.lO 4 1.04 95 1.32 
0. I ? I t .03 95 1.05 
0A7 6 1,06 80 1,t2 
0,28 4 1.03 90 1.35 
0,25 $ 1.06 83 1.24 
0,33 t 1.9o 
0,33 2 2,02 
0,33 3 2,12 

~BuCI 0. i6 4 I 09 ':~ 1.23 
' PrCI O, 13 4 1.05 082 

0.25 2 1.0o 8s 1,93 
0,25 3 1.02 1,88 
0.25 4 1,05 7~ 1,84 
0,50 l 90 I .% 
0,~0 2 1.94 
o,$o 3 1,92 
0,50 4 614 I , ~  

t B u ¢,_'1 0,2$ I !, 16 80 
6.45 

0.2~ ' I 2,06 
2 2,22 ~ 25 0,93 

~totchiom~try 
of tho solute " 

Stolchiontetry 
of the p~cipitale 

5.1R~ MB* MgX~ 
3,1R ~M8* MgX, * I.TEt ~0 
I .$R .~ M8 * MgX 
3.9R: Mg* MgX 
3.?R, Mg * MgX 
4.0R ~ Mg* MgX,~ 
1.6R~Mg* MgX, *Et:O 
2.0R, Mg* MgX, 
2°IR:Mg* MgX; 
I,TR, Mg * MgX, 
I.IR~Mg* MgX~ 
RMgX * 0,45Bt :O 
RMgX * 0,35EI:O 
RMgX * 0,34El :0 
RMgX * Bt~,O 
RMgX * 0,47F.t ,O 
RMgX * 0,39Et :O 
RMgX * 0,37Et.,O 

R: Mg * 2.3Me, X., 
R ~ Mg * I ,SMgX ~ * 0,39Bt ~,O 

R,Mg * 2,3MgX,, 
R~Mg* 1.34MgX~ 
RMgX * 0,SBt,O 
RMgX * 0.34Bt ~0 
RMgX ,0,33Et:O 

0,24 RMgX 

RMgX R2Mg*¢0MgX 2 
* Frot~ the analy.~L~ of the dispersion. The ratio indicates the extent of  ~ide reactiens. 
r, Diethyi ether indicated when its contet~t w~s determined. 

Ultrasonic~tion, 

d By the end of  the experiment 57e, of  the initial amount of chloride was consumed, 
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dibutylmagnesium over magnesium chloride in the solu- 
tion. Consequently, a deficiency of diethyl ether shifts 
the disproportionation equilibrium to the right, and since 
dibutylmagnesium is more soluble, the complexes in the 
solution contain more dibutylmagnesium than those in 
the precipitate. The structure of the complexes is not 
known, but they are probably highly associated [2]. The 
complexes are very soluble in toluene (see column 
"[RMg] in solution" in Table 1). 

Evidently, the equilibria in the highly complex sys- 
tem are determined by a number of factors, i.e. the 
concentrations of both the Grignard reagent and the 
ether, the molar ratio of the Grignard reagent to the 
ether, etc. In all cases, most of the reagent is present in 
the precipitate. 

iso-Butyl chloride behaves like n-butyl chloride ex- 
cept that isobutylmagnesium chloride seems to undergo 
less disproportionation than n-butylmagnesium chloride. 

iso-Propyl chloride, although a secondary halide, 
forms a Grignard reagent under these conditions practi- 
cally without any side reaction. This is remark,%le in 
view of the fact that secondary alkyl halides, particu- 
larly chlorides, have been reported to form aimost ex- 
clusively Wurtz-type and other by-products in the ab- 
sence of solvating additives [5,7,8]. It thus seems that 
the monosolvated Grignatd reagent present in the mix- 
ture directs the process towards formation of a Grignard 
reagent. The reagent is very little disproportionate& 
only at lower concentrations. At higher concentrations, 
iso-propylmagnesium chloride has the stoichiometry 
RMgX, cort~esponding to ordin:uT Grignard re,'Lgents. 
The determination of the ether content i,1 Ihe solution 
indicates that the complex soluble in toluene h.as a,a 
empirical composition of approximately 3LPrMgCI . 
i~t~O. The solubility in toluene of partially solvated 
isopropylmagnesium chloride reage,lts is sul~,'isingly 
high in view of the slight solubility of unsolvated 
alkylmagnesium chlorides in hydrocarbons [ 13]. 

tert-Butyl chloride gives only the monosolwlted 
Grignard t~eagent. Under the usual conditions, i.e. with- 
out the application of ultrasound, the reaction proceeds 
smoothly with only slight formation of side products 
(first entry for tBuCI in Table I). The reagent formed 
does not disproportionate. Further addition of tert-butyl 
chloride to the reaction mixture does not lead to forma- 
tion of more Grignard reagent, only magnesium chlo- 
ride and Wutlz-reaction products being obtained. It can 
be inferred that monosolvated tert-butylmagnesium 
chloride, unlike the steric,'dly less encumbered prima,'y 
and secondary alkyi Grignards, is not capable of cat- 
alyzing the reaction. 

It was previously observed that ultrasonication did 
not affect the mechanism of the Grignard reagent forma- 
tion, but only accelerated the process through the mi- 
crostrea,ning effect at the metal-solution interface [23]. 
In the present work, parallel preparations with and 

without sonication give ide,ltical results within experi- 
mental error, except in the case of tea-butyl chloride for 
which sonication did not improve the yield of tert- 
butylmagnesium chloride. For the latter, the monosol- 
vated reagent was obtained in less than 50% yield 
because of a considerable contribution of side reactions. 
Further additions of the organic chloride resulted in 
practically no further reaction. These facts are remark- 
able in the light of the results of experiments without 
sonication. It can be supposed that relatively stable 
tert-butyl radicals are transported by powerful mi- 
crostreaming into the solution, where they give rise to 
various side reactions, e.g. coupling, solvent attack, etc., 
resulting in the formation of magnesium chloride. At 
the same time ultrasound p~events the deposition of the 
Grignard reagent on the metal surface, restricting its 
reaction with the intermediates. A detailed investigation 
of this unusual effect of sonication is in progress. 

The general conclusions that can be drawn from this 
work are as follows. Primary and secondary alkyl chlo- 
rides can be converted into Grignard reagents in high 
yields in toluene in the presence of diethyl ether. Ter- 
tiary chlorides form only monosolvated organomagne- 
sium compounds. Application of ultrasound greatly ac- 
celerates the reaction. The t~eagents obtained at~e hetero- 
geneous, but the solubilities of the partially solvated 
complexes in toluene ate fairly high. Some of the 
reagents undergo extensive disp,'opottionation, to give 
magnesiu,n chloride and dialkylnmgnesium, the latter 
being in excess in the supematant solution. The extent 
of disproportionation falls with increasing concentration 
of the reagent and in the steric requirements of the alkyl 
moiety, so that isopropyl° a,ld tert-butylmagnesiun~ 
chloride undergo practically no disproportionation in 
toluene solution. 

The t~eagents obtained can be used for synthetic 
purposes in the tbrm of dispersions. An investigation of 
the reactions of the partially solvated alkylmagnesium 
chlorides is in progress. 
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